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PREFACE 

 

 

After being prepared intensively by the Editorial Board and reviewed by the distinguish Peer 

Reviewers, we are proudly present the Proceedings of International Workshop on Non-wood 

Pulping and Papermaking Technology. The International Workshop has been held in Grand 

Royal Panghegar Hotel, Bandung, Indonesia during March 21-23, 2017. This International 

Workshop was organized by Center for Pulp and Paper (CPP), Ministry of Industry, Republic 

of Indonesia and funded by ASEAN-China Cooperation Fund (ACCF). 

 

In this workshop, some various efforts in the development and implementation of technology 

related with non-wood pulping and papermaking including the basic and fundamental aspects 

are presented. This symposium also provides some information on the latest, novel and 

advanced technologies that can be applied for non-wood pulping and papermaking. 

 

This workshop is attended by the researchers and technical experts from China and ASEAN 

countries that are active, having specialized knowledge and experiences in the related field. 

They are invited as plenary and invited speakers to enhance fruitful international exchange. In 

addition, research results and/or application from practitioners are also presented for more 

technical information and interactive discussion.  

 

Thank you and hoping this proceeding provide update information of non-wood pulp and 

paper technology development which are useful to the readers.  

 

Bandung, November 2017 
  



Proceedings of International Workshop on    

Non-Wood Pulping and Papermaking Technology  ISBN : 978-602-17761-5-5 

ii 
 

 

 

EDITORIAL BOARD 

 

 

EDITOR IN CHIEF 

 

Dr. Hendro Risdianto  

Center for Pulp and Paper, Indonesia 

 

 

EDITORS AND REVIEWERS 

 

1. Prof. Hongbin Liu 

Tianjin University of Science & Technology, China 

2. Hongjie Zhang, Ph.D 

Tianjin University of Science & Technology, Tianjin, China 

3. Prof. Wan Rosli Wan Daud 

Universiti Sains Malaysia, Malaysia 

4. Prof. Rusli Daik 

Universiti Kebangsaan Malaysia, Malaysia 

5. Dr. Leh Cheu Peng 

Universiti Sains Malaysia, Malaysia 

6. Prof. Gustan Pari 

Forest Product Research and Development Center, Indonesia 

7. Yusup Setiawan, M.Eng 

Center for Pulp and Paper, Indonesia 

8. Dr. Andri Taufick Rizaluddin 

Center for Pulp and Paper, Indonesia 

9. Dr. Syamsudin 

Center for Pulp and Paper, Indonesia 

10. Kristaufan Joko Pramono, ST, MSE, MA 

Center for Pulp and Paper, Indonesia 

11. Prima Besty Asthary, S.Si 

Center for Pulp and Paper, Indonesia 

 

COVER AND LAYOUT DESIGN 

1. Nadia Ristanti 

 Center for Pulp and Paper, Indonesia 

2. Wachyudin Aziz 

Center for Pulp and Paper, Indonesia 

  



Proceedings of International Workshop on     

Non-Wood Pulping and Papermaking Technology  ISBN : 978-602-17761-5-5 

iii 
 

 

TABLE OF CONTENT 

 

 

PREFACE  

 

i 

EDITORIAL BOARD 

 

ii 

TABLE OF CONTENT 

 

iii 

 

The study of giant king grass for semi-chemical pulping in Thailand 

Orrawan Panichjarera, Cherdsak Liewlaksaneeyanawin 

 

1 

Nanocomposite films with water vapor barrier and anti-microbial properties for food 

packaging 

Povratanak Hour, Israel González Tovar, Gerard Arbat Pujolràs, Thavrak Huon, 

Dyn Theng 

 

9 

Characteristics of non-wood material resources for art paper 

Retno Widiastuti, Arief Perdana, Agung Eko Sucahyono 

 

17 

Characteristics of some agave accessions fibers for pulp and papermaking 

Arini Hidayati Jamil, Heronimus Judi Tjahjono, Parnidi, Marjani 

 

25 

Oil palm lignocellulosics: a potential papermaking material for Malaysia 

Wan Rosli Wan Daud, Roslan Shafie, Nasrullah RCL 

 

33 

Cleaner production technology and cleaner production evaluation for non-wood 

pulping in China  

Zhuming Lyu, Yanjun Cheng, Hui Sun, Bin Jiang, Chen Chen, Zeyu Lyu 

 

41 

Study on pollution control technology of AOX formation and emission in straw pulp 

production 

 CHENG Yan-jun, ZHANG Liang, LIU Feng, DONG Yan 

 

53 

A green approach to fractionate primary components from residues after hemicelluloses 

pre-extraction of corncobs  

Bing Wang, Wei Liu, Qingxi Hou, Yu Wang, Peiqing Zhang, Hongbin Liu 

 

61 

Current status and new development of non-wood pulp in China 

Hongbin Liu, Xingye An  

 

69 

Application of PO (Peroxide - Oxygen) stage in the ECF bleaching process for 

hardwood materials  

CAO VAN SON, LE QUYNH HOA, VUONG THI THU TRANG, TRINH MINH 

HOAN 

 

79 

Study on the impregnation stage during the kenaf APMP process   

CAO VAN SON, LE QUYNH HOA, VUONG THI THU TRANG, TRINH MINH 

HOAN 

85 



Proceedings of International Workshop on    

Non-Wood Pulping and Papermaking Technology  ISBN : 978-602-17761-5-5 

iv 
 

Effect of different kinds blending of fiber on paper properties 

Nasrullah RCL, I. Mazlan, Adisalamun, Teku Muhammad Asnawi  

 

93 

Kenaf core pulp 

Rushdan bin Ibrahim  

 

99 

Non-wood fibers: status and prospects as raw materials for the Philippine handmade 

paper industry 

Cesar O. Austria  

 

105 

Utilization of non-wood materials for production of fiberboard  

Dian Anggraini Indrawan, Gustan Pari, Rossi Margareth Tampubolon  

 

113 

Dealing with them, the non-wood pulp, PoV: papermaker  

Hari Suciadi 

 

121 

Giant Cavendish Banana Sheaths (GCBS) and African Oil Palm Empty Fruit Bunch 

(EFB) as reinforcement fibers for packaging paper 

Adela S. Torres, Aimee Beatrix R. Habon
 

  

125 

Which is the most potential pulping method for oil palm empty fruit bunch fiber? 

Leh Cheu Peng, Chong Yin Hui, See Chin Aun, Koay Wee Ching, Ng Chuan Teik,  

Tan Min Khiam, Putri Nur Syawabi Azizan, Ng Shi Teng, Kang Swee Tatt, Ng Soo 

Huay  

 

133 

Appropriate scale of environmentally friendly art paper production from abaca and 

banana leaves  and its potential as a source of NPK fertilizer 

M. Syafiq, Heronimus Judi Tjahjono, Paryono 

 

139 

Merang pulping process 

Dian Omar Faisal, Miftah Baehaqi 

 

143 

A review: non-wood plant fiber for biocomposite 

Theresia Mutia, Hendro Risdianto 

 

149 

Nypa (Nypa fruticans) petioles fibre and newspaper print as alternatives for producing 

handycraftpaper (a study on the proportion of raw material and PVAc adhesive)  

Ika Atsari Dewi, Susinggih Wijana, Arie Febrianto Mulyadi, Juwita S R Mulyo 

 

159 

Non-wood pulping in the Philippines – a background and its outlook under the paper 

industry roadmap 

Ray N. Geganto 

 

165 

Cellulose based products produced via non-wood bleaching  

Rusli Daik, Darryl Tan Jie Wei, Supeno, Sarifah Fauziah Syed Draman, Satriani 

Aga Pasma 

175 

A novel mode of recycling economy for straw chemical pulping 

Qingxi Hou, Xiaoya Jiang  

 

 

179 



Proceedings of International Workshop on     

Non-Wood Pulping and Papermaking Technology  ISBN : 978-602-17761-5-5 

v 
 

ABACA: A Fiber of Hope for the Philippine Pulp and Paper Industry 

Erlinda L. Mari 

 

183 

Potency, stock and prospect of oil palm biomass for pulping and papermaking business 

opportunity 

Erwinsyah, Atika Afriani, Susi Sugesty 

 

187 

The potency of pineapple leaf fiber and kapok as cotton substitution for specialty paper 

pulp 

Putri Dwi Sakti Kathomdani, Susi Sugesty  

 

197 

Dissolving pulp production from spiny bamboo (Bambusa blumeana) 

Chandra Apriana Purwita, Susi Sugesty 

 

207 

Hot caustic soda pulping of banana branches waste for art paper 

Ligia Santosa, Andri Taufick Rizaluddin, Sonny Kurnia Wirawan 

 

217 

Wood properties and potassium hydroxide pulping of four bamboo species in Indonesia 

Teddy Kardiansyah, Paryono, Susi Sugesty 

 

 

223 

INDEX OF AUTHOR 

 

LIST OF PARTICIPANT 

 

DISCUSSION 

A – 1  

 

A – 2 

 

A – 5  

 

 

 

 

 

 

 

 

 

 

 

 

 



Proceedings of International Workshop on   

Non-Wood Pulping and Papermaking Technology    ISBN : 978-602-17761-5-5 

© 2017 The Authors.  Published by Center for Pulp and Paper, Ministry of Industry, Indonesia  

 

 

The study of giant king grass for semi-chemical pulping in 

Thailand 

Orrawan Panichjarerna,*,  Cherdsak Liewlaksaneeyanawinb 

a Pulping program;  bPlantation program, Product Technology Development Center (PTDC) 
SCG Packaging PLC.19 Sang-xuto Road, Banpong, Ratchaburi 70110, Thailand 

 
*corresponding author: orrawanp@scg.co.th 

 
 

ABSTRACT 
 

With the increasing energy demand and shortage of eucalyptus for the pulp and paper industry, fast-
growing and high yield grasses, like giant king grass hybrid (Pennisetum purpureum x Pennisetum 
alopecuroides (Chinese pennisetum)) is potential species for biomass and pulp production. The aim of 
the research was to evaluate and conduct laboratory pulping of giant king grass grown in Thailand. 
The study showed that semi-chemical pulp (SCP) prepared from giant king grass giving suitable 
properties for corrugating medium paper (CMP). The pulp yield, fiber characteristics and paper 
properties derived from this grass were better than commercial semi-chemical pulp from eucalyptus 
woodchips. Therefore, giant king grass is potential fibrous raw material for pulp and paper 
production. 

Keywords: giant king grass, semi-chemical pulping, paper production 
 
 
INTRODUCTION 

 
Non-wood fibers have been used for papermaking since long. A major portion of the non-wood 

pulp is produced in Asia, Africa, Eastern Europe, and Latin America. Of the world’s total pulp 
production, non-wood pulp represents close to 10%. In developing countries, however, non-wood 
pulp production is often much higher, especially in China and India where it is nearly 70% (Jimenez, 
Ramos, Rodrguez, De la Torre, & Ferrer, 2005). The paper industry in Thailand especially paper for 
packaging encounters high cost of waste paper as fibrous raw material to produce corrugating medium 
paper (CMP) and poor quality with sticky dirt contaminants problems. Currently semi-chemical pulp 
prepared from eucalyptus plantation can replace waste paper to produce CMP but eucalyptus 
plantation requires at least 4-5 year to grow then harvesting. From the literature review we found that 
giant king grass is a hybrid napier grass between Pennisetum purpureum and Pennisetum 
alopecuroides (Chinese pennisetum) is suitable for animal feedstock because of soft leaves and high 
nutrition, high yield plantation about 40-50 t/ha. Giant king grass is perennial non-wood plant, grows 
around 3-4 meter in height, requires rainfall more than 1000 mm/year, has strong root system, a lot of 
leaves and low maintenance plant. From the study to utilize giant king grass and energy cane for 
biofuel was carried out and found that at 6-month old, the stalk of grass had heating value of 4,000 
cal/g (Lewandowski, 1997). Another study found that at 8-month old giant king grass gave fresh mass 
cut above the ground 60.6 ton per rai per year and dry mass 20.5 tons per rai per year or %33.8 dry 
mass/fresh mass while gave cellulose yield 8.61 tons per rai per year or calculate to 42.1%cellulose of 
total dried mass (Pornchai, 2012). Further, there was study the dry matter yield of Napier grass is 
higher by 40 t/h when compared to most of the other grasses. Thus, Napier grass is established to be 
more profitable for pulp and papermaking, it has been a native of Africa and centuries back the plant 
was introduced to South America, Asia, and Australia as forage for livestock. This is a perennial, 
robust, internodal fibrous grass, a wild and fast growing species and requires very little supplement of 
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nutrients. It can be harvested after 3–4 months of planting and continues to be harvested further at an 
interval of 6–8 weeks for up to 5 years, yielding an annual dry mass yield of up to 40 tones per 
hectare (Woodard & Prine, 1993). There was feasibility study to utilize napier grass for bleached soda 
anthraquinone pulp for papermaking in Gana (Attoley, 2000). The evaluation study of napier grass 
and switch grass found that napier grass has high alpha cellulose 45.6% and klasson lignin 17.7% 
while switch grass has alpha cellulose 41.2% and klason lignin 23.8%, kraft chemical pulping 
conducted and given pulp yield 48% for switch grass and 50% for napier grass, has average fiber 
length 1.32 mm, also has high burst index of 5.85 kP.m2 g-1. That means both napier grass and switch 
grass will be suitable for pulp production in the future (Madakadze, 2010). 

Another study, perennial fast growth Napier grass fibers were used for chemical pulp, 
chlorination and alkaline processes were carried out using sodium chlorite and sodium hydroxide 
respectively, for pulp extraction from Napier grass. The physical, optical, and mechanical properties 
of Napier grass pulp handmade paper sheets produced in the laboratory were investigated by finding 
the opacity, brightness, tensile index, breaking length, and burst index. Handmade paper sheets made 
from Napier grass pulp were compared to paper made from other perennial grasses  (K. Obi Reddy, 
2014). 

 
Table 1  Comparison of pulping method, yield, Kappa number and freeness of Napier grass fiber with 

other perennial grasses (Bouiri & Amrani, 2010) 

 

The objectives of this study are to evaluate and conduct experiment of semichemical pulping from 
giant king grass comparing to semichemical pulp from eucalyptus. Furthermore, handsheets were 
produced with giant king pulp prepared in different conditions and analyzed physical and optical 
properties such as tensile, tear, RCT, CMT and brightness. 
 
MATERIALS AND METHODS 
 
Materials 
 

Giant king grass plantation from our field trial in Kanchanaburi, western province about 100 km 
from Bangkok, harvested at 8 month old, both stalk and leaves were collected but not root, then 
chopped into small pieces around 2-3 inches in length, similar to eucalyptus wood chip size, washed 
to remove sand, soil, dust and dirty contaminates with tap water then air dried at the room temperature 
35-36oC to let it dry and had % even moisture content before pulping as shown in Fig.1.  Samples of 
giant king grass were prepared for characterization, the following standards have been used: TAPPI 
T257 cm-85 (sample preparation), TAPPI T264 cm-97 (moisture, hot water extractives), TAPPI 
T211- om-93 (ashes), TAPPI T212-om-98 (soda solubility), TAPPI T204 cm-97 (ethanol–benzene 
extractives), TAPPI T222-om-98 (acid non-soluble lignin).   
 
Method   
 

A diagram of the whole pulping process that was used is shown in Fig. 1.  
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Fig. 1. Diagram of preparation process from harvesting, washing, chopping, drying, pulping to 
obtaining handsheets of Grass SCP compared to eucalyptus SCP 

 
Experimental system 

 
Pulping 
 

A diagram of the whole pulping process that was used is shown in Fig. 1. Semichemical Pulping 
sulfur-free process: mixed green liquor and white liquor, 4% Active Alkali (AA), 170oC, 20 minutes 
using Sprout-Bauer digester with pressurized refiner at 140oC and then refined use atmospheric 
refiner to get freeness in the range of 300-400 ml CSF, the similar to freeness at papermaking for 
CMP. At this point, the hand-sheets were prepared to test physical strength properties also optical 
property. The pulping condition was shown in Table 4 and the results were shown in Table 5. 

Once the pressurized refining was finished, the pulp was pressed to remove the black liquor, 
washed with 10-15 l of fresh water and pressed again. The obtained pulp was then subject to a 
refining process consisting of a disc refiner called atmospheric refiner under a consistency of 2.5–3% 
(adding the required amount of water). To finish with the pulp production, a vibrating screen called 
Sommerville screen with slot 0.15 mm to use in order to remove the uncooked parts and the bigger 
impurities from the pulp. The pulp properties measured were: pulp yield (weight% of pulp obtained in 
a dry basis), drainability or Freeness of pulp (Canadian standard method) according to TAPPI 
standard T 227 om-04.  

Hand-sheets were produced in accordance with standard TAPPI standard T205 sp-12. For each 
tested condition 10 sheets were produced in order to measure different properties. Hand-sheets were 
conditioned for 10-20 h in a conditioning room at 23oC and 50% relative humidity, following standard 
TAPPI T402 om-88. Paper basis weight, needed in order to calculate several indexes was measured 
according to standard T220 sp-10 physical testing of pulp sheets. For each property,10 measures were 
taken using different parts of the hand-sheets. Hand-sheets were produced with 100% SCP pulp, 
100%SCP pulp (eucalyptus). 

The paper properties measured are Concora Medium Test (CMT): measures the crushing 
resistance of a laboratory-fluted strip of a corrugating medium. Bursting strength: maximum pressure 
that the paper can resist without breaking with pressure applied perpendicular to the plane of the test 
piece. Ring Crush Test (RCT): measures the resistance of a short cylinder of paper in the axial 
direction. Tensile strength: measures the maximum force per unit width that a paper strip can 
resistance before breaking when applying the load in a direction parallel to the length of the strip. 
Tearing strength: is the average force required to continue the tearing of the paper from an initial cut 
in a single sheet. 
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For comparison of some of these properties, an index must be calculated by dividing the value of 
the property by the grammage of the sheet used.  

 
RESULTS AND DISCUSSION 
 

The samples of giant king grass from plantation were collected, prepared and analyzed heating 
analysis, elemental analysis, %ash component and wood chemical composition in Table 2 and Table3. 
 

Table 2. Characteristics of giant king grass aged 6 month old in Thailand 

Analysis basis Giant king grass 

(wt% as received) Stalk Leave 

Proximate analysis 

  Moisture  80.4 62.9 

Volatile matter 15.2 28.0 

Fixed carbon 3.4 6.3 

Ash (washed samples) 1.1 2.8 

 

Ultimate analysis 

  Carbon 9.0 17.5 

Hydrogen 10.5 10.2 

Nitrogen 0.0 0.0 

Sulfur 0.02 0.05 

HHV (cal/g) 3,933.7 3,961.4 

   

 

 

Fig. 2. %Lignin, 1%NaOH solubility and hot water, comparison between grass and eucalyptus 
woodchip 

Table 3.  %Ash content in giant king grass in leaves and stem 

Sample 
Ash Content at 

525°C,% 

   1. leaves 12.86 

   2. stem  8.77 
 

Samples of SCP from giant king grass plantation harvesting at 8 months were analyzed to 
compare with SCP prepared from eucalyptus chips. Grass SCP used lower refining energy that means 
it is easier to refine than eucalyptus SCP as shown in Table 5. 
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Table 4.Semichemical pulping conditions of grass and eucalyptus chips 

 
 

Table 5. Pulping results and hand-sheets optical and physical strength properties of SCP from giant 
king grass comparing to SCP from eucalyptus lab and mill 

 
 

Samples were collected to analyzed wood chemistry components using wet lab chemistry method 
to test lignin, hemicellulose, pentosan, the results were shown in Table 6. 
 

Table 6. Chemical compositions of the grass vs. eucalyptus wood chips 

Compositions, %on 
oven dry weight 

Leaves Stalk Whole grass (leaves 
&stalk) 

Eucalyptus 
woodchip 

Lignin,% 16.57 20.75 19.66 27.21 
1%NaOH solubility 49.57 44.71 46.37 19.07 
Hot water solubility 15.47 17.71 17.00   6.35 
Silica,%   7.01   0.88   2.82 0.001 
Pentosan,% 28.72 26.01 27.15 17.30 
 

EUCA EUCA -MILL SCP020/55 GRASS-SCP021/55

stem only
70%stem, 30%leaves 

(whole stalk)

100 100 100

1500 1000 1000

 Chemical

1.64 1.64 1.64

2.36 2.36 2.36

4.0 4.0 4.00 4.00

4:1 4:1 6:1 6:1

 -  - -

 Pulping condition

30 30 30

170 170 170 170

20 20 20 20

140 140 140 140

  N2 Impregnation Time, min@ 6.5 bar

  Cooking Temp. C

  Cooking Time, min

  Pressurized Refining Temp.,C

  Lab code

 Eucalyptus ,%

 Total Weight /Batch, BD (g)

  SWL, % NaOH as Na2O on BD

  GL, % NaOH as Na2O on BD

  AA, % NaOH as Na2O on BD

  Liquor To Wood ratio, L/W

  SWL, % NaOH as Na2O on BD (Pressurize Refiner)

EUCA EUCA -MILL SCP020/55 GRASS-SCP021/55

stem only

70%stem, 

30%leaves (whole 

stalk)

 Pulping results

69.21 75.00 70.00 65.00

0.78 2.50 0.08 0.37

   Power Consumption, KW-hr/Ton pulp(Atmospheric ) 396.76 170.00  - 56.25

   Power Consumption, KW-hr/Ton pulp (Pressurize ) 33.23 130.00 43.70 49.04

402 400 383 395

 Black  Liquor Analysis  

10.16 10.32 10.47

11.86 12.05 12.72

7.010 3.84 3.16

pulp strength at Freeness @CSF 300 300 300 300

28.8 28 59 55.30

3.98 3.2 6.12 5.85

24 86 73.0

1,992        3070 3,022                        

236 252.5 359 347.20

288 287.5 439 411.00

Brightness , %ISO 11.24 10 19.6 21.45

50.4 61.5 63.3

6.12 3.92 3.35

18.3 17.82 17.52

L

a

b

TEA

tensile stiffness index

RCT 150

CMT 150

Optical properties

  Shive Content,% 

  pH 

  Solid , % w/w

  Residual Alkali , g/l

tensile index

tear index

 Pulping results

  Final Freeness

  Pulp  Yield,% 
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The results of characterization were shown in Table 7 in dry basis weight%, the lignin content in 
leaves, stalk or whole stalk was much lower than lignin in eucalyptus woodchips, 16-24% vs. 27-28%. 
% NaOH solubility was higher and hot water solubility was also higher than of eucalyptus woodchips, 
that means hemicellulose, degraded cellulose , inorganic, starch sugar gum were higher, too. 
The silica content in non-woody plant is much higher than hardwood, 7% in leaves and 0.9% in stalk. 
 
Pulp properties 
 

In Tables 6-7, the experimental conditions used and the results obtained are shown. The pulp 
yield is calculated as the dry weight of pulp obtained divided by the dry weight of giant king grass, 
there is not a significant of any of the experimental conditions on the observed results, the average 
pulp yield obtained was about 65-70%., quite comparable to SCP from eucalyptus. The optical 
property such as brightness much higher than SCP-eucalyptus as shown in the Fig.3. 
 

 

Fig. 3. Brightness of SCP from giant king grass and eucalyptus 

Paper properties 
 

As commented in previous paragraphs, for each of samples carried out, hand-sheets were 
produced with 100% SCP pulp for comparison purposes.  The properties of the hand-sheets prepared 
from the pulp made, the evolution of the most representative parameters for paper for cardboard 
production (Tensile, RCT,  CMT and Total Energy Absorption TEA) were in Fig.4-7. 

The analyses carried out try to characterize the paper functional behavior in three important 
aspects: strength, stiffness and structure. Strength of paper can be evaluated from its Tensile, Bursting 
and Tearing strength, stiffness is evaluated with CMT, RCT. Comparison of pulp strength for SCP 
from giant king grass, Euca. And LOCC were summarized in Table 7. 
 

               

        Fig. 4.   Tensile index of SCP              Fig. 5.   RCT150 of SCP   
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Fig. 6.  CMT150 of SCP                    Fig. 7.  Total energy absorption (TEA) of SCP   
 

Table 7. Pulp Strength Comparison Table at Freeness 300 mL CSF 

Item Unit 
SCP SCP 

Local 
Old Corrugated Container 

(waste paper) LOCC 

Giant king grass Eucalyptus 
 

Process Summary 

Process - 
   

- Cooking - Semi-Cooking Semi-Cooking n/a 
- Bleaching - no use no use n/a 
- Kappa no. - no test no test no test 

Raw Material - 
Grass (8 months 

old age) 
Mainly 

Eucalyptus Chip 
Recycle Pulp 

Physical property 

Brightness %ISO 20.5 10.0 20.0 

Initial Freeness ml. CSF 460 380 377 

Burst Index kPam2/g 3.5 1.4 2.0 

Tear Index mNm2/g 5.9 3.8 7.7 

Tensile Index Nm/g 55.3 27.0 34.4 

CMT Index N 411.0 267.0 228.9 

RC Index N 347.0 253.0 230.3 

 
CONCLUSIONS 
 

The samples of giant king grass were prepared using semichemical green liquor pulping, same as 
existing SCP process, the pulp characteristics were given and compared to semichemical eucalyptus 
pulp, SCP giant king grass pulp properties were better than SCP eucalyptus pulp in terms of 
brightness, 21.45%ISO and 11.24%ISO at initial freeness. Semichemical pulp prepared from giant 
king grass was shown better brightness, higher tensile, tear, RC, CMT than SCP prepared from 
eucalyptus. On the other hand, giant king grass shows good properties as promising raw material for 
papermaking especially for corrugating medium paper, it gave fiber for higher strength than SCP from 
eucalyptus and local waste paper.  However, it may require further study for economical commercial 
plantation in Thailand and also removal of ash and silica which might cause chemical recovery 
scaling problem. 
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ABSTRACT 
 

Most of materials currently used for food packaging are non-degradable, generating environmental 
problems. Cellulose nanofiber (CNF) offers an interesting environmental-friendly material for food 
packaging because of its abundance, biodegradability and renewability. CNF has been also shown 
great potential such as transparency, non-toxic, specific surface area, and good mechanical 
performance for food packaging applications. Nowadays there is a great interest in food packaging 
with specific characteristics as water vapor barrier and antimicrobial properties in order to maintain 
food quality and safety, and extending the food shelf-life. The purpose of the present study is to 
produce cellulose nanofiber films with improvement of water vapor barrier and antimicrobial 
properties by addition of mineral nanofillers (nanoclay and ZnO). In this present study, rice straw 
fibers were prepared for production of CNF through TEMPO oxidation of NaClO 10mmol. Then, the 
CNF was used to produce the films by adding different amounts of nanoclay (10, 20, 30, 40, 50, 
60%wt) in order to increase the water vapor barrier properties of the films. Possible loss of other 
properties was also evaluated. Additionally, the films were further coated with ZnO to add 
antimicrobial properties. Final transparent, mechanical and hydrophobic properties of the resulting 
films were also investigated. The results indicate that the CNF film with addition of nanoclay 60%wt 
presented the best improvement of water vapor barrier properties by showing the lowest water vapor 
permeability. Besides, the nanocomposite films of CNF with nanoclay and ZnO exhibited the 
antimicrobial effectiveness against B. subtilis and A. niger, but it showed the inhibition the growth of       
B. subtilis better than A. niger. 

 
Keywords: nanocomposite film, nanofiller, water vapor, anti-microbial 
 
 
1. INTRODUCTION 
 

Cellulose nanofibers (CNFs) are defined as nano-sized fibers of less than 100 nm wide or micron-
sized fibers with nano-dimension cross sectional structures (Isogai, Saito and Fukuzumi, 2011). In 
nature, cellulose does not occur as an isolated individual molecule, but it is found as assemblies of 
individual cellulose chain-forming fibers (bundles of cellulose). Typically, approximately 36 
individual cellulose molecules assemble are brought together into larger units known as elementary 
fibrils (protofibrils), which pack into larger units called Microfibrillated cellulose, or Cellulose 
nanofibre (Habibi, Lucia and Rojas, 2010). Individualized cellulose nanofibers are 3−4 nm in width 
and a few microns in length (Saito et al., 2007). The bundles of cellulose called cellulose nanofibers 
are ranging between 30 and 100 nm in widths and estimated lengths of several micrometers (Wang et 
al., 2013). 

Since its starting in the 19th century, modern food packaging has made great advances as results of 
global trends and consumer preferences. These advances have been oriented to obtain improved food 
quality and safety. Meanwhile, with the move toward globalization, food packaging requires also 
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longer shelf life, along with the monitoring of safety and quality based upon international standards. 
Nanotechnology can address all these requirements extend and implement the principal packaging 
functions; innovative packaging solutions based on nanotechnology to be of complete success must 
also fulfil requirements on food safety (controlling microbial growth, delaying oxidation, and 
improving tamper visibility), product quality (managing volatile flavors and aromas), convenience, 
and sustainability (Silvestre, Duraccio and Cimmino, 2011). In addition, the demand for flexible, 
strong, transparent, and high barrier films for high-value-added packaging applications in food is 
increasing nowadays (Bardet et al., 2015). However, most materials currently used for food packaging 
are non-degradable, generating environmental problems. Therefore, several biopolymers have been 
exploited to develop materials for eco-friendly food packaging. Its biodegradability is a response to 
environmental laws and waste management problems. Although, the use of biopolymers has been 
limited because of their usually poor mechanical and barrier properties, which may be improved by 
adding reinforcing compounds (fillers), forming composites. Besides nanoreinforcements, 
nanoparticles can have other functions when added to a polymer, such as antimicrobial activity, 
enzyme immobilization, biosensing, etc. (Azeredo, 2009; Lavoine et al., 2012). 

The objectives of this present study are: (1) to produce cellulose nanofiber films from rice straw 
fibers with improvement of water vapor barrier property; (2) to provide anti-microbial property to the 
films by coating with ZnO particles for 2h and (3) to investigate the transparent, mechanical and 
hydrophobic properties of the resulting films.  
 
2. MATERIALS AND METHODS 

 
2.1 Materials 
 

Rice straw was collected from rice fields in Pals, Girona, Spain. Nanoclay or Montmorillinite clay 
(H2Al2O6Si) was a dry powder with the bulk of density    600 - 1100 kg/m3, average size of platelets 
less than 25 microns; was purchased from Sigma-Aldrich (product of USA), Spain. Zinc Oxide (ZnO) 
was a dispersion with concentration of 50 wt.% in water, average size of platelets less than 100 nm; 
was purchased from Sigma-Aldrich (product of Switzerland), Spain.  
 
2.2 CNF Preparation  
 

Rice straw was firstly milled by Knives miller in order to shorten its length around 10mm. Then, 
rice straw was cooked to eliminate the lignin and hemicellulose present in the rice straw fibers. Milled 
rice straw 600 g was prepared with 3400 mL of distilled water, 120mL of NaOH (25%w/v), 0.6g of 
Anthraquinone (C14H8O2) and was cooked at 160C for 30 minutes. After cooking, cooked fibers were 
filtered with distilled water and further passed into the Sprout-Waldron refiner to break down into 
small and fine particle fibers.  

Next, the fibers were continued to the bleaching process in order to remove the remaining lignin 
and hemicellulos after cooking. 50 g (dry mass) of fibers was weighed, and 5 g of Sodium Chloride 
(NaClO2), 5 mL of acetic acid (CH3COOH, 80% v/v), and 1000 mL of distilled water were added. 
The solution was heated on the heating plate at 70-80°C and stirred with magnetic stirrer for 3h to 4h. 
Then, the solution was washed by the distilled water and the bleached fibers were obtained. 

Last, the TEMPO Oxidation (2,2,6,6-Tetramethylpiperidine 1-oxyl) was performed to remove 
noncellulosic substances and improvement of fibers properties (introduction of significant amounts of 
carboxyl group).   15 g (dry mass) of fibers were suspended in 1500 mL of distilled water containing 
0.24 g of TEMPO and 1.5 NaBr under stirring by mechanical stirrer. TEMPO-mediated oxidation was 
started by dropping the desired Sodium hypochlorite solution (NaClO, 7%). NaClO 10mmol was 
added and TEMPO Oxidation was done for 3 h. Then the pH of the solution was maintained at 10 by 
dropping 0.5 M NaOH. After the solution was constant at 10, the solution was washed by the distilled 
water and the TEMPO oxidation cellulose was obtained (Saito et al., 2007).  

Then, cellulose was suspended in the distilled water at consistency around 1% and further stirred 
by Digital Ultra Turrak for 5 minutes. Last, the fibers suspension was homogenized by the 
Homogenizer at 500 bar for 5 passes and the rice straw CNF were obtained. 
 
2.3 Films preparation 

 
CNF suspension was  mixed with different amount  of  nanoclay 0%, 10%, 20%, 30%, 40%, 50%, 
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and 60 wt%) and diluted in 125 mL of deionized water. All the suspensions were stirred by magnetic 
stirrer for 10 minutes and then were further dispersed by Sonicator for 10 minutes at Amplitude 60. 
After that, the solution was casted in a smooth square plastic plate (12 cm2), kept in the oven at 
temperature 50oC for 24 h, and left in room temperature about 3 days. For each series, CNF films are 
with a basis weight of 30 g/m2 were obtained.  

Next step, the selected CNF films made by casting (0%, 30%, 50wt% of nanoclay with CNF) were 
further coated with ZnO dispersion. The film specimens were cut and soaked in 15 mL of ZnO 
dispersion for 2 h. Then all film samples were freely dried at room temperature. 
 
2.4 Analysis 
 
a. Transparency  
 

Transparency of the films was estimated by using UV-Vis Shimadzu spectrophotometer UV-
160A which was measured over a wavelength range of 400–800 nm, by placing the films vertically in 
special sample cellulose holders. For each samples, 2 different measurements were recorded.  
 
b. Mechanical properties  
 

Tensile strength and Young’s modulus of the films were used to describe the mechanical 
properties of the films. They were determined by using a Dynamometer model H5KS equipped with a 
2.5 KN load cell. Rectangular specimen strips of 20 mm in length, 10 mm in width were used for the 
measurements. The samples were tested with a speed of 1mm/min. Three specimens were tested for 
each sample. The thickness of the films was obtained using a micrometer and reported as an average 
of three measurements at different locations of the films. 
 
c. Hydrophobicity 
 

The surface properties of the film were estimated by dynamic contact angle measurements. The 
measurements were done with a Dynamic Absorption Tester. The specimens were carefully cut into 
smooth pieces 15 mm2 and placed on a metal frame. A droplet of water was deposited on the 
specimen surface. The contact angle measurements were recorded in five second after water droplet 
dropped. Contact angle (CA) measurements provides an assessment of the angle between the surface 
of the droplet and the sample surface at the contact point, being commonly used for estimation of 
wettability. 
 
d. Water vapor permeability  
 

Water vapor permeability (WVP) of the films were defined the properties of the film which 
permits the passage of water vapor through it. Water vapor permeability of the films were measured 
by water vapor weight loss through the film. 0.5 mL of the water was placed in the gravimetric cell 
which was then sealed by a piece of the film. The specific exchange surface of film was 7.85×10-5 
m2. For controlling the environmental conditions, the gravimetric cell was placed in a Climatic 
Chamber at 50% RH and 25 °C. The gravimetric cell was weighed every 24 hours and the water vapor 
weight loss through the film was monitored. In each samples, two specimens were measured. The 
WVP of the film was calculated: 

  WVP =  (WVTR ×Thickness)/∆P           (1) 

WVP (g.day.m.Pa) is the water vapor permeability, WVTR (g.m2.day) is the water vapor 
transmission rate, thickness refers to the thickness of the films, and ∆P  (1,430 Pa) is the partial 
pressure difference of water vapor across the film specimen corresponding to 50 % RH at 25oC. 
 
Which, WVTR = 24X/AY  
 
X refer to the weight loss, A is the area of the film (7.85×10-5 m2), Y is the time period.  
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e. Antimicrobial barrier properties 
 

The antimicrobial activities of the films were measured using agar well diffusion. Food-borne 
pathogenic microorganisms, Bacillus subtilis DSM 347 (ATCC 6633) and Aspergillus niger DSM 
1957 (ATCC 6275) were used as testing pathogens for this experimental analysis.  
 
2.5 Culture media preparation 
 
a. Media of Bacillus subtilis  

 
1000 mL of B. subtilis’s media was prepared. Meat Extract (3g), tryptone (5 g), Sodium Chlorite 

(5 g), and Agar (12 g) were mixed with 1000 mL of distilled water. Then the solution was boiled until 
it was homogenous, and sterilized in the Autoclave at 121oC for 30mn. 

 
b. Media of Aspergillus niger 
 

1000mL of A. niger’s media was prepared. Tryptone (5 g), lab-lemco powder (5 g), D (+) glucose 
(10 g), maltose (10 g) and agar (12 g) were mixed with 1000 mL of distilled water. Then the solution 
was boiled until it was homogenous, and sterilized in the autoclave at 121oC for 30mn. 
 
c. Anti-microbial activities analyses 
 

All the media were cooled down to 50°C after sterilization in autoclave. 0.5 mL of cultured B. 
subtilis was mixed with 250 mL of its kind of mediums (B. subtilis testing). The loop took the A. 
niger from the plate and mixed with 250 mL of its kind of media (A. niger testing). 25 mL of each 
media contained microorganisms were delivered to each plate and kept until they were become solid. 
The film samples (round shape with 1 diameter) were placed in the middle of the media. Last, the 
samples were incubated at 30°C for 2 days (B. subtilis testing) and incubated at 25oC for 4 days (A. 
niger testing). After incubation time, anti-microbial activity of the films was estimated by measuring 
the diameter of the bacterial growth inhibition zone around the wells of the films.  
 
3. RESULTS AND DISCUSSION 
 

The results of the main properties of the resulting films as: transparency, mechanical properties, 
hydrophobicity, water vapor permeability and anti-microbial property are shown and discussed below. 
 
3.1 Transparency 

The transparency of the films decreased notably when nanoclay was increased in the 
nanocomposite films (Fig.1). Similar observations have been reported by (Aulin, Salazar-Alvarez and 
Lindström, 2012) the biohybrid films prepared from dispersions of 10 or 20 wt% nanocaly showed a 
yellowish to brownish hue. The coloring of the biohybrids arises from the absorption spectra of the 
nanoclay. The transparency of films was decreased dramatically with increasing of nanoclay content. 
This is attributed to the hindrance of light passage by the stacked form of clays (Rhim, Hong and Ha, 
2009). 

3.2 Mechanical properties 
 
The neat CNF film had given the best tensile strength, 67.52 MPa (Fig. 2). The tensile strength of 

films with addition of nanoclay 0, 10, 20, 30wt% were not significantly different, 67.52, 65.75, 63.39, 
68.72MPa, but the tensile strength of films with addition of nanoclay 50 and 60 wt% showed very low 
tensile strength, 43.73, 38.48MPa. Anyway, the Young’s modulus of the films lowered down when 
the nanoclay was added 20, 30, and 40wt%. In contrast, the Young’s modulus of the films raised up 
when the nanoclay was added 10, 50, 60 wt%. Generally, mechanical properties of hybrids depend on 
a number of parameters such as inorganic content, nature of the inorganic/organic interface, platelets 
characteristics (geometry, surface area and distribution) (Sehaqui et al., 2013). The addition of 
nanoclay reduced the tensile strength of the films. It is explained by Liu et al., (2011) that the peak 
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intensity is strong for cellulose I hydrogen bonding in pure CNF, due to the high density of hydroxyl 
groups. However, for 50CNF/50MMT and 20CNF/80MMT, the intensity of hydrogen bonding in 
CNF is weakened. This is partly due to decreased CNF concentration, but also indicates that interfibril 
hydrogen bonding in CNF is influenced by the presence of MTM clay platelets. It suggests that CNF 
nanofibres are adsorbed to the silicate platelet surfaces, so that the extent of interfibril hydrogen 
bonding is reduced. 

 
3.3 Hydrophobicity 
 

The water-contact angle increased significantly with the addition of nanoclay in nanocomposite 
films (Fig. 3). It showed that the hydrophobicity of all the films was developed with addition of 
nanoclay by increasing the water-contact angle. The hydrophobic surface of nanocomposite film was 
highest improvement with addition of nanoclay 60 wt% (76.5°). The surface of the cellulose 
nanocomposite films become low hydrophobic when the amount of nanoclay was added. It can be 
explained that the nanoclay particles are impermeable to moisture, so the presence of nanoclay 
reduced the pass of the water through the films (Honorato et al., 2015) due to the nature of the 
TEMPO oxidation cellulose nanofibre films are low hydrophobic because of their high carboxylate 
content which may lead it in turn to low resistance to water (Fukuzumi et al., 2009). 
 
3.4 Water Vapor permeability  
 

Water vapor permeability (WVP) of all the nanocomposite films was improved dramatically with 
addition of nanoclay (Fig. 4). The films with high amount of nanoclay 40, 50, 60wt% presented the 
low WVP (15.1×10-6, 15.8×10-6, 14.5×10-6 g.day.m.MPa).  The WVP of the nanocomposite films 
decreased with addition of nanoclay. The presence of nanoclay reduced the WVP of the films because 
the clay particles are impermeable to moisture, the water molecules must diffuse through the 
surrounding continuous CNF matrix, resulting in a reduction of the WVTR and lower the WVP 
(Honorato et al., 2015). Anyway, the similar previous study has been proposed by (Rhim, Hong and 
Ha, 2009) clay was effective in improving the water vapor barrier property while sacrificing tensile 
properties the least. 

 
 
 

 
 
 
 
 
 
 

Fig. 1. Transparency of nanocomposite films Fig. 2. Tensile strength and Young’s modulus 
of nanocomposite films 

 
 
 

 
 
 
 
 
 
 

Fig. 3. Hydrophobicity of nanocomposite films Fig. 4. Water vapor permeability of 
nanocomposite films 
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3.5 Anti-microbial property 
 
All the nanocomposite films composed with CNF, nanoclay and ZnO showed antimicrobial 

effectiveness against the B. subtilis and A. niger. This indicated that ZnO released from the films 

inhibited the growth of B. subtilis and A. niger. The interaction between the nanoparticle and the cell 
membrane of the microorganism could produce the breakdown of the membrane of the bacteria 
preventing the infection (Li et al., 2010). 
 

Table 1. The anti-microbial activity of CNF films 

Samples Diameter of inhibitor zone (mm) 

B.subtilis A. niger 

CNF100/MMT0/ZnO 1 1 

CNF70/MMT30/ZnO 2 1 

CNF50/MMT50/ZnO 2 1.5 

 
B.subtilis 

   
CNF100/MMT0/ZnO CNF70/MMT30/ZnO CNF50/MMT50/ZnO 

   

A. niger 

   
CNF100/MMT0/ZnO           CNF70/MMT30/ZnO              CNF50/MMT50/ZnO 

Fig. 5. The inhibited zones of nanocomposite films 

 
4. CONCLUSION 
 

The increasing amount of nanoclay in cellulose nanofiber films showed a significant improvement 
in the water vapor barrier property and hydrophobicity of the films’ surface while sacrificing tensile 
properties and transparency of the films the least. In addition, the CNF film with addition of nanoclay 
60%wt presented the best improvement of water vapor barrier properties by showing the lowest water 
vapor permeability. Besides, the nanocomposite films of CNF with nanoclay and ZnO exhibited the 
antimicrobial effectiveness against B. subtilis and A. niger, but it showed the inhibition the growth of       
B. subtilis better than A. niger. 
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ABSTRACT 
 

Basically all materials in nature which contain cellulose can be processed into pulp and paper. Paper 
industry requires raw materials are so numerous and available continually. Due to the decrease of 
wood supply from both natural forests and plantations, it is forcing actors to make paper from non-
wood materials. Art paper including paper prayer is a type of paper that does not require a high 
specification and quality. The use of increasingly comprehensive art paper for the development of 
creative industries for example for lampe Shide; batik product packaging, gold and silver product 
packaging; bag packaging; organizer, invitations, paper prayer, and others. This study aims to 
substitute art paper from non-wood materials. The research methods in this experiment were 
minimized use of chemicals, and expected to produce art paper more environmentally friendly. The 
research has successfully researched and used of non-wood raw material for art paper, among others 
from bagasse of Saccarum officinarum L; Musa sp (abaca);  seaweeds of Ulva lactuca, Gelidium spp., 
Sargasum spp); Nypha frucicans frond; tree bark of melinjo ((Gnetum gnemon Linn.); Betung 
bamboo (Dendrocalamus sp.) leaves and Apus bamboo (Gigantochloa apus Kurz) leaves. The 
Excellence Center for Handicraft and Batik results art paper, among others, were able to be done by 
SMEs because the equipment is designed for small capacity, using non-wood materials that can be 
enhanced with local ethnic characteristics, some of the material is able to be done without additional 
adhesive. The results of research used the Indonesian Standards of Paperboard Test. Its are able to 
produce high value added products with a touch of regional specialties. 
  
Keywords: non-wood,  art paper, small industries 
 
 
INTRODUCTION 

 
Indonesian  has Natural Resources that the natural biological diversity as comparative advantage 

of SME products. Envirounment and regulatory issues of  ecolabelling and green industrial policy for 
a product includes craft makes the need for a new kind of natural resource to be high. One of 
commodity Indonesian SME is a product of non-textile natural fibers (NTNF). Then NTNF usage of 
craft materials will make the product more exotic, also  it is expected to be able to have an impact on 
the decrease on the use of wood .Thus the use NTNF for art paper craft materials to make these 
commodities is lowering the carbon trade which has become a world issue. 

According to The Ministry of Forestry and Life Environment (2015) the potential of the non-
timber from our forests is approximately 95%, whereas the potential timber species by 4000 only 5% 
of the contents of Indonesian forest which covers approximately 120 million hectares. The Non-wood 
forest product (NWFP) such great potential has not been matched with the advanced processing 
technology. The geographical condition such as Indonesia, with over 13,000 islands do not allow all 
developed as a large industry, SMEs actually become solution by inter-island infrastructure that is 
unique and has the potential for very diverse natural resources. 
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One commodity that is handled CHB is non-textile natural fibers (NTNF). NTNF is used as a pulp 
and art paper art that will make the product more exotic, but also will have an impact on the decrease 
in the use of wood material. Therefore, to increase the added value NTNF as raw material for pulp 
and paper art craft required a study of the fundamental properties and processing technology. The 
results of this study are expected to be a reference to the artisans to utilize more widely. 

In the papermaking process, especially art paper, the main material used must contain a lot of 
cellulose in the fiber. Art Paper is one type of paper with an aesthetic appearance that is rich in natural 
shades and unique. Specially prepared with handmade, so that visually have the look or specific 
character both in terms of textures, colors, patterns and dimensions. Art paper generally used by 
graphic designer and art creations product designer. Art paper different from the paper in general such 
as HVS or opaque. Art paper can be made from waste paper HVS, opaque, paper, tissue or other 
materials eg non textiles Natural fibers of NTNF. In particular use, art paper has artistic value is more 
than paper thin plain that most smooth texture. Judging from the texture, textured art paper rather 
rough and fiber look. Because of the materials used are not entirely destroyed when used as pulp 
resulting uneven texture and makes the paper more attractive to made ornaments with different 
shapes. 

The hypothesis in this study suspected that non-wood raw materials from non-textile natural 
fibers can produce art  paper  that has preferred sensory qualities with the physical properties in 
accordance with existing standards. 

 
MATERIALS AND METHOD 
 
Materials 

 
Natural Resources and economic potential of NTNFs were uncultivated materials such as bagasse 

of Saccarum officinarum L; Musa sp. (abaca); seaweeds of Ulva spp, Gelidium spp., Sargasum spp.); 
frond of Nypha fruticans; tree bark of melinjo (Gnetum gnemon Linn.); Betung bamboo 
(Dendrocalamus sp.) leaves and Apus bamboo (Gigantochloa apus Kurz) leaves. 
 
Methods  
 

The first is selection of art paper technology. The Second is material sampling. After we did 
material sampling, we were sampling preparation and processing. The Product of processing was 
tested in the Pulp and Paper Laboratory. The Data of testing were compared with Indonesia Standards 
of paperboard. After evaluation of the product with Indonesia Standards of paperboard and the 
product of research is ready to develop for Small Medium Enterprises This research has succeeded in 
making pulp and paper art with the composition of the various compositions as shown in Table 1.  
 
Tools 
 

Tools used in this study were knife; chainsaw / table saw; scales sitting; measuring cup; plastic 
containers measuring 100 L; oven/dryer; pan; gas stove; crusher machine; machinery bitter; screen 
measuring 60 x 40 cm; Rakel; upholstered plywood. 
 
Natural Fiber Processing Technology For Art Paper 
 

The stages will be done in the papermaking art (Fig. 1) are (1) Cutting material into the 
longitudinal direction along the ± 5-10 cm, (2) Drying material using the oven or direct sunlight, (3) 
Separating the fibers of bark, (4) Cooking Fiber in NaOH for ± 2 hours, (5) washing fiber  so it does 
not smell and the water used colored clear. It aims to eliminate the content of NaOH which permeate 
the fiber, (6)  inserting the fiber into the machine crusher, (7) then inserting the fiber into the machine  
bitter up to be pulp, (8) Printing pulp in plywood upholstered media, (9) Drying Process, (10) 
Separating art paper of plywood and (11) Making into handicrafts. 
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Table 1. Material Composition 

 
No A. Percentage of Nypha Frond Fiber Percentage of Abaca 
1 75 25 
2 100 0 (with 20g/L NaOH) 
3 100 0 (with 10 g/L NaOH) 
 B. Percentage of  Fiber bark of Gnetum gnemon  
4 100 0 
 C. Fiber of seaweed Sargasum  
5 50 50 
6 50 75 
7 75 50 
8 80 20 
 D. Fiber  of seaweed Ulva  
9 25 55 
10 40 40 
11 55 25 
12 75 25 
13 85 15 
 E. Fiber  of seaweed Gelidium  
14 50 50 
15 75 25 
 F. Fiber  of bagasse  
16 60 40 
17 80 20 
18 15 + 50 % Fiber of seaweed Sargasum 0 
19  100%  abaca fiber NaOH 10% 
20  100%  abaca fiber NaOH 12% 
21  100%  abaca fiber NaOH 14% 
22 G. Paper art on the market  
 

 
Fig. 1.  The flow process of Art paper 
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RESULTS AND DISCUSSION 

 
 
 

 
 
 
 
 
 
 

(a)                                                                 (b) 
Fig. 2.  a). Nypa palm frond art paper fibers 75% and 25% abaca fiber, and  b).  Art Paper of 100%  

nypa frond fiber  with ripening  NaOH 20 g/L and 10 g/L 
 

In both the composition of 1 kg of raw material yield is obtained as follows: 
1.  For alloy 1 obtained yield 250 gram art paper  
2.  For the alloy 2 obtained yield 200 gram art paper 
3.  For the alloy 2 obtained yield 200 gram art paper 
 

Detailed testing is done on paper art of (a) Nypa frond  and bark  of Gnetum gnemon, whereas art 
paper (b) another test against strength of  torn; strength of burst and tensile strength is shown in Table 
2. 
 

Table 2. Some Sample Test Results of Non-Wood Materials Art Paper 

No Parameter Units SNI/ISO 

TEST RESULTS 
Nypa 100%, 
NaOH 2 g/L 

Nypa 100%, 
NaOH 1 g/L 

Nypa 75%, 
Abaca 25% 

Tree bark  of 
Gnetum 
Gnemon  

1 Grammage g/m2 536:2010 74.7 ± 17.3 98.8 ± 23.6 93.8 ± 14.7 113.7± 30.8 
2 Bulk cm3/g 534:2011 3.91 ± 0.50 3.79 ± 0.36 3.39 ± 0.31 4.34±0.56 
3 ISO 

Brightness 
% 2470:2010 20.10 ± 1.17 21.56 ± 0.76 25.39 ± 0.47 44.57±2.65 

4 Opacity % 2471:2010 99.11 ± 0.93 98.78 ± 0.43 99.63 ± 0.39 96.06±2.08 

5 Oil Penetration 
  IGT: 
-Top 
-Bottom 

 
 
- 
- 

 
 

14-0584-
1989 

 
 
61.5 ± 10.8 
67.5 ± 13.3 

 
 

50.2 ± 5.3 
66.8 ± 7.3 

 
 

58.1 ± 6.4 
62.0 ± 13.7 

 
 

71.6 ± 10.4 
86.6 ± 6.7 

6 Resilience 
Revoke IGT: 
-Top 
-Bottom 

 
 

P.m/s 
P.m/s 

 
 

14-0587-
1989 

 
 

1135 ± 36 
942 ± 104 

 
 

860 ± 0 
824 ± 49 

 
 

911 ± 46 
767 ± 94 

 
 

731±54 
517  ±  64 

7 Tensile 
resilience : 
-AM 
- SM 

 
 

kN/m 
kN/m 

 
 

1924.2: 
2010 

 
 

2.15 ± 0.67 
2.14 ± 0.87 

 
 

1.40 ± 0.36 
1.14 ± 0.40 

 
 

2.94 ± 0.69 
2.80 ± 0.98 

 
 

1.03 ± 0.28 
1.02 ± 0.34 

8 Power Stretch: 
- AM 
- SM 

 
% 
% 

 
1924.2: 

2010 

 
0.86 ± 0.18 
0.90 ± 0.20 

 
1.37 ± 0.44 
0.61 ± 0.13 

 
1.50 ± 0.26 
1.27 ± 0.46 

 
1.46 ± 0.29 
1.95 ± 0.70 

9 Bendtsen 
-Top side 
-Bottom side 

 
mL/min 
mL/min 

 
0923.1: 

2008 

 
2355 ± 217 
2540 ± 202 

 
4488 ± 367 
4764 ± 435 

 
2090 ± 218 
2355 ± 263 

 
4740 ± 295 
5040 ± 294 

10 water content % 287:2010 9.0 ± 0.3 8.8 ± 0.0 8.2 ± 0.4 7.6 ± 0.0 

 Note: Widiastuti et al. (2016), used  the Indonesian Standars of  paperboard 
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The test was done in the Laboratory of Center for Pulp and Paper. Because of there is no art 
paper, so the Indonesian Standard of  paperboard then approached with the most similar standard so it 
is  used it. As for some of the test results from seaweed art paper, bagasse, abaca tested at the 
Laboratory of Technology Forest Products on Faculty of Forestry, Gadjah Mada University. art paper 
of bamboo betung leaves and Apus bamboo leaves was evaluated further and in the process of testing. 

Potential non-timber products in Indonesia is very diverse. Wider use of paper art needs to be 
assessed especially with the use of paper for the General Election. Opportunities use is allowed, 
especially in areas inaccessible transport. Art paper as an alternative choice balloting in village 
elections, the local elections, as well as other general election. Besides being able to take advantage of 
local non-timber natural resources, employment opportunities, as well as to highlight the local ethnic 
characteristics. 

Here are some sample art paper from seaweed, bagasse, abaca and the mixed it were tested in 
Laboratory of Forest Products Technology Faculty of Forestry, Gadjah Mada University. 
 

Table 3. Test Sample Result of Some Non-wood Other Materials of Art Paper 

No Fiber Compositions 

Test Result 
unplug 

resistance 
(mN.m2/g) 

resilience 
Revoke 

(k.Pa.m2/g) 

Tensile 
resilience 
(Nm/g) 

1 Fiber of  Sargasum 50%: abaca 50% 7.83 0.72 6.64 
2 Fiber of  Sargasum 50%: abaca 75% 6.56 1.12 6.41 

3 Fiber of  Sargasum 75%: abaca 50% 5.63 0.88 7.33 
4 Fiber of  Sargasum 80%: abaca 20% 4.89 0.73 5.95 
5 Fiber of  Ulva 25%: abaca 55% 8.68 0.73 4.41 
6 Fiber of  Ulva 40%: abaca 40% 7.73 2.11 5.23 
7 Fiber of  Ulva 55%: abaca 25% 6.20 0.60 5.12 
8 Fiber of  Ulva 75%: abaca 25% 5.58 0.37 1.09 
9 Fiber of  Ulva 85%: abaca 15% 2.13 0.35 3.47 
10 Fiber of  Gelidium 50%: abaca 50 % 3.28 0.44 1.17 
11 Fiber of  Gelidium 75%: abaca 25 % 4.91 0.28 0.00 
12 Fiber of  bagasse 100% 10.24 0.56 8.00 
13 Fiber of  bagasse 60% : Abaca 40 % 8.70 1.05 8.16 
14 Fiber of  bagasse 80% : Abaca 20 % 10.07 2.09 4.49 
15 Fiber of  bagasse 50% : Fiber of  Sargasum 50 % 5.78 0.38 1.53 
16 Fiber of  abaca alkali 10 % 24.16 4.84 45.96 
17 Fiber of  abaca alkali 12 % 44.84 4.31 50.04 
18 Fiber of  abaca alkali 14 % 45.96 4.36 45.56 
19 Art paper  in the market  3.80 0.60 10 
Note: Sumarto et al. (2014) 
 
DISCUSSION 

 
On this art paper turned out to be generated by the paper quality and the quality is pretty good. 

This is a breakthrough because many similar studies that failed to make paper from  pure NYPA 
(Dewi et al., 2015). In terms of quality, we can compare it with one type of paper that already has its 
standard ISO 0154: 2010 for coated paper. Then we will get the following comparison Table 4. From 
Table 4 it can be seen that most of the parameters have been met. Parameter unfulfilled is oil 
penetration. For that in future studies can be used as research material to reduce penetration of oil on 
the paper from NYPA. The comparison above is an example when the paper later this NYPA will be 
applied as coated paper. But this is not the only benchmark for many other Indonesian Standar of  
paper, depending on paper NYPA designation will be applied in accordance with our wishes. 
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Table 4. Comparison of Test Results with Quality Standard Coated Paper 

No Parameter Units 
Quality 

Requirements 
Nypa 100%, 
NaOH 2% 

Nypa 100%, 
NaOH 1% 

Nypa 75%, 
Abaca 25% 

1 Grammage g/m2 70 – 180 74.7±17.3 98.8±23.6 93.8±14.7 
2 Grade of white  

ISO 
% 

Min. 80 20.10±1.17 21.56±0.76 25.39±0.47 

3 Oil penetration IGT 1000/mm 7 – 10 61.5±10.8 50.2±5.3 58.1±6.4 
4 unplug resistance 

IGT 
P.m/s 

Min. 300 1135±36 860±0 911±46 

 
The physical properties of the paper is one of the physical parameters used to determine the 

quality of a paper. The criteria depending on the type of product desired. In simple terms the physical 
properties of the paper include: Tear strength is the force in grams force (gf) or (mN) perpendicular to 
the paper surface is required to continue the tear of a sheet of paper that had previously been 
experienced tear early and measured under standard conditions. Tear strength is important for 
assessing easy or hard paper to be cut, sliced or torn straight cut (Smook, 1994). Tear strength of the 
sheet of paper increases with increasing length of the fiber. This occurs because the long fibers break 
the bond area can produce finer than short fibers when done penyobekan, so that a sheet of paper with 
the number of fibers more stout will have a higher tear strength (Houen, 1992). Resilience is defined 
as the drop durability pulp sheet against the tensile force that works on both ends of the line is to 
break up, expressed in units of force per unit width test (kN / m) (Houen, 1992). Resilience is 
important to assess the tensile strength of the paper when it is stretched and subjected to the force on 
each side besides that the drop resistance was instrumental in the formation of pulp into sheets of 
paper (Smook, 1994). 

Grammage a paper sheet mass in grams divided by unit area of paper in a square meter (g / m2) 
and measured at standard conditions (Nurminah, 2002). Grammage of paper affected by moisture in 
the air relative humidity around the paper. Because the grammage is always expressed as the total 
weight of the paper including the moisture content measurements should be carried out under standard 
conditions (Sukmami, 2000). Grammage is too high causing the paper is too stiff and solid, while the 
grammage is too low can cause paper getting loose so it looks transparent 

 
FORECAST IMPACT OF ACTIVITIES 
 
Aspects of Market and Economic Feasibility 
 
A. Aspects of the Market 
The market opportunity for this research opens wide both in the local market, given the national and 
international research activities have resulted in raw material processing technology NWFP simple 
without the need for automation equipment. Raw materials nipa fronds for example can produce 
natural fibers that can be processed into woven products and other finished goods such as art paper 
and particle boards. Then the palm leaves can be made of palm leaves woven crafts that can be made 
of products such as book covers, a light sleeper. Because this new palm leaves during leaf used as 
roof of a house / welit. 
 
B. Aspects of Economic Feasibility 
From the aspect of economic feasibility, the processing of raw materials from NYPA provides 
increased added value. As can be assumed to be the following: 
 
Capital 
Purchase 150 stem NYPA for Rp 2,500,000, - 
Price per rod frond NYPA = Rp 2,500,000 / 150 
    = Rp 16666 => Rp 16,700, - 
2 stalks wet nypa fronds produce 1 kg of dried fronds. 
1 kg of dried nipa fronds to produce 20 sheets of art paper size 40x60 cm. 
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Calculate papermaking art: 
- Nipah palm fronds 2 bars: 2 x Rp 16,700 = Rp 33,400, - 
- Caustic soda (NaOH) 100 g: 100 g x Rp 15.000 / kg = Rp 1.500, - 
                                                      1000 
- Fuel LPG: Rp 3.000, - 
- Electricity costs: Rp 3.000, - 
   Total Cost: Rp. 40 900, - 
Price per sheet of art paper Rp 10.000, - 
Price 20 sheets of art paper; 20 x Rp 10,000, - = Rp 200.000, - 
Advantages: Rp 200,000 - Rp 40 900, - = Rp 159 100, - 
The percentage of the profits; 159 100 x 100% = 389.99% 
                                                40 900 
 

Means of papermaking art can generate a gain of 389.99%, or almost 4 x folding. With a record of 
the cost of capital equipment, machinery and place have not been included in the calculation 
 
C. Environmental and Social Aspects 
 
Social Aspects 

 
From the social aspect is expected to create new jobs, not just as a taker of sugar palm, craft 

makers roof, but it can also open up growth opportunities artisans weaving, artisans weaving and 
other crafts in the environment around the area that has the potential NYPA that much, so can reduce 
the unemployment rate. 
 
Environmental Aspects 

 
NYPA  for example if is it  cultivation can reduce environmental impacts such as soil erosion 

withstand the riverbank, NYPA plants can make the shallow banks of the river but with good 
handling, the use of NYPA can be controlled so it does not impact on the ecosystem in the river. 
 
 CONCLUSSION 

Some material from non timber forest products, especially of non-textile natural fibers have 
potential technically and  economically as a substitute for non-wood art paper. The use of materials 
from non-wood as a material art paper expected to reduce the use of paper made from wood that is the 
limited of source,  create jobs, enhance creativity, increase the economic value added materials. 
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ABSTRACT 
 

Agave is one of potential non-wood fiber resource. At least there are 2 species of agave have evolved 
in Indonesia i.e. Agave sisalana and A. cantala. Nevertheless, information about agave fibers for pulp 
and paper making was rare. This study aims to investigate some accessions of agave fibers for pulp 
and paper making. The fibers of 5 accessions i.e. Balittas 2, Balittas 8, Balittas 10, Balittas 13, and 
Balittas 14 were extracted from 4 years old agave plants. The observation includes plant 
characteristics and based on Indonesian National Standard (SNI) of fibers morphology, chemical 
components of fibers, pulp yield and physical properties of the hand sheets. The fibers have good 
slenderness ratio but high value of both Runkel and Muhlstep ratio. They rich in holocellulose content 
(93.67-94.71%) and α-cellulose content (61.66-64.75%) while lignin (3.92-8.90%) and ash (0.58-
0.85%) were very low. The A.sisalana accessions generate lower pulp yield and brightness with 
higher Kappa number but higher strength properties than A. cantala accessions. Meanwhile, soda 
pulping process provides better pulp characteristics than kraft pulping for agave fibers. Balittas 10 
accession plant was the most efficient fibers producer and the fibers generate moderate brightness and 
tear index but the highest in burst and tensile index. The brightness, dirt and tear index of all 
accessions fibers were fulfilled Indonesian standard for Needle Bleached Kraft Pulp. However, the 
burst index and tensile index were inadequate to Needle Bleached Kraft Pulp but satisfied to Leaf 
Bleached Kraft Pulp. 
 
Keywords: Agave accessions, fiber morphology, chemical component, pulping, physical properties 
 
 
INTRODUCTION 

 
The development of technology in pulp and paper industry, uses of cellulose fiber from non-wood 

resources becomes rising rapidly. The fibers contribute to the healthier environment since decreasing 
wood need, fast growth, mostly lower-cost materials, and can be used to make some special papers. 
Indonesia has so many and abundant resources of non-wood natural fiber because of good condition 
for tropical crops. One of a potential resource of non-wood fiber in Indonesia is agave fiber. Agave 
plantation in Indonesia reached 568.25 ha spread in Madura with average production 0.92 
tons/ha/year and less production in others area in East Java Province (Santoso, 2009). The fiber 
extracted from agave leaf that can grow up to 162.3 cm in length and 13.23 cm in width as 4.8 % fiber 
yield (ISFCRI, 2016). The crop is able to cultivated in a dry climate area with fewer cultivation needs 
and able to multiple cropping with other crops. Because of high fiber strength, agave fiber used in 
traditional industry as ropes, mat, brush, broom, bag, fishing net, etc (Santoso, 2009). At least there 
are 2 species of agave have evolved in Indonesia i.e. Agave sisalana, and A. cantala (Santoso, 2009).   

In order to pulp and paper making, there was rare information for agave fiber. Whereas according 
to Hurter (2001), A. sisalana fiber can be used to produce some specialty paper due to a high quality 
of its pulp. Sisal fiber is also suitable to reinforced high recycle content papers. Idarraga et al, (1999) 
produce pulp from blue agave waste of tequila production. The pulp was not as good as wood or other 
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agro-based pulps, but plenty good for tear strength. Therefore, information about agave fiber and its 
paper sheet characteristics are interesting. 

Each species of agave in Indonesia has different characteristics that can lead some processes such 
as removal of spines and different optimal pulping condition due to differences of chemical 
component of fiber. It is responsible for process efficiency and quality of the pulp and paper. 
Selection of species, accession, or variety of agave plant is also determined by plant productivity.   

This study aims to investigate some accessions of agave for pulp and paper making. The 
investigation covers characteristics of the plants, morphological properties, chemical contents, and 
characteristics of the hand sheets. 

 
MATERIALS AND METHOD 

 
Raw material  

 
The agave bundle fibers have been extracted mechanically from leaves that collected from 

Indonesian Sweetener and Fiber Crops Research Institute’s (Balai Penelitian Tanaman Pemanis dan 
Serat/Balittas) experimental station in Kalipare, Malang, East Java, Indonesia. After washed, the 
fibers were dried under sunlight. There are 5 accessions of agave plants i.e. Balittas 2, Balittas 8, 
Balittas 10, Balittas 13, and Balittas 14. All accessions were 3 years old plants.   

 
Plant characterization 

 
Determination of leaves color, spines, spike, and spines color were based on visual observation. 

Data of productivity of the plants (ton of dry fibers/ha/year) represent average production of the 
previous years.  

 
Analysis of fiber morphology 

 
Fiber morphology was determined according to Indonesian National Standard (SNI) 01-1840-

1990. Determination including fiber length (L), fiber width (D), cell wall thickness (w), and lumen 
diameter (l). Calculation of derived values namely Runkel ratio (2w/l), slenderness ratio (L/D), 
rigidity coefficient (w/D), flexibility ratio (l/D), and Muhlstep ratio ((D2-l2)/D2)x100%) were based on 
measured data. 

