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ABSTRACT
        Due to increasing use to paper pulp for handicraft products from mulberry
paper, there is a shortage of lag of mulberry fiber. I search for new fiber and Sida
grass is interesting. The objective of this research is to study the feasibility of pulp
processing from Sida grass. For types of material to test, I used the bole and trunk
preparing a bark and bark/core combination from each. Some of  these are dried for
testing, in order to compare them with fresh materials. In pulp processing, these are
transformed to pulp paper by fermentation in a 1 % lime and soda process in an open
system.
       The results indicated the feasibility of the soda process in transforming Sida
grass fiber into pulp paper. Hydrogen peroxide bleaching increased its brightness.
For material, it is found that trunk fermented 1% lime fiber is more suitable because
it has absolute structure. For pulp processing, the optimal solution of sodium
hydroxide (NaOH) is 22 %  of dry oven weight, and  for the bleaching process with
hydrogen peroxide (H2O2), the optimal solution is 10 % of dry oven weight. Sida
grass paper pulp has potential to form a sheet and is suitable for handicraft products.
        In order to make this available to the community, it is suggested that the process
be researched and developed into a handicraft and this might lead to a local
handicraft industry such as mulberry paper pulp processing.
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บทคัดยอ
        ผูวิจัยศึกษาแหลงเสนใยชนิดใหมสําหรับการผลิตเยื่อกระดาษและไดศึกษาวิจัยเสนใยจาก
ตนหญาขัด วัตถุประสงคของการวิจัยเพื่อศึกษาความเปนไปไดในการนําเสนใยจากตนหญาขัด
ผลิตกระดาษ กําหนดหลักเกณฑในการคัดเลือกวัตถุดิบดังนี้ คือ สวนของตนหญาขัด แยกออก
เปน 2 กลุม คือ สวนโคนตน และสวนลําตน  แลวแบงไดเปน สวนเปลือก สวนเปลือกและแกน
นํามาทําเปนแบบสด และ แบบแหง นํามาแปรสภาพเปนเยื่อดวยกระบวนการผลิตเยื่อโดยการ
หมักน้ําประปาผสมปูนขาว 1 % และ การผลิตเยื่อดวยกระบวนการโซดา ในระบบเปด ทําการ
ศึกษาในหองปฏิบัติการโดยมีผลการศึกษาดังนี้
        ผลการศึกษาแสดงใหเห็นวา มีความเปนไปไดในการผลิตเยื่อกระดาษจากตนหญาขัดดวย
กระบวนการผลิตเยื่อดวยกระบวนการโซดา ในระบบเปด เพื่อแปรสภาพเสนใยตนหญาขัดเปน
เยื่อกระดาษ และกระบวนการฟอกเยื่อดวยไฮโดรเจนเปอรออกไซด เพื่อเพิ่มคาความขาวสวาง
ของเยื่อ ดานวัตถุดิบ พบวา เสนใยลําตนหมักน้ําประปาผสมปูนขาว 1 % มีศักยภาพเหมาะสม
เนื่องจากเสนใยมีโครงสรางสมบูรณ ดานกระบวนการผลิตเยื่อตนหญาขัด พบวา การใช
ปริมาณโซเดียมไฮดรอกไซดรอยละ 22 ของน้ําหนักเสนใยอบแหง และกระบวนการฟอกเยื่อ
ดวยไฮโดรเจนเปอรออกไซด รอยละ 10 ของน้ําหนักเสนใยอบแหง มีศักยภาพนํามาขึ้นแผน
กระดาษ มีความเหมาะสมในงานหัตถศิลป
        ขอเสนอแนะจาการวิจัยคร้ังนี้ ควรวิจัยและพัฒนาการผลิตเยื่อกระดาษจากตนหญาขัดที่ได
จากการศึกษาทดลองไปสูกระบวนการผลิตระดับหัตถอุตสาหกรรมในครัวเรือน เชนเดียวกับ
การผลิตเยื่อกระดาษจากปอสา เพื่อเผยแพรความรูไปสูชุมชนในพื้นที่ที่มีการแพรกระจายของ
ตนหญาขัด
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INTRODUCTION

1.1 History and Problem Statement

        Now a day paper is the most important thing in people’s life. In each  every one 

has different need in a paper for example in Education, factory and for communication 

purpose. From the character that light in weight and easy to meal it down to a small 

prices. Due to the increase of the population the paper consideration has expand. There 

for in Thailand the need for paper and fiber has been increase every year by 13%. 

Research for export paper product in 2001 cost about 2,4569 bath.

        Thailand handcrafts association (2537) been notice that pulp from the paper 

mulberry is good and useful for all handcrafts work. Because of the prettiness of the 

color and design that make people in and out side of the country needing this kind of 

special paper more and more. There for will be an improvement of the product by 

reworded in to handcraft flower, paper wrap, boxes, clock, and lump. Thailand imports 

the mulberry’s bark and the finishing product cost 1000 million baths per year. These 

cause the lag of pulp from the paper mulberry and can’t expand it in time of the need, 

because of limitation of the space to grow this kind of plants. So there been some 

research for other kind of plants to subsist. There more research for a new pulp. There 

are many way to fine the pulp example import it from other county and/or plant those 

fast growing plants to get fibers such as eucalyptus plant. We can also do a recycle of 

the papers. We are tried to grow all the fast growing plants such as TON TOUP LOR 

SI , banana tree, YA FARK and take the fiber to make paper. The entire researcher 

agrees that Sida grass is the best plants to make fiber with paper pulp.
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        Sida grass (as called tonmikwad, tonkudmon, tonyakudbaiyao) is a weed that 

easy to find. It’s easy and fast to grow. It’s growing as a bush and got 30-100 

centimeter tall. It’s easy to grow especially in rainy season. The main charters of this 

plant is the body contain the strong fibers joy together as the out side layer. It’s usually 

used in broom making since the fiber is strong and other part of this plant is used as 

herb with the effect of helping the digestion. (Tawatchai and Sukda, 2525:117) to 

expand the use of Sida grass by making paper pulp. Type of Sida grass that researchers 

interested and see the use to make the fiber is  long leaf Sida grass.

        The main charter of long leaf Sida grass  that researcher thinks that are good to 

study for paper making is strong fiber and its quantity in the wild. Now a day, there 

are research to expand the use of Sida grass such as using its strong fiber to use in 

handcraft items and textile. If the research about using that strong fiber in paper 

making is conducted, we will have the proper paper that have the right character for 

many use. It can be produced in hand-made and if we can gather enough material, it 

can be produced in a large scale industrial operation. It will expand the use of this so-

called “weed.”

1.2 Approach of research

Weed in the wild can be valuable – making paper pulp from its natural 

characteristic: shiny and strong yet soft fiber. It might be possible to be used in 

papermaking by these following ideas.
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Figure 1-1.Chart shows Approach of Research

Pulp processing

Sida grass studies 2
characteristics as  bark
and core  divides :
-  Bole Part
-  Trunk Part

-The fermented pulp
1 % lime
-  Soda process by
boiled with  NaOH

Sida grass paper pulp
- from  bark
- from bark and core

Bleaching pulp by
hydrogen peroxide Bleached paper pulp

Test pulp propertiesPaper pulp

Paper pulpInput factor

Analyze the possibility
- Effectiveness
- Performance
- Efficiency

Chemical properties
- Kappa Number
- NaOH consumption
- H2O2consumption

Study physical
properties
- Pulp yield
- Freeness
- Brightness
- Tensile index
- Tearing index
- Burst index
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1.3  Objectives of  research

1.3.1 Study physical properties of Sida grass for material of pulp processing.

1.3.2 Study and experiment pulp processing by fermenting in a 1% lime 

process compare soda process.

1.3.3 Analyze the feasibility pulp processing from Sida grass.

1.4 Scope of Research

The feasibility study on pulp processing from Sida grass has scope of research as

        1.4.1 Material preparation

                 1.4.1.1Sida Glass ( Sida acula Brum t.)  in  Chanchanaburi Province, the 

age of Sida grass is 3 month, by Ask people who live near Sida grass plants area. The 

Sida grass are divided into 2 parts as following

     Part 1 Bole  part  measure end of root  to  bole 15 centimeter.

                 Part 2 Trunk  part  measure  the next 15 centimeter up to top and cut 15 

centimeter down.

                1.4.1.2 Physical Properties  studies 2 parts  are bole part and trunk part as 

following

1) Diameter ; millimeter

2) Air-Dry weight: g

3) Moisture Content; % MC

1.4.2 Study and experiment pulp processing on Sida grass

1) Pulp processing by fermented  1 % lime

                        2) Wet pulp processing by Soda process  in open system by concentrate 

10, 14, 18, 22 percentage by dried material weight
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        1.4.3 Elemental chlorine free with hydrogen peroxide (H2O2) concentrates 10, 15, 

20  percentage by  oven-dry pulp weight

        1.4.4 Study physical properties  of  Sida grass pulp before and after refinement by 

using Tappi Test Method 1998-1999 as following

1) Physical properties

Pulp yield Calculated percentage by oven-dry pulp weight

Freeness  Tappi T 227 om-85

Brightness  Tappi T 452 om-87

Tensile index  Tappi T 404 om-92

Tearing index  Tappi T 414 om-98

Burst Index  Tappi T 403 om-85

2) Analyze the feasibility pulp processing on Sida grass.

Kappa number   Tappi 236 cm-87

NaOH consumption  Analyze from Black Liquor

H2O2 consumption  Analyze from bleached liquor

Source : Tappi Test Method; Tappi Press Technology 1998-1999

1.5 Definition of research

       Feasibility study means  The possibility in processing pulp on Sida grass in pulp 

and evaluated pulp from physical properties.

Pulp Production  means The process of  transmutation. In this researched Sida 

grass fiber is transmuted to pulp.

Sida grass (Sida acula Brum t.) means The strong flat branches – about 30-100 

centimeter .The spear-like long leave with the wild base and narrow in the end about 

0.5-1.5 centimeter. The side of the leave has teeth-like spike and the color under the 

leave has lighter color than the top.

Unpressurized pulping means boiling pulp at atmosphere.

Paper pulp means The part produced from fiber is used for making a paper.

Chemical pulp means paper pulp that separates fiber and removed lignin from 

fiber by using chemical energy and heat energy.
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Cellulose means The compound of plants composes carbon , hydrogen and 

oxygen.

Lignin means   Amorphous polymer  composes phenyl propane unit.

Moisture content; %MC means water volume in the pulp by weight percentage.

Kappa Number means Milliliter volume of potassium permanganate 0.1 N reacted 

1 g. oven-dry pulp by standard condition.

Air-Dry weight (AD) means weight  of  object  to air in uncontrol temperature and 

humidity.

Oven-dry weight (OD) means weight of object after baked in an oven at 105°C 

until weight is unchanged .In practical, weight can change + 0.1 of unbaked weight.

Black liquid means water from boiling pulp in brown to black consists of lignin, 

remained chemical and fiber substances.

Pulp yield (%) means The substance from boiling Sida grass in Sodium hydroxide 

by weight percentage.

Brightness means The reflection of paper pulp measures in 457 nanometer 

compare as MgO.