 
Analysis of chemical component  

 
Chemical components were determined according to SNI standard, including moisture (SNI 08-

7070-2005), ash (SNI 14-1031-1989), extractive alcohol-benzene (SNI 14-1032-1989), pentosan (SNI 
01-1561-1989), lignin (SNI 0492:2008), holocellulose (SNI 01-1303-1989), alpha cellulose (SNI 
0444:2009), 1% NaOH solubility (SNI 14-1838-1990), hot and cold water solubility (SNI 01-1305-
1989).   

 
Experimental cooking 

 
Cooking was performed under both soda and kraft pulping conditions. The temperature of 160oC, 

heating-up time of 120 minutes, holding time of 90 minutes. The active alkali of soda pulping was 
18%. Kraft pulping used 18% active alkali and 25% sulfidity. The ratio of cooking liquor to agave 
fiber was 4:1. The cooking trials were performed using experimental rotating digester with 200 grams 
dry weight of agave fiber in each trial. Each treatment carried out two replications. After completion 
of cooking, the pulps were washed, screened in a flat screen to reject the impurities or bundles, 
pressed, and disintegrated. The pulps were analyzed for pulp yield, Kappa number, and viscosity. 
Bleaching was performed under ECF (Elemental Chlorine Free) condition with 3 stages of bleaching.  

 
Paper testing  

 
The agave pulps were refined to 300 ml CSF. Laboratory hand sheets were prepared according to 

SNI ISO 5269-1:2012 for physical properties test namely brightness (SNI ISO 2470:2010), dirt (SNI 
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ISO 5350-1:2014), tearing strength (SNI 0436:2009), bursting strength (SNI ISO 2758:2011), and 
tensile strength (SNI ISO 1924-2:2010). 

 
RESULTS AND DISCUSSION 
 

Each accession has different characters of the plant, fiber morphology and chemical component. 
There are 5 accessions represent 2 different species namely Agave cantala (Balittas 2 and Balittas 8) 
and A. sisalana (Balittas 10, Balittas 13, and Balittas 14). Fig. 1 presents some performance of the 
accessions. All of the accessions are spiny margins leaves except Balittas 10. Heavy spike at the tip of 
leaves present over whole accessions. Before leaves decortications to extract the fibers, all of spines 
and spikes need to remove for worker security. Therefore, existences of spines lead to less effective 
process. The use of agave fibers for pulping was preferred more than agave leaves due to a bulky 
performance of agave leaves. The contents of fibers were only about 4.8% (by dry weight) of fresh 
leaf(ISFCRI, 2016) and  the juice extracted reach up to 47% (v/w) of fresh leaf. 
 

  

  

Fig. 1. Agave plants (a) Balittas 8 accession before harvesting; and (b) harvested Balittas 10 
accession. Spiny margins leaves of (c) Balittas 8; (d) Balittas 10; (e) Balittas 13; and (f) spike at the 
tip of leaf in all accessions.     
 

Table 1 presents plant characteristics of the agave accessions. Agave cantala accessions have 
gray-green leaves color, dark red spiny margins leave with large size. Compared to A. sisalana, A. 
cantala is more tolerant of drought and has lower productivity (Santoso, 2009). Meanwhile, A. 
sisalana accessions have dark green leaves and different characters of spines in each accession. 
Balittas 10 does not have spines in the margins leaves and has the highest productivity. It means 
Balittas 10 is the most efficient fibers producer accession due to high productivity and spineless. 

Fiber morphology and their derived values are summarized in Table 2. Agave fibers are long fiber 
ranged from 3.29 to 5.27 mm and satisfied to Indonesian Standard (SNI 0698:2010) for NBKP (min 
2.1 mm). Balittas 10 has shortest and narrowest fiber and Balittas 13 has longest and widest fiber. The 
high value of both Runkel ratio and Muhlstep ratio of all accessions show that the fibers have small 
surface area. It means the fibers have less surface contact as well as fiber bonding and produce lower 

(a) (b) 

(c) (d) (e) (f) 
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tensile and bursting index (Dutt and Tyagi, 2011; Haroen, 2016). Balittas 8 was the lowest and 
Balittas 13 was the highest both Runkel ratio and Muhlstep ratio. Balittas 8 has the lowest value of 
rigidity coefficient and the highest value of flexibility ratio. The lower value of rigidity coefficient 
showed lower density of fiber and produced lower tearing strength, but higher folding endurance. A 
higher value of flexibility ratio shows that the fiber is thin-walled and easily deformed. It supports 
better fiber bonding and produces stronger, lower porosity, and higher density of paper (Haroen, 
2016). Meanwhile, Balittas 13 has the highest value of rigidity and lowest value of flexibility ratio. 
Nevertheless, all accessions have good slenderness ratio. Slender fiber form better braided so will 
produce stronger sheets (Haroen, 2016). Fiber morphology characteristics of the agave are close to 
kenaf bast fiber but tighter in diameter and higher value slenderness ratio based on Kardiansyah and 
Sugesty (2014) research. 

 
Table 1. Plant characteristics of 5 agave accessions 

Accession 
code 

Species Leaves color 
Spines on leave 

margins 
Spines color 

Productivity 
(ton/ha)* 

Balittas 2 A.  cantala Gray-green Large Dark red 1.12 
Balittas 8 A.  cantala Gray-green Large Dark red 2.02 
Balittas 10 A. sisalana Dark green No spines - 2.75 
Balittas 13 A. sisalana Dark green Small Red 1.34 
Balittas 14 A. sisalana Dark green Large Dark purple 2.09 

*) dry fibers, with assumption 3200 plants/ha 
 

Tabel 2. Fiber morphology and their derived values of 5 agave accessions 

Parameters 
Accession code 

Balittas 2 Balittas 8 Balittas 10 Balittas 13 Balittas 14 
Fiber length (mm) 4.25 4.12 3.29 5.27 4.47 
Fiber width (µm) 21.65 26.40 20.10 27.17 20.81 
Lumen diameter (µm) 9.11 13.85 7.89 7.63 10.01 
Cell wall thickness (µm) 6.27 6.28 6.11 9.77 5.40 
Runkel ratio 1.38 0.91 1.55 2.56 1.08 
Slenderness ratio 196.42 155.86 163.48 194.05 214.74 
Rigidity coefficient  0.29 0.24 0.30 0.36 0.26 
Flexibility ratio 0.42 0.52 0.39 0.28 0.48 
Muhlstep ratio (%) 82.29 72.48 84.59 92.11 76.87 

 
As a lignocellulosic material, agave fibers containing α-cellulose, lignin, pentosan, extractive, and 

ash as shown in Table 3. Balittas 14 has highest α-cellulose content and lowest lignin, pentosan, ash, 
and extractive content. Meanwhile, Balittas 10 has lowest α-cellulose content and highest lignin and 
extractive content. Lignin content in pulp materials caused darker pulp color and lower strength of 
pulp (Haroen, 2016). The agave fibers have cellulose content almost equal, lower lignin, extractive 
and ash content, and higher hemicelluloses (pentosan) content than kenaf fiber in Jonoobi et al. (2009) 
research. It means the agave fibers need milder pulping conditions and fewer chemicals for bleaching 
than the kenaf fiber. 

 
Table 3. Chemical component (% by dry matter) of 5 agave accessions  

Component 
Accession code 

Balittas 2 Balittas 8 Balittas 10 Balittas 13 Balittas 14 
α-cellulose 62.11 63.79 61.66 62.84 64.72 
Lignin  8.27 7.60 8.90 5.60 3.92 
Pentosan 23.08 23.18 22.52 21.58 20.42 
Holocellulose 93.67 94.21 93.70 93.98 94.71 
Ash  0.83 0.85 0.67 0.64 0.53 
Extractive  0.86 0.40 1.33 0.18 0.17 
1% NaOH solubility 14.83 14.12 13.59 11.39 12.06 
Hot water solubility 1.31 1.72 1.36 nd 0.36 
Cold water solubility 2.35 1.56 1.20 1.13 1.46 
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Compared to Agave americana in Mylsamy and Rajendran (2010) study that has a lignin content 
of 4.85% and cellulose content of 68.42%, the lignin content was higher in all accessions except 
Balittas 14 and the cellulose was lower in all accessions. However, all accessions have cellulose 
content more than Agave sisalana in Fávaro et al. (2010) study that has 43-56%. Balittas 13 and 
Balittas 14 have lower lignin content than the A. sisalana. 

Agave cantala (Balittas 2 and Balittas 8) have higher ash content compared to A. sisalana 
(Balittas 10, Balittas 13, and Balittas 14). However, the ash content of all accessions was lower than 
kenaf fiber of 2.2% (Jonoobi et al., 2009) and Eucalyptus grandis of 2.87 and 1.59 (Dutt and Tyagi, 
2011). High ash contents generate problems at material handling, pulp washing, pulp beating, and 
chemical recovery (Dutt and Tyagi, 2011). 

Some lipophilic extractive contents contained in Agave sisalana are fatty acid including α- and ω-
hydroxy fatty acids, fatty alcohols, free sterols, alkanes, a series ferulic acid ester of long chain 
alcohols and ω-hydroxy fatty acids, steroid hydrocarbons and ketones, monoglycerides, aldehydes, 
waxes, sterol glycosides, diglycerides and sterol esters (Gutiérrez et al., 2008). The highest extractive 
content was in Balittas 10 and the lowest was Balittas 14. Extractives can produce sediment during 
pulping process, clogging wire that caused bad drainage and stained the paper sheets (Dutt and Tyagi, 
2011).   

 
Table 4. Pulp characteristics of 5 agave accessions 

Parameters 
Accession code  

Balittas 2 Balittas 8 Balittas 10 Balittas 13 Balittas 14 
Pulp yield (%)      

Soda 71.97 72.79 69.04 72.86 65.46 
Kraft 72.82 70.37 66.16 68.44 66.98 

Kappa number      
Soda 10.65 9.56 12.49 9.58 14.12 
Kraft 8.55 7.53 8.61 7.35 8.75 

Viscosity (cP)           
Soda 15.36 19.97 19.76 21.74 22.78 
Kraft 11.14 11.45 11.51 12.86 14.70 

 
Table 5. Physical properties of hand sheet pulp of 5 agave accessions 

Parameters 
Indonesian 
Standard* 

Accession code  

Balittas 2 Balittas 8 Balittas 10 Balittas 13 Balittas 14 
Brightness (% ISO)            

Soda 
Min 85 

90.6 88.9 88.5 88.8 85.9 
Kraft 90.4 89.4 88.9 88.6 87.4 

Dirt (mm2/m2)            
Soda 

Max 5 
0 0 0 0 0 

Kraft 0 0 0 0 0 
Tear index (mN.m2/g)            

Soda 
Min 8 

14.5 12.1 12.4 17.4 19.0 
Kraft 11.0 10.8 11.0 13.3 12.6 

Burst index (kPa.m2/g)            
Soda 

Min 5 
4.1 3.6 4.9 4.8 4.8 

Kraft 3.4 3.9 4.5 3.8 3.9 
Tensile index (Nm/g)            

Soda 
Min 80 

43.2 48.2 62.9 48.8 62.0 
Kraft 43.2 50.7 59.0 45.5 51.4 

*SNI 0698:2010 (Needle Bleached Kraft Pulp/NBKP) 
 

Characteristics of pulp are presented in Table 4 and the physical properties are presented in Tabel 
5. Generally, soda pulping produces higher pulp yield, viscosity, and strength properties values than 
kraft pulping. Even though, the pulping generates higher Kappa number and relative lower brightness. 
Balittas 13 in soda pulping produces the highest pulp yield with low Kappa number than the others. 
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Balittas 14 results in the lowest yield with the highest Kappa number and the highest viscosity in both 
processes although it has the lowest lignin content. Meanwhile, Agave cantala accessions produce 
higher pulp yield and brightness with lower Kappa number but lower strength properties than A. 
sisalana accessions. 

The initial freeness of all pulps was 600-700 ml CSF and had been beaten to get 300 ml CSF for 
hand sheets making. As shown in Table 5, only brightness, dirt, and tear index that fulfill Indonesian 
standard for NBKP. The burst index and tensile index were inadequate to NBKP. However, their 
value was above Indonesian standard (SNI 6107:2015) for LBKP (min 2.5 kPa.m2/g and min 45 
Nm/g, for burst index and tensile index respectively), except tensile index of Balittas 2. Low burst 
index and tensile index were associated with high value of both Runkel ratio and Muhlstep ratio of the 
agave fibers. 

Compared to other accessions, Balittas 10 has moderate brightness and tear index but the highest 
in burst and tensile index. Meanwhile, Balittas 14 has low brightness but high in all strength 
properties. Balittas 8 has the lowest tear index than the others. It was related to the lowest rigidity 
coefficient. Balittas 14 was an insignificant higher value of rigidity coefficient than Balittas 2 but it 
has significantly higher value of tear index. The inconsistent trend of fiber morphology parameter 
with strength properties is expected for the effect of other parameters value. Moreover, strength 
properties of pulp are also depended on fiber quality itself such as strength, forming, density, bonding 
area, orientation and the geometrical (Dutt and Tyagi, 2011). 
 
CONCLUSION 
 

The analysis of fiber morphology, chemical components, pulp characteristics and its physical 
properties show that the 5 agave accessions were satisfied for pulp and paper making. Generally, 
Agave sisalana accessions generate lower pulp yield and brightness with higher Kappa number but 
higher strength properties than A. cantala accessions. For agave fibers, soda pulping produces higher 
pulp yield, viscosity, and strength properties values than kraft pulping. Compared to the others, 
Balittas 10 has superiority due to the plant was the highest fiber producer and not a spiny margins 
leaves, and the fibers produce moderate brightness and tear index but the highest in burst and tensile 
index. As a long fiber, the tear index of agave accessions was adequate to Indonesian standard for 
NBKP but the burst index and tensile index were inadequate to Needle Bleached Kraft Pulp and 
adequate to Leaf Bleached Kraft Pulp. 
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ABSTRACT 
 

In the past two decades, Malaysia’s consumption of paper and board augmented from 38,700 metric 
tonnes in 1990 to 1.61 million tonnes in 2015. The local paper industry however is unable to meet the 
demands, hence necessitating the importation of paper and paperboard with a value of close to RM 1 
billion. To reduce the currency outflow, the country’s paper industry needs to increase its production, 
nevertheless due to insufficient/unavailable of locally produced pulp, they have to be reliant on 
recovered (recycled) papers which are partly imported. To this end, new fibrous alternatives which 
have the potential to be pulp raw materials are investigated, one of which is the oil palm 
lignocellulosics. This paper attempts to evaluate its suitability both from the technical and economic 
perspectives. 
 
Keywords: oil palm biomass, availability, accessibility, strength properties 
 
 
INTRODUCTION 
 

In the past two decades, the global consumption of paper and board augmented from 237.11 
million tonnes in 1990 (Anon., 1991) to 400.24 million tonnes in 2014 (Anon., 2014), an increase of 
ca. 70% (163.13 million tonnes). It is expected to rise further with the increase in world population, 
and improved literacy and quality of life worldwide, with a projected forecast of 482 million tonnes in 
2030 (Anon., 2017). The same trend is also observed for Malaysia whereby consumption in 1990 was 
only a mere 38,700 tonnes (Jean and Santosh, 2006), but dramatically increase to 1.61 million tonnes 
in 2015 (Anon., 2015), with a possible increase in the coming years. Fig. 1 shows the consumption of 
paper in Malaysia between 2011 – 2015 (Anon., 2015). To satisfy the demands, the country imports 
paper and paperboard amounting to ca. 369,000 tonnes in 2015 with a market value of close to RM 1 
billion; Malaysia has a self-sufficiency rate of 82% (Anon., 2015). 

Papermaking in Malaysia is generally based on recovered paper for its production. This situation 
arises since the country basically do not have any pulp mill; the first and only one that started 
operating in 1988 is mostly for internal consumption for production of its own paper. To meet the 
demand for raw materials, Malaysia imports some 30.3 million USD in recovered paper in addition to 
ca. 130 million USD in wood pulp (Anon., 2014). In an effort to curtail capital outflow, new fibrous 
resources are sought for pulp production, with wood being out of the equation due to insufficiency of 
supplies, hence alternatives such as non-wood plant fibers are explored.  

Malaysia is blessed with palm oil, currently the industry is the second largest after Indonesia. The 
explosive expansion of oil-palm plantation as a result of high global demand of palm oil has generated 
enormous amounts of biomass, creating problems in replanting operations, and tremendous 
environmental concerns. It is reported that Malaysia in 2015 produced about 95 million tonnes of oil 
palm lignocellulosic biomass (OPLB), including trunks, fronds, and empty fruit bunches and expected 
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to increase to 110 million by year 2020 (Wicket et al., 2011). It will be of tremendous waste if this 
lignocellulosic biomass is not exploited to its maximum, one of which is the potential utilization as 
raw materials for papermaking. This paper will thus attempt to evaluate its suitability for such 
objectives from both the technical and economic perspectives. 

 
 

 
Fig. 1. Malaysia Consumption of paper and              Fig. 2. Malaysia’s Oil Palm Lignocellulosic 
paperboard 2011-2015 (Anon., 2015)                        Biomass Availability (Wicket et al., 2011) 

 
ECONOMIC CRITERIA 
 

There are several aspects that can be considered, amongst them: 
(a) Availability 
(b) Accessibility 

 
Availability of Oil Palm Fiber 

  
Oil palm (Elaeis guineensis) is cultivated at a vast scale as a source of oil in West and Central 

Africa, where it is originated, and in Malaysia, Indonesia, and Thailand. In Malaysia and Indonesia, 
oil palm is one of the most important commercial crops; their respective world productions in 2016 
were 32 (54.4% of world total) and 17.7 (30.1%) million metric tonnes (MMT), while otherworld  
palm oil production countries were Thailand (2.1 MMT, 3.6%), Colombia (1.2 MMT, 2.2%), Nigeria 
(0.97 MMT, 1.7%), and others (4.8 MMT, 8.2%) ( Anon., 2016), with Indonesia overtaking Malaysia 
as the world’s leader in palm oil production since mid-2006 (Anon. 2007). For Malaysia, the export 
earnings were RM 64,582.86 million, whilst for Indonesia it was forecasted to be around 18.6 USD 
Billion. This explosive expansion of oil-palm plantation as a result of high global demand of palm oil 
has generated enormous amounts of oil palm lignocellulosic biomass (OPLB), creating problems in 
replanting operations, and tremendous environmental concerns. It is reported that Malaysia in 2015 
produced about 95 MMT of oil-palm biomass, including trunks (OPT), fronds (OPF), empty fruit 
bunches (OPEFB) and palm pressed fibres (OPPF) & shells, and expected to increase to 110 MMT by 
year 2020 (Wicket et al., 2011). The breakdown of the Malaysian OPLB output for 2015 are as 
follows: Fronds - 55 MMT, Trunks – 16 MMT, Empty Fruit Bunches – 8 MMT, and Fibers & shells – 
12 MMT. From these statistics, availability of raw material is not an issue. 

 

Accessibility of Oil Palm Fiber 
 

Another economic prerequisite is the material’s accessibility. The OPLB can be divided into two 
categories: (a) those from harvesting and replanting in plantation fields, and (b) those from the milling 
process in the palm oil mills; OPT and OPF belong to the first type whilst OPEFB and OPPF & shells 
belong to the latter group. OPLB like other non-wood materials are bulky in nature, hence 
transportation cost is an important issue to be considered for setting a pulp mill. OPT and OPF by 
virtue of being in the plantations would require separate and different harvesting, transportation, 
storage and processing equipments, which incurs additional investment cost. The OPPF and shells are 
being utilized for power generation in the palm oil mills. The OPEFB has an added advantage of 
being produced at the mill site are more accessible which does not necessitate long distance 
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transportation for use in the pulp mill, leading it to be the most viable OPLB raw material for the 
production of pulp and paper.  

Needless to say, in addition to these criteria there are also other economic issues such as 
pulpability, comparative pulp production costs in relation to recovered fibers, waste disposal, 
adequate energy resources, etc, which are beyond the scope if this paper. Because of the viability of 
OPEFB as potential papermaking raw materials from the economic perspectives, further discussions 
will be focused on this type of OPLB.  

 
TECHNICAL CRITERIA 
 

Two of the most important aspects to be considered are: 
(a) Fiber characteristics – morphological and chemical 
(b) Pulp properties 

 
Characteristics of Oil Palm Fiber 
  

Oil palm, a monocot, is structurally similar to sugar cane in the sense that they both possess a 
hard-peripheral layer enclosing a central region consisting of fiber bundles embedded in a 
parenchymatous tissue (Khoo et al., 1991), the latter is a feature of all non-woody materials, which do 
not have the character of fibers. However, if allowed to be left in the fibers, a large portion of 
chemicals is consumed to pretreat this tissue while yielding very little usable pulp. Therefore, as much 
as possible this tissue should be removed before pulping. This “depithing” operation would incur 
additional capital investment and production cost of pulp made from oil palm fibers when compared 
with pulping of wood. Additionally, the yield of useable fiber mass would decrease substantially, 
since the parenchymatous tissue may represent about 50, 30, and 5% of the mass in the trunk, 
leafstalk, and empty fruit bunches (OPEFB), respectively (Singh, 1994).  
 
Morphological characteristics of fibers 
  

One of the most important parameters which determine the suitability of any pulp and 
papermaking raw materials is its morphological characteristics, in particular the fiber length, fiber 
diameter, lumen width, and cell wall thickness. From these values, indices such as length to diameter 
ratio (L/D), and Runkel ratio (twice the cell wall thickness/lumen diameter (2w/l)), which are 
associated to paper qualities, in particular paper strength are derived. However, the L/D ratio has been 
reported to be unreliable in interpreting the paper strength properties (Watson and Daswell, 1964). 
Another useful derived index which is probably a better criterion for suitability assessment is the 
rigidity index.  The concept of using rigidity index (or the inverse of collapsibility of fibers) is based 
on the assumption that fibers act like a thin-wall cylinder whose collapse pressure is proportional to 
(T/D) (Akamatsu et al., 1987), where T is wall thickness and D is diameter.  

In terms of fiber length, the oil palm fibers are similar to those of Acacia mangium and those of 
Canadian aspen and birch, as Table 1 shows. It is noteworthy that the dimensional data for OPEFB, 
OPT and the Canadian woods (Law and Jiang 2001, Wan Rosli et al., 2007) were obtained by means 
of a Fiber Quality Analyzer (Optest Equipment, Canada) which takes into account all particles in a 
pulp suspension. As such, the reported fiber length is affected by the amounts of parenchyma cells in 
the specimen. One morphological particularity of the oil palm fibers is that they have a much thicker 
cell wall when compared with those of wood, yielding a substantially higher rigidity index (e.g. 
OPEFB), as Table 1 indicates. With thick cell wall the oil palm fibers would give sheet of higher bulk 
and lower inter-fiber bonding potential in comparison with the wood counterparts. 

 
Chemical characteristics of fibers 
  

The data on chemical composition of oil palm components, Table 2, should be considered with 
caution since, as it was stated earlier, the materials consist of other types of cell in addition to the 
fiber. The distribution of a particular type of cell may not be uniform in various positions of the oil 
palm components. More importantly, researchers might use different methods to prepare their 
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experimental specimens, producing results that might not be comparable between studies. It is evident 
that there are differences in chemical composition between the tree components, as Table 2 shows. 
The composition also fluctuates at various heights and positions within the stem (Khoo et al., 1991, 
Mansor and Ahmad, 1991) and in the fronds (Jalil et al., 1991). Among the various chemical 
components, alpha-cellulose and lignin are the two most important in determining the suitability of a 
raw material for papermaking. The former is related to fiber strength and subsequently paper strength 
as well as pulp yield (hence its economics), while the latter concerns the severity of pulping, 
especially chemical processes, with lower lignin needing less chemicals, low temperatures and shorter 
times. 

 
Table 1. Fiber Characteristics of Oil Palm and some Canadian Woods 

  Fiber 
length, 

mm 

Fiber 
diameter 
(D), µm 

Cell wall 
thickness 
(T), µm 

Rigidity 
index 

(T/D)3x10--4 

    Ref. 

Trunk strand 0.96 29.6 4.8 42.64 Khoo and Lee, 1991 
EFB strand 0.99 19.1 3.38 55.42 Law and Jiang, 2001 
Frond strand 1.13 19.6 3.97 83.16 Wanrosli et al., 2007 
Acacia mangium 0.9 22.3 2.9 22 Law and Wan Rosli, 2000 

Trembling aspen 0.96 20.8 1.93 7.99 Law, 2000 
White birch 1.32 21.6 2.44 14.42 Law, 2000 
Black spruce 2.48 35.0 3.62 11.06 Law, 2000 

 
Table 2. Chemical composition of oil palm and some Canadian woods, % 

  Lignin Alpha- 
cellulose 

Pentosans   Ash    Ref. 

Trunk (whole) 18.8 29.2 18.8 2.3 Husin et al., 1985 
Trunk (strands) 22.6 45.8 25.9 1.63 Khoo and Lee, 1991 
EFB (strands) 17.2 42.7 27.3 0.7 Khoo and Lee, 1991 
EFB (strands) 18.8 51.0 - 1.3 Ghazali et al., 2006 
Frond (strands) 15.0 50.0 23.9 0.48 Khoo and Lee, 1991 
Frond (strands) 18.5 --- --- 3.7 Hosokawa et al., 1989 
Frond (strands) 15.2 47.6 33.5 0.7 Wanrosli et al., 2007 
Frond (whole) 16.37 --- --- --- Hassan et al., 1991 
Frond (strands) 16.59 --- --- --- Hassan et al., 1991 
Frond (whole) 19.4 49.6 --- 4.9 Jalil et al.,1991 
Frond* (whole) 17.1 --- --- 13.7 Kamishima et al., 1994 
Frond** (whole) 16.5 --- --- 17.0 Kamishima et al., 1994 
Acacia mangium 25.6 --- 17.4 --- Law and Wan Rosli, 2000 
Trembling aspen 18.1 43.6 20.2 0.31 Berzins,1966 
White birch 18.4 41.0 24.1 0.33 Berzins, 1966 
Black spruce  27.1 --- 9.1 0.23 Berzins, 1966 

 
The alpha cellulose content for OPEFB of greater than 40% is considered satisfactory and 

comparable with the common Canadian hardwoods. According to the rating system designated by 
Nieschlag et al. (1960), plant materials with 34% and over alpha-cellulose content were characterized 
as promising for pulp and paper manufacture from a chemical composition point of view. Wan Rosli 
has demonstrated the successful use of soda pulp, both from the cold soda (Wan Daud et al., 2013) 
and high temperature (Wan Rosli et al., 1998) processes for making paper. In terms of lignin content, 
the stem and the OPEFB strands are practically similar to the common Canadian hardwoods (Berzins, 
1966) such as trembling aspen (Poplustremuloïdesmichx.) and white birch (Betulapapyrifera Marsh.), 
in contrast to Acacia mangium grown in Malaysia. The observed chemical characteristics suggest that 
OPEFB has the necessary qualities to make a successful papermaking material for Malaysia. 

Another noteworthy observation is that the oil palm fibers, like other nonwood plant fibers, 
contain comparatively high ash content. This characteristic might contribute to an abnormal 
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mechanical wear of processing equipment. The potential buildup of silica in the black liquor recovery 
system might also be a concern in pulping oil palm material. In one of our recent studies we found 
that large amounts of minerals including silica can be removed by combined actions of hammering, 
washing, and DTPA treatment (Law et al., 2007).  

 
Properties of Oil Palm Empty Fruit Bunch Pulps 
 

Oil palm empty fruit bunch (OPEFB) pulps in a yield range between 45 and 65% (Wan Rosli et 
al., 1998) are weaker than the trunk counterpart in tensile and burst indices, as shown by Figs. 3 and 
4. Surprisingly, they give excellent tear index (Fig. 5) despite the relatively short fibers (<1 mm, 
Table 2). When cooked in the same condition (Law and Jiang, 2001), the OPEFB gave a yield lower 
by about 30%-points in comparison to aspen, as indicated in the legends of Figs. 7-9. The OPEFB 
pulps were inferior in tensile at both levels of pulp yields (Fig. 6) as compared with aspen pulps, but 
showed comparable burst index (Fig. 7) when cooked in the same condition. The tear index of EFB 
pulps was, however, significantly superior to that of the aspen counterparts (Fig. 8), confirming the 
findings of (Wanrosli et al., 1998). It is believed that the relatively high rigidity index (Table 1) of 
fiber and the presence of long and spiral vessel elements in the OPEFB pulp (Law and Jiang, 2001) 
are accountable for the excellent tearing resistance.  

It has also been reported by Wanrosli et al. (1998) that the OPEFB soda pulp can be used in 
combination with a softwood TMP in a 50:50 ratio to produce newsprint with acceptable mechanical 
and optical properties. In addition, OPEFB soda pulp can also be utilized as a reinforcement agent to 
enhance the strength of recycled paper (Wanrosli et al., 2005). With as little as 20% addition of 
unbeaten virgin pulp and considerably lesser amount of ca. 10% of beaten virgin pulp is sufficient to 
restore the tensile strength of the recycled fiber. These observations suggest that the oil palm EFB is a 
useful papermaking material. 

In recent years, there were some interesting research developments in high-yield pulping of 
OPEFB. Ghazali et al. (2006, 2009) use alkaline peroxide mechanical pulping (APMP) which is 
suitable for not only packaging, but also for writing and printing grades. Wan Daud et al. (2013) on 
the other hand employed cold soda pulping in which the resulting pulp is deemed suitable for the 
making commercial serviettes, a 3% NaOH is considered the optimum. In addition, organosolv 
pulping using soda-ethanol (Zarita et al., 2011) and acetosolv using acetic acid (Wanrosli et al., 2011) 
were also explored in an attempt to find an alternative pulping process. 
 

  
 

 

 

 

 

 

Fig. 3. Tensile index vs. pulp yield of OPEFB 
pulps (Wanrosli et al., 1998) 

Fig. 4. Burst index vs. pulp yield OPEFB pulps 
(Wanrosli et al., 1998) 
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Fig. 5. Tear index vs. pulp yield of OPEFB pulps 
(Wanrosli et al., 1998) 

Fig. 6. Tensile index vs. freeness for OPEFB and 
aspen pulps (Law and Jiang, 2001 

  
 

 

 

 

 

 

 
Fig. 7. Burst index vs. freeness of OPEFB and 

aspen pulps  (Law and Jiang 2001) 
Fig. 8. Tear index vs. freeness of OPEFB and 

aspen pulps (Law and Jiang 2001) 
 

CONCLUSIONS 

The fiber strands from the oil palm stem, fronds and fruit bunches are a good source of raw 
material for the production of various grades of paper product, with the OPEFB being the most viable 
due to it being easily accessible. However, the other types of OPLB may very well be useful in the 
future, particularly the OPF, considering its massive biomass of more than six times the amount of the 
OPEFB. What is needed is an economical and effective technique of extraction to produce high 
quality fiber strands for pulp and paper making. In addition, recovery and utilization of these oil palm 
biomass generated by the palm oil industry and the treatment of mill effluent deserve much attention 
to achieve a sound and sustainable exploitation of the oil palm resource. In reality, the cost and quality 
of products and the environmental factor are interconnected and should be taken into consideration in 
future planning and development of the industry. Nevertheless, an important inference that can be 
made is that the OPBL has great potentials to be the pulp and paper raw materials for the future. 
Assuming an overall recovery rate of 75% and a pulp yield of 45% (Wanrosli et al., 2004), the net 
useful pulp that can be extracted from the major components of oil palm biomass viz. trunk, fronds 
and EFB would amount to 27.7 MMT in 2015, which in principle, is more than sufficient to meet the 
country’s demand for pulp and can be exported. Future studies should not only focus on the idea 
of using oil palm fiber as a mono-finish but as part of a production finish by blending with 
other pulp to enhanced the resultant paper properties. In addition, blending of pulps from 
different types of OPLB, such as OPF and OPEFB should be considered in view of the fact 
that there are massive amounts of OPF available. Also, development of pulping processes for 
oil palm residues should take into account possible resultant environmental impacts. 
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ABSTRACT 
 

This paper introduced the current situation of non-wood pulp in China, including the production, 
materials, and related policies. The cleaner production technologies of stock process, cook process, 
wash process, screen process, bleach process, and chemical recovery system for non-wood pulp were 
analyzed, including the content, technical parameters, advantage and shortcoming of these 
technologies. This paper also introduced the cleaner production evaluation indicator system for pulp 
and paper industry which can be applied to the paper enterprise which produce wood pulp, non wood 
pulp, waste paper pulp, news paper, printing and writing paper, tissue, coated paper, wrapping paper 
and cardboard, and the requirements to non-wood pulp were mainly introduced in this paper. 
 
Key words: Non-wood pulp, Cleaner production technology, Cleaner production evaluation 
 

1. INTRODUCTION OF NON-WOOD PULP AND PAPER INDUSTRY IN CHINA 

China has long history of non-wood fiber raw materials pulping and papermaking, and also has 
the largest non-wood pulp production in the world. Fig. 1 shows the distribution of non-wood pulp 
production in the world in 2014, and non-wood pulp production in China accounted for about 57% of 
the world's non-wood pulp production (Chen and Pang, 2008). 
 

 

Fig. 1. Distribution of non-wood pulp production in the world in 2014 
 

Most non-wood fiber raw materials are annuals, including wheat straw, reed, bagasse, bamboo, 
and so on, and the wheat straw occupied the largest proportion. Compared with wood fiber raw 
materials, the non-wood fiber raw materials have a great difference in density, fiber length, ash 
content, silicon content and papermaking characteristics, which will cause many problems during 
pulping and papermaking as follows: 
- Poor water filtration of pulp slurry, which will influence of the pulp washing and extraction of 

black liquor after cooking; 
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- Black liquor of high viscosity, high impurity content, and easy scaling, which will influence the 
combustion and evaporation of black liquor; 

- The calorific value of black liquor solids for straw pulp is relatively low, which will influence the 
combustion performance of concentrated black liquor after evaporation; 

- The black liquor for straw pulp has high content of silicon, which will influence the evaporation, 
combustion, causticizing and recovery of white mud. 
 
Some of the reasons of these problems are due to the straw growth process caused by the 

physiological needs, for example the silicon content of straw materials is relatively higher. Other 
reasons of these problems are due to the lack of awareness to the grass raw material and wrong 
processing method to the grass raw material. With the development the non-wood pulp industries, 
soda AQ cooking in low temperature technology is widely used and improved alkali recovery 
technology for non-wood pulp developed quickly, these problems have been gradually resolved. 

Because of the heavy pollution of non-wood pulp, Chinese government made some policies to 
restrict the development of the non-wood pulp. It is explicitly proposed in Development Policy for 
Pulp and Paper Industry in China that it is need to improve the proportion of wood pulp, increase the 
waste paper recycling, reasonable utilize the non-wood pulp, and elimination of the non-wood pulp 
production equipment with production capacity less than 34 thousand tons per year. During the recent 
years, proportions of wood pulp and recycled fiber pulp have been increasing. Meanwhile the 
proportion of non-wood pulp has been declining in China (Table 1). It can be found that production of 
wood pulp exceed that of non-wood pulp since 2013. 

 
Table 1. Production of different pulp from 2006 to 2015 

Unit: Thousand Tons 
 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Wood pulp 526 605 679 560 716 823 810 882 962 966 
RCF pulp  3,380 4,017 4,439 4,997 5,305 5,660 5,983 5,940 6,189 6,338 
Non-wood pulp  1,290 1,302 1,297 1,176 1,297 1,240 1,074 829 755 680 
Total  5,196 5,924 6,415 6,733 7,318 7,723 7,867 7,651 7,906 7,984 
 

Table 2 shows the non-wood pulp yield from different fiber materials from 2006 to 2015 in 
China. We can find from Table 2 and Fig. 2 that the straw and bamboo is the main material for non-
wood pulp and in China.  
 

Table 2. Non-wood pulp yield from different fiber materials 
Unit: Thousand Tons 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Reed pulp  144 144 150 144 156 158 143 126 113 100 

Bagasse pulp  74 90 97 98 117 121 90 97 111 96 

Bamboo pulp  95 120 146 161 194 192 175 137 154 143 
Straw pulp 908 849 808 676 719 660 592 401 336 303 
Others  69 99 97 97 111 109 74 68 41 38 

 
 

 

Fig. 2. Non-wood from different materials 
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2. CLEANER PRODUCTION TECHNOLOGY FOR NON-WOOD PULP 
 

The large non-wood pulp and paper enterprises in China mainly use alkaline pulping method 
now. Low sulfur degree sulfate method is mainly used for reed and bamboo fiber materials, and soda 
anthraquinone (AQ) pulping method is mainly used for bagasse and grass materials. Fig. 3 shows the 
process flow chart of the alkaline pulping method, which mainly includes handle process, cook 
process, wash process, screen process, bleach process, and chemical recovery system. Table 3 shows 
the main pollutants and the sources of the pollutants for soda AQ pulping method. 

 
 

 

 
 

Fig. 3. Process flow chart of the alkaline pulping method 
 

Table 3. Pollutants and the sources of the pollutants for soda AQ pulping method 
Processes Wastewater pollutant Exhaust pollutant Solid pollutant 

Handle process Handle wastewater Dust Waste residue 

Cook process Sewage condensate 
Odorous gas  

(Sulfate method) - 

Wash process Black liquor Odorous gas 
(Sulfate method) - 

Screen process Middle-stage 
wastewater - Waste residue 

Bleach process 
Middle-stage 
wastewater 

Odorous gas 
(Sulfate method) - 

Chemical 
recovery system Sewage condensate Odorous gas 

(Sulfate method), SO2 Lime mud 

 
2.1 Cleaner production technology for handling 
 

Table 4 shows the content of the wheat straw components. Stalk without knot has the highest 
holocellulose content, the longest fiber length, and the lowest SiO2 percentage, which is the most 
useful part for pulping. The leaf, tip and knot account for 60% of the ash content, which need to be 
removed during the handle process (Zhang, 2001). 

 
Table 4. Content of the wheat straw components 

Part Stalk without knot Leaf Tip Knot Straw 
Mass percentage (%) 52.40 29.10 9.30 9.20 100.00 
Fiber length (mm) 1.51 1.01 1.26 0.67 1.32 
Fiber aspect ratio 103~93 73 90 37 — 
Holocellulose percentage (%) 70.35 60.95 69.86 67.97 68.42 
SiO2 percentage (%) 1.98 7.52 7.66 2.14 4.14 

 
Cleaner production technologies of handle process for non-wood pulp mainly include dry handle, 

wet handle, dry and wet handle. For dry and wet handle technology, the straw need to be cut, 
fractured, washed, and dehydrated, then the straw can be sent to cook. Dry and wet handle technology 
has advantage of high removal rate; good purification effect which can reduce the chemical 
consumption during cooking; no dust problem which can improve the working environment; high 
pulp yield and quality. Dry and wet handle technology can be applied to the pulp enterprises which 
use wheat straw or reed as the materials and adopt continuous cook process. It will produce 20 m3 of 

wastewater per air dry ton (ADT) pulp during the dry and wet handle process, and the concentration 
of the COD is 3,000 – 5,000.mg/L. 

Material Handle Cook Wash Screen Bleach 

Chemical recovery system 

Pulp 
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For wet handle technology, the bagasse need to be sent to the wet storage field after depithing for 
3 - 12 months, then the bagasse need to dehydrated and sent to cook. Wet handle technology has 
advantage of easy operation, low loss, low cost, and long storage period. Wet handle technology can 
be applied to the pulp enterprises which use bagasse as the materials. Wet handle technology also 
produces some wastewater and the COD is 200 – 10,000 mg/L. For dry handle technology, the straw 
need to be cut and remove the dust, tips, knots, and so on, then can be sent to cook. Dry handle 
technology has advantage of simple process, low operation cost, and no wastewater. But it produces 
dust which affects human health. Dry handle technology can be applied to the pulp enterprises which 
adopt batch cook process (Wang, 2013). 
 
2.2 Cleaner production technology for cooking 

For the cook process of typical alkaline pulping method, the fiber materials after handling need 
to sent the digester with the alkali liquor under certain proportion, the materials are heated in the 
digester, and then the pulp need to be separated from the cooking liquor. The effluent liquor is called 
black liquor.   

Cleaner production technologies of cook process mainly include batch cook, DDS (displacement 
digester system) and continuous cook. For batch cook technology, the materials are sent to the 
digester and cooked under a batch, and the pulp is separated under a batch. The operation is 
discontinuous. Batch cook technology uses the spherical digester as the cooking equipment. It need 
consume 3 m3 of steam per ADT pulp. Batch cook technology has advantage of simple equipment, 
easy operation, and low investment. The disadvantage of batch cook technology including: low 
production capacity, and uneven cooking. Batch cook technology can be applied to small pulp 
enterprises. DDS is improved based on the traditional batch cook technology. Trough system is added 
in DDS and the cooking process is divided into several steps, the cooking liquor of each step is stored 
in the trough and can be used to cook the subsequent materials. DDS has advantage of energy saving, 
environment friendly and high degree of automation. It need only consume 600 – 800 kg per ADT 
pulp. DDS can be applied to the pulp enterprises which use bamboo and reed as the materials. For 
continuous cook technology, the materials are sent to the digester and separated continuously. 
Continuous cook technology uses the horizontal tube continuous digester as the cooking equipment. 
Batch continuous technology has advantage of stable process parameters, high pulp yield, high pulp 
quality, high degree of automation, and low operation cost. Continuous cook technology can be 
applied to large pulp enterprises. 

 
2.3 Cleaner production technology for washing 
 

It is very important to extract the black liquor and treated the black liquor for alkaline pulping 
method. High efficient black liquor extraction rate can also improve the alkali recovery rate. So the 
wash process can be considered to be the first process of alkali recovery. Now the black liquor 
extraction rate of bamboo pulp, reed pulp and bagasse pulp are 85％～90％. The black liquor 
extraction rate of wheat straw is relatively low because wheat straw has following characters: short 
fibers, high mixed cell content, high polysaccharide content, and high silicon content. The black 
liquor extraction rate of large wheat straw pulp enterprises (≥75 t/d) is 80％～90％, and the black 
liquor extraction rate of small wheat straw pulp enterprises (＜75 t/d) is70％～80％. 

Cleaner production technologies of wash process mainly include multi stage countercurrent 
vacuum washing and multi stage countercurrent vacuum pulp washing with press master. For multi 
stage countercurrent vacuum wash technology, the pulp is wash in series with multiple vacuum pulp 
washing machines. Fresh water is used only in the last vacuum pulp washing machine, and the rest 
vacuum pulp washing machines can reuse the wastewater from the latter washing machine. The black 
liquor extraction rate is usually more than 80%. The technology can greatly reduce freshwater 
consumption and can be applied to all non-wood pulp enterprises. For multi stage countercurrent 
vacuum pulp washing with press master, the press master is added before the vacuum pulp. The black 
liquor extraction rate can be improved to 85~90%.The technology can be applied to all non-wood 
pulp enterprises (Wang, 2014). 
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2.4 Cleaner production technology for screening 
 
The pulp after cooking always has some impurities, for example knot, mixed cell, gravel, ash, 

sediment, metal debris, rubber and plastics, etc. These impurities not only affect the pulp quality, but 
also damage equipment. It needs to remove these impurities through screening. Cleaner production 
technologies of screen process mainly include closed screen. Closed screen technology has advantage 
of simple process, small occupation area, high screening efficiency, good pulp quality and no 
wastewater discharge. The technology can be applied to all non-wood pulp enterprises. 
 
2.5 Cleaner production technology for bleaching  

 
Cleaner production technologies of bleach process mainly include elemental chlorine free 

bleaching (ECF) and totally chlorine free bleaching (TCF). Chlorine dioxide is the main bleaching 
agent for ECF. Chlorine dioxide has strong oxidation ability and is a kind of high efficient bleaching 
agent. Lignin and pigment can be selectively oxidized, and no damage to cellulose during ECF 
bleaching process. AOX in bleaching wastewater can be reduced through ECF. Although ECF also 
produced organic chloride, but these compounds are low chloride, low toxicity, easy to decompose. 
Pulp after ECF has high whiteness, less yellowing, good pulp strength. However, chlorine dioxide 
must be prepared in situ, the production cost is high, and the corrosion resistance of the equipment is 
high. TCF do not use any chlorine containing bleaching agent, and use Oxygen (O), hydrogen 
peroxide (P), ozone (z), acid (P) and enzyme (X), chelating agent etc. as the bleaching agent. TCF has 
advantage of no organic chloride in bleaching wastewater; wastewater can be recycled and can be sent 
to the alkali recovery combustion system. The disadvantage of TCF is high cost, low bleached pulp 
strength (Kuang, 2005). TCF do not produce AOX and dioxin. 

2.6 Cleaner production technology for chemical recovery system 

For chemical recovery system, the black liquor is concentrated through multi-effect evaporation 
system and then is sent to combustion furnace, the alkali and thermal energy are recovered. The high 
silicon content of the non-wood materials restricts the operation of chemical recovery system. Ca 
(OH)2 is recommended to add to the black liquor, which has good effect of removing silicon. 

2.7 Clean production technology integration in non-wood pulp enterprise 

A non-wood pulp enterprise which use wheat straw as materials in China has used continuous 
cooking technology, high efficient black liquor extraction technology, oxygen delignification, closed 
screening technology, and clean bleaching technology.  

2.7.1 Deep delignification system 

The deep delignification system of the non-wood pulp enterprise mainly includes multi tube 
continuous cooking system and oxygen delignification system. The main delignification process is 
completed in the digester, and the cooking time is 30 ~ 45 minutes. The heat energy in the pulp is 
recovered by a heat recovery system. The pulp after cooking process is sent to oxygen delignification 
system. It can decrease kappa number of the pulp and reduce the chemical consumption during 
bleaching process through oxygen delignification system. 

2.7.2 Black liquor extraction system 

To overcome the problem that the wheat straw pulp has poor filtration and the black liquor has 
poor fluidity, the enterprise used the Andritz washing and screening equipment, which included black 
liquor filters, vacuum washers and screw squeezers. Some of the filtered black liquor is sent to the 
cooking system, and others are sent to chemical recovery system. It can reduce the loss of fiber raw 
materials and reduce the evaporation load through black liquor filter. 
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2.7.3 Closed screen system 

The closed screen system includes 5 desanders, 2 ModuScreen FT30 and 1 ModuScreen FT20. 
The closed screening system can effectively improve the screening efficiency and reduce the loss of 
fiber materials. Meanwhile, the two stage countercurrent washing can ensure the washing effect of the 
pulp after oxygen delignification. 

2.7.4 Clean bleaching system 

The clean bleaching system includes Q-PO two stage bleaching process, which do not use any 
chlorine. The wastewater can be recycled and the pollutant in the wastewater can be reduced greatly. 
The black liquor extraction rate of the production line is 92.06%. Table 5 shows the wastewater 
pollution load of the production line. 
 

Table 5. Water pollution concentration of production line 

Pollutant index 

CODCr BOD5 

Concentration 
(mg/L) 

Load 
(kg/ADT) 

Concentration 
(mg/L) 

Load 
(kg/ADT) 

Before treatment 2,372 102 672 29 

After treatment 75.4 — 18.3 — 

 
3. CLEANER PRODUCTION EVALUATION INDICATOR SYSTEM 

 
National Development and Reform Commission, Ministry of Environmental Protection of the 

People’s Republic of China, Ministry of Industry and Information Technology of the People’s 
Republic of China joint issued the cleaner production evaluation indicator system for pulp and paper 
industry on April 15th in 2015，which can be applied to the paper enterprise which produce wood 
pulp, non-wood pulp, waste paper pulp, news paper, printing and writing paper, tissue, coated paper, 
wrapping paper and cardboard (NDRC, MEP and MIIT. Announcement No.9, 2015). 

 
3.1 Principles of cleaner production evaluation 

The following principles were followed in the selection of the cleaner production evaluation 
indicators: 
- Emphasize both on the process control and the treatment at the end of pipe; 
- The technology and management are both important;  
- Highlight the total amount control of pollutant;  

- Operability； 
- Consider both quantitative and qualitative indicators. 

 

3.2 Indicators, benchmark and weight value of bleached chemical non-wood-pulp 
 
Cleaner production evaluation indicator system for pulp and paper industry put forward 

the requirements to wood pulp, non-wood pulp, waste paper pulp, news paper, printing and writing 
paper, tissue, coated paper, wrapping paper and cardboard. This paper only introduces the 
requirements for non-wood pulp.  

The cleaner production evaluation indicator system for non-wood pulp includes five indicators, 
production process and equipment requirements, resources and energy utilization indicators, resource 
utilization indicators, pollutant indicators, and environmental management requirements (NDRC, 
MEP and MIIT. Announcement No.9, 2015). Table 6 shows the weight value of the five first level 
indicators. 
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Table 6. The weight value of the five first level indicators. 

The first level indicators Weight value I 

Production process and equipment requirements  0.3 

Resources and energy consumption indicators 0.2 

Resource utilization indicators 0.2 

Pollutant indicators  0.15 

Cleaner production management indicators 0.15 

 
Under every first level indicator, there are many second indicators requirements as follows. 

 

3.2.1 Production process and equipment requirements 

Table 7 shows the production process and equipment requirements for non-wood pulp, including 
the requirements of handling, cooking, washing, screening, bleaching, chemical recovery system and 
energy recovery system (NDRC, MEP and MIIT. Announcement No.9, 2015). 

Table 7. Production process and equipment requirements 

The second indicators 
Weight 
value 

II 
Benchmark I Benchmark II Benchmark III 

Handle 

wheat straw 

0.1 

Dry and wet preparation, Flushing water recycling  

bagasse, reed In addition to pulp of bagasse /wet storage, dry wet reed pulp 
preparation  

Cooking  

wheat straw 

0.1 
Low energy consumption continuous 
cooking or batch cooking, 
Oxygen delignification 

Low energy 
consumption 
continuous 
cooking or batch 
cooking, 

bagasse, reed 

Washing 
wheat straw 

0.1 Multistage countercurrent washing  
bagasse, reed 

Screening 
wheat straw 

0.15 Fully enclosed 
pressure screening  Pressure screening  Pressure 

screening  bagasse, reed 

Bleaching 
wheat straw 

0.2 ECF or TCF ClO2 or H2O2 partly 
substitute chlorine  

ClO2 partly 
substitute chlorine bagasse, reed 

Chemical recovery system  0.25 
Has chemical recovery system, has 
waste condensed water vapor extraction 
and by-product recovery system 

Has chemical 
recovery system 

Energy recovery system  0.1 Has cogeneration system  Has heat  
recovery system  

 
3.2.2 Resources and energy consumption indicators 
 

Resources and energy consumption indicators include water consumption per product and energy 
consumption per product (NDRC, MEP and MIIT. Announcement No.9, 2015). The two indicators 
are very important for a pulp factory and are also easy to monitor and calculate. 

Water consumption during the production of pulp mainly include： 
- Main production process, including the handle plant, pulping plant, and so on; 
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- Auxiliary process, including boiler, air compressor station, sewage treatment plant and so on; 
- Accessorial process, including office, eatery, bathroom, toilet and so on. 

Energy consumption during the production of pulp mainly includes: 
- Primary energy, including coal, oil, natural gas and so on; 
- Secondary energy, including stream, electricity and so on; 
- Energy carrier, including cooling water, compressed air and so on. 

All these energy need convert to standard coal equivalent. Table 8 shows the requirement of the 
resources and energy consumption indicators for non-wood pulp. 

 
Table 8. Resources and energy consumption indicators 

The second indicators Unit 
Weight 
value II 

Bench
mark I 

Bench 
mark II 

Bench 
mark III 

Water 
consumption per 
product  

wheat straw 
m3/ADT 0.5 

80 100 110 

bagasse, reed 80 90 100 

Energy 
consumption per 
product  

wheat straw 
kg/ADT 0.5 

420 460 550 

bagasse, reed 400 440 500 

 
3.2.3 Resource utilization indicators 
 

Table 9 shows the requirements of the resource utilization indicators for non-wood pulp, which 
include black liquor extraction rate, alkali recovery rate, alkali furnace thermal efficiency, water 
recycling rate, utilization rate of boiler slag and rate of white mud residue (NDRC, MEP and MIIT. 
Announcement No.9, 2015). 
 

Table 9.  Resource utilization indicators 

The second indicators Unit 
Weight 
value II 

Bench
mark I 

Bench 
mark II 

Bench 
mark III 

Black liquor 
extraction rate 

wheat straw 

% 0.17 

88 85 80 

reed 92 90 88 

bagasse 90 88 86 

Alkali recovery 
rate 

wheat straw 
% 0.29 

80 75 70 

bagasse, reed 85 80 75 

Alkali furnace thermal efficiency  % 0.23 65 60 55 

Water recycling rate % 0.17 85 80 75 

Utilization rate of boiler slag % 0.06 100 100 100 

Rate of white mud residue % 0.08 1.0 1.2 1.5 

 
3.2.4 Pollutant indicators 

 
Table 10 shows the requirements of the pollutant indicators for non-wood pulp, which include 

waste water generation per product, COD generation per product and AOX generation per product 
(NDRC, MEP and MIIT. Announcement No.9, 2015). 
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Table 10. Pollutant indicators 

The second indicators Unit 
Weight 
value II 

Bench 
mark I 

Bench 
mark II 

Bench 
mark III 

Waste water 
generation 
per product 

wheat straw 

m3/ADT 0.47 

60 85 90 

reed 60 75 85 

bagasse 70 75 85 

COD 
generation 
per product 

wheat straw 

kg/ADT 0.33 

150 200 230 

bagasse, 
reed 

Soda 
method 110 165 230 

Kraft 
chemical 
method 

125 175 230 

AOX generation per product kg/ADT 0.2 0.4 0.6 0.9 

 
3.2.5 Cleaner production management indicators  
 

Cleaner production management indicators mainly include requirements on environmental laws, 
regulations, standards, industry policy, cleaner production audit, environment managements system, 
and so on  (NDRC, MEP and MIIT. Announcement No.9, 2015).  
 

3.3 Evaluation method 

3.3.1 Indicators dimensionless 

 

Xij represents the j-th second indicator under the i-th first level indicator; gk represents the 
benchmark of the second indicator, g1 is level I, g2 is level II, g3 is level III. Ygk (Xij) is the 
membership function for the second indicator Xij   (NDRC, MEP and MIIT. Announcement No.9, 
2015). 

 

3.3.2 General evaluation index calculation 

 

wi represents the weight value of the first level indicator, ωij represents weight value of the j-th second 
level indicator under the i-th first level indicator. m represents the number of the first level indicators, 
and ni represents number of the second indicators under the i-th first level indicator. 
  
3.4 Evaluation of cleaner production enterprise 

 
Table 11 shows the criteria for different levels of cleaner production enterprise, which include 

internationally cleaner production advanced enterprise, nationally cleaner production advanced 
enterprise and nationally general cleaner production level enterprise (NDRC, MEP and MIIT. 
Announcement No.9, 2015). 
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Table 11. Evaluation of cleaner production enterprise 

Cleaner production level Evaluation index 

Level I (Internationally cleaner production advanced)  

Meet the following conditions： 
-YI ≥ 85 
All determined indicators can meet 
Benchmark I requirements 

Level II (Nationally cleaner production advanced )  

Meet the following conditions： 
-YII ≥ 85 
All determined indicators can meet 
Benchmark II requirements 

Level III (Nationally general cleaner production level)  

Meet the following conditions： 
YII = 100 
All determined indicators can meet 
Benchmark II requirements 

3.5  Application of cleaner production evaluation indicator system 

3.5.1 Apply in cleaner production audit 
 

The cleaner production evaluation indicator system is applied widely. It can be applied in cleaner 
production audit to evaluate the current situation and set cleaner production target and cleaner 
production priority. Government can use cleaner production evaluation system to check and accept 
the result the cleaner production audit. 

 
3.5.2 Apply in environmental impact assessment 
 

During environmental impact assessment, it is important to analyze the construction projects 
according to the cleaner production indicators, and this will reduce the adverse impact on humans and 
the environment. According the Chinese regulations, the evaluation according to cleaner production 
should be part of the environmental impact assessment report.  

 
3.5.3 Apply in the industry admittance system 
 

During the development of a city or an industry park, we always need to decide what kind of 
industry or what kind of enterprise should be encourage or obsolete. Cleaner production evaluation 
indicator system provides an important support to admittance system. For example, a new industry 
park request all paper factory which want to develop in the industry park need to arrive the level II of 
cleaner production standard . 

 
4. CONCLUSIONS 
 

In view of the characteristics of non-wood fiber raw materials and the problems faced in the 
process of pulping, a series of cleaner production technologies have been developed in china, 
including cleaner production technologies for handle process, cook process, wash process, screen 
process, bleach process, and chemical recovery system. These clean production technologies have 
made great progress in energy saving, water saving and pollution prevention and control, which were 
important to promote the development of non-wood pulping in china. 

China has established the cleaner production evaluation indicator system for non-wood pulp, 
which can further guide the non-wood pulp enterprises to improve the cleaner production level, and 
promote the sustainable development of non-wood pulp industry. 
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ABSTRACT 
 

This article summarizes the research results of AOX pollution control practical technology in straw 
pulp production. Aiming at AOX formation in the straw pulp production, to control the amount of 
production from the source, the results of the oxygen delignification technology are introduced in 
detail, and, it introduces the technology research and application situation of elemental chlorine free 
(ECF) bleaching, totally chlorine free (TCF) bleaching, unbleached pulp, low brightness bleaching. 
Aiming at AOX emissions in the straw pulp production, to control emission from the aspect of the end 
treatment, the removal efficiency of AOX by using activated sludge of wastewater treatment system is 
introduced in detail. These research results play an important role in the practice of AOX pollution 
control in the straw pulp production. 
 
Key words: Straw pulp, AOX, Oxygen delignification, Activated sludge method 

 
According to the survey data of China Paper Association, the domestic non-wood pulp production 

shows a downward trend on the whole during the past decade, in which the straw pulp dropped from 
9.08 in 2006 million t to 3.03 million t in 2015, while the straw pulp is still dominant in the non-wood 
pulp. In "Guidance Catalog of Industrial Structure Adjustment (2011) (Amendment)","the 
construction of pulp production line whose single scale is at least 100,000 tons / year using clean 
production technology to non-wood fiber as raw material" was included in the "encouraged" content. 
It can be seen that straw pulp production in the domestic pulp production still has a certain position. 
Bleaching of pulp in the paper industry is mainly of chlorine bleaching, and chlorine bleach (such as 
chlorine, hypochlorite, chlorine dioxide, etc.) interacts with residual lignin in pulp, and can produce 
absorbable organic halogen (AOX), whose structure is complex and mutable, with toxic, teratogenic, 
carcinogenic effect. Once eliminated with the waste water into the river, the organic chloride will be 
enriched in the body, enter into the food chain cycle, and ultimately endanger human health. At the 
end of the 20th century, the amount of AOX production of straw bleach wastewater and the situation 
of removing AOX after the treatment of waste water weren’t systematically investigated and 
researched around the world (Song, Wang and Cheng, 2000); in 2001, the "Discharge Standard of 
water pollutants for paper industry " was promulgated by China government, which limited the AOX 
Emissions for the first time, and attracted a lot by the relevant paper mills and research institutions 
(Tian et al., 2003). With the increasing public concern about environmental protection, the research 
on the AOX formation and emission control technology of straw pulp has also gradually proceeded in 
recent years. 
 
1. Study on the related technology of controlling AOX production of straw pulp from source  
 

On August 1 2008, "Discharge Standard of Water Pollutants for Pulp and Paper Industry" 
(GB3544-2008) was formally implemented. It was clear that AOX control point has been the 
wastewater discharge of workshop or production facilities. Therefore, the current domestic straw pulp 
production enterprises are mainly from the use of controlling measures from source to reduce the 
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amount of AOX production. The core of the reduction in the amount of AOX production is to reduce 
the amount of chlorine bleach. The main technologies include oxygen delignification, elemental 
chlorine free (ECF) bleaching, totally chlorine free (TCF) bleaching, unbleached pulp, low brightness 
bleaching and so on. 
 
1.1 Study on the AOX production of straw pulp 
 

Domestic research on the amount of AOX production of straw pulp in China began in April 2001. 
The Environmental Protection Research Institute of Light Industry collected bleaching wastewater of 
pulp production line from six enterprises which from Beijing, Shandong, Jiangsu, Henan and 
Zhejiang. And in the laboratory, the bleaching process of one of the enterprises was applied to bleach 
the straw pulp to prepare bleach wastewater for comparison with the water samples collected from the 
production line. The AOX concentration of the bleached wastewater which was collected and 
prepared was measured, and the amount of AOX produced per ton of pulp was calculated. The results 
showed that the AOX production of the single stage hypochlorite bleaching process of straw pulp was 
3.30 ~ 4.30 kg/t, the AOX production of the three-stage bleaching process of C-E-H was 3.36 ~ 
4.71kg/t, the amount of AOX production of single stage and C-E-H bleaching were at the same level 
(Song, Wang and Cheng, 2000). 

The bleached wastewater was collected from a typical kraft pulp mill production line which used 
the needlebush. The same method was used to determine the amount of AOX production of wood 
pulp in the range of 6 to 8 kg/t. It can be seen that the amount of AOX production of straw pulp is 
significantly lower than that of the wood pulp, accounting for 50% of the amount of AOX production 
of wood pulp. The main reason is that the lignin content of the grass material is low (Kappa number is 
17.4), and easy to cook, after cooking, the content of lignin of the straw pulp was lower than that of 
the wood pulp (the Kappa number is 32), and the residual amount of lignin is directly related to the 
amount of AOX production (Song, Wang and Cheng, 2000). 

 
1.2 Study on the technology of oxygen delignification 
 
1.2.1 Study on effect of oxygen delignification on reducing the AOX production of straw pulp  

 
Oxygen delignification technology refers to bleach the pulp in alkaline conditions, the magnesium 

salt as a protective agent, with the appropriate pulp concentration and pressure conditions. mechanism 
of oxygen delignification technology is: alkaline pulping process can increase the lignin phenolic 
hydroxy, in oxygen delignification process, ionization of phenolic lignin produce phenol oxygen 
anion, thus, O2 take an electron and is reduced, lignin becomes phenoxyl radicals, which forms three 
resonators, and then through the role of O2 to form peroxide anions, and further, effect of 
intramolecular nucleophilic eliminates of side chains, open the benzene ring, demethylation and is 
oxidized to degradation. The main parameters of oxygen delignification are alkali consumption, 
reaction temperature and time, oxygen pressure, pulp concentration, the addition of protective agents 
and pulp quality and so on (Liu, Xiong and Cao, 2012). The results show that the addition of oxygen 
delignification section before bleaching has a great effect on reducing the amount of AOX production 
of straw pulp, and the amount of AOX production is reduced by about 50% (Song, Wang and Cheng, 
2000). 

The Environmental Protection Research Institute of Light Industry collected alkaline wheat straw 
pulp which was refined by a certain paper mill in Shandong. Seven kinds of bleaching wastewater was 
taken by seven kinds of bleaching processes（C-E-H、C-EP-H、O-C-E-H、O-C-EP-H、H1-H2、O-
H1-H2、O-H-P. The AOX concentration was measured and the amount of AOX production was 
calculated. The results showed that the kappa number of the pulp was reduced from 17.4 to 11.3 and 
the removal rate of lignin was 35%. ① The amount of AOX production in the three-stage bleaching 
process of chlorinated-alkali extraction-hypochlorite（C-E-H） was 3.07 ~ 5.54kg/t, and the amount 
of AOX production in O-C-E-H bleaching process which had the oxygen delignification section 
before bleaching was 1.28 ~ 2.44 kg/t, that was significantly less than the C-E-H which hadn’t the 
oxygen delignification section; ② The amount of AOX production in the three-stage bleaching 
process of chlorinated - hydrogen peroxide alkali extraction - hypochlorite（C-EP-H） was 1.91 ~ 
3.30kg/t, and the amount of AOX production in O-C-EP-H bleaching process which had the oxygen 
delignification section before bleaching was 1.41 kg/t, that was significantly less than the C-EP-H 
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which hadn’t the oxygen delignification section; ③ The amount of AOX production in the two-stage 
hypochlorite bleaching process（H1-H2） was 1.41 kg/t, and the amount of AOX production in O-H1-
H2 bleaching process which had the oxygen delignification section before bleaching was 0.85 kg/t, 
that was significantly less than the H1-H2 which hadn’t the oxygen delignification section; ④ The 
amount of AOX production in the two-stage bleaching process of hypochlorite - hydrogen peroxide（
O-H-P） was 0.50 ~ 1.17 kg/t, which had the oxygen delignification section before bleaching, that 
was significantly less than the bleaching process which hadn’t the oxygen delignification section. 
 
1.2.2 Research advance of oxygen delignification in controlling the amount of AOX production 
of straw pulp 
 
(1) Researchers had experimentally optimized process conditions for oxygen delignification of wheat 
straw pulp. Raw material came from a pulp mill in Shandong, Kappa number was 10.90. The 
optimum conditions were: the pulp concentration was 10%, the alkali content was 2.5%, the reaction 
temperature was 100 , the time was 60 min, and the oxygen pressure was 0.7 MPa. Oxygen 
delignification pulp Kappa number was 6.40, removal rate of lignin was 41.28% (Fu, 2012), which 
could better control the amount of AOX Production of straw pulp. 
 
(2) Researchers had experimentally optimized technologies for oxygen delignification of wheat straw 
pulp. Raw materials came from the laboratory-manufactured, Kappa number was 18.89. The optimum 
conditions were: the concentration of alkali was 1.0% ~ 3.5%, the reaction temperature was 100 , the 
time was 30 ~ 60min, the oxygen pressure was 0.6MPa, the dosage of magnesium sulfate was 0.3%, 
and the soda-AQ pulp used two - stage oxygen delignification. The pulp Kappa number was 9.50 and 
the removal rate of lignin was 49.71%. The addition of a small amount (0.5% or less) of hydrogen 
peroxide in the two-stage oxygen delignification process was more obvious, and the removal rate of 
lignin was 59.98% (Chen, 2010), which could better control the amount of AOX Production of straw 
pulp. 
 
(3) Using the combined of green liquor digesting for wheat straw and oxygen delignification method, 
the strength of the obtained pulp was similar to that of alkaline cooking pulp. After the green liquor 
was used as the cooking liquor for cooking, its kappa number was over 40, and the oxygen 
delignification reaction was continued. The process conditions were: the amount of alkali was 4% ~ 
5%, the reaction temperature was 110 , the time was 60 min, the oxygen pressure was 0.5MPa, the 
reaction could be reduced kappa number down to 10 or so (Yang et al., 2012), removal rate of lignin 
was more than 75%, could better control the amount of AOX Production of straw pulp. 
 
1.2.3 Application of oxygen delignification to control the AOX formation of straw pulp in 
production practice 

 
Oxygen delignification technology can effectively remove the residual lignin of the pulp after 

cooking, while reducing the wastewater pollution load of the contaminated bleaching stage. 
"Guideline on Available Technologies of Pollution Prevention and Control for Non-Wood Pulping 
Process of Pulp and Paper Industry（on Trial” issued in 2013 by Ministry of Environmental 
Protection, which also include this technology. In recent years, oxygen delignification technology has 
been widely used in the practice of production for Chinese companies. 