Freeness means The pulp properties in flowing water.

Basis weight (Grammage) means Ratio of weight and specific are in g  also call 

“paper gram” Now, Tappi uses Grammage  for standard weight and allow 5 % of 

average error.

Pulp evaluation means Assessment of pulp in order to know chemical and 

physical characteristics such as tensile resistance, tear resistance.

Conditioning Paper means The process of control temperature and humidity 

before test (27 ºC temp and 65% humidity).

Tensile Index means Tensile resistance by Basis weight unit is kPa.m2/g.

Tear Index means Tear resistance by Basis weight unit is mN.m2/kg.

Burst Index means Burst resistance by Basis weight unit is kN. m/kg.

1.6 Result of Research

The feasibility pulp processing on Sida grass that shows the suitability on Sida 

grass parts for material of paper pulp and the process in pulp processing.
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CHAPTER II

EXAMINATION OF DOCUMENTS

AND THE CONCERNING THEORIES

2.1 General idea of Sida grass

        Tawatchai Rutnivech and Sukda Jonkgawatana have been collecting the name of 

Sida Grass that been used in many part of the country: tonkudmon, tonmaikwad, or 

tonyakudbaiyow – the scientific name is Sida acula Burm t. Malvacae is a small 

perennial. It has many strong flat branches – about 30 – 100 centimeter. It also 

contains very strong and tough fiber.

        Sida grass has spear-like long leave with the wild base and narrow in the end 

about 0.5 – 1.5 centimeter. The side of the leave has teeth-like spike and the color 

under the leave has lighter color than the top.

        Sida grass is a single type flower bloom along the leaves. The stem is 3-8 long; 

the flower is about 1-2 wide with 5 yellow triangle leaves – about 6-9 millimeter long.

       The capsule, when old, has the dish like shape. It’s about 4.5 millimeter radius 

and 5-8 brown carpel which give out 1 seed per 1 carpel. Seed is a small triangle, 

about 1.5 millimeter long and has brown to black color. It’s used as a main 

reproductive method. It also has a strong main root that can be found in the dry area.

        Sida grass can be used as a main part of bloom making, remedy herb that cure the 

indigestion, fever, and stomach pain.

2.2 Soak refinement

The process of paper as pulp processing, bleaching pulp make wastewater. Thus, 

bleaching process is change to reduce dangerous chemical from wastewater and to 
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save our environment. Hydrogen Peroxide is adopted for this process to reduce 

amount of chorine in the soak refinement make good results as following.

        1.This process can increase efficiency and reduce brightness reversion of paper 

pulp.

        2.It is also to help keeping environment clean.

 

        2.2.1 Hydrogen Peroxide

Hydrogen peroxide solution is pH 2.0, which is in stable status.   The broken 

constant is 2 x 10 –12 at room temperature and 2 x 10 –11 at temperature 80 °C (temp. 80 
°C  is used for paper refinement by hydrogen peroxide). Redox potential is –0.2 volt at 

acid-alkaline 10-11.

Hydrogen peroxide molecule formula is H2O2. In general, hydrogen peroxide 

solution sold in market is intense about 50%. Hydrogen peroxide can be used many 

purposes such as wound cleaning liquid, fabric bleach, etc.

        2.2.2  Reaction of paper refinement by hydrogen peroxide

Hydrogen peroxide is working well at alkalinity of 10.5-11. It is functioning as 

“Tas Oxide” and refinement solution at the same time. The result after mixed Sodium 

hydroxide with Hydrogen peroxide is Perhidroxylion, OOH, which is fast to oxidation. 

The balanced condition of hydrogen peroxide and perhydroxylion in alkali condition is 

shown on equation {1}.

H2O2  +  HO¯                                               OOH¯  +  H2O  {1}

This is 90% of hydrogen peroxide at alkalinity of 10.5. If increasing alkalinity, 

the balanced reaction is moving to the right (increasing OOH-). However, if over 

increase alkalinity (>11.5), hydrogen peroxide will decompose and become water and 

oxygen as shown in equation {2}.
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H2O2                                                            2H2O   +   2O2 {2}

Decomposition become radical that is quick to reaction as the following

equation {3} and {4}

H2O2   +   OOH¯                                           HO   +   O2¯    +   H2O {3}

H2O2   +   OOH¯                                          HO¯ +   O2¯    +   H2O {4}

The reaction in paper refinement is appeared from perhydroxilion reacting with 

“Lignin” in fiber, which affects partly Phenyl Propane Unit. This reaction is changing 

the structure of Lignin and increasing the reflect value (visible light).

        2.2.3 Condition used for paper refinement

            Sodium silicate (Na2SiO3) and magnesium sulfate (MgSO4) are needed for 

paper refinement in order to increase refinement efficiency.

Sodium silicate is stabilizer helping hydrogen peroxide stable and hardly to 

decompose. Also it is protecting the effect of ion reaction, which is few amounts in 

wood, fiber, water and metal from utensils used for refinement such as steel, copper, 

nickel, etc. In addition, Sodium silicate has the alkalinity control property, which gives 

sodium hydroxide.

Sodium hydroxide and sodium silicate used in paper refinement is in status of 

“Total Alkalinity” and the amount used has to clear determine as following.

- Sodium silicate (Na2SiO3) 1.5-3% per dried pulp weight

- Magnesium sulfate (MgSO4) 0.05-0.5 % per dried pulp weight

- Sodium hydroxide (NaOH) used to control alkalinity of pulp water
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After finished refinement, the alkalinity left should be approximately 10% 

compared with added alkalinity. This is to mix added alkalinity and hydrogen peroxide 

in the refinement system. If added alkalinity is gone during refining, the amount of 

hydroxylion is not enough for refinement. However, if there is too much hydrogen 

peroxide is not enough and the added alkalinity is too much, this will decrease the 

brightness of pulp.

2.3 Theories that involved

        2.3.1 The researches about Sida grass.

1) The useful purpose of Sida grass to weave hand-made

Jinda Naipongsri (1993:i) find the methods to process the fiber from weed 

as Sida grass and Ton Kao Tom that method gives good fiber has good quality, soft, 

strong , the fiber from Sida grass is small and so long not sticky and softer than Ton 

Kao Tom . The fiber processing is fermented in water for 15-20 days and fermented 

water mix 1% lime for 15-20 days is the best method to useful.

2) The feasibility study on Sida grass fiber use in textile industrial

Natee Srisawat (1999: iv) this research bring Sida grass fermented in water for 

15-20 day . The fiber 5-6 % compares the material weight and fiber long is 57.99 cm . 

The Moisture absorption is 10.65 % and able solute in solution and burn like the other 

cellulose. The fiber can weave a mat in No. 16.61 Ne. When bring the mat bleaching 

and dye 2 colors. The spindle fiber mix fiber of Sida grass has a valuable 425.95 

baht/kg by using database from cotton spindle No. 20 Ne.

        2.3.2 The researches about annual plants for pulp processing.

1) Pulp production without chlorine from Toup Lor Si .

 Arunrung Wattanawong (1999: abstract) founds that pulp processing from 

Toup Lor Si leaves has to do at industrial level. This produces by Sodium in 
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pressurized pulping with special equipment. It, thus, is not able to produce in local 

industrial. The quantity of Sodium Hydroxide is 24% of dried material. The pulp 

quantity from Toup Lor Si is not so strong, especially for tear resistance. However, it 

can be formed as a sheet well. The product from Toup Lor Si leaves have the 

brightness of 77.2% at chlorine dioxide of 5% per dried pulp weight.

2) The feasibility pulp processing from Ton Toup Lor Si.

Sittisan Wachiranuparp (1999: iv) studies pulp processing by sulfate process ,

the results show the best condition of pulp processing at effective alkali level 25 %

and sulfidity level 30% for 2 hours give pulp yield 34.0 % per dried pulp .Tensile

index is 66.4 kN.m/kg. Tear index is 5.99 Nm2/kg and Burst index is 4.05 kPa.m2/g .

Brightness is 75.0% the pulp yield form bleaching pulp process is not more reduce

results is STM 287-1990.

3) Paper pulp processing from “ Ya Fark” for industrial and hand-made.

Dumrongsak Loasangtum (1999:abstract) The results from paper production 

show that the best condition for Ya Fark is using sodium hydroxide 15% of dried 

material weight at temperature 170 οC for 90 minutes. This yields 40.8% of pulp, 

which give Lignin in pulp 14.0 units, 29.8% of brightness, 54.5 kN.m/kg. of tensile 

index, 5.08 N.m2/kg. of tear index, and 3.35 kPa.m2/g of burst index. For hand-made, 

it is found that the best process is Sodium hydroxide 10% of dried material weight, 

boiling at 100OC for 2 hours. This yields 47.5% of pulp. There are 18.2 units of Lignin 

in pulp and 23.1% of brightness.

4) High quality Sa paper pulp for hand-made

Arunrung Wattanawong (1999: abstract) Studies Sa paper processing is 

determined into 4 levels of chemical that are at Sodium hydroxide of 4, 6, 8 and 10 % 

of dried Sa jute. Time for boil at 100 οC is 3 hours. It is found that hydrogen 8% of Sa 

jute is perfect for pulp production. The results of Sa refinement by hydrogen peroxide 

determined the quantity of hydrogen peroxide 3 levels that are 2, 3 and 4 % of dried Sa 

jute. It is also determined concentration of pulp water 2 levels that are 10 and 16 %. 

Moreover, at the same level of hydrogen peroxide, high concentration of pulp gave 
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higher brightness than lower concentration. Therefore, the best setup for refinement is 

to use hydrogen peroxide 4% of dried pulp and concentration of pulp 16 %. This will 

give the brightness op to 84.7 % and chemical used is not affected to our environment.

5) Paper pulp processing from “ Chuntaraboon” for local industrial.

Arunrung Jaikom (1996:i) This is research is to study pulp production from 

Chuntaraboon and determine the part from Chuntaraboon to be used for paper product, 

the results show that every parts of Chuntaraboon are capable to be used for pulp 

production by using Sodium hydroxide 10% of dried material weight. and chlorine 

dioxide 12% of dried pulp.

6) The feasibility of paper pulp production from “ Dok Toup Lor Si” .

Aporn Lawsangwal (2001:iv) The results show that it is possible to product 

paper from this plant. Sodium hydroxide is used to produce pulp paper as well as 

hydrogen peroxide is used for bleach paper pulp. It is found that ripe Dok Toup Lor Si 

is suitable because fiber is perfect. Pulp production found that hydrogen peroxide 6% 

of dried fiber is suitable for pulp production. If hydrogen peroxide is increased in 

refinement, the brightness of pulp is increased as well. Physical characteristic of pulp 

is changed a little bit. Thus, pulp from Dok Toup Lor Si can be used for paper 

products.

7) A feasibility study on using banana for pulp production

Sarawut puchatachumpu (2002:Abstract) study the possibility of using banana 

for paper pulp production. The author determines the raw material from already yield 

Num Wa banana are 3 groups as inner core, inner husk, outer husk from banana 

trunks. Material are fresh and dry to compare them .As soak production process, in an 

open system with determines sodium hydroxide ratios of 10%, 12% and 14% of dried 

material weight is implemented for 18 groups of samples. Formed in to a sheet of 

paper to examine them physical properties the outer husk has potential for paper pulp 

production, there has absolute fibers and sodium hydroxide at 10 % of dried material 

weight is the best condition shows the Num Wa  paper can have add pattern and color, 



Fac. of  Grad Studies, Mahidol Univ.                                         M.Sc. (Appro. Tech. for Res. Dev.) / 13

which is used for art products, hand-made products, and packaging products. In 

addition, the cost of Num Wa paper is cheaper than Sa paper.

From the researches examination on alternative raw materials for paper pulp, 

the author can conclude that most of the researches are focusing on the same direction. 

They do researches on pulp processing with fermentation in a 1 % lime and Sodium 

hydroxide process in open system and make the brightness of pulp, we can refinement 

by hydrogen peroxide. This process avoid chlorine in bleaching process. It also save 

our environment.
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CHAPTER III

METERIALS AND METHODS

 The feasibility study pulp processing on Sida grass is experimental research 

that determines methodology and steps of process as in the following figure 3-1.

 

Figure 3-1 Chat shows operation step.

Analyze result

Experimental�SUHSDUDWLRQ Experiment

3. Experimental design step

4. Data processing and analyze result step

1.Research preparation step

Data preparation Material Preparation

2. Research Design step

Physical properties  Material divides 2 part are bole  &�WUXQN

5. Analyze for feasibility evaluation step

Data Processing

6. Feasibility report step
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3.1 Research Preparation step

3.1.1 Material preparation

In this research divide 2 parts of Sida grass. We consider the fiber structure for 

paper pulp as following.

Part 1 Bole part measures bole to 15 centimeter.

Part 2 Trunk part measure next 15 centimeter up until down 15 centimeter to 

top.

Sida grass can be divide into 2 parts, which are bole ad trunk. We can also 

divide these bole and trunk into 2 groups that are bark, bark and core as the following.

- Bark preparation: separate the outer covering without core.

- Bark and core preparation: involve the outer covering and core.

After that we can also divide 2 groups that are fresh and dry as the following.

- Fresh part preparation: separate into group, and then cut in horizontal

across  fiber direction for 1.5 centimeter.

- Dry part preparation: separate into group. Expose to the sun for 7 days or

 for  humidity of 10% remain. After that cut in horizontal across fiber direction for 1.5 

centimeter.

3.1.2 Chemical preparation has 2 steps.

Pulp processing step: lime sodium hydroxide

Bleaching step: hydrogen peroxide sodium silicate magnesium sulfate and 

sodium hydroxide

3.2 Research design step

3.2.1 Sample size of Sida grass

Number of Sample size is 30 pieces per group determined by the researcher. 

This is used to study physical properties of Sida grass.
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1) Diameter (mm.)

2) Air-Dry Weight (g)

3) Moisture Content (%MC)

These physical properties are analyzed by using statistic parameters, which are

mean and standard deviation. It is to point out the potentiality of Sida grass for the 

alternative paper source.

3.2.2 Fiber size studies

Select fiber and spread in water by Pounding Machine. Make 20 slides by 

using single fiber and look into a high focus microscope to analyze fiber structure and 

fiber processing. These studies as the following.

1) Length (mm.)

2) Width (µm.)

3) Wall thickness (µm.)

These fiber structure are analyzed by using statistic parameters, which are 

mean and standard deviation. It is explain physical properties.

3.2.3  The feasibility pulp processing on Sida grass

        These 2 part of Sida grass (bark and trunk) are separated for each group.For 

fresh group, they are fresh bark bole, fresh bark trunk, fresh bark and core bole, fresh 

bark and core trunk. For dry group, they are dry bark bole, dry bark trunk, dry bark 

and core bole, dry bark and core trunk. Each group is produced for pulp and formed 

sheet. Oven-dry weight means weight after bake in an oven at 105°C until weight is 

unchanged (in practical, weight can change + 0.1 of unbaked weight). From the initial 

test found that, means of baked samples in oven for fresh and dry from 30 samples 

compared with Ton Sida grass material 100 g.

3.3 Experimental Design step



Fac. of  Grad Studies, Mahidol Univ.                                         M.Sc. (Appro. Tech. for Res. Dev.) / 17

        The experimental study referable the research “ High Quality Sa paper pulp 

processing for hand-made” (Aroonrung Wattanawong,1999: 8-11) divide 2 process as 

following.

1) The condition study of pulp processing by fermentation in a 1 % lime and pulp 

processing by soda process in open system.

2) The bleaching process study which elemental chlorine free by hydrogen peroxide 

(H2O2).

3.3.1 Experimental preparation

        3.3.1.1 Sida glass preparation. The group of Sida grass prepared for

examination is the following.

1. Fresh bark bole weight equivalent to baked Sida grass weight 100 g.

2. Fresh bark trunk weight equivalent to baked Sida grass weight 100 g.

3. Fresh bark and core bole weight equivalent to baked Sida grass weight

100 g.

4. Fresh bark and core Trunk weight equivalent to baked Sida grass weight

100 g.

5. Dry bark bole weight equivalent to baked Sida grass weight 100 g.

6. Dry bark trunk weight equivalent to baked Sida grass weight 100 g.

7. Dry bark and core bole weight equivalent to baked Sida grass weight

100 g.

8. Dry bark and core trunk weight equivalent to baked Sida grass weight

100 g.

9. Fermented 1% lime bole weight equivalent to baked Sida grass weight     

100 g.

10. Fermented 1% lime trunk weight equivalent to baked Sida grass weight

100 g.

       3.3.2 Experimental

                3.3.2.1 Pulp processing studies
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                The study of pulp processing by fermentation in a 1% lime (Jinda 

Naipongsri, 1993: 10-11) as the following.

    Step I Pulp processing by fermentation in a 1% lime

                         - Sida grass parts are bole and trunk 1 kg for each group fermented 

in 1 % lime (equivalent to baked material) in plastic tank for 15 days and report.

               - Wash with clean water and separated bole and trunk. Bring pulp 

tests kappa number by Tappi T236 cm-87.

  - Separated the parts and pound with machine.

  - Form sheet by Tappi T205 om-88.

Figure 3-2 Chat shows the method of pulp processing by fermentation in a  1% lime.

Fermentation in a 1 % lime
15 days

Separated fiber of  Sida grass
from core

Wash with clean water and study
Kappa Number by Tappi T236

Pound with machine

Form Sheet

Fresh Sida grass parts are
fresh bole part and fresh trunk

SDUW
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                Step II Wet pulp Processing by Soda Process in Open System as following.

1) Wet pulp Processing by Soda Process  in Open System on

fresh Sida grass.

���������������������������������-  Measure fiber of Sida grass as fresh bole bark, fresh trunk bark, 

fresh bark and core bole, fresh bark and core trunk each 100 g. (oven-dry weight.) put 

into boiling bucket and mix solution by treatment follow table 3-1 boil in open air.

                                 - When boil time out bring black liquid tests sodium hydroxide 

consumption.

         - Wash the parts with clean water tests Kappa number by Tappi 

T236 cm-87.

         - Pound with machine and form sheet by Tappi T205 om-88.

                                2) Wet pulp Processing by soda process in open system on dry 

Sida grass

                                 - Measure fiber of Sida grass exposed to sun for 7 days as dry 

bole bark, dry trunk bark, dry bark and core bole, dry bark and core trunk each 100 g.

(oven-dry weight.) put into boiling bucket and mix solution by treatment follow table 

3-1 boil in open air.

                 -When boil time out bring black liquid tests sodium hydroxide 

consumption.

         -Wash the parts with clean water tests kappa number by Tappi 

T236 cm-87.

         - Pound with machine and form sheet by Tappi T205 om-88.

      3) Wet pulp processing by soda process in open system by 

fermented 1 % lime  Sida grass.

               - Measure fiber of Sida grass by fermented 1% lime as bole part 

and trunk part each 100 g.(oven-dry weight.) put into boiling bucket and mix solution 

by treatment follow table 3-1 boil in open air.

             -When boil time out bring black liquid tests Sodium hydroxide 

consumption.
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          -Wash the parts with clean water tests Kappa Number by Tappi 

T236 cm-87.

          - Pound with machine and form sheet by Tappi T205 om-88.

Figure 3-3 Chat shows wet pulp processing by soda process in open system.

Sida grass  parts as bole and trunk .

Boiling with sodium hydroxide
10%,14%,18%,22%

Wash with clean water

Pound with machine

Form sheet

Black liquid for
NaOH consumption test

Test kappa number form pulp by
Tappi T 236 cm-87

Dry Sida grass part Fermented 1% lime
Sida grass part

Fresh Sida grass part
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Table 3-1 Treatment of pulp processing by Soda System.

Treatment of pulp processing Treatment

1

Treatment

2

Treatment

3

Treatment

4

 Fiber of Sida grass

 g.(oven-dry weight)

100 100 100 100

Quantity of sodium hydroxide percentage.

(oven-dry  weight)

10 14 18 22

Control temperature at 100 ºC

time. (min)

30 30 30 30

Degree of  Boiling temperature  (ºC) 100 100 100 100

Number of hour at 100 ºc

time (hr.)

3 3 3 3

Ratio of  fiber: water (weight :weight) 1:15 1:15 1:15 1:15

                3.3.2.2 Bleaching pulp process studies.

         The refinement pulp for increase brightness by bleaching pulp by hydrogen

peroxide is  convenient and not cause of environment pollution as following.

        1) The bleaching fresh Sida grass pulp condition by hydrogen peroxide.

        - Measure fiber of pulp 30 g. (oven-dry weight) as fresh bark trunk, dry trunk, 

fermented 1 % lime trunk fiber put into polypropyrene bag and the bleaching solution 

by treatment follow Table 3-2 boil in water bath.
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        - When boil time out  bring bleaching liquid tested Hydrogen Peroxide

consumption.

        - Wash the parts with clean water tests Kappa number by Tappi T236 cm-87

        - Pound with machine and form sheet by Tappi T205 om-88

Figure 3-4 Chart shows bleaching pulp by hydrogen peroxide process.

Bleaching by hydrogen peroxide 10%,15%,20%
 by  oven-dry pulp weight

Wash with clean water

Form sheet by Tappi T2.5 cm-88

Bleached solution for
H2O2 consumption test

Sida grass parts as bole part and trunk part.

Fermented 1% lime
Sida grass part

Fresh Sida grass part Dry Sida grass part



Fac. of  Grad Studies, Mahidol Univ.                                         M.Sc. (Appro. Tech. for Res. Dev.) / 23

Table 3-2 Bleaching pulp condition by hydrogen peroxide process.

Bleaching Condition Treatment

1

Treatment

2

Treatment

3

Sida grass  fiber

(gram of oven-dry weight)

30 30 30

Quantity of hydrogen peroxide percentage.

(oven-dry  weight)

10 15 20

Quantity of magnesium sulfate percentage.

(oven-dry  weight)

0.05 0.05 0.05

Quantity of sodium silicate percentage.