A paper mill in Liao Cheng (Shandong) is currently a typical domestic enterprise of sulfite pulp 
production. After the cooking and washing section of straw pulp, it supports the construction of 
oxygen delignification section which use multi-stage, the reaction temperature of oxygen reactor is 
about 100 , the reaction time is 60 min, that can effectively remove the lignin of the pulp more than 
45%. The technique has a higher delignification selectivity, that is, to maintain a higher pulp yield, 
physical strength and water filtration, when a low kappa number (kappa number is about 10) is 
obtained. 

A paper mill in Zhumadian (Henan) is currently a typical domestic enterprise of alkali pulp 
production. After the cooking and washing section of straw pulp, it supports the construction of 
oxygen delignification section which use a medium-high oxygen delignification technique, the 
reaction temperature of oxygen reactor is about 95~100 , the reaction time is 60 min. According to 
the enterprise’s monitoring data, using the medium-high oxygen delignification technology, the 
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wastewater can reduce amount of AOX Production from 7.65kg/t to 3.43kg/t, and achieve a good 
control effect. 

 
1.3 Study on feasible bleaching technology of non - wood pulp 

 
Non-wood pulp bleaching section generally uses element chlorine bleaching (CEH), element 

chlorine free bleaching (ECF), totally chlorine free bleaching (TCF), unbleached pulp, low brightness 
bleaching and so on. Due to losing huge strength of bleaching pulp and having a huge pollution load 
of bleaching wastewater, elemental chlorine bleaching (CEH) is gradually eliminated. 

 
(1) Element chlorine free (ECF) bleaching and totally chlorine free (TCF) bleaching are included in 
the" Encouraging category "by “Guidance on industrial structure adjustment (2011) (revised)”, and 
elemental chlorine bleaching (CEH) is included in the" restricted class ". 
 
(2) On December 27, 2013, the Ministry of Environmental Protection (MEP) issued the " Guideline 
on Available Technologies of Pollution Prevention and Control for Non-Wood Pulping Process of 
Pulp and Paper Industry（on Trial）", and it proposed four non-wood pulp bleaching technology: 
element chlorine free bleaching (ECF), totally chlorine free bleaching (TCF), unbleached pulp, low 
brightness bleaching. 
 
(3) "Notice of the State Council on the Action Plan for Water Pollution Prevention and Control" (Guo 
Fa [2015] No. 17) pointed out that, before the end of 2017, the paper industry will strive to complete 
the transformation of element chlorine free bleaching or to choice other low-pollution pulping 
technology. 
 
(4) "Pulp and paper industry cleaner production evaluation index system (Trial) preparation 
instructions" was published in 2015, which has given the amount of AOX production for wastewater 
under the conditions of the combinations of a variety of elements chlorine bleaching and elemental 
chlorine free bleaching. In the case of oxygen delignification section, the amount of AOX production 
for the wastewater of the elemental chlorine bleaching was 2 ~ 8 kg/t, and the amount of AOX 
production for the wastewater of the elemental chlorine free bleaching was 0.5 ~ 1.4 kg/t. 
 

Therefore, the research and application status of elemental chlorine free (ECF) bleaching, totally 
chlorine free (TCF) bleaching, unbleached pulp, low brightness bleaching will be introduced as 
follow.  
 
1.3.1 Elemental chlorine free (ECF) bleaching 

 
Elemental chlorine free bleaching technology is a bleaching technology which uses the chlorine 

dioxide as the main decolorizer. According to the reaction mechanism of decolorizer and lignin, the 
elemental chlorine free bleaching technology uses the chlorine or hypochlorite as decolorizer, in 
which the chlorine element react the replacement or addition reaction into the lignin structure; and the 
elemental chlorine free bleaching technology mainly uses chlorine dioxide as decolorizer, in which 
chlorine element mainly releases in the form of inorganic acid at last, chlorine element which is into 
the lignin is much smaller than chlorine or hypochlorite reacts with lignin, thereby greatly reducing 
the formation of organic chlorine.  

Elemental chlorine free bleaching technology cans reduce the AOX formation in wastewater 
relative to elemental chlorine bleaching technology; that has been confirmed in some research results. 
The researchers used those two technologies in the laboratory to prepare bleaching wastewater of 
straw pulp, and the amount of AOX production was measured. The results showed that the amount of 
AOX production of the elemental chlorine bleaching wastewater was 2.5 ~ 3.2kg/t, and the amount of 
AOX production of elemental chlorine free bleaching wastewater was 0.4 ~ 1.1kg/t pulp, that is 
significantly better than elemental chlorine bleaching technology (Luo et al., 2008; Fang, 2011). 

Element chlorine free bleaching technology has been a good application in some straw pulp 
companies. The AOX emissions for wastewater were significantly lower than the elemental chlorine 
bleaching technology. 

A mill in Zhumadian (Henan) uses wheat straw as raw material, pulp production line uses DO-
EOP-D1 three-stage ECF medium-high bleaching which is domestic and foreign advanced and 
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matures. The first stage uses high temperature chlorine dioxide bleaching, the second stage is that 
hydrogen peroxide enhances Alkali extraction, the third stage uses chlorine dioxide for bleaching. 
This technology conforms to the national industrial policy and clean production requirements: 
environmental load is not large, the AOX emission concentration at workshop discharge is lower than 
the requirements of "Discharge Standard of Water Pollutant for Pulp and Paper Industry "(GB3544-
2008), will not bring significant adverse impact to environment. This enterprise has used CEH; the 
AOX produces a load of 2.45 kg/t. After the using DO-EOP-D1 three-stage ECF medium-high 
bleaching technology, the AOX produces a load of 0.3 kg/t; the effect of controlling AOX has been 
significantly improved. 

 
1.3.2 Totally chlorine free (TCF) bleaching 
 

Totally chlorine free bleaching technology is bleaching technology that uses hydrogen peroxide, 
ozone and peroxyacetic acid and other oxygen-containing chemicals without chlorine decolorizer. 
This technology produces pulp which has relatively lower brightness, usually requires matching the 
oxygen delignification, wastewater does not produce AOX, and it has been a good application in some 
straw pulp companies. 

A paper mill in Nanyang (Henan) use three stage medium-high bleaching cleaning patented 
technology for straw pulp which combined the medium-high oxygen bleaching and hydrogen 
peroxide bleaching in pulp bleaching, to achieve the totally chlorine free bleaching of wheat straw 
pulp, and as the first domestic production line of medium-high totally chlorine free bleaching for 
straw pulp puts into operation. The bleached pulp of the wheat straw pulp by this production line has a 
high brightness, low yellow index and high strength, especially in the bleaching process, which is 
60% less than the traditional CEH bleaching. Pollution load of wastewater is low, COD emissions are 
small, do not produce AOX. 

 
1.3.3 Unbleached pulp 
  

Unbleached pulp is a process of pulp without bleaching; it is suitable for pulp companies which 
produces unbleached pulp. Using this technology, the wastewater does not produce AOX, it has been 
a good application in some straw pulp companies. 

A paper mill in Liaocheng (Shandong) studies environment-friendly products technology of straw 
unbleached pulp, uses 100% unbleached pulp to produce energy saving, environment-friendly and 
healthy products, such as unbleached paper and its products. The technology does not bleach in the 
pulp process, so the wastewater does not produce AOX. 

 
1.3.4 Low brightness bleaching 
 

Low brightness bleaching technology is a technology which reduces the amount of decolorizer to 
take low brightness pulp; it cans reduce the AOX formation in the straw wastewater. 
The researchers studied a series of preparation methods of low brightness pulp, including low 
brightness pulp prepared by alkali cooking of straw and wheat straw, low brightness pulp prepared by 
cooking and washing of straw, wheat straw, Eulaliopsis binata, giant reed, Bagasse or reed in one or 
their combined. The preparation method generally includes the steps of alkali cooking, oxygen 
delignification, chlorination and alkali treatment. Through more than 50 experiments, after using the 
low brightness bleaching technology, kappa number significantly reduces, can effectively control the 
amount of AOX production of straw wastewater. 
 
2. Study on the related technology of controlling AOX emissions of straw pulp by end treatment 

 
At present, the domestic straw pulp companies mainly use activated sludge process to remove 

AOX in wastewater treatment facilities, other end treatment methods mainly stay in the experimental 
research level. 

 
2.1 Study on Removal Effect of AOX by Activated Sludge Process 
 

The Environmental Protection  Research  Institute of Light  Industry has done an in-depth study on  
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the removal effect of straw pulp AOX by activated sludge process. It has been confirmed for the first 
time that the technology is effective on treating AOX of straw pulp  (Song, Wang and Cheng, 2000). 

 
(1) Collecting water samples at the inlet and outlet from existing wastewater treatment facilities 
(activated sludge) of two mills in Zhejiang and Shandong, the AOX concentration were measured, 
and then, the AOX removal rate was calculated. The first paper mill uses wheat straw as the main raw 
material, 16 sets of water samples were collected in totally, before treating, the AOX concentration 
was 1069.5-2825.5μg/L, after treating, the concentration of AOX was 458.8-1120.5μg/L, the removal 
rate of AOX was 32.5% ~ 68.9% ; the second paper mill uses wheat straw as the main raw material, 
12 sets of water samples were collected, before treating, the AOX concentration was 38.4-58.9mg /L, 
after treating, the AOX concentration was 8.3-14.9mg/L, the removal rate of AOX was 75.1% ~ 
80.8%. It can be seen, AOX in wastewater of straw pulp can be used to remove by aerobic biological 
methods and the complexity of treatment and process conditions are almost same as wood pulp. 
 
(2) The aerobic method was used to study the removal efficiency of AOX in bleached wastewater of 
straw pulp. The results showed that the AOX removal rate of straw was 27.9% ~ 50.7%, which was 
lower than the two above-mentioned paper mills. This shows that using the activated sludge treatment 
alone for bleach wastewater is not only difficult to start domestication, but the actual effect is also 
poor. Therefore, in the actual process, the bleach wastewater shouldn’t be treated alone, should be 
mixed with washing, screening and other wastewater to treat in order to obtain a good treatment 
results and stable operating conditions.  
 
(3) Doing experiments to verify whether the AOX treated by the activated sludge process is enriched 
in the sludge, that is, the removal mechanism of AOX is studied. Aerobic sludge was collected from a 
urban sewage treatment plant in Beijing, pulp was the wheat straw pulp by alkali cooking. The 
calculation results show that the amount of AOX in wastewater at inlet of experimental device was 
42.96mg, the amount of AOX at outlet of experimental device was 25.28mg, and the amount of AOX 
in the sludge was only 3.8mg, only 21.5% of the AOX was left in the sludge, most of AOX was 
mineralized. 

 
In addition, the relevant experimental results show that pretreatment of bleaching wastewater of C 

and C/E mixed stage by using lye which contains sulfur-compound (such as green liquid) can degrade 
30% AOX in wastewater. The process of degradation is mainly to remove chlorine from the chlorine-
containing organic compounds in the wastewater, and then the removed chlorine converts into 
inorganic chloride to dissolve in water. Using the pretreatment by lye which contains sulfur-
compound and biochemical treatment is significantly better than the effect of biochemical treatment 
(LI, CHEN and YANG, 2007) [9]. 

 
2.2 Study on removal effect of AOX by anaerobic method 
 

Anaerobic method is a viable technique for the AOX treatment of straw pulp. The degradation of 
organic chlorides is mainly mineralization, and the final products are inorganic chlorine, methane and 
carbon dioxide. In the anaerobic conditions, the oxidation-reduction potential of organic chloride is 
low, under the enzyme catalyzing, organic chloride is easy to be nucleophilic attack by reductant, 
making nucleophilic substitution of chlorine atoms to precede reduction and dechlorination reaction, 
which is conducive to the subsequent biological treatment. In the pretreatment section of bleaching 
wastewater, using the high efficiency anaerobic reactor to reduce the dechlorination for organic 
chloride cans greatly improve the efficiency of treatment. At present, it has not been found a 
engineering case with using anaerobic treatment for AOX straw pulp alone, the effect of anaerobic 
removal for straw AOX has been well verified in some laboratory. 

Researchers prepared the bleaching wastewater of straw pulp which bleaches by calcium 
hypochlorite to do bleaching wastewater anaerobic test in the laboratory. Before reaction, the AOX 
content was 30.0 ~ 35.1mg/L, after reaction, the AOX content was 11.5 ~ 13.6 mg/L, and the removal 
rate of AOX was 54.8% ~ 65.5% (SONG, CHENG and WANG, 2005) [10]. 

A college used self-designed inter-circulation three-phase fluidized bed to treat the bleaching 
wastewater containing chlorine, through 40 days of domestication, AOX removal rate was about 60%. 
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2.3 Study on removal effect of AOX by physic-chemical method 
 

The Environmental Protection Research Institute of Light Industry used physic-chemical method 
to treat the straw pulp wastewater in the laboratory, and studied removal effect of AOX by physic-
chemical method. The results showed that the AOX removal rate of ultra-filtration, XAD resin 
adsorption and activated carbon adsorption respectively were 75%, approximate 100% and 100% for 
straw pulp (Song, Cheng and Wang, 2005). Removal effect of ultra-filtration, XAD resin adsorption 
and activated carbon adsorption for organic chlorine is obvious, but the operating costs are too high, 
in the domestic that is not yet found the example. 

 
3 Conclusion and Prospect 
 

In summary, technology of controlling AOX production of straw pulp from source mainly includes 
oxygen delignification, elemental chlorine free (ECF) bleaching, totally chlorine free (TCF) 
bleaching, unbleached pulp, low brightness bleaching; technology of controlling AOX emissions of 
straw pulp by end treatment mainly includes activated sludge method, anaerobic method, physic-
chemical method. At present, technology widely used in the production of straw pulp mainly includes 
oxygen delignification, elemental chlorine free (ECF) bleaching; In addition, the activated sludge 
method for AOX of straw pulp also have a certain removal effect. The majority of scientific and 
technological workers should constantly endeavour, In the field of straw production of AOX pollution 
control, research new technologies which are better control, lower economic costs and easier to 
achieve production practices. 
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ABSTRACT 
 

Lignocellulosic biomass is regarded as an ideal renewable resources for replacing the traditional fossil 
fuels. Corncob residues (CR) generated after hemicelluloses pre-extraction of corncobs were potential 
feedstocks to produce fermentable sugars and lignin products due to high cellulose and lignin content. 
Therefore, one green approach to fractionate primary components from the corncob residues was 
proposed for the efficient utilization of CR. The CR were pretreated by basket mill grinding to obtain 
the substrates for the subsequent enzymatic hydrolysis to release sugars. The enzymatic hydrolyzed 
residues of CR were extracted by ethanol to obtain the crude lignin, and further separated and purified 
to get the lignin. The results showed that the enzymatic digestibility of CR was enhanced significantly 
by basket mill grinding. When the CR was treated with basket mill for 30 min, a good enzymatic 
hydrolysis results (56.1 g/L of glucose concentration and 92.5% of conversion yield of cellulose to 
glucose) were achieved under the conditions of 11 FPU/g substrates, 10% solid content, and 96 h 
enzymatic hydrolysis time. The mass balance, the chemical compositions and purity of the crude 
lignin during this approach were analyzed in detail. 
 
Keywords: corncob residues, basket mill grinding, enzymatic hydrolysis, glucose, lignin 

 
 

1. INTRODUCTION 
 
Corncobs, as one of the multitude agricultural residues, are coproducts of corn production and 

have been widely used to produce various industrial products due to the advantages, like plentiful 
source, rich cellulose, low lignin content, bulk density, high energy densities and small particle 
size(Baadhe et al., 2014, Bai et al., 2016, Potumarthi et al., 2012). A large amount of corncob residues 
(CR) were generated after producing hemicelluloses derivatives in the above industrial processes (Bai 
et al., 2016) and were conventionally regarded as solid wastes (Bu et al., 2012). As previously 
reported that the CR had many merits for the enzymatic hydrolysis, e.g., high cellulose content, 
structures that can be readily disrupted (Gu et al., 2014). In addition, the lignin content of CR was 
higher due to the remove of hemicellulose, which indicated that the lignin could be fractionated for 
lignin productions (Romero-Garcia et al., 2014). Therefore, the CR were chosen as the substrates for 
the enzymatic hydrolysis to produce fermentable sugars and then the lignin was separated from the 
enzymatic hydrolyzed residues. In this work, one green approach was proposed to fractionate the 
primary components from corncob residues after hemicelluloses pre-extraction. Further, the 
enzymatic performance of CR after the pretreatment and the characteristics of the fractionated lignin 
were analyzed. 

 
2. MATERIALS AND METHODS 
 
2.1. Materials 

 
The CR, the residues after sulfuric acid pre-extraction of corncob to produce xylitol, were 

collected from a factory in Henan Province, China. Before the experiments, the CR were air-dried, 
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mechanical crushed and sieved with a 40-mesh screen. The chemical compositions of the CR, 
determined according to the procedures of NREL/TP-510-42618 and NREL/TP-510-42619, were as 
follows: 53.91% glucan, 3.69% xylan, 0.03% araban, 19.69% Klason lignin, 0.62% acid soluble 
lignin, 14.05% ethanol extractives, and 1.95% ash. The cellulase with activity of 138 FPU/mL was 
provided by Vlan Biotech Group (Qingdao, China). Other chemicals used in this work were of 
analytical grade. 
 
2.2. Grinding pretreatments 

 
The CR was treated by a basket mill (RT-LMO.75, Shanghai Root Mechanical and Electrical 

Equipment Co., Ltd., China) at a solid to liquid ratio of 1:25 (w/v) at 1000 rpm for different grinding 
time (0 min, 10 min, 30 min and 45 min). 
 
2.3. Enzymatic hydrolysis 

 
The enzymatic hydrolysis was performed in a 100 mL conical flask using sodium acetate buffer 

(50 mM, pH 4.8) with different solid contents at 50 °C in an incubator (IKA KS 4000i control, IKA, 
Germany) at 180 rpm for up to 96 h. The cellulase was added at a loading of 11 FPU/g substrates. The 
glucose concentration of samples was measured by HPLC (model 1200 Series, Agilent Technologies 
Inc., USA) with a Biorad Aminex HPX-87H column (300 mm × 7.8 mm), using 5 mmol/L H2SO4 as a 
mobile phase with a flow rate of 0.6 mL/min at a temperature of 55 °C. The column temperature and 
the detector temperature were both 55 °C. The conversion yield of cellulose to glucose was calculated 
as follows (Liu et al., 2016):  

 
Conversion yield of cellulose to glucose (%) = (G/GS) × 100 

 
where GS is the amount of glucose in the substrates, and G is the amount of glucose in the test 
samples. 
 
2.4. Fractionation of lignin 

 
The enzymatic hydrolyzed residues were extracted by ethanol to obtain the crude lignin, and then 

extracted by dioxane solution (90%, v/v) at room temperature for 24 h. The samples were separated 
by filtration, the filtrate was concentrated by rotary evaporation (IKA RV 10 digital, IKA, Germany). 
The concentrated solution was dropped into deionized water, and the lignin was precipitated and 
recovered by vacuum drying. 
 
2.5. Analysis of fiber swelling ability 

 
The swelling ability of the samples was indexed by water retention value (WRV), which was 

determined based on a previous literature (Jones et al., 2013).  
 
2.6. Analysis of specific surface area 

 
The specific surface area (SSA) of the samples was measured based on a method of dye 

adsorption with direct sky blue 6B (Liu et al., 2016).  
 
2.7. Analysis of substrates’ surface morphology 

 
The morphology of CR substrates was observed by using a scanning electron microscope (SEM, 

SU1510, Japan) and optical microscope (706272, Nikon Corporation, Japan). 
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2.8. FTIR analysis of dioxane lignin 
 

The FTIR spectra of the dioxane lignin was obtained on a spectrophotometer (FTIR-650, Tianjin 
Gangdong Sci. &Tech. Development Co., Ltd, China) using the KBr pellet technique(Wang et al., 
2016). 
 
2.9. NMR analysis of dioxane lignin 

 
The 1H NMR spectra of the dioxane lignin were recorded at 25 °C from 26 mg of samples 

dissolved in 10 mL DMSO-d6, using a NMR spectrometer (400-MHz Avance III, Bruker, Germany).  
 

3. RESULTS AND DISCUSSION 
 
3.1. Fiber swelling ability and specific surface area of CR substrates  

 
The WRV and SSA of CR substrates with different grinding time treatment were analyzed, and 

the result was illustrated in Fig. 1.  
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Fig. 1. WRV and SSA of CR substrates with different grinding time treatment 

 
It can be seen that the WRV was increased from 80.5% to 265.2%, and the SSA were increased 

from 110.3 m2/g to 428.3 m2/g, respectively, when the grinding time was increased from 0 min to 45 
min. It was reported that the large SSA and high WRV of CR substrates would increase the 
accessibility of cellulose to enzymes and improve the enzymatic digestibility consequently. 

 
3.2. Surface morphology of CR substrates 

 
The surface morphology of CR substrates after different grinding time treatment was shown in 

Fig. 2. As shown in Fig. 2a and c, the surface of CR substrates without basket mill grinding treatment 
was relatively intact and has less fibrillation. Whereas, the fiber fragments of CR after grinding 
treatment were swollen and much more fibrillated, as shown in Fig. 2b, d, e, and f, which would be 
favorable for the enzymatic hydrolysis. 
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Fig. 2. Surface morphology of CR substrates with different grinding time treatment observed by SEM 

(a, 0 min; b, 30 min) and optical microscope (c, 0 min; d, 10 min; e, 30 min; f, 45 min) 
 
3.3. Enzymatic hydrolysis of CR substrates 

 
The enzymatic hydrolysis of CR substrates with different grinding time treatment was analyzed, 

and the result was shown in Fig. 3.  
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Fig. 3. Enzymatic hydrolysis of CR substrates with different grinding time treatment (enzymatic 

hydrolysis consistency: 5% of solid content) 
 

It can be seen that the enzymatic digestibility of the CR substrates was increased significantly 
after the basket mill grinding treatment. When the grinding time was increased from 0 min to 30 min, 
the glucose concentration and conversion yield of cellulose to glucose were increased by 30.0% and 
29.5%, respectively, at the enzymatic hydrolysis time of 96 h. However, the enzymatic hydrolysis 
efficiency of CR substrates did not thereafter increase further when the grinding time was prolonged 
to 45 min. In addition, it can be seen in Fig. 3a that the enzymatic hydrolysis rate of the grinded CR 
substrates (30 min and 45 min) was much faster than that of CR without grinding treatment (0 min) 
during the initial enzymatic hydrolysis stage. The improved enzymatic digestibility of the grinded CR 
(30 min and 45 min) was mainly attributed to its higher WRV and SSA, which can increase the 
accessibility of cellulose to enzymes (Liu et al., 2016). Therefore, the optimized grinding time of 
basket mill treatment was fixed as 30 min in consideration of energy input and enzymatic hydrolysis 
efficiency. 
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To further improve the glucose concentration in the hydrolysate of CR substrates for the 
economic feasibility of the subsequent fermentation process, a high-solids enzymatic hydrolysis was 
conducted. The CR grinded by basket mill for 30 min were hydrolyzed at different solid contents (5%, 
10% and 15%), and the results were shown in Fig. 4. It can be seen clearly that the glucose 
concentration of the hydrolysate was improved significantly with the increase of solid content of CR 
substrates. When the solid content of CR substrates was increased from 5% to 15%, the glucose 
concentration was increased from 29.8 g/L to 75.3 g/L, while the conversion yield of cellulose to 
glucose was decreased by 15.7%. Therefore, the 10% of solid content was suitable for the enzymatic 
hydrolysis in consideration of glucose concentration and conversion yield of cellulose to glucose. 
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Fig. 4. Enzymatic hydrolysis of CR substrates grinded for 30 min at different solid contents 

 
3.4. Mass balance 

To evaluate the yield of crude lignin fractionated from the enzymatic hydrolyzed residues of CR, 
a mass balance was established, as shown in Fig. 5. It can be seen that the glucose yield of CR during 
enzymatic hydrolysis was very high, 55.38 g glucose was obtained from 100 g CR. About 40.75 g 
hydrolyzed residues were generated after the enzymatic hydrolysis. The crude lignin yield from the 
hydrolyzed residues was about 66% after ethanol extraction. The lignin purity of the crude lignin was 
74%. The main chemical compositions of the crude lignin were lignin and glucan. 

 

 
Fig. 5. Mass balance of this present process 
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3.4. Characterization of dioxane lignin 
 

The dioxane lignin isolated from the crude lignin was characterized with FTIR and NMR. These 
analyses would be useful for the potential utilization of lignin. The FTIR spectra of the dioxane lignin 
was shown in Fig. 6, and the FTIR bands of lignin samples were summarized in Table 1. 
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Fig. 6. FTIR spectra of the dioxane lignin and crude lignin 

 
Table 1. Summary of FTIR bands of lignin samples 

Band (cm-1) Assignment 

3410-3460 O-H stretching 

3000-2840 C-H stretching 

1738-1709 C=O stretching 

1605-1593 Aromatic skeletal 

1430-1422 C-H in plane deformation with aromatic ring stretching 

1330-1325 C-O of the syringyl ring 

1270-1266 C-O of the guaiacyl ring 

 
The typical bands at 1603, 1511 and 1425 cm-1 represented aromatic skeleton vibrations of lignin. 

The aromatic ring vibration was found at 1462 cm-1. The bands at 3417 cm-1 was O-H stretching, and 
the bands at 2929 cm-1 was aliphatic C-H stretching in methoxy groups. The C-O stretching in 
unconjugated carbonyl/carboxyl groups was occurred at 1703 cm-1 (Mainka et al., 2015). It can be 
seen clearly that the peak intensities from 1703 to 1260 of dioxane lignin were stronger than that of 
crude lignin, which confirmed that the purity of dioxane lignin was much higher than that of crude 
lignin. 

The NMR spectroscopy was used to investigate structural features of lignin macromolecules. The 
determinations of 1H chemical shifts were showed in Fig. 7, and the signals from 1H NMR analysis of 
lignin sample were summarized in Table 2. The spectra can be divided into aromatic region, side-
chain and aliphatic region, which was in accord with the previous work (Mainka et al., 2015). The 
signals at δ 6.7 and 7.5 ppm represented the aromatic protons of G- and S- units, and the signals at δ 
4.2 and 4.5 ppm were corresponding to the protons of the β-O-4 structure (Wang et al., 2016). 
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Fig. 7. 1H NMR spectrum of dioxane lignin 

 
Table 2. Summary of the signals from 1H NMR analysis of lignin sample 

Signal (ppm) Assignment 

7.96-6.11 Aromatic protons 

3.91-3.49 Proton in methoxyl groups 

2.41-2.11 Aromatic acetate 

2.08-1.68 Aliphatic acetate 

<1.60 Hydrocarbon contaminant 

 
4. CONCLUSIONS 

 
One green approach was proposed to fractionate the primary components from corncob residues 

after hemicelluloses pre-extraction. The enzymatic hydrolysis of the CR was significantly enhanced 
by the basket mill grinding treatment. A high enzymatic hydrolysis efficiency of the CR was obtained 
when the CR was grinded by basket mill for 30 min, and the enzymatic hydrolysis at a solid contend 
of 10%, i.e., 92.5% of conversion yield of cellulose to glucose and 56.2 g/L of glucose concentration. 
The crude lignin yield from the hydrolyzed residues was about 66% after ethanol extraction. The 
lignin purity of the crude lignin was 74%. The main chemical compositions of the crude lignin were 
lignin and glucan.  
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ABSTRACT 

 
The demand and use of pulp and paper have marked the levels of civilization and development of the 

human history. The pulp and paper industry around the world has been growing rapidly during the 

recent decades. Driven by China’s population and economy, China’s pulp and paper industry has seen 

a leap-forward development. At present, China's pulp and paper industry comes across an important 

era of transformation in terms of development pattern, structural adjustment and optimization, quality 

improvement as well as an industrial upgrading and progressing to a high-end development level. As 

a result, there has been a huge demand for pulp and paper raw materials. This review discussed the 

status and new development of non-wood pulp in China, especially the cotton pulp, bamboo pulp and 

wheat straw pulp in paper industry. 
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1. OVERVIEW OF NON-WOOD PULP IN CHINA 

 

The pulp and paper industry around the world has been growing rapidly. As a result there has 

been a huge demand for pulp and paper making raw material. Recent years have seen a spurt in use of 

non-wood pulp being used as a raw material for this purpose (Chandra IV, 1998, Ashori, 2006, 

Mossello et al., 2010). Non-wood pulp including agricultural residues (wheat/rice straw etc.) and 

annual plants could be effective source to produce pulp and paper with acceptable properties 

(Madakadze et al., 2010, Rosa et al., 1999, Sridach, 2010), especially in countries with insufficient 

forest resources, for example, China (Zhuang et al., 2005, He and Barr, 2004). The region that has 

invested the most time and resources into the pulping of non-woods is Asia and the Pacific. In 

particular, China is the leader in the utilization of non-woods pulp for papermaking in terms of 

volume (Zhan, 2010). 

Compared to wood, non-wood pulp is similar in cellulose, lower in lignin and higher in 

hemicelluloses and silica content (Judt, 1993). Currently, on a global scale, non-wood fibers are a 

minor part of raw material supply to paper and paperboard manufacture (Source: FisherSolve 2014). 

The advantages of non-wood pulps are that they are mostly by-products (agricultural residues), often 

cheaper than wood, large annual crops, need less refining, and makes excellent filler and good 

printing and smoothness (Mohieldin, 2014). Therefore, it can provide added values to farmers without 

compromising the production of main food and even non-food crops (MTM, 2010). However, the 

problems associated with the utilization of these non-wood pulp include: collection and transportation; 

storage and handling; washing; bleaching; papermaking and chemical recovery (Hammett et al., 2001, 

Mohieldin, 2014). 

China has a long tradition for using non-wood raw materials for pulp and paper due to its limited 

forest resources and rich supply of agricultural residues and non-wood plants (Stafford, 2007). 

Besides, China is the biggest market of using non-wood fibers in paper, board and tissue products 

(Haizheng et al., 2006). However, the total production and consumption of non-wood fibers are 
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declined with more commercial pulp mills have been built and imports from other countries 

(Hammett et al., 2001). It is interesting to note that some tissue mills (for household and sanitary 

paper production) have begun to use non-wood fibers in their products as a way to preserve the 

natural forests (Shi et al., 2010). Table 1 lists the production/ consumption/ imports/exports of non-

wood pulp (Source: FAO 2014) and Table 2 shows the non-wood fibers production in China (Zhan, 

2010). 

 

Table 1. Production/ consumption/ imports/ exports of non-wood pulp (Source: FAO 2014) 

Unit 1000 MT 

Term/Year 2010 2011 2012 2013 2014 

Production World 18284 17718 16015 13927 13189 

Asia 15964 15416 13727 11276 10521 

China 12970 12400 10738 8285 7549 

Indonesia 105 105 105 105 105 

Consumption World 18306 17598 16072 13963 13174 

Asia 15956 15391 13775 11311 10538 

China 12952 12405 10735 8270 7520 

Indonesia 122 118 133 116 120 

Imports World 516 463 484 437 409 

Asia 183 198 222 211 205 

China 56 85 68 63 64 

Indonesia 17 14 28 12 15 

Exports World 494 582 427 401 424 

Asia 190 222 175 175 187 

China 74 81 71 78 93 

Indonesia 0 0 1 1 1 

 

Table 2. Non-wood fibers production in China (Million tons) 

Fiber Type/Year 2010 2011 2012 2013 2014 2015 

Wheat Straw 7.19 6.60 5.92 4.01 3.36 3.03 

Bagasse 1.17 1.21 0.90 0.97 1.11 0.96 

Bamboo 1.94 1.92 1.75 1.37 1.54 1.43 

Reed 1.56 1.58 1.43 1.26 1.13 1.0 

Total 11.86 11.31 10.0 7.61 7.14 6.8 

 

There is a growing consumer perception that ―tree-free‖ paper products are more 

environmentally friendly than wood-fiber based products. This perception does provides some new 

market opportunities. Many non-wood fiber raw materials that can and are being used to produce pulp 

for paper making. Most of the non-wood pulp production is in Asia, e.g., China and India, there is 

very little production of non-wood fibers in NA (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The non-wood fiber productions in the top 5 countries (Wang, 2016) 
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Table 3. Advantages and disadvantages of non-wood fibers 

Fiber Advantages Disadvantages Technologies Type of Paper/ 

Paperboard 

Reference 

Bagasse Short grow 

time; one year 

rotation; waste 

fiber source 

Requires depithing Well-developed 

pulp 

technologies 

available 

Corrugating 

medium; 

duplex & 

triplex board; 

linerboard; 

newsprint 

substitute; 

tissue; etc. 

(Khristova et 

al., 2006, 

Hurter and 

Robert, 

1997) 

Wheat 

Straw 

Short grow 

time; one year 

rotation; waste 

fiber source 

Problems with 

black liquor 

treatment; 

perceptual 

problems 

Well-developed 

pulp 

technologies 

available; 

Successful work 

on black liquor 

done 

Corrugating 

medium; 

duplex & 

triplex board; 

printing & 

writing; 

strawboard; 

wrapping paper 

(Talebnia et 

al., 2010, 

Hurter and 

Robert, 

1997) 

Bamboo Short grow 

time; high 

productivity; 

Sustainability 

Problems with 

black liquor 

treatment; 

Requires depithing 

Well-developed 

pulp 

technologies 

available; 

Successful work 

on black liquor 

done 

Linerboard; 

duplex & 

triplex board; 

multiwall sack; 

printing & 

writing; 

wrapping & bag 

papers 

(Hurter and 

Robert, 

1997, Yang 

et al., 2008) 

Cotton Short grow 

time; one year 

rotation; high 

quality fiber 

Long fiber; 

Needed to be cut 

shortly for 

papermaking; long 

fiber wraps round 

equipment 

Well-developed 

pulp 

technologies 

available; 

Successful work 

on black liquor 

done 

Currency & 

security paper; 

high-grade 

book & writing; 

high-grade 

bond & ledger 

(Hurter and 

Robert, 

1997, Kim 

and Triplett, 

2001) 

Hemp Rapid growth 

8-10 ft in four 

months 

Requires 

decortication and 

retting; perceptual 

problem due to 

drug association; 

long fiber wraps 

round equipment 

Well-developed 

pulp 

technologies 

available; drug 

free variety 

available 

Cigarette paper; 

strength 

additive to 

waste paper; 

light weight 

papers 

(Shahzad, 

2012, Joshi 

et al., 2004, 

Hurter and 

Robert, 

1997) 

Kenaf High yield 21.3 

mt/ha in three 

years 

Duel source: 57% 

long bast fiber, 

41% short core 

separation required 

Excellent papers 

have been made 

using existing 

technology 

Wide range due 

to variety of 

fibers 

(Kaldor, 

1992, Akil et 

al., 2011, 

Judt, 1993) 

Reed Short grow 

time; one year 

rotation 

Problems with 

black liquor 

treatment 

Well-developed 

pulp 

technologies 

available; drug 

free variety 

available 

Corrugating 

medium; 

printing & 

writing; 

wrapping 

(Hurter and 

Robert, 

1997) 
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Fig. 1 shows the non-wood fibre productions in the top 5 countries (Wang, 2016). Non-wood 

fiber production is 7.55 million tons in 2014 in China, 8% of the total fiber consumption (2016). The 

non-wood fiber production has ever reached the highest 1.3 billion tons in 2007 (Zhan, 2010). The 

main non-wood fiber includes wheat straw, reed, bagasse, bamboo, etc. The production of non-wood 

fibers in China has been declining due to the closure of small pulp mills and environmental concerns. 

As for advantages and disadvantages of using non-wood fiber compared to wood fiber shown in 

Table 3, cultivation and harvesting of non-wood crops is favourable compared to wood fiber in 

several ways: 1) the payback time of non-wood plantations is much shorter than that of forest 

plantations, because harvesting of non-woods can start already after few months from sowing; 2) 

perennial crops: multiple harvests from one plantation; 3) non-wood plantations consume less water 

and fertilizers; 4) equipment for sowing, harvesting and baling is already available at farms; 5) ready 

infrastructure and no special vehicles required for transportation; 6) the use of non-wood materials 

can reduce deforestation in some countries and reduce emissions of carbon monoxide and carbon 

dioxide that arise from the burning of waste agricultural residues; 7) some non-wood fiber used as raw 

materials for papermaking have high annual yields per hectare. 

Based on the overview of non-wood pulp in China above, it can be concluded that non-wood 

pulp can still be a potential source of pulp and papermaking in China especially in the context that 

green and sustainability are necessary in the whole world. The next part will present the 

characterizations of common non-wood pulp/fibers in China and their drawbacks needed to be 

addressed. At last, the three most general non-wood pulp in China, i.e., wheat straw, bamboo and 

cotton fibers in their specific applications. 

 

2. CHARACTERIZATIONS OF NON-WOOD FIBERS 

 

The most widely used non-wood for papermaking in China are rice/wheat straw, bagasse, 

bamboo, cotton, reed, hemp, ramie etc. Most non-wood plants are annual plants that develop full fiber 

potential in one growing season. The most potential applications for these non-wood pulps are 

currency, filter paper, high-grade book & writing, linerboard, wrapping & bags paper, sailing paper 

etc. (Hurter and Robert, 1997). 

Data reported on the chemical properties of non-wood fiber vary greatly. Studies have varied in 

fiber source and methodology etc. The data on the chemical composition of some common non-wood 

fibers shown in Table 4. In general, the higher the lignin content, the lower the cellulose content. 

Since cellulose is a homopolysaccharide composed of β-D-glucopyranose units linked together by 

glucosidic bonds and since only fractions of glucose units are expected to be derived from 

hemicellulose, high glucose content generally represents high cellulose content in chemical analysis 

(Khiari et al., 2010). Non-wood hemicellulose is mostly arabinoglucuronoxylan and/or 

glucuronoxylan (pentosan). Thus, a high percentage of xylose is an indication of high hemicellulose 

content (Han, 1998). 

Table 4 shows the cellulose, lignin and pentosans content of non-wood fibers are similar to 

softwood and hardwood. However, non-wood fibres have significantly higher ash content and the 

presence of silica is an issue in pulp production. The presence of silica is a problem for black liquor 

recovery. A higher content of silica in nonwood fibers, in combination with alkaline cooking liquor 

gives a high content of silica also in the spent cooking liquor. This makes it difficult to evaporate and 

recover spent cooking liquor. The average dimensions of various non-wood fibers as compared with 

dimensions of wood pulp fibers are listed in Table 5. The data show the wide variation in the fiber 

characteristics of non-wood fibers. Many of the non-wood fibers are similar to the short fiber 

hardwoods, while others are so long such as cotton fiber that they must be shortened to optimize their 

papermaking value. In general, the diameter of the non-wood fiber is small, resulting in lower 

coarseness from these pulps. In fact, from the technical and quality viewpoints, any grade of paper can 

be produced by using the appropriate combination of non-wood plant fibers (eventually mixed with 

wood fibers). Non-wood fibers have tremendous variations in chemical and physical properties. Table 

6 lists pulping properties of non-wood raw materials.  
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Table 4. Chemical composition of common non-wood fiber compared to wood fiber (Han, 1998) 

Fiber Type Chemical Composition (% total) 

Cellulose Lignin Pentosan Ash Silica 

Rice Straw 28~48 12~16 23~28 15~20 9~14 

Wheat Straw 29~51 16~21 26~32 4.5~9 3~7 

Bagasse 32~48 19~24 27~32 1.5~5 0.7~35 

Bamboo 26~43 21~31 15~26 1.7~5 0.7 

Hemp 57~77 9~13 14~17 0.8 - 

Ramie 87~91 - 5-8 - - 

Sisal 47~62 7~9 21~24 0.6~1 - 

Cotton linter 85~90 0.7~1.6 3 0.8~2 - 

Softwood 40~45 26~34 7~14 ＜1 - 

Hardwood 38~49 23~30 19~26 ＜1 - 

 

Table 5. Length and width of some common non-wood fibers (Han, 1998) 

Fiber Type Fiber Length (mm) Fiber Width (μm) 

Ave. Range Ave. Range 

Ramie 120 60~250 50 11~80 

Flax 33 9~70 19 5~38 

Hemp 25 5~55 25 10~51 

Cotton Lint 18 10~40 20 12~38 

Kenaf 5 2~6 21 14~33 

Bamboo 2.7 1.5~4.4 14 7~27 

Jute 2 2~5 20 10~25 

Bagasse 1.7 0.8~2.8 20 10~34 

Rice Straw 1.4 0.4~3.4 8 4~16 

Wheat Straw 1.4 0.4~3.2 15 6~21 

 

Table 6. Pulping properties of non-wood raw materials (Jahan et al., 2009) 

Non-wood Pulp 

Yield (%) 

Kappa 

Number 

Breaking 

Length (m) 

Burst Index 

(kPa·m
2
/g) 

Tear Index 

(mN·m
2
/g) 

Initial 

 °SR 

Bamboo 45.9 24.6 5511 4.9 18.1 12 

Rice straw 38.8 13.6 6590 3.8 6.7 - 

Wheat straw 46.7 16 8680 3.9 5.79 28 

Jute fiber 64.9 18.7 8393 7.6 15.2 12-15 

Bagasse 50.5 13.3 5600 3.6 6.8 - 

Corn stalks 50.5 23.4 7307 5.1 4.7 23 

Cotton stalks 44.5 33 5500 5.4 7.1 15 

 

3. COTTON FIBER PAPERMAKING IN CHINA 

 

Cotton fibers, mainly known as a raw material for textile industry, are also a popular raw 

material for paper industry. Cotton is an important economic crop in China, the stable development of 

cotton production is concerned with the interests of 20 million of farmers. From 1950 to 2015, the 

cotton yield per unit area in China was increased by more than 9 times, and the introduction and 

improvement of varieties have made a great contribution to the increase of cotton yield (Zhang et al., 

2000, Xu et al., 2016). Even though pulp and paper industry is using mainly wood and recycled fibers 

as raw materials, cotton fibers are still today very valuable fibers for paper industry. They are used for 

special grades and high quality papers. But, due to high prices of the raw material, paper industry 

generally uses cotton wastes. For very special applications (currency paper) virgin fibers can be used 

(Sczostak, 2009). 

Cotton pulp properties were shown in Table 7. It can be concluded that cotton fibers have 

attracting properties compared with the other non-wood fibers above. Cotton pulp are used for many 
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applications in paper industry. It is used alone or mixed with other pulps, for applications such as 

technical papers, security paper, insulating paper, filter paper, non-woven fabrics and fine papers such 

as art paper etc. (Hofmann et al., 1991, Shi et al., 2010) 

 

Table 7. Cotton pulp properties: after valley beater refining (Chandra IV, 1998) 

Drainage index, °SR 30 45 60 75 

Average fibre length (L weighted)*, mm 1.51 1.43 1.24 1.06 

Brightness (ISO), % 84 83.5 82.3 82.1 

Opacity, % 78.0 79.4 78.4 78.0 

Basic weight, g/m
2
 66 65.5 69.3 67.8 

Thickness, μm 108 103 97 89 

Bulk, cm
3
/g 1.64 1.57 1.40 1.31 

Breaking strength, kN/m 1.86 2.15 2.84 3.14 

Breaking length, km 2.87 3.34 4.17 4.72 

Elongation, % 2.34 2.71 3.0 2.83 

Burst strength, kPa 121 135 184 202 

Burst index, kPa·m
2
/g 1.83 2.06 2.66 2.98 

Tear strength, mN 1030 880 860 730 

Tear index, mN·m
2
/g 15.6 13.2 12.4 10.8 

Gurley porosity, s/100ml 3.21 11.1 90.1 508 

 

4. BAMBOO FIBER FOR DISSOLVING PULPING IN CHINA 

 

Bamboo, a naturally occurring composite material, abundantly grows in most of the tropical 

countries, which is extensively used in construction, agriculture, and chemical industry (Yang et al., 

2008). Compared to most wood species, bamboo is cheap and fast grown with superior chemical–

physical properties, which undoubtedly offers great potential as an alternative to woods. Bamboo is an 

attractive raw material for chemical pulp as, due to its long fibers, it has strength properties 

comparable to those of softwood pulp (Chen, 2002). Its close structural resemblance to woods is also 

the main reason why kraft pulping of bamboo provides an acceptable degree of delignification as well 

as high yield and viscosity (Salmela et al., 2008). 

China is known for the world’s most abundant bamboo resources, the largest area of bamboo 

forest, and the largest country in bamboo production, factors that help justify the term ―bamboo 

kingdom‖ (Ma et al., 2011). China’s State Forestry Administration Seventh National Forest Resource 

Inventory Report in 2009 indicated a total bamboo forest area of 5.38 million hectare (13.3 million 

acres) with the majority of this area in plantations. This was a significant increase in comparison to 

the 4.2 million hectares recorded in a 1998 forest inventory (Petry and Zhang, 2009).  

Bamboo fibers possess many excellent properties when used as textile materials such as high 

tenacity, excellent thermal conductivity, resistance to bacteria, and high water and perspiration 

adsorption, while bamboo fiber is an environmentally friendly fiber (Fu, 2001, Austin and Ueda, 

1970, Kim et al., 1996). Consequently, research and development of bamboo fiber as new textile fiber 

could not only open a new way to produce cellulosic fiber, but also play a significant role in solving 

the wood fiber shortage problem and also improve the textile fiber production technology and product 

quality (Liu and Hu, 2008). Therefore bamboo was identified as a prime candidate for addition to 

fiber supply options for use in dissolving pulp production (Ma, 2010, Dong, 2003, Shen, 2003). 

Dissolving pulp is a high-purity cellulose product that is the raw material for cellulose-derived 

products including viscose, cellulose acetate, cellulose nitrate, and cellulose ether (Sixta, 2006). In 

general, as shown in Table 4, the alpha-cellulose in bamboo is 30-43%, which is comparable with the 

reported alpha-cellulose contents of softwood (40 to 45%). To prepare dissolving pulp, the auto-

hydrolysis step has been commercially applied in the so-called prehydrolysis kraft pulping process 

(Liu et al., 2011). It has been found that even though the low viscosity limits the applications of the 

bamboo pulp for certain dissolving grades applications such as acetate and nitrate, it is useful for 

production of viscose rayon and CMC derivatives (Batalha et al., 2011). 
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5. STRAW FIBER FOR TISSUE PAPERMAKING IN CHINA 

 

Rice/wheat straw is an agricultural by-product, this residue represent an abundant, inexpensive, 

and readily available source of renewable lignocellulosic biomass (Liu et al., 2005). In China, the 

annual yield of main crop straw and stalk is about 604 million tons, including 115.4 and 139.6 million 

tons of wheat and rice straw, respectively. Rather than destroy this valuable raw material, using it for 

pulp and paper production as well as for producing chemical materials would be more 

environmentally and economically beneficial. Moreover, the unique physical structure of wheat straw 

makes it an excellent candidate for fibers and fillers in structural composites (Hornsby et al., 1997b, 

Hornsby et al., 1997a). Straw fiber is an ideal candidate for tissue paper production due to its fiber 

characterizations.  

However, the most obstacle for wheat/rice straw pulping is the black liquor problems compared 

with that of wood pulping, as seen in Table 4. Silica remains in pulp and short fiber length hindered 

the drainage of the pulp. There is a need for suitable technologies that can combat with this problem 

(Kaur et al., 2016). Multiple aspects such as policies, companies structures, technologies innovation 

should be considered to solve the populations of straw pulping. With increase in knowledge about the 

adverse impacts of chlorinated organic compounds and strict environmental legislations, most of the 

paper mills in China are facing the challenges for reducing BOD, suspended solids, total AOX and 

colour in the bleach spent liquors prior to discharging it to the nearby water body (Savant et al., 2006). 

For example, as the leader of non-wood pulp company for tissue papermaking in China, Shandong 

Tralin Paper Company Limited has been exporting the ―Eco-Friendly‖ household paper. It has 

700,000 tons of annual paper productivity, including 75,000 tons of household paper. It use the 

natural wheat straw as the raw material. Most of all, the five distinctive features of the natural 

household paper, i.e., 1) healthier (unbleached), 2) cleaner (free dust, free scrap), 3) safer soft (100% 

natural), 4) more eco-friendly (non-wood fiber) and 5) more low-carbon (natural straw), are the most 

attractive advantages of Tralin company during the competition in tissue market (Tralin, 2017). 

Oxygen delignification is now a main bleaching methods to remove the lignin from straw fiber to 

reduce the emission of pollution from black liquor (Rosales-Calderon et al., 2016, Kaur et al., 2016). 

Besides, the other common pulping method of straw fiber are organosolv pulping (Kumar et al., 2011, 

Karim et al., 2010), soda/ soda (AQ) pulping (Bhardwaj et al., 2005, Dhir et al., 2011) etc. 

To summary, wheat/ rice straw is an abundant lignocelllulosic crop residue in China. There is an 

effective need of developing new, faster growing technologies to convert wheat/ rice straw into paper 

with less polluting cooking and pulp bleaching processes. In case of the straw mills are effectively 

using the ECF methods of bleaching with hypochlorite and chlorine dioxide. But more emphasis must 

be given to improve the bleaching techniques to make rice straw environment friendly. 

 

6. CONCLUSION 

 

There is a wide range of non-wood materials that are used in China for paper production, such as 

rice/wheat straw pulp, bagasse pulp, bamboo pulp etc. There are a number of factors that may result in 

an increased use of currently available non-wood fibers in papermaking, and for an environmental 

perspective, there is growing interest on the part of activist groups and individual consumers in ―tree-

free‖ papers that may help to drive an increase in paper production from non-wood fibers. The non-

wood fibers have many attractive properties that can be compared with wood fibers. Different non-

wood fibers can be applied to specific papermaking applications, such cotton fiber for currency 

papermaking, bamboo fiber for dissolving pulp making, and straw fibers for tissue papermaking due 

to their unique properties. However, some obstacles should be addressed before these non-wood fibers 

are totally/ fully used in the pulp and papermaking in China. Policies supports and technologies 

development are the two main engines for the increasing of non-wood pulps in China. Overall, non-

wood fibers and pulps must have a bright future in China. 
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ABSTRACT 
 

This article presents some results of studies on the ability to combine H2O2 and O2 into an 
independent bleaching stage (PO) in the ECF bleaching process (DhQ)(PO)D for Eucalypltus 
(E.urophylla) of Vietnam. It can be seen form the results that at 0.80% H2O2 and 1.35% NaOH (based 
on oven-dry weight of pulp), 6 bar oxygen pressure, 120 minutes and 90oC, the quality of BHKP 
reached the brightness of 86% ISO and the viscosity of 640 mL/g. 
 
Keywords: bleaching, BHKP, brightness, viscosity 
 
 
INTRODUCTION 
 

ECF bleaching technology has become widely popular in the world with more advanced 
processes and efficiency. Bleached kraft pulp used this technology accounting for over 75% bleaching 
chemical pulp in the world (Benca AMEC, Ltd., 2004). 

In current time and future, ECF bleaching technology has a key role in the pulp industry. 
However, there will be more improvement in technology as well as equipment in order to reduce to 
the AOX emissions into the environment, meet the increasingly strict requirements on environmental 
protection. One of the new directions in this technology is combined bleaching agents which are 
environmentally friendly, form an independent stage in the process of ECF. 

Stage (PO), essentially a combination of two types of lignin separation agent which are H2O2 and 
oxygen into the stage of bleaching. To ensure the bleaching as a independent stage and the ability to 
replace ClO2, reaction of H2O2 and oxygen must be conducted at high temperature and pressure. In 
this condition, the speed and effect of deligninfication will increase. With the use phase (PO), it is 
flexible to change from ECF to TCF technology if there are more demanding on environment. 

This article presents some results of studies on the application stage (PO) in the shortened ECF 
bleaching process: (DhQ)(PO)D (Ragnar, 2005; Barbosa et al., 2008) for eucalyptus wood grown in 
Vietnam. 

The objective of the study is to establish the optimal technological conditions of phases (PO) 
process (DhQ)(PO)D to get the quality of pulp of 86%ISO brighness, viscosity > 640 mL/g. 

 
MATERIALS AND METHOD 
 
Materials 

 
Pulp used for bleaching research is HKP from Eucalyptus Urophylla 6 year-old (planted in Tam 

Son - Phu Tho, Vietnam) after phase of delignification by oxygen (oxygen delignification). Pulp 
kappa value is 9.6 and the viscosity is 728 mL/g 
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Chemicals reagent analysis (PA) are made of Vietnam and China, along with specialized 
laboratory equipment standards of the EU, Germany, the US and India is used. 
 
Method 
 
Bleaching 

 
Pulps sample is bleached in plastic bags and heated in the thermostat. Stage (PO) is conducted in 

pressure equipment, volume of 5 litres. There is a washing stage with clean water between different 
stages, and distilled water is used in the final phase. In stage (DhQ), EDTA is added before 15 minutes 
at the end Dh bleaching stage. The bleaching conditions are given in the table below. 

 
Table 1. Technological conditions of (DhQ)(PO)D process 

 Technological conditions (DhQ) (PO) D 

Pulp concentration, % 10 10 10 

Temperature, 0C 90  75 

Time, minutes 120 120 120 

Last pH 2-3 - 3-4 

Active chlorine, (% Cl-) 2,2 - 0,5 

Oxygen Pressure, bar - 6 - 

NaOH, % -  - 

MgSO4,% - 0,2 - 

H2O2, % -  - 

Na2SiO3, %  0,25  

ETDA, % 0,5   

Notes: Conditions of dosage of H2O2 and NaOH, temperature of (PO) bleaching stage are needed 
parameters 
 
Standard test methods 

 
Brightness: TCVN 1865:2000; tensile strength: TCVN 1862–1:2000; tear strength: TCVN 

3229:2000; burst index: TCVN 3228:2000; Viscosity: TCVN 7072 : 2002 
 
RESULTS AND DISCUSSION 

 
Experimental planning method named Box - Wilson was used (Tuyen and Thiem, 2005). The 

three largest factors affecting the quality of the (PO) are H2O2 (x1, %), NaOH (x2, %) and temperature 
(x3, C). x1 was varied between 0.4% to 1.0%; x2 was changed of about 1.0% to 1.6%; x3 was changed 
in about 70C to 110C. 

y objective function was used to assess the effectiveness of the bleaching process via a brightness 
(%ISO), viscosity (mL/g) and physical properties. Here, we will use brightness as objective function, 
viscosity and physical properties will be determined as conditions. Form of full objective is: 

 
y = b0 + b1x1 + b2x2 + b3x3 + b12x1x2 + b13x1x3 + b23x2x3 + b123.x1x2x3  (1) 

 
Experimental planning with full matrix, experimental = N = 23 = 8 
 
Conditions of experiment were given in Table 2. 
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Table 2. Exprimental Conditions of Variables in Bleaching 

Experiment x1, % H2O2 x2, % NaOH x3, C 

M1 0.4 1.0 70 
M2 1.0 1.0 70 
M3 0.4 1.6 70 
M4 1.0 1.6 70 
M5 0.4 1.0 110 
M6 1.0 1.0 110 
M7 0.4 1.6 110 
M8 1.0 1.6 110 

 

Experimental results on the model are given in Table 3 and Table 4. 

Table 3. Results of Experimental Samples 

Experiment 
Brigtness 

%ISO 

Viscosity,  

mL/g 

Breaking 

length, m 

Tear index 

mN.m2/g 

Burst index 

kPa.m2/g 

M1 83.75 655.2 7020 8.67 4.25 

M2 85.66 632.5 7170 8.81 4.21 

M3 84.92 657.2 7080 8.57 4.10 

M4 86.05 621.9 7150 8.81 4.58 

M5 84.91 648.4 7070 9.42 4.21 

M6 85.53 661.2 7280 8.90 4.46 

M7 85.03 654.2 7380 8.76 4.41 

M8 85.75 612.8 7450 9.09 4.27 

 M9* 85.04 651.9 7510 9.50 4.61 

(*)M9, 9th experiment at center 
 

Table 4. The Experimental Data on the Model 

Experiment Variables Objective function, %ISO 
x1 x2 x3 y1 y2 y3 yTB 

M1 - - - 83.66 83.81 83.78 83.75 
M2 + - - 85.45 85.58 85.95 85.66 
M3 - + - 84.88 84.92 84.96 84.92 
M4 + + - 85.83 85.91 86.41 86.05 
M5 - - + 84.91 84.89 84.93 84.91 
M6 + - + 85.49 85.63 85.47 85.53 
M7 - + + 84.59 85.17 85.33 85.03 
M8 + + + 85.79 85.81 85.65 85.75 
M9 0 0 0 84.83 85.14 85.15 85.04 

After calculating the coefficients, form of obtained regression equation is 

y =+85.2000+0.5475x1+0.2375x2+0.1050x3-0.0850x1x2-0.2125x1x3-0.1525x2x3+0.1100 x1x2x3                                                                         
(2).  

Number of model coefficient B = 8 

* Check the meaning of the coefficients in equation (2): based on the standard of Student t (refer to the 
table St = (f, N)), under the following conditions: 

Inside : 

   .tSb bi  (3) 
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Sb: The variance of the determined coefficient  

t: Standard Student numbers are determined by looking up the table St = (f,N), 

f = N (k-1)  with  k is the number of repetitions of the experiment 

+ Calculate the variance: 

 The fraction variance for each experiment, calculated according to the formula:                          

                                         with 

                        → S2
y   =   0.04265 

 The distribution variance for each measurement, calculated as the formula: 

                                →   S2
y
TB = 0.014217 

 

 The distribution variance for each regression coefficient, calculated by the formula: 
                 → S2

b = 0.001777   or Sb = 0.042155 

+ Check table St (f, N) (Tuyen and Thiem, 2005). 

f = (k-1) = (3-1) = 2; k: the number of repetitions of the experiment (k=3, N=8) 

St (2, 8) with p = 0.05 (uncertainty of the determination) → t = 4.3 and Sb.t  = 0.18127 

Compared with the coefficients of the regression equation (2) we see in all the coefficients only 
factors b3; b12b23và b123< Sb.t; (0.1050; 0.0850; 0.1525 và  0.1100 < 0.18127), So the 
model coefficients B' = 4 and the form of regression equation is: 

y = 85.2000 + 0.5475x1 + 0.2375x2 – 0.2125x1x3 (4) 
 

Table 5. Figures Calculated on a Model 

Experiment x1 x2 x3 yi
TB 

(%ISO) 
Si

2 yTT
 

(%ISO) 
S2

iTT 

M1 - - - 83.75 0.0063 83.84 0.0081 

M2 + - - 85.66 0.0673 85.58 0.0064 
M3 - + - 84.92 0.0016 84.84 0.0064 
M4 + + - 86.05 0.0988 86.14 0.0081 

M5 - - + 84.91 0.0004 85.00 0.0081 
M6 + - + 85.53 0.0076 85.45 0.0064 

M7 - + + 85.03 0.1516 84.95 0.0064 

M8 + + + 85.75 0.0076 85.84 0.0081 

Total  0.3412  0.0580 

 
Check the compatibility of the model: Based on the Fisher standards, conditions for adaptive 

model is FTT 

+ Ftable = g(f1, f2), f1 =(k-1), f2= N - B’.  So that Ftable = g (2, 4) = 6.94 (Tuyen and Thiem, 
2005). 

+ FTT is calculated as follows: 
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S2
tu corresponding variance S2

tu of each experiment was calculated by the formula 
 

 

 

 

In that yTT is the value of the corresponding objective function of each experiment according to 
the regression equation, B' is the meaninful coefficient of equation (4). These figures are calculated on 
the model presented in Table 4. From the above figures we calculated 

 S2
tu = 0.0580; S2

y   =  0.04265 

So that FTT = (0.058/0.04265) = 1.36; FTT < Fbảng = 6.94  (Tuyen and Thiem, 2005), Therefore, 
this model is compatible 

* Perform the step up: The found model presents the posture of the space contour of brightness 
and physical properties of the pulp. From this, method should be shown which variables need to be 
mobile and whiteness and physical properties of the pulp reach the extreme (optimal). Part optimal 
start in the experiment was conducted with factor at zero (0), and the coordinates of the variables will 
be calculated using the formula: 

xk
i = xk-1

i   i.                                        (8) 

 To select a based variable, we calculate the value of an area | bii |, where bi is the coefficient 
corresponding to the variable xi, i is about change of variables: 

Pameters selection : 

y = 85.20 + 0.5475x1 + 0.2375x2 – 0.2125x1x3            (9) 

+ 1 = (1.0% – 0.4%)/2  = 0.3 (%)    |b11| = |0.5475 . 0.3| = 0.16425 

+ 2 = (1.6% – 1.0%)/2  = 0.3 (%)    |b22| = |0.2375 . 0.3| = 0.07125 

The chosen temperature of penetration was so close to reality, therefore b3 factor does not exist, 
or over a period of 70 – 1100C, this factor does not affect the quality of pulp. 

 |b11| is maximum value, therefore 1 = 0.10(%) was chosen as based jump. As fomula 

 

 

 2 = 0.043378(%), choose  1 = 0.05 (%). 

 
Table 6. Experimental Matrix as Forward Method 

 
Experiment x1 

(%H2O2) 
x2 

 (%NaOH) 
x3  

(0C) 

 
Brigtness 

%ISO 

 
Viscosity,  

mL/g 

1 0.7 1.30 90 85.04 651.9 

2 0.8 1.35 90 86.76 640.6 

3 0.9 1.40 90 88.13 621.2 

4 1.0 1.45 90 88.73 590.9 

 
It can be seen fromthe experimental results, the quality of pulp is quite good. However when 

using H2O2 and NaOH : increased H2O2 level in the impregnating period from 0.7% to 0.8% and 
increased NaOH level used in the bleaching stage from 1.3% to 1.35%, the brightness of the pulp after 
bleaching increases up 1.7% ISO but viscosity decreases 11.3 mL/g. When used level H2O2 increased 
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to 0.9% and NaOH level increased to 1.45%, the viscosity also has a downward trend. From the above 
results, the most suitable level of H2O2, NaOH and temperature in (PO) stage are 0.80%, 1.35% and  
900C,  respectively.  
 
CONCLUSION 

 
It can be indicated from the experimental results that, for 6-year-old eucalyptus raw materials 

(E.Urophylla) grown in Tam Son - Phu Tho, Vietnam, in order to achieve the brightness of > 
86%ISO, viscosity > 640mL/g, the optimal conditions for bleaching stage (PO) of the process 
(DhQ)(PO)D is at 90oC temperature, 1.35% NaOH and 0.8% H2O2. Quality of bleaching pulp is 
equivalent to thepulp from the process (D0E0D1ED2) with total active chlorine used is 4.5% (based on 
oven-dry weight pulp). 
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ABSTRACT 
 

A study of optimized impregnation of the kenaf in APMP process, using different impregnation 
conditions was presented. The doses of sodium hydroxide and hydrogen peroxide in second 
impregnation stage were 2.95% and 5.5%, (vs. oven dried kenaf), respectively, with impregnating time 
of 20 minutes gave good APMP pulp with brightness of 78% ISO, tensile breaking length of 4320 m, 
tear index of 6.28 mN.m2/g and burst index of 1.98 kPa.m2/g. The pulp may be used for productions of 
different printing paper grades. 
 
Keywords: kenaf, APMP process, printing paper grades 
 
 
INTRODUCTION 

 
Mechanical pulp manufacture was born from the early 18th century. Along with the constant 

development of technology and equipment in the production of paper, mechanical pulp sector has 
made great progress with alkaline peroxide technology (APMP - alkaline peroxide Mechanical Pulp), 
in which chips are treated with alkali-peroxide mixture and P-RC –APMP technology  (alkaline 
peroxide Mechanical preconditioning Refiner Chemical pulping). 

Besides raw material is wood of conifer (pine), APMP and P-RC-APMP technology can use 
hardwood material as some South American species of eucalyptus (Eucalyptus grandis, Eucalyptus 
saligna), aspen, maple. Recently, some species of eucalyptus and Acacia in Asia have been used and 
the quality of pulp is also very good (Xu and Sabourin, 1999; Xu and Zhou, 2007). In recent years, 
due to issues of environmental protection, non-wood raw materials and agricultural products were 
also researched into production of pulp, especially via mechanical method (Xu, 2003).                                                                                                 

This article presents some research results of APMP pulp manufacture from kenaf, which are 
grown in Long An, Vietnam. The objective of the study is to establish the technology modes of 
mechanical pulp for producing printing paper, writing paper with a brightness of 75-80%ISO; tensile 
breaking length of 4200 – 4500 m; tear index > 4.0 mN.m2/g; burst index > 2.0kPa.m2/g at 315 mL 
CSF freeness.  
 
MATERIALS AND METHOD 
 
Materials 
  

Raw material is the kenaf, are grown in Thanh Hoa, Thach An, Long An, Vietnam, 9/2009 crop 
year (average 2.8 m high, diameter 18mm). The material is cut off the tops, leaves and chopped (both 
shell and body) at size 20-25mm long, dried then preserved in plastic bags. Chemical reagent analysis 
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(PA) are made of Vietnam and China, along with specialized laboratory equipment standards of the 
EU, Germany, the US and India is used. 

 
Method 
 
a. APMP manufacture 

 
The experiment was carried out through the following steps: 
 Chips steam stage: Chips are steamed at pressure of 0.35 – 0.40 Mpa in 15 minutes 
 Pre-refining: Steamed ships are pre-refined in disc refiner 
 Chemical impregnation: the impregnating process are conducted in two stages 

 First stage: Using DTPA at 60oC, pulp concentration of 10%, dosage of 0.4% based on 
oven-dry weight material.  

 Second stage: Impregnating chemicals including 3% Na2SiO3; 0.05% MgSO4, 0.5% 
DTPA, and NaOH with different level of H2O2 (60% H2O2 for impregnation, 40% for 
bleaching). Conditions: 85oC, liquor to chip rate: ¼ with different retention time, 2/3 
chemical using for cooking and 1/3 using for refining. Nilon bags and insulated bank are 
used for impregnated stage.  

 Refining: Permeable chips after liquor removing are refining on disc refiner 350 (capacity of 
disk drive motor, 37kW; capacity loaded screw motor, 1.5Kw ; speed of disc, 1448rpm; disc 
diameter 350, single-disc refining, refining concentration 5-25%), part of liquor is added during 
the refining. Refining concentration is 20-25%, the temperature is 80 – 85oC, 540 mL CSF 
freeness. After refining, pulp is collected in plastic bags at 85oC for 60 minutes to complete the 
bleaching process. 

 Cleaning: pulp after retention stage is washed using 60 mesh stainless steel and dryness is 
determined prior to bleaching. 

 Bleaching: two-stage bleaching is carried out in nilon bags using insulated bank.  
 First stage: bleaching liquor including 1.5% NaOH; 3% Na2SiO3; 0.4% DTPA; 0.05% 

MgSO4; pulp concentration of 15%; 180 minutes; 85oC; level of H2O2 depending on 
different processes (40% total dosage). 

 Second stage: 1% dithionit (Na2S2O4); 60oC ; pulp concentration 10%; 20 minutes. 
 After bleaching, pulp is washed and squeezed before brightness determination. Bright pulp is 

refined in PFI standard refiner and made handsheet for physical properties.  
 
b. Standard test methods 
 

Basic density Tappi T258 os 76; cellulose Kiurschner–Hoffe; lignin TAPPI T–13;  pentosan: 
TAPPI T–19; Extractive soluble in acetone, 1% NaOH solubility, hot and cold solubility: TAPPI T-
280pm-99; TAPPI T-212; TAPPI T-207: brightness: TCVN 1865:2000; tensile strength: TCVN 
1862–1:2000; tear strength: TCVN 3229:2000; burst index: TCVN 3228:2000. 
 