(oven-dry  weight)

2.0 2.0 2.0

Water temperature in  water bath)

(ºC )

90 90 90

Bleaching time

(hr)

3 3 3

Consistancy

(percentage)

16 16 16

The pH of bleaching solution 10.5-11.0 10.5-11.0 10.5-11.0
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 3.3.3 Physical properties test on Sida grass pulp

          Bring  pulp from Pulp Processing  and Bleaching Process 30 g.(oven-dry 

weight) form hand-sheet by Tappi T205 om-88 . Put in the room of control 

temperature and humidity before test (27 ºC temp and 65% humidity 24 hour).

Physical properties

Pulp yield  Calculated percentage by oven-dry pulp weight

Freeness  Tappi T 227 om-85

Brightness  Tappi T 452 om-87

Tensile index  Tappi T 404 om-92

Tearing index  Tappi T 414 om-98

Burst index  Tappi T 403 om-85

Source: Tappi Test Method, Tappi Press Technology 1998-1999.

3.3.4 Code attachment for determined group

         The determined groups are attached with code, which is separated for Sida 

grass parts as shown in the following.

1) Pulp group of pulp processing

Fermented 1% lime

      Bole parts  code A

      Trunk parts  code B

Wet pulp processing by soda process

      Fresh bark bole part  code C

      Fresh bark trunk part  code D

      Fresh bark and core bole part  code E

      Fresh bark and core trunk part  code F

      Dry bark bole part  code G

      Dry bark trunk part s  code H



Fac. of  Grad Studies, Mahidol Univ.                                         M.Sc. (Appro. Tech. for Res. Dev.) / 25

   Dry bark and core bole part  code I

   Dry bark and core trunk part  code J

- Fermented 1% lime from wet pulp processing

   Bole fiber part  code R

   Trunk  fiber part  code S

2) Pulp group of wet pulp processing by soda process

Pulp group by soda process at NaOH 10 %  code K

Pulp group by soda process at NaOH 14 %  code L

Pulp group by soda process at NaOH 18 %  code M

Pulp group by soda process at NaOH 22 %  code N

3) Pulp group of bleaching pulp process by hydrogen peroxide

Pulp group by hydrogen peroxide 10% code O

Pulp group by hydrogen peroxide 15 % code P

Pulp group by hydrogen peroxide 20% code Q

3.4 Experimental Data Processing step.

The Experimental data processing and analysis the results there for the 

feasibility study pulp processing on Sida grass. The results are the physical 

properties, ,pulp fiber size, the pulp processing by fermented 1 % lime, pulp 

processing by soda process and bleaching   pulp by hydrogen peroxide.

3.5 Analysis Data

1) Analysis physical properties Data

      The results of physical properties of Sida grass are diameter, weight, moisture 

content. The results calculate the statistic parameter (mean and standard deviation)

2) Data Analysis of fiber

The data analysis by fiber structure program that shows statistic parameter are
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Mean and Standard Deviation compares the different of fiber structure from  bole and 

trunk. After comparing the results of bole and trunk, it can explain the changing of 

fiber by the different pulp processing.

3) Analysis physical properties Data

The results of physical properties of Sida Grass are diameter, weight, moisture 

content. The results calculate the statistic parameter (Mean and Standard Deviation)

4) Data Analysis of fiber

The Data Analysis by fiber structure program that shows statistic parameter are

Mean and Standard Deviation compares the different of fiber structure from bole 

and trunk. After comparing the results of bole and trunk, it can explain the changing of 

fiber by the different part of Sida grass.

        The results analysis shows the feasibility study pulp processing on Sida grass 

considers as following.

        1.Effectiveness is the pulp tester and analysis physical properties by the statistic 

parameter.

 2.Performance is potential of Sida grass for the source of the feasibility study pulp 

processing on Sida grass.

 3.Efficiency in the results analysis on process and finance.

- Process efficiency, the results of pulp processing and bleaching pulp. Pulp 

processing by fermented 1% lime and Wet pulp processing by Soda Process in open 

system at Sodium hydroxide 10%,14% 18% and 22% of oven-dry fiber  weight. And  

analysis results by graph compares the physical properties of Sida grass pulp. It 

explains the suitable for pulp processing.

The results of bleaching pulp by hydrogen peroxide 10%, 15% and 20% and  

analysis results by the statistic parameter study the variable of physical properties.
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-  Financial efficiency

   The suitable process for pulp processing on Sida grass uses the quality of 

chemical and payment for pulp processing and bleaching pulp results.

Table 3-3 Shows code of Sida grass pulp group from pulp processing

Wet pulp processing by soda process  in

open system

Sida grass parts

The pulp processing by

fermentation in

a 1% lime

NaOH

10%

NaOH

14%

NaOH

18%

NaOH

22%

A A - - - -

B B - - - -

C - CK CL CM CN

D - DK DL DM DN

E - EK EL EM EN

F - FK FL FM FN

G - GK GL GM GN

H - HK HL HM HN

I - IK IL IM IN

J - JK JL JM JN

R - RK RL RM RN

S - SK SL SM SN
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Table 3-4 Shows code of Sida grass pulp group from bleaching pulp by hydrogen 

peroxide

Code Hydrogen peroxide  10% Hydrogen peroxide  15% Hydrogen peroxide  20%

A - - - - - - - - - - - -

B - - - - - - - - - - - -

C CKO CLO CMO CNO CKP CLP CMP CNP CKQ CLQ CMQ CNQ

D DKO DLO DMO DNO DKP DLP DMP DNP DKQ DLQ DMQ DNQ

E EKO ELO EMO ENO EKP ELP EMP ENP EKQ ELQ EMQ ENQ

F FKO FLO FMO FNO FKP FLP FMP FNP FKQ FLQ FMQ FNQ

G GKO GLO GMO GNO GKP GLP GMP GNP GKQ GLQ GMQ GNQ

H HKO HLO HMO HNO HKP HLP HMP HNP HKQ HLQ HMQ HNQ

I IKO ILO IMO INO IKP ILP IMP INP IKQ ILQ IMQ INQ

J JKO JLO JMO JNO JKP JLP JMP JNP JKQ JLQ JMQ JNQ

R RKO RLO RMO RNO RKP RLP RMP RNP RKQ RLQ RMQ RNQ

S SKO SLO SMO SNO SKP SLP SMP SNP SKQ SLQ SMQ SNQ
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3.6 Analysis evaluation of the feasibility pulp processing on Sida grass step

         Conclusion results of feasibility pulp processing in Sida grass by physical 

properties, fiber size results and feasibility pulp processing on Sida grass.

3.7 Report the feasibility step

        Conclusion 2 results are the suitable for pulp processing and bleaching pulp and 

quality evaluation of pulp processing on Sida grass. Then analyzed physical properties 

of  Sida grass paper pulp.
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CHAPTER IV

RESULTS OF STUDY AND ANALYSIS OF RESULT

The results and analysis of the feasibility study on pulp processing from Sida

grass are shown as the following.

1. The results and analysis of physical properties of Sida grass

2. The results and analysis of fiber size of Sida grass

3. The results and analysis for possibility evaluation of paper pulp

processing

      The results and analysis of Sida grass pulp processing are fermented

1% lime process, soda process and the bleaching pulp  by hydrogen peroxide (H2O2)

process

4. The results and analysis of  Sida grass paper utility

4.1 The results and analysis of physical properties of Sida grass

The results and analysis of physical properties of Sida grass are diameter,

weight, moisture content and length from 2 parts of Sida grass, which are bole part and

trunk part. Each part consists of 30 pieces of sample. Mean and standard deviation are

calculated are shown in table 4-1
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Table 4-1 Physical properties of Sida grass

Bole part of Sida grass Trunk part of Sida grass
Physical

properties Mean
Standard

deviation
Mean

Standard

deviation

Diameter (mm) 12.56
0.3081

8.30 0.2949

Weight

(g)
81.88 3.2204 60.97 6.8154

Length

(cm)
15.0 0 * *

Moisture content

(% MC)
70.84 0.460 67.92 1.458

Remark  *  = length of trunk part is depend on high of Sida grass

4.1.1 Processing of Sida grass of physical properties

        The results of physical properties show in Table 4-1 the researcher

processing  the results, each of Sida grass parts reduced diameter from 12.56 mm. to

8.30 mm., weight reduced from 81.88 g. to 60.97 g and moisture content reduced

70.84 % to 67.92 %

4.1.2 The analysis of physical properties of Sida grass

The comparing of physical properties of bole part and trunk part shown

the physical properties, which each group are diameter, weight and moisture content

are related to the part. It is found trunk fiber has the best physical properties.

From graph compare average diameter, weight and moisture content

shown each of Sida grass has different value.
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In addition, the trunk fiber has the best physical properties due to fully

grow. The analysis of potential, these can be the source of fiber.

Figure 4-1  Comparing of  the physical properties graph

4.2 The results and analysis of Sida grass of fiber size

The results of fiber characteristic in bole part and trunk part by use microscope,

it is found the fiber is tapering and long, the fiber size processing by analysis fiber

structure program, the average fiber size from Sida grass shown in Table 4-2.

Table 4-2 The average fiber size of Sida grass

Sida Grass fiber Fiber of bole part Fiber of trunk part

Length (mm) 1.43 1.54

Width (µm) 13.75 16.35

Wall thickness(µm) 4.74 2.63

12.56 10.4
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Figure 4-2 graph shows the fiber studies of Sida grass

4.2.1 The results of fiber size of Sida grass processing

                           The results from table 4-2 shown the fiber size of each part has 

different value, the average length is increasing from 1.43 mm to 1.54 mm, the average 

width is increasing from 13.75 µm to 16.35 µm, the average wall thickness is decrease 

from 4.74 µm to 2.63 µm.

      4.2.2 The analysis of fiber size of Sida grass

The results of fiber size found the different and related to Sida grass 

fiber parts. The fiber parts for pulp processing are bole fiber part and trunk fiber part a, 

the different of part is important to chemical pulp processing, chemical and heat use 

for boiling and it active with fiber, it transformed to pulp. From table 4-2 shown the 

comparing between bole fiber and trunk fiber, the fiber characteristic relate to chemical 
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substance. The results shown bole fiber is stronger than trunk fiber, it’s rare to 

chemical reaction. The analysis of fiber size and physical properties of Sida grass

in 4.1, the research summery that the trunk fiber has best fiber structure for paper pulp 

processing.

The results give the possibility of Sida grass paper pulp production to 

consider as the following

- Effective of paper pulp. The fiber transformed to pulp, it can

disperse single fiber when disperse pulp in water. It gives soft touching.

-  Potential of paper pulp. The trunk fiber part  has potential to fiber

Source, it has the best structure for paper pulp processing.

4.3 The results and analysis of possibility of Sida grass paper pulp evaluation

 The possibility of Sida grass paper pulp is the experiment in laboratory, it study

the suitable condition in pulp processing of Sida grass.

4.3.1 The pulp processing by fermentation 1 % lime

         The results found fiber has white, shiny and sticky, But it can not formed

sheet, fermented 1 % lime can not transformed to pulp, it peel off the bark surface.