RESULTS AND DISCUSSION 
 
Chemical-physical properties determination of kenaf 

 
After harvest, 10 trees were taken in the entire volume of material used for experiments. The tree 

was cut into small sections, numbered track, the order of the tree, then analyzed the density and 
chemical composition according to the ISO and TAPPI standards. Physical properties of kenaf are 
given in Table 1. From Table 1, the moisture of  kenaf is high, contains much water and the density of 
kenaf is low. Kenaf is non-wood and anual growth with low density: density of body and core is 160.6 
kg/m3; density of bark is 218.8 kg/m3 and density of whole tree is 176.8kg/m3. This is not suitable for 
chemical pulp production, but can be saved energy for mechanical pulp production. 
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Table 1. Physical Properties of Kenaf 

Properties Values 
Moisture, % 73.2 
Rate of bark by weight, % 34.5 
Rate of body and core by weight, % 65.5 
Density of body and core, kg/m3 160.6 
Density of bark, kg/m3 218.8 
Density of whole tree, kg/m3 176.8 
Length of fiber from bark, mm 2.5 – 4.0 
Length of fiber from body and core, mm 0.5 – 0.7 
 

Length of kenaf fiber includes two parts: one from bark (long fiber of 2.5-4.0mm) and one from 
body and core (short fiber of 0.5-0.7mm). Therefore, only bark or body can be chosen for pulp 
manufacture. Chemical compositions of kenaf bark and body-core are shown in Table 2.  

 
Table 2. Chemical Compositions of Kenaf Bark and Body-core 

Composition Kenaf bark Kenaf body-core Acacia 

Cellulose, % 54.3 46.2 49.6 

Lignin, % 9.6 21.3 23.8 

Pentozan, % 15.7 23.5 21.3 

Ash, % 5.56 3.45 0.38 

Soluble: %    
    + hot water    10.8 7.8 2.1 
    + cold water 10.2 7.2 3.7 
    + acetone 1.2 1.3 2.9 
    + 1% NaOH solution 30.7 32.5 14.7 

 
It can be seen from the Table 2 that cellulose content of kenaf bark is higher than hard wood and 

soft wood (54.3%) but the cellulose content of kenaf body-core is the same in hard wood and soft 
wood (46.2%). Lignin content of kenaf bark is low (9.6%) as the same in hard wood. A typical 
properties of non-wood materials is high inorganic substances content, this is expressed through the 
ash content: 5.56% in the bark, 3.45% in the body-core, while ash content in Acacia wood is only 
0.38%. 

The solubility in different solvent of the kenaf bark and body-core is much higher than wood: 
soluble in hot water is 3.5 to 5 times higher than Acacia wood (10.8% of kenaf bark and 7.8% of the 
kenaf body - core compared to 2.1% of Acacia); soluble in cold water is 2 to 3 times greater than the 
Acacia wood (10.2% and 7.2% of kenaf bark and body-core, respectively compared with 3.7% of 
Acacia); 1% NaOH solubility is 2 times higher (30.7% and 32.5% of of kenaf bark and body-core, 
respectively compared with 14.7% of Acacia). Only soluble in acetone solvent is a half of Acacia 
wood. This is also typical property of non-wood materials: content of low molecular weight 
compound is quite large .. 

The results show that although the cellulose content is high, low lignin content, long fiber, high 
solubility in solvent will be disadvantages for pulp production (both chemical and mechanical pulp) 
due to large amount chemical and low yield.  
 
Research to optimize the technological conditions of second stage impregnation  

 
Mechanical pulp quality is generally determined by two main factors: brightness and physical 

strength. This means that besides refining mode, dosage of chemicals and the conditions are also very 
important.  

Two main and important chemicals influence on the quality of pulp are NaOH and H2O2. 
Hydrogen peroxide is a bleaching agent, sodium hydroxide is also used to separate certain types of 
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extracted compounds, swells and "softening" chips to facilitate the refining process, while also 
creating an environment for bleaching process. 

To optimize the technological conditions in chip impregnation stage, a variety of experimental to 
explore the effects of the use of NaOH, H2O2 and time of penetration was conducted. The research 
results showed that,in order to achieve the brightness and the physical and mechanical properties as 
requirements, total level of H2O2 (impregnation and bleaching) will fluctuate between 5-10% (based 
on oven-dry weight of pulp); level of NaOH used in the impregnation is about 2-4.5%; time is 10-30 
minutes at 85oC. 

Experimental planning method named Box - Wilson was used (Tuyen and Thiem, 2005). In this 
process, conditions of steam stage, pre-refining, DTPA treatment, bleaching were remained (except 
the volume of H2O2 and occupy 40% of total use). Some conditions of second stage were changed. 

The three largest factors affecting the quality of the pulp are NaOH (x1,%), H2O2 (x2,%) and time 
of penetration (x3, min). x1 was varied between 2.0- 4.5%; x2 was changed of about 3% to 6% (60% of 
H2O2 for both impregnation and bleaching); x3 was changed in about 10-30 minutes. 

y objective function was used to assess the effectiveness of the production process via a 
brightness % ISO and physical properties. Here, we will use brightness as objective function, and 
physical properties will be determined as conditions. Form of full objective is: 

 
y = b0 + b1x1 + b2x2 + b3x3 + b12x1x2 + b13x1x3 + b23x2x3 + b123.x1x2x3  (1) 

 
Experimental planning with full matrix, experimental = N = 23 = 8 

 
Conditions of experiment were given in Table 3. 

 
Table 3. Exprimental Conditions of variables in impregnation 

 
Experiment 

 
x1, % NaOH x2, % H2O2 x3, min 

M1 2.0 3.0 10 
M2 4.5 3.0 10 
M3 2.0 6.0 10 
M4 4.5 6.0 10 
M5 2.0 3.0 30 
M6 4.5 3.0 30 
M7 2.0 6.0 30 
M8 4.5 6.0 30 

  
 

Experimental results on the model given in Table 4 and Table 5. 
 

Table 4. Results of experimental samples 
 

Experiment 
 

Brigtness 
%ISO 

Breaking length, 
m 

Tear index 
mN.m2/g 

Burst index 
kPa.m2/g 

Yield, 
 % 

M1 75.89 3260 6.22 1.64 85.5 
M2 71.17 5290 5.77 1.89 86.0 
M3 78.84 2940 5.50 1.23 85.2 
M4 74.73 5400 6.57 2.34 85.7 
M5 71.64 3660 5.41 1.31 86.8 
M6 70.14 5160 6.33 2.39 87.1 
M7 80.49 3080 5.99 1.34 86.2 
M8 80.92 5490 6.34 2.56 85.7 

 M9* 77.47 4450 6.11 2.10 85.5 
(*)M9, 9th experiment at center 
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Table 5. The experimental data on the model 

Experiment Variables Objective function, %ISO 
x1 x2 x3 y1 y2 y3 yTB 

M1 - - - 76.04 76.03 75.61 75.89 
M2 + - - 70.97 71.44 71.11 71.17 
M3 - + - 78.77 78.64 79.11 78.84 
M4 + + - 74.73 74.73 74.74 74.73 
M5 - - + 72.83 70.57 71.48 71.64 
M6 + - + 69.60 70.38 70.45 70.14 
M7 - + + 81.10 80.17 80.21 80.49 
M8 + + + 80.79 81.11 80.87 80.92 
M9 0 0 0 77.68 77.32 77.41 77.47 

 
After calculating the coefficients, form of obtained regression equation is 

y = +75.4775-1.2375x1+3.2675x2 +0.3200x3+0.3175x1x2+0.9700x1x3+1.6400x2x3+0.1650 x1x2x3  (2).  

Number of model coefficient B = 8 

* Check the meaning of the coefficients in equation (2): based on the standard of student t (refer to 
the Table St = (f, N)), under the following conditions: 

Inside : 

   

Sb: The variance of the determined coefficient  

 t: Standard Student numbers are determined by looking up the Table St = (f,N), 

f = N (k-1)  with  k is the number of repetitions of the experiment 

+ Calculate the variance: 

 The fraction variance for each experiment, calculated according to the formula:  

                                       with 

                   → S2
y   =   0.2497.                           

 The distribution variance for each measurement, calculated as the formula: 

                                →   S2
y
TB = 0.08322 

 

 The distribution variance for each regression coefficient, calculated by the formula: 

                                        → S2
b =   0.010404 or Sb = 0.102 

 

+ Check Table St (f, N) (Tuyen and Thiem, 2005). 

f = (k-1) = (3-1) = 2; k: the number of repetitions of the experiment (k=3, N=8) 

St (2, 8) with  p = 0.05 (uncertainty of the determination) → t = 4.3 and Sb.t  = 0.4386 

Compared with the coefficients of the regression equation (2) we see in all the coefficients 
only factors b3; b12và b123< Sb.t; (0.3200; 0.3175 và  0.165 < 0.4386), So the model 
coefficients B' = 5 and the form of regression equation is: 

y = +75.4775 -1.2375x1+3.2675x2 +0.9700x1x3+1.6400x2x3  (4) 

.tSb bi  (3) 
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Table 6. Figures calculated on a model 

Experiment x1 x2 x3 yi
TB 

(%ISO) 
Si

2 yTT
 

(%ISO) 
S2

iTT 

M1 - - - 76.04 0.06025 76.06 0.0004 
M2 + - - 70.97 0.05825 71.64 0.4489 
M3 - + - 78.77 0.0589 79.31 0.2916 
M4 + + - 74.73 0.00005 74.90 0.0289 
M5 - - + 72.83 1.29330 70.84 3.9601 
M6 + - + 69.60 0.22265 70.30 0.4900 
M7 - + + 81.10 0.27645 80.65 0.2025 
M8 + + + 80.79 0.02775 80.12 0.4489 

Total  1.9976  5.8122 

 

Check the compatibility of the model: Based on the Fisher standards, conditions for adaptive 
model is FTT 

+ Ftable = g(f1, f2), f1 =(k-1), f2= N - B’.  So that Ftable = g (2, 3) =19.2  (Tuyen and Thiem, 

2005). 

+ FTT is calculated as follows: 

 

 

S2
tu corresponding variance S2

tu of each experiment was calculated by the formula 

 

 

 

 

In that yTT is the value of the corresponding objective function of each experiment according to 

the regression equation, B' is the meaninful coefficient of equation (4). These figures are calculated on 

the model presented in Table 6. From the above figures we calculated 

 S2
tu = 1.9374, S2

y   =   0.2497 

So that FTT = (1.9374/0.2497) = 7.759;  FTT < Fbảng = 19.2 (Tuyen and Thiem, 2005). Therefore, 

this model is compatible 

* Perform the step up: The found model presents the posture of the space contour of brightness 

and physical properties of the pulp. From this, method should be shown which variables need to be 

mobile and whiteness and physical properties of the pulp reach the extreme (optimal). Part optimal 

start in the experiment was conducted with factor at zero (0), and the coordinates of the variables will 

be calculated using the formula: 

xk
i = xk-1

i   i.                                        (8) 

 To select a based variable, we calculate the value of an area | bii |, where bi is the coefficient 

corresponding to the variable xi, i is about change of variables: 

Pameters selection : 

y = + 75.4775 -1.2375x1 + 3.2675x2  + 0.9700x1x3 + 1.6400x2x3 (9) 

+ 1 =  (4.5 – 2.0)/2  = 1.25 (%)   |b11| = |-1.2375 . +1.25|   = 1.5469 
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+ 2 = (6.0 -3.0)/2 =  1.50 (%)   |b22| = |+3.2675 . + 1.50|  = 4.9013 

The chosen time of penetration was so close to reality, therefore b3 factor does not exist, or over a 
period of 10-30 minutes, this factor does not affect the quality of pulp. 

 |b22| is maximum value, therefore 2 = 0.5(%) was chosen as based jump. As fomula 

 

 

 1 = 0.157(%), choose  1 = 0.15 (%). 

 

Table 7. Experimental matrix as forward method 

Experiment x1,  

% 

x2,  

% 

x3,  

min 

Brigtness 

%ISO 

Breaking 
length, m 

Tear index 
m.Nm2/g 

Burst index 
kPa.m2/g 

Yield, 

 % 
1 3.25 4.5 20 77.47 4450 6.11 2.10 85.5 

2 3.10 5.0 20 78.16 4320 6.28 1.98 84.9 

3 2.95 5.5 20 78.87 4310 6.02 1.82 84.2 

4 2.80 6.0 20 77.56 3980 5.86 1.76 83.7 

  
It can be seen fromthe experimental results, the quality of pulp is quite good. However when 

using H2O2 increased H2O2 level in the impregnating period from 4.5% to 5,5% and decreased NaOH 
level used in the bleaching stage from 3.25% to 2.95%, the brightness of the pulp after bleaching 
increases up 1.4% ISO, other strength properties fell slightly. However when used level H2O2 
increased to 6.0% and NaOH level decreased to 2.80%, besides the reduction of the strength 
properties, the brighness also has a downward trend. This suggests two responses: reaction of  low-
molecular compounds competing bleaching, which can deficiency of OH- than required. 

From the above results, the most suitable level of NaOH and H2O2 in impregnation process are 
2.95% and 5.5%, respectively.  
 
CONCLUSION 
  

These studies showed that kenaf cultivated in Long An, Vietnam can be used as raw materials for 
the production of high quality mechanical pulp. Besides the refining process, factors influence the 
quality of the pulp is level of NaOH, H2O2 and time of penetration. By optimizing methods, optimal 
conditions were found to produce APMP pulp brigtness >78%ISO, breaking length >4300 m, tear 
index >6.0mN.m2/g, burst index 2.0 kPa.m2/g with NaOH and H2O2 levels used in stage 2nd will be 
respectively 2.95% and 5.50% (total used H2O2 for impregnation and bleaching and 9.1%) in 20 
minutes. Pulp obtained meet requirements for production of printing papers. 
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 ABSTRACT 
 

The objective of this research is to investigate the effect of blending different kinds of fiber on the 
paper properties of the paper factors toward 30 samples from Oil Palm Frond (OPF) pulp than 
containing different pulping condition. Physical, mechanical and optical condition was optimized by 
using Respond Surface Methodology (RSM) to get the perfect paper pulping condition. After the 
optimization had been conducted, acetic acic with 85%, 0,75% HCL concentration  with pulping 
temperature of 155oC leave for 140 minutes was used to get Acetosolv pulp from OPF. The oil palm 
frond (OPF) acetosolv pulp is the virgin pulp used in this research. Secondary fibers used were Old 
Corrugated Board (OCC) fiber and Old News Paper (ONP) fiber. Paper sheets were produced by 
blending the virgin pulp with OCC and the virgin pulp with ONP at the ratio of 100:0, 80:20, 60:40, 
40:60, 20:80, and 0:100. The tests were conducted to find out the mechanical properties and the 
optical properties of the produced papers with different ratio of blended pulps. The results showed 
that the paper with higher content of secondary pulps gives higher properties on tearing tensile 
strength, bursting, and fold endurance. Moreover, the paper with higher content of oil palm frond 
pulps gives higher value of brightness. The print opacity of the six sets of tested papers is not affected 
by the ratio of blended value.     
 
Keywords: Secondary pulp blended paper, mechanical properties, oil palm frond 
 
 
INTRODUCTION 
 

Recently,  Indonesia is ranked as the ninth world's biggest pulp producer which has a market 
share of  2.4%, meanwhile as a paper producer,  Indonesia is ranked as the twelfth biggest in the 
world which has  a market share of  2.2%. The Confederation of European Paper Industries (CEPI) 
projected world consumption of pulp totaled 233 million tons per year and paper of 458 million tons 
per year with growth of about 2.9% and in 2006 increased to 25.4 kg. In next coming years national 
per capita consumption is expected to increase to 7.08.0% per year (Indonesian Pulp and Paper 
Association (APKI), 2007). Refer to APKI records (2007), total newsprint production growth average 
in 5 years is 7.2% and  total paper and newsprint consumption is 5.87% (Erwinsyah, 2011). 

 
Wood and non wood is a primary raw material in pulping process. The advantages utilization of 

oil palm fronds waste to produce pulp and paper despite of deal with reducing waste oil palm 
plantations issues  but also producing various paper products that meet standard quality with cheap 
prices and environmental friendly, which in turn provide a high economic value-added. The previous 
studies on the utilization of oil-palm fronds for paper production had investigated by Law et al. 
(2011), WanRosli et al. (2005), Nasrullah et al. (2010), WanRosli et al. (2011), and Nasrullah et al. 
(2012). In Indonesia, the investigation on utilization of oil palm fronds still limited, especially for 
pulp and paper products. The objective of this research was to investigate the effect of mixing 
asetosolv pulp of oil palm fronds (OPF) with secondary fiber pulp old newspapers (ONP) and old 
corrugated carton (OCC) to mechanical and optical properties of paper produced. 
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MATERIALS AND METHOD 
 

Materials 
 
Oil palm (elaeis guneensis) frond samples were obtained from Palm Oil Mill Plant PT Fajar 

Baizury and Brothers, Aceh, Indonesia. It were cut into chips at an approximate length 2 inches and  
were subsequently dried before pulped. Old Newsprints (ONP) and OCC has been used with  
approximately 1.0 cm x 1.0 cm in dimension and soaked for 24 hours in water.  Comminution of raw 
materials  was not employed with scissors to avoid fibers cut off  occurs during comminution.   

 
Pulping 

 
The OPF chips (200 g, o.d. basis) were pulped using an acetosolv in 4 L stationary stainless steel 

digester (NAC Autoclave Co. Ltd., Japan) employed  with a computer-controlled thermocouple. 
Different acetosolv pulping conditions were run based on experimental design via a statistical 
modeling software (Design Expert). After optimization, the OPF was pulped at the best possible 
acetosolv pulping conditions, which were; 85% of acetic acid, 0.75% of HCl, 155oC of cooking 
temperature and 140 minutes for cooking time. Both the acetic acid and HCl concentration were based 
on volume percentage (v/v) with respect to the cooking liquor. The  OPF pulp produced was used as 
virgin pulp for this study.  

 
Paper Making 

 
The papermaking process was carried using semi automatic handsheet papermaking. The mixing 

ratio of OPF acetosolv pulp to secondary pulp is listed in Table 1. Then , the  handsheets were placed 
in air conditioned room (50.0 ± 2.0% RH and 23.0 ± 1.0oC) ( (TAPPI Test Methods 1994). 

 
Table 1 Mixing Ratio of Pulp 

Sample Pulp Acetosolv OPF Secondary Pulp 
( OCC or  ONP) 

A 0 100 
B 20 80 
C 40 60 
D 60 40 
F 80 20 
F 100 0 
   

 
RESULTS AND DISCUSSION 
 
Effect of Material Mixing Ratio on Density 
 

Refer to Fig.1 shows that the density of the paper increased for both types of secondary fibers 
with the addition of OPF. The increase could be presumed as the result of interchange of stiffer 
secondary fiber with virgin OPF fibers which more flexible which produced a higher dense and 
shorter fibers, it can be seen an increase in its density. Moreover, the effect of the addition of OPF 
fiber is greater than the secondary fiber pulp ONP versus OCC. ONP is usually made of fibers with 
bleaching treatment while OCC is made from pulps without bleaching. The bleaching process could 
affected the fibers more flexible (McDononough, 1977). Thus, the density is higher as shown in Fig.1 
in this discussion. 
 
Effect of Mixing Ratio on Tensile Index 
 

Fig. 2 shows the effect of OPF fiber mixing ratio with secondary fibers from OCC and ONP has 
a very good results due to the increased of tensile index of OCC drastically only with the addition of 
20% OPF fiber. Small increase of ONP tensile presumably due to the high quality of secondary fiber 
source applied. This result indicated that the acetosolv OPF pulp is very influential to be used as a 
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reinforcing material primarily for OCC fibers. This fact might be occurred due to fibers exchanging 
between inactive secondary fibers with OPF active fibers. Active herein refers to fibers which have 
more potential to form bonds between  fibers (hydrogen bonding). Many researchers also had studied 
about the activity of this virgin fibers (Billosta et al., 2006; Andreasson et al., 2003; and Tze & 
Gardner, 2001). 

 

 
Fig. 1. Effect of Pulp Mixing Ratio on Density 

 

 
Fig. 2. Effect of Mixing Pulp Ratio on Tensile Index 

 
Effect of Mixing Ratio on Burst Index 
 

Fig. 3 shows the mixing ratio treatment affected on reducing burst index of  secondary fibers 
with the addition of OPF fiber. Burst index is dependent on the fiber length, its strength, and amount 
of bonding between the fibers. The first two factors are the most influential on burst index. Though 
OPF fiber is virgin fiber that is able to increase the fibers bonding but less competitive compare with 
the role of both factors; fiber length and fiber strength. In acetosolv cooking of OPF, fiber length and 
fiber strength has been reduced as a result of fibers degradation during cooking at temperatures 
exceeding 140oC (Wanrosli, et al., 2011).  
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Fig. 3. Effect of Pulp Mixing Ratio on Burst Index. 

 
Effect of  Pulp Mixing Ratio on Brightness 
 

Degree of brightness can be interpreted as a reflection of a set of thick paper at a wavelength of 
457 nm (Borch, 2002). Based on Fig. 5 it may be noted that the effect of increasing mixing ratio of 
OPF pulp fibers to secondary pulp fibers, the ONP degree of brightness is decrease, while for OCC is 
slightly increase. It has been predicted for ONP secondary fiber is brightly colored, while OCC is 
slightly dark,  compared to OPF pulp fibers. According to Kubelka-Munk equation, the degree of 
brightness is largely dependent on the absorption coefficient K besides scattering coefficient S. K 
coefficient is strongly influenced by color, thus, the addition of OPF pulp fiber will reduce the degree 
of ONP brightness,  otherwise increase of the degree of brightness of OCC pulp fibers due to its 
nature of the OCC is darker than that of OPF pulp fibers. 

 

 
Fig. 4. Effect of Pulp Mixing Ratio on Brigness. 
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Effect of  Pulp Mixing Ratio on Opacity 
 

Fig. 5 shows effect of mixing ratio on opacity. The effect of increasing mixing ratio of OPF pulp 
fibers to secondary pulp fibers, the ONP opacity is increase, while for OCC is slightly decrease. This 
result can be described by Kubelka Munk equation which opacity also is dependent on the scattering 
coefficient S and  absorption coefficient K. In this case, if  OPF pulp fiber is added (high K) then the 
opacity will increase for ONP secondary pulp fibers. Conversely to the secondary OCC pulp fibers 
which  are basically dark color, then the addition of  the OPF pulp fiber will decreasing  K OCC 
higher than that of secondary K. 

 

 
Fig. 5. Effect of  Pulp Mixing Ratio on Opacity 

 
 
CONCLUSIONS 
 
Based on the results of research that has been done can be concluded as follows: 

1. Density of the paper increased for both types of secondary fibers with the addition of OPF 
pulp fiber. 

2. OPF fiber mixing ratio with secondary fibers from OCC and ONP has a very good results due 
to the increased of tensile index of OCC drastically only with the addition of 20% OPF fiber. 
Small increase of ONP tensile presumably due to the high quality of secondary fiber source 
applied. 

3. The mixing ratio treatment affected on reducing burst index of  secondary fibers with the 
addition of OPF fiber. 

4. The effect of increasing mixing ratio of OPF pulp fibers to secondary pulp fibers, the ONP 
degree of brightness is decrease, while for OCC is slightly increase. 

5. The effect of increasing mixing ratio of OPF pulp fibers to secondary pulp fibers, the ONP 
opacity is increase, while for OCC is slightly decrease. 

6. OPF pulp fiber mixing ratio with secondary fiber ONP and OCC has shown that the OPF 
fiber can improve the strength of the secondary paper (tensile) to 26% for OCC and ONP to 
20%. It is an advantage for secondary fiber based paper industry which it factories using 
chemicals to improve paper strength. Otherwise it will change the physical, mechanical and 
optical properties of its paper products. 
if the added fiber OPF had done eating refining the addition is much lower which can result in 
savings of operating funds making paper from pulp fiber secondary. 
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ABSTRACT 
 

Ninety percent of the raw material used in producing pulp and paper are of forest wood.  The 
deforestation has caused a bad impact on the environment. In reducing deforestation, many works 
have been done to replace wood with non-wood. One of the species that has a potential to substitute 
wood is kenaf. Kenaf has two different fibres – bast and core. Bast is longer and stronger than the 
core. Bast fibre is very popular and has much application in industry. In Malaysia, kenaf core is left 
over and has limited utility in industry.  The objective of this study was to investigate the suitability of 
Malaysian kenaf core for pulping by assessing its physical, chemical and pulp properties. Kenaf core, 
a variety of V6, four months old and waste from bast extraction, was supplied by Lembaga Kenaf Dan 
Tembakau Negara (LKTN), Kelantan, Malaysia. Three pulping processes were used to produce pulps 
– mechanical, chemical and chemimechanical, represented by refiner mechanical pulping, soda 
anthraquinone pulping, cold soda refiner mechanical pulping and chemimechanical pulping 
respectively. The laboratory papers were made and tested per TAPPI Test Standard. It is found that 
kenaf core chemistry and fibre is suitable for pulp and papermaking. As for pulping, kenaf core is not 
suitable for refiner mechanical pulping but can be pulped by chemi-mechanical and soda pulping and 
produced a good quality of paper. As for pulps evaluation, the kenaf core can be categorised as having 
a good potential for pulping and papermaking. 
 
Keywords: kenaf core, chemistry, fibre, pulping, papermaking 
 
 
INTRODUCTION 

 
The world consumption of pulp and paper is increasing. Ninety percent of the raw material used 

in producing pulp and paper are of wood. Most of these woods are from the forest, either natural or 
planted.  The deforestation has caused a bad impact on the environment. In reducing deforestation, 
many works have been done to replace wood with non-wood. One of the species that has a potential to 
substitute wood is kenaf.  

Kenaf (Hibiscus cannabinus, L.) was first introduced in Malaysia in the late 1990s under the 7th 
Malaysian Plan as an alternative crop for animal feed and fibre production (Ang, 2006). It is one of 
the most economically important crops for soft fibre production, particularly in the Asian-Pacific 
region. In 2010, Malaysian government accepted kenaf as the nation’s seventh commodity, through 
the establishment of the National Kenaf and Tobacco Board (LKTN). Under the East Coast 
Economical Region (ECER), 10,000 ha would be planted (ECER, 2010). Today, there is about 2,000 
ha of kenaf planted in Malaysia. 

Kenaf stem consists of two distinct parts, the long fibre bast and the short fibre core; and both 
have different chemical compositions and physical properties. Due to differences in fibre length and 
chemical properties, they are not recommended to be processed together and are sold for different 
applications. The bast constitutes 30% to 40% of the plant. The long fibre bast has higher tensile 
strength than short fibre core. Due to its high strength, bast fibre has many high-value products 
applications; and kenaf is grown mainly for long bast fibre (Monti & Zatta, 2009). Bast fibre is very 
popular and has much application in industry. In Malaysia, kenaf core is left over and has limited 
utility in industry.  One tonne of kenaf bast will produce a waste of 3 tonnes of kenaf core. The 
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objective of this study was to investigate the suitability of kenaf core for pulping by assessing its 
physical, chemical and pulp properties. 
 
MATERIALS AND METHOD 

 
Kenaf core, a variety of V6, four months old and waste from bast extraction, was supplied by 

Lembaga Kenaf Dan Tembakau Negara (LKTN), Kelantan, Malaysia. 
 

Chemical analysis 
 

An experiment was run to quantify the main chemical components and fibre morphology of kenaf 
core as described in TAPPI Standards (TAPPI 1994). For chemical composition analysis, the kenaf 
core was ground into fine fibres using a Wiley Mill. In obtaining a homogenous sample, the ground 
fibres were then sieved through BS 40-mesh (425 µm) and BS 60-mesh (250 µm) sieve screens to 
remove fine and rough fibres, as described in Technical Association of the Pulp and Paper Industry 
(TAPPI) Standards T 257 - Sampling and Preparing Wood for Analysis. The determination of 
extractives content was carried out based on TAPPI T 204, where ethanol-toluene (1:2) was used as 
the solvent. Holocellulose content of the extractive-free sample was determined according to Wise et 
al. (1946). Α- cellulose content, was analysed according to the procedure described in the TAPPI T 
203. Pentosan was determined using the method of Savard et al. (1954). The determination of lignin, 
alkali solubility, water solubility, ash, and silica content were performed as per TAPPI Standards 
Methods T 222, T 212, T 207, and T 211, respectively. Each analysis was carried out in triplicate. For 
fibre morphology – length, diameter, lumen and cell wall thickness – image analyser was used for 
measurements. Fibre slenderness, flexibility and Runkel ratio ware calculated according to available 
formula (TAPPI 1994). 

 
Pulping 
 

Three pulping processes were used to produce pulps – mechanical, chemical and 
chemimechanical, represented by refiner mechanical pulping (RMP), soda anthraquinone pulping 
(soda-AQ), cold soda refiner mechanical pulping (cold soda RMP) and chemimechanical pulping 
(CMP) respectively. 

 
Refiner Mechanical Pulping (RMP) Process 
 

One (1) kg (oven-dry weight) kenaf core chips were soaked overnight fed into 12-inch single disc 
laboratory refiner (Sprout Waldron) used in a two-stage operation. The primary stage was operated at 
a load between 18 and 20 amperes at an inlet consistency of 10% and with the refiner plate (D2A507, 
Sprout Waldron) clearance set at 0.035 inches. The chips were passed into the refiner using the 
ribbon-type electric screw feeder. The collected stocks were refined in a secondary stage that was 
operated with an inlet consistency of 7%, and with the refiner plate clearance set at 0.005 inches. The 
pulp obtained was thoroughly washed and screened by Somerville fractionators. The total pulp yield 
was calculated as the sum of the screened pulp yields, and screen rejects. Handsheets preparation and 
handsheets property measurements were prepared according to TAPPI Standards (TAPPI 1994). 
 
Cold Soda Refiner Mechanical Pulping Process (cold soda RMP) 

 
One (1) kg (oven-dry weight) kenaf core chips were soaked for 18 hours in a 5% solution of 

sodium hydroxide (NaOH) at room temperature. The liquor to kenaf core ratio was 7:1. After 
impregnation, the chips were washed to remove all NaOH from the surface. The pre-treatments kenaf 
core chip was fed into 12-inch single disc laboratory refiner (Sprout Waldron) used in a two-stage 
operation. The primary stage was operated at a load between 18 and 20 amperes at an inlet 
consistency of 10% and with the refiner plate (D2A507, Sprout Waldron) clearance set at 0.035 
inches. The collected stocks were refined in a secondary stage that was operated with an inlet 
consistency of 7%, and with the refiner plate clearance set at 0.005 inches. The pulp obtained was 
thoroughly washed and screened by a Somerville fractionators. The total pulp yield was calculated as 
the sum of the screened pulp yields, and screen rejects. Handsheets preparation and handsheets 
property measurements were prepared according to TAPPI Standards (TAPPI 1994). 
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Chemi-mechanical Pulping (CMP) Process 

 
One (1) kg (oven-dry weight) kenaf core chips were soaked for 18 hours in a 5% solution of 

sodium hydroxide (NaOH) at room temperature before heated to a temperature of 60oC in a rotary 
digester. The liquor to kenaf core ratio was 7:1. After impregnation, the chips were washed to remove 
all NaOH from the surface. The pre-treatments kenaf core chip was fed into 12-inch single disc 
laboratory refiner (Sprout Waldron) used in a two-stage operation. The primary stage was operated at 
a load between 18 and 20 amperes at an inlet consistency of 10% and with the refiner plate (D2A507, 
Sprout Waldron) clearance set at 0.035 inches. The collected stocks were refined in a secondary stage 
that was operated with an inlet consistency of 7%, and with the refiner plate clearance set at 0.005 
inches. The pulp obtained was thoroughly washed and screened by a Somerville fractionators. The 
total pulp yield was calculated as the sum of the screened pulp yields, and screen rejects. Handsheets 
preparation and handsheet property measurements were prepared according to TAPPI Standards 
(TAPPI 1994). 

 
Soda-AQ Pulping Process 

 
The conditions employed throughout the experiment were as follows: liquid to material ratio was 

6:1, active alkali of 24%, AQ was 0.1% of kenaf (both are based on oven-dried raw material), cooking 
temperature was 160oC, time to maximum temperature was 90 minutes and time at temperature was 
90 minutes. At the end of digestion, the softened pulp was disintegrated for 5 min in a hydropulper, 
washed on a screen. Disintegrated pulps were screened in the vibratory flat screen, Somerville 
fractionators, with a slot width 0.15 mm. The total pulp yield was calculated as the sum of the 
screened pulp and sieves or screen reject yields. Handsheets preparation and handsheets property 
measurements were prepared according to TAPPI Standards (TAPPI 1994). 

 
RESULTS AND DISCUSSION 
 
The kenaf core chemical content and fibre morphology are tabulated in Table 1 and Table 2. 

Table 1. Chemical compositions for kenaf core 

Chemical composition Content, % 

Alcohol-acetone extractives 2.79 
Lignin 20.26 
Holocellulose 74.83 

Alpha-cellulose 50.15 
Hemicellulose 24.68 
Ash 1.99 
Hot water extractives 6.26 

 

Table 2. Fibre morphological characteristics of core fibres 

Characteristics  

Length (mm) 0.72 

Diameter (µm) 29.26 

Lumen (µm) 20.87 

Thickness (µm) 4.32 

Slenderness ratio 25.31 

Flexibility coefficient 72.33 

Runkel ratio 0.43 
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The kenaf core pulp and paper properties are tabulated in Table 3 and Table 4.  

Table 3. Pulp properties of kenaf core 

Property 
Process 

RMP Cold soda RMP CMP Soda-AQ 

Total yield (%) 93.2 85.5 73.6 44.7 
Screened yield (%) 77.7 75.5 69.2 44.7 
Sieve (%) 15.5 10.0 4.6 0 

 
The pulping process influenced the pulping properties. RMP had the highest total yield whereas 

soda-AQ had the lowest yield. Soda-AQ pulping had the lowest yield due to the dissolution of lignin 
and other components during the pulping process. The more the chemicals are involved, the lower the 
yield and lignin content since chemical action degrade and solubilises components of the kenaf core, 
especially lignin and hemicelluloses. 

 
Table 4. Paper properties of kenaf core 

Property 
Process 

RMP Cold soda RMP CMP Soda-AQ 

Density (g/cm3) - 0.49 0.74 0.61 
Tensile index (Nm/g) - 0.41 0.78 0.51 
Tear index (mNm2/g) - 3.51 6.41 4.98 

Burst index (kPam2/g) - 1.85 4.40 2.27 

Double fold (800 K.M) - 6.00 530.00 24.00 

 
The pulping process had influenced the paper properties. Paper made from CMP pulp had the 

highest strength properties while RMP had the lowest. Mechanical pulps are commonly produced 
from softwood species, which has very long fibre; while the shorter and thinner hardwood fibres are 
more severely damaged that will form an exceedingly weaker sheet (Smook 1992). CMP pulp gives 
the strongest paper since the lignin, which interferes with hydrogen bonding of fibres, is largely 
removed and exposes more hydroxyl and carboxyl groups for interfibre bonding. The removal of 
lignin will produce fibre that is more flexible and easier to collapse, thus increases interfibre bonding.  

 
CONCLUSION 

 
Technically chemi-mechanical pulping (CMP) process is the best because its pulp produced a 

paper with the highest quality compared to RMP, soda-anthraquinone (AQ) and cold soda RMP. From 
the economic and environmental point of views, soda-AQ is the worst compared to CMP and cold 
soda RMP. The production cost of CMP is lower soda-AQ than because it does not need very high 
temperature and chemical usage. The total yield of CMP was higher by 29% than soda-AQ. The CMP 
process was chosen because it is technically suitable for papermaking, economically viable due to its 
high yield and low heating and chemical cost; and environmentally friendly because its effluent needs 
least chemical treatment compared to soda-AQ. CMP was chosen for pilot plant trial. 
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ABSTRACT 
 

Handmade papermaking became popular in the Philippines in the 90’s due to the heightened interest 
in crafts using local materials. Abaca (Musa textilis, Nee) wastes are the primary raw material for 
handmade paper production. They are by-product of the abaca fiber, an important export of the 
country. Other non-wood fiber (NWF) materials include banana (Musa) fibers, pineapple (Anana 
cosmosus) leaves, salago (Wikstroemia ovata C.A. Mey) and cogon grass (Imperata cylindrica). All 
these materials find their way easily into the local handmade paper (HMP) industry.  Across the 
nation, HMP producers take advantage of the rich supply of fibrous materials to make a wide array of 
products. The Philippine HMP industry has been struggling since the start of the new millennium due 
to numerous economic and technical issues related to production, marketing, geographical 
distribution, etc. From around 100 papermakers and converters in the early 90’s, only a little above 
five full-time handmade paper producers with a capacity of 500 sheets/day are active today. This 
paper presents the status as well as the challenges of using NWF as raw materials in the Philippine 
HMP industry. The use of these various NWF is tied up with the strengths, weaknesses, opportunities 
and threats being faced by the industry. Tapping other sources of NWF can become a challenge in the 
long-term in view of their limited supply and difficulty in processing. 
 
Keywords: handmade papermaking, abaca, non-wood fibers 
 
 
INTRODUCTION 
 
The Philippine Handmade Paper Industry 
 

Together with other countries, the Philippines recognizes handmade paper as a very appealing, 
eco-friendly and versatile craft material that can still be appreciated in this day and age. Unlike its 
neighboring countries, China, Japan, India and Thailand, the Philippines has no centuries-old history 
of handmade papermaking. It was introduced only as a side-job for farmers and artisans in need of 
locally sourced crafting materials. 

The 90’s marked the establishment of the handmade paper industry after years of research and 
development initiated by the government thru FPRDI in collaboration with private groups, mostly 
handmade paper enthusiasts. At that time the industry, which had around 100 micro to small scale 
mills of papermakers and converters, was included in the list of the world’s handmade paper suppliers 
with a niche in the global market for paper crafts and gifts. It also flourished in the countryside where 
labor was cheap and non-wood fiber raw materials were abundant. The biggest handmade papermill 
produced 7000 sheets/day. 
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Industry Structure and Performance 
 

The industry started to grow in the early 90’s when the demand for HMP and paper products for 
use as gifts, toys and handicrafts increased as a result of the continued exposure of Philippine products 
in the world market. The FOB export value of HMP sheets, boards and articles rose from US $1.3M 
in 1993 to $US 6.83M in 1998, with an average yearly increase of 47% (BETP, 1999). Top markets 
included the USA, Germany, Spain, Italy, Japan and Australia. Among the most saleable items were 
boxes, paper sheets, Christmas decors, doll, greeting cards and stationeries. 

The industry was composed mainly of micro to small scale handmade paper enterprise. The 
majority of the mills were located outside Metro Manila and key cities. This was due to the proximity 
of the mills from raw material sources. Labor was also cheap in these areas. Typical mill workers 
included farmers, out-of-school youths, housewives and unemployed individuals. These mills were 
mostly owned and operated by farmer’s cooperatives or private individuals that sold and export these 
products. 

However, the growth of the sector was be set with numerous economic and technical setbacks. 
Issues such as poor quality and high pricing of paper and paper products, low productivity, lack of 
international exposure, scarcity of raw materials and labor-intensiveness of the process hounded the 
industry. At present, the HMP industry continues to struggle as many of the mills in the past have 
already closed down due to the above problems. The entry of cheaper HMP products from other 
ASEAN countries has further weakened the industry’s hold on the export market.  

Around five full-time HMP paper producers with a capacity of 500 sheets/day are in existence 
today. Most of them are situated in areas where specific raw materials abound. These are in the 
countryside especially in southern Philippines where there is a rich supply of NWF. Their main raw 
materials are abaca, salago and cogon. The majority are into production of sheets and converted 
products. Table 1 shows the HMP industry profile while Fig. 1 shows the distribution of HMP 
producers in the country today. 

 
Table 1. Profile of HMP producers in the country 

Company Name  Location Capacity NWF Raw Materials Products lines 
Salay Handmade 
Paper Industries, 
Inc (Shapii) 

Salay, 
Misamis 
Oriental 

4,000 sheets/day 
(assorted sizes)  

Abaca fibers, Salago 
bark, Pineapple leaves, 
Cogon grass 

Paper sheets, 
assorted 
converted items 

Cagayan de Oro 
Handicrafts 

Cagayan de 
Oro, Misamis 
Oriental  

4,000 sheets/day 
(8 ‘x 11”) 

Abaca fibers Paper sheets,  
assorted 
converted items 

Los Baños 
Handmade Paper 
Enterprise 

Los Baños, 
Laguna 

800 sheets/day 
(assorted sizes) 
 

Abaca fibers, Cogon 
grass 

Paper sheets, 
novelty boxes 

TADECO 
Livelihood 

Tagum, Davao 
del Norte 

500 sheets/day 
(24” x 36”) 

Banana fibers Assorted 
converted items 

Papelipa 
Handmade Papers 
and Crafts, Inc 

Lipa, Batangas 500 sheets/day  
(24” x 36”) 

Abaca fibers/ Salago 
bark 

Paper sheets, 
assorted 
converted items 

Cortes 
Handcrafted 
Paper Arts 

Cortez, Bohol 500 sheets/day  
(24 “x 36’)  

Salago fibers Paper sheets 

Labo Progressive 
Multi-Purpose 
Cooperative  

Labo, 
Camarines Sur 

40 sheets/day 
(20” x 24”) 

Pineapple fibers Paper sheets 

Masa Ecological 
Development, Inc 
(Masaeco) 

Indang, Cavite 100 sheets/day 
(40” x 100”) 

Abaca fibers, pineapple 
fibers, banana fibers, 
cogon grass 

Wallpaper sheets 
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Fig. 1. Geographical Distribution of Some Handmade Paper Producers in the Philippines 
 
Non-Wood Fiber Sources in the Philippines 
 

Much of the NWF raw materials used in the HMP industry are sourced as by-products from 
agricultural production. Others are purposely cultivated while the rest are harvested in the wild. 

 
1. Abaca (Musa textilis Nee.), is the source of the fiber known internationally as Manila hemp. It is 

indigenous to the Philippines whose favorable climatic condition and volcanic soils are suited to 
its cultivation. It is often used as raw material for cordage, clothing and various handicrafts. 
Furthermore, the fibers can be manufactured into specialty papers such as currency notes, filter 
papers, stencil papers, tea bags among others (PCARR, 1977) 

2. Salago (Wikstroemia ovata C.A. Mey.), also native to the Philippines, is a shrub with a tough 
bark, growing to a height of 1 to 3 meters. Fibers extracted from the bark are used in the 
manufacture of high grade paper used in bank notes, cheques, and specialty papers requiring 
strength and durability. It is a plant similar to the Japanese “gampi” and is an excellent material 
for paper bills. It is also an important export commodity of the country. 

3. Pineapple (Anana cosmosus) is not native to the Philippines, but since the tropical environment 
has proven ideal for plantations, the country is currently one of the biggest producers and 
exporters of pineapples in the world. Most of the pineapples in the Philippines come from the 
second largest island of the Philippines: Mindanao. Piña is a fiber made from the leaves of a 
pineapple plant and is commonly used in the Philippines as fabric in the creation of the Barong 
Tagalog and other formal wear in the Philippines. Pineapple leaf fiber offers an alternative NWF 
source that can be used for paper production due to its inherent strength and luster.   A newly-
developed natural and sustainable textile material called “Piñatex” is now being used as an 
alternative to leather.  
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4. Banana (Musa spp) fibers are extracted from the banana leaf sheaths after harvesting the fruit.  
Fibers are obtained from psuedo-stems of plants mostly by mechanical means. Similar to 
pineapple, the Philippines is also a major producer and exporter of bananas in the world where the 
banana fibers are extracted from the waste materials after harvesting. In terms of properties, 
banana fibers contain 50-60% cellulose with fiber lengths suitable for pulp and paper 
manufacture. 

5. Cogon (Imperata cylindrica) grass- a perennial rhizomatous grass native to east and southeast 
Asia. In the Philippines, it is commonly used for thatching the roofs of traditional native homes. It 
grows well on almost all types of soils which makes it a perennial weed among farmers.  
However, because of its fibrous properties, it presents an alternative source of raw material for the 
handmade paper industry. 

6. Rice (Oryza sativa) straw is an abundant non-wood raw material. A total area of 4.7 M ha. was 
cropped with rice in the Philippines in 2012.  In 1986, a pilot rice straw HMP enterprise was 
established with the financial support of the Philippine-based International Rice Research Institute 
(IRRI).  Today the business has diversified to converting HMP into boxes and other novelty 
items. 
Other NWF sources that are occasionally used by the industry are paper mulberry (Broussenetia 

papyrifera), Japanese kozo (Broussenetia kasinoki), maguey (Agave cantala Roxb.), sugarcane 
(Saccharum officinarum) and  tobacco (Nicotiana tabacum).  
 
Supply of NWF in the Philippines 
 

As shown in Table 2, the country is a major producer of abaca fibers with an average production 
of 55,000 MT/year. It also exports salago fibers that are mostly shipped to Japan. Both are used as raw 
materials for the production of specialty grade currency notes. On the other hand, pineapple fibers are 
generally used as materials for the production of local fabric like the “Barong Tagalog”. Whatever is 
left from the production or so-called “rejects” are the ones being utilized by the HMP industry.  
 

Table 2. Supply of NWF in the Philippines, MT 

Fiber  2012 2013 2014 2015 2016 
Abaca 54,120 48,630 57,722 58,666 57,107 
Banana 15 6 - - - 
Salago 479 503 496 513 344 
Pineapple  3 3 2 7 1 
Source: PhilFIDA, 2016 

 
Chemical Components and Fiber Dimensions of Philippine NWF 
 

The chemical properties and fiber dimensions of these NWF (Table 3 and 4) indicate that abaca, 
banana, salago and pineapple fibers are suitable for pulp and papermaking. The high cellulose content 
and extreme fiber length of these materials suggest high strength properties. Cogon and rice straw 
fiber pulp, on the other hand, can provide the added volume and density to the paper.  
 

Table 3.  Chemical Properties of Selected NWF in the Philippines 

Fiber Cellulose Lignin Pentosan Ash Silica 
Abaca 67-70 9-13 15-17 0.7-1.7 < 0.6 
Banana 58-60 13-18 17-18 2.5-2.7  
Salago 84.27* 1.13  8.5  
Pineapple 78.1 4.78 9.5 0.3  
Cogon 45.1 16.4 16.6 7.3 4.4 
Rice Straw 34 9 21 24.5 8.4 
*Holocellulose content          

   Source: FIDA, 1984 
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Table 4.  Average Fiber Dimensions of Selected Non-Wood Fiber Pulps 
Fiber Fiber length 

(mm) 

Fiber Diameter 

(µm) 

Cell Wall 

Thickness (µm) 

Abaca 6.12 23 5 

Banana 4.41 27 4.5 

Salago 5.57 22 8 

Pineapple 4.07 8 2.5 

Cogon 1.3 11 4 

Rice Straw 1.1 10 3.5 
                                  Source:  FIDA, 1984 

 
Pulping of NWF in the Philippines 
 

As a cottage-type industry, the HMP sector requires simple tools and processes for it to be 
adopted in the countryside.  The use of ordinary tools and machines coupled with imagination, 
creativity and artistry are enough to come up with an exquisitely unique handmade paper. This 
process of making pulp into paper usually starts with the open-vessel cooking of the raw materials 
with caustic soda or sodium hydroxide at atmospheric condition. Table 5 presents the pulping 
conditions of NWF in the Philippines.  
 

Table 5.  Pulping Conditions of Selected NWF in the Philippines 

Fiber Chemical Charge 

(% NaOH) 

Cooking Time  

(hr) 

Pulp Yield 

(%) 

Remarks 

Abaca 30-40 4-6 60-65 Very expensive, high strength 

properties even at low basis 

weight 

Banana 30-40 3-5 45-60 High strength pulp similar to 

abaca 

Salago 8-12 1-2 50-55 Light color and has a silky 

appearance, moderately strong 

pulp 

Pineapple 20 2-3 45-50 Highly prized fiber, good 

quality competition with the 

local textile industry 

Cogon 20 1-2 40-45 Readily available, suitable for 

blending 

Ricestraw 15 1 30-35 Readily available, low quality 

pulp, low strength, suitable for 

blending 

 
Steps Normally followed in Paper Making  
 

The process of making paper follows the Japanese-European HMP techniques. The following are 
the simple steps in making HMP. 

 
1. Material Preparation 

• Preliminary cleaning (sorting, hand picking, sieving, washing, and tearing) 
• Mechanical treatment (pounding, scratching, scraping, cutting, grinding, tuxying) 
• Retting or cold soaking, steaming 
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2. Cooking or chemical pulping involves cooking the raw fibers in a chemical solution (usually 
with 15-40% caustic soda based on the plant’s material dry weight) at boiling point for 
several hours until they soften into a spongy mass 
 

3. Washing and screening are ways to remove the residual chemicals, lumps of uncooked 
fibers and other non-cellulose materials from the pulp before disintegration and beating 

 
4. Disintegration subjects the pulp to rigorous mechanical action in the presence of water and 

separates them into individual units. Beating by way of pounding the cooked fiber, separates 
the material more thoroughly. It modifies the pulp fibers to its desired strength properties 
prior to sheet forming 

 
5. Bleaching is the process of whitening the pulp to a pre-determined level of brightness. 

Commonly used bleaching agents for pulps are calcium hypochlorite (e.g. Chlorox) and 
hydrogen peroxide. 
 

6. Dyeing imparts color to pulp and paper to provide an aesthetic appeal to the product. 
Blending means preparing furnish by combining different pulp materials to achieve the 
targeted effects on paper. 

 
7. Sheet forming is the motion of dipping the mold and deckle in and out the vat in a smooth, 

rhythmic action. Couching is the process of transferring the wet sheet from the mold into a 
flat surface before pressing   

 
8. Once a stack of damp sheets and felts has been assembled between boards, Pressing of the 

entire stack follows. This is done by a press machine, which can remove much water as 
possible. 

 
9. Drying is done through natural means (sun or air drying) or through artificial method (wood 

or fuel fired). 
 
Quality and Uniqueness of Philippine HMP 

 
The country is known to have introduced commercial quantities of textured or rough HMP using 

indigenous fibers and raw materials. Textured paper is simply a sheet with raw processed fibers, often 
decorated with any natural, attractive objects that can be held on its surface.  

While other Asian countries have kozo (Broussenetia spp), mitsumata (Edgeworthia canescens), 
mulberry (Morus alba), daphne (Daphne papyracea) and cotton rags, the Philippines has abaca, 
salago and banana fibers. Plant parts such as leaves, flowers and seeds and agricultural residues serve 
as accent on paper. Different products are often crafted from mixed natural materials, all contributing 
to the uniqueness of Philippine HMP. 

Moreover, the local HMP industry has one important asset – the people running the mills. Their 
designs reflect their artistry, innovativeness, resourcefulness and perseverance. 
 
Strength, Weaknesses Opportunities and Threats (SWOT) of the Industry. 
 

The Philippine HMP industry remains to be a competitive force in the world market despite the 
sudden decline of sales and production in the last 10 years. The value of Philippine abaca fiber as a 
raw material for the industry coupled with the creativity and dynamism of Filipino craftsmen and 
entrepreneurs could propel back the industry to its former status. 

The e-market, on the other hand, provides an opportunity for the industry to market its products 
on-line. The industry only needs to address its perennial weaknesses as well as deal with the outside 
threats.  Table 6 presents the SWOT framework of the industry. 
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Table 6. SWOT Analysis 

STRENGTHS 
1. Creativity of Filipino craftsmen and 

entrepreneurs 
2. Dynamism of the Industry 
3. Abaca fiber of hope 

WEAKNESSES 
1. High pricing of HMP products 
2. Low productivity 
3. Raw materials are difficult to source, 

expensive, are not available to users in 
small quantities and not standardized 

4. Lack of international exposure 
5. Small manufacturers prefer the limited 

domestic market 
6. Inadequate storage and drying facilities 
7. Production not fully mechanized 
8. Inadequate management and engineering 

skills 
9. Industry is fragmented 

 
OPPORTUNITIES 

1. Target niche developed in crafts/gifts 
2. On-line marketing of HMP products 
 

 
 

THREATS 
1. Competition across Asia is growing – 

ASEAN Integration 
2. Imitation of Philippine designs and 

products is rampant 
 

 
Role of DOST-FPRDI  
 

DOST-FPRDI extends assistance to the HMP industry by generating and disseminating 
information on processing raw fiber materials into paper, specifically the clean production 
technologies; processing; fabrication of machines/facilities and wastewater treatment. The agency 
maintains an HMP laboratory and PNS/ISO/IEC 17025:2008 accredited Paper Testing laboratory 
available for research activities and testing paper properties upon request. 
It conducts short training courses on theories and applied handmade papermaking (in house and 
outreach) and publishes related information materials. 
 
Prospects of NWF in the Industry  

 
Other than the materials mentioned above, there are other NWF available that are still waiting to 

be tapped as alternative raw materials.   
Paper mulberry is fast growing tree native to Japan, China, Thailand, Burma and India. In the 

Philippines, it was introduced to Mt. Makiling Forest Reserve in 1960’s as an experimental species.  
Since then, it has spread rapidly and now is now being considered as weed affecting some of the 
area’s natural timber stands. Owing to its invasive character, it has been suggested as a potential crop 
for reforestation and for the eradication of cogon grass.  

Paper mulberry is easily propagated by seed or vegetatively by wood or root cuttings, suckers, 
layering or grafting. It is also easy to cultivate, needing no special care. It can also be grown in or near 
villages. Paper mulberry is known for its bast fibers used mainly in the production of specialty paper.  
For centuries, the tough and interlacing bast fiber from the inner bark of paper mulberry has been used 
to make high quality specialty paper. In Japan, where the art of HMP flourished, paper mulberry 
serves as it principal raw material. It is known as Japanese kozo, and is considered as one, if not, the 
best material for hand papermaking. 

Other important fiber sources are kenaf (Hibiscus cannabinus), jute (Corchorus capsularis) and 
cotton (Gossypium hirsutum) fibers. However, since these materials require pressurized cooking or 
digestion, there is a need to improve local pulp and papermaking process and this includes acquiring 
new equipment and HMP technologies. 
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ABSTRACT 
 

The demand of wood-based products such as composite and fiberboard is increasing but the 
availability of the raw material is decreasing. Thus, alternative non-wood lignocellulosic raw 
materials are needed such as bamboo, gelagah grass (Saccharum spontaneum), and EOFB (Empty-Oil 
Palm Fruit Bunch). Semi-chemical process open hot soda with a cooking solution 1: 8 (w / v) was 
used for pulp processing. Hardboard formation made of various raw material compositions has target 
density of 1.0 g/cm3, and dimensions of 30 cm x 30 cm x 0.5 cm. Based on the scrutiny over 
properties (fiber, pulp processing, physical and mechanical properties) for the improved-hardboard the 
most prospective fiber is a mixture of gelagah grass pulp (50%) + OEFB pulp (50%) since 
considerabe numbers of properties met the requirements standard. Based on available research results, 
wet-processed hardboard using non-wood lignocellulose material shows better physical-mechanical 
properties compared to dry-processed of non wood hardboard and has the potency to be developed as 
wood substitution products, one of which is nano-carbon hardboard to adsorb indoor air pollution, 
food packaging and handicrafts. 
  
Keywords: fiberboard, hardboard, non wood material 
 
 
INTRODUCTION 

 

 The availability of timber in Indonesia natural forest to meet the demand of raw material for 
composites product is limited. Indonesia’s natural forest is in concerning condition, in which 
according to Setyorini (2015) forest existence that supposed to function as nature’s balancing agent  
has decreased in large scale annually. Since 2009 to 2013, Indonesia forest cover loss reached 4.6 
million hectares, equal to the area of West Sumatera province. Forest Watch Indonesia predicted 
forest cover in Riau, Central Kalimantan, and Jambi will be lost in the next 10 years. To deal with the 
matters, alternative wood-substitution raw materials must be used, such as bamboo and agricultural 
waste. The global demand for wood fiber appears to be never-ending. Therefore, bio-based materials 
other than wood are receiving increasing attention as possible alternatives to wood to lessen the 
harvest demand on forests and assist with forest conservation efforts (Li, 2004).  

Indonesia’s fiberboard import has shown a steady increase in year to year (Badan Pusat Statistik, 
2014). Meanwhile, raw material supply from natural forest is depleting, urging the search for 
alternative fiber to substitute wood in the fiberboard production. According to Yousefi (2009) the 
increasing demand for the different uses of forest resources has led to the shortage of wood supply. As 
a result, the industry has seriously considered agricultural residues as raw material for composite 
products.  

Large amounts of lignocellulosic residues suitable for composites production (about 2.4 billion 
tons) are produced yearly in the end of each agricultural season of  various agricultural species. The 
residues are either burnt down or left over in the ground with no further process. It is expected that 
appropriate treatment will turn any agricultural residue into a suitable raw material for wood-based 
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panels such as particle and fiberboard production (Barbu, Reh and Çavdar, 2014). The lignocellulosic 
residues are excellent raw materials for production of wide range of composites following various 
chemical or mechanical methods (Kozlowski et al., 2004 in Barbu, Reh and Çavdar, 2014).  

Fiberboard is a low-density insulation board used for housing, roofing, and office furnishings. 
Hardboard is similar to fiberboard, except that hardboard is more dense than fiberboard.  Hardboard is 
used for applications in housing (e.g., exterior siding, garage doors, and interior door facings), 
furniture, store fixtures, automotive interiors, and toys (AP-42 Team (MD 14), 2002). And according 
to ANSI Standards (1994) in Mancera et al. (2011) fiberboard, a structural and decorative material, is 
a fibrous-felted, homogenous panel made from lignocellulosic fibers that are combined with a 
synthetic resin or other suitable bonding system and then bonded together under heat an pressure. In 
this study, hardboard is formed by wet-process. The advantage of this process is the less reliance in 
adhesive to unify fibers, in contrast to dry-process in which several process heavily rely on adhesive 
to fom the hardboard. This is in accordance to Mancera et al. (2011) that stated the manufacture of 
dry-process fiberboard is limited because the process involved requires the addition of resin binder. 
Efforts to produce dry-formed fibreboards without a resin binder have generally been unsuccessful. In 
exception of dry process which involves steam explosion of raw lignocellulosic material. The result of 
this pretreatment is a fiber that can be hot-pressed to produce fiberboard without the need for 
synthetic binders (Mancera et al., 2011). However dry process will be hard to apply in small scale 
industries, in contrast to wet rpocess that requires relatively simple equipment. Several alternative 
fibers that have been tested are bamboo, gelagah grass (Saccharum spontaneum), and EOFB (Empty-
Oil Palm Fruit Bunch).  

Gelagah Grass and OEFB have not been studied largely for  hardboard production (Indrawan, 
Roliadi, Tampubolon, Iqbal, et al., 2015).  According to Narwin (2012) in Indrawan, Roliadi, 
Tampubolon, Iqbal, et al. (2015), gelagah grass is a type of plant that grows wild in the forest and  
only used for animal feed and broom, while according to Wardani (2014) in (Indrawan, Roliadi, 
Tampubolon, Iqbal, et al., 2015),  nowadays EOFB is used for organic fertilizer, paper raw material, 
briquettes, and medium filler material such as for car seats and mattresses, and according to Purwito 
et al. (2012) in Indrawan, Roliadi, Tampubolon, Iqbal, et al. (2015) bamboo has been known to 
exhibit advantageous character such as strong, pliable, and straight trunk, flat, hard, flaky, maleable, 
ease to work on and making it easy for transport. In addition, its relatively cheap compared to the cost 
needed for other construction mateial such as wood.  This paper analyze data from the author’s studies 
done in several years and compare it with other research.  

 

MATERIALS AND METHOD 

 

Raw materials used for the manufacture of hardboard are gelagah grass, OEFB and bamboo. 
Bamboo used flakes measuring 2-3 cm long, 2-2.5 cm wide, and thickness of 2-3 mm while gelagah 
grass and OEFB ± 5cm cut to size manually. Pulp processing using semi-chemical process open hot 
soda with a cooking solution of 1: 8 (w / v), and the maximum temperature cooking (100°C) for 2 
hours. Hardboard formation has target density of 1.0 g/cm3, for dimensions of 30 cm x 30 cm x 0.5 
cm and made of various raw material compositions (Table 1 & 2) are made using deckle box (wet 
method), then felted cool with 5 kg / cm2 pressure, followed by heat pressure (temperatures of 170oC, 
a pressure of 30 kg/cm2, for 10 minutes). The hardboard sheets are then conditioned at room 
temperature for 24 hours, and are ready for the physical and mechanical properties determination test. 
The Japanese Industrial Standard (2003) and International Organization for Standardization (2013) are 
used as a reference for the board physical and mechanical properties which includes densities, 
modulus of elasticity (MOE) and modulus of rupture (MOR), moisture content, water absorption, 
thickness swelling, internal bonding, thermal conductivity, and heat resistance. Data analysis was 
carried out on the basic properties, pulp processing properties and physical and mechanical properties 
of fiberboard. 
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Table 1. The Composition of Hardboard Manufacturing 

 Pulp mixture for Hardboard 
formation 

Alkali 
Concentration 

(NaOH)  
 Additives in Hardboard Formation 

Gelagah 
Grass 

OEFB 
Andong 
Bamboo 

100% 0% 0% 9% Control  
100% 0% 0% 9% TF (4%) + Wax emulsion (5%)+ Alum (3%)  
0% 100% 0% 9% Control  
0% 100% 0% 9% TF (4%) + Wax emulsion (5%)+ Alum (3%)  
0% 0% 100% 9% Control  
0% 0% 100% 9% TF (4%) + Wax emulsion (5%)+ Alum (3%)  

50% 50% 0% 9% Control  
50% 50% 0% 9% TF (4%) + Wax emulsion (5%)+ Alum (3%)  
50% 0% 50% 9% Control  
50% 0% 50% 9% TF (4%) + Wax emulsion (5%)+ Alum (3%)  
0% 50% 50% 9% Control  
0% 50% 50% 9% TF (4%) + Wax emulsion (5%)+ Alum (3%)  

33,33% 33,33% 33,33% 9% Control  
33,33% 33,33% 33,33% 9% TF (4%) + Wax emulsion (5%)+ Alum (3%)  
100% 0% 0% 10,5% Control  
100% 0% 0% 10,5% TF (4%) + Wax emulsion (5%)+ Alum (3%)  
0% 100% 0% 10,5% Control  
0% 100% 0% 10,5% TF (4%) + Wax emulsion (5%)+ Alum (3%)  
0% 0% 100% 10,5% Control  
0% 0% 100% 10,5% TF (4%) + Wax emulsion (5%)+ Alum (3%)  

50% 50% 0% 10,5% Control  
50% 50% 0% 10,5% TF (4%) + Wax emulsion (5%)+ Alum (3%)  
50% 0% 50% 10,5% Control  
50% 0% 50% 10,5% TF (4%) + Wax emulsion (5%)+ Alum (3%)  
0% 50% 50% 10,5% Control  
0% 50% 50% 10,5% TF (4%) + Wax emulsion (5%)+ Alum (3%)  

33,33% 33,33% 33,33% 10,5% Control  
33,33% 33,33% 33,33% 10,5% TF (4%) + Wax emulsion (5%)+ Alum (3%)  

Source: Indrawan, Roliadi, Tampubolon, Iqbal, et al. (2015) 
 

Table 2. The Complemented of Hardboard Manufacturing  

Sample 

Code 

Campuran Pulp untuk Pembentukan Papan 
Aditif material  

Gelagah Grass OEFB Bamboo 

A1 100% 0% 0% Control  

A2 100% 0% 0% Alum (3%) + TRF (5%) + Activated 

charcoal (4%) 

B1 50% 50% 0% Control  

B2 50% 50% 0% Alum (3%) + TRF (5%) + Activated 

charcoal (4%) 

C1 50% 0% 50% (Andong) Control  

C2 50% 0% 50% (Andong) Alum (3%) + TRF (5%) + Activated 

charcoal (4%) 

D1 50% 0% 50% (Betung) Control  

D2 50% 0% 50% (Betung) Alum (3%) + TRF (5%) + Activated 

charcoal (4%) 

Source: Indrawan, Roliadi, Tampubolon, Pari, et al. (2015) 
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RESULTS AND DISCUSSION 
 
A. Density, Chemical Composition, Fiber Dimension and Physical and Mechanical Properties 

 
Table 3 shows density and chemical composition of fibrous stuffs (OEFB, gelagah grass, andong 

bamboo and betung bamboo), and Table 4 shows Fiber dimension and their derived values of fibrous 
stuffs. 

 
Table 3. Density and Chemical Composition of Fibrous Stuffs 

Density and composition  OEFB Gelagah Grass Andong Bamboo Betung Bamboo 
Moisture content, % 6,11 4,72 7,74 5,70 
Density g/cm3 0,133 0,202 0,727 0,682 
α-cellulose,% 56,24 58,33 50,74 48,37 
Pentosans,% 15,75 15,08 18,91 17,65 
Lignin,% 26,29 25,68 32,61 32,23 
Ash,% 6,19 5,77 2,40 4,14 
Silica,% 0,97 1,70 0,71 0,73 
Solubility in alcohol-benzene,% 19,67 2,91 4,81 2,72 
Solubility in water, % 7,02 10,65 2,54 4,66 
Solubility in hot water, % 7,56 11,25 4,32 15,50 
Solubility in 1% NaOH, % 19,92 30,13 17,11 16,86 

Source: Indrawan, Roliadi, Tampubolon, Pari, et al. (2015) 

Table 4. Fiber Dimension and Their Derived Values of Fibrous Stuffs 

Fiber dimension and their 
derived values  

OEFB Gelagah Grass 
Andong Bamboo Betung Bamboo 

Fiber length, L (µm) 2528,24 1285,15 3655,22 4265,51 
Fiber diameter, D (µm) 27,02 21,64 27,71 31,68 
Lumen diameter, l (µm) 19,55 14,45 16,63 19,77 
Fiber-wall thickness, w (µm) 3,74 3,60 5,54 5,95 
Felting power, L/d 93,60 59,07 121,28 134,65 
Runkel ratio, 2w/l 0,41 0,51 0,71 0,64 
Flexibility coeff., l/d 0,72 0,66 0,60 0,62 
Rigidity coeff., w/d 0,14 0,17 0,20 0,19 
Muhlstep number, 
100*[(d2-l2)/d2],% 

48,00 56,00 63,00 61,06 

Source: Indrawan, Roliadi, Tampubolon, Pari, et al. (2015) 

 
Based on total scoring (results of Tukey’s honestly significant defference range test) toward 

moisture content, density, and chemical composition (Table 3) andong bamboo shows the best 
indications for hardboard, while gelagah grass shows the least  (Indrawan, Roliadi, Tampubolon, Pari, 
et al., 2015). Meanwhile based on total score value (results of Tukey’s honestly significant defference 
range test)  toward fiber dimension and its derivatives (Table 4), it shows that OEFB fiber is most 
prospected for hardboard, followed by betung bamboo, gelagah grass, and andong bamboo which is 
the least prospected. 

Based on the scrutiny over properties (fiber, pulp processing, physical and mechanical properties 
(Table 5)), the most prospective fiber for the improved-hardboard in sequence is a mixture of gelagah 
grass pulp (50%) + OEFB pulp (50%), followed by gelagah grass pulp (100%), a mixture of gelagah 
grass pulp (50%) + andong bamboo pulp (50%), and a mixture of gelagah grass pulp (50%) + betung 
bamboo pulp (50%), sice considerabe numbers of properties met the requirements of Japanese 
Industrial Standard, (2003) and International Organization for Standardization (2013). TRF as 
adhesive shows positive effect to hardboard strength, while activated charcoal  shows negative effect. 
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TRF perfomance is better compared to TF. In the absence of wax emulsion in the additive content 
shows  positive effect to hardboard properties (Indrawan, Roliadi, Tampubolon, Pari, et al., 2015).  

 
Table 5. Physical and mechanical properties 

Sample Code 
MOE  

(kg/cm2) 
MOR  

(kg/cm2) 
IB  

(kg/cm2) 

A1  44.565,5 370,595 4,05 

A2  50.554 358,865 5,14 

B1  41.131 356,33 4,54 

B2  34.810 307,425 5,48 

C1  44.090,5 346,85 2,62 

C2  31.579,5 259,82 3,36 

D1  46.898 321,025 3,76 

D2  33.885,5                                 324,365 4,67 

Japanese Industrial Standard (2003)  202,6  

International Organization for 
Standardization (2013) 

29.589 306,10 8,16 

Source: Indrawan, Roliadi, Tampubolon, Pari, et al. (2015) 

 
The results achieved are better compared to the study done by Arbintarso (2009) in which coconut 

coir is utilized for fiberboard raw material and employing dry process in the making, it results showed 
a MOR dan MOE < 345 kg/cm2  which do not meet the high density standard. The results showed that 
non-wood lignocellulosic raw materials have considerable physical and mechanical properties as 
fiberboard. The fact that the study used non-wood material as a substitute for wood which should no 
longer be excessively exploited-contribute to the environmentally-friendly character of the process.   

B. Future Fiber as Nano Carbon Hardboard as a Green Product to Adsorb Indoor Air 
Pollution, Food Packaging and Handicrafts  
 

Based on available research results, wet-processed hardboard using non-wood lignocellulose 
material shows better physical-mechanical properties compared to dry-processed non wood 
hardboard.  This indicates that wet-processed hardboard has the potency to be developed as wood 
substitution products, one of which is nano-carbon hardboard to adsorb indoor air pollution, food 
packaging and handicrafts. Although fiber bonding is interfered by the presence of activated charcoal, 
a follow-up study  to develop a condition in which activated charcoal interference toward fiber 
bonding is minimal is worth to be done, since mixing the fiber material with nano-carbon is expected 
to produce a fiberboard with capability to adsorb air pollution. According to Baumann et al. (2000) 
and Dales et al. (2008) indoor air quality problems resulting from the emission of volatile organic 
compounds (VOCs) have become an issue of increasing concern and about 90% of our time is spent 
indoors where we are exposed to chemical and biological contaminants and possibly to carcinogens. 
These agents may influence the risk of developing nonspecific respiratory and neurologic symptoms, 
allergies, asthma and lung cancer, and according to Liu, Koep and Liu (2005) in Liu et al. (2008) 
carbon nanotubes (CNTs) are considered as potentially applied materials for gas sensing because of 
their high specific surface area for adsorption, even Wolverton, Johnson and Bounds (1989) from 
National Aeronautics and Space Admindistration (NASA) built an air filter design combines plants 
with an activated carbon filter as shown in Fig.1. 

Utilization of non-wood fibers and nanotechology that also needs to be developed are for food 
packaging. One way is to insert nano carbon in food packaging in hope of making the stored food 
microbe resistant. Materials currently used for food packaging are non-degradable, generating 
environmental problems. Several biopolymers have been exploited to develop materials for eco-
friendly food packaging (Azeredo, 2009), and according to Chaudhry et al.(2008) a review of current 
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and projected nanotechnology-derived food ingredients, food additives and food contact materials is 
presented in relation to potential implications for consumer safety and regulatory controls. 
Nanotechnology applications are expected to bring a range of benefits to the food sector, including 
new tastes, textures and sensations, less use of fat, enhanced absorption of nutrients, improved 
packaging, traceability and security of food products. 

 

 

 
 

 

 

 

 

 
 

Fig. 1. Indoor air purification system combining houseplants and activated carbon (Wolverton, 
Johnson and Bounds (1989) 

 
Hardboard can also be developed into handicraft (Fig. 2). Therefore making hardboard with a wet 

process in which the equipment and chemicals used is quite simple, suitable to be developed on a 
small scale industry. In addition, handicraft does not require a specific strength but should be tested 
more about the durability. 

 
 

 

 

 

 

 

 

 

 

 

  
Fig. 2. Examples of handicraft products from hardboard 

CONCLUSION 
 
Based on the scrutiny over properties (fiber, pulp processing, physical and mechanical properties) 

hardboard made from a mixture bamboo, gelagah grass (Saccharum spontaneum), and EOFB (Empty-
Oil Palm Fruit Bunch) the most prospective fiber for the improved-hardboard  is a mixture of gelagah 
grass pulp (50%) + OEFB pulp (50%). The results achieved are better compared to the study in which 
coconut coir is used for raw material and employing dry process in the making.  
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Based on research results, wet process hardboard made from non-wood materials shows the best 
physical and mechanical properties, it can be further developed for nano carbon hardboard as a green 
product to adsorb indoor air pollution, food packaging and handicrafts. 
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ABSTRACT 
 
There are less informations regarding non-wood pulp application in papermaking than wood pulp. For 
papermaker this situation is a big challenge. Papermaker should improve their skill and knowledge to 
use the non-wood pulp. The non-wood pulp should be treated carefully because of its unique 
characteristic. For papermaker who runs the machine that was designed for non-wood pulp, making 
paper from non-wood pulp will not be a big problem. But if papermaker uses non-wood pulp on 
ordinary machine, they should do trial and error which are very costly. Papermaker also faces the 
price, order quantity, grade variation issues. Those create limitation on non-wood pulp application.  
 
Keywords: papermaker, non-wood pulp, issues. 
 
 
INTRODUCTION 
 

Even though the non-wood pulp is the origin material to be used in paper production, but 
nowadays its consumption is far behind the wood pulp (Holik 2013). If all non-wood pulp, such as 
straw, baggase, bamboo, cotton, abaca, sisal, an flacx combine, the number close 10 % from total pulp 
global consumption (Chandra 1998). 

Many studies shown the non-wood pulp gives positive effect to environmental and land utilisation. 
How agricultural residues such as baggase and straw are transformed to pulp, is a simple fact that the 
non-wood pulp is environmentally friendly.  

Non-wood pulp can be used for making specialty paper. It has properties that papermaker are not 
able to get from wood pulp. Each non-wood pulp has two or more special properties. Papermaker will 
obtain certain strength, porosity, durability, specific hand feeling by using non-wood pulp.  
 
ISSUES 
 

Dealing with non-wood pulp is an art. Papermaker should create their own way to handle it. Here 
are issues in steps of papermaking by using non-wood pulp. 
 

I. Literature 
Table 1. Literature Issues 

Case Issues 

#1 
Basic information 
Non-wood pulp and wood pulp mixture could be ideal composition for making 
premium paper. But how to choose the right type of each pulp is a big question.  

#2 
Technical review 
Many studies explain the feasibility non-wood pulp as substitution. It should not only 
from economical or environmental factor, but should cover the technical review.  
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II. Procurement 
Table 2. Procurement Issues  

Case Issues 

#1 

Price data 
The price is not reviewed regularly in the pulp – paper magazine. The column are filled 
with  wood pulp and recycled paper price. Moreover, the editor provides the historical 
price for them.  

#2 
Relatively higher price 
Seasonal price based on harvest time. Bad climate causes low yield. Insufficient raw 
material makes the price goes up. 

#3 
Produced based on order 
Order quantity is important. Some pulp mills run the mill based on order at small 
quantity. 

 
III. Application 

 

Table 3. Application Issues 

Case Issues 

#1 

Pulp grading 
There are too many grades for each non-wood pulp and unstandardized. It is very 
difficult to compare non-wood pulp grade from different pulp mill. Each mill has own 
nomenclature. Even from the same pulp mill, from the same plant, the grades could be 
based on the brightness; based on the mixture, etc. 

#2 

Equipment selection 
Select the right equipment to process the non-wood pulp. Papermaker can rely on 
equipment supplier to get information. But for this case, there are not so many supplier 
has experience and know how.  

#3 
Machine setting 
Machine setting can be totally different such as degree of fibrillation, consistency, 
drainage element, and drying temperature. 

#4 

Paper demand 
In general, non-wood pulp is used for specialty paper (Hurter & Eng 2001). Specialty 
papers are traded in niche market. Demand and supply are almost balanced. Only few 
peppermill share the market. Then the follower will have difficulty to gain the market.  

 
IV. Non-wood pulp advantages 

 
Table 4. Advantages Issues 

Case Issues 

#1 

Requested by costumer 
Meet the requirement set by costumer. For certain paper grade, costumer asked the 
papermill for using specific non-wood pulp. It could be from technical factor or 
utilisation of available resources. 

#2 
Paper properties 
The paper has certain properties that would be difficult to achieve by using wood pulp. 
It could be strength properties, porosity, durability, etc. 

 
 
CONCLUSION 
 

The issues in steps of papermaking using non-wood pulp prompt the papermakers to do the best. 
Trial error is definitely done. The papermakers need help from paper association and research 
association to optimize the utilization non-wood pulp. 
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ABSTRACT 
 
Giant Cavendish Banana Sheaths (GCBS) and African oil palm empty fruit bunch (EFB) fibers were 
subjected to pulping by the soda and sodium sulfite processes, respectively. The pulp yields obtained 
were 49% GCBS soda pulp and 37% EFB sodium sulfite pulp.  These were used as reinforcement 
fibers for old corrugated containers (OCC), main raw material for packaging paper production in 
recycling mills.  This was done by blending proportions of 5, 10, 15 and 20% of GCBS soda and EFB 
sodium sulfite pulps separately with OCC. Prior to blending experiments, the soda and sodium sulfite 
pulps as well as the repulped OCC were individually beaten with PFI mill from 0-5,000 revolutions. 
Handsheets of the different blends were prepared and physical properties (basis weight, thickness, 
density, folding endurance, tear, burst and tensile indices) were tested based on ISO and TAPPI 
standard procedures.  Based on the results, the strength properties of OCC generally improved when 
blended with GCBS soda and EFB sodium sulfite pulps at different proportions.  An increasing trend 
of the properties of the blended OCC was observed with addition of higher percentage of GCBS soda 
and EFB sodium sulfite pulps.  It was found that the strength properties of GCBS soda pulp are of 
higher values than EFB sodium sulfite pulp.  However, both pulps are of better strength properties 
than OCC thus, technically recommendable as reinforcement fibers to upgrade and improve the 
quality of OCC for packaging paper.  Statistically, 20%GCBS+OCC is the best among the blending 
proportions followed by 15%GCBS+OCC, 10%GCBS+OCC, 20%EFB+OCC and 15% EFB+OCC. 

 
Keywords:  Giant Cavendish banana sheaths (GCBS), African oil palm’s empty fruit bunch (EFB), 
old corrugating containers (OCC) 
 
 
INTRODUCTION 

 
Philippine paper mills have been using recycled fiber (RCF) as major raw material since the mid 

90’s. Imported RCF is preferred over the locally collected one because better paper products are 
produced.  However, imported RCF is becoming scarce and costly due to increasing demand 
worldwide.  As RCF, reinforcement fiber is necessary to level up output and quality and be 
competitive in the world market. The local packaging paper mills are using imported wood pulp as 
reinforcement fiber (Geganto, 2015).   

There are, however, non-wood fibers and agricultural wastes abundant in the Philippines which 
are promising alternative to wood pulp for paper and paperboard production.  Giant Cavendish banana 
sheaths (GCBS) and oil palm’s empty fruit bunch (EFB) are considered in this study due to the 
following considerations:  

Banana is the number one fruit commodity in the Philippines both in production and hectarage. 
There are about 499,443 hectares planted with banana, yielded to 9,260,000 metric tons (mt) fruits in 
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2010. In 2011, the Philippines is the 3rd largest producer of banana in the world next to India and 
China.  It is the 4th largest agricultural produce in the country with reported volume of  9.16M mt 
valued at US$ 2.32B (Abustan and Nas, 2016).  The industry has two (2) distinct sectors namely those 
for the domestic market and those for the export market.  Voluminous GCBS are generated which are 
considerable wastes after every fruit harvest. 

African Oil palm plantations on the other hand, were developed in different parts of the country, 
namely, Agusan del Sur, Bohol, Compostela Valley and Sultan Kudarat. In 2012, the total oil palm 
area in the country reached to approximately 56,000 hectares.  Currently, there are four (7) 
operational palm oil mills and two (2) more palm oil mills soon to be set up in the Philippines 
(Pagaran, 2012). These mills generate large quantity of wastes whose disposal is a challenging task.  
In a typical Palm Oil plantation, about 70% of the fresh fruit bunches are converted into wastes in the 
form of empty fruit bunches (EFB), fibers and shells, as well as liquid effluent (Law, Daud and 
Ghazali, 2007). These by-products can be converted to value-added products, for energy, virgin pulps 
for paper manufacture, etc, to generate additional profit for the Banana and Palm Oil Industry. 

Recycled fiber (RCF) such as old corrugated cartons (OCC) generally, have reduced 
conformability and bonding capability due to irreversible hornification. Various techniques are used 
to recover the lost potentials of RCF such as mechanical beating, use of chemical additives, physical 
fractionation and blending. To improve the properties of packaging paper products such as linerboard 
and corrugating medium by blending virgin pulps from Giant Cavendish banana sheaths and empty 
fruit bunch from African oil palm to OCC, the major fiber raw material is the objective of this study. 
 
OBJECTIVES 
 

General:  To upgrade the quality of packaging paper by blending virgin pulps from Giant 
Cavendish banana sheaths and African oil palm waste empty fruit bunch. 

Specific:  1)   Produce suitable pulps from Giant Cavendish banana sheath  and African  oil palm 
empty fruit bunch  as reinforcement fibers  for  OCC ;  2)  Optimize blending proportions of produced 
virgin pulps with OCC  for packaging paper; and 3)   Test and evaluate the properties of virgin pulps 
and paper blends produced. 
 
MATERIALS AND METHODS 
 
Materials/Preparation of Raw Materials 

Giant Cavendish banana sheaths (GCBS) fibers were provided by Specialty Pulp Manufacturing 
Incorporated (SPMI), Leyte, Philippines while fibers from African Oil palm empty fruit bunch (EFB) 
were provided by PALM, Inc., Barangay Matin-ao, Carmen, Bohol, Philippines.  The old corrugated 
containers (OCC) on the other hand, were collected at FPRDI pulp and paper testing laboratory 
(FPPTL).  

The GCBS and EFB fibers were separately cut manually with a bolo to approximately 5.0-12.0 
cm, air dried and then placed in polyethylene plastic bags.  The OCC were manually torn to 
approximately 5.0 x 5.0 cm then kept also in polyethylene bags.  Representative samples of GCBS, 
EFB fibers and OCC were taken out from the plastic bags and percent dry solid contents were 
determined prior to pulping and repulping/recycling, respectively. 

 
Chemical Pulping Process 

The GCBS and EFB were pulped by the soda and sodium sulfite processes, respectively, using a 

2-kg capacity tumbling digester following the conditions listed in Table 1. 

Repulping/Recycling of OCC 

OCC, 300 grams based on oven dry weight, was soaked overnight at room temperature with 1% 

NaOH at 10% consistency then washed thoroughly with tap water till neutral pH.  
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Table 1. Pulping Process Conditions of Giant Cavendish Banana Sheaths  
and African Oil  Palm EFB Fibers 

An example of a column heading Soda Sodium Sulfite 

Material Giant Cavendish Banana 
Sheath 

African Oil Palm                
Empty Fruit Biunch 

Weight of sample, kg (OD wt basis) 2.0 2.0 
Chemical charge, % 14.0%NaOH 14%NaOH+4%NaSO3 
Water to material ratio 4:1 4:1                               
Time to maximum temperature, min 90 90 
Time at maximum temperature, min 90 90 
Maximum Temperature, °C 170 160 

 
Disintegration of Pulps 

 

The GCBS soda pulp, EFB sulfite pulp and repulped OCC were separately disintegrated with the 

use of TAPPI standard laboratory disintegrator according to ISO standard testing procedures. 

Beating of Pulps and Freeness Determination 

The disintegrated pulps were thickened to 10% consistency then individually beaten with the use 
of PFI beater from 0-5,000 revolutions according to ISO standard procedures. 

Ten grams on oven dry basis from each of the samples of the beaten pulps were determined for 
freeness using the Canadian Standard Freeness (CSF) tester in accordance with ISO standard 
procedures. 

 
Handsheet Preparation and Testing of Physical Properties 

Handsheets from 100% OCC, GCBS, EFB as well as GCBS + OCC and EFB + OCC blends 
were prepared using TAPPI standard handsheet former and physical properties (basis wt.,(ISO534), 
thickness (ISO536), density (ISO534/ISO536), tear index (ISO974), burst index (TAPPI 2758), 
tensile index (ISO 1924) and folding endurance-double (ISO 5626) were tested using standard testing 
equipment. 

The handsheets were air dried overnight clamp under tension with circular-type stainless plate 
before testing.  The dried handsheets were hanged in the testing room for conditioning for not less 
than four (4) hours at 23±2oC and 50%±1 relative humidity (ISO 187) then cut to standard dimensions 
test of specimens prior to testing.  
 
Blending Experiments 
 

GCBS soda and EFB sulfite pulps were separately blended with OCC at various proportions as 
reflected in Table 2. 

 
               Table 2.  GCBS+OCC and EFB+OCC Blending Proportions 

GCBS+OCC Column A (t) 

5%GCBS +95% OCC 5%EFB +95% OCC 

10%GCBS +90% OCC 10%EFB+90%OCC 

15%GCBS+85%OCC 15%EFB+85%OCC 

20%GCBS+80%OCC 20%EFB+80%OCC 
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RESULTS AND DISCUSSION 
 

The GCBS and EFB fibers were subjected to pulping by soda and sodium sulfite processes, 
respectively, based on the conditions in Table 1.  The pulp yields obtained were 49% GCBS soda pulp 
and 37% EFB sodium sulfite pulp.  The old corrugated cartons (OCC) was repulped overnight at room 
temperature with 1% NaOH.  The virgin pulps produced including the repulped OCC were separately 
beaten with the use of PFI mill.   Handsheets of the beaten pulps were prepared and physical 
properties such as basis weight, thickness, density, folding endurance (double), tear, burst and tensile 
indices were tested.  

 
Comparative Physical Properties of OCC, GCBS Soda and EFB Sodium Sulfite Pulps 
 

Based on the results, the strength properties of GCBS soda pulp are of higher values than and 
EFB sulfite pulp.  But both pulps have better strength properties than OCC (Tables 3 and 4).  Fig. 1 
also demonstrates through the levels of the blue, red and green bars the differences in the strength 
properties of the virgin pulps and OCC. 

 Table 3 shows that the tensile index of 39.95 N.m/g, burst index, 7.73 kPa.m²/g and tear index, 
34.66 mN.m²/g of 100%GCBS soda pulp are exceptionally higher than the tensile index 17.79 N.m/g,  
burst index 1.22 kPa.m²/g and tear index 7.76 mN.m²/g of 100%OCC.  This is also true with 
100%EFB sulfite pulp with its tensile index of 38.50 N.m/g, burst index of 2.56 kPa.m²/g and tear 
index of 11.00 kPa.m²/g are of higher values than those of 100%OCC (Table 4).         

 

                 

             Fig. 1.  Trend of strength properties of 100% OCC, 100% EFB and 100% GCBS 

The results suggest that GCBS soda and EFB sodium sulfite pulps are suitable as reinforcement 
fibers for the improvement of the quality of OCC.  Thus,  5, 10, 15 and 20% of GCBS soda and EFB 
sodium sulfite pulps were separately blended to OCC (Table 2). Prior to laboratory blending 
experiments, the soda and sodium sulfite pulps as well as the repulped OCC were individually beaten 
with PFI mill from 0-5,000 revolutions.  This was done to modify the fibers’ bonding ability, internal 
and external fibrillation and achieve the desired freeness of the different pulps.  
  
Comparative Physical Properties of 100% OCC and GCBS Soda Pulp + OCC Blends 
 

The strength properties of OCC were enhanced when blended with GCBS soda pulp at 
different proportions.  The burst, tear and tensile indices substantially improved when the 
proportion of GCBS soda pulp blended was increased (Fig.2).  Exceptional increase in tensile 
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RECOMMENDATIONS 
 

Investigate the response of GCBS and EFB fibers with other pulping processes (Chemical, Semi-
Chemical and Mechanical) and chlorine-free bleaching conditions.  Conduct blending studies on 
unbleached and bleached GCBS soda and EFB sodium sulfite pulps for high quality packaging paper 
and printing and writing paper. 
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ABSTRACT 
 

The research on utilizing palm empty fruit bunch (EFB) as the raw material for pulp and paper has 
been  started since 1970s as it is abundantly available and yet underutilized. About 64 million metric 
tons of oil palm empty fruit bunch (EFB) was generation in 2016 and this figure is expected to 
increase as the world palm oil production is still growing. Thus, various kinds of pulping method on 
EFB were carried out and the properties of the resultant pulp and handsheet properties were compared 
to identify the most potential pulping method for this non-wood biomass. The result found that, for 
the production of chemical pulp, both soda-anthraquinone (AQ) and kraft-AQ pulping produced pulps 
with similar properties but the handsheet of the former showed higher tensile strength and pulp 
brightness.  Besides, the application of pre-treatments was capable of decreasing the oil, ash and silica 
contents of the EFB fibre. Although the properties such as pulp yield, kappa number and pulp 
viscosity, of the pretreated-soda-AQ pulps did not show noteworthy improvement, all the pretreated 
pulps produced handsheet with relatively higher tensile strength. The production of semichemical 
pulp with moderate soda treatment and mild mechanical refining demonstrated comparable handsheet 
properties with the handsheet produced from the commercial kraftliner and showed its high potential 
in producing pulp suitable for packaging kraftliner.  
 
Keywords: oil palm empty fruit bunch (EFB), non-wood pulp, pulping  
 
INTRODUCTION 

 
Research studies on the utilizations of oil biomass such as EFB, oil palm trunk (OPT) and oil 

palm frond (OPF) for pulp and paper production have been reported since 1970s as it’s abundantly 
available while it is still underutilized (Peh et al., 1976, Joedodibroto 1982; Khoo et al.  1987). A 
comparative study on the three oil palm biomasses had been carried out by Khoo and Lee (1991) and 
they found that EFB, OPT and OPF could be used to produce chemical pulps with acceptable 
properties. Nevertheless, in comparison among the three biomasses, EFB possesses better logistic 
advantage as it is easily accessible from oil palm mills throughout the year.  

According to the latest report from Global Palm Oil Production.com (2017), the world palm-oil 
production in the year 2016 was 58.84 million metrics tons, wherein 59.5% of the production was 
come from Indonesia and 34.0% was generated by Malaysia. Based on a calculation proposed by Ma 
(1999), 1.1 tons of oil palm empty fruit bunch (EFB) are generated for every ton of oil produced.  
Thus, estimated amount of EFB generated in 2016 was about 64.72 million tons. On the other hand, 
the Pulp and Paper Capacities Survey 2014-2019 (2014) reported that the world pulp of other fibers 
(non-wood) production in 2014 was about 7.9 million tons. Thus, if only a quarter of the EFB 
generated is used for pulp production with the pulp yield of 40%, about 6.5 million tons of EFB pulps 
can be produced and this will increase the world non-wood pulp production more than 80%.  

Various pulping methods for EFB had been reported by many studies. For instances, Akamatsu et 
al. (1987) had cooked EFB with the most widely used process—kraft pulping. However, this cooking 
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produced low pulp yield (lower than 40%) unless 0.1% of anthraquinone (AQ) was added. Khoo and 
Lee (1991) found that EFB was more suitable for chemical pulping than thermomechanical pulping 
(TMP) and neutral sulfite semichemical pulping (NSSC). The most efficient cooking agent, which 
produced 50-60% pulp yield, was found to be caustic soda as reported by Wan Rosli et al. (1998, 
2004). Besides, the addition of anthraquinon (AQ) in the soda-pulping process as catalyst, an 
improvement of the pulp yield as well as its properties was also noticeable (Leh et al. 2004; Jiménez 
et al. 2009).  

However, EFB has its own drawbacks as compared to wood or other non-wood materials, viz, it 
contains high oil content (~6.5%) in addition to its rather high silica content (1-2%). Thus, having 
pretreatment prior to the pulping of EFB has been attempted with the aim to improve pulping 
efficiency (Akamatsu et al., 1987; Chee and Leh, 2007; Chong et al., 2016).  The aim of the work is 
to identify the most potential pulping method for EFB based on pulp and paper properties. 
 
MATERIALS AND METHODS 
 
Preparation of Raw Material 
 

Oil palm empty fruit bunch fibers in strand form was soaked for overnight and then washed to 
remove the dirt. The fibers were air-dried and its moisture content was determined before any 
treatments were carried out.  
 

Chemical Pulping 

 
EFB strands with or without pretreatment were pulped  by using a 4 l stationary stainless steel 

digester (without external circulation mixing) manufactured by NAC Autoclave Co. Ltd., Japan. EFB 
strands (oven-dry) were placed in the digestion vessel.  Appropriate amount of cooking chemical and 
distilled water were then added to achieve the ratio of liquor to material of 7:1.  Upon completion of 
the pulping, the resultant pulp was washed in a stainless steel mesh filter, and subsequently screened 
on a flat-plate screen (Somerville) with 0.8 mm slits.  
 
Chemimechanical/ Semichemical Pulping 
 

The EFB fibers were cut into about 4 cm in length and chemical treatment (mild pulping) was 
carried out similar to chemical pulping with lower charge of cooking agent and milder cooking 
condition (temperature and time). After treatment, the fibers were refined mechanically with 
ANDRITZ SPROUT BAUER refiner.  
 
Pretreatment 
 

Alkaline pre-impregnation was carried out with 5%-8% alkaline (on material dry-weight basis) at 
50 to 60oC for 2-4 h. Water hydrolysis was conducted at 140°C for 60 minutes whereas acid 
hydrolysis was at 80°C for 30 minutes. 
 
Pulp characterization 
 

The pulp properties were determined according to the following standard procedures: Kappa 
number, TAPPI method T 236 cm-85; Silica content - TAPPI standard T245 om-94; Pulp viscosity, 
TAPPI T230; Ash content, TAPPI T211; Oil content – Soxhlet Extraction Method from Official 
Methods of Analysis, Association of Official Agricultural Chemists. 
 
Handsheet formation and testing 
 

Handsheets of 60 g/m2 were formed according to TAPPI standard method. The handsheets were 
conditioned at 23°C and 50% RH for at least 24 hours before testing. After conditioning, physical, 
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mechanical and optical properties of the handsheets were evaluated according to the TAPPI standard 
methods. 
 
Surface Morphology analyzed by Scanning Electron Microscope 

 
The micrographs were examined by using a Leo Supra 50VP Field Emission Scanning Electron 

Microscope (SEM) equipped with an Oxford INCA 400 energy dispersive x-ray microanalysis 
system, operated at 5kV to observe the surface morphology of the specimens 200x magnifications. 
The  specimens were stuck on aluminum stubs with double-sided adhesive tape and coated with a 
gold layer using a sputter coater before examination by SEM. 
 
RESULTS AND DISCUSSION 
 

Oil palm empty fruit bunch (EFB) fiber has been used to produce papermaking pulp back dated to 
more than 15 years ago in our laboratory with various pulping methods to investigate the potential of 
this biomass in producing high quality pulps and paper. Since the time frame of the study was rather 
long, the raw material (EFB) used in each pulping method may be varied due to different batch of 
source or even supplied by different palm oil factories. Thus, some of the resultant pulp and paper 
properties are given in a range as shown in Table 1. 

 
Table 1. Various pulping methods and their resulting pulps’ properties. 

 Pulping Methods Screened 
pulp yield 
(%) 

Kappa  
number 

Pulp 
viscosity 
(cP.) 

ISO 
Brightness 
(%) 

Tensile 
Index 
(Nm/g)  

1. Soda*  46.8 13.2 12.5 - - 
2. Soda-AQ*  45.7-51.5 10.7-11.9 13.6-26.2 44.7-49.7 16.2-22.1 
3. Kraft# 44.8 13.6 20.8 - - 
4. Kraft-AQ@ 45.1-47.8 11.9-13.2 19.9-26.3 41.4-42.3 14.7 
5. Alkaline pre-impregnated 

soda-AQ*1 
52.4-53.2 12.4-13.2 21.4- 25.6 42.4-46.5 18.0-20.1 

6. Water pretreated soda-
AQ*2 

41.2 12.0 18.1 48.9 23.4 

7. Acid-pretreated soda-
AQ*2 

42.5 12.4 18.4 46.9 25.9 

8. Semichemical*3 60.1 89.8 - 26.2 26.0 
9. Chemimechanical *4 75.25 - - 32.4 11.9 
*  19.4% active alkali at 160oC  
*1 19.4% total (alkaline pretreatment + pulping) active alkali +160oC  
*2 19.4% active alkali at 150oC 
@ 16-18% active alkali and 25% sulfidity  at 160oC 
*3 13.2% active alkali at 140oC for 15 min 
*4 3.9% active alkali at at 75oC for 15 min 
 

For the production of chemical pulp, similar to pulping on other wood and non-wood biomass, by 
comparing the soda and kraft pulping with and without the addition of anthraquinone (AQ)(Table 1), 
it was obvious that the addition of AQ with only 0.1% (based on the oven-dried weight of material) 
played an important role in protecting carbohydrates from serious degradation and increasing the 
delignification power during both pulping processes. On the other hand, between the soda-AQ and 
kraft-AQ, the properties of resultant pulp properties were actually not significantly different as the 
values of screened pulp yield, kappa number and pulp viscosity of both pulps were overlapping 
between the ranges. 

Nevertheless, a remarkable difference in pulp brightness was observed between the soda-AQ 
(44.7-49.7 % ISO brightness) and kraft-AQ pulps (41.4-42.3% ISO brightness), wherein the former 
achieved higher ISO brightness. This indicated that the bleachability of soda-AQ pulp was higher as it 
might be easier to be bleached for higher brightness. Moreover, it was interesting to see that, different 
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Although the application of the three pretreatments reduced the contents of oil, silica and ash of 
fiber significantly, it actually did not show noteworthy improvement on pulp properties (pulp yield, 
kappa number and pulp viscosity). However, interestingly, all these unbeaten pretreated pulps were 
capable of producing handsheet with relatively higher tensile strength in comparison to the solely 
soda-AQ and kraft-AQ pulps (Table 1). For the alkaline pre-impregnation, the increase of the strength 
property was highly possibly due to the higher retention of hemicellulose and negligible cellulose 
degradation. However, for water and mild acid hydrolysis in cooperated with lower pulping 
temperature (150oC), the improvement of tensile strength might be caused by lesser cellulose 
degradation. 

The production of EFB semichemical with moderate soda-treatment showed potential to be used 
for the production of packaging paper (kraftliner), whilst chemimechanical pulp showed rather low 
strength properties. Table 3 shows the comparison among EFB semichemical handsheet produced in 
this research with recycle kraftliner and virgin kraftliner. The results showed that except the high 
lignin content, the handsheet properties of EFB semichemical pulp were comparable to that of 
commercial virgin and recycled kraftliners. Moreover, the EFB pulp even demonstrated higher value 
in ring crush, burst index and tensile index. 

 
Table 3. Comparison of handsheet properties produced from virgin kraftliner, recycle kraftliner 

and EFB semichemical pulp.  

Type Virgin kraftliner Recycled kraftliner EFB Semichemical pulp 
Kappa no. 41.6 64.1 87.34 
Yield (%) – – 57.82 
Brightness (%) 27.2 23.2 26.4 
Ring Crush (kg) 2.275 3.26 3.5 
Burst Index 
(k Pa m2/g) 

5.543 5.23 6.495 

Opacity (%) 92.89 98.15 96.3 
Tear Index  
(mN m2/g) 

10.722 7.1464 7.59727 

Tensile Index (N m/g) 21.62 28.78 34.96 
 
CONCLUSION  
 

Different from wood or other non-wood biomass, the result obtained showed that soda based 
pulping process was more suitable than kraft pulping for the production of chemical pulp from oil 
palm EFB. Due to the presence of oil and silica bodies in EFB fiber, employment of an pretreatment 
showed high potential to produce pulp and paper with better quality. The semichemical pulping with 
moderate soda treatment and mild mechanical refining is a promising method to produce pulp suitable 
for packaging kraftliner from EFB. 
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INTRODUCTION 
 
Abaca or Manila banana and banana tree in Indonesia are known as a source of long fibers widely 

used as a rope. The production of abaca rope generated a lot of waste fibers that their potential is quite 
large. Likewise most traditional rope is also produced from dried banana leaf. Too many banana skins 
obtained as waste from harvesting bananas for fruit taken. The availability of fibers of both types of 
fiber waste is used by the paper industry in Bandung art where the product is already pretty much 
marketed locally or partially scattered in several places in Indonesia, especially in Bali. Art paper 
production process used soda (NaOH) in which the wastewater is diluted before dumping in sewers 
polluting the society. In order to produce environmentally friendly wastewater,  art paper production 
system used KOH; as a result,  wastewater has potential as a source of NPK fertilizer. 
 
MATERIAL AND METHODS 
 

Abaca obtained from rope industry and banana leaves obtained from residents who grow bananas. 
Abaca and banana stalks chopped or shredded into long size of 3-5 cm. Abaca and banana bark flakes 
are dried in the open air to obtain uniform moisture content, then cooked with KOH process with the 
conditions of 7%, the ratio of 1: 8, the temperature of boiling water and 3 hours. After completion of 
shale digging with beater and washed, the resulting pulp is bleached with sodium hypochlorite. 
Wastewater produced by KOH, it is then analyzed the content of organic C, N, C / N ratio, P, K, Ca, 
Mg, Fe, Cu, Zn, B, S, Pb. 
 
Cooking 
 

Cooking process with KOH for raw materials as banana and abaca.  One thousand grams of dry air 
are mixed with 50 g of solid KOH and 5000 mL of water. Raw material  mixed with KOH and heated 
water in a vessel of 50 liters, after boiling leave and wait for 60 minutes and is expected as banana and 
abaca has been decomposed into a pulp. After that separated black liquor from the pulp, after washing 
with water to separate clean and no black liquor remains in the pulp. 

After the cooking process and the washing are complete, describe niagara beater pulp with a 
capacity of 1 kg to obtain a pulp with a fiber content of a fairly uniform size. 
 
Bleaching and manufacture of sheet 
 

Results from the pulp cooking process and subsequent leaching bleached with hypochlorite. Add 
50 ml of hypochlorite with water to 200 mL of water and mix well and put in plastic. Wait until one 
hour and it will change color to white (pallor), then rinse thoroughly with water. The final result is a 
pulp that is ready made or molded into sheets of A4 paper size. 



 

140 
 

 
Testing the physical properties 
 

Pulp sheet obtained was tested physical properties and optical properties (brightness). Tests 
conducted by SNI (Indonesian National Standard). Parameter of physical properties includes tear 
index, tensile index, the index indexs, stretch and TEA. 
 
RESULTS AND DISCUSSION  
 

Abaca and banana tree pulps have been produced an average yield of 65% of the dry weight of the 
chips. The results of the semi bright pulp with the addition of sodium hypochlorite is expected to have 
a brightness of approximately 35% and is good enough to use for a variety of craft products based art 
paper. The test results of physical properties are as shown in Table 1 and Testing of wastewater in 
Agro Chemical Laboratory Department of Agriculture in Cikole-Lembang-Bandung has a good 
potential to be used as an organic liquid wastes with content such as Table 2. 

 
Table 1. Physical Properties of Pulp 

No Samples Grammage 
(g/m2) 

Brightness 
(%ISO) 

Burst 
index 
(kN/g) 

Tensile 
index 

(Nm/g) 

Tear 
index 

(mNm2/g) 

Stretch 
(%) 

TEA 
(J/m2) 

1. Unbleached 
Abaca  

76.9 30.28 2.8 31.46 33.8 2.02 20.39 

2. Bleached Abaca 86.3 30.55 2.9 29.76 28.8 1.97 21.15 
3. Unbleached 

Banana Leave 
145.4 13.39 1.7 25.82 

 
13.7 0.75 8.50 

4. Bleached 
Banana Leave 

70.2 18.84 1.8 18.40 26.6 3.48 11.20 

5. LBKP standard 
(SNI) 

  2.5 45 8   

 
Table 2. Characteristics of Organic Liquid Waste. 

No. Parameter Unit Results Testing Methods 

1. pH (1:5) - 9.87 pH meter 

2. C-Organic % 1.41 Spectrophotometer 

3. N % 0.03 Spectrophotometer 

4. C/N Ratio - 47 - 

5. P2O5 % 0.002 Spectrophotometer 

6. K2O % 0.35 AAS 

7. Ca % 0.01 AAS 

8. Mg % 0.01 AAS 

9. Fe ppm 15.76 AAS 

10. Cu ppm 0.5 AAS 

11. Zn ppm 0.3 AAS 

12. B ppm 119.81 Spectrophotometer 

13. S % 0.00 Spectrophotometer 

14. Pb ppm 0.00 AAS 

 
Based on the test results of physical properties, when it is compared with specification of LBKP, 

abaca pulp has better quality than pulp fibers from banana leaves. This occurs because the length of 
the fiber and abaca fiber quality is better than dried banana leaf. Abaca pulp yet has  good quality for 
most physical properties, i.e the burst index of 2.9 kN / g, tensile index of 31.46 Nm / g and tear index 
of 33.8 mNm2 / g. Burst index is above SNI LBKP and tear index is far above SNI LBKP. This can 
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happen because the intensity of the production of art paper mill on a scale of TTG (appropriate 
methods) is fairly short (about 10 minutes). To obtain the required high tensile index milling with a 
longer time and this will result in increased production costs due to the high cost of power. 
 
CONCLUSION 
 
1. Banana and abaca fiber waste from the production of rope is very potential to be used for art 

paper and has economic value quite high. 
2. Waste as banana and abaca waste can be processed with environmentally friendly cooking using 

KOH. Waste generated huge potential for NPK fertilizer raw materials. 
3. With a simple process, cooking at a temperature of 100 C and a time of about 1 hour followed by 

hypochlorite bleaching pulp with quality produce reasonably good physical properties. 
4. Abaca pulp have the qualities most physical good, namely the busrt index 2.9 kN / g, tensile 

index of 31.46 Nm / g and a tear index of 33.8 mNm2 / g. To burst the index above SNI LBKP 
and tear indexes far above SNI LBKP, but to drag the index lower than the drop in the index 
LBKP SNI. 

5. Based on the results of the test liquid waste cooking process is carried out in the Laboratory of 
Chemistry and Agro Provincial Agriculture Cikole Lembang, West Java in Bandung, liquid 
waste is potential for NPK fertilizer.  
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ABSTRACT 
 

In paper industry, it cannot depend only on one material particularly wood. There is a time that wood 
is hard to get because of many factors, one of them is in the procurement that material cause forest 
detriment. Merang (rice straw) is chosen as alternative material in papermaking, because merang is 
categorized as Non Wood and eco-friendly. Main chemical component of merang is similar to wood 
which are lignin, cellulose and hemicellulose. PT. Kertas Padalarang has experience regarding 
merang pulpmaking since 1922. Furthermore, characteristic of merang and pulping process will be 
discussed more thoroughly.     
 
Keywords: non-wood, merang, pulping process, eco-friendly  
 
 
INTRODUCTION 
 

In paper industry we can not depend on only one material. There is a time that material is hard to 
get because of many factors, one of them is in the procurement that material cause forest detriment 
and harry ecosystem. So, merang is chosen as alternate material in making paper, because merang is 
categorized as Non Wood and eco friendly. 
 
MATERIALS AND METHOD 
 
Merang 
 

Material that used is merang or rice straw, merang is part of grain (rice plant) which length about 
10 – 30 cm. 
 
Pulp 
 

Pulp is product of fiber separation from raw materials fibrous (wood or non wood) by various 
making process ( mechanical, semichemical, chemical). Pulp consist of fibers (cellulose and 
hemicellulose) as a paper’s raw material. 

Pulp making process is done by mechanical process, chemistry and semi chemistry. Pulp making 
Clinical principal that is by mechanical process, by Scraped using an equipment such as  grindstone. 
Mechanical process that known such as PGW (Pine Ground Wood), SGW (Semi Ground Wood). 
Semi chemical process is a combination between mechanical and chemical. CTMP (Chemi Thermo 
Mechanical Pulping) is one of method that include to that process, by using a temperature to eliminate 
lignin so it produce the pulp that has a lower rendemen with better quality than pulp by using 
mechanical process. 

Pulp making process by using a chemical process well known as kraft process. It is called kraft 
because pulp that is produced by this process has a energy higher than by using mechanical and semi 
chemical. However, rendemen is lower than both because component which eliminated is more 
(lignin, extractives, and minerals). 
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RESULTS AND DISCUSSION
 
Characteristic of merang

 
Merang (Fig. 1) is part of grain (rice plant) which length about 10 

morphology of merang are shown in Table

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Silic
also makes a knife cutter become easily obtuse. Until certain that contain makes sheet of paper which 
is produced has a character that suitable for certain paper needs such as paper for money.
characteristics 

Porosity
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Production Process 
 
Pulp merang production process in PT. Kertas Padalarang is done in pulp plant installation year 

1920 which had experienced several times renovation, latest one on 1990. Design plant pulp capacity 
is 10 tons/day, in full operation condition. Pulpmaking of merang is shown in Fig. 2. Pulping process 
of merang is as follows.  

 
a. Wood Handling 

 
Merang raw material that is pulped before should be cut first about 5 - 7cm by using a straw 
cutter, it is done for a congruence fiber and the pulping process leter will be easier. 
 

b. Digester 
 
After cutting process, raw material put in to rottary digester, mixed with cooking liquid, ratio 
between raw material and liquid for cooking is 1 : 3, 5~5, while adding NaOH is 10 – 18% from 
dry weight ofraw material. Cooking process of digester need time about 4 – 5 hours, operate the 
digester without adding steam in order to cooking liquid and raw material mixed about 30minutes, 
then stop. Operate the digester with increase steam pressure about 3 – 5kg/cm2 and the 
temperature 0 – 1600C about one hour or well known as heating up. After reaching temperature 
1600C keep the steam pressure and temperature about 2 – 3hours or well known as maintaining 
time. After maintaining time finished so the rest of cooking time is one hourleft for cooling down 
until thetemperature decrease to 900C . The Target for kappa number is about 8, and then target 
for ash content is about 4%. 
 

c. Blow Tank 
 
After finished cooking process conitued with open the pipe valve distribution to release the 
cooking liquid inside rotary digester. Material that produced from cooking process is placed in 
blow tank, then process in hydrapulper, consistency target is 1,8 – 2,5%. Distribution process of 
raw material from blow tank to hydrapulper is by eliminate material process such sand and 
another in sand trap. 
 

d. Washing/ Screening 
 
Merang raw material has been cooked should trough washing process/screening because many 
contaminant that still stay in pulp from cooking product, either cooking liquid that tersuspensi on 
pulp, organic or anorganic that dissolved. Washing process / screening starts from vibrating 
screen, then pressure screen, and centrifugal cleaner.  
 

e. Bleaching 
 
Bleaching process happen in bleaching hollander, pulp merang with its concentration about 
10~14%. Add a bleaching liquid 2% from dry pulp merang weight in ton. Bleaching process 
sirculation is done about 30 minutes also do a pH check, and washing process about two hours. 
Indicator of bleaching process is brightness level which is targeted.   
 

f. Press Part 
 
Press part process is a process of making wet roll by omit the level of water from merang pulp + 
75%. Pulp that has been bleach is pumped to stock chest 1, then it is filtered by valveless filter to 
separate contaminant with pulp based on weight. Stock chest 2 save pulp merang that produced by 
filter from valveless filter, pulp is kept then it is pumped to something like open headbox. Setting 
the consistency then from headbox it is flowed topress part to omit the water level on pulp 
merang. Then pulp rolled up. 
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ABSTRACT 
 

Composite which made from plastics is not environmentally friendly than wood/other natural 
materials, so it needs to be replaced with a wooden base for certain products. However the wood-
based products have problems, because the availability of wood raw material is increasingly limited. 
The condition results in their high inequality between the availability of wood production with the 
needs of national timber. Therefore, to fulfill the needs of products with certain characteristics, it is 
necessary to use alternative raw materials as a substitute for wood. Alternative raw materials other 
than wood is a non-wood plant fiber which plenty of choices and available in large number, such as 
hemp, jute, pineapple fiber, coir fiber, abaca, kenaf, bamboo, etc. Non-wood plant fibers have 
mechanical properties that are quite varied due to differences in cellulose content. These fibers are 
potential to be used in manufactured wood industry. Indonesia is one of the countries which has 
plenty of potential natural fibers. But its utility is still very low. Therefore, this paper provides a 
review on recent research of non-wood plant fibers as a reinforcement in the manufacture of various 
biocomposite products. 
 
Keywords : biocomposite, manufactured wood industry, non-wood plant fiber 
 
 
INTRODUCTION 
 

Manufactured wood is all wood derived products are made in factories by binding fibers, 
particles with an adhesive to form a composite material (Åström, 1997). Manufactured wood made of 
wood (fiber) and plastic primarily used in outdoor use such as park bench, deck boats and can also be 
used for indoor use, such as furniture, sound absorber materials, automotive purposes, etc. The 
advantage of manufactured wood compared with natural wood is consistent and uniform shape, can’t 
be rotten and can’t be eaten by insects, does not absorb water, does not require periodic painting and 
lighter. Nowadays, wood products having problems, because the availability of raw material is limited 
(Bledzki, Sperber and Faruk, 2002). This causes inequality between the availability of wood 
production with the needs of national timber. One solution to overcome this problem, i.e. by utilizing 
materials containing lignocelluloses as wood substitute in the manufacture of biocomposite boards. 
There are many choices for alternative raw materials and available in large quantities, such as hemp, 
jute, pineapple fiber, coir fiber, abaca, kenaf, bamboo, and others. These fibers are long fiber with 
shorter planting period compared to wood  (8 – 20 years) (Franck, 2005; Kamoga, Byaruhanga, & 
Kirabira, 2013; Pickering, Efendy, & Le, 2016). 

One group of technical textiles are textile building (which includes textiles for construction and 
architectural materials such as concrete reinforcement, roof construction, sound absorber material, and 
others) and automotive textile. The materials used in the automotive industry began to develop, 
especially for materials that are durable enough, but can be degraded if not needed. 

 Composite made from fiber glass, carbon, polyester, epoxy, and other resins reinforced with 
aramid fibers, are very difficult to recycle and to degrade naturally and on disposal can disturb several 
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generations, so it must be attempted use of other materials which can be decomposed, for example 
with natural fibers. Green composites or biocomposite, i.e. composites based resins and fibers from 
plants seems to be a good solution. Biocomposite is fibrous composite material which composed of 
two main components, i.e. the fiber and the matrix. Composite fiber as reinforcement material serves 
as the framework of the composite. Superior properties of the fibers so widely used as composite 
reinforcement, among others, is to have a small cross section and elongated shape, so that the 
possibility of defects in these materials are lower than solid material (bulk) form, thereby increasing 
the mechanical properties. Fiber has a low density and high aspect ratio,  thus the strength and rigidity 
is also high. Fiber shape can be tailored to the needs of design, namely by cut or be formed. In 
addition, the fibers setting will affect to the composite properties, so it can be used to obtain the 
composite properties which in accordance with needs (Åström, 1997). 

In the automotive components industry, the use of glass fibers occupies the first rank, because the 
price is relatively cheap and has good mechanical properties. Nevertheless, the emergence of natural 
fibers begins to shift the use of glass fiber. This is because the natural fibers potentially reduce vehicle 
weight by up to 40% compared to glass fibers which is the main composites in vehicle (Pickering, 
Efendy and Le, 2016). Other than that, natural fiber can meet more stringent environmental criteria. 
Table 1 below illustrates the qualitative comparison between natural fibers and glass fibers. 

 
Table 1. Qualitative Comparison between Natural Fibers and Fiber Glass  

Parameters Natural Fiber Fiber Glass 
Density  Low Doubled 
Price  Low More expensive 
Renewable Yes No 
Recyclable Yes Yes  
Energy consumption   Low High 
Neutral CO2 Yes No 
Abrasive against the 
machine 

No Yes 

Health risks when 
inhaled 

No Yes  

Trash Degradable  Nondegradable  
                   Source: (Peijs, 2002) 
 
Indonesia is one of the countries which has plenty of potential natural fibers. But its utility is still 

very low. Based on these description, this paper provides a review on recent research of non-wood 
plant fibers as a reinforcement in the manufacture of various biocomposite products. 

 
NON-WOOD PLANT FIBER 
  

Non-wood fibers include cellulose fibers, such as jute, pineapple fiber, abaca, coir fiber, kenaf 
fiber, bamboo, etc. (Fig. 1) and the main constituent component and most decisive strength of the 
fiber is cellulose.   

Besides containing cellulose, in general also contain hemicellulose, lignin, extractive and ash. In 
wood, cellulose is the largest and most useful component of wood and a majority in number is 40%, 
while about 23% hemicellulose and lignin is less than 34% (Wijanarko, 2014). In nature, the lignin in 
the wood ranging between (25-30) %, depending on the type of wood or other factors that affect the 
growth of the wood. Lignin content will increase with the age of the plant. However in Table 2, it is 
known that cellulose content in non-wood plant fiber ranged between (32.9 – 98) %, while the lignin 
between (0 - 45.8) % (Franck, 2005; Mutia, 2015). Other than that, coir fiber has the lowest cellulose 
content, but the highest lignin content, and cotton fiber has the highest cellulose content and the 
lowest lignin content. 

Physical and mechanical properties are important information in order to give instructions on 
how the work and the properties of products produced, and natural fibers have sufficient mechanical 
properties vary due to differences in cellulose content of each type of fiber. For example, teak 
(Tectona grandis) has a compressive strength of about 203-433 kg/cm2, while the strength of the arch 
is 739 kg/cm2 (Modulus of Rupture) and 90000 kg/cm2 (Modulus of elasticity) (Hidayati et al., 2016). 
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Table 3 shows the mechanical properties of natural fibers, and from Table 3 it is known that the 
strength of non-wood plant fiber ranging between (345- 1245) MPa. Coir fiber is the most powerful, 
because the lignin content is the highest (Table 2), so that the fiber has a high strength as well. 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Natural Fibers by Source (Franck, 2005) 
  

 
Table 2. Chemical Composition of Natural Fibers (% by weight) 

 

Fibers 
Composition, % 

α-cellulose  
Hemi-
cellulose 

Lignin Pectin 
Dissolved 
substances 

Fat, wax 

Kenaf 44 -57 29.0-30.4 15-19 - 2.1-2.9 2.1-2.9 
Pineapple 69.5-71.5 17.0-19.8 6.04 1.0-1.2 4.5-5.3 3.0-3.3 
Jute 61.0-72.4 12.0-13.3 11.8-14.2 0.2 1.2 0.1-0.6 
Hemp 68-76 13-14 1.2-1.6 1.9-2.1  5.5  0.3 
Abaca 53.02 21.7 5.6 0.6 1.6 0.2 
Cotton  90-98 5.7 0 1.2 1.0   0.6 
Coco  32.9-43.4 0.15-0.25 40.5-45.8 2.7-3.0 5.2-16.0 - 
Bamboo **) 44.28-52.99 21.95-23.05 21.75-22.26 - 2.07- 3.06 2.45 – 3.31 

Source : (Franck, 2005), **) (Mutia et al., 2014) 

 
Table 3. Physical Properties of Natural Fibers  

 

Fibers  
Density 
(g/cm3) 

Elongation 
(%) 

Tensile 
strength 
 (MPa) 

Modulus  
Young 
(GPa) 

Flax 1.50 2.7-3.2 345-1035 27.6 
Pineapple 1.44 2.5-3.5 400-1000 34-82 
Jute 1.30 1.5-1.8 393-773 26.5 
Hemp 1.45     3.6-3.8 400-938 61.4-128  
Abaca 1.35 0.25-1.0 500-700 7.7-20.8 
Coco 1.51 1.5-1.8 680-1245 - 

                         Source: (Franck, 2005) 
 

The length of the fiber in the manufacturing of composite fibers using polymer matrix affects the 
strength and modulus of composites. In the manufacture of composite fibers, used two types of fibers, 
i.e. short fibers and long fibers. Long fibers are stronger than short fibers. Natural fibers have a length 
and diameter is not uniform on each type. Fiber length versus diameter fibers often referred to as the 
aspect ratio. If the fiber length versus diameter (aspect ratio) greater, then the greater the strength of 
the composite. Long fibers (continuous fiber) is more efficient in putting them out of the short fibers. 
However, short fibers easier to put it than long fibers. Long fibers affect the ability of the composite 
manufacturing process. In general, long fiber is easier to handle when compared to short fiber. 

Non – Wood Plant 

Leaf Twig Seed 

Rice / 
wheat 
plant 

Wood  Rod 

Hemp  

Kenaf  

Henep 

Jute 

Sisal 

Banana 

Bamboo 

Abaca 

Softwood 

Oil 
palm 

Coir 
fiber  

Cotton Grass  

Hardwood 

Pineaple  
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However, short fiber composites, with the correct orientation, will result in greater strength than long 
fiber, for short-fiber composites can be produced with low surface defects so that its strength can 
achieve its theoretical strength (Schwartz, 1984). 

Table 4 shows the characteristic of seven wood species from Indonesia (Sumatra island), while in 
Table 5 illustrates non-wood plant fibers that are currently used or potential to be used in 
manufactured wood industry and its characteristic. From Tables 4 and 5 are known that fiber length 
and diameter of wood and non-wood plants varies, depending on the species of plants. Fiber  length  
of  wood plants varies from (1.053 – 1.607) mm, while non-wood plant from (1.543 – 150) mm. 
Average fiber diameter of wood plants varies from (20.164 – 36.822) µm, while non-wood plant from 
(20.32 – 29.71) µm. Other than that, from Table 5 it is known that fiber length of hemp is the longest 
one. From the literature study, it is known that non-wood plant materials can be used as raw material 
for the manufacture of biocomposite. 

 
Table 4.  Fiber Dimension of Seven Wood Species  

 

No.  Species Fiber length 
(mm) 

Fiber diameter 
(µm) 

Thickness  
(µ) 

Lumen diameter 
(µm) 

1. Anthocephalus cadamba 
(jabon) 

1.561 23.956 2.788 18.380 

2. Octomeles sumatrana 
(binuang) 

1.427 27.058 1.976 23.108 

3. Macaranga hypoleuca 
(mahang putih) 

1.455 36.822 2.277 32.267 

4. Macaranga pruinosa 
(mahang keriting) 

1.607 33.810 3.071 27.667 

5. Macaranga tanarius (setutup) 1.207 20.164 2.627 14.909 

6. Macaranga conifera  
(Bodi) 

1.053 21.515 2.591 16.333 

7. Macaranga gigantea 
(sekubung) 

1.598 26.344 2.363 18.039 

           Source: (Fatriasari and Euis, 2008) 
 

Table 5. Non-wood Plant Fiber and Its Characteristic 
 

No. Non-wood plant material Characteristic 
1 Bamboo (G. apus, 

G. pseudoarundinacea and  
B. vulgaris v. green) 

Fiber length varies from species to species, and also varies from bottom 
to top. Average fiber length is (3.14 – 3.76) mm and diameter is (20.32 
– 27.58) µm (Mutia et al., 2014). 

2 Abaca (Musa textilis) Average fiber length of  6 mm and it has an average fiber diameter of 
24 µm (Ilvessalo-Pfäffli, 1995) 

3 Hemp (Boehmeria nivea)  Average fiber length varies from (125 – 150) mm and diameter is varies 
from  (30 -50) µm (Hu and Ma, 1989). 

4 Pineaple fiber 
 (Anenas cosmosus) 

Average fiber length of 6.12 mm and it has an average fiber diameter of 
23 µm (Indrawan et al., 2015). 

,5 Coir fiber  
(Cocos nucifera) 

Average fiber length of 1.543 mm and it has an average fiber diameter 
of  29.71 µm (Indrawan et al., 2013). 
 

 
MANUFACTURED WOOD  
 

Manufactured wood is made with certain design specifications and to meet the applicable 
standards. In general, board manufacturers are divided into three. The first is plywood; the board is 
composed of layers of solid wood glued together. The second is particle board or chipboard, which is 
made by mixing the wood chips with synthetic resin, then pressed to form a sheet of hard boards. The 
third is fiber board, made from wood fibers and resin which pressed at high temperatures to form a 
sheet and board with varies of densities, depending on the level of heat and pressure (Maloney, 1993; 
Åström, 1997; Lukman, 2008). Particle board or fiberboard classified by types of raw materials and 
production methods, density and type and place of use, but the best way to classify is based on the 
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density (Kollmann, Kuenzi and Stamm, 1975; Suantara and Oktaviani, 2015). Basically, fiber board 
can be made from cellulose fibers and the higher the density, the higher the resistance (Jepsen, 
Kristensen and Kirkegaard, 2010). 

The majority of manufactured wood is made from wood fiber. The growing demand for 
manufactured wood in the last few years, causing problems related to the availability of raw material. 
The possible solution to that problem is the use of non-wood plants, include agricultural waste like 
pineaple, coir fibers, bagasse etc. which are contain high amounts of cellulose and potential to be used 
as reinforcement in the manufacture of various biocomposite products.  
 
COMPOSITES BASED ON NON-WOOD PLANT FIBRES 
 

Natural fibers as reinforcement for biocomposite can be classified into two types, namely non-
wood natural fibers and wood natural fibers. Non-wood natural fibers are divided into five groups of 
fiber types, namely rod fiber (hemp, flax, kenaf, jute, hemp), twig fiber (wheat fiber, corn, rice), leaf 
fiber (sisal, abaca, pineapple), seed fiber (cotton, coir) and fiber grass (bamboo) while those belonging 
to the fiber wood is softwood and hardwood (Mohanty, Misra and Drzal, 2005). In general, natural 
fiber composite is a polymer matrix composite and and among others can be made  in two ways. The 
first, non-wood fibers are mixed directly with the polymer. The second way, non-wood fibers are 
made into sheets of non-woven fabric through a non-woven process and then are mixed with the 
polymer. Furthermore, here is presented several studies related to the use of non-wood fibers for 
various composites.  

 

Raw Materials for Sound Absorber Composite  

Standard for human auditory response to the sound of the audio frequency is at range of 20 to 
20,000 Hz. As a comparison the noise level from the sound of a jet take off reaches about 120 dB, 
while the sound of rustling leaves about 33 dB (Talukdar, 2001). Comparison between sound energy 
absorbed by a material with sound energy that comes to the surface of the material is called the 
absorption coefficient (α), and the quality of the sound damping material indicated by the value α 
(Perlikowski, 2005). In general, porous material will absorb more sound energy than other types of 
materials, due to the presence of pores. 

A loud noise can impact psychologically and biologically in humans. There are about 500 types of 
jobs in the industry that could potentially damage hearing (> 85 dBA), among others, the noise 
between 85-100 dBA (textile and garment industries, industries that use electric drilling machine and 
milling machine); work at between 100 -115 dBA noise contained in the heavy equipment industry 
(machine boilers, industrial metals); work between 115-130 dBA noise (aircraft industry, turbo 
machinery, machine compresses and diesel turbine engines); and work on noise between 130-160 
(turbo machinery industry, large aircraft and jet engines) (Khuriati, Komaruddin and Nur, 2006; Vér 
and Beranek, 2006; Goines and Hagler, 2007; Ozturk, M.K., Neng, B.U., Candan, 2010). In certain 
industry like the textile weaving industry that uses modern machines, the noise level exceeds the 
threshold value of 85 dBA. So, it is necessary to utilize materials that can be placed on the floor, wall 
or ceiling to absorb sound energy from a sound source. 

Natural fibers in general have the ability to absorb sound, especially in the control of noise 
(Ozturk, M.K., Neng, B.U., Candan, 2010). This is partly because it has porosity properties and higher 
amorphous structure than synthetic fibers. The results showed that coir fiber and hemp can absorb 
sound well at high frequencies (Franck, 2005; Khuriati, Komaruddin and Nur, 2006; Eriningsih, 
Widodo and Marlina, 2014). 

Listed below are a few studies on the utilization of non-wood fibers for sound absorber 
composites. 

 
 Sound absorber composite from fiber and bamboo pulp  

 
A study has been conducted to investigate the potential of bamboos, which are endemic in West 

Java, namely Tali bamboo (Gigantochloa apus), Temen bamboo (G. pseudoarundinacea) and Haur 
bamboo (B. vulgaris, V. green), as sound absorber composite materials. Bamboo contains 44% - 53% 



Theresia Mutia and Hendro Risdianto 

154 
 

alpha cellulose, 21% - 23% hemicelluloses and 21% - 22 % lignin. In accordance with bamboo 
characteristics, Tali bamboo requires less amount of cooking chemicals due to its lower contents of 
extractive substances and lignin, whereas Temen bamboo and especially Haur bamboo require more 
chemicals. Therefore, Tali bamboo is chosen to produce pulp by Kraft cooking process. Subsequently, 
bamboo fiber is prepared by soda cooking process at the same conditions. Later on, some trial 
experiments with epoxy resin are performed to make sound absorber composites.  

The results show that at the reference frequency (5000 Hz), the bamboo pulp composite and 
bamboo fiber composite using epoxy resin matrix with a weight fraction of 1:1.5, provide the 
maximum sound absorption coefficients (α) of 0.28 and 0.77, respectively. Hence, the composite 
meets the minimum standard of sound absorption coefficient of ISO 11654:1997 (α = 0.25). 
Moreover, the composite of bamboo fiber is light (specific gravity <1) with an ability to reduce 97% 
of the sound at 2500 Hz (Mutia et al., 2014). 

 
 Sound absorber composite from hemp (Boehmeria nivea) , coir fiber (Cocos nucifera) and 

abaca (Musa textilis) 
 
From the results of study on the use of hemp, coir fiber and abaca in sheet form of non-woven 

(from needle punch processing),  using a matrix epoxy resin for sound absorber material, it is known 
that coir fiber composite at a standard frequency or high frequency indicates α relatively high, i.e. 
0.84 and 0.96.  Abaca fiber composites provide a high enough α value at standard frequencies (0.82), 
but provide α value is relatively low at high frequencies (0.42). Hemp fiber composites provide α 
values are relatively low, both at standard frequency and high frequency, i.e. 0.54 and 0, 49.  

The best composite for sound absorber material is a coir fiber composite, which uses a sheet of 
non woven needle punch stacked four layers, using a matrix of epoxy resin with a weight fraction of 
5:7, with compression molding system, at a pressure of 60 kg/cm2 and temperature of 70°C for 2 
hours. 

When averaged out, either in standard or high frequency, the value of α for coir fiber, abaca and 
hemp fibers composites are respectively 0.90; 0.62 and 0.52 or above the standard for glasswool. 
However coir fibers composite is the most excellent to be used as a sound absorber material 
(Eriningsih, Widodo and Marlina, 2014). 
 
 Sound absorber composite from oil palm fiber (Elais Quineensis Jacg) 

 
From the results of study on the utilization of oil palm fiber using matrix resin polyvinyl acetate 

(PVAc) for sound absorber composite, it is known that different matrix composition can change the 
values of sound absorption coefficient and acoustic impedance. The addition of the matrix causes a 
decrease in the absorption coefficient of acoustic sound. The highest sound absorption coefficient is 
0.96 at a frequency of 600 Hz with 15 g of fiber composition of palm oil and 47 g matrix. The lowest 
sound absorption coefficient is 0.75 with 15 g of fiber composition of palm oil and 54 g matrix. Palm 
oil waste has the potential to be used as material for controlling acoustic noise (Elvaswer, PRatama 
and Muttaqin, 2011). 
 
  Sound absorber composite from hemp (Boehmeria nivea)  and hemp waste  

 
From the results of study on the use of hemp fiber and hemp waste (from decortication process), 

was known that both the raw materials after it is made composites with polymer EVA (ethylene vinyl 
acetate) as a matrix binder, both with and without alkalization can be used as a raw material for  
sound absorber composites, with fraction fibers between 0.4 to 0.448 and matrix fraction between 
0.501 to 0.424. The composites provide sound absorption coefficient (α) respectively at low 
frequencies (1000 - 1600Hz) of 0.55 and 0.64; and at high frequencies (1600-3200)Hz of 0.72 and 
0.80. However, the optimum sound absorption coefficient obtained on composite of hemp waste 
without alkalization, i.e. α = 0.64 at a low frequency and α = 0.80 at high frequencies (Eriningsih, 
Rini and Saiful, 2009). 
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  Sound absorber composite from coir fiber (Cocos nucifera) and hemp (Boehmeria nivea)  
 
From the results of study on the use of coir fiber and hemp fiber for sound absorber composites, 

it is known that at frequency of 2500 Hz - 5000 Hz, coir fiber composite with a thickness of 25 mm 
provide sound absorption coefficient random (sabine) of 0.8 to 0.9 and for hemp fiber with a thickness 
of 3 mm, provide the sound absorption coefficient random of  0.7-0.8 which could meet the minimum 
standards of sound absorption coefficient (Sabri, 2005). 

 
Raw Materials for Automotive Composites  

The materials used in the automotive industry began to develop, especially on materials which 
have enough durability, though it will be relegated if no longer needed. Raw materials from fiber 
glass, carbon, polyester, epoxy and other resin which reinforced with aramid fiber are difficult to 
recycle. These materials are difficult to be degraded naturally and its disposal can disturb for 
generations. However polymer composite reinforced with bast fibers has a very high potential as an 
alternative material for the manufacture of automotive structural components. This potential can be 
seen from varying types of bast fibers, availability is very abundant, and good mechanical strength 
(Suddell and Evans, 2005). 

Europe has imposed more stringent rules, namely the rules of the European Union's End-of-Life 
of Vehicles (ELV) and towards 2015 all new vehicles must use materials that are 95% recyclable 
(www.epa.ie/media/EPA_NWR12_Chapter%208). Green composites, i.e. composites based fibers 
and resins from plants seem to be a good solution. 

As it is known that the use of textiles as a component of the vehicle is relatively large, with an 
average of 20 kg, including about 3.5 kg as chair seat upholstery, carpets 4.5 kg, 6 kg of other parts of 
the interior and tires, as well as 6 kg is a composite fiber (dashboard, headlining, door trim, etc.). 
Until now, composites with synthetic fibers as reinforcement (carbon, aramid, glass) still dominate for 
composites used for aircraft components, automotive, construction, sports equipment, etc. When 
viewed in terms of the amount of usage, fiber glass is a top rank, because the price is relatively cheap 
and has good mechanical properties.  However, natural fibers began to replace the use of fiber glass, 
because it can reduce vehicle weight by about 40% compared to glass fiber, which is major 
component in vehicle (Eriningsih, Mutia and Hermawan, 2011). In addition, natural fibers could meet 
more stringent environmental criteria (Peijs, 2002). 