4.3.2 The pulp processing by Soda process

         The researcher find the suitable quantity of sodium hydroxide (NaOH),

determines Sodium hydroxide as 6, 10, 14, 18, 22 and 24 % respectively of Sida grass

oven-dried material weight. The results show that 6% of NaOH, the pulp can not form

because that not transformed to pulp. At 24 % of NaOH, sodium hydroxide

consumption is equal to 22 % of NaOH. Summery the suitable quantity of NaOH as

10,14, 18 and 22 % of oven-dried Sida grass part weight.
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 Table 4-3 The average chemical properties of Sida grass part

Chemical properties Code

CK CL CM CN DK DL DM DN

Pulp yield (%) 63.34 54.45 56.32 50.79 66.70 46.04 48.65 51.88

NaOH consumption (%) 86.78 88.20 80.34 73.66 84.83 82.67 79.95 72.84

Kappa number (unit) 25.84 23.72 20.26 18.98 23.76 21.84 19.42 17.86

EK EL EM EN FK FL FM FN

Pulp yield (%) 59.04 59.03 60.67 61.93 44.63 46.47 50.09 51.2

NaOH consumption (%) 94.78 94.61 91.86 90.39 97.68 94.77 92.60 90.34

Kappa number (unit) - 70.68 65.78 60.24 67.86 62.12 57.36 52.76

GK GL GM GN HK HL HM HN

Pulp yield (%) 56.12 52.13 51.08 49.93 63.72 63.03 61.86 61.95

NaOH consumption (%) 84.49 79.16 78.15 73.34 83.59 80.74 78.18 76.45

Kappa number (unit) 24.56 22.97 20.86 18.64 22.42 20.39 18.76 16.52

IK IL IM IN JK JL JM JN

Pulp yield (%) 72.54 74.70 72.52 72.04 64.72 64.50 64.10 63.87

NaOH consumption (%) 99.02 98.57 97.90 97.28 98.44 94.65 94.05 93.88

Kappa Number (unit) 67.86 62.12 57.36 52.76 50.54 45.92 47.86 35.42

RK RL RM RN SK SL SM SN

Pulp yield (%) 79.39 74.65 62.97 85.50 79.06 71.05 85.10 84.65

NaOH consumption (%) 99.67 99.88 99.41 98.78 95.74 93.70 90.17 85.57

Kappa Number (unit) 19.58 17.66 15.34 13.64 18.76 16.42 12.86 10.64
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Figure 4-3  Graph shows sodium hydroxide consumption of sample code C, D, E,

F,G,H, I, J, R and S
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Table 4-4 The average of physical properties of Sida grass paper pulp

Physical properties Code

CK CL CM CN DK DL DM DN

Basis Weight (g./ m2.) 54.22 68.29 54.34 56.35 64.36 59.63 66.16 57.15

Freeness (ml. CSF.) 440 380 375 440 440 380 377.5 340

Brightness (%) 21.28 23.04 23.73 23.16 22.65 22.40 21.1 22.20

Tensile Index (kN.m/kg.) 24.77 26.24 23.24 26.78 37.03 37.89 25.32 50.46

Tear Index (N.m2 /kg.) 26.56 26.46 30.97 29.88 37.03 37.89 25.32 50.46

Burst Index (k.Pa. m2

/g.)

2.345 2.376 2.469 2.547 2.602 2.818 2.589 3.067

Thickness (10-2mm./g.) 0.246 0.260 0.232 0.229 0.253 0.245 0.228 0.285

EK EL EM EN FK FL FM FN

Basis Weight (g./ m2.) - 65.04 61.69 76.63 64.40 60.02 77.83 85.18

Freeness (ml. CSF.) 680 662.5 635 625 750 742.5 730 720

Brightness (%) - 21.44 20.21 21.00 22.90 21.67 21.86 23.42

Tensile Index (kN.m/kg.) - 4.658 7.653 7.794 7.940 4.601 4.984 5.205

Tear Index (N.m2 /kg.) - 6.485 9.667 8.628 10.39 9.934 7.510 9.584

Burst Index (k.Pa.m2 /g.) - 0.430 0.703 0.577 0.515 0.861 0.759 0.889

Thickness (10-2mm./g.) - 0.326 0.252 0.228 0.245 0.292 0.266 0.252

GK GL GM GN HK HL HM H N

Basis Weight (g./ m2.) 63.15 58.31 55.31 62.37 64.67 63.96 63.31 56.78

Freeness (ml. CSF.) 440 380 375 440 435 320 317.5 312.5

Brightness (%) 21.28 23.04 23.73 23.16 24.33 25.04 25.18 25.96

Tensile Index (kN.m/kg.) 24.77 26.24 23.24 26.78 41.25 30.41 28.50 28.79

Tear Index (N.m2 /kg.) 26.56 26.46 30.97 29.88 26.39 26.22 30.05 20.15

Burst Index (k.Pa.m2 /g.) 2.345 2.376 2.469 2.547 2.574 2.631 2.689 3.150

Thickness (10-2mm./g.) 0.246 0.260 0.232 0.229 0.246 0.245 0.220 0.238
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Table 4-4  (conts.)The average of physical properties of Sida grass paper pulp

Physical properties Code

IK IL IM IN JK JL JM JN

Basis Weight (g./ m2.) 85.66 75.05 66.35 67.84 69.28 61.76 77.60 60.79

Freeness (ml. CSF.) 750 742.5 730 720 542.5 535 510 492.5

Brightness (%) 22.90 21.67 21.86 23.42 23.24 23.20 23.22 24.65

Tensile Index (kN.m/kg.) 7.940 4.601 4.984 5.205 16.00 16.50 21.17 21.54

Tear Index (N.m2 /kg.) 10.39 9.934 7.510 9.584 8.590 8.693 9.303 9.574

Burst Index (k.Pa. m2 /g.) 0.600 0.527 0.438 0.871 2.380 2.643 2.111 2.669

Thickness (10-2mm./g.) 0.245 0.262 0.266 0.252 0.228 0.220 0.203 0.241

RK RL RM RN SK SL SM SN

Basis Weight (g./ m2.) 65.38 75.74 56.33 65.22 66.25 68.73 68.12 59.93

Freeness (ml. CSF.) 700 720 720 750 680 672.5 655 620

Brightness (%) 29.18 32.33 28.05 25.28 32.88 26.91 23.88 23.16

Tensile Index (kN.m/kg.) 22.44 17.99 14.81 20.03 19.83 22.09 23.13 11.12

Figure 4-4 Graph shows the physical properties of paper pulp Code DN, HN and RN
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Graph shows the sample Code RN is the best pulp processing and suitable to

bleaching pulp process.

4.3.3 The results processing of the pulp processing of Sida grass by soda

process

1. Pulp yield

The results of sample code DN, HN and SN can disperse to Single fiber in

water, their have soft fiber, that are suitable condition. The average pulp yield are

51.88 %, 61.95 % and 84.35 % and the other code sample can not disperses to single

fiber

2. Sodium hydroxide consumption

The results of sample code DN��HN and SN are increase, the average

Sodium hydroxide consumption are 72.84 %, 76.45 % and 85.85%

3. Kappa number

The results of sample code DN��HN and SN are decrease, the average

Kappa number are 17.86 unit,16.52 unit and 10.64 unit.

4. Freeness

The results of sample code DN��HN and SN, are the average freeness are

340 ml CFS.,312.5 ml CFS. and 620 ml CFS.

5. Tensile Index

The results of sample code DN��is 5.205�kN.m/kg.,�HN  is 28.79 kN.m/kg.,

and SN is 11.12 kN.m/kg. Tensile Index indicated the strong of pulp

6. Tear Index

The results of sample code DN��HN and SN are increase, the average are
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9.584 N.m2 /kg., 2.015 N.m2 /kg. 39.85 N.m2 /kg. Tear Index depend on the formed of

fiber direction.

7. Burst Index

The results of sample code DN is 0.889�k.Pa. m2 /g., HN is 3.15 k.Pa.m2 /g.

and  SN is 2.643 k.Pa. m2 /g.. Burst Index indicated the strong of pulp.

8. Brightness

The results of sample code DN��HN and SN are increase, the average are

23.42 %,25.40% and 28.10 %.

From  physical properties found that sample Code DN, HN and SN are suitable

pulp for paper processing. The study of bleaching pulp by Hydrogen peroxide process

increase the brightness of pulp, change the physical properties.

Figure 4-5 Graph show the chemical properties compare physical properties of 

bleaching pulp Code SNO, SNP and SNQ
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Table 4-5 Physical properties of Sida grass of bleaching paper pulp. H2O2

Properties Code  DN Code HN Code SN

Quantity of

hydrogen

peroxide (%)

10

code O

  15

code P

20

code Q

10

code O

15

code P

20

code Q

10

code O

15

code P

20

code Q

Pulp Yield (%)
91.98 85.95 82.76 97.84 91.79 87.08 100 92.02 90.73

H2O2

consumption (%)
88.20 95.47 98.79 99.76 99.69 99.55 81.38 82.59 92.16

Kappa Number

(Unit)
20.26 18.79 16.36 18.94 16.67 14.36 4.68 4.45 4.36

Freeness

(ml.CSF.)
690 630 610 505 530 465 750 760 760

Tensile Index

(kN.m/kg.)
63.81 27.85 17.13 31.09 21.62 29.44 39.06 23.85 23.38

Tear Index

(N.m2/kg.)
24.66 22.80 17.12 23.15 21.65 29.01 41.16 23.20 28.05

Burst Index

(k.Pa. m2 /g.)
4.155 2.912 0.348 0.332 0.390 2.645 2.647 2.386 2.990

Bright ness(%)
28.30 34.39 35.39 41.44 44.07 46.77 55.46 57.28 59.90
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4.3.4 The results of the study and analysis of  feasibility on Sida grass paper pulp

for hand-made.

Table 4-6 Expense of pulp processing

Sa pulp Sida grass pulp

Item Unit
Unit/price

(Baht)
Item Unit

Unit/price

(Baht)

Preparation

Sa bark 1 kg 20 Sida grass 1 kilogram -

Soduim

Hydroxide
140 g 4.90

Soduim

Hydroxide
220 g 9.46

Hydrogen

peroxide
200 g 4.30

Hydrogen

peroxide
100 g 4.30

Fuel 2 faggot 20
Sodium

silicate
20 faggot 0.50

water 0.1 0.60 Fuel 2 faggot 20

Electricity 1 unit 2.50 water 0.1 m3 0.6

Electricity 1 unit 2.50

Total 52.30 Total 37.36

Remark  1 faggot = 10 kg.

The expense of Sa pulp production for hand-made is cycling expense (Sarawuth

Pacharachumpu, 45 p.)

1) Water price 6 baht per cublic

2) Electricity price from type 20 2.50 baht per unit

3) Sa husk price 20 baht per kg.

4) Sodium hydroxide price 35 baht per kg.

5) Hydrogen peroxide price 43 baht per kg.