Currently polymer composite reinforced with bast fibers has been used in the car industry in 
Europe as car interior component materials and now was developed for exterior application car. 
Furthermore, in the last decade, natural fiber biocomposite occupies the first rank in the application of 
automotive components, especially in Germany, such as BMW, Audi, Daimler, Chrysler. DEFRA 
(Department for Environment, Food and Rural Affairs) in England conducted research in 2009 on the 
use and potential of natural fibers in the automotive industry. The results of this study indicate that the 
automotive industry annually produces 50 million vehicles, with natural fiber needs at least 20 kg 
natural fibers per vehicle. Every new vehicle models, need between (1000-3000) tons per year of 
natural fibers. So that at least the European automotive industry itself requires 15,000 tons per year 
(Suddell and Evans, 2005). 

Listed below are a few studies on the utilization of non-wood fibers for component of automotive 
textile. 

 
 Head Lining/Door Trim from pineaple fiber (Anenas cosmosus) 

The study is carried out by using weft yarn from polyester and pineaple fiber (75/25)  and cotton 
yarn as warp yarn for automotive textile, i.e. velt for head lining/door trim. Furthermore, the fabric is 
dyed and coated with a backing fabric by using a substance coating and adhesive resin and the process 
is carried out simultaneously with fire-resistant resin. 

From the test results it is known that at the optimum process conditions, the fabric (velt) can 
meet with the requirements according to the standard "Specification for Roof Head lining Materials" 
of the automakers, and also can be used as a fabric for  door trim (Eriningsih, Rini and Saiful, 2009). 

 
 Sunvisor from pineaple fiber (Anenas cosmosus) 
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In efforts to use natural fibers, especially pineapple fiber for automotive composite, so the study 
has been done to make automotive products, namely sunvisor. Resins are used for manufacture 
composites with pineapple fibers as reinforcement is an epoxy resin and polyurethane, while for the 
non-woven composite is an epoxy resin.  

From the test results it is known that (Eriningsih, Mutia and Hermawan, 2011): 
- Generally, water absorption and density can meet with the requirements of the standard, except 

composite which impregnated with ZnCl2, and composite nonwoven which impregnated with 
ZnCl2 and KSCN. However, the value of moisture content for the entire sample meets the 
requirements of the standard. 

- Fire resistance of the composite which impregnated with additives ZnCl2, KSCN, Na2SiO3 and 
MgCl2, providing relatively good value, but giving poor value (burning/ not resistance to the fire) 
if the additive is dissolved and mixed with the resin,  

- Additives recommended is MgCl2 or Na2SiO3, while ZnCl2 not recommended, and Na2SiO3 can 
provide insect resistant properties, besides fireproof. 

- Test results of bending load and MOE on normal conditions, condition of 110oC for 5 minutes and 
50oC for 48 hours still meet the requirements of the standard, either pineapple fiber composites and 
nonwoven composite. 

 
Raw Materials for Manufactured Wood 
  

Manufactured wood in the form of composite products made of wood (fiber) and plastics, can 
replace the function of solid wood in a variety of applications, especially for outdoors and indoor 
uses, so can reduce the supply of solid wood as a component of residential building materials.  
However, the availability of raw material is limited, so then some non-wood plant fibers are already 
starting to be used to substitute wood in the wood manufactured industry. 

Listed below are a few studies on the utilization of non-wood fibers for manufactured wood 
composites. 

 
 Fiberboard of bamboo fiber and bamboo pulp 

The study is carried out by using bamboo fibers from bamboo strips cooked with soda process 
and bamboo pulp from chips of bamboo cooked with soda process and Kraft process. Composite of 
bamboo fiber is made with a variety of fiber weight fraction to the epoxy resin. Furthermore 
composite of bamboo pulp is made under optimal condition for making bamboo fiber composite. 
From the test results it is known that the quality of the bamboo fiber composite from bamboo strips 
cooked with soda process is better than the composite of bamboo pulp. Besides bamboo fiber 
composites produced belonged to the high-density fiberboard, and the water content, water 
absorption, changes in the length and thickness,  flexural strength and modulus of elasticity are in 
accordance with applicable standard for fiberboard, i.e. SNI 01-4449 – 2006 (Mutia, 2015). 
 
 Coir fiber and abaca fiber for particle board  

The study was carried out by using non-woven fabric of coir fiber and abaca fiber and HDPE 
(High Density Poly Ethylene) resin for particle board with various thickness. The particle board was 
made with the application of motive to provide added value in terms of both functionality and 
aesthetic terms. From the test results it is known that changes in length and thickness of particle board 
of abaca fiber is better than particle board of coir fiber. However the thicker the particle board of coir 
fiber, the density will be better than particle board from abaca fiber. Other than that, the particle board 
of coir fiber with a thickness of 5 mm can meet he particle board standard (SNI 03-2105-2006) 
(Suantara and Oktaviani, 2015). 

 
 Composites reinforced by bamboo fiber and fiber glass  

The study is carried out by using bamboo fiber and glass fiber as reinforcement and matrix 
polyester for composites, with volume fraction of 0%, 2.5%, 5%, 7.5%, 10%, and 12.5%. Composite 
manufacturing is done by hand lay-up method. Testing performed, i.e. tensile test (ASTM D 638M-84 
M-1) and density test. From the test results it is known that the composite contains a lot of voids and 



Theresia Mutia and Hendro Risdianto 

157 
 

optimal conditions, both for composite of bamboo fiber composite and glass fiber is obtained on the 
use of volume fraction of 2.5%. In this condition, bamboo fiber composite has a tensile strength of 
38.57 MPa, the modulus of elasticity of 1326.92 MPa and a density of 1.203 g/ml. In addition, the 
composite can be used as an alternative raw material for industry. In order to replace steel materials 
for boiler according to the standard JIS G3103 (Porwanto and Johar, 2011). 
CONCLUSION 
 

This review described about non-wood plant fibers potential as a substitute for wood consuming 
and a fairly cheap price. The fibers can be used as a raw material for various products of biocomposite 
in manufactured wood industry, such as for technical textiles and textiles automotive components. 
The advantage of manufactured wood include consistent and uniform shape, can’t be rotten and 
cannot be eaten by insects, does not absorb water and does not require periodic painting and lighter. 
Besides, the final product can meet more stringent environmental criteria, especially textile 
automotive components 
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ABSTRACT 
 

The aims of this research are to determine the effect of raw material proportion and concentration of 
PVAc adhesive towards sensory and physical quality of handycraftpaper, and to understand how to 
obtain the appropriate proportions of raw materials and concentration of adhesive to produce qualified 
handycraftpaper that meets the best sensory and physical standard. The method applied was a 
randomized block design which was arranged in factorial consisting of two factors, that were the 
proportion of raw materials and concentration of adhesive. Data from handycraftpaper visual quality 
was analyzed by using Friedman test. In determining the best treatment of data from handycraftpaper 
sensory quality, ANOVA variance analysis was applied to find out the effect among treatments. The 
results of Friedman test for color, surface texture, fiber appearance, yield, and tensile resistance of the 
handycraftpaper suggest that the combination among treatments brought significant effect, while for 
tear resistance and grammage suggest insignificant effect. The best treatment research on sensory test 
is on the handycraftpaper with the proportion paper raw material made of palm leaf pulp (50%) and 
newsprint paper pulp (50%) as well as the concentration of 7.5% PVAc adhesive. Physical 
characteristic of handycraftpaper produced has yield value of 73.84%, grammage of 131.26  (g/m2), 
tensile resistance of 2.30 (kN /m), and tear resistance of 879 (mN). 

Keywords: adhesive, handycraftpaper, newsprint paper pulp 

 
INTRODUCTION 

 
Nypa is one of non-wood forest thrives growing in robust in tidal areas, with a cellulose content 

of 42.22% (Akpakpan, 2011), which amounts are abundant. Nypa palm leaf has been potential to be 
used as raw material for handycraftpaper pulp. Besides, other alternatives which can be employed as 
fibrous raw material for handycraftpaper is newsprint paper. Newsprint paper is waste containing 
secondary fibers and has not been utilized optimally. The utilization of waste paper is very helpful in 
fulfilling the fibrous raw materials, because it is easy to obtain and inexpensive. 

In the handycraftpaper making, the fibrous component binding in the formation of sheets requires 
the addition of an adhesive material so that the fibers can form a solid sheet of paper. PVAc is a 
suitable adhesive material used for paper and wood. In addition, the use of PVAc adhesives is 
considered more environmentally friendly because PVAc is a rubber polymer which is biodegradable, 
unlimited shelf life, and resistant to microorganisms. 

The study aims to determine the effect of raw material proportion and concentration of PVAc 
adhesive towards sensory and physical quality of handycraftpaper, and to understand how to obtain 
the appropriate proportions of raw materials and concentration of adhesive to produce qualified 
handycraftpaper that meets the best visual and physical properties (yield, grammage, tensile resistance 
and tear resistance). 
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MATERIALS AND METHOD 
 

Materials applied in the handycraftpaper making process is the nypa palm leaf pulp, newsprint 
paper pulp, wood glue "Rajawali" made from polyvinyl acetate (PVAc) and water. The tools used in 
this study are, knife, scissors, digital scale, pan, mixer, measuring cup, blender, tub/bucket, 60 mesh 
screen with size of 20 cm × 15 cm, filter cloth, and oven. Meanwhile, the tools used for paper physical 
testing is Paper Tensile Strength Tester. 

The method applied was a randomized block design which was arranged in factorial consisting of 
two factors, which were: 
Factor I: The proportion of raw material (P), consisting of three levels: 

P1 = Nypa palm leaf Pulp: newsprint paper pulp (25%: 75%) 
P2 = Nypa palm leaf Pulp: newsprint paper pulp (50%: 50%) 
P3 = Nypa palm leaf Pulp: newsprint paper pulp (75%: 25%) 

Factor II: PVAc Adhesive concentration (L) of the total weight of the material, which consists of two 
levels: 

L1 = PVAc Adhesive 5% (b/b)   
L2 = PVAc Adhesive 7.5% (b/b) 

Visual quality test is determined by hedonic scale scoring method by considering each attribute 
including color, surface texture, and fiber appearance. Test was conducted by using a scale of 1-5. 
Data from handycraftpaper visual quality was analyzed by using Friedman test. Further, in 
determining the best treatment of data from handycraftpaper sensory quality, ANOVA variance 
analysis was applied to find out the effect among treatments. 

 
RESULTS AND DISCUSSION 
 
1. Visual Test 

 
The hedonic test of the visual aspects demonstrated panelist preference level for qualified 

handycraftpaper quality in terms of color, surface texture, and fiber appearance. Panelists mostly 
prefer the type of handycraftpaper with pulp mixture proportions from nypa palm leaf pulp (50%) and 
newsprint paper (50%) and 7.5% PVAc adhesive. For the panelists, the appearance of the fiber 
becomes a key element in the selection of handycraftpaper made from natural fibers. The appearance 
of fiber distinguishes between handycraftpaper and regular printing paper. Handycraftpaper made 
from mixed pulp of nypa palm leaves and newsprint paper has a beautiful appearance displaying 
fibrous appearance on the surface of the paper. The results of Friedman test for color, surface texture 
and fiber appearance of the handycraftpaper suggest that the combination among treatments brought 
significant effect. 

 
2. The yield and grammage 

 
Results of variance analysis showed that the proportion of raw materials and the interaction of 

two factors used (proportion of raw materials and PVAc adhesives concentration) had a significant 
effect on yield and grammage, but in grammage, the concentration of gluten PVAc brought 
insignificant effect on the level of 5%. Average yield value on handycraftpaper made from mixed 
pulp of nypa palm leaves and newsprint paper ranged from 59.80% to 82.27% due to the interaction 
of the proportion of raw materials and PVAc adhesive concentration which can be seen in Table 1. 
Data of grammage influences towards the proportion of raw materials can be seen in Table 2. 

The higher proportion of nypa palm leaves pulp used the handycraftpaper yield tends to decrease; 
whereas higher proportion of newsprint paper pulp used, tends to increase handycraftpaper yield. 
This was due to the content of cellulose in newsprint paper pulp amounted to 49.59% (Syaputra 2011) 
which was higher than nypa palm leaf pulp amounted to 34.21% (Narendra, 2012). The higher the 
proportion of newsprint paper pulp, the higher the value of grammage would be. This is because 
newsprint paper pulp fibers have larger diameters amounting to 20,98μ (Syaputra, 2011), while the 
diameter of nypa palm leaf pulp is smaller that is equal to 12,00μ (Akpakpan, 2011). 
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Table1. The Effect of Interaction on Raw Material Proportion and PVAc Concentration Towards 

Average Handycraftpaper Yield 

Treatment  Average Yield (%) Notation 

P3L1 59,80 a 
P3L2 
P2L1 
P2L2 
P1L1 
P1L2 

61,53 a 
69,00 b 
77,53 c 
82,20 c 
82,27 c 

Description: The mean with the same notation indicates no significant different (α = 0.05) 

Table 2. Effect of Raw Materials Proportion towards Average Grammage of Handycraftpaper 

Comparation of  
Pulp (Nypa palm leaf : newsprint paper) (%) 

Average Grammage (g/m2) LSD 5% 

75 : 25 124,37a 

11,76 50 : 50 132,74a 

25 : 75 150,66b 
Description: The average which is accompanied by the same letter shows insignificantly different 
state (α = 0.05). LSD=Least significant different test 
 
3. Tensile Resistance and Tear Resistance 

 
Results of variance analysis showed that the proportion of raw materials, the concentration of 

PVAc adhesive, as well as the interaction of two factors used (proportion of raw materials and PVAc 
adhesive concentration) had a significant effect on the tensile resistance and tear resistance at 5% 
level. But for tear resistance aspect, the interaction of two factors had no significant effect on the tear 
resistance. Average value of tensile resistance due to interaction of raw material proportion and PVAc 
adhesive concentration can be seen in Table 3. Data on the impact of raw material proportion towards 
tear resistance can be seen in Table 4. 
 

Table 3. Interaction Effect of Raw Material Proportion and PVAc Adhesive Concentration towards 

Handycraft Tensile Resistance 

Treatment  Tensile Resistance (kN/m) Notation 

P3L1 1,34 a 
P3L2 
P2L2 
P2L1 
P1L1 
P1L2 

1,42 a 
2,30 b 
2,47 b 
3,28 c 
4,93 d 

Description: Mean with the same notation indicates insignificant different (α = 0.05) 
 

Higher proportion of nypa palm leaf pulp resulted in a decline in the average value of tensile 
resistance and tear resistance. Meanwhile, higher proportion of newsprint paper pulp resulted in an 
average value of higher tensile resistance and tear resistance of handycraftpaper. This is because the 
newsprint paper pulp fibers have larger diameter and contain more cellulose compared to nypa palm 
leave pulp. The bonds between the fibers are influenced by the nature of the individual fibers. Fiber 
containing higher cellulose will increase the strength of the fiber.  

The intensive use of PVAc can produce good adhesive strength and can be suitable for the 
manufacture of art paper sheets. Strong tensile resistance properties lead to greater levels of binding, 
thus the PVAc can add tensile and tear resistance on paper (Palupi, 1995). The bond resulting from 
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PVAc is very
concentration compared to other types of binder (Stephenson, 1990 in Palupi 1995).
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5. Best Treatment

 
Selection of the best treatment alternative is conducted based on the value of products obtained 

from the calculation of the effectiveness index. The result of best alternative calculation in Table 5
was obtained by art paper products with nypa palm leaf pulp proportion (50%) and newsprint paper 
pulp (50%), PVAc adhesive (7.5%) with a value of 1.
preferred product by the panelists. 
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PVAc is very strong and is not easily damaged by organic solvents. Thus, it only needs small PVAc 
concentration compared to other types of binder (Stephenson, 1990 in Palupi 1995).
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strong and is not easily damaged by organic solvents. Thus, it only needs small PVAc 
concentration compared to other types of binder (Stephenson, 1990 in Palupi 1995).

Table 4.  Impact of Raw Materials Proportion towards Average Tear Resistance

Average Tear 
Resistance (mN) 

335a 

729b 

921b 
which is accompanied by the same letter shows insignificantly different states (α 

Selection of the best treatment alternative is conducted based on the value of products obtained 
from the calculation of the effectiveness index. The result of best alternative calculation in Table 5
was obtained by art paper products with nypa palm leaf pulp proportion (50%) and newsprint paper 

This means that the product is the most 
The appearance of all treatments can be seen in 

Table 5. Best Treatment Alternatives 

Product Score

0,560 

1 

0,121 

(a)                     (b)                   (c)                      (d)                     (e)                    (f)
P2L1; (c) P3L1; (d) P1L2; (e) P2L2; (f) P3L2

fiber appearance
paper suggest that the combination among treatments brought significant 

, while for tear resistance and grammage suggest insignificant effect. 
paper with the proportion paper raw material made of 

leaf pulp (50%) and newsprint paper pulp (50%) as well as the concentration of 7.5% PVAc 
produced has yield value of 73.84%, grammage 

), tensile resistance of 2.30 (kN /m), and tear resistance of 879 (mN).

Special thanks to the Research and Development Agency of East Java Province for 
Ministry of Industry Indonesia, and ASEAN

strong and is not easily damaged by organic solvents. Thus, it only needs small PVAc 
concentration compared to other types of binder (Stephenson, 1990 in Palupi 1995). 

Table 4.  Impact of Raw Materials Proportion towards Average Tear Resistance 

LSD 
5% 

232.76 

which is accompanied by the same letter shows insignificantly different states (α 

Selection of the best treatment alternative is conducted based on the value of products obtained 
from the calculation of the effectiveness index. The result of best alternative calculation in Table 5
was obtained by art paper products with nypa palm leaf pulp proportion (50%) and newsprint paper 

This means that the product is the most 
The appearance of all treatments can be seen in Fig. 1. 

Product Score Rank 

(a)                     (b)                   (c)                      (d)                     (e)                    (f) 
P2L1; (c) P3L1; (d) P1L2; (e) P2L2; (f) P3L2 

fiber appearance, yield, and tensile 
paper suggest that the combination among treatments brought significant 

 The best treatment 
paper with the proportion paper raw material made of 

leaf pulp (50%) and newsprint paper pulp (50%) as well as the concentration of 7.5% PVAc 
of 73.84%, grammage 

), tensile resistance of 2.30 (kN /m), and tear resistance of 879 (mN). 

Special thanks to the Research and Development Agency of East Java Province for 
Ministry of Industry Indonesia, and ASEAN

strong and is not easily damaged by organic solvents. Thus, it only needs small PVAc 

which is accompanied by the same letter shows insignificantly different states (α 

Selection of the best treatment alternative is conducted based on the value of products obtained 
from the calculation of the effectiveness index. The result of best alternative calculation in Table 5 
was obtained by art paper products with nypa palm leaf pulp proportion (50%) and newsprint paper 

This means that the product is the most 

Rank  

2 

1 

3 

, yield, and tensile 
paper suggest that the combination among treatments brought significant 

treatment 
paper with the proportion paper raw material made of 

leaf pulp (50%) and newsprint paper pulp (50%) as well as the concentration of 7.5% PVAc 
of 73.84%, grammage 

Special thanks to the Research and Development Agency of East Java Province for financial 
Ministry of Industry Indonesia, and ASEAN-



Ika Atsari Dewi et al. 

163 
 

REFERENCES 
 
Akpakpan, A. E. (2011) ‘Influence of Cooking Variables on the Soda and Soda-Ethanol Pulpingof 
Nypa Fruticans Petioles’. Australian Journal of Basic and Applied Sciences, pp. 1202-1208. 

Narendra, D.B (2013) ‘Study of Nypa fruticans Midrib and Fruit Fiber Pulping Process Using EM4 
(Material Type and Fermentation)’ Brawijaya University, Malang. 

Palupi, N. S. (1995) ‘Effect of Coating Process (Pigment Coating) and Wood Fiber Composition on 
Quality of Glasin Paper’ Bogor Agricultural Institute. Bogor. 

Syaputra, T. (2011) ‘Organic Seed Basin Making and Testing for Gmelina (Gmelina arborea Roxb.) 
Breeding in Seedbed’ Bogor Agricultural Institute. Bogor. 



 

164 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank 



Proceedings of International Workshop on          

Non-Wood Pulping and Papermaking Technology  ISBN : 978-602-17761-5-5 

© 2017 The Authors. Published by Center for Pulp and Paper, Ministry of Industry, Indonesia 
 

 

Non-wood pulping in the Philippines – a background and its 

outlook under the paper industry roadmap 

Ray N. Geganto 

Philippine Paper Manufacturers Association Inc.,  
2F FMF Business Center, 126 Pioneer St., Mandaluyong City, Philippines 

 
Corresponding author: philippinepaper@gmail.com 

 
 

ABSTRACT 
 
The non-wood pulping industry in the Philippines started with its first sugarcane bagasse-based paper 
mill, Bais Paper Mill, in the late ‘40’s. This project was followed by Bataan Pulp and Paper Mill in 
the mid ‘60’s, based on bamboo and by United Pulp and Paper Co. in the mid 70’s, based also on 
bagasse. The non-wood fibers were chemically-pulped in these mills and used in their integrated 
paper machines to produce printing and writing paper and sackkraft for packaging. The mills operated 
well in the initial years but were later beset by competing uses for the original raw materials (which 
restrained the fiber supply) and declining market for some paper products (which lowered 
profitability).  In the three decades ending 2015, integrated paper making in the country based on 
large-scale utilization of agri-residues or annual fibers did not flourish and the sad experience 
unfortunately discouraged new ventures in this area. While in the same period,  the Abaca fiber 
business (Musa textilis Nee, known as Manila hemp) in Philippines gradually industrialized and 
expanded  with the establishment of up to five (5) small pulp mills producing a long-fibered non-
wood pulp  mainly used in making specialty papers like teabags and filters. And for several years one 
or two paper mills actually used abaca pulp to make cigarette and other high-value paper grades. Due 
to the high cost of abaca itself, this non-wood pulp has become too expensive for use by local paper 
mills and is now only exported to developed countries (about 30,000 Tons/year). Today, no paper mill 
in the country runs on non-wood fiber and the non-wood pulp industry is accounted for only by the 
abaca pulp exporting mills. The only real practice of non-wood pulp-based paper making in the 
country remains with a few handmade paper makers who still pulp agri-residues and wild plants (such 
as waste abaca, banana, salago, and grasses) using micro- equipment, backyard-craft; and some even 
shifted partly to just buying finished abaca pulp and recycled paper. This presentation is aimed at 
looking at the circumstances that led to the failure of non-wood based paper making in the 
Philippines, hopefully finding solutions that may restore confidence for new investments at utilizing 
non-wood fibers for pulp and paper, and discussing selected projects in non-wood pulping that were 
recommended under an industry roadmap drawn by  the paper manufacturers  association.   
 
Keywords: non-wood pulping; abaca; agri-residues; roadmap 
 
 
PIONEERING NON-WOOD PULP PROJECTS IN PHILIPPINES 
 

Central Azucarera de Bais paper mill – Built in 1946 by a major sugar mill at the central 
province  of Negros during the post-war reconstruction period, the country’s first integrated paper mill 
was designed to run on sugarcane bagasse using the Celdecor-Pomilio process at pulping capacity of 
9,000 Tons/year. The bleached bagasse pulp was blended with imported pulp and made into printing 
and writing paper in two paper machines with a combined capacity of 14,000 Tons/year. Because the 
Philippines is a net oil importer, the oil crisis of the 70’s hit the industry badly. Bagasse became more 
valuable as energy source  than as feedstock for paper pulp. Its limited supply to paper making 
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worsened when low sugar prices in the world market shortened the milling periods. The pulp mill was 
eventually shut down and, by the 80’s,  the paper machines were converted to recycled paper. 

United Pulp and Paper Co. – Established in 1975 by the Phinma Group at Bulacan province, 
originally to meet the sack kraft paper requirements of cement manufacturers, was the country’s 
biggest venture in non-wood pulp and paper making. Bagasse collected from nearby sugar mills were 
depithed by the modern wet method and pulped using the soda process. The pulp was  reinforced with 
unbleached kraft softwood from a local market pulp mill to produce sack paper with good tensile 
energy absorption (TEA) quality in an integrated 95 Ton/day papermachine.  This project truly linked 
the sugar and paper industries in one of the earliest waste exchange program in significant terms, 
because the bagasse based-product transcended its application to  packaging by a willing and robust  
end-user – the cement industry. When woven polypropylene (WPP) bags became popular packaging 
material for cement, the sack paper was relegated to  a secondary packaging material (inner-ply), 
shrinking the paper mill’s market and opening the competition to low-stretch quality paper made 
cheaply by recycled paper mills. Like the first non-wood project (Bais) bagasse supply for pulping 
became limited as a major source sugar mill closed due to low market price for sugar; and whatever 
remains of the bagasse available from sugar mills located farther and smaller in sizes are now utilized 
mostly as fuel for steam boilers and co-gen power plants. Plagued further by rising environmental 
restrictions on integrated mills lacking the standard chemical recovery systems, UPPC shut down its 
non-wood pulp mill by the mid-80’s and converted to recycled corrugating containerboard at its paper 
machine.  

Bataan Pulp and Paper Mill – Constructed in 1962 by the Rufino Group with technical 
participation from Boise Cascade of the U.S., this integrated mill was originally built to run using 
bamboo from nearby plantations as a major raw material. As the country’s first kraft pulp mill 
complete with a chemical recovery system, Bataan pulped bamboo and hardwoods from sawmill and 
logging wastes, blended with kraft softwood and bleached with chlorine to produce 22,000 Tons/year 
of fine writing and specialty papers. As demand for bamboo in the furniture and construction sectors 
grew, the price of bamboo became too expensive for pulp and paper and, coupled with an unsustained 
supply of wood wastes in the area,  Bataan eventually replaced its pulp mill with a deinking plant in 
the 80’s and converted its paper machine to recycled printing paper. 

There were at least five other lesser-known  (smaller) pulp and paper projects built or seriously 
planned to run originally using non-wood fibers bagasse, rice straw and abaca; some even had the 
pulping and paper equipments installed or procured but the projects, caught in the energy and 
economic crises that gripped the country in 70’s and 80’s,  were either aborted or converted along the 
way to recycled paper.  
 
THE ABACA PULP INDUSTRY – A background 
 

The advent of nylon ropes combined with the development of abaca (Manila hemp) as an 
excellent pulp material for teabag, filters, banknote, food casing and other specialty applications led to 
an industrialization of the Manila hemp sector.  From the 70’s up to the turn of the century, six pulp 
mills were built with a combined production capacity of 35,000 Tons/year specialty, long fibered 
chemical pulp using high-grade abaca fiber. One mill however had to close down because of its 
proximity to the urban center of Metro Manila, which presented higher costs of raw material, labor, 
and compliance with environmental regulations. 

At least two local paper mills actually utilized abaca pulp for cigarette and other specialty grades 
during the 70’s to 80’s, but today almost all abaca pulp are exported. There is now no linkage at all 
with the local paper industry, whose production are mostly commodity grades of recycled 
containerboard, printing, tissue and other packaging papers.  
 
NON-WOOD PULPING TECHNOLOGIES USED AND THE INDUSTRY PROBLEMS 
 

Sugarcane bagasse and bamboo were pulped using batch or continuous digesters, such as Pandia-
type chemipulper and inclined digester. Bagasse was pulped with the Celdecor-Pomilio and soda 
processes; while bamboo was pulped with the kraft process. The mill built for bamboo had an alkaline 
recovery system (which worked after the pulp mill converted to all-wood).  Up to the time that all 
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bagasse and bamboo mills had closed, no technology upgrades like CTMP or ECF bleaching were 
made. 

Abaca is pulped using globe and tumbling digesters, The pulping process for abaca is soda and 
sulfite and this is still practised.  Bleaching is still done with hypochlorite, but some abaca mills are 
gradually shifting to reduced- or no-chlorine bleaching such as with use of peroxide or no bleaching at 
all for certain grades of pulp. In the late 70’s, a rice straw-based project named Luxembourg, Ph was 
envisioned as an integrated pulp and paper mill for the central province of Iloilo to produce 15,000 
tons/year fine paper but was shelved due to lack of capital. Another project, named People’s Paper 
Mill, an integrated chemical pulp and paper mill to produce 10,000 tons/year printing and writing 
paper in Nueva Ecija actually had the equipments brought in from its Joint venture partners in China 
and construction actually started at an alternate site during mid-80’s. But the project was also aborted 
due to lack of funds. 

In summary, the circumstances that led to the closure of earlier non-wood pulp and paper mills, 
bagasse and bamboo, were: 
 

1. Competing uses for the fibers, such as for construction (bamboo) and  for fuel (bagasse)  that 
limited their availabilities for pulp and paper, 

2. Fast rising demand,  not matched by the rate of planting in the agriculture side (bamboo); or 
by the generation as limited by (sugar) industry slowdown in the 80’s -90’s. This rendered the 
cost of the materials expensive for pulp and paper.       

3. Inability of the earlier projects to expand to improve on economies of scale, or 
4. Failure to upgrade production technologies, including environmental performance. 

 
Meanwhile, abaca pulp mills currently operating have capacities ranging from 12-40 Tons/day 

a.d. pulp, sizes too small to support a standard chemical recovery system. The mills operate under 
high costs of chemicals, utilities and wastewater treatment. Water usages can exceed 100 m3/ton pulp 
and power is purchased from the public Grid at high rates, since base load power input to the national 
grid is generated from natural gas and imported coal or oil.   

Aside therefore from abaca pulp that is exported for specialty applications overseas  and small-
scale pulping of abaca and banana wastes, grasses or bast fibers by handmade paper craft makers, 
there is now no major non-wood pulping industry that can be linked to the local paper manufacturing 
industry, much less direct use of non-wood pulp in an integrated paper mill in Philippines. 
 
OUTLOOK FOR NON-WOOD FIBERS UNDER THE PAPER INDUSTRY ROADMAP  
 

In an industry Roadmap submitted to the country’s Board of Investments, the Philippine Paper 
Manufacturers Association of the Philippines (PPMAI)  recognized the reasons why the pulp and 
paper industry in the Philippines has not developed as strongly as that of our Asian neighbors; 
foremost among which are  the gaps in fiber supply chain. The only integrated, forest-based paper 
mill, PICOP in southern Phils., shutdown in 2009, its operations plagued in its last 20 years by 
declining newsprint market, loss of forest rights and equipment obsolescence. Since then,  there is no 
local production of virgin pulp (whether wood pulp or non-wood) for  use in local paper making. 
Existing paper mills run only commodity grades such as newsprint, containerboard and other recycled 
printing and packaging papers, relying mostly on local recycled paper which in turn is short of supply 
and low in quality. 

In addition therefore to a plan to establish the country’s only kraft market pulp mill based on tree 
plantations, it was proposed to develop the commercial utilization of agri-residues such as rice straw, 
banana and other farm/plantation wastes, as well as annual fibers like abaca wastes, bamboo (again?) 
and bast fibers. It is proposed in the Industry Roadmap to establish a number of small, non-wood pulp 
and paper mills with sizes ranging from 20 to 50 Tons/day, or even 80-100 TPD to achieve some 
degree of economy of scale  depending on main fiber source, location and market for the pulp or 
paper product. 

Major non-woods (agri-wastes, annual fibers, and plant basts) recommended for priority 
development as raw material for manufacturing of paper pulp under the industry Roadmap are:  
 
1. Rice straw – one resource that has not seen industrial use for pulp and paper in the Philippines, 

despite its abundance and absence of large-scale competing use, unlike bamboo and bagasse. 
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Every harvest season, millions of tons of this material is burned or simply dumped aside around 
the country’s rice producing areas totaling 4.6 Million hectares.  

 

 
 

Fig. 1. Rice straw left out as waste or burned Fig. 2. Rice straw, dried and baled can be 
transported over long distances as raw 

material for paper pulp 
 

There are at least four (4) strategic areas in the country that a rice straw mill can be located: Central 
Luzon, Panay, Leyte, and Cotabato, with pulp production capacities of 10,000-20,000 tons/year. 
The country can use rice straw to support the production of  fine papers for printing and writing, as 
well as food-grade paper and other packagings which  include molded pulp.  It is believed that rice 
straw collection, transport, and storage problems can be greatly addressed by using good balers. 
Raw material supply and product quality problems associated with the use of rice straw can be 
solved by alternate pulping at the same mill with other non-wood fibers like banana and abaca 
wastes or bast long fibers, which can substitute imported softwood pulp in the paper machine. 
Pulping technologies can now shift to semichemical or chemithermomechanical (CTMP) and 
bleaching processes that use minimum or no chlorine.  

 
2. Banana wastes (Musa Acuminata xBalbisiana) – industrial utilization of banana wastes for pulp 

and paper is a logical step at developing a sizeable source of long-fiber pulp, with almost 0.5 
Million hectares of plantations  and smallholder farms growing bananas throughout the country. 
Research and actual use by handmade paper makers have shown that banana can be a practical 
reinforcing fiber for recycled bag paper, due to its good tearing and tensile strengths. The 
advantage of using banana wastes for local pulp and paper making is that it is generated in large 
volumes, esp.  in contiguous areas like the plantations;  and, unlike abaca, banana wastes have no 
established commercial usage as a fiber source for specialty paper. At least one non-wood pulp mill 
using mainly waste banana fiber is recommended for the country’s Central Mindanao area with a 
capacity range of 15,000-30,000 tons/year. 
 

3. Abaca wastes - not all abaca fibers produced  by farmers are processed for cordage and specialty 
pulp, resulting to significant amounts of low-  or non-grade fibers generated from stripping the 
plant for the high-grade fibers bought by pulp mills exporting specialty pulp and cordage 
manufacturers. For every kg of premium abaca fiber produced, waste fibers amounting to 2-4 times 
the quantity of premium fibers is generated from the tuxying and stripping process.  The paper 
industry Roadmap proposed that this abaca waste can be pulped for use by the paper industry to 
improve the quality of recycled papers, by blending as long-fiber in small amounts. At  4-8% in 
selected grades of packaging and printing papers (e.g. testliner, bag paper  and office paper), the 
local paper industry can use up to 20,000 tons/year of commodity-grade but long fiber pulp from 
waste abaca fibers.  
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Fig. 3. Abaca stripping wastes generated from the production of premium quality fibers 
 
Small, non-wood pulp mills based on this material can be established  in the country’s Southern 
Luzon, Bicol Region and Southern Leyte/Northeastern Mindanao, three (3) production sites 
having 6,000-10,000 tons/year capacities.  These projects will generate additional income for 
abaca farmers and develop a (secondary) market for abaca wastes and non-premium abaca pulp 
by integrating it with local paper production.  The same program can also utilize new abaca 
fibers from the hybrid (disease-resistant) program that, if planted over large areas,  may generate 
a supply in excess of the requirements for cordage and specialty pulp mills.  

 
4. Other agri-residues pineapple, tobacco, and oil palm fiber wastes – gaining relevance for 

impending utilization on a commercial scale are waste fibers from pineapple, tobacco, and palm 
oil industries, due to their availabilities in large volumes and pre-processed state from existing 
industries and plantations.  

 

          
 

        Fig. 4. Pineapple plantation waste                       Fig. 5. Pineapple processing waste 

 

Research are being done on pineapple wastes as a source of pulp, comprising the leaves and 
crowns from pineapple harvesting operations, as well as the pineapple processing plant residue 
after extraction of the fruit and juice.  Some handmade paper makers are actually running 
production trials on this material with promising results in terms of pulp yields and quality.   

 
More R&D work is needed to produce more convincing results that can form a basis for  
commercial utilization of these waste agri-residues as alternative sources of  pulp and paper.  
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Fig. 6. Pineapple processing residue after extaction of fruit and juice. 

Other Annual fibers 
 
5. Bamboo (family Poaceae) – Bamboo has been proposed as a major species to plant under the 

Phils.’ Enhanced National Greening Program in line with the national campaign to rehabilitate 
critical watersheds and contribute to carbon sequestration drive. The country has currently more 
than 37,000 has. bamboo plantations, located mostly in northern Luzon.  The industry Roadmap 
submitted by the bamboo sector to the government and other stakeholders proposes to expand the 
bamboo cultivation to many more areas around the country, mainly to support the raw material 
requirements of the construction, handicraft and engineered bamboo industries. The pulp and 
paper sector may not be able to pay for the price of bamboo that these sectors can offer, but if by 
sheer volume of these markets the supply and consumption of bamboo grown in mass plantations 
rises to more-than sufficient levels, a large volume of bamboo processing and harvesting wastes 
may become available (as chips) at a cost affordable for pulp and paper making.   

 

 
Figs. 7 and 8. Bamboo in Philippines is used mostly for construction and handicraft 

   

New Bast Fiber Development 
 

A popular bast fiber used in Philippines for pulp and paper is salago (Wikstroemia Spp, family 
Thymelaeceae), a sturdy, slow-growing shrub in primary and secondary forests throughout the 
country at low and medium altitudes (Ref. 1).  However, such utilization is small as this is done 
mainly by handmade paper makers. Kenaf cultivation was tried in the country but the results were not 
promising, hence its potential for pulp and paper has not been realized until now. 
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6. EKPI bast fiber – new fiber source from a special breed of Sayapo plant 

 
In 1996, Earthkeepers P.I. (EKPI), a non-government organization (NGO) of scientists, foresters, 
and engineers registered in the State of California, U.S., began searching for an annual fiber plant 
indigenous to the Philippines and with similar qualities as kenaf that can be used for reforesting 
denuded lands and can be grown for plantations forests. The efforts led to the discovery of 
Sayapo [Trichospermum eriopodum (Turcz) Merr]* from the family Malvaceae, a wild, mallows, 
woody (but non-timber) species  endemic to the Philippine islands of Luzon, Mindanao, Leyte, 
Samar, Palawan, Negros, Siargao and  Batanes. Its covering bark yields a strong bast fiber used 
for centuries by the natives, especially in Visayas  as a source for ropes, twine, carrying bags and 
clothing. 
 

 

 

Figs. 9 and 10 Sayapo EKPI spp. is split-leaf; grows naturally without fertilizer, irrigation, pesticide 
and tilling 

*Sayapo is also identified in Biodiversity Heritage Library as species Grewia eriopoda Turcz., family 
Tiliaceae. 

                                                        
After ten (10) years of trial plantings from mother plants and research experiments, EKPI has 
finally developed a special breed it now calls EKPI tree. EKPI trees grow much faster than the 
parent species and mature in 3 years to a height of 35-40 m. It is planted on 1x1 m spacing 
(10,000 trees) per hectare and, by Year 3, the trees having diameters of 8” (20-25 cm) and bigger 
(about 25-30%of standing stock) are harvested. Onwards, the next 30% are harvested every year 
with no more need of replanting. 
 
Bast fiber yield can be as high as 18 kgs per tree, using a good multi-fiber decorticating machine, 
or 30-50 tons bast fiber/ha.  
 
The EKPI bast fiber contains 63% alpha cellulose, which is higher than that of abaca and kenaf. 
Ash content is 2.83% (same as abaca and cotton); and Lignin content at 8.5% is similar to abaca. 
Pulping Yield using the soda-anthraquinone process typical for non-woods abaca and salago is 
above 50% and the pulp has the strength qualities as shown is Table 1. 
 
The soda pulp from EKPI bast fiber can be bleached with short chlorine and non-chlorine 
bleaching sequences to product pulp of more than 80% brightness (ISO).   
 
The EKPI tree’s soft, but woody, core can be pelletized or briquetted and co-fired as a 
supplemental,  renewable fuel at existing coal power plants without need for retrofit. On this 
basis, and together with the fact its bast fiber can be a good source of long fiber pulp,  it is now 
recommended that   EKPI Sayapo trees be considered for planting in parts of the 5,000 has. 
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fuelwood plantation for a proposed 350,000 tons/year kraft pulp mill in Eastern Mindanao as 
proposed in the industry Roadmap. 
 
 

 

 

  

 
Figs. 11,12,13,14 – EKPI Sayapo bark is sturdy and contiguous, thus easy to peel off the stem. It 
responds well to the common decorticating machine while moist. Soda pulp is easily bleached. 
 

Table 1 – Strength Properties of EPKI Sayapo Soda Pulp * 
Beating Time, mins. 15 34 

Pulp Freeness, ml CSF 500 400 

Burst Index, kPa.m2/g 4.4 5.8 

Tear Index, mN.m2/g 17.8 15.6 

Tensile Index, Nm/g 43.6 54.6 

Folding Endurance, #folds MIT 32 54 

*Tested by Forest Products Research and Development Institute, Los Banos, Laguna 
(ISO/TAPPI Standards) 

 
   Today, Earthkeepers PI is seeking: 
 

 private farmlands (smallholders) engaged in agro-forestry,  
 public lands intended by the government for reforestation through community-based 

forest management (CBFM) or for production forests under the National Greening 
Program 

 degraded forestlands still held under tenure by  forest products industries for 
development into tree plantations. 
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In pursuit of the goals and objectives in its Roadmap as submitted to the government, the pulp 
and paper industry offers a huge market for agri-residues and annual fibers, to drive sustainable 
economic development in the rural areas, generate employment and livelihood, and support the 
country’s efforts at improving the environment.                

Finally, this presenter wishes to reiterate that the  reason why non-wood resources - agri-
residues, annual fibers,  and plant bast from the forest  must be utilized for pulp and paper making is 
not only because they help  in  the preservation of our existing natural forests, but also because we put 
to good use perennial and quickly renewable resources, most of which remain largely untapped or are 
still considered wastes.  
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INTRODUCTION  
 

Cellulose is the most abundantly available natural polymers that can be produced mostly via 
pulping and bleaching of wood materials. However non-wood materials such as Oil Palm Empty Fruit 
Bunche (OPEFB), coconut coir fiber, kapok fiber and seaweed may also be the source of cellulose. 
For the case of seaweed, it is a very versatile plant which is widely used for food in direct human 
consumption, and also in non-food industries such as in cosmetics and agriculture. Besides agar, 
alginate and carrageenan, dry seaweed consists of about 15% cellulose (Siddhanta et al. 2009). Due to 
the fibrous nature of the seaweed waste, it was reported to be used as soil conditioner, specifically to 
increase the water retaining capability of sandy soil. Super absorbent polymer (SAP) is a very 
hydrophilic polymer that can absorb and retain huge amount of water or aqueous solutions, as high as 
100,000% (Buchholz & Graham 1998). Chemical modifications of natural polymers such as starch, 
cellulose and carrageenan have been utilized to prepare alternative SAPs (Ibrahim et al. 2008, Demitri 
et al. 2008, Ramazani-Harandi 2006). Biopolymers, such as cellulose extracted from seaweed are a 
particularly interesting source of raw material for the production of SAPs. The use of SAPs to 
increase water retaining capability is predominantly important in reducing the irrigation frequency, 
especially in fertigation farming. As the planting media has poor nutritional content and is unable to 
retain water or nutrient solutions for a long time, the nutrient solution has to be irrigated frequently 
(Intansabreena & Shahrul Fitri, 2008). 

Ceiba pentandra (L.) Gaertn. or locally known as kekabu or kapok is cotton-like substance. 
Kapok fiber is obtained from the seed pods of the kapok tree and found widespread in Southeast Asia. 
Kapok fibers are commonly utilized as stuffing material for beds and pillows. The kapok fiber is 
mainly composed of cellulose (58.9-64.0 %), lignin (13.0-21.5%), ash (0.5–3.5%)  and  small amount 
of waxy coating also covers the fiber surface (3.0 %) Kapok fiber has been used for enrichment 
culture of lignocelluloses-degrading bacteria [6], adsorbent for oil, adsorbent for cationic dye 
methylene blue, Cr(VI) removal and potentially as a resource for second generation bioethanol. 
Extraction and characterization were carried out to obtain pure cellulose from kapok fiber. Epoxy 
group will be incoporated onto the cellulosoic chain in order to introduce adhesion  properties, that is 
important for applications such as coating material in small electronic devices. 

Malaysia produces approximately 40–60% of world total palm oil over the past 25 years (Fan et 
al. 2011; Chew & Bhatia 2008). One of the major waste materials generated from the palm oil 
industry is Oil Palm Empty Fruit Bunch (OPEFB), on which a lot of research has been done to 
produce beneficial and valuable materials (Ahmadzadeh & Zakaria 2007). OPEFB is mainly 
composed of cellulose, lignin and hemicellulose. These materials are highly valuable and renewable 
feedstock for production of many products including bio-ethanol and other industrial chemicals. The 
utilization of waste materials that can produce high valuable products through environmental friendly 
processes needs to be developed.  
 
MATERIALS AND METHODS  

 
Cellulose may be extracted via conventional bleaching, dissolution in DES, or organosolv 

methods. As an example, dewaxed kapok (4.0 g) was added to 400 mL distilled water and refluxed for 
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SEM micrographs (Fig. 1) for raw kapok, standard and obtained cellulose, indicating that raw 
kapok fiber has smooth surfaces, tubular structure, buoyancy and fluffiness.
entrapment inside obtained cellulose (Fig. 1 (c)). The structure became wholly flattened and similar to 
a flat ribbon
diameter of fiber we

 
 

 
 

 
 
 
 

Fig. 2
delignified
assigned to the thermal decomposition of hemicellulose (Zhao 

2 h at 70-80 oC. For delignification process, dried CHCl
(5.0 g ) in water (240 mL), followed by acetic acid (2.0 mL). The mixture was refluxed for 3 h at 70 
C. The fiber was then filtered, washed extensively with distilled water and methanol and then dried at 

C in a vacuum. Dried NaClO
mixture was refluxed for 4 h at 85 
acid and distilled water. The fiber was then dried in vacuum oven at 40

 choline chloride (96.8 g) and urea (60.1 g) were heated. Then, dried 2
(3.0 g) was added to the prepared DES, followed by NaOH (3.72 g). The mixture was stirred for 20 h 

C. The clear liquor obtained containing cellulose
The isolated cellulose was added to 2.0 % H

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with water and 
ethanol. Finally, it wa
treatment fiber (8.0 g) was placed in a ractor (98 kPa, 120 
0.5 % sulphuric acid (20 mL). The mixture was heated for 1 h and filtered. Th
g) was added to a mixture of ethanol:water (80:20) (200 mL). The mixture was stirred for 2 h at 

C. Then, the cellulose obtained was filtered and washed with water and ethanol. For post
treatment, the obtained cellulose was ad
stirred at 50oC under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with 
water and ethanol. Finally, it was dried in an vacuum oven at 40 

The preparation of anionic ferti
cellulose bromoisobutyrylate (cell
deep eutectic solvent, and then 2
followed by atomic transfer radical polymerization (ATRP) on the cell
methacrylate (GMA) and subsequently sulfonation of the grafted products using sodium sulfite. The 
preparation of cationic fertilizer
bromoisobutyrylate (cell

BiB using [2-(methacryloyloxy) ethyl]
of zwitterionic fertilizer retaining agent
bromoisobutyrylate (cell

BiB using [2-
capacity of the products is then tested. The planting medium is prepared by mixing the SAPs together 
with rice and coconut husks. The planting medium is tested in terms of free
well as absorbency under load and ionic

RESULTS AND DISCUSSION

SEM micrographs (Fig. 1) for raw kapok, standard and obtained cellulose, indicating that raw 
kapok fiber has smooth surfaces, tubular structure, buoyancy and fluffiness.
entrapment inside obtained cellulose (Fig. 1 (c)). The structure became wholly flattened and similar to 
a flat ribbon-like structure. The surface topography is rougher than before treatment. The length and 
diameter of fiber we

Fig. 1. SEM images of  (a) raw kapok; (b) standard cellulose; (c) obtained cellulose

Fig. 2 presents the TGA thermograms and the corresponding DTG curves of the raw OPEFB, 
delignified OPEFB and OPEFB cellulose. A clear ‘shoulder’ at around 250
assigned to the thermal decomposition of hemicellulose (Zhao 

C. For delignification process, dried CHCl
(5.0 g ) in water (240 mL), followed by acetic acid (2.0 mL). The mixture was refluxed for 3 h at 70 

en filtered, washed extensively with distilled water and methanol and then dried at 
C in a vacuum. Dried NaClO

mixture was refluxed for 4 h at 85 
acid and distilled water. The fiber was then dried in vacuum oven at 40

choline chloride (96.8 g) and urea (60.1 g) were heated. Then, dried 2
(3.0 g) was added to the prepared DES, followed by NaOH (3.72 g). The mixture was stirred for 20 h 

C. The clear liquor obtained containing cellulose
The isolated cellulose was added to 2.0 % H

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with water and 
ethanol. Finally, it was dried in an vacuum oven at 40 
treatment fiber (8.0 g) was placed in a ractor (98 kPa, 120 
0.5 % sulphuric acid (20 mL). The mixture was heated for 1 h and filtered. Th
g) was added to a mixture of ethanol:water (80:20) (200 mL). The mixture was stirred for 2 h at 

C. Then, the cellulose obtained was filtered and washed with water and ethanol. For post
treatment, the obtained cellulose was ad

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with 
water and ethanol. Finally, it was dried in an vacuum oven at 40 

The preparation of anionic ferti
cellulose bromoisobutyrylate (cell
deep eutectic solvent, and then 2
followed by atomic transfer radical polymerization (ATRP) on the cell
methacrylate (GMA) and subsequently sulfonation of the grafted products using sodium sulfite. The 
preparation of cationic fertilizer
bromoisobutyrylate (cell-BiB), followed by atomic transfer radical polymerization (ATRP) on the 

(methacryloyloxy) ethyl]
ic fertilizer retaining agent

bromoisobutyrylate (cell-BiB), followed by atomic transfer radical polymerization (ATRP) on the 
-(methacryloyloxy)ethyl]

capacity of the products is then tested. The planting medium is prepared by mixing the SAPs together 
with rice and coconut husks. The planting medium is tested in terms of free
well as absorbency under load and ionic

RESULTS AND DISCUSSION

SEM micrographs (Fig. 1) for raw kapok, standard and obtained cellulose, indicating that raw 
kapok fiber has smooth surfaces, tubular structure, buoyancy and fluffiness.
entrapment inside obtained cellulose (Fig. 1 (c)). The structure became wholly flattened and similar to 

like structure. The surface topography is rougher than before treatment. The length and 
diameter of fiber were reduced.  

Fig. 1. SEM images of  (a) raw kapok; (b) standard cellulose; (c) obtained cellulose

presents the TGA thermograms and the corresponding DTG curves of the raw OPEFB, 
OPEFB and OPEFB cellulose. A clear ‘shoulder’ at around 250

assigned to the thermal decomposition of hemicellulose (Zhao 

Rusli 

C. For delignification process, dried CHCl
(5.0 g ) in water (240 mL), followed by acetic acid (2.0 mL). The mixture was refluxed for 3 h at 70 

en filtered, washed extensively with distilled water and methanol and then dried at 
C in a vacuum. Dried NaClO2 (3.0 g) treated fiber was then added to NaOH (4 %, 300 mL). The 

mixture was refluxed for 4 h at 85 oC.  The obtained cellulose was later was
acid and distilled water. The fiber was then dried in vacuum oven at 40

choline chloride (96.8 g) and urea (60.1 g) were heated. Then, dried 2
(3.0 g) was added to the prepared DES, followed by NaOH (3.72 g). The mixture was stirred for 20 h 

C. The clear liquor obtained containing cellulose
The isolated cellulose was added to 2.0 % H

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with water and 
s dried in an vacuum oven at 40 

treatment fiber (8.0 g) was placed in a ractor (98 kPa, 120 
0.5 % sulphuric acid (20 mL). The mixture was heated for 1 h and filtered. Th
g) was added to a mixture of ethanol:water (80:20) (200 mL). The mixture was stirred for 2 h at 

C. Then, the cellulose obtained was filtered and washed with water and ethanol. For post
treatment, the obtained cellulose was added  to 2.0 % H

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with 
water and ethanol. Finally, it was dried in an vacuum oven at 40 

The preparation of anionic fertilizer-retaining agent
cellulose bromoisobutyrylate (cell-BiB). This macro
deep eutectic solvent, and then 2-bromoisobutyryl bromide is added into the cellulose 
followed by atomic transfer radical polymerization (ATRP) on the cell
methacrylate (GMA) and subsequently sulfonation of the grafted products using sodium sulfite. The 
preparation of cationic fertilizer-retaining agent

BiB), followed by atomic transfer radical polymerization (ATRP) on the 
(methacryloyloxy) ethyl]-trimethyl ammonium chloride (MeDMA). The 

ic fertilizer retaining agent 
BiB), followed by atomic transfer radical polymerization (ATRP) on the 

(methacryloyloxy)ethyl]-
capacity of the products is then tested. The planting medium is prepared by mixing the SAPs together 
with rice and coconut husks. The planting medium is tested in terms of free
well as absorbency under load and ionic sensitivity.

RESULTS AND DISCUSSION 

SEM micrographs (Fig. 1) for raw kapok, standard and obtained cellulose, indicating that raw 
kapok fiber has smooth surfaces, tubular structure, buoyancy and fluffiness.
entrapment inside obtained cellulose (Fig. 1 (c)). The structure became wholly flattened and similar to 

like structure. The surface topography is rougher than before treatment. The length and 
 

Fig. 1. SEM images of  (a) raw kapok; (b) standard cellulose; (c) obtained cellulose

presents the TGA thermograms and the corresponding DTG curves of the raw OPEFB, 
OPEFB and OPEFB cellulose. A clear ‘shoulder’ at around 250

assigned to the thermal decomposition of hemicellulose (Zhao 

Rusli Daik et al

C. For delignification process, dried CHCl
(5.0 g ) in water (240 mL), followed by acetic acid (2.0 mL). The mixture was refluxed for 3 h at 70 

en filtered, washed extensively with distilled water and methanol and then dried at 
(3.0 g) treated fiber was then added to NaOH (4 %, 300 mL). The 

C.  The obtained cellulose was later was
acid and distilled water. The fiber was then dried in vacuum oven at 40

choline chloride (96.8 g) and urea (60.1 g) were heated. Then, dried 2
(3.0 g) was added to the prepared DES, followed by NaOH (3.72 g). The mixture was stirred for 20 h 

C. The clear liquor obtained containing cellulose-
The isolated cellulose was added to 2.0 % H2O2- 0.2 % cyanamide solution (180 mL) and stirred at 

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with water and 
s dried in an vacuum oven at 40 

treatment fiber (8.0 g) was placed in a ractor (98 kPa, 120 
0.5 % sulphuric acid (20 mL). The mixture was heated for 1 h and filtered. Th
g) was added to a mixture of ethanol:water (80:20) (200 mL). The mixture was stirred for 2 h at 

C. Then, the cellulose obtained was filtered and washed with water and ethanol. For post
ded  to 2.0 % H

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with 
water and ethanol. Finally, it was dried in an vacuum oven at 40 

retaining agent
BiB). This macro-initiator is prepared by dissolving cellulose in a 

bromoisobutyryl bromide is added into the cellulose 
followed by atomic transfer radical polymerization (ATRP) on the cell
methacrylate (GMA) and subsequently sulfonation of the grafted products using sodium sulfite. The 

retaining agent involves the synthesis of macro
BiB), followed by atomic transfer radical polymerization (ATRP) on the 

trimethyl ammonium chloride (MeDMA). The 
 involves the synthesis of macro

BiB), followed by atomic transfer radical polymerization (ATRP) on the 
-phosphoryl-

capacity of the products is then tested. The planting medium is prepared by mixing the SAPs together 
with rice and coconut husks. The planting medium is tested in terms of free

sensitivity. 

SEM micrographs (Fig. 1) for raw kapok, standard and obtained cellulose, indicating that raw 
kapok fiber has smooth surfaces, tubular structure, buoyancy and fluffiness.
entrapment inside obtained cellulose (Fig. 1 (c)). The structure became wholly flattened and similar to 

like structure. The surface topography is rougher than before treatment. The length and 

 
Fig. 1. SEM images of  (a) raw kapok; (b) standard cellulose; (c) obtained cellulose

 
presents the TGA thermograms and the corresponding DTG curves of the raw OPEFB, 
OPEFB and OPEFB cellulose. A clear ‘shoulder’ at around 250

assigned to the thermal decomposition of hemicellulose (Zhao 

al. 

C. For delignification process, dried CHCl3 treated fiber (3.0 g) was added to NaClO
(5.0 g ) in water (240 mL), followed by acetic acid (2.0 mL). The mixture was refluxed for 3 h at 70 

en filtered, washed extensively with distilled water and methanol and then dried at 
(3.0 g) treated fiber was then added to NaOH (4 %, 300 mL). The 

C.  The obtained cellulose was later was
acid and distilled water. The fiber was then dried in vacuum oven at 40

choline chloride (96.8 g) and urea (60.1 g) were heated. Then, dried 2
(3.0 g) was added to the prepared DES, followed by NaOH (3.72 g). The mixture was stirred for 20 h 

-rich extract was poured into distilled water. 
0.2 % cyanamide solution (180 mL) and stirred at 

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with water and 
s dried in an vacuum oven at 40 oC. In organosolv method,

treatment fiber (8.0 g) was placed in a ractor (98 kPa, 120 oC) containing distilled water (800 mL) and 
0.5 % sulphuric acid (20 mL). The mixture was heated for 1 h and filtered. Th
g) was added to a mixture of ethanol:water (80:20) (200 mL). The mixture was stirred for 2 h at 

C. Then, the cellulose obtained was filtered and washed with water and ethanol. For post
ded  to 2.0 % H2O2-0.2 % cyanamide solution (180 mL) and 

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with 
water and ethanol. Finally, it was dried in an vacuum oven at 40 oC. 

retaining agent begins with the synthesis of macro
initiator is prepared by dissolving cellulose in a 

bromoisobutyryl bromide is added into the cellulose 
followed by atomic transfer radical polymerization (ATRP) on the cell
methacrylate (GMA) and subsequently sulfonation of the grafted products using sodium sulfite. The 

involves the synthesis of macro
BiB), followed by atomic transfer radical polymerization (ATRP) on the 

trimethyl ammonium chloride (MeDMA). The 
involves the synthesis of macro

BiB), followed by atomic transfer radical polymerization (ATRP) on the 
-choline (MPC). 

capacity of the products is then tested. The planting medium is prepared by mixing the SAPs together 
with rice and coconut husks. The planting medium is tested in terms of free

SEM micrographs (Fig. 1) for raw kapok, standard and obtained cellulose, indicating that raw 
kapok fiber has smooth surfaces, tubular structure, buoyancy and fluffiness.
entrapment inside obtained cellulose (Fig. 1 (c)). The structure became wholly flattened and similar to 

like structure. The surface topography is rougher than before treatment. The length and 

Fig. 1. SEM images of  (a) raw kapok; (b) standard cellulose; (c) obtained cellulose

presents the TGA thermograms and the corresponding DTG curves of the raw OPEFB, 
OPEFB and OPEFB cellulose. A clear ‘shoulder’ at around 250

assigned to the thermal decomposition of hemicellulose (Zhao et al.

treated fiber (3.0 g) was added to NaClO
(5.0 g ) in water (240 mL), followed by acetic acid (2.0 mL). The mixture was refluxed for 3 h at 70 

en filtered, washed extensively with distilled water and methanol and then dried at 
(3.0 g) treated fiber was then added to NaOH (4 %, 300 mL). The 

C.  The obtained cellulose was later washed with aqueous acetic 
acid and distilled water. The fiber was then dried in vacuum oven at 40oC. For the case of dissolution 

choline chloride (96.8 g) and urea (60.1 g) were heated. Then, dried 2-naphthol treated fiber 
(3.0 g) was added to the prepared DES, followed by NaOH (3.72 g). The mixture was stirred for 20 h 

tract was poured into distilled water. 
0.2 % cyanamide solution (180 mL) and stirred at 

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with water and 
C. In organosolv method,
C) containing distilled water (800 mL) and 

0.5 % sulphuric acid (20 mL). The mixture was heated for 1 h and filtered. The solid phase (fiber) (3.0 
g) was added to a mixture of ethanol:water (80:20) (200 mL). The mixture was stirred for 2 h at 

C. Then, the cellulose obtained was filtered and washed with water and ethanol. For post
0.2 % cyanamide solution (180 mL) and 

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with 

begins with the synthesis of macro
initiator is prepared by dissolving cellulose in a 

bromoisobutyryl bromide is added into the cellulose 
followed by atomic transfer radical polymerization (ATRP) on the cell-
methacrylate (GMA) and subsequently sulfonation of the grafted products using sodium sulfite. The 

involves the synthesis of macro
BiB), followed by atomic transfer radical polymerization (ATRP) on the 

trimethyl ammonium chloride (MeDMA). The 
involves the synthesis of macro

BiB), followed by atomic transfer radical polymerization (ATRP) on the 
ine (MPC). The fertil

capacity of the products is then tested. The planting medium is prepared by mixing the SAPs together 
with rice and coconut husks. The planting medium is tested in terms of free-absorbency capacity, as 

SEM micrographs (Fig. 1) for raw kapok, standard and obtained cellulose, indicating that raw 
kapok fiber has smooth surfaces, tubular structure, buoyancy and fluffiness. There is a total loss of air 
entrapment inside obtained cellulose (Fig. 1 (c)). The structure became wholly flattened and similar to 

like structure. The surface topography is rougher than before treatment. The length and 

Fig. 1. SEM images of  (a) raw kapok; (b) standard cellulose; (c) obtained cellulose

presents the TGA thermograms and the corresponding DTG curves of the raw OPEFB, 
OPEFB and OPEFB cellulose. A clear ‘shoulder’ at around 250

et al. 2009). The high temperature 

treated fiber (3.0 g) was added to NaClO
(5.0 g ) in water (240 mL), followed by acetic acid (2.0 mL). The mixture was refluxed for 3 h at 70 

en filtered, washed extensively with distilled water and methanol and then dried at 
(3.0 g) treated fiber was then added to NaOH (4 %, 300 mL). The 

hed with aqueous acetic 
For the case of dissolution 

naphthol treated fiber 
(3.0 g) was added to the prepared DES, followed by NaOH (3.72 g). The mixture was stirred for 20 h 

tract was poured into distilled water. 
0.2 % cyanamide solution (180 mL) and stirred at 

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with water and 
C. In organosolv method, dried 2-
C) containing distilled water (800 mL) and 

e solid phase (fiber) (3.0 
g) was added to a mixture of ethanol:water (80:20) (200 mL). The mixture was stirred for 2 h at 

C. Then, the cellulose obtained was filtered and washed with water and ethanol. For post
0.2 % cyanamide solution (180 mL) and 

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with 

begins with the synthesis of macro
initiator is prepared by dissolving cellulose in a 

bromoisobutyryl bromide is added into the cellulose solution. This is 
-BiB using glycidyl 

methacrylate (GMA) and subsequently sulfonation of the grafted products using sodium sulfite. The 
involves the synthesis of macro-initiator cellulose 

BiB), followed by atomic transfer radical polymerization (ATRP) on the 
trimethyl ammonium chloride (MeDMA). The production 

involves the synthesis of macro-initiator cellulose 
BiB), followed by atomic transfer radical polymerization (ATRP) on the 

The fertilizer adsorption 
capacity of the products is then tested. The planting medium is prepared by mixing the SAPs together 

absorbency capacity, as 

SEM micrographs (Fig. 1) for raw kapok, standard and obtained cellulose, indicating that raw 
There is a total loss of air 

entrapment inside obtained cellulose (Fig. 1 (c)). The structure became wholly flattened and similar to 
like structure. The surface topography is rougher than before treatment. The length and 

Fig. 1. SEM images of  (a) raw kapok; (b) standard cellulose; (c) obtained cellulose 

presents the TGA thermograms and the corresponding DTG curves of the raw OPEFB, 
OPEFB and OPEFB cellulose. A clear ‘shoulder’ at around 250-300oC is normally 

2009). The high temperature 

treated fiber (3.0 g) was added to NaClO2 

(5.0 g ) in water (240 mL), followed by acetic acid (2.0 mL). The mixture was refluxed for 3 h at 70 
en filtered, washed extensively with distilled water and methanol and then dried at 

(3.0 g) treated fiber was then added to NaOH (4 %, 300 mL). The 
hed with aqueous acetic 

For the case of dissolution 
naphthol treated fiber 

(3.0 g) was added to the prepared DES, followed by NaOH (3.72 g). The mixture was stirred for 20 h 
tract was poured into distilled water. 

0.2 % cyanamide solution (180 mL) and stirred at 
C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with water and 

-naphthol 
C) containing distilled water (800 mL) and 

e solid phase (fiber) (3.0 
g) was added to a mixture of ethanol:water (80:20) (200 mL). The mixture was stirred for 2 h at 

C. Then, the cellulose obtained was filtered and washed with water and ethanol. For post-
0.2 % cyanamide solution (180 mL) and 

C under pH 10 for 4 h. The bleached cellulose obtained was filtered and washed with 

begins with the synthesis of macro-initiator 
initiator is prepared by dissolving cellulose in a 

solution. This is 
BiB using glycidyl 

methacrylate (GMA) and subsequently sulfonation of the grafted products using sodium sulfite. The 
initiator cellulose 

BiB), followed by atomic transfer radical polymerization (ATRP) on the 
production 

initiator cellulose 
BiB), followed by atomic transfer radical polymerization (ATRP) on the 

izer adsorption 
capacity of the products is then tested. The planting medium is prepared by mixing the SAPs together 

absorbency capacity, as 

SEM micrographs (Fig. 1) for raw kapok, standard and obtained cellulose, indicating that raw 
There is a total loss of air 

entrapment inside obtained cellulose (Fig. 1 (c)). The structure became wholly flattened and similar to 
like structure. The surface topography is rougher than before treatment. The length and 

 

presents the TGA thermograms and the corresponding DTG curves of the raw OPEFB, 
C is normally 

2009). The high temperature 



 

 

“tails” at around 400
aromatic rings occurs above 400
(Sarifah 
since it is overlapped with main peaks of
1b), the first peak appears at around 300 
hemicellulose. There is no tail appears within the range of 400
delignificat
treatments, there is neither shoulder nor tails present in the thermogram indicating that lignin and 
hemicellulose were successfully removed. Thermal decomposition at ar
OPEFB cellulose was successfully obtained (Fig. 1a).

 

Fig. 2

The presence of the BiB
3 shows the 
1.4 - 2.0 ppm is due
are attributed to methylene protons of MCC. In the 
methyl (a), quaternary (b and e) carbons of BiB groups and methylene carbon (c) of MCC are 
observed at 26.6, 58.2, 171.7, and 66.1 ppm respectively. These
the data reported by Meng 

 

 
ACKNOWLEDGMENTS
 
Universiti Kebangsaan
 
REFERENCES
 
Buchholz, FL., Graham, AT. 1998.  
York. 

Demitri, C., Del Sole, R., Scalera, F., Sannino, A., Vasapollo
Nicolas, L. 2008. 

“tails” at around 400
aromatic rings occurs above 400
(Sarifah et al. 2014). For the raw OPEFB (Fig. 1c), shoulder peaks of hemicellulose were not obvious 
since it is overlapped with main peaks of
1b), the first peak appears at around 300 
hemicellulose. There is no tail appears within the range of 400
delignification process was successful. In the case of cellulose obtained from organosolv and H
treatments, there is neither shoulder nor tails present in the thermogram indicating that lignin and 
hemicellulose were successfully removed. Thermal decomposition at ar
OPEFB cellulose was successfully obtained (Fig. 1a).

Fig. 2 TGA thermograms (left) and DTG curves (right) of (a) OPEFB cellulose (b) 

The presence of the BiB
shows the 1H NMR and 

2.0 ppm is due 
are attributed to methylene protons of MCC. In the 
methyl (a), quaternary (b and e) carbons of BiB groups and methylene carbon (c) of MCC are 
observed at 26.6, 58.2, 171.7, and 66.1 ppm respectively. These
the data reported by Meng 

Fig.3

ACKNOWLEDGMENTS

Universiti Kebangsaan

REFERENCES 

Buchholz, FL., Graham, AT. 1998.  

Demitri, C., Del Sole, R., Scalera, F., Sannino, A., Vasapollo
Nicolas, L. 2008. Journal of Applied Polymer Science

“tails” at around 400-600oC were normally as
aromatic rings occurs above 400

2014). For the raw OPEFB (Fig. 1c), shoulder peaks of hemicellulose were not obvious 
since it is overlapped with main peaks of
1b), the first peak appears at around 300 
hemicellulose. There is no tail appears within the range of 400

ion process was successful. In the case of cellulose obtained from organosolv and H
treatments, there is neither shoulder nor tails present in the thermogram indicating that lignin and 
hemicellulose were successfully removed. Thermal decomposition at ar
OPEFB cellulose was successfully obtained (Fig. 1a).

TGA thermograms (left) and DTG curves (right) of (a) OPEFB cellulose (b) 

The presence of the BiB groups on MCC chains was further clarified by NMR spectroscopy
H NMR and 13C NMR spectra of MCC

 to methyl protons of bromoisobutyryl group. The peaks in range of 3.6 
are attributed to methylene protons of MCC. In the 
methyl (a), quaternary (b and e) carbons of BiB groups and methylene carbon (c) of MCC are 
observed at 26.6, 58.2, 171.7, and 66.1 ppm respectively. These
the data reported by Meng et al. (2009). 

Fig.3 1H NMR (a) and 

ACKNOWLEDGMENTS 

Universiti Kebangsaan Malaysia and Malaysia Ministry of Higher Education for the financial support.

Buchholz, FL., Graham, AT. 1998.  

Demitri, C., Del Sole, R., Scalera, F., Sannino, A., Vasapollo
Journal of Applied Polymer Science

Rusli 

C were normally as
aromatic rings occurs above 400oC. This explains the broad degradation temperature range of lignin 

2014). For the raw OPEFB (Fig. 1c), shoulder peaks of hemicellulose were not obvious 
since it is overlapped with main peaks of cellulose. In the thermogram for delignified OPEFB (Fig. 
1b), the first peak appears at around 300 o

hemicellulose. There is no tail appears within the range of 400
ion process was successful. In the case of cellulose obtained from organosolv and H

treatments, there is neither shoulder nor tails present in the thermogram indicating that lignin and 
hemicellulose were successfully removed. Thermal decomposition at ar
OPEFB cellulose was successfully obtained (Fig. 1a).

 
TGA thermograms (left) and DTG curves (right) of (a) OPEFB cellulose (b) 

OPEFB (c) raw OPEFB

groups on MCC chains was further clarified by NMR spectroscopy
C NMR spectra of MCC

to methyl protons of bromoisobutyryl group. The peaks in range of 3.6 
are attributed to methylene protons of MCC. In the 
methyl (a), quaternary (b and e) carbons of BiB groups and methylene carbon (c) of MCC are 
observed at 26.6, 58.2, 171.7, and 66.1 ppm respectively. These

. (2009).  

H NMR (a) and 13C NMR (b) spectra of MCC

Malaysia and Malaysia Ministry of Higher Education for the financial support.

Buchholz, FL., Graham, AT. 1998.  Modern Superabsorbent Polymer Technology

Demitri, C., Del Sole, R., Scalera, F., Sannino, A., Vasapollo
Journal of Applied Polymer Science

Rusli Daik et al

C were normally ascribed to degradation of lignin
. This explains the broad degradation temperature range of lignin 

2014). For the raw OPEFB (Fig. 1c), shoulder peaks of hemicellulose were not obvious 
cellulose. In the thermogram for delignified OPEFB (Fig. 

oC (shoulder) resembling the thermal decomposition of 
hemicellulose. There is no tail appears within the range of 400

ion process was successful. In the case of cellulose obtained from organosolv and H
treatments, there is neither shoulder nor tails present in the thermogram indicating that lignin and 
hemicellulose were successfully removed. Thermal decomposition at ar
OPEFB cellulose was successfully obtained (Fig. 1a). 

 
TGA thermograms (left) and DTG curves (right) of (a) OPEFB cellulose (b) 

OPEFB (c) raw OPEFB
 

groups on MCC chains was further clarified by NMR spectroscopy
C NMR spectra of MCC-BiB. The proton chemical shift in the range of 

to methyl protons of bromoisobutyryl group. The peaks in range of 3.6 
are attributed to methylene protons of MCC. In the 13C NMR spectrum of MCC
methyl (a), quaternary (b and e) carbons of BiB groups and methylene carbon (c) of MCC are 
observed at 26.6, 58.2, 171.7, and 66.1 ppm respectively. These

C NMR (b) spectra of MCC

Malaysia and Malaysia Ministry of Higher Education for the financial support.

Modern Superabsorbent Polymer Technology

Demitri, C., Del Sole, R., Scalera, F., Sannino, A., Vasapollo
Journal of Applied Polymer Science. 110:

al. 

cribed to degradation of lignin
. This explains the broad degradation temperature range of lignin 

2014). For the raw OPEFB (Fig. 1c), shoulder peaks of hemicellulose were not obvious 
cellulose. In the thermogram for delignified OPEFB (Fig. 

C (shoulder) resembling the thermal decomposition of 
hemicellulose. There is no tail appears within the range of 400

ion process was successful. In the case of cellulose obtained from organosolv and H
treatments, there is neither shoulder nor tails present in the thermogram indicating that lignin and 
hemicellulose were successfully removed. Thermal decomposition at ar

TGA thermograms (left) and DTG curves (right) of (a) OPEFB cellulose (b) 
OPEFB (c) raw OPEFB 

groups on MCC chains was further clarified by NMR spectroscopy
BiB. The proton chemical shift in the range of 

to methyl protons of bromoisobutyryl group. The peaks in range of 3.6 
C NMR spectrum of MCC

methyl (a), quaternary (b and e) carbons of BiB groups and methylene carbon (c) of MCC are 
observed at 26.6, 58.2, 171.7, and 66.1 ppm respectively. These NMR spectra were in agreement with 

C NMR (b) spectra of MCC-

Malaysia and Malaysia Ministry of Higher Education for the financial support.

Modern Superabsorbent Polymer Technology

Demitri, C., Del Sole, R., Scalera, F., Sannino, A., Vasapollo, G., Maffezzoli, A., Ambrosio, L. and 
110: 2453-2460.

cribed to degradation of lignin. The 
. This explains the broad degradation temperature range of lignin 

2014). For the raw OPEFB (Fig. 1c), shoulder peaks of hemicellulose were not obvious 
cellulose. In the thermogram for delignified OPEFB (Fig. 

C (shoulder) resembling the thermal decomposition of 
hemicellulose. There is no tail appears within the range of 400-600oC indicating that the 

ion process was successful. In the case of cellulose obtained from organosolv and H
treatments, there is neither shoulder nor tails present in the thermogram indicating that lignin and 
hemicellulose were successfully removed. Thermal decomposition at around 310

TGA thermograms (left) and DTG curves (right) of (a) OPEFB cellulose (b) 

groups on MCC chains was further clarified by NMR spectroscopy
BiB. The proton chemical shift in the range of 

to methyl protons of bromoisobutyryl group. The peaks in range of 3.6 
C NMR spectrum of MCC

methyl (a), quaternary (b and e) carbons of BiB groups and methylene carbon (c) of MCC are 
NMR spectra were in agreement with 

-BiB in DMSO

Malaysia and Malaysia Ministry of Higher Education for the financial support.

Modern Superabsorbent Polymer Technology

, G., Maffezzoli, A., Ambrosio, L. and 
2460. 

. The degradation of 
. This explains the broad degradation temperature range of lignin 

2014). For the raw OPEFB (Fig. 1c), shoulder peaks of hemicellulose were not obvious 
cellulose. In the thermogram for delignified OPEFB (Fig. 

C (shoulder) resembling the thermal decomposition of 
C indicating that the 

ion process was successful. In the case of cellulose obtained from organosolv and H
treatments, there is neither shoulder nor tails present in the thermogram indicating that lignin and 

ound 310oC showed that 

TGA thermograms (left) and DTG curves (right) of (a) OPEFB cellulose (b) delignified 

groups on MCC chains was further clarified by NMR spectroscopy
BiB. The proton chemical shift in the range of 

to methyl protons of bromoisobutyryl group. The peaks in range of 3.6 -
C NMR spectrum of MCC-BiB, peaks for the 

methyl (a), quaternary (b and e) carbons of BiB groups and methylene carbon (c) of MCC are 
NMR spectra were in agreement with 

BiB in DMSO-d6 

Malaysia and Malaysia Ministry of Higher Education for the financial support.

Modern Superabsorbent Polymer Technology/ Wiley-VCH, New 

, G., Maffezzoli, A., Ambrosio, L. and 

177 

degradation of 
. This explains the broad degradation temperature range of lignin 

2014). For the raw OPEFB (Fig. 1c), shoulder peaks of hemicellulose were not obvious 
cellulose. In the thermogram for delignified OPEFB (Fig. 

C (shoulder) resembling the thermal decomposition of 
C indicating that the 

ion process was successful. In the case of cellulose obtained from organosolv and H2O2 
treatments, there is neither shoulder nor tails present in the thermogram indicating that lignin and 

C showed that 

 

delignified 

groups on MCC chains was further clarified by NMR spectroscopy. Fig. 
BiB. The proton chemical shift in the range of 

- 3.7 ppm 
BiB, peaks for the 

methyl (a), quaternary (b and e) carbons of BiB groups and methylene carbon (c) of MCC are 
NMR spectra were in agreement with 

 

Malaysia and Malaysia Ministry of Higher Education for the financial support. 

VCH, New 

, G., Maffezzoli, A., Ambrosio, L. and 



Rusli Daik et al. 

178 
 

Ibrahim, S.M., El Salmawi, K.M. and Zahran, A.H. 2007. Journal of Applied Polymer Science. 104: 
2003-2008. 

Intansabreena and Shahrul Fitri. 2008. Fertigation Farming. Retrieved from http://www.precision-
farming-for-dummies.blogspot.com/2008/04/fertigation-farming-in-malaysia.html 22 January 2011. 

Ramazani-Harandi, M. J., Zohuriaan-Mehr, M. J., Yousefi, A.A., Ershad-Langroudi, A. and Kabiri, 
K. 2006. Polymer Testing. 25: 470-474. 

Siddhanta , AK., Prasad, K., Meena, R., Prasad, G., Mehta, GK., Chhatbar, MU., Oza, MD., Kumar, 
S., Sanandiya, ND. 2009. Bioresource Technology. 100: 6669–6673. 



Proceedings of International Workshop on            

Non-Wood Pulping and Papermaking Technology  ISBN : 978-602-17761-5-5 

© 2017 The Authors. Published by Center for Pulp and Paper, Ministry of Industry, Indonesia 
 

 

A novel mode of recycling economy for straw chemical 
pulping 

Qingxi Hou*, Xiaoya Jiang. 

Tianjin Key Laboratory of Pulp & Paper, Tianjin University of Science & Technology, 
Tianjin 300457, P. R. China 

 
*corresponding author: qingxihou@tust.edu.cn  

 
 

1  INTRODUCTION 
 
Pulp and paper industry has been facing several problems in regard to the shortage of traditional 

resources of fibrous raw materials with the continuous increase of product consumption tendency in 
the last 15 years[1]. In this case, considerable research efforts are made to find alternative fibrous 
resources[2, 3]. Straw, including wheat, rice, corn and cotton straws in general, is one of the most 
important raw materials in the future for the pulp and paper industry in Asian countries. However, 
there are some inevitable challenges in straw pulping which maybe come from the characteristics of 
straw fiber materials. The main problem in straw pulping is the high content of non-fiber cell and 
silicon which leads to a poor quality and bad drainability of straw fiber and high viscosity and low 
solids content of corresponding black liquor[4]. Therefore, some principles of using wheat straw as 
pulp raw material should be developed.  

According to the above, Shandong Tralin papermaking Co. developed a novel mode of recycling 
economy for straw pulping. This presentation introduces the mode in detail, including the new 
technologies and equipment of preparation, cooking, delignification and black liquor treatment. The 
integrated process could provide a reference for non-wood pulping and papermaking technology and 
the establishment of recycling economy industrial chains. 
 
2  TRALIN MODE 
 

Tralin mode is an integrated industrial process, as shown in Figure 1, including four different 
circular economy industrial chains: 1) the production of writing and printing paper, tissue paper, food 
and medical wrapping paper using the brown wheat straw pulp; 2) the production of different kinds of 
organic fertilizers using the black liquor of wheat straw pulping; 3) the recirculation of waste water 
for pulp production or agricultural irrigation; 4) the reproduction of chemical ammonium sulfite, 
which is used as the cooking chemical and comes from the flue gas desulfurization process in a power 
plant[5]. 
 
2.1 Production of the brown wheat straw pulp 
 
2.1.1 Strengthening wheat straw preparation and impurities removal[6, 7] 

 
Due to the simple process, convenient operation and low consumption, dry-preparation process 

was widely used in China. However, its purification effectiveness was really poor. A hammer crusher 
was introduced into the preparation process by Tralin. Wheat straw material can be hammered to be 
flaky or even strips with cracks, which leads to the improvement in the contact surface of raw material 
with pulping chemicals. 
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2.1.3 Optimizing chemical pulping process[6] 
 
In order to obtain a good quality of wheat straw pulp fiber, the KMnO4 number of wheat straw 

pulp should be improved. However, some pulp fibers may be still integrated. In this case, a light 
disintegration treatment should be followed. Due to the increase in KMnO4 number of wheat straw 
pulp, the bleaching property could be reduced. Thus, oxygen delignification after cooking was 
necessary. In summary, shortening the cooking time followed by a light disintegration treatment and 
oxygen delignification was the optimum chemical pulping method for the wheat straw pulping. 
 
2.2 Production of organic fertilizers[9] 

 
The concentrated and dilute black liquors were mixed at first. Then the mixture experienced 

evaporation until the solid content of the black liquor reached 35%-65%. Some auxiliary materials, 
such as lignin complex and humic acid, were added into the black liquor in different proportion. After 
slurry spraying granulation, the organic fertilizers were achieved.  
 
2.3 Recirculation of waste water[10] 

 
The wastewater was treated by using some technologies, such as filtration, flocculent 

precipitation, biochemical treatment and advanced treatment, the resultant water could be used to pulp 
production or agricultural irrigation.  
 
2.4 Reproduction of ammonium sulfite[10] 

 
Ammonium sulfite is the chemical in cooking process, which is expected to be recycling. The 

sulfur-containing waste gases from thermal power plant were mixed with contaminated water by 
venturi tubes to remove the sulfur-element. After some chemical reactions, the ammonium sulfite 
could be made. 
 
3  CONCLUSION 

 
As one of the state pioneer enterprises practicing circular economy, Tralin has developed a novel 

mode for the straw pulping. Tralin mode has been proved to be a green, sustainable and circular 
industrial chain.  
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The Philippines is home to abaca plant (Musa textilis Nee) the fiber of which is known 
worldwide as Manila hemp, considered the strongest among natural fibers. Practically all the fibers 
produced is exported in different forms: as raw fiber, cordage, yarns/fabrics, fibercrafts, and mainly as 
pulp for specialty paper production, thus earning for the country about US $89 million a year. Some 
residues go to the few remaining handmade paper mills in the country which also process other fiber 
sources, such as cogon grass, banana, and others. 

Ironically, whereas the abaca-importing countries benefit from the superior qualities of the fiber, 
the Philippines imports back its abaca in the form of abaca-fortified specialty paper products while the 
country's local paper mills struggle for quality and price against imported paper products in the 
absence of local good quality recycled and virgin fibers. The economic potential of an indigenous 
resource is, thus, not being harnessed for the greater benefit of the country, the industry, and the abaca 
farmers.  

In recent years, efforts towards redeeming this disappointing situation have given hope to the 
local papermaking industry. The government has been supporting plans and activities addressed 
towards greater production of the fiber as well as the conduct of R & D on its utilization in the local 
papermaking industry and other allied products.  

The balls are rolling. Outcomes, strikes are expected in a few years; but the lanes for the balls are 
winding and not smooth. As most other industries, the pulp and paper is multi-sectoral or multi-parties 
as you cross the value-chain landscape; that is, from raw material to marketing. 
 
The Philippine Pulp and Paper Industry 
 

The Philippine pulp and paper industry is divided into two: the pulp industry and the 
papermaking industry. The pulp industry is composed of the four (4) remaining abaca pulp mills, the 
abaca fiber graders and traders, the cordage or rope manufacturers, and the abaca farmers. This group 
is represented as the Association of Abaca Pulp Manufacturers, Inc. (AAPMI). On the other side are 
the 24 commercial paper mill of varying capacities, paper and wastepaper traders, paper additives 
suppliers, and allied entrepreneurs. This group is represented as the Philippine Paper Manufacturers 
Association, Inc.(PPMAI).  Actually, there is still a third group - the handmade papermakers, who had 
their heydays in the ‘90s but only five (5) now remain in the business. Fig. 1 illustrates these groups in 
the Philippine business and governance in terms of the non-wood fibers as raw materials. Notice that 
the Department of Science and Technology (DOST) through the Forest Products Research and 
Development Institute (FPRDI) connects to all three groups of the industry. This is due to the fact that 
pulp and papermaking technologies have been with FPRDI since its establishment in the ‘50s and its 
researchers, while assisting the wood-based industry, also initiated research on non-wood fibers and 
helped paved the way to the utilization of abaca and other non-wood fibers for the pulp and paper 
industry, including the small, enterprising handmade papermakers. The Department of Agriculture 
(DA) through the Fiber Industry and Development Authority (PhilFIDA), on the other hand, is in 
charge of the sustainable production of abaca and the other non-wood fibers. 



 

184 
 

As Fig. 
pulp industry (API) nor PhilFIDA.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Non-Wood Fibers in the Philippines
 

As earlier mentioned, PhilFIDA exists
fibers are sustainably produced. 
The very low volumes and incomplete data of banana, maguey and others are not 
 

 
 

 

 1 shows, the commercial paper industry (CPI) is
pulp industry (API) nor PhilFIDA.

Fig. 1.  Interrelationship among stakeholders in 

Wood Fibers in the Philippines

As earlier mentioned, PhilFIDA exists
fibers are sustainably produced. 
The very low volumes and incomplete data of banana, maguey and others are not 

   

Department of 
Agriculture

(DA)
(PhilFIDA)

Abaca Pulp 
Industry (API)

Association of 
Abaca Pulp 

Manufacturers
Inc. (AAPMI)

1 shows, the commercial paper industry (CPI) is
pulp industry (API) nor PhilFIDA.

1.  Interrelationship among stakeholders in 

Wood Fibers in the Philippines

As earlier mentioned, PhilFIDA exists
fibers are sustainably produced. 
The very low volumes and incomplete data of banana, maguey and others are not 

  

Fig. 2.  Production of non

Department of 
Agriculture  

(DA) 
(PhilFIDA) 

Abaca Pulp 
(API) 

Association of 
Abaca Pulp 

Manufacturers, 
Inc. (AAPMI) 

1 shows, the commercial paper industry (CPI) is
pulp industry (API) nor PhilFIDA. 

1.  Interrelationship among stakeholders in 

Wood Fibers in the Philippines 

As earlier mentioned, PhilFIDA exists mainly
fibers are sustainably produced. Fig. 2 shows the production data (2012
The very low volumes and incomplete data of banana, maguey and others are not 

   

Production of non

NON

Department of Trade 
& Industry

1 shows, the commercial paper industry (CPI) is

1.  Interrelationship among stakeholders in the Philippine

mainly to make sure that abaca and the 
2 shows the production data (2012

The very low volumes and incomplete data of banana, maguey and others are not 

                         

Production of non-wood fibers in the Philippines

NON-WOOD FIBERS
Abaca, 
Salago, 

etc 

Department of Trade 
& Industry (DTI)

Handmade 
Paper 

Industry 

1 shows, the commercial paper industry (CPI) is currently not gainfully linked to the abaca 

the Philippine

to make sure that abaca and the 
2 shows the production data (2012

The very low volumes and incomplete data of banana, maguey and others are not 

                            Source: philfida.da.gov.ph

fibers in the Philippines

FIBERS 

Department of Trade 
(DTI) 

not gainfully linked to the abaca 

the Philippine pulp and paper industry

to make sure that abaca and the 
2 shows the production data (2012-2016) of some of these fibers. 

The very low volumes and incomplete data of banana, maguey and others are not 

Source: philfida.da.gov.ph

fibers in the Philippines 

Commercial Paper 
Industry

Department of 
Science & 

Technology
(FPRDI)

Philippine Paper 
Manufacturers 

Association, Inc. 
(PPMAI) 

not gainfully linked to the abaca 

pulp and paper industry

to make sure that abaca and the other commercial 
2016) of some of these fibers. 

The very low volumes and incomplete data of banana, maguey and others are not shown here. 

Source: philfida.da.gov.ph 

Commercial Paper 
Industry (CPI) 

Department of 
Science & 

Technology (DOST) 
(FPRDI)  

Philippine Paper 
Manufacturers 

Association, Inc. 
(PPMAI)  

not gainfully linked to the abaca 

pulp and paper industry 

commercial 
2016) of some of these fibers. 

here.  

 
 

  



 

185 
 

 
Issues/Concerns on Abaca 
 

A big concern of the abaca industry is on controlling the pests and diseases that have affected 
many abaca farms through the years. This is on top of the series of strong typhoons that have wiped 
out many of the farms. These have been taking toll on the already meager income derived from abaca 
farming (Dapar undated).  
 
Government Programs  
 

Abaca is such an important resource of interest not only to traders but also to many researchers, 
both in and outside the Philippines, since time immemorial. A strategy program was laid wherein 
certain technologies/expertise can be utilized. Thus, aside from addressing the pests and diseases 
affecting production, the program also covers the utilization aspect in which the need of the local 
paper industry would be addressed.  

In this program, by conducting studies on abaca-reinforced paper as well as specialty paper, the 
pulp and paper team from DOST-FPRDI participates as a “broker” between the API and CPI.  

Research activities and negotiations are in progress. In view of this, it is safe to say that non-
wood pulping is yet to penetrate the Philippine paper manufacturing industry and vice-versa. 
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ABSTRACT 
 

A spectacular increasing of oil palm plantations and its palm oil production in Indonesia brings this 
oil crop becomes an important crop commodity for this country which is contributing a significant 
income to the country and also providing job opportunities for the local community. There is more 
than 11 million hectares oil palm plantation in 2016, with palm oil production more than 35 million 
tons in Indonesia. Indonesia contributes about 52% from the global palm oil production. Further, as 
producer countries, Indonesia and Malaysia are covering about 85% of the total world production of 
palm oil or 25% of total world production of vegetable oil. On the other hand, this industry also 
produces wastes which are containing liquid and solid wastes from estates and mills. From the 
plantation, the solid waste comprises oil palm trunk from replanting and oil palm fronds from pruning 
and also replanting. While, from palm oil mill, the waste comprises palm oil mill effluent (0.6 m3/ton 
fresh fruit bunch (FFB)), empty fruit bunches (20-22% of FFB), fruit fibers (13% of FFB), shell (7% 
of FFB) and ash (3% of FFB)(3). Generally, total biomass from oil palm industry is about 130 million 
tons solid wastes and 67 million m3 of POME in 2015. It was a very high potential of biomass that can 
be used as an alternative source for producing bioenergy for Indonesia. Currently, the utilization of oil 
palm industry wastes has been conducted in various purposes and mostly by the government and 
private companies (60% from total plantations). Concerning to the solid wastes, the oil palm trunk is 
one of the largest solid waste from this industry but this waste has not been utilized yet. There are 
more that 10 million tons of oil palm trunk available throughout the year since 2010. The availability 
of this biomass is promoting on the basic of an increasing in the plantation from period 1985 to the 
present. Further, empty fruit bunch (EFB) is the second largest solid biomass and several technologies 
has been applied to solve this biomass, i.e. composting technology, mulching and as fuel to generate 
the electricity. The availability of this bulky material is more than 30 million tons. By using the oil 
palm biomass, particularly EFB which high potential as raw material for pulp and paper making 
industry to support or at least contributing significant amount of paper based products to the national 
income country. Based on collaboration research between IOPRI and BBPK (center for pulp and 
paper) since 1995, six type of papers and one corrugated box have been technically produced at pilot 
scale. 
 
Keywords:  empty fruit bunch, fibers, oil palm biomass, palm oil industry, pulp, paper, pulping 

technology 
 
 
INTRODUCTION 

 
The increase in palm oil demand has been largely in line with the growth in food and industrial 

uses. It is expected that the demand will continue to grow even faster due to the development of 
global human population which is supported by the advancement of processing technology. Indonesia 
and Malaysia are the main producer countries of palm oil contributing a total of 85%. Other important 
countries include Thailand, Nigeria and Columbia. In fact, Indonesia has been recorded as the world 
biggest palm oil producer since 2005. The total oil palm plantation in the country is now more than 10 
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million ha with the oil production of about 30 million tons (CPO & PKO) (see Figure 1 and 2). Total 
export of palm oil, including refined and unrefined palm oil products in 2014 was about 22.8 million 
tons with export value of about US$ 17.4 billion (Dirjenbun, 2015). This makes palm oil the main 
export-income earner of non-fossil petrol sub-sector to the country. 

Oil palm is the most efficient oil crop. In 2013, total world production of palm oil was about 56.1 
million tons, slightly higher than that of soybean oil (42.8 million tons) (Table 1). The oil palm 
planted area to produce such amount of palm oil was only 12.8 million hectares compared to 102.4 
million hectares of soybean. This indicates that oil palm is 8 times more productive than soybean. 
 

 
Figure 1. Development of oil palm plantation area in Indonesia period 1985 to 2016 for each 

ownership i.e. smallholder, government and private companies. 

 
Figure 2. Development of palm oil production in Indonesia period 1985 to 2016 for each ownership, 

i.e. smallholder, government and private companies. 
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Table 1. Production of four different oil crops 

Oil Crops Production 
(M tons) 

Percent of 
total 

production 

Oil yield 
(t/ha/y) 

Total area (M 
ha) 

% Area 

Oil palm 56.1 32 3.65 12.8 5 
Rapeseed 25.1 15 0.75 31 12.1 
Sunflower 13.8 8 0.5 23.8 9.3 
Soybean 42.8 25 0.37 102.4 39.8 
Source: Oil World 2014 

 
The productivity of oil palm can be even higher than other oil crops. On the basis of fresh fruit 

bunch (FFB) production and oil extraction rate (OER), the average productivity in Indonesia is still 
much lower (approx. 3.65 tons CPO/ha/y) than its genetic potential as shown in experimental 
plantation (8 to 9 tons/ha/y) (Amalia et al, 2012). 

The high potential of oil palm has made the growth of its industry grew rapidly in the last 
two decades. The palm is the most productive crop among the 17 vegetable oils. There are still 
great opportunities of palm oil industry to further grow in the future through both intensification 
and expansion of the plantation. However, it is likely that the attempt to increase productivity and 
efficiency will be preferred in the future due to the limitation of suitable land and the growing 
concern on environment issues. This is in line with that the realization of oil production is still 
much lower than genetic yield potential of the palm. 

The low productivity of oil palm plantations is still the main problem of oil palm industry in 
Indonesia, particularly in smallholder plantations (2014) which make about 41% of the total area 
in the country (Amalia et al (2012) and Dirjenbun (2015)). The gap between the genetic potential 
of the improved palms in the progeny trials and the real production in the plantation is still very 
wide. This gap is related to the use of illegitimate planting materials, poor agronomical practices and 
planting of the palm in unsuitable land. Like in most agriculture businesses, the use of high 
yielding planting materials of oil palm is very important because as perennial crop the palms 
will need about 25 years before replanting and the use of illegitimate seeds can reduce oil 
production up to 50%. 

Palm oil mill (POM) also plays very important roles in the whole palm oil industry. 
However, the process in POMs also greatly depends on the quality of fresh fruit bunches 
(FFB). The fruits must be handled appropriately prior to milling because they deteriorate 
rapidly after harvesting. In Indonesia, the oil extraction rates (OER) of most POMs vary from 
20 to 22% which is much lower than its potential (27 to 29%). It is therefore necessary to 
implement good handling and transportation of FFB as part of Best Management Practices to 
improve POM’s productivity and to address CPO quality problems.  

On the other hand, oil palm industry also produced biomass from plantation and mill in 
large amount throughout the year and this biomass still considers as waste from both 
plantation and mill. From the plantation, the solid waste comprises oil palm trunk from replanting 
and oil palm fronds from pruning and replanting as well. While, from palm oil mill, the waste consists 
of palm oil mill effluent (0.6 m3/ton fresh fruit bunch (FFB)), empty fruit bunches (20-22% of FFB), 
fruit fibers (13% of FFB), shell (7% of FFB) and ash (3% of FFB) (Hartley, 1988).  

Referring to the total replanted area, it can be calculated that the total biomass from oil palm 
industry was estimated about 217.6 million ton solid wastes and 20.1 million m3 of POME in 2016. It 
was a very high potential of biomass that can be used as an alternative source for producing valuable 
and marketable products in Indonesia. This paper is presented to discuss the potential, stock and 
prospect of the use of oil palm biomass for pulp and papermaking industry and/or producing 
any valuable products. The emphasis is given to define the amount of biomass which still 
available and can be used for this purposes in consideration to the current applied 
technologies. 
 
MATERIALS AND METHOD 

 
Based on the available data from various sources and references, calculation and analysis of oil 

palm biomass was conducted to define and discuss the potential, stock and prospect of the use of this 
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material for producing valuable products, such as pulp and paper. Further, review of the results in this 
paper was also carried out on the basic of research results from the research collaboration between 
Indonesian Oil Palm Research Institute (IOPRI) and Center for Pulp and Paper (BBPK) and local pulp 
and paper companies, such as PT. Kertas Padalarang, PT. Kertas Kraft Aceh, PT. Rekasantika. The 
updated and calculated data from various sources were also used to analysis and define potential and 
stock of the oil palm biomass from both plantations and mills. Several data of biomass characteristics 
and, pulp and papermaking from various raw material were collected from previous research results 
which conducted in period between 1995 and 2015. 
 
RESULTS AND DISCUSSION 
 

A. Biomass from Palm Oil Industry – Its Availability and Current Uses 
 

Biomass seemed a very promising resource for substituting fossil hydrocarbons as a 
renewable source of energy and as a sustainable raw material for various industrial sectors. 
Biomass resources can be transformed into different kind of foods and energy. Further, solid 
biomass is commonly used as fuel for cooking and other thermal processes in small and 
medium industries, as fuel for boilers, but can also be transformed into gaseous and liquid fuel 
such as in the form of ethanol and biodiesel (Abdullah, 2004). 

Palm oil industry produces significant amount of biomass from plantation and mill in the 
form of solid and liquid wastes. Solid biomass from oil palm plantation comprises oil palm 
trunk (OPT) from replanting activity when the palm has reached 25 to 30 years; and oil palm 
fronds (OPF) from pruning and replanting activities. While, solid biomass from mill contains 
significant amount of biomass per ton FFB, 20-22% as empty fruit bunches (EFB), 13-18% of 
oil palm fruit fiber (OPFF) or mesocarp fiber, 5-7% of oil palm shell (OPS) and 3% of ash. In 
addition, palm oil mill produce a large amount of oil palm mill effluent (POME) (0.6-0.8 ton 
per ton FFB processed) (Hartley, 1988).  

Referring to the above-mentioned percentage data of biomass, much of this biomass 
(except fiber) is still not fully utilized yet thus considered as waste. This practice is not in line 
with the growing concern on environment. The policy of cleaner production should be 
implemented in the mills and therefore the biomasses should be reduced, reused, recycled and 
processed into marketable products. 
 
A.1 Oil Palm Trunk   
  

OPT is one of the largest solid biomass which available throughout the year but this material has 
not been utilized yet due to disadvantage of natural properties of the trunk which is different 
compared to the common wood (Erwinsyah, 2008)). Therefore, the opportunity is still widely opened 
to use this material into valuable products as well as for generating energy.  

Based on the following condition of the OPT, i.e. since one hectare of an oil palm plantation 
consists of about 130 trees with 10% reduction after achieving the 25-year-old trees for replanting 
(Hartley, 1988) and referring to the volume estimation of OPT per tree was about 1.6 m3(Shaari et al 
(1991) and Erwinsyah, (2015)) and further, the average moisture content and density of fresh trunk 
were about 300% and 350 kg/m3, respectively (Erwinsyah 2008 and 2010), therefore the total amount 
of biomass from oil palm trunk in Indonesia can be estimated as presented in Figure 3. 

Based on Figure 3, starting 2014, there was more than 20 million m3 of OPT available in 
Indonesia, but this biomass from felled trees are not used productively with any consistency, and are 
often shredded, filled in trenches and left to decompose naturally. According to the UNEP report in 
2011 (UNEP, 2012), it was reported that converting OPT into renewable energy looks promising, 
given the demand for green products globally. The ideal potential business partners would be 
plantation owners who own the raw material source, and organizations such as the Palm Oil Industry 
Cluster which can provide the infrastructure needed for the production line. 
 
A.2 Oil Palm Fronds 
 

Oil palm frond is normally generated from replanting program and regularly from pruning 
activity during palm fruit harvesting. This material commonly left to degrade in the plantation as 
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mulch by inter-row mulching method for improving soil condition. Likes OPT, OPF is also available 
in large amount throughout the year (more than 43 ton of fresh OPF/ha/y), but due to the need of 
organic material in plantation, at least 50% from the total amount of OPF should be left in plantation. 
The remaining OPF can be used for other purposes. Further, IOPRI develops the integration 
technology of oil palm, cattle and energy since 2008. The OPF is used as source of fiber during 
animal feed formulation, but only 20% of OPF is subjected to be used for this purpose (IOPRI, 2012). 
The amount of OPF in 2014 was more than 115.3 million tons available in Indonesia. 

Figure 3. Availability of oil palm trunk in Indonesia, period 2014 to 2021 (in million m3). 
 
A.3 Empty Fruit Bunch 
 

In line with growing concern on environment issue, oil palm industry should be managed in 
balance between production (CPO and PKO) and environment. Therefore, zero waste programs shall 
be conducted with proper applied technology in order to utilize the oil palm biomass. 

Empty fruit bunch is the second largest solid waste from oil palm industry. The amount of EFB 
which can be produced at the mill is about 20 to 22% of FFB processed and this value is almost 
similar to the average of palm oil yield. Referring to the total area of mature plant in 2015 (more than 
8.5 million hectares) and oil palm productivity (3.45 ton CPO/ha) (Amalia, 2012), there was about 
more than 29.9 million tons of fresh EFB available in Indonesia in 2015. Several technologies have 
been applied to solve this biomass, such as composting technology, mulching and as fuel to generate 
the electricity. 

Using EFB to produce compost became a popular method which integrated with the mill. 
Various methods for composting have been applied and the produced compost is usually distributed 
back to the plantation or directly selling to the consumers. Normally, during composting processes, 
the POME is used for watering the heap of chopped EFB. At least 50% of the amount of POME is 
used (Guritno, 1999). Therefore, by applying integrated compost technology, two kinds of oil palm 
biomass (EFB & POME) can be solved.  
 
A.4 Oil Palm Fruit Fiber and Oil Palm Shell  
 

Fruit fiber is available at the mill after pressing and separating processes. While, the oil palm 
shell is also produced after cracking process. All fruit fiber and up to 40% of OPS are usually used to 
run the boiler (Harley, 1988). Concerning to the availability of these material, there are about 16.5 
million tons of fibers and 8.9 million tons of OPS in 2015 in Indonesia. 

 
B. Stock of Oil Palm Biomass Based on Current Applied Technologies 
 

Although biomass from oil palm industry produces in large amount and available throughout the 
year but it should be referred to the current applied technology either in plantation or at the mill, such 
as land application, animal feed production, composting technology and other applied methods. Thus, 
implementing new technology/methods to utilize oil palm biomass (OPB) shall provide more benefit 
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in comparison to the current technologies. According to the above-mentioned availability of biomass 
from oil palm industry, the summarized biomass in Indonesia in 2014 is presented in Table 2.  
 

Table 2. Oil palm biomass from oil palm industry in 2014 in Indonesia. 

Oil Palm Biomass Quantity * 
(million) 

Current Uses 

Trunk from replanting, m3 20.7 Limited uses. 
Fronds from pruning, ton 115.3 Left in the plantation as mulching 
EFB, ton 28 Compositing, land application, mulching 
Shell, ton 8.9 Fuel for boiler at the mill up to 40% 
Fibers, ton 
Ash, ton 

16.5 
3.8 

Fuel for boiler at the mill 
Return back to plantation 

Notes: *) Data was calculated from various references 
 
The following discussion is presented to define the amount of biomass which can be used for pulp and 
paper production (Table 3), as follows: 
 
B.1 Oil palm trunk 

 
Referring to the Figure 3, there are more than 20 million m3 of OPT is available in Indonesia and 

currently this material is not being fully utilized yet. In order to use this material, it can be identified 
two possibilities of processes, i.e. using this material as solid wood, such as sawn timber, veneer, or 
processing into small pieces, such particles, fibers and strands. During the preparation stage of OPT 
starting from felling, cutting and to transport this bulky material to the wood mill must be taken into 
consideration, because replanting program will conduct depending on the age of the palm trees (25 to 
30 years). Therefore, the portable sawn milling might be good alternative for this purpose.  

Referring to the research results from Erwinsyah in 2016 (unpublished final research grant report 
on the utilization of oil palm trunk), it can be mentioned that 52.5% of the total trunk can be used for 
panel and fiber based products and more that 300.000 ha of plantation should be replanted annually in 
Indonesia. So, the amount of oil palm trunk which can still be used for pulp production is about 10 
million m3 annually. 

 
B.2 Fronds 
 

Fronds is one of the huge oil palm biomass which available in plantation from pruning activity. 
Fronds of oil palm is regularly pruned during harvest the fruit, 4 fronds mostly cut every tree per 
month. From Table #, this material is available more than 115 tons in 2014 and currently this material 
was used to enrich the organic material at plantation through natural decomposition. Therefore, due to 
the need of organic material in plantation, at least 50% from the total amount of this bulky material 
should be left in plantation. So, the available stock of fronds is about 57.5 million ton and can be used 
for other purposes such as pulp and paper production. 

 
B.3 Empty fruit bunch 

 
The amount of EFB in 2014 was about 28 million tons and several technologies have been 

applied to reduce mass and volume of this biomass, such as composting technology, land application, 
new planting and mulching. In Indonesia, there are about 750 units of palm oil mill with total capacity 
of 33,750 ton FFB/hour. The average capacity per mill is about 45 ton FFB processed per hour. These 
mills are distributed in several provinces mostly in Sumatera and Kalimantan. About 150 units of the 
mill are integrated with composting plant. Further, about 10% of the available EFB was used for land 
application, new planting and mulching. Therefore, it can be estimated that the remaining amount of 
EFB is about 19.6 million tons. 

 
B.4 Shell 
 

Based on Table 2, 60% of the total OPS or about 5.34 million tons of shell can be used for other 
purposes, such as bioenergy, charcoal or activated carbon. 
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B.5 Fibers and Ash 
 

Currently, fruit fibers from pressing process is used for feeding the boiler and ash from boiler 
usually return back to plantation due to high content of kalium. 
 

Table 3. Stock of oil palm biomass period 2014 to 2016 

Biomass 
Potential 
(2014) 

Current Uses Biomass Stock 
2014 2015 2016 

OP Trunk from 
replanting, m3 

20.7 Limited 10.35 14.33 17.25 

Fronds from 
prunning, ton 

115.3 Mulching, animal feed, etc 34.59 36.36 37.56 

Oil Palm EFB, ton 28 Compost, mulching, fuel 18.20 19.44 20.8 
Oil Palm Shell 8.9 Fuel for boiler (up to 40%) 5.34 5.7 6.12 
Fruit Fibers, ton 16.5 Fuel for boiler (100%) - - - 
Ash, ton 3.8 Nutrient for plant - - - 

 

C. Oil Palm Biomass for Pulp and Paper Production (a review from collaboration 
research results between IOPRI, BBPK and Paper Companies) 

 
C.1 Pilot scale production of pulp and printing paper from oil palm EFB (1995) 

 
Pilot scale production of EFB pulp was run using a soda anthraquinone process and surfactan and 

the condition was set up as follows: (1) active alkali 13%; (2) anthraquinone .1%; (3) surfactan 0.1%; 
(4) liquor to EFB ratio = 5.5:1; (4) maximum temperature 165 oC; (5) time requirement to reach 
maximum temperature 2 hours; and (5) cooking tim at the maximum temperature 1.5 hour. The EFB 
pulp was bleached by CEHEH process for printing paper production. The printing paper was made 
from the blending of 78.22% EFB pulp and 21.78 Pinus merkusii pulp. Screened yield of EFB pulp 
and printing paper production was 45.6% aand 52% respectively. The physical properties of EFB pulp 
showed that tear index 7.09 Nm2/kg, burst index 4.54 MN/kg and tensile index 38.6 Nm/kg. The 
physical proprties of kraft paper showed that grammage 83.5 g/cm2, tension index 35.14 Nm/kg, burst 
index 8.80 NM2/kg and brightness 78.5% GE. 
 
C.2 Production of Kraft Paper Made from Oil Palm Empty Fruit Bunch on Pilot Scale (1995) 

 
EFB pulp was made by sulphate process and the condition was set up as follows: (1) active alkali 

16.25%; (2) sulfidity 23%; (3) liquor to EFB ratio = 5:1; (4) maximum temperature 170 oC; (5) time 
requirement to reach maximum temperature 2 hours; and (5) cooking tim at the maximum 
temperature 1 hour. The EFB pulp was unbleached and then used for kraft paper production. Screened 
yield of EFB pulpusing sulphate process was 37.5%. The physical properties of EFB pulp showed that 
tear index 6.99 Nm2/kg, burst index 3.06 MN/kg and tensile index 33.6 Nm/kg. Therefore, cleaning 
chipped  EFB is highly recommended. Kraft paper was made from 30% EFB pulp and 70% P. 
merkusii pulp. The physical proprties of kraft paper showed that grammage 81.4 g/cm2, tensile 
strength 5.3 kgf/15 mm, tear strength 184 gf and Cobb60 20 g/m2. 
 
C.3 Utilization of Oil Palm Empty Fruit Bunch as Raw Material for Semi-Chemical Pulp 
Making (1998) 

 
Utilization of oil palm empty fruit bunch (EFB) as raw material for semi-chemical pulp making 

has been conducted for carton papermaking in pilot scale. The pulping conditions were set up as 
follows: (1) active alkali 6.4%; (2) NaOH concentration 16.23%; (3) liquor to EFB = 4:1; (4) 
maximum temperatur 160oC; (5) time requirement to reach maximum 2 hours, and (6) cooking time at 
the maximum temperature 1.5 hours. Meanwhile, the carton paper production was made from 
blending of 47.90% semi-chemical EFB pulp and 52.10% waste paper and added with 9.46% caolin, 
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0.47% rosin, 1.89% tapioca starch and 0.95% alum. Kappa number and total yield of semi-chemical 
EFB pulp reached 96.29 and 49.46% respectively. The physical properties of EFB pulp produced by 
semi-chemical process were tear index 7.12 Nm2/kg, burst index 2.14 MN/kg, tensile index 33.4 
Nm/kg and brightness 32.5 %GE. The physical properties of EFB carton paper showed that the 
grammage 180.78 g/m2 and the stiffness 17.5 gm.cm. It was higher than commercial carton paper with 
142 g/m2 and 16 gm.cm, respectively. Oil palm EFB for semi-chemical pulp making did not only 
increase the added value of waste but also reduce the use of forest wood which is very limited and 
getting more expensive. 
 
C.4 Utilization of Oil Palm Frond (OPF) for Pulp dan Printing Paper Making (1998) 

Pulp was made by sulphate process for pilot scale and the condition was set up as follows: (1) 
active alkali 17-18%; (2) sulfidity 25%; (3) maximum temperature 170 oC; (4) liquor to OPF ratio = 
5:1; (5) time requirement to reach maximum 2 hours; and (6) cooking time at the maximum 
temperature 1.5 hours. Kappa number and total yield were 29.16 and 45.58% respectively. Pulp 
bleaching was obtained by HEHEH process which produced better quality pulp than CEHEH 
bleaching process. Printing paper was made from 64.9% OPF pulp, 16.4% money paper pulp and 
18.7% waste coated paper. Total yield of printing paper was 47.88% with grammage 70 g/m2 and 
whiteness 81.5 – 83% GE. 
 
C.5 Kraft Liner and Corrugating Medium from Oil Palm Empty Fruit Bunch (OPEFB) 
Mechanical Pulp (2012) 

 
The process of CTMP (semi-chemical pulping) and APMP (alkaline peroxide mechanical 

pulping) were used to make mechanical pulp from oil palm EFB. Further, this pulp was used for kraft 
liner making with OPEFB-OCC composition of 50-50 and 75-25 respectively while corrugating 
medium made from 100% OPEFB. The best kraft paper was obtained from CTMP process using 
OPEFB-OCC with 75-25 composition respectively and corrugating medium from 100% OPEFB 
CTMP. Both, the results meet the requirements of Grade B of Indonesian National Standard for 
linerboard. 

D. Prospect of Oil Palm Biomass for Pulping and Papermaking Industry 
 

In order to use oil palm biomass for pulping and papermaking industry, several considerations 
should be taken concerning to the characteristics of oil palm biomass. Concerning to use oil palm 
biomass for different purpose, such as for pulp and paper production or other valuable products, 
several attentions should be given to: 1) Availability of biomass, to define the remaining amount of 
biomass and distance between biomass source and industry, 2) Technology, to select the proper 
technological processing including capacity of the industry, 3) Economic and Ecology, provide more 
benefit for community or environment, 4) Government policy concerning to the use non-wood 
pulping and papermaking.  

From the above-mentioned discussion, EFB was very good candidate for raw material of pulp 
production, for both its availability and continuity. Technically, based on the experience of IOPRI, 
using this material for pulp and paper is promising due to characteristics of material and pulping 
processing methods. But, it should be taken into consideration that this material available at the palm 
oil mill and currently mill capacity is ranging from 30 to 120 ton per hour or the average of about 45 
ton per hour (normally they work 20 hours per day and 300 day annually). So, the available EFB is 
about 40.500 ton per year or 135 ton per day per mill (at 75% installed capacity). Therefore, the pulp 
and paper capacity should be planned and matched with the total EFB available at the mill or collect 
from several mills to meet the operational capacity of pulp mill. Ecologically, by using this non-wood 
material for pulp and paper, it will reduce deforestation or at least substitute the wood material from 
forest. Economically, it’s depending on the strategy how the pulp and paper industry will run the 
operation. Modification of pulping processes might be a good alternative to reduce the capacity of the 
mill as well as running the process partially. Due to the accessibility of this material, it will reduce the 
transportation cost of raw material and available power at palm oil mill as well, particularly applying 
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methane capture plant and/or converting excess heat from chimney. Besides this, the utilization of 
biomass should be in line with the government regulation to open this business widely.  
 
CONCLUSION 
 

The use oil palm biomass for different purpose, such as for pulp and paper production or other 
valuable products, several attentions should be given to: 1) Availability of biomass, to define the 
remaining amount of biomass and distance between biomass source and industry, 2) Technology, to 
select the proper technological processing including capacity of the industry, 3) Economic and 
Ecology, provide more benefit for community or environment, 4) Government policy concerning to 
the use non-wood pulping and papermaking. 

Technically and ecologically, oil palm biomass, especially empty fruit bunche was a good 
candidate of oil palm biomass which can be used for pulping and papermaking industry, but several 
challenges should be solved to meet commercial scale of the industry, such as pulp mill capacity, 
develop the type of pulp and paper products which provides higher added value, and government 
policy concerning the use of non-wood pulping and papermaking. 
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ABSTRACT 
 

The major raw material to produce pulp for specialty paper such as currency paper or security paper is cotton 
fibers, that is classified as long fibers. Nowadays, Indonesia still imports the long fiber to meet domestic needs. 
Non-wood fiber such as kapok and pineapple leaf fiber (PALF) can be used as the sources of long fibers for 
pulping. The objectives of this study are to find out the optimum pulping condition of cotton, kapok, and 
pineapple leaf fiber, also to determine the physical properties (brightness, tensile index, tear index, and number 
of folds) of their pulp handsheet. The chemical and physical properties of raw materials were characterized. The 
soda process was done for cotton with active alkali charge 1%, meanwhile the Kraft pulping process was 
conducted for kapok and pineapple leaf fiber with active alkali charge 17-18% and sulfidity 25%. The liquor to 
wood ratio are 4:1 and 8:1. The cooking temperature was at 160oC for 2+1.5 hours. Pulp was bleached with 
Elemental Chlorine Free (ECF) technology. The sequences are D0ED1 for cotton and D0ED1D2 for kapok and 
pineapple leaf fiber (D for chlorine dioxide, and E for alkali extraction). The result showed that pineapple leaf 
fiber pulp is more potential than kapok because brightness and tear index meet the requirements in Indonesian 
Standard National (SNI) about Needle Bleached Kraft Pulp (NBKP), except for tensile index. 

 
Keywords: cotton, kapok, LBKP, NBKP, pineapple leaf fiber 
 
INTRODUCTION 
 

Pulp and paper industry in Indonesia is one of the leading sectors that continues to be developed 
because the domestic market is quite large and supported by the application of advanced technology. 
In addition, the pulp and paper industry in Indonesia also has the potential to be growing significantly 
because of the availability of sources of raw material wood from plantations or private forest and non-
wood raw materials (Ministry of Industry, 2016). According to FAO (2017), as the pulp producer, 
Indonesia is ranked 9th, meanwhile as a manufacturer of paper and paperboard, Indonesia is ranked 
10th. As a tropical country, Indonesia can only produce short fiber pulp types derived from industrial 
plantation forest (HTI), while to supply the needs of long fiber pulp types still rely on imports from 
countries in Scandinavia and Europe. To reduce the import value, the alternative raw material should 
be developed such as non-wood plantation that abundant in Indonesia. 

Long fiber pulp types usually used for the manufacture of specialty paper that require high 
durability, such as currency paper or security paper. Each year, Indonesia imports about 1.7 reem of 
currency paper worth of ± US$ 50 million or equivalent to ± Rp475 billion. High quality raw 
materials for currency paper are from cotton fibers (linters) mixed with other natural fibers, such as 
abaca, ramie, kenaf, and linum in a particular composition (Sudjindro, 2011). 

The variety used in the national cotton development program in Indonesia is facing the genetic 

degeneration problem, which lower the productivity level significantly. Therefore, the cotton 

improvement program has to be done continuously. The cotton improvement program in the 

Indonesia Tobacco and Fiber Crops Research Institute (IToFCRI) since 1983 has released 15 new 

varieties, Kanesia 1 – Kanesia 15 which are not only high yielding but also are tolerant to jassids, A. 

biguttula and have better fiber properties (Sulistyowati and Sumartini, 2009). In this study, Kanesia 
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10 and Kanesia 13 were used as a comparison against the pineapple leaf fiber and kapok. The 

description of Kanesia 10 and Kanesia 13 is shown in Table 1.  
 

Table 1. The Description of Kanesia 10 and Kanesia 13 
Description Kanesia 10 Kanesia 13 

Crossing Code LRA 5166 ×SRT 1 Deltapine Acala 90 × Tashkent 2 

Yield Potency  3025.5 kg 3174 kg 

Gin Turnout 45% 36.4 % 

Fiber Length 28.9 mm 26.9 mm 

Fiber Strength 27.1 g/tex 28.3 g/tex 

Fiber Fineness 4.3 mic 5.08 mic 

Resistance to A. biguttula Susceptible Moderate 

 
Kapok trees belong to the family of Bombaceae and grow in Asia, Africa and South America. 

Kapok is a silky fiber that encloses the seeds of kapok trees (Ceiba pentandra), and the color is 
yellowish or light-brown with a silk-like luster. Kapok fiber is composed of single-celled plant hairs, 
in contrast to cotton, which is lignified and not attached to the seed grains. It is a typical cellulosic 
fiber with the features of thin cell wall, large lumen, low density, and hydrophobic-oleophilic 
properties. As a type of renewable natural plant fiber, kapok fiber is abundant, biocompatible, and 
biodegradable (Zheng et al., 2015). Kapok fibers are fluffy, light-weight, and too inelastic to be spun, 
and so they are good for stuffing beds, pillows, and cushions. Kapok fiber is eight times lighter than 
the cotton. It is also in the name of silk java cotton, java kapok. The fiber has the very thin wall and 
the huge hollow region full of air. Compare to the cotton fiber it has the lower content of the cellulose 
and the higher content of lignin. This is also known as the silk cotton because its natural lustres 
similarly to the pure silk (Mani, Rayappan and Bisoyi, 2012). Chemical compositions of kapok fiber 
were differently reported by two groups of researchers. One found that kapok fiber is chemically 
composed of 64% cellulose, 13% lignin, and 23% pentosan on a weight basis (Kobayashi et al., 
1977), while the other found that it comprises of 35% cellulose, 21.5% lignin, and 22% xylan; kapok 
fiber has 13% of acetyl groups on a weight basis (Hori et al., 2000). The difference might be due to 
kapok sources and processing techniques. The previous study has indicated that kapok fibers could 
potentially be pulped to produce paper (Chaiarrekij et al., 2008), but this claim has not been 
established, and no products have been further characterized. However, it has been observed that 
paper sheets made from kapok pulp seemed to demonstrate superior water resistant behavior  even 
without any sizing agents addition (Chaiarrekij et al., 2011). 

Pineapple is an herbaceous plant that consists of a rosette of stiff succulent leaves on massive 
upright stem which latter elongated and bear numerous spirally arranged fibrous leaves. Pineapple 
leaf fiber (PALF) is largely cultivated in tropical countries, mainly for its fruits. It is one of the 
agricultural wastes in Indonesia and obtained from the leaves of the plant, Anannas comosus, 
belonging to the Bromeliaceae family. The leaves are sword-shaped arising from a stem and are about 
0.9 to 1.5 m long and 2.54 to 5.1cm wide tapering to a point. The leaves may be all green, dark green 
or variously striped with red, yellow or ivory down the middle or near the margins and there are bear 
spines of claws on their margins. Fresh leaves yield about 2 to 3% of fiber (Mishra et al., 2004). 
Generally, pineapple fibres are thin in comparison with other hard fibres and with or without marginal 
prickles depending on the variety. The pineapple leaf fibre is strong, white, fine and lustrous. Fibre 
strands are from 7.5 to 10 cm long. The pineapple fibre can be extracted by hand scraping, 
decortications and retting (Danladi and Shu’aib, 2014). Chemically, PALF is multicellular 
lignocellulosic in nature, comprising mainly polysaccharides and lignin and other compounds such as 
fat, wax, pectin, uronic anhydride, pentosan, coloring matter, inorganic substances, etc. It has a 
ribbon-like structure and is cemented together by gummy matters like lignin and pentosan, which 
contribute to the strength of the fiber. It consists of a vascular bundle system present in the form of 
bunches of fibrous cell which is obtained after mechanical removal of all the epidermal tissues from 
the harvest (Mishra et al., 2004). 

The objectives of this study are to find the optimum pulping condition of cotton (Kanesia 10 and 
Kanesia 13), pineapple leaf fiber, and kapok and to determine the physical properties (tensile index, 
tear index, and number of folds) of pulp handsheet of pineapple leaf fiber and kapok.  
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MATERIALS AND METHOD 
 
Raw materials used in this study were two varieties of cotton with species of Gossypium sp. 

namely Kanesia 10 and Kanesia 13 from Malang, East Java, Indonesia as a comparison against 
pineapple leaf fiber and kapok pulp. Pineapple leaf fiber (Ananas comosus) and kapok (Ceiba 
petandra) were dry and in good condition. 

Cotton and kapok were separated manually without mechanical treatment, whereas for pineapple 
leaf fiber was cut mechanically with a length of 2 - 4 cm. All the raw materials were conditioned in 
the open air to maintain a homogeneous moisture content. The moisture content was determined to 
calculate the weight of the raw materials that will be used during cooking. They were ground to 40 – 
60 mesh before chemical component analysis. Fiber morphology was done by determining by fiber 
length, diameter, and wall thickness, following Franklin U.S. Forest Products Research Laboratory, 
Department of Agriculture and the Indonesian National Standard (SNI). Chemical components was 
measured by analyzing the moisture, ash, pentosan, extractive (alcohol-benzene extract), lignin, 
holocellulose, alpha-cellulose, as well as solubility in NaOH 1%, hot water, and cold water, referring 
to the Indonesian National Standard (SNI). 

Cooking process of cotton was done by using soda process, meanwhile for kapok and pineapple 
leaf fiber were done by using Kraft process at 160oC for 2+1.5 hours in rotating digester using heated 
air that can be controlled. The optimum condition of cooking process is shown in Table 2. After 
cooking, the unbleached pulp was washed using hot water and cold water to remove black liquor. 
Then the pulp fibers were refined using single disc refiner, pressed, and refined using pin shredder. 
The kappa number and the yield of unbleached pulp produced were determined. 

 
Table 2. Optimum Condition of Cooking Process 

Parameter Cotton  Kapok PALF 

Liquor to wood ratio 4 : 1 8 : 1 4 : 1 

Active alkali (%) 1 17 18 

Sulfidity (%) - 25 25 

 
Pulp bleaching aimed to remove residual lignin in the unbleached pulp in order to achieve the 

desired brightness. Bleaching process was done by using Elemental Chlorine Free (ECF) technology 
with three sequences (D0ED1) for cotton pulp and four sequences (D0ED1D2) for kapok and pineapple 
fiber leaf pulp, where D is defined for chlorine dioxide and E is defined for alkaline extraction.  Pulp 
from each bleaching sequence was washed with hot soft water pulp until the neutral pH. Bleaching 
process condition is shown in Table 3. Bleached pulp produced then pressed and was determined the 
yield and brightness. The unbleached and bleached pulp were analyzed according to Indonesian 
National Standard (SNI). 

 
Table 3. Condition of Bleaching Process 

Parameter D0 E D1 D2 

ClO2 (%) 22 KN - 1.0 0.5 

NaOH (%) - 1.0 - - 

Consistency (%) 10 10 10 10 

Temperature (oC) 60 70 75 75 

Time (minutes) 60 60 180 180 

 
Bleached pulp produced was first refined in Valley Beater before made a pulp sheet. The extent 

of refining was monitored by measuring the pulp freeness using Canadian Standard Freeness (CSF) 
tester. Then the refined pulp was made into pulp sheet by manual sheet former. The physical 
properties of bleached pulp sheet was determined referring to Indonesian National Standard (SNI) 
including grammage, tensile strength, tear resistance, and number of folds. 
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RESULTS AND DISCUSSION 
 

Indonesia still imports of cotton fiber as raw material for specialty paper, such as currency paper, 
even though Indonesia has a fairly good cotton varieties and have been developed by Indonesian 
Sweetener and Fiber Crops Research Institute (ISFCRI). During this time the cotton fiber is only used 
as raw material for the textile industry in Indonesia. In addition, the utilization of pineapple leaf fiber, 
which is a waste of plantation, is widely used as a raw material for making crafts. Likewise with 
kapok, only be used as stuffing for bedding, upholstery, life preservers and other water-safety 
equipment because of its excellent buoyancy (Zhang et al., 2013).  

 
Characterization of Raw Materials 
 

The properties of the unbleached pulp were determined by the fiber morphology and chemical 
components of the raw materials (Sixta, 2006). The results of analysis of fiber morphology and 
chemical components of cotton, kapok, and pineapple leaf fiber can be seen in Table 4 and Table 5, 
respectively.  

 
Table 4. Fiber Morphology of Cotton, Kapok, and Pineapple Leaf Fiber (PALF) 

No Parameter Kanesia 10 Kanesia 13 Kapok PALF 

1. Fiber length (mm) 
- Minimum 
- Maximum 
- Average 

 
47.00 
10.00 
23.54 

 
36.00 
14.00 
21.74 

 
30.00 
11.00 
18.38 

 
5.02 
1.32 
2.71 

2. Diameter (µm) 
- Outer 
- Inner 

 
27.57 
14.17 

 
28.31 
14.34 

 
29.43 
17.18 

 
18.07 
4.91 

3. Wall thickness 6.70 6.99 6.12 6.58 
4. Runkel ratio 0.95 0.97 0.71 2.68 
5. Stiffness 0.24 0.25 0.21 0.36 
6. Flexibility 0.51 0.51 0.58 0.27 
7. Slenderness 853.83 767.93 624.53 150.00 
8. Muhlstep ratio (%) 73.58 74.34 65.91 92.61 

 
All the raw materials had the average fiber length more than 1.60 mm which is classified on the 

long fiber (Casey, 1980). Kanesia 10 fibers were longer than others which means that it was more 
flexible and provided better bonding strength. This also influenced the mechanical properties of 
handsheets, mainly burst strength (Sable et al., 2012). Fibers having a length of more than 5 mm 
would be difficult to be handled by paper machine or made pulp sheet because it tends to form a 
wrinkled sheet (flocculate) and forming clots (lump) (Marsoem et al., 2009). Cotton and kapok fiber 
are significantly longer than softwood fiber and it requires additional cutting to make it suitable for 
paper- making or moulding (Hurter, 2015). 

In general, the diameter of the non-wood fibre is small, resulting in lower coarseness from these 
pulps (Adriaanse and Morsink, 2007). Kapok fiber is different from other natural fibers for its large 
lumen and thin cell walls. The large hollow structure endows the kapok fiber a porosity of more than 
80% (Xiang et al., 2013). It was observed that a significant amount of oil was diffused in the hollow 
tubes of the kapok fiber, suggesting that water can not penetrate the tube because of its high surface 
tension (Hori et al., 2000). Lumen size and cell wall thickness affect the rigidity and strength of the 
papers made from the fibers. Fibres with a large lumen and thin walls tend to flatten to ribbons during 
pulping and papermaking, giving good contact between the fibres and consequently having good 
strength characteristics (Wood, 1981). 

Slenderness ratio, flexibility coefficient, and Runkel ratio are the derived values of fiber 
dimensions. It can be used to identify the extent of fiber able to modified such as spun, untwisted 
fiber, and woven sheets made. If the value of Runkel ratio is more than 1, it indicates that types of non 
wood fiber have thick walls, so the possibility of requiring greater energy milling or hard to be 
fibrilated (Sugesty and Setiawan, 2013). Fiber flexibility is a very important parameter due to its 
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contribution towards the paper strength. Flexibility increases bonding abilities, thereby increasing the 
paper strength properties (Kamoga et al., 2016).  

 
Table 5. Chemical Components of Cotton, Kapok, and Pineapple Leaf Fiber (PALF) 

 No Parameter (%) Kanesia 10 Kanesia 13 Kapok PALF 
1. Moisture 6.90 6.02 9.42 6.97 
2. Ash 1.61 1.94 1.72 2.07 
3. Pentosan 1.60 1.45 27.75 20.15 
4. Extractive 3.79 0.74 3.18 5.06 
5. Lignin 0.62 1.60 16.86 6.41 
6. Holocellulose 93.96 91.93 86.88 83.18 
7. α-cellulose 92.54 90.86 39.04 58.15 
8. 1% NaOH solubility 5.60 7.71 31.62 24.64 
9. Hot water solubility 2.33 3.69 6.27 14.05 

10. Cold water solubility 1.83 2.47 5.03 13.83 
 
Natural cotton is a very pure form of cellulose. It, can be clearly seen on Table 4 that α-cellulose 

content of Kanesia 10 and Kanesia 13 were 92.54% and 90.86%, respectively. Because cotton is 
almost pure cellulose, it has little hemicellulose and leads to low strength papers (Biermann, 1996). 
Pentosan content as hemicellulose of Kanesia 10 and Kanesia 13 were 1.60% and 1.45%, 
respectively. Cellulose is the component that makes the fibre inside non-wood materials stronger. 
These are important parameters in determining the suitability of a raw material for pulp and 
papermaking. The quality of fibre produced from non-wood materials depends on the contents of 
cellulose, hemicellulose, and holocellulose. Higher contents of cellulose can provide stronger fibers, 
thereby increasing the quality of the paper produced (Aremu, Rafiu and Adedeji, 2015). 

The α-cellulose content of pineapple leaf fiber was higher than kapok. It, indicates that the 
physical properties of pineapple leaf fiber pulp sheet is stronger than kapok pulp sheet. All the raw 
materials contained holocellulose more than 80%. The term of holocellulose refers to carbohydrate 
content in fiber that includes α-cellulose. The high amount of both components can be used to 
estimate that high pulp yield and good pulp strength would be obtained (Kamthai and Puthson, 2005). 

Kanesia 10 and Kanesia 13 contained lignin less than 2%, so that the cooking process was soda 
process with active alkali charge of 1%. Lignin content of kapok and pineapple fiber are 16.86% and 
6.41%, respectively, so that the cooking process for them is kraft cooking with active alkali charge 17 
– 18% and sulfidity 25%. Raw materials with low lignin contents require relatively small amount of 
chemical for pulping. Lower lignin content is easier to discard from the pulp, and the paper that will 
be produced is of greater quality compared to that from other non-wood materials (Aremu, Rafiu and 
Adedeji, 2015).  

All the raw materials contained ash 1 – 2%. The function of ash content is to show the absence or 
presence of other materials slightly or in combination.,which are various chemical, metallic and 
mineral matters. The low ash content indicates that the raw materials has the potential to produce 
good quality paper (Aremu, Rafiu and Adedeji, 2015).  

Kapok had the highest moisture content (9.42%) among all raw materials. This high moisture 
content will affect the mechanical and surface properties of the paper produced which indicates a less 
dimensional stability against the grain. Quality paper needs a very good dimensional stability against 
the grain because the structure and the strength of the paper depend on it. Cellulose fibre can swell 
from 15 to 20% from dry condition to saturation where it can cause the change in dimension stability. 
Such change in dimension will make the dimensional stability decrease cause the undesirable cockling 
and curling in the dimensional stability of the paper (Aremu, Rafiu and Adedeji, 2015). 

Pineapple leaf fiber had the highest extractive content (5.06%) because it consists some 
extractives such as gum and resin (Aremu, Rafiu and Adedeji, 2015). High NaOH solubility content 
in kapok (31.62%) and pineapple leaf fiber (24.64%) can be due to the presence of low molecular 
weight carbohydrates and other alkali soluble matters (Tutus, Ahmet Cenk and Saim, 2010).  
 
Pulp Making Process 

 
Chemical pulping relies mainly on chemical reactants and heat energy to soften and dissolve 

lignin in  the plant material, partially  followed by mechanical refining to separate fibers (Sixta, 2006).  
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The results of the cooking process of all raw materials can be seen in Table 6.Pulping process of 
cotton Kanesia 10 and Kanesia 13 was done using soda process with active alkali charge of 1% 
because it has lignin content ranged from 0.6 to 1.6%. As for kapok and pineapple leaf fibers was 
performed by kraft process because it has a high lignin content which is 16.86% for cotton and 6,41% 
for pineapple leaf fibers. Theoretically, the delignification process of pineapple leaf fibers required 
less chemicals, but in fact active alkali charge for the cooking process of pineapple leaf fibers is 
higher than kapok because pineapple leaf fiber has a higher extractive level which is 5.06% (Sable et 
al., 2012). 