6) Sodium silicate price 10 baht per kg.
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Fresh bark bole parts

     10 % NaOH       14 % NaOH               18 % NaOH                  22 % NaOH

       code CK        code CL       code CM         code CN

Fresh bark trunk parts

    10 % NaOH                 14 % NaOH                  18 % NaOH       22 % NaOH

       code DK        code DL         code DM        code DN

Fresh bark and core bole  parts

   10 % NaOH        14 % NaOH                  18 % NaOH      22 % NaOH

       code EK        code EL          code EM        code EN

Fresh bark and core trunk parts

    10 % NaOH       14 % NaOH         18 % NaOH                22 % NaOH

       code FK        code FL          code FM         code FN

Dry bark bole parts

    10 % NaOH                  14 % NaOH        18 % NaOH      22 % NaOH

       code GK       code GL         code GM        code GN

Figure 4-6. The sample sheet Code C , D, E, F,G

No handsheet
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Dry trunk bole parts

  10 % NaOH   14 % NaOH    18 % NaOH    22 % NaOH

   code HK     code HL      code HM      code HN

Dry bark and core bole parts

  10 % NaOH   14 % NaOH    18 % NaOH    22 % NaOH

   code IK     code IL      code IM      code IN

Dry bark and core trunk parts

  10 % NaOH   14 % NaOH    18 % NaOH    22 % NaOH

   code JK     code JL      code JM      code JN

The fermented 1 % lime bole fiber parts

  10 % NaOH   14 % NaOH    18 % NaOH    22 % NaOH

   code RK     code RL      code RM      code RN

The fermented 1 % lime bole fiber parts

  10 % NaOH   14 % NaOH    18 % NaOH    22 % NaOH

   code SK     code SL      code SM      code SN

Figure 4-7 The sample sheet Code H, I, J, R,S
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Fresh bark trunk parts at 22%NaOH

         10 % H2O2            10 % H2O2          10 % H2O2

              code DNO         code DNP          code DNQ

Dry  bark bole parts at 22%NaOH

         10 % H2O2            10 % H2O2          10 % H2O2

         code HNO          code HNP          code HNQ

The fermented 1 % lime trunk fiber parts at 22%NaOH

         10 % H2O2             10 % H2O2         10 % H2O2

         code SNO         code SNP                     code SNQ

Figure 4-8 The sample sheet of bleaching by Hydrogen peroxide  (H2O2)
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4.4 The results of study and analysis of Sida grass paper pulp for hand-made

utility.

4.4.1 Sida grass can be produced for color and pattern papers and can be mixed

with other natural stuffs.

 4.4.2 Cards products for special party, wedding party, New Year, etc. They are

also written or printed from computers.

4.4.3 Napkin boxes or, small items boxes

4.4.4 Flower such as rose as Sa product

4.4.5 Other stuffs such as bag, batik, book covers, lamp covers.

Figure 4-9  The lamp from  Sida grass paper pulp production.

        The lamp from Sida grass paper pulp produces the lamp, it is beautiful and it 

make to be use. The result study of time of lamp continue 24 hours is work well. It is 

found the lamp from Sida grass paper pulp is not deformed because the inner structure 

make from heat insulator, Sida grass paper pulp is not directly touch to heat, the lamp 

has long lasting use.
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CHAPTER V

DISCUSSION

The feasibility study on the pulp processing from Sida grass is to investigate

the suitable transformation of remained Sida grass for paper. The results from

laboratory are found that physical properties of Sida grass are quantity of Sodium

hydroxide point paper to the possibility of Sida grass paper production. From the

analysis the results, it can be classified as the following

1. Raw material for Sida grass paper  pulp production properties

2. Sida grass paper pulp production

3. Quality evaluation of Sida grass paper pulp production

4. Discussion for hand-made

5.1 Raw material for Sida grass paper pulp production properties.

        The researcher divides physically Sida grass to 2 points, which are bole part and 

trunk part.After that separates 2 part, which are bark, bark and core. Study 3 groups 

that are fresh, dry and fermented 1% lime. Physical properties studies, Fiber size and 

Pulp processing. The fermented 1% lime trunk fiber has potential for fiber source. Too 

long fiber is not well forming paper products. It may make paper rough. Sida grass is 

shot and suitable  for paper pulp, although there is a problem with the strength 

comparing with Sa paper.

5.2 Sida grass paper pulp production

       The paper production means the process that transformed the fiber to pulp. The 

research referred “ High quality Sa pulp processing for hand-made ”.
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        The experimental studies 2 process, which are fermented 1% lime process and 

Soda process. But Fermented 1% lime process don’t transformed to pulp, so we select 

Soda process for pulp processing and Bleaching pulp process by hydrogen peroxide

(H2O2 ) to increase brightness to pulp. The suitable condition of paper pulp processing 

is the following.

Table 5-1 Compare the suitable pulp processing condition between Sida grass pulp and 

high quality Sa pulp.

Condition Sida grass pulp High quality Sa pulp

Quantity of sodium hydroxide

(percentage of oven-dried material weight)

22 8

Duration increase temperature to 100°c

(minute)

30 30

Boiling time

(Hour)

3 3

Ratio of fiber : water

(weight : weight)

1:15 1:15

        From the comparing results, that founds quantity of sodium hydroxide (NaoH) for 

Sida grass is 22% more than 8% of Sa pulp (oven-dried material weight), that is 

consumed chemical substance. The kappa number and brightness comparing show in 

table 5-2 as the following.



Fac. of  Grad Studies, Mahidol Univ.                                         M.Sc. (Appro. Tech. for Res. Dev.) / 49

Table 5-2 The comparing result of Sida grass paper pulp between Sa pulp

Sida grass pulp Sa pulpQuantity of  Hydrogen

peroxide

(H2O2) % 10 4

The changing Before

bleached

After

bleached

Before

bleached

After

bleached

Kappa number

(Unit)

10.64 4.68 19.9 No study

Brightness (%) 23.16 55.46 46.8 77.5

        The comparing results shows Sida grass is consumed  hydrogen peroxide (H2O2)

more than Sa pulp because Sida grass has stronger fiber than Sa  and brightness  of 

Sida grass pulp is less than Sa pulp and their quantity of hydrogen peroxide at 10 % 

accept to hand-made paper pulp processing.

        Too much hydrogen peroxide be destroyed pulp, that pulp is not strong and gives 

high assets.

5.3 Quantity  evaluation of Sida grass pulp

In the physical properties test, tensile index, tear index and burst index are 

indicate the potential of Sida grass paper pulp utilization.

From the physical properties of fermented trunk fiber code SN (22% NaOH) can 

form handsheet, 11.129 kN.m/kg tensile index, 39.871 N.m2/kg tear index and 2.643 

k.Pam2/g  burst index, that are suitable for paper pulp processing. When bleached pulp 

is reduced the physical properties and potential as the following
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Table 5-3 Compare the physical properties between Sida grass paper and Sa paper

Physical properties Sida grass paper pulp Sa paper

Tensile index

kN.m/kg.

39.06 59.2

Tear index

N.m2/kg.

41.16 60.7

Burst index

k.Pa.m2/g.

2.6479 7.3

Brightness

(%)

55.46 77.5

5.4 Discussion for  hand-made products

  It is found that fermented trunk fiber give fine and smooth paper comparing with 

other parts, it is depend on part that which paper is better and give the unique style. 

Sida grass paper pulp can also be added color as Sa paper and made as Sa hand-made 

products such as flowers, paints, boxes, card, etc.

        In the environment consideration, the use of Sida grass paper pulp is helping our 

environment save and reduce weed. It is use of weed for highest advantage and 

reducing  the use of Sa paper, which grows in area.

        For the economic, it is to increase plants value from weed and enhance local job 

for the local business. In the future, this Sida grass paper might be supported from the 

government  or interested people.
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        This research is just the experiment research that is local and closed to the author  

area. If there are lots of interested people, this Sida grass may be developed for the 

industrial and may be exported as Sa paper.
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CHAPTER VI

CONCLUSION AND RECOMMENDATION

This research is the possible study of Sida grass pulp paper. It composes pulp 

processing, bleaching pulp process and pulp quality evaluation. It can be concluded for 

experiment, processing, analysis ,and result presentation as the following

6.1 Conclusion

6.1.1 Summary of the feasibility study of Sida grass paper pulp

         It is possible to produce Sida grass pulp and found that the factors related 

to this possibility are raw material, suitable pulp processing and quality evaluation.

6.1.2 Summary of raw material for Sida grass pulp processing

         From the Sida grass physical properties, it is found that Sida grass fiber 

can be used for paper pulp. The trunk fiber is suitable for raw material of paper pulp 

and the trunk fiber by fermented 1% lime give fine and smooth surface.

6.1.3 Summary of Sida grass pulp processing

         The soda process in open system is suitable process for Sida grass pulp 

processing. The condition of paper pulp processing as the  following

- Sodium hydroxide (NaOH) 22

   (percentage of oven-dried material weight)

- Duration (hour)                  3
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- Boiling temperature (ºC)          100

- Ratio of  fiber  :  water                    1:15

  (weight:weight)

        From the study of hydrogen peroxide refinement, it is found that the 

brightness is increasing. It we increase hydrogen peroxide, the brightness of paper 

pulp  is increasing as well. In the experiment, the author use hydrogen peroxid (H2O2)

10 % and the paper pulp physical properties is change less, it can conclude as the 

following

- Hydrogen peroxide (H2O2)            10

  (percentage of oven-dried pulp weight)

- Sodium silicate   2

  (percentage of oven-dried pulp weight)

- Magnesium sulfate 0.05

   (percentage of oven-dried pulp weight)

- Boiling temperature   90

   (ºC)

- Duration   3

   (hour)

- Consistency 1:16

   (weight:weight)

- pH   10.5-11

6.1.4 Summary of the Sida grass paper pulp quality evaluation

                  From the study and observation, the trunk fiber by fermented 1 % lime is 

the best material for Sida grass paper pulp that is produce with 22 % sodium 

hydroxide (NaOH) ,the paper potential is 59.93 g/m2 standard weight, 11.129 

kNm2/kg tensile index, 39.871 Nm2/kg tear index, 2.6437 kPam2/g burst index and 

23.16 % brightness.
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             The trunk fiber by fermented 1 % lime is produce with 22 % Sodium 

hydroxide (NaOH) and bleached  pulp with 10% hydrogen peroxide (H2O2),the paper 

potential is 72.7106 g/m2, 39.06 kN.m/kg, tensile index, 41.16 N.m2/g tear index, 

2.6479 k.Pa.m2/g  and 55.46 % brightness.

6.2 Author suggestion

6.2.1 Suggestion for this research

            Sida grass paper pulp can be the material in handicraft products that use whole 

Sida Grass fiber, it is faster than separate part. The Sida grass paper pulp can be 

packaging and art products.

6.2.2 Suggestion for hand-made products.

Sida grass paper can produce in hand-made family products that it is career 

support and make income to family and community. The conclusion of Sida grass 

paper pulp that weed can  be valuable. Sida grass can be used for fiber source of paper 

pulp, it grows fast and has short crop. The Sida grass paper pulp can be paper 

products, hand-made products, packaging and art products.

6.3 Suggestion for next research

6.3.1 The Separate Sida grass fiber machine for paper pulp processing

6.3.2 The join material fiber for use

6.3.3 The chemical compound of Sida grass

6.3.4 The paper properties improvement for dying and adding other stuffs

6.3.5 The Sida grass papers pulp for paper industrial

6.3.6 The waste water treatment of Sida grass paper pulp processing

6.3.7 The waster water from paper pulp processing reuse.
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APPENDIX
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             Figure of Appendix 1 Show the test sheet for physical properties test.

Burst Test

Tear Test
6.3 cm.

Tear Test
6.3 cm.

Tensile   Test 1.5 cm.
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Table  of Appendix 1. The physical properties of Sida grass.

Bole Part

Number Diameter
(cm.)

weight
(g) Number Diameter

(cm.)
Weight

(g) Number Diameter
(cm.)

Weight
(g)

1 2 90.56 11 1 79.06 21 1.5 84.56

2 1.7 85.38 12 1 79.5 22 1.5 84.69

3 1.4 83.26 13 1 79.17 23 1.1 80.71

4 1.4 80.79 14 0.8 78.96 24 1 80.5

5 1 79.12 15 0.9 79.03 25 1.1 80.96

6 1.1 80.5 16 1.3 83.5 26 1 80.65

7 1.5 84.64 17 1.3 83.41 27 1.1 80.37

8 1.2 79.94 18 1 79.14 28 1.2 81.07

9 1.3 80.2 19 1.2 80.06 29 1.1 79.98

10 1.2 79.36 20 1.8 87.43 30 2 90.16

Mean of  diameter is 1.2566 cm.  SD of diameter is 0.308146

Mean of Weight is 81.8887 g.      SD of weight is 3.220473

Trunk Part

Number Diameter
(cm.)

weight
(g) Number Diameter

(cm.)
weight

(g) Number Diameter
(cm.)

weight
(g)

1 1.1 68.92 11 1 67.95 21 0.5 54.82

2 2 76.64 12 1 68.12 22 0.7 57.94

3 0.7 55.63 13 0.8 56.09 23 1 68.19

4 1 68.88 14 0.7 55.98 24 0.6 54.17

5 0.6 54.96 15 0.9 57.36 25 0.5 54.26

6 1 68.01 16 0.6 54.36 26 0.6 55.08

7 1 67.94 17 0.8 57.14 27 0.7 58.23

8 0.8 55.12 18 0.5 53.46 28 1 67.32

9 1 68.12 19 0.5 54.03 29 0.7 58.64

10 1 68.79 20 0.6 55.98 30 1 67.19

Mean of  diameter is 0.8300 cm.  SD of diameter is 0.2949

Mean of Weight is 60.9773 g.      SD of weight is 6.8154



Shattamon Kaewnongsamet                                                                                                 Appendix / 60

Table of Appendix 2. The fiber size studies.

Bole fiber Trunk fiber

Number

Length

(mm.)

Width

(µm.)

Wall

thickness

(µm.)

Number Length

(mm.)

Width

(µm.)

Wall

thickness

(µm.)

1 1.72 15 4 1 0.975 20 4

2 2.05 14 4 2 1 20 7

3 1.36 14 4 3 1.7 8 5

4 1.3 10 4 4 1.9 16 5

5 1.56 8 4 5 0.75 25 4

6 0.392 10 4 6 0.36 10 8

7 1.62 10 4 7 2.12 14 9

8 0.73 30 4 8 1.7 13 8

9 2 20 4 9 2 18 2

10 1.95 15 4.8 10 1.75 12 2

11 1.775 15 4 11 2.1 20 2

12 1.025 10 4 12 2.7 40 2

13 0.75 12.5 6 13 1.12 10 2

14 0.9 20 4 14 1.65 20 2

15 1.82 10 4.8 15 1.55 10 2

16 1.92 15 4 16 2.15 15 2

17 1.8 17.5 4 17 1.5 10 2

18 1.8 10 6 18 1 20 2

19 1.3 14 4 19 1 20 2

20 1.65 5 4 20 1 10 2

Mean 1.4711 13.75 4.28 Mean 1.50125 16.55 3.7

SD 0.482859 5.420478 0.637099 SD 0.583388 7.344708 2.451637

The physical properties of sida glass pulp paper.
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Table of Appendix 3 .Basis weight  (g/m2)

Code 1 2 3 4 5 Mean SD

CK 53.84 54.36 55.42 54.12 54.05 54.22 0.622029

CL 68.3 68.01 68.87 67.324 69.256 68.29 0.751996

CM 54.27 54.36 54.32 54.28 54.26 54.34 0.041473

CN 56.4 56.32 56.34 56.38 56.36 56.35 0.031623

DK 64.38 64.32 64.4 64.35 64.37 64.36 0.030496

DL 59.65 59.62 59.67 59.6 59.64 59.63 0.027019

DM 66.18 66.14 66.13 66.19 66.17 66.16 0.025884

DN 57.18 57.16 57.1 57.2 57.12 57.15 0.041473

EK - - - - - - -

EL 65.01 65.02 65.14 64.98 65.12 65.04 0.071274

EM 61.65 61.73 61.58 61.8 61.68 61.69 0.082885

EN 76.64 76.62 76.6 76.57 76.69 76.63 0.045056

FK 64.39 64.42 64.36 64.38 64.35 64.4 0.027386

FL 60.19 60.6 60.15 60.06 59.98 60.02 0.240062

FM 77.84 77.77 77.89 77.99 77.65 77.83 0.12775

FN 85.06 85.2 85.18 85.12 85.19 85.16 0.059161

GK 63.13 63.16 63.17 63.14 63.1 63.15 0.027386

GL 58.33 58.26 58.32 58.34 58.3 58.31 0.031623

GM 55.32 55.34 55.28 55.46 55.15 55.31 0.111803

GN 62.38 62.48 62.26 62.35 62.39 62.37 0.079183
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Table of Appendix 3 (conts.)  Basis weight (g/m2)

Code 1 2 3 4 5 Mean SD

HK 64.19 64.15 64.16 64.14 64.18 64.17 0.020736

HL 64.1 63.76 63.95 64.04 63.85 63.96 0.138022

HM 63.23 63.18 63.25 63.16 63.28 63.31 0.049497

HN 56.75 56.81 56.85 56.77 56.68 56.78 0.064187

IK 85.67 85.54 85.59 85.75 85.72 85.66 0.08792

IL 74.98 75.12 74.99 75.16 75.04 75.05 0.079498

IM 66.36 66.36 66.42 66.27 66.31 66.35 0.056833

IN 67.8 67.89 67.74 67.85 67.96 67.84 0.084083

JK 69.28 69.37 69.37 69.16 69.15 69.26 0.107842

JL 61.75 61.73 61.8 61.72 61.78 61.76 0.033615

JM 77.56 77.54 77.66 77.63 77.57 77.6 0.050695

JN 60.83 60.75 60.78 60.8 60.72 60.29 0.042778

RK 65.42 66.14 65.78 65.73 65.83 65.78 0.257002

RL 75.5 75.81 75.98 75.47 75.67 75.74 0.214079

RM 58.6 56.33 58.18 56.48 58.2 56.33 1.067108

RN 65.22 65.15 65.29 65.34 65.1 65.22 0.098234

SK 66.87 66.21 66.25 66.71 66.37 66.25 0.29278

SL 68.79 68.73 68.67 68.92 68.54 68.73 0.14089

SM 68.42 68.29 67.95 68.12 68.18 68.12 0.177116

SN 59.93 60.12 59.91 59.95 59.74 59.93 0.135093
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Table of Appendix 4 .Freeness  (ml.CSF)

code 1 2 3 4 5 Mean SD

CK 430 440 440 440 450 440 7.071068

CL 370 385 380 380 390 390 7.416198

CM 375 370 375 380 375 375 3.535534

CN 440 450 440 430 440 440 7.071068

DK 440 440 440 430 450 440 7.071068

DL 380 385 380 370 390 380 7.416198

DM 375 370 377.5 380 380 377.5 4.1833

DN 340 340 340 350 360 340 8.944272

EK 680 685 680 675 680 680 3.535534

EL 660 665 662.5 665 660 662.5 2.5

EM 630 640 635 640 630 635 5

EN 620 630 625 620 630 625 5

FK 760 760 750 740 740 750 10

FL 745 740 742.5 745 750 742.5 3.708099

FM 740 740 730 720 720 730 10

FN 710 730 720 710 730 720 10

GK 430 450 440 420 460 440 15.81139

GL 400 360 380 380 360 380 16.7332

GM 375 380 375 370 375 375 3.535534

GN 440 430 440 420 460 440 14.8324
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Table of Appendix 4. (conts.)Freeness  (ml.CSF)

code 1 2 3 4 5 Mean SD

HK 420 445 435 440 430 435 9.617692

HL 330 310 320 330 310 320 10

HM 330 340 317 335 340 317 9.555103

HN 310 315 310 300 315 312.5 6.123724

IK 760 740 750 740 760 750 10

IL 750 745 745 745 750 742.5 2.738613

IM 720 740 730 740 720 730 10

IN 750 750 730 740 740 730 8.3666

JK 540 535 540 545 540 542.5 3.535534

JL 530 540 535 540 530 535 5

JM 500 490 510 490 500 510 8.3666

JN 505 495 480 495 500 492.5 9.354143

RK 675 720 700 710 695 700 16.95582

RL 695 730 725 680 720 720 21.50581

RM 715 720 710 735 720 720 9.354143

RN 745 735 750 760 765 750 11.93734

SK 665 685 700 680 670 680 13.69306

SL 672.5 670 684.5 664 672 672.5 7.461568

SM 645 670 630 670 655 655 17.10263

SN 615 620 610 630 625 620 7.905694
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Table of Appendix 5. Brightness (%)

code 1 2 3 4 5 Mean SD

CK 21.28 21.29 21.5 20.98 21.21 21.35 0.186735

CL 23.04 22.78 23.24 22.85 23.23 23.05 0.211589

CM 23.736 23.74 23.7 23.68 23.85 23.76 0.065781

CN 32.16 32.3 33.14 32.16 32.02 31.18 0.449311

DK 22.65 22.87 22.65 22.82 22.43 22.48 0.173147

DL 22.4 22.2 22.34 22.58 22.4 22.46 0.136675

DM 21.1 21.1 20.71 21.39 21.26 20.94 0.25548

DN 22.2 22.16 22.56 22.2 21.97 22.43 0.213588

EK - - - - - - -

EL 21.44 21.44 21.19 21.69 20.89 21.99 0.302903

EM 20.21 20.21 20.98 19.44 20.46 21.96 0.555833

EN 21 20.43 21 21.57 20.75 21.25 0.41827

FK 22.9 22.93 23.31 22.49 22.9 22.87 0.290224

FL 21.67 21.56 21.78 21.67 21.91 21.43 0.132552

FM 21.86 21.78 21.63 21.94 21.86 21.63 0.117388

FN 23.42 23.8 23.42 23.64 23.02 23.2 0.293598

GK 21.28 21.24 21.32 21.45 21.11 21.28 0.123491

GL 23.04 23 23.08 23.04 23.16 22.92 0.060663

GM 23.73 23.54 23.79 23.67 23.73 23.92 0.094974

GN 23.16 23.59 23.16 23.47 23.78 22.73 0.27179
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Table of Appendix 5. (conts) Brightness (%)