The yield of unbleached pulps is influenced by the chemical components of raw materials, 
cooking chemicals charge, cooking conditions, and the cooking process. Yield of Kanesia 10 was 
higher than Kanesia 13 under the same condition of cooking process because α-cellulose content of 
Kanesia 10 was higher and lignin content was lower than Kanesia 13. 

Pineapple leaf fibers had a lower yield (55.02%) than kapok (59.63%). It may be caused by hot 
and cold water solubility, also extractive content of pineapple leaf fibers which is higher than kapok 
(Tutus, Ahmet Cenk and Saim, 2010). In addition, pentosan content of kapok (as hemicellulose) also 
increase the yield of pulp produced from kapok compared with pineapple leaf fibers under the same 
condition of cooking process (Kraft process). 

Kappa number (permanganate demand) is generally assumed to represent the lignin content in 
pulp with sufficient accuracy. Because permanganate is a strong oxidizing compound, which reacts 
not only with the aromatic lignin but also with other double bonds, this assumption applies only with 
limitations (Sixta, 2006). Kanesia 10 and Kanesia 13, also called pure cellulose has kappa number of 
1.55 and 1.68. While kapok and pineapple leaf fibers has kappa number of 17.04 and 16.99. Kappa 
number also affects the amount of chemicals used in the bleaching process to obtain the desired 
brightness. 

 
Table 6. Results of Cooking Process 

 No Raw Materials 
Active Alkali 

(%) 
Sulfidity 

(%) 
Total Yield 

(%) 
Kappa 

Number 
1. Kanesia 10 1 - 89.62 1.55 
2. Kanesia 13 1 - 88.80 1.68 
3. Kapok 17 25 59.63 17.04 
4. Pineapple leaf fiber 18 25 55.02 16.99 

 

Pulp Bleaching Process 
 

Bleaching process of Kanesia 10 and Kanesia 13 were done by D0ED1. As for kapok and 
pineapple leaf fibers pulp were done by D0ED1D2. The purpose of bleaching is to remove the residual 
lignin in unbleached pulp, destroying the molecules that cause color, eliminating the (color) stain and 
fiber bundles, as well as increasing the bleached pulp brightness. Pulp bleaching results are shown in 
Table 7.  

Bleaching yield of all raw materials were still high enough (> 94%) that indicate that cellulose 
was not much degraded. Pulp brightness is influenced by the chromophore group. The brightness of 
bleached pulp from Kanesia 10, Kanesia 13, and pineapple leaf fiber meet the requirement for Needle 
Bleached Kraft Pulp (min. 85% ISO) according to Indonesian National Standard.  
 
Physical Properties of Pulp Sheet 

 
The mechanical and strength analysis of paper produced reflect the intrinsic chemistry, 

morphology, and structure of the individual fibres as well as the network structure of the paper. The 
residual lignin, impurities, pulp consistency, degree of pulp beating, relative humidity of the 
environment are few of the factors that could influence the properties of paper sheets produce from 
any pulp. The dimensions and strength of the individual fibers, their arrangement, and the extent to 
which they are bonded to each other are all important factors contributing to test results (Aremu, 
Rafiu and Adedeji, 2015). The physical properties of pulp sheet were done by testing the tensile 
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strength, tear resistance, and numbers of folding. The results are shown in Fig. 1, Fig. 2, and Fig. 3, 
respectively. 

 
 

Table 7. Results of Bleaching Process 

No Raw Materials Bleaching Yield (%) Brightness (% ISO) 

1. Kanesia 10 97,09 87,40 

2. Kanesia 13 97,28 86,26 

3. Kapok 94,28 82,46 

4. Pineapple leaf fiber 95,62 85,68 

 
 

 
Fig. 1. The Results of Tensile Index 

 

  
Fig. 2. The Results of Tear Index 
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Fig. 3. The Results of Number of Folds 

 
Pineapple leaf fiber pulp sheet had the highest tensile index among the others. The tensile index 

defines the tensile strength of paper. It is the tensile strength divided by the grammage. Fiber bonding 
is highly likely to affect the tensile strength (Chaiarrekij et al., 2011). The low value of the tensile 
index is attributed to the high coarseness of its fibre and hence low flexibility, which does not allow 
good formation of a bonded network. Kapok pulp has a quite high tensile index. This could be 
because the kapok fibers were long and the lumens were easily collapsed when forming paper, 
producing highly bonded regions and denser sheets with a resulting superior sheet tensile index 
(Kamoga et al., 2016).  

The tear index is the tear resistance value divided by the grammage, defines the tear resistance of 
the paper. One of the key characteristics of kapok fibers is their brittleness. Thus, the sheets made 
from the kapok pulp had the lowest tear index than others. Tear resistance is affected by many factors, 
such as the intrinsic fiber strength, the fiber length, and fiber bonding. The most important factor for 
well-bonded sheets is the fiber strength. The decrease in tear resistance might also be caused by the 
shorter fiber length and the greater amount of fines that are created (Kamoga et al., 2016). 

The tear index is the tear resistance value divided by the grammage, defines the tear resistance of 
the paper. One of the key characteristics of kapok fibers is their brittleness. Thus, the sheets made 
from the kapok pulp had the lowest tear index than others. Tear resistance is affected by many factors, 
such as the intrinsic fiber strength, the fiber length, and fiber bonding. The most important factor for 
well-bonded sheets is the fiber strength. The decrease in tear resistance might also be caused by the 
shorter fiber length and the greater amount of fines that are created (Kamoga et al., 2016). 

Pineapple leaf fiber pulp sheet had the highest number of folds which is 501 df (double folds). 
The folding endurance of paper is the ability of a strip of paper to withstand breaking when folded 
continuously under a certain load. It is an important test for papers that are to be handled, such as 
currency papers and certain types of wrapping papers. It is often used to estimate a paper’s ageing 
characteristics, by testing the folding endurance before and after artificial ageing. The determination 
of folding strength can be a time consuming test because the strip may take a long time to break. This 
paper property is extremely variable and for a typical significance the means should differ by at least 
20%. Folding strength is related to the tensile strength, elasticity, stretch and the paper’s formation 
and moisture content. The property is affected by fiber length, coarseness, and fiber type. The folding 
strength is very sensitive to the test room relative humidity and is also affected by any increase in 
temperature at the folding head, if there is a prolonged testing time. Modern fold testing instruments 
have cooling systems to minimise this affect (Anonymous, 2005).  

 
CONCLUSION 
 

Optimum pulping condition for Kanesia 10 and Kanesia 13 are soda process with active alkali 
1% and liquor to wood ratio is 4:1. Meanwhile for kapok and pineapple leaf fiber are kraft process 
with active alkali 17% for kapok and 18% for pineapple leaf fiber. Liquor to wood ratio for kapok is 
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8:1 and for kapok is 4:1. Sulfidity for kraft process is 25%. All the raw materials are pulping under the 
same condition, at 160oC for 2 + 1.5 hours. 

Pineapple leaf fiber pulp sheet is more potential than kapok as cotton substitution for specialty 
paper because it meet the requirements in Indonesian Standard National (SNI) No. 0698: 2010 about 
Needle Bleached Kraft Pulp (NBKP). 
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ABSTRACT 
 

Dissolving pulp demand and consumption is increasing and is expected to continue to grow. The long 
fiber dissolving pulp needs in Indonesia has been met from imports. Research for substituting of long 
fibers has become a concern. Bamboo is a nonwood plants and known as its long fiber so it has great 
potential to be used as an alternative material of long fiber dissolving pulp to reduce dependence on 
imports. In this research, spiny bamboo was evaluated as raw material for dissolving pulp production. 
This experiment was done by using two kinds of raw materials, namely bamboo chips and 
decorticated bamboo. The pulping process was conducted by acid pre-hydrolysis Kraft process and 
the bleaching was performed by two different bleaching sequences, which were DoED1D2 and 
DoEpD1D2. The alpha cellulose content of spiny bamboo dissolving pulps were 94.88 - 98.67%, the 
viscosity was 16.43 – 25.75 cP, and the yields were 37.97 – 40.76%. The dissolving pulp from 
decorticated bamboo with bleaching sequence of DoEpD1D2 has the highest brightness with accepted 
viscosity value.  
   
Keywords: dissolving pulp, spiny bamboo, decorticated bamboo, pre-hydrolysis Kraft.  
  
 
INTRODUCTION 

Global market demand and consumption of dissolving pulp has been increasing year by year. 
This incensement is expected to continue to grow and it has been boosted by the demand of rayon 
industry. The main material for rayon making is specialty pulp which is called dissolving pulp. 
Dissolving pulp is a low-yield bleached pulp that has high alpha cellulose content as well as a high of 
brightness while extractive, hemicellulose, ash content are low (Sixta, 2008). According to the 
Indonesia National Standard for rayon pulp (SNI 0444:2010), the content of alpha cellulose in the 
dissolving pulp is at least 94% with a brightness at least 89% ISO.  

Two different method for producing dissolving pulp, namely pre-hydrolysis Kraft and acid 
sulfite. Pre-hydrolysis Kraft produces dissolving pulp with alpha cellulose content up to 94-96% and 
acid sulfite produces dissolving pulp with lower alpha cellulose content of 90-92% (Sixta, 2008).The 
dissolving pulp is used for manufacturing cellulose products and various derivatives cellulose. The 
main use of dissolving pulp is for rayon making (viscose staple and filament fibers). The high purity 
dissolving pulp is used for manufacturing cellulose acetate (filament and plastic), cellulose ether, 
microcrystalline cellulose (pharmaceutical and molding powder) (Sixta, 2008) (Kihlman, 2012).  

Rayon is a versatile fiber that can be used in place of cotton for the manufacture of clothing. 
Rayon is made mostly by the viscose process. In the manufacture of viscose rayon fiber, long fiber 
dissolving pulp is required to form a good fiber strength. That’s why in the making of viscose rayon 
fiber, the manufacture always mixed the dissolving pulp by short and long fibers. The need for long 
fiber pulp dissolving in Indonesia has been met through imports because Indonesia does not produce 
it. 

Indonesia is tropical country rich in nonwood plant. Bamboo emerged as an alternative source of 
pulp and paper industry. Bamboo is a common term for woody grasses members, subfamily 
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Bambusoideae and family Andropogoneae/Poacea. Bamboo is a fast-growing plant. Bamboo can be 
harvested after 3-5 years of planting, much shorter than softwood which is within 10-20 years. 
Bamboo has a high productivity and can tolerate poor soil (Truong and Le, 2014).  

Bamboo is nonwood plant and known for its long fiber. Bamboo has average fiber length of 
1.90-3.24 (Sugesty, Kardiansyah and Hardiani, 2015) (Maya and Narasimhamurthy, 2015)(Cao et al., 
2014) so it has a great potential to be used an alternative to produce long fiber dissolving pulp to 
reduce dependence on imports.  

The number of bamboo species that exist around the world are about 1030 species of bamboo 
belonging to 77 genera. About 200 species of 20 genera found in Southeast Asia and as many as 143 
species of bamboo grown in Indonesia. Bamboo spreads on the Java island as many as 60 species. 
Nine of them is an endemic species on the island of Java. (Dransfield, Prosea Foundation and Widjaja, 
1995) (Widjaja, 2001).  

Spiny Bamboo or thorny bamboo (Bambusa blumeana) is an Indonesian endemic plant that is 
believed to be native to Sumatra, Java, and Borneo. Spiny bamboo has been introduced and cultivated 
in Malaysia, Philippines, Thailand, southern China, Japan and Vietnam. Young shoots are edible and 
consumed as a vegetable. The spiny bamboo culms are suitable as a raw material for making paper. 
The old culms are used for construction, furniture basketry, parquets, concrete reinforcements, kitchen 
utensils, chopsticks, and other handicrafts (Fern, 2014) (Dransfield, Prosea Foundation and Widjaja, 
1995). 

Spiny bamboo is sympodial bamboo with the spiny basal as high as 2 and 3 meters. The culms 
are up to 1-18 meters tall with the diameter of 7-9 cm, internode length of 35 cm, culms wall of 12-18 
cm (Padang, Sembilan and Sembilan, 1991). Spiny bamboo can be found in the wild. It grows up to 
300 m altitude. It can grow well not only along river bank, fresh water creeks, and hill slopes, but also 
on heavy soils and marginal land. It couldn’t grow in saline soils (Dransfield, Prosea Foundation and 
Widjaja, 1995).  

Producing good quality of dissolving pulp involves two important aspects, properties of the raw 
material and the process of making dissolving pulp. The quality of the raw material can be 
investigated by chemical components and fiber morphology analysis. Meanwhile, the process for 
making dissolving pulp includes preparation of the raw materials, pre-hydrolysis, pulping, and 
bleaching. This paper investigates the potency of spiny bamboo to be used as the raw material for 
producing long fibers dissolving pulp.  

 
MATERIALS AND METHOD 

 
Experiments were carried out in six stages: preparation of raw materials, analysis of chemical 

components and fiber morphology, acid pre-hydrolysis, Kraft pulping, bleaching, and characterization 
of dissolving pulp. The description of each stage is as follows: 

 
1.  Raw materials preparation  
 

Spiny bamboo (Bambusa blumeana) was obtained from the Forest Research Arcamanik, 
Research and Development Center for Conservation and Rehabilitation. Four years old bamboo was 
harvested, then dried under the sun. Due to the high mineral and less fiber contents, the node was cut 
and removed. Bamboo parts used in the experiment was internodes. This experiment used two kinds 
of raw materials, namely bamboo chips and decorticated bamboo. Bamboo chip was prepared by 
cutting the internode by 3 × 2.5 × 0.5 cm. Decorticated bamboo was prepared by cutting internode 
lengthwise with a thickness of 2 cm. Bamboo was soaked in water for 24 hours then drained and 
flaked with presser. Bamboo was then dried under the sun. Dried bamboo was then decorticated using 
laboratory decorticator. 

 
2.  Chemical Components and Fiber Morphology Analysis 

 
Sample preparation for chemical components analysis was done by cutting bamboo 5 x 0.5 x 0.5 

cm and then was made into a powder with a Wiley mill. Sawdust was then sieved with a mesh sieve. 
Bamboo’s particle size which used for analysis was that pass of 40 and retained on 60 mesh sieve. 
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Parameter analysis of bamboo was: ash (SNI 0442:2009), acid insoluble (SNI ISO 776:2010), 
extractive (SNI 14-1032-1989), Klasson lignin (SNI 0492-2008), holocellulose (ASTM D1104 – 56), 
alpha cellulose (SNI 0444:2009), pentosan (SNI 14-1304-1989), solubility in cold and hot water (SNI 
01-1305-1989), and solubility in NaOH 1% (SNI 14-1838-1990). Fiber morphology such as fiber 
length, fiber diameter, lumen diameter, wall thickness was analyzed according to SNI 01-1840-1990. 
The fibers derivate were calculated based on the primer properties.  

 
3.  Acid Pre-hydrolysis  
  

A total of 350 grams of oven dried bamboo was inserted into vessel digester, then was added 1 N 
sulfuric acid with the solid to liquid ratio of 1: 5 w/v. Bamboo was cooked with temperature of 160 °C 
for 145 minutes (time to reach maximum temperature was 55 minutes and retained for 90 minutes). 

 
4.  Kraft Pulping 
 

Pre-hydrolyzed bamboo was washed then cooked in CRS reactor engineering AB rotary digester 
with 6 L capacity at temperature of 160 oC for 90 minutes to reach maximum temperature and 
retained for 120 minutes, H factor was 800. Amount of active alkali was 16% and sulfidity was 30%. 
The unbleached pulp the was determined for yield and Kappa number. 

 
5.  Bleaching 
 

To examine the influence of the bleaching sequences on the quality dissolving pulp, the 
bleaching was performed by two different sequences which were DoED1D2 and DoEpD1D2 (Do = early 
chlorine dioxide, E: alkali extraction, Ep: alkaline peroxide extraction, D1 and D2: first and second 
stage of chlor dioxide. The condition of each bleaching stage can be seen in Table 1 and 2. 

 
Table 1  Bleaching condition for DoED1D2 bleaching sequence. 

Conditions Do E D1 D2 

Consistency, % 10 10 10 10 

NaOH, % - 1 - - 

KN Factor, % 22 - - - 

ClO2, % - - 1 0.5 

Time, min 60 60 180 180 

Temperature, ˚C 60 
 

170 
75 75 

End pH 2.5-3.5 11.5-12 4 3.5 

 
Tabel 2  Bleaching condition for DoEpD1D2 bleaching sequence. 

Conditions Do Ep D1 D2 

Consistency, % 10 10 10 10 

NaOH, % - 1 - - 

KN Factor, % 22 - - - 

ClO2, % - - 1 0.5 

H2O2, % 0 2 0 0 

EDTA, % - 0.5 - - 

Na2SiO3, % - 5 - - 

Time, min 60 60 180 180 

Temperature, ˚C 60 70 75 75 

End pH 2.5-3.5 11.5-12 4 3.5 
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6. Evaluasion of Dissolving Pulp 
 

Dissolving pulp was characterized in accordance with the Indonesia National Standard. The 
parameters were moisture (SNI 08-7070-2005); ash (SNI 0442:2009), acid insoluble (SNI 776:2010), 
extractive (SNI 14-7197-2006); alpha cellulose (SNI 0444:2010); S10 (SNI 692:2010); S18 (SNI 
692:2010); viscosity in CED (SNI 0936:2008); intrinsic viscosity (SNI 5351:2012); and brightness 
(SNI 2470-1:2014). 
 
RESULTS AND DISCUSSION 

 
The data results of the chemicals component analysis tot only to examine the quality of the raw 

material, but also used to predict the condition of the cooking process. The chemical components of 
bamboo are mainly composed of major components which are cellulose, hemicellulose, lignin, and 
minor components which are extractive and ash. The content of chemical components in spiny 
bamboo is similar to the raw materials which are usually used for manufacturing pulp and paper such 
as Eucalyptus spp. and Pinus spp., except higher ash content and solubility. Alpha cellulose content in 
spiny bamboo is higher than Eucalyptus spp. and Pinus spp. respectively 43.71 - 48.30% (Kojima et 
al., 2014) (He and Hu, 2013) (Zhou et al., 2015) and 38.73 - 47.87% (Ataç and Eroǧlu, 2013) (Gulsoy 
and Tufek, 2013) (Herrera et al., 2014) (Pérez-Fonseca et al., 2014) (Gulsoy and Ozturk, 2015). The 
high content of alpha cellulose and holocellulose on the raw material will produce high yield pulp 
(Sugesty, Kardiansyah and Hardiani, 2015). 

 
Table 1. Chemical composition of spiny bamboo 

No Parameter  Bamboo 
1 Moisture 1.56 
2 Ash 4.52 
3 Silicate 1.14 
4 Extractive 4.80 
5 Klasson lignin 23.20 
6 Holocellulose 74.45 
7 Alpha cellulose 49.44 
8 Pentosan  20.90 
9 Solubility in cold water  10.36 
10 Solubility in hot water  11.18 
11 Solubility in NaOH 1%  28.70 

 
Holocellulose content in bamboo is similar with Eucalyptus which is 55.40-76.68% (Neiva et al., 

2015) (Poletto, 2016) (Zhou et al., 2015), but higher than Pinus spp. 61.45-70.21% (Ataç and Eroǧlu, 
2013) (Gulsoy and Tufek, 2013) (Herrera et al., 2014) (Pérez-Fonseca et al., 2014) (Gulsoy and 
Ozturk, 2015). The high content of alpha cellulose and holocellulose will produce a high yield pulp 
(Sugesty, Kardiansyah and Hardiani, 2015). 

The lignin content in bamboo is 23.20 %, lower than Pinus spp. but compareable with 
Eucalyptus spp. The lignin content in Pinus spp. is 25.60 - 31.15% (Ataç and Eroǧlu, 2013)(Gulsoy 
and Tufek, 2013) (Pérez-Fonseca et al., 2014) (Cotana et al., 2014), meanwhile in Eucalyptus spp. is 
21.10-32.53% (Neiva et al., 2015) (Antes and Joutsimo, 2015) (Poletto, 2016) (Pinto et al., 2016). 
The lignin content in the raw material is very important to determine pulping method and condition 
and also charge of pulping chemicals. Raw materials which have a lower lignin content will require 
milder cooking conditions and lower charge of pulping chemicals.  

The solubility in cold water, hot water, and 1% NaOH describe the content of hemicellulose and 
degraded cellulose. In addition, the high solubility of bamboo showed that bamboo is not resistant to 
storage because during storage, degradation by bacteria, fungi, heat, lights and etc. may occur. The 
high solubility of bamboo due to the high content of hemicellulose, sugar and starch. The higher 
solubility of the material, the lower yield of pulp produced (Sharma et al., 2011). 
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Extractive and ash content of the bamboo is quite high compared to Eucalyptus spp. and Pinus 
spp. The ash content of spiny bamboo is the highest among other bamboo species (Sugesty, 
Kardiansyah and Hardiani, 2015) (Cao et al., 2014) (Mutia et al., 2014). Extractive and ash content of 
the raw material can cause problems such as difficulty in handling black liquor, scaling, damage the 
equipment, clog wire, pitch problems, and especially decreasing the quality of dissolving pulp. 
Therefore, extractive and ash must be removed properly during the pulping process. 

 
Table 2. Fiber morphology of spiny bamboo. 

No Parameter Unit  Bamboo  
1 Fiber length, max  mm 6.54 
2 Fiber length, min  mm 1.04 
3 Fiber length, average (L) mm 2.46 
4 Outer diameter (D) µm 22.35 
5 Lumen diameter (l) µm 9.70 
6 Wall thickness (W) µm 6.33 
7 Runkel ratio (2W/l) - 1.30 
8 Felting ration (L/D x 1000) - 109.99 
9 Rigidity (W/D) - 0.28 

10 Flexibility (l/D) - 0.43 
11 Muhlstep ratio (D2-l2/D2 x 100%) % 81.17 

 
Accessibility and reactivity dissolving pulp to chemicals, one of which is influenced by 

morfoglogi fiber (Cao et al., 2014) (Duan et al., 2015). In addition, the fibers morphology such as 
fiber length, fiber and lumen diameter, wall thickness, as well as their derivate values is used to 
determine the quality of raw materials and the pulp produced. The fiber length is one of the most 
important fiber properties. Bamboo has an average fiber length of 2.46 mm and has very short fibers 
with a length of 1.04 mm. Fibers that are too short are not desirable in the production of dissolving 
pulp because they are easily degraded by alkali and in the manufacture of viscose rayon fiber will 
produce fibers with low mechanical strength. In addition, the short fibers are also made to be very bad 
filterability (Hiro and Takahama, 1958). The average bamboo fiber length is longer than Eucalyptus 
spp., 568 - 114 mm (Neiva et al., 2015) (Neiva et al., 2015) (Samistraro et al., 2015) (Carrillo et al., 
2015) (Gominho et al., 2014) and equivalent with Pinus spp. 2.3 to 3.6 mm (Ataç and Eroǧlu, 2013) 
(Gulsoy and Ozturk, 2015).  

Runkel ration describes pulp ability of raw materials. Fibers with Runkel ratio less than or equal 
to one means that the fiber has a thin wall fiber so that the solvents and reagents can penetrate more 
easily into the fibers and making it easier for pulping process (Sugesty, Kardiansyah and Hardiani, 
2015). Runkel low numbers will also produce pulp with good mechanical strength (Sharma et al., 
2011). 
 

  
 

Figure 1. Bamboo chip and decorticated bamboo. 
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Bamboo chip and decorticated bamboo were cooked on the same cooking conditions and the 
results for unbleached pulp characterization shown on Fig. 2. Yield of unbleached pulp from 
decorticated bamboo was lower than the bamboo chips, it was possible because decorticated 
bamboo’s particle size was smaller so that penetration of cooking liquor was more easily (see Fig. 1). 
Delignification lignin by cooking liquor will be more intensive that cause yield and kappa number to 
be lower. Losing yield during the cooking process caused by delignification lignin, also due to the 
degradation of cellulose and hemicellulose by cooking liquor were not selective. The selectivity of the 
delignification in the cooking process can be improved by increasing sulfidity at same concentrations 
of alkali (Ma et al., 2012).  

The unbleached pulp the was bleached using two different bleaching sequences, which were 
DoED1D2 and DoEpD1D2. The yields of dissolving pulp were determined on the basis of oven dried 
weight of raw materials. Yield dissolving pulp ranged between 38.45 - 40.76% (Fig. 3). If we 
compare the yield of dissolving pulp from bamboo chip and decorticated bamboo, then the yield of 
dissolving pulp from decorticated bamboo was lower. Dissolving pulp from the same raw material but 
different bleaching sequences showed different yield and brightness. The DoEpD1D2 bleaching 
sequence produced dissolving pulp with lowest yield which was 37.97% but highest brightness which 
was 89.61%. The used of hydrogen peroxide in the alkali extraction on Ep stage can brightening pulp 
but lowering the yield because of unselective degradation of hydrogen peroxide which attacks both 
lignin and cellulose. 

 

 
Figure 2. Yield and Kappa number of unbleached pulp from bamboo chip and decorticated bamboo. 

 

 
Figure 3.   Bleaching result for DoEpD1D2 and DoEpD1D2 bleaching sequences of bamboo chip and  

decorticated bamboo 
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Table 3  Characterization of dissolving pulp from bamboo chip and decorticated bamboo 

No Parameter Unit 
Bamboo chip Decorticated bamboo  

DoED1D2 DoEpD1D2 DoED1D2 DoEpD1D2 
1 Moisture % 6.72 6.99 7.39 7.86 

2 Ash % 0.12 0.22 0.10 0.14 
4 Extractive % nd 0.11 nd 0.17 
5 Alpha cellulose % 94.88 95.93 98.11 98.67 
6 S10 % 6.64 6.33 6.25 6.22 
7 S18 % 4.07 3.57 3.58 3.59 
8 Viscosity in CED mPa.s or cP 25.75 19.19 18.46 16.43 
9 Intrinsic viscosity  mL/g 721 619 731 553 

10 Brightness % ISO 85.38 88.10 86.72 89.61 
 

Alpha cellulose content of fourth dissolving pulps were higher than 94% and meet the 
requirements of Indonesia National Standard. Dissolving pulp with high alpha cellulose content is 
suitable for use as raw material for making viscose rayon fiber (Sixta, 2008). Solubility dissolving 
pulp in sodium hydroxide 10% (S10) and 18% (S18) indicates the purity of the dissolving pulp. The 
lower solubility, the higher purity of dissolving pulp. Sodium hydroxide 10% dissolves hemicellulose 
and short chain cellulose (polymer with molecular weight less than 25000 g/mol) while sodium 
hydroxide 18% dissolves only hemicellulose (polymer with molecular weight less than 8000 g/mol) 
(Strunk, 2012). The dissolving pulp from DoEpD1D2 bleaching sequence has higher ash content than 
the dissolving pulp from DoED1D2. This is possible because of some sodium silicate which is used for 
buffering in the Ep stage may deposit into the fibers.  

In alkali extraction either without or using peroxide, some of the hemicellulose will dissolve in 
alkali causing the hemicellulose content decrease. Decreasing hemicellulose content of the pulp 
causes the extractive vulnerable to deposit because branched hemicellulose acts as a stabilizer due to 
steric barrier of a branched structure of hemicellulose- alkaline soluble. The use of hydrogen peroxide 
and sodium silicate at the Ep stage causes the extractive to be more easily flocculated resulting in 
dissolving pulp produced by the DoEpD1D2 bleaching sequence has a higher extractive content 
(Varhimo et al., 2012). 

The used of hydrogen peroxide on the alkaline extraction stage lowered the viscosity of 
dissolving pulp because of unselective degradation of hydrogen peroxide. Dissolving pulp from 
decorticated bamboo with DoEpD1D2 bleaching sequence has the lowest viscosity. In the making 
viscose rayon fibers, the desirable intrinsic viscosity of dissolving pulps for viscose rayon making is 
in the range 400 to 600 mL/g, and needs to recode to 200 to 250 mL/g on the aging process during the 
rayon viscose process (Chen et al., 2016). A viscosity that is too low will cause trouble in the 
filtration of viscose and also can cause in lowering physical strength of viscose rayon fiber (Miao et 
al., 2014) while viscosity that is too high will cause some difficulties in the aging stage on the rayon 
making process. The aging process will take time much longer to get desire viscosity or by adding 
catalyst such as MnSO4 to help the degradation of cellulose. Viscosity of dissolving pulp that is too 
high makes the viscose too thick makes it mechanically impossible to process (Javed et al., 2014). 
Although the dissolving pulp from decorticated bamboo with DoEpD1D2 bleaching sequence had the 
lowest intrinsic viscosity, but the value still acceptable for rayon making. Using this dissolving pulp 
has advantages because of its high brightness so that can produce good quality of white rayon fibers.  
 
CONCLUSION 

 
Spiny bamboo is suitable as raw material for producing long fiber dissolving pulp. The average 

fiber length of spiny bamboo is 2.46 mm. The chemical component of spiny bamboo is comparable 
with Eucalyptus spp. except higher ash content and solubility in NaOH 1%. Dissolving pulp which 
was produced from decorticated bamboo with DoEpD1D2 bleaching sequence has the highest 
brightness and acceptable viscosity for viscose rayon making. 
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ABSTRACT 
 

Bananas are tropical plants that grow well in warm climatic conditions. In the traditional markets of 
Indonesia, banana branches are separated with its fruit and usually has no use and will be discarded as 
solid waste. Potential of wasted banana trunk in a traditional market in Bandung can be assumed to be 
more than 30 kg per day based on the dry weight with the total potential for waste banana branches in 
the city can reach 4.5 tons per day based on the dry weight. Chemical analysis of banana parts from 
literatures shows that the banana stems contains cellulose and relatively lower content of lignin 
compared to wood. They also showed a higher cellulose content than the banana stem core. This 
analysis showed that the banana branches are good potential sources of cellulose. In this study, the 
chemical pulping process is done using caustic soda (NaOH) at 100°C with active alkali ratio of 1: 4 
and then soaked for 6 hours. After soaking the banana branches and subsequent washing and milling, 
the pulp was undergone a bleaching process using NaOCl and H2O2. The bleached pulp was then 
molded manually using handsheet former. The sheet of bleached pulp which produced was then tested 
characteristic physical properties such as tearing index, tensile index, brightness, etc. The test results 
showed that the unbleached pulp has a high burst index of 3.2 kN/g. Meanwhile, the results also 
showed that the bleached pulp has tear index of 16.5 mNm² / g and the tensile index of 1.9 Nm / g. 
While the brightness of the bleached pulp shows a 71.1% ISO and still below 75% ISO brightness as 
the standard of printing A paper. To study more about its potential, banana pulp samples were being 
tested and compared to SNI standard of liner paper and printing paper A standards. 

 
Keywords: banana branches, pulping, physical properties 

 
 

INTRODUCTION 
 

The pressures of environmental issues are increasingly affecting various aspects of life today. 
This happens, among others, caused by the depletion of natural resources and the increasing of 
environmental awareness of the communities in various layers. The use of woods for pulp and paper 
primary raw materials are considered one of the cause or at least affecting to the demolition of natural 
forest and also contributing the greenhouse effect. Utilization of non-wood raw material sources as 
pulp and paper raw material is one way to decrease the bad effect by saving our natural forest and 
minimizing environmental issues.. 

Banana branch is originated from banana trees, a tropical plant which grows best under warm 
conditions. In Indonesia, banana fruit products usually cut from the banana tree and delivered to the 
traditional market with the branches. After reached the market, the branch will be separated with the 
fruit and usually has no use and will become solid waste once the fruit has been sold. Potency of 
banana branch waste in one traditional market in Bandung (Kordon) was surveyed and we found that 
from one stall they may produce about 25 kg/day. Furthermore, banana branches waste from the 
traditional market is collected by the Sanitation Agency, mixed with the other market wastes, and 
transported to the temporary disposal site (TPS) and then ends up in the final disposal site (TPA). 
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Based on the results of the laboratorium test at Center for Pulp and Paper, fresh banana branches 
on the traditional market has an average water content of 95% and fiber content of 5%. It is known 
that based on the survey result of banana bunch potential in Bandung Raya area covering several 
markets, among others: Caringin parent market, Gedebage market, Padalarang market, Sayati market, 
Dayuehkolot market, Kordon market, Antri Cimahi market, Soreang market are big enough. In 2017 
the calculation results obtained an average of 5.94 tons of OD (Oven Dry) or equivalent to 118.8 tons 
per year of fresh banana bunch waste. Bandung has 10 traditional markets (class 1) and 20 markets 
(class 2) (Pejabat Pengelola Informasi dan Dokumentasi Kota Bandung, 2017) which makes the 
potention of banana branches waste in Bandung is more than 5 ton/day.At this time, bananas branches 
wastes in Bandung Raya area in particular have not been utilized, so it will increase the amount of 
waste that must be transported to landfill. 

Some literatures showed that banana has relatively lower composition of lignin content compared 
to wood. They also showed that banana stem-branch has higher cellulose content compared to its 
stem-core. The high cellulose content showed that banana stem ispotential to be used for 
papermaking.Based on its constituent components, these banana plants are potential to be utilized into 
art paper and derived products especially for long fiber content which is quite high 

 
Table 1. Banana chemical composition 

Reference Sample type Lignin cellulose Hemi 
cellulose 

ash Extractive 

Mire et al., 2005 Stem 11.0 43.6 14.0 7.1  

Bilba, Arsene and 
Ouensanga, 2007 

Pseudostem 
core 

13.8-16.4 24.2-38.3 11.0-19.0 8.5-8.8 4.2-4.7 

Leaves 22.3-27.4 23.0-28.5 14.9-19.6 5.5-8.6 9.6-10.1 

Li et al., 2010 Pseudostem 10.8 39.1  33.6 8.2  3.1 

Kumar and Kumar, 
2011) 

Stem 11.0  43.6   7.1   

Preethi and Balakrishna 
Murthy, 2013) 

Pseudostem 14.4-21.6 48.2-59.2 12.1-15.9   

Peduncle 17.6-20.7 48.3-60.4 10.2-15.8   

Hussain and Tarar, 
2014) 

Stem 11.3 39.1 59.4   

Kumar Das, 
Nakagawa-izumi and 
Ohi, 2015) 

Stem 14.2 39.4 19.5 18.3 3.7 

 
 

Besides provide a positive environmental impact, the recyling process of banana waste branches 
would also going to help the growth of innovative and creative industries. The Government of the 
Republic of Indonesia would pays special attention to enhance the creative industries that have 
competitiveness in facing global market challenges. Creative industries that use raw materials from 
bananabranches are still relatively rare, especially banana branches waste from traditional market. 
From the point of view of raw material sources, banana branches waste of traditional market are 
located in urban areas spread in each traditional markets, while the usual sources for banana wastesare 
located in the suburbs, spread in the banana plantations deep in the inland. 

The potential of banana bunches in 2017 can be seen in Table 2, covering the Greater Bandung 
area; Bandung City, Bandung Regency, Cimahi City and West Bandung Regency. However, the 
potential of banana branches wastes in Bandung Raya area is likely to belarger than those listed in 
Table 2, due to the additional potential of banana branches wastes from banana molen cake industry 
which imports their banana raw materials from outside area. 
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Table 2. Potential Banana Branches Bandung Raya-2017 

No. Traditional Market 
Banana Branch Potential 

(ton/year) 
Banana Branch Potential in Dry Weight 

(ton/year) 
1 Caringin 22.8 1.14 
2 Gedebage 20.4 1.02 
3 Kordon 15.6 0.78 
4 Sayati 14.4 0.72 
5 Dayeuhkolot 9.6 0.48 
6 Antri Cimahi 16.8 0.84 
7 Padalarang 19.2 0.96 
  118.8 5.94 

Source: Survey in January-February 2017 (Calculated) 
 

Recognizing the above issues and potentials, research on recycling and utilization of banana 
branch wastes has been carried out as an effort to help reducing urban waste generation caused by 
them. The purpose of this research is to get information of banana bunch processing technology in the 
parameters of cooking process, bleaching process and sheet forming process.  

The utilization of banana branchwastes to produce economic value added product could 
overcome the environmental problems by reducingthe banana branch wastesfrom the transportation 
loads and also reducing the volume needed in the final deposit area (TPA). Furthermore, the recycling 
process might also createsmany new job opportunities for the low economic communities, especially 
for the scavengers and collectors of solid wastes. 
 
MATERIALS AND METHOD 
 

The raw materials used in this study were banana branches whichwere collected from Kordon 
traditional market in Bandung City, West Java Province, Indonesia. Machineries and equipments used 
in this research were fiber decomposer (niagara beater), screens, CSF grinding test, hand sheet making 
equipment, and scales. 

Banana branches were separated from the fruits, cut for about 20 cm length, put in a sack and 
brought to Center for Pulp and Paper. After that, the branches were cut and made into smaller chips 
with length 2-3 cm, put in the cooking reactor, and then soaked with boling water and cooking liquor.   
In this study, caustic soda/sodium hidroxide (NaOH) 15% was used for cooking process at 100°C 
with active alkali 1:4, soaked for 6 hours. After pulping process, the pulp was then washed, milled in 
a Niagara beater and then being tested for degree of freeness (ml CSF). The resulted pulp were then 
formed into fiber in a hand sheet forming manually. After the sheet was formed, it was then 
bleachedusing NaOCl and H2O2and then tested for physical properties. Flow diagram of laboratory 
recycling research banana scale laboratory scale can be seen on Figure 1. 
 

 
Figure 1. Flow Diagram of Banana Branches Pulping Research on Laboratory Scale 

 
 

Washing, Screening, 
Beating,  
Degree of Freeness test 
(ml-CSF) 
Handsheet making 
 

Bleaching 
Hypochlorite + 

Hydrogen 
Peroxide, 
washing 

Handsheet making,  
Conditioning 
23 o± 1oC.  
RH 50%±2% 

Cooking with 
boiled water 
Sodium Hidroxide 
15%, soaked for 6 
hours 

Phisical tests 
 

Grammature, tensile, tear, elongation, 
Cobb, brightness, opacity 

Banana stems 
Cut into 
3x4cm2 size 

 

 



Ligia Santosa et al. 

 

220 
 

The physical properties were measured according to Indonesian National standard (SNI). 
Gramature was measured based on SNI ISO 536-2010, tensile strength, tensile index, TEA, and 
elongationwere measured based on SNI ISO 1924-2:2010, while tear index and tearing strength were 
measured based on SNI 0436-2009, Brightness was measured based on SNI ISO 2470:2010, and 
Opacity was measured based on SNI ISO 2471:2014. 
 
RESULTS AND DISCUSSION 
 
After Cooking Process 
 

The resulted kappa number for unbleached pulp after cooking was 16.25, which was relatively 
similar with previous study by Roliadi and Anggraini (2010), which was 16.72, with lower sodium 
hidroxide (NaOH) dosage at10%, but they implemented higher temperature at 120°C andshorter 
cooking time for 2 hours. 

 
Table 3. Characteristics of Unbleached Pulp compared with Liner Standard 

Parameter Units Top Bottom SNI 
8053.1.2014 

Grammature (g/m2) 69.8 ± 13.4 125 
Burst index kN/g 2.7 ± 0.5  Min 2.5 
Roughness (Bendsten) ml/min 2130 ± 389 2360 ± 370 Max 1500 
Water content % 8.4 ± 0.6 Max 9 
Cobb 60 (factor 400) g/m2 42.9 ± 3.0 50.6 ± 7.9 Max 80 
 

There are factors that affects the pulp grammature such as stock consistency, stock flow, water 
content and filler. Stock consistency affected the grammature because consistency related with the 
amounts of fiber in the stocks. The study result showed that pulp soaking for 6 hours gave a good 
fiber quality with niagara beater. Disintegrated fiber pulp were than hand sheeted manually and tested 
for physical properties to reach 50-100 grammature at 300 ml CSF degree of freeness.The resulted 
bleached pulp showed grammature from 37.9 to 52.3 g/m2, which were indicated that some 
grammatures have met SNI standard. 

Burst index for unbleached pulps were 2.2 – 3.2 kN/g, indicated potential of banana pulp as most 
of the pulps were adequate according to SNI standard. Although the fiber bonding was limited 
because of handsheet manual equipment, but the banana pulp long fiber quality can give some 
satisfactory quality. 

Roughness is affected by degree of freeness and filler addition. The unbleached pulp data showed 
that it was above the SNI standard, but as there was no filler addition yet, it is potentially to be 
improved by filler addition and also by degree of freeness reduction through pulp milling. 

Water content and Cobb 60 for unbleached pulp were all satisfactory according to SNI standards. 
 
After Bleaching Process 
 

Pulp brightness after bleaching process are affected with some factors such as pulp unbleached 
brightness, fillers, process water and drying process time. The low resulted pulp brightness at 68.8% 
ISO is potentially because it was still affected with process water and drying process. Although the 
result still has not meet the SNI standard, but the increasing brightness after the bleaching process 
indicated a potential of bleaching process application for banana branches pulps. 

Tearing index produced for bleached pulp were 16.5 mNm²/g, while tearing strength was 75.8 gf 
or 742.9 mN. Moreover, this pulp tearing strength value could be increased by the addition of NaOH 
dosage and starch at the forming process (Sucipto, Wijaya and Wahyuningtyas, 2009). 

Tensile strength was affected by some factors such as fiber length, amount of fiber and bond 
quality between fiber and filler. The resulted tensile strength showed a maximum 1.1 kN/m, which 
was still below the SNI standard. The low tensile strangth for bleached pulp was probably caused by 
poor fiber bond quality, hand sheet equipments were not good enough to produce enough time to 
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create good bond between fibers. However, tensile strength value could also be increased by the 
addition of NaOH dosage and starch at the forming process (Sucipto, Wijaya and Wahyuningtyas, 
2009). 
 

Table 4. Characteristics of Bleached Pulp compared with Printing Paper A Standard 

Parameter Units Average Value  SNI 7274:2008 
Gramature (g/m²) 45.1 ± 7.2 50-100 
Tensile strength kN/m 0.9 ± 0.2 Min 2 
Tensile index Nm/g 1.9 ± 0.4  
Tensile Energy 
Absorption (TEA) 

J/m² 11.2 ± 5.9  

Elongation % 19.0 ± 5.1 Max 4 
Tearing strength 1ply gf* 75.8 ± 10.4  

mN 742.9 ± 101.6  

Tearing index mNm²/g 16.5 ± 2.3  
Brightness % 68.8 ± 2.3 Min 75 
Opacity % 78.9 ± 5.7 80-95 

 
Opacity was affected by grammature, retention aid, and filler index bias. The bleached pulp 

result showed an opacity from 73.2 to 84.6 %, which was proved that the process succesfully 
produced some pulps above 80 % opacity and met SNI standard for printing paper (SNI 7274:2008). 

The overall result showed that banana pulp still has not meet all the SNI standard, more studies 
are needed to improve the pulp qualities to meet SNI standard. But although it has not meet the SNI 
standard, the study indicated that the banana branches wastes are potential to be used as other utilities 
beside art paper, it has high tearing index, adequate opacity, with some potential to increase their 
brightness and tensile strength value.  
 
CONCLUSION 
 

Chemical analysis of banana parts from literatures shows that the banana stems contains cellulose 
and relatively lower content of lignin compared to wood. They also showed a higher cellulose content 
than the banana stem core. The analysis showed that the banana branches are good potential sources 
of cellulose and like the other banana parts, are a good raw materials for art paper production. 

Beside for art paper raw material, this study showed that banana branches were also potential raw 
material for other paper purposes such as liner and printing paper A. The result showed the potential 
of bleaching application to banana pulp. 

Although the fiber bonding was limited because of the application of handsheet manual 
equipment, but the banana pulp long fiber give quality can give some satisfactory results, the 
datashowed some potentialutilization since the unbleached pulp has adequate burst index, potential 
roughness, and satisfactory waster content and cobb 60, while the bleached pulp has high tearing 
index, adequate opacity, with some potential to increase brightness and tensile strength. The 
utilization of banana branches waste as pulp is still potential to be continue as the pulp qualities will 
likely improve all the pulp qualities by the application of handsheet machine. 
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ABSTRACT 
 

Bamboo has a disadvantage as pulp raw material, particularly a high mineral content, so it will cause 
scaling on the installation of the recovery of chemicals and difficult to regenerate. Several studies 
have described one solution to overcome this problem by developing a new pulping method, ie using 
Potassium Hydroxide (KOH). Black liquor from the pulping process using KOH is contains relatively 
high potassium elements so that potential as a source of nutrients (fertilizer) or soil conditioner. The 
aim of this study was to determine the bamboo species that is potentially in the pulping process using 
potassium hydroxide. Bamboo is used in this study were four bamboo species, there are Gombong 
(Gigantochloa pseudoarundinaceae), Duri (Bambusa blumeana), Temen (Gigantochloa atter) and 
Tali (Gigantochloa apus). Fiber morphology and chemical composition of four bamboo species has 
been determined. A potassium hydroxide, soda and kraft pulping of four bamboo species was 
investigated. Gombong, duri and tali bamboo has a better potential as pulp raw material compared 
with temen bamboo seen from the fiber morphology. Characteristics of the physical properties of duri 
bamboo pulp with potassium hydroxide pulping produces tensile and bursting index is higher than the 
other three species of bamboo. Black liquor from the potassium hydroxide pulping has a potassium 
content of 7.26%. 
 
Keywords : black liquor; cellulose; fiber; kraft; Soda. 

 
 

INTRODUCTION 
 
Bamboo is a highly abundant natural resource worldwide (Scurlock et al. 2000). Bamboo is 

recorded that there are about 1250 species found in the world, and Indonesia has 135 species that 
belong to 21 genera (Widjaja, 1997). From the Agricultural Census 2013 results shows that in 
Indonesia there were approximately 2.02 million households who control the bamboo plantation, with 
a controlled population reached 23.18 million clump, or an average tenure by 11 clumps per 
household. Bamboo in Java is concentrated in three provinces is in West Java (33.79%), Central Java 
(23.29%) and East Java (18.93%), while outside Java (19.07% ), respectively (Central Agency on 
Statistics, 2013). Bamboo produces cellulose per hectare, 2-6 times greater than pine. Bamboo 
biomass increased 10-30% per day, while the tree increase 2.5% per day. Besides that, bamboo can 
also be harvested in four years, compared to the fast-growing tree that is 8-20 years (Herliyana et al. 
2005).  

In papermaking, some kind of high strength paper should be added to long fiber for strength 
strength increment. Thus the new long fiber resource for pulp and paper production is pointed toward 
non-wood plant fiber such as bamboo (Kamthai 2007a). Making of pulp with bamboo raw materials 
has been done with the soda (Fatriasari et al. 2009), soda-AQ (Jahan et al. 2015), kraft (Jahan et al. 
2013), alkaline sulfite pulping with anthraquinone (AS-AQ) (Kamthai 2007b), Ethanol / water 
pulping (Correia et al. 2015) and dissolving pulp ( Batalha et al. 2011;Yuan et al. 2017). Indeed, there 
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are difficulties to utilize bamboo in traditional pulping. Compared to wood, bamboo contains a much 
higher level of silica (Salmela et al. 2008; Batalha et al. 2011). Silica will cause scaling on the 
installation of the recovery of chemicals and difficult to regenerate (Huang, 2002). Several studies 
have described one solution to overcome this problem by developing a new pulping method, ie using 
Potassium Hydroxide (KOH) (Xiao, 2005). Black liquor from the pulping process using KOH is 
contains relatively high potassium elements, so that potential as a source of nutrients (fertilizer) or soil 
conditioner (Walter, 2005; Ramirez, 1997). The objective of this study was to determine the bamboo 
species that is potentially in the pulping process using potassium hydroxide.  
 

MATERIALS AND METHOD 

 
Four bamboo species three years old from research forest plantation Arcamanik Bandung 

Indonesia, were used in this study. The four species of bamboo are Gombong (Gigantochloa 
pseudoarundinaceae), Duri (Bambusa blumeana), Temen (Gigantochloa atter) and Tali 
(Gigantochloa apus).  

To determine the fiber properties, small blocks like match-stick were collected from bamboo 
culm free-node and macerated with hydrogen peroxide and acetic acid glacial solution. Hundred 
fibers for fiber length and fifty fibers for diameter in each sample were measured under a light 
microscope (Primostar, Zeiss) with Axio image analysis software (Zeiss). The following fiber 
morphologies were measured fiber length, fiber width and lumen diameter. Cell wall thickness, 
Runkel ratio, coefficient of rigidity, flexibility ratio, slenderness ratio, and Muhlstep ratio were 
calculated. 

The following chemical components were determined by SNI (Standar Nasional Indonesia) 
standard methods  : 1% sodium hydroxide solubility, cold and hot water solubility, ethanol-benzene 
extracts, holocellulose, alpha cellulose, Klason lignin, pentosan and ash. Before chemical analysis, the 
sample from bamboo culm free-node were ground with a Wiley mill and then sieved to collect the 40-
60 mesh size. 

Bamboo chips (ca. 30 × 20  mm; thickness 3-5 mm) were chipped from the whole bamboo culm 
without node to determine pulp properties. Four hundred grams of bamboo chips was pulped by the 
following kraft, soda and KOH cooking conditions: active alkali charge = 22% (as Na2O) (Soda and 
Kraft cooking were used NaOH); sulfidity =22% (for kraft cooking); liquor/wood ratio=4/1; time to 
cooking temperature = 120 min; time for cooking at 165°C = 60 min. After cooking, screened pulp 
yield was determined as the ratio of oven-dry weight of the residue after pulping to oven-dry weight 
of chips. Kappa number was determined according to SNI. 

Screened pulp was beaten to 300 mL Canadian Standard Freeness in a PFI mill (Hamjern-
Maskin, Norway). Then, handsheets with a basis weight of 60 g/m2 were made in a standard sheet 
former. The handsheets were placed in a standard room with a temperature of 23 ± 1°C and relative 
humidity of 50 ± 2 % RH, and the physical properties of the handsheets were determined. All the 
procedures mentioned above followed the SNI. 
 

RESULTS AND DISCUSSION 
 
Fiber Properties 

 
Fiber dimensions is important properties of raw materials that can be used as the basis for 

selecting the raw materials for the pulp and paper production. Fibers properties of four bamboo 
species have been observed in the study are presented in Table 1. The average fiber length of four 
species bamboo was between 2.34 to 3.14 mm. It was as long as softwood fiber and longer than 
hardwood fiber, for example Pinus radiata were 3.0 mm (Smook, 2002) and Acacia mangium were 
0.98 mm (Yahya et al. 2010). 

The most important and primary observation determining the suitability of any raw material for 
pulp and paper manufacturing is the Runkel ratio (Ashori and Nourbakhsh, 2009). The standard value 
of The Runkel ratio is 1, and favorable pulp strength properties are usually obtained when the Runkel 
ratio lies below this value (Xu et al. 2006). In this study, the Runkel ratio of four bambu species lies 
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above 1, e.g 1.40; 1.30; 1.18; 1.85 for gombong, duri, tali and temen bamboo, respectively. The high 
Runkel ratio indicates that the fibers of these four species are difficult to be collapsed to form paper 
and produces stiff, less flexible and bulky paper. 
           

Table 1. Fiber properties of four bamboo species 

Parameter Gombong Duri Tali Temen 

Fiber length (L),  mm 2.53 2.46 2.34 3.14 

Fiber width (D), µm 25.82 22.35 14.54 26.59 

Lumen diameter (l), µm 10.77 9.70 6.12 9.02 

Cell wall thickness (w), µm 7.53 6.33 4.21 8.79 

Runkel Ratio, 2w/l 1.40 1.30 1.18 1.95 

Coefficient of rigidity, w/D 0.29 0.28 0.29 0.33 

Flexibility ratio, l/D 0.41 0.43 0.42 0.34 

Slenderness ratio, L/D 98 110 161 118 

Muhlstep ratio (%) 82.62 81.17 82.28 88.49 

 
The coefficient of rigidity is the ratio of fiber wall thickness to fiber diameter (Istikowati et al. 

2016). Thin-walled fibers with large diameter collapse to flattened ribbons in the process of sheet 
formation and provide high burst and tensile strength (Tamolang and Wangaard, 1961). Thus, fibers 
with a low coefficient of rigidity produce paper with high burst and tensile strength. the coefficients of 
rigidity of Acacia crassicarpa were 0.21-0.20 (Sugesty et al. 2015). In the present study, the 
coefficients of rigidity of gombong, duri, tali and temen bamboo were 0.29, 0.28, 0. 29 and 0.33, 
respectively (Table 1). From these results,all bamboo has a coefficient of rigidity higher than Acacia 
crassicarpa. 

The flexibility coefficient is related to paper strength such as burst factor and tear factor and 
expresses the potential of the fiber to collapse during beating or during drying of the paper web 
(Ashori and Nourbakhsh, 2009; Moriya, 1967). The collapsed fibers then provide a greater bonding 
area and therefore a stronger paper. The reported values for the flexibility coefficient ranged from 
0.37 to 0.65 in several Eucalyptus species (Pirralho et al. 2014) and were 0.70 and 0.72 in E. 
camaldulensis and E. globulus, respectively (Ona et al. 2001). In the present study, the mean values 
for the flexibility coefficient were 0.41, 0.43, 0.42 and 0.34 for gombong, duri, tali and temen 
bamboo, respectively (Table 1). 

The short and thin fibres produce a good slenderness ratio, which is related to paper sheet density 
and to pulp digestibility (Ona et al. 2001) and, in turn, increase tearing resistance. This is partly 
because short and thin fibres are readily collapsed to double walled ribbons and produce good surface 
contact and fibre-to-fibre bonding (Ogbonnaya et al. 1997). In general, the acceptable slenderness 
ratio for papermaking is greater than 33 (Xu et al. 2006). The slenderness ratios of gombong, duri, tali 
and temen bamboo were 98, 110, 161 and 118, respectively (Table 1). For comparison, the values of 
E. camaldulensis and E. globulus are 57.4 and 65.0, respectively (Ona et al. 2001), while those of 
Acacia crassicarpa is 55 to 59 (Sugesty et al. 2015).The slenderness of gombong, duri, tali and temen 
bamboo were higher than those of Eucalyptus spp. and Acacia crassicarpa. On the basis of these 
results, gombong, duri, tali and temen bamboo are suitable for making good-forming and well-
bounded paper. 

The Muhlsteph ratio is the ratio of the cross-sectional area of the fiber wall to the cross-sectional 
area of the fiber affecting the density of the pulp sheet. The smaller the value of Muhlsteph ratio, the 
greater the diameter of the lumen, so that the cells more easily flatten and have a high folding power. 
This causes good quality pulp sheets (not rigid). The Muhlsteph ratio of Acacia crassicarpa is 63 to 
66 (Sugesty et al. 2015). The Muhlstep ratio  of gombong, duri, tali and temen bamboo were higher 
than Acacia crassicarpa. Based on the value of Muhlsteph ratio, duri bamboo will produce better pulp 
sheets. Based on morphological characteristics of the fiber, gombong, duri and tali bamboo has a 
better potential as pulp raw material compared with temen bamboo.  
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Chemical Properties 
 

Table 2 shows the chemical properties of the four bamboo species investigated in the present 
study. The ash content in duri bamboo is higher compared to other species of bamboo. High ash 
contents are undesirable for pulping as they affect normal alkali consumption and give problems at 
recovery of the cooking liquor (evaporation, combustion, and lime mud reburning) and operational 
problems in material handling, pulp washing and pulp beating (Dutt and Tyagi, 2011). Lignin contents 
of these four bamboo species were lower than those of Acacia crassicarpa (Sugesty et al. 2015) and 
Eucalyptus spp (Dutt and Tyagi, 2011).  

The mean values of ethanol-benzene extract contents in gombong, duri, tali and temen bamboo 
were 4.30, 4.80, 5,14 and 2.47%, respectively. The ethanol-benzene extract contents in the four 
bamboo species examined were lower than in Eucalyptus hybrid  (Dutt and Tyagi, 2011).Wood with 
low extractive content is preferable for pulpwood, because extractives in wood affect the pulp and 
paper end-products by producing color substances (Ona et al. 2001; Jahan et al. 2011) and consuming 
pulp chemicals. In general, the presence of extraneous materials in wood reduces pulp yield, and the 
substances require cooking chemicals for their removal (Istikowati et al. 2016).  
 

Table 2. Chemical component of four bamboo species 

Property  Gombong Duri Tali Temen 
Significance 

among 
species 

Ash (%) 2.28 4.52 4.07 4.39 * 

Lignin (%) 22.17 23.20 24.37 25.59 * 

Extractive (Ethanol-Benzene) (%) 4.30 4.80 5.14 2.47 * 

Holocellulose (%) 71.28 74.45 66.83 71.23 * 

α-Cellulose (%) 50.04 49.44 41.91 46.61 * 

Pentosan (%) 16.55 20.90 20.07 20.37 * 

Hot water solubility (%) 9.95 11.18 14.74 10.68 * 
Cold water solubility (%) 9.53 10.36 11.28 8.77 * 
Solubility in 1% NaOH solution (%) 25.08 28.70 34.90 26.85 * 

   Note : ∗ significant difference at 5% level. 

Carbohydrate composition is important in determining its response to processing conditions and 
the development of physical properties (Dutt and Tyagi, 2011). All the bamboo species contain 
holocellulose and α-cellulose  in the range of 66 to 74% and 41 to 50%, repectively. Holocellulose 
were higher than Eucalyptus spp. (Dutt and Tyagi, 2011), but α-cellulose is similar with Acacia 
crassicarpa (Sugesty et al. 2015). Higher contents of holocellulose and α-cellulose in wood result in 
higher pulp yield (Istikowati et al. 2016). The pentosan content indicates the retention or loss of 
hemicelluloses during pulping and bleaching processes, and since hemicelluloses contributes to the 
strength of paper pulps, high pentosan content is desirable in general (Dutt and Tyagi, 2011). The four 
bamboo species contain pentosan in the range of 16 to 20% were higher than Eucalyptus spp. (Dutt 
and Tyagi, 2011). The quality bamboo as raw material for pulp in terms of the content of chemical 
components, gombong bamboo in the first place and then duri, temen and tali bamboo. 
 
Pulp Properties 
 

Soda process gives the highest value of kappa and the kraft process produces kappa values were 
the lowest. Kappa value for potassium hydroxide pulping almost close kappa kraft process. Generally, 
the yield of bamboo pulp from the potassium hydroxide pulping was slightly higher compared to the 
kraft process, these results indicate that the potassium hydroxide pulping quite a potential to be used 
in the pulping process. Besides that, pulp yield of duri and temen bamboo pulp for the potassium 
hydroxide pulping is still in accordance with the Kraft pulp yield for the cooking process hardwood 
like Eucalyptus globulus from Portugal (from 49.0 to 58.7%),  Acacia mangium of Thailand (48,6- 
53.8%) (Karim et al. 2011).  



Teddy Kardiansyah et al. 

227 
 

 
Fig. 1 Pulp properties of four bamboo species with soda, KOH and Kraft pulping 

 
Beating had significantly increased fiber flxibilty and improved considerably the sheet formation, 

resulting in substantial increases in sheet density and tensile index, particularly for the kraft pulp of 
duri bamboo (Fig. 2). This bamboo kraft pulp had excellent tensile index (66 Nm/g) as compared to 
the soda and KOH pulp of duri bamboo (58 and 61 Nm/g), respectively. It is well known that kraft 
pulping produce pulps with high physical properties. The bamboo pulp bursting index gives the same 
tendency as the tensile index. The duri bamboo pulp provides the highest bursting index compared to 
the other three bamboo species. Duri bamboo pulp has the lowest tear resistance and tali bamboo the 
highest ones. The tear index indicates the strength of the individual fibres and depends mainly on the 
tearing resistance of the fibre wall which is high when the wall is thick in relation to the fibre 
diameter. But also the hemicellulose content of the pulp is important. Hemicelluloses do not 
contribute to the strength of the fibre itself or to their tearing resistance (Patt et al 2006). 
Characteristics of the physical properties of duri bamboo pulp with potassium hydroxide pulping 
produces tensile and bursting index is higher than the other three species of bamboo. 

 

  
 

 
Fig. 2. Pulp physical properties of four bamboo species with soda, KOH and Kraft pulping 
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Black Liquor Properties 
 

Potassium content is quite high (7.26%) is a good nutrient for the plant, while the lignin content 
in the black liquor is good for the soil because it will act as agent for the slow release of nutrients and 
will help hold the soil water content in the decomposition process. Lignin is also a good ground 
pembenah agent because it can form humic in the soil. 
 

Table 3. Black liquor properties of tali bamboo 

Parameter Soda KOH Kraft 

pH  13,8 13,9 13,9 

Total Solid, %  13,84 19,27 21,21 

COD, mg/L  167,125 198,085 241,220 

BOD, mg/L  37,868 38,778 39,146 

C-Organic, %  5.62 6.00 5.83 

N Total, %  0.117 0.134 0.112 

C/N  49 45 52 

P, %  0.023 0.032 0.028 

K, %  0.20 7.26 0.20 

Na, %  2.68 0.16 3.34 

 
CONCLUSIONS 
 

Gombong, duri and tali bamboo has a better potential as pulp raw material compared with temen 
bamboo seen from the fiber morphology. Gombong and duri bamboo contains quite high cellulose 
compared with tali and temen bamboo. Kappa value from duri bamboo pulp is low and the yield is 
quite high with same potassium hydroxide cooking conditions. Characteristics of the physical 
properties of duri bamboo pulp with potassium hydroxide pulping produces tensile and bursting index 
is higher than the other three species of bamboo. Black liquor from the potassium hydroxide pulping 
has a potassium content of 7.26%. 
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DISCUSSION 

 

 
Presenter : Gustan Pari, Asri Peni/ Farida, Wei Liu  
 

1. Q : in the process, which kind of component that is removed? After that, did you do the 
bleaching? (Hongbin Liu) 
A : Pectin. Yes, we did. It is biobleaching which uses enxyme and also chemicals (Farida) 
 

2. Q : For producing hardwood pulp, did you use Galaga? I think you have to grow it, how? If it 
grows naturally, you have to consider its sustainability (L. Mari) 
A : Yes, we did. It usually grows near the forest (Gustan Pari) 
 

3. Q : What scale is your research? Is it already being tried or applied in industry? (Zhuming Lu) 
A : No, it’s still laboratory scale (Farida) 

 
Presenter : Hari Suciadi, Prof. Dr. Wan Rusli Wan Daud, Ray Geganto 
 

1. Q : It was mentioned before that Malaysia has produced food containers from EFB. Is it 
already produced in large scale? How about the pulping process? Does it have to be co-pulped 
with other materials? (Adela T.) 
A : It is quite sensitive. Actually, the food container production from EFB has been stopped 
because most food in Malaysia is in liquid form like curry. But as for overcoming that, the 
container is being coated to avoid leakage and leaching by the food and it is marketable (Wan 
Rusli Wan Daud) 
 

2. Q : Have you prioritized the research on those many kind of raw materials? (Orrawan) 
A : Yes, the priority is abaca waste. We are ancouraging the abaca farmers to increase the 
productivity (Ray Geganto) 

 
Presenters : Evi Oktavia, Povratanak Hour, Zhuming Lyu 
 

1. Theresia Mutia 
It is better to put hidden cost, especially in Indonesia. For example, 2 per cent of benefits 
could be a CSR (Corporate Social Responsibility) 
 

2. Cesar O. Austria 
 
Q: It is necessary to mention sensitivity analysis. What other factors could cost worst 
scenario? 
A: Because the products are so sophisticated that the profit would not increase. 
 
Q: What are the climate effects towards products from bamboo? 
A: Indonesia only has two seasons that is rainy and sunny; therefore, it could not affect much 
to the quality of products. Furthermore, bamboo has high capacity in absorbing water. In 
addition, the types of bamboos in Indonesia are different with those in other countries, such as 
China. 
 

3. Hari Suciadi 
 
Q: How about CNF (cellulose nano fiber) properties? 
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A: Initially, it is needed to produce paper only. Afterwards, it is necessary to produce film. 
Because the property is not too flexible, it has low tensile strength, consequently, it is easy to 
break. 

 
Presenter : Susy Sugesty 

 
1. Retno Widiastuti, BBKB 

 
Q: How many hectares of bamboos are needed, in order for investor to have a BEP in 
investing in bamboo industry? 
A: The presenter has not calculated how vast plantation of bamboos is required to be BEP. 
 

2. Erwinsyah, PPKS 
 
Q: How much would the pulp produce from beema bamboo? 
A: The yield of non-wood pulp is 35 %,  it is similar to wood pulp (30 – 35 %).  But for 
beema bamboo pulp, it could reach 40 %. 
Pulp production per hectare depends on the types of bamboo. 
 

3. Hari Suciadi, PT. Pura Barutama 
 
Q: How much is the value of degree of polymerization of bamboo? 
A: The value depends on the cooking steps of bamboo. 

 
Presenter: Erwinsyah 

 
1. Hong Bin Liu 

 
Q: How to eliminate some barriers in empty fruit bunch? 
A: 
a. To eliminate oil, we can use hard water. Oil content consists of 2.9 % outer, and 0.04 % 

inner of the bunch 
b. To eliminate lignin (around 20 %), we have to design what kind of pulp to be built in the 

industry. 
 
Presenter: Qingxi Hou 
 

1. Wan Rusli 
 
Q: How many steps of oxygen delignification are needed? 
A: It depends on the debarkment process. 
 
Q: Is it possible to reduce kappa number? 
 
A: Why we choose higher kappa number is to improve circulation in digester. Formerly, KN 
was 12 – 14. Now, the KN is 18 – 20. 

 
2. Ray Geganto 

Q: What is the smallest capacity of machine? 
A: It depends on raw materials. 

 
Q: How to improve cooking circulation? 
A: Using higher kappa number could make better circulation in cooking. The higher KN the 
better. 
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Presenter : Hongjie Zhang 
 

Q : What is HYP (High Yield Pulp)? 
A : BCTMP from Canada 
Q: Objective of your experiment? 
A: This research tries to determine synergistic effect of different fibre. Example: wheat straw 
pulp + HYP increase the stiffness, so HYP can contribute to paper properties. 
 
Q: Why using different kind of pulp? 
A: decrease price, improve quality of paper 
 
Q: Policy in China country  related with utilization of non-wood material in pulping 
A: Yesterday, Hongbin Liu explained that non-wood pulping in China is low down in the last 
10 years. Now, non-wood fibre is use in some paper grades mixed with other fibre. 

 
Q: In the last conclusion  related with the opacity, tendency of BWSP and HYP, then is 
there any relationships between opacity and fibre bonding 
A: There are 2 curves: wheat straw pulp minus refining and wheat straw pulp plus refining. If 
only wheat pulp the inter fibre bonding is to much with HYP addition the opacity is quite 
high. The reason is to provide more bonding in the fibre surface without scarifying the pulp 

    
  
Presenter : Sonny Kurnia Wirawan 
 

Q: Amount of kapok in Indonesia, price, possible to expand to Thailand? 
A: Indonesia does not have pulp mill using kapok fibre as raw material.  Kapok is suitable 
material for packaging paper because high of water retention 

 
Presenter: Rusli Daik 
 

Q: Have you ever try other method for delignification beside chloroform? 
A: Cholroform is used to remove wax, not for delignification 

 
Presenter: Chandra Apriana Purwita 
 

Q: How about the reactivity of dissolving pulp? 
A: We did not analyse yet the reactivity of dissolving pulp 
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