code 1 2 3 4 5 Mean SD

HK 24.33 24.27 23.98 24.33 24.29 24.68 0.147648

HL 25.04 25.32 24.76 25.13 25.05 24.95 0.201866

HM 25.18 24.99 25.37 25.1 25.26 25.18 0.145774

HN 25.96 26.21 26.09 25.71 26.83 25.96 0.417971

IK 22.9 23.05 22.76 22.66 23.14 22.9 0.198293

IL 21.67 21.65 21.5 21.67 21.84 21.63 0.12054

IM 21.86 21.86 22.01 21.71 21.93 21.74 0.110589

IN 23.42 23.43 23.44 23.45 23.39 23.4 0.023022

JK 23.24 23.47 23.56 23.08 23.24 23.01 0.193959

JL 23.2 23.23 23.2 23.17 23.46 22.94 0.118195

JM 23.22 23.08 23.49 22.93 23.36 23.22 0.221427

JN 24.65 24.87 24.52 24.65 24.78 24.43 0.134648

RK 30.94 28.42 29.18 30.06 28.3 29.18 1.120714

RL 34.61 30.05 32.33 33.25 31.41 32.33 1.738505

RM 29.47 31.15 28.05 26.63 24.05 28.05 2.714811

RN 22.19 28.33 25.26 23.87 26.65 25.28 2.38296

SK 34.13 33.47 32.88 31.63 32.29 32.88 0.977394

SL 27.72 26.12 26.91 31.41 22.41 26.91 3.231877

SM 21.7 26.06 23.88 24.24 23.52 23.88 1.56237

SN 22.75 24.26 21.68 23.16 23.57 23.16 0.962772
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Table of Appendix 6. Tensile index.

code 1 2 3 4 5 Mean SD

CK 24.61 24.77 24.69 24.85 24.93 24.77 0.126491

CL 26.63 26.34 24.78 26.44 26.25 26.44 0.744695

CM 23.25 23.06 23.24 23.54 23.73 23.24 0.267264

CN 26.78 26.95 26.61 26.89 26.67 26.78 0.143178

DK 30.37 30.64 30.59 30.48 30.32 30.48 0.137295

DL 33.83 33.99 34.26 34.15 33.72 33.99 0.221923

DM 28.59 28.73 28.66 28.91 28.41 28.66 0.183576

DN 21.79 20.98 21.74 21.69 21.5 21.74 0.331738

EK - - - - - - -

EL 4.549 4.767 4.658 4.603 4.713 4.658 0.086331

EM 7.653 7.723 7.183 7.546 7.76 7.653 0.232754

EN 7.698 7.786 7.802 7.794 7.89 7.794 0.068118

FK 7.016 7.94 7.895 7.985 7.961 7.94 0.416889

FL 4.716 4.809 4.601 4.705 4.486 4.601 0.123553

FM 4.984 4.813 4.946 5.022 5.155 4.984 0.123865

FN 5.234 5.176 5.205 5.467 5.057 5.205 0.149692

GK 25.61 25.12 24.42 24.77 2.493 24.77 10.06611

GL 26.24 26.64 27.1 25.38 26.84 26.24 0.670671

GM 23.32 24.05 23.24 22.43 23.16 23.24 0.575543

GN 26.67 26.74 26.93 26.81 26.63 26.78 0.11908
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Table of Appendix 6 (conts) Tensile index.

code 1 2 3 4 5 Mean SD

HK 41.54 42.69 41.81 41.25 41.04 41.25 0.642285

HL 30.34 30.95 30.41 31.16 30.48 30.41 0.364376

HM 28.5 28.58 28.42 28.39 28.61 28.5 0.096177

HN 28.42 29.16 28.87 28.79 28.71 28.79 0.267675

IK 7.864 7.94 8.016 7.783 8.097 7.94 0.123339

IL 4.601 4.492 4.564 4.71 4.564 4.601 0.079694

IM 5.61 4.358 4.984 4.789 4.879 4.984 0.451332

IN 5.037 5.247 5.042 5.205 5.368 5.205 0.141378

JK 14.1 16 17.91 16.54 16.46 16 1.374525

JL 16.5 17.3 16.83 15.7 16.17 16.5 0.611923

JM 22.8 20.46 22.09 21.12 20.25 21.17 1.084541

JN 21.93 21.15 21.54 21.39 21.69 21.54 0.295466

RK 22.49 22.44 22.56 22.39 22.32 22.44 0.091924

RL 17.86 18.12 17.99 17.94 17.95 17.99 0.095237

RM 14.81 15.08 14.76 14.54 14.71 14.81 0.196087

RN 20.21 19.87 20.19 20.03 20.15 20.03 0.141421

SK 20.24 19.83 19.42 18.76 17.69 19.83 0.999985

SL 22.09 21.4 21.01 23.17 22.78 22.09 0.906228

SM 23.33 23.59 23.22 23.13 23.48 23.13 0.187216

SN 11.28 10.96 11.12 12.67 9.57 11.12 1.101839
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Table of Appendix 7 Tear index

code 1 2 3 4 5 Mean SD

CK 26.12 27 26.56 26.62 26.48 26.56 0.315087

CL 26.2 26.38 26.54 26.46 26.72 26.46 0.192354

CM 32.27 31.13 30.97 30.86 30.67 30.97 0.631902

CN 31.25 29.51 29.64 29.4 29.88 29.88 0.755996

DK 36.52 37.03 37.54 37.16 37.9 37.03 0.522972

DL 37.89 37.69 38.09 37.47 38.31 37.89 0.328938

DM 25.25 25.47 25.39 25.32 25.17 25.32 0.117047

DN 50.55 50.37 50.28 50.46 50.46 50.46 0.102616

EK - - - - - - -

EL 6.383 6.587 6.485 6.439 6.462 6.485 0.075001

EM 9.571 9.667 9.621 9.575 9.763 9.667 0.079378

EN 8.663 8.645 8.611 8.628 8.593 8.628 0.027514

FK 10.3 10.18 10.48 10.96 10.39 10.39 0.2997

FL 9.662 9.934 9.818 9.876 9.798 9.934 0.101925

FM 7.522 7.498 7.457 7.51 4.563 7.51 1.312241

FN 5.276 5.286 5.101 5.309 5.205 5.205 0.084577

GK 26.61 26.51 26.56 26.78 26.42 26.56 0.133903

GL 26.46 26.56 26.38 26.49 26.43 26.46 0.067305

GM 31.08 31 30.94 30.97 30.86 30.97 0.080623

GN 30.09 30.03 29.88 29.67 29.73 29.88 0.182483
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Table of Appendix 7 (conts) Tear index

code 1 2 3 4 5 Mean SD

HK 26.61 26.39 26.17 26.24 26.54 26.39 0.188282

HL 26.06 26.22 26.15 26.48 26.29 26.22 0.158902

HM 30.04 30.14 29.92 30.05 30.28 30.05 0.133716

HN 20 20.3 20.15 20.07 20.23 20.15 0.120208

IK 10.6 10.39 10.32 10.46 10.18 10.39 0.156525

IL 9.99 9.87 9.54 10.32 9.93 9.93 0.279016

IM 7.43 7.59 7.51 7.48 7.54 7.51 0.060415

IN 9.6 9.56 9.67 9.58 9.49 9.85 0.065192

JK 8.83 8.59 8.35 8.46 8.72 8.59 0.193003

JL 8.93 8.54 8.69 8.64 8.72 8.69 0.143631

JM 9.18 9.42 9.21 9.39 9.3 9.3 0.106066

JN 9.57 9.51 9.63 9.48 9.39 9.57 0.090995

RK 17.84 20.16 19 18.12 19.88 19 1.029563

RL 27.93 27.67 25.43 30.17 27.8 27.8 1.678362

RM 31.67 31.56 31.26 31.65 32.78 31.67 0.580457

RN 39.87 40.82 38.92 38.67 41.07 39.87 1.082243

SK 19.24 19 18.76 18.91 19.09 19 0.181246

SL 27.93 27.8 27.67 26.48 29.12 27.8 0.937897

SM 32.36 30.98 31.92 31.67 31.42 31.67 0.518941

SN 40.58 39.94 39.85 39.76 39.12 39.85 0.520096
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Table of Appendix 8. Burst index

code 1 2 3 4 5 Mean SD

CK 2.123 2.468 2.345 2.521 2.169 2.345 0.176355

CL 2.376 2.373 2.408 2.379 2.344 2.376 0.022727

CM 2.4839 2.5942 2.345 2.4696 2.4553 2.4696 0.088684

CN 2.431 2.489 2.547 2.592 2.502 2.547 0.060858

DK 2.61 2.602 2.668 2.536 2.594 2.602 0.047011

DL 2.79 2.843 2.793 2.818 2.846 2.818 0.026542

DM 2.829 2.349 2.589 2.786 2.392 2.589 0.219555

DN 3.281 3.067 3.148 3.14 3.147 3.067 0.077371

EK - - - - - - -

EL 0.32 0.76 0.43 0.33 0.54 0.43 0.182016

EM 0.58 0.67 0.73 0.7 0.82 0.76 0.087464

EN 0.577 0.594 0.568 0.586 0.557 0.577 0.014571

FK 0.594 0.436 0.515 0.567 0.463 0.515 0.066877

FL 0.896 0.861 0.843 0.879 0.826 0.861 0.02783

FM 0.842 0.676 0.759 0.782 0.736 0.759 0.060902

FN 0.889 0.859 0.919 0.874 0.904 0.889 0.023717

GK 2.345 2.369 2.321 2.402 2.288 2.345 0.043732

GL 2.376 2.192 2.314 2.345 2.498 2.376 0.110386

GM 2.521 2.417 2.376 2.469 2.283 2.469 0.090946

GN 2.547 2.469 2.625 2.313 2.781 2.547 0.174413
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Table of Appendix 8 (conts) Burst index

code 1 2 3 4 5 Mean SD

HK 2.659 2.574 2.286 2.862 2.489 2.574 0.212331

HL 2.628 2.729 2.634 2.796 2.466 2.631 0.124651

HM 2.689 2.899 2.479 2.659 2.719 2.689 0.15

HN 3.376 3.206 3.15 3.094 3.076 3.15 0.120627

IK 0.587 0.613 0.678 0.6 0.522 0.522 0.055915

IL 0.567 0.527 0.494 0.548 0.482 0.482 0.035697

IM 0.489 0.549 0.438 0.587 0.327 0.327 0.101789

IN 0.856 0.959 0.783 0.871 0.886 0.886 0.063123

JK 2.38 2.349 2.318 2.261 2.499 2.499 0.088596

JL 2.694 2.592 2.643 2.518 2.768 2.768 0.095462

JM 2.247 2.111 2.164 2.386 2.025 2.025 0.137613

JN 2.485 2.651 2.687 2.669 2.853 2.669 0.130729

RK 2.575 2.473 2.361 2.524 2.687 2.524 0.120768

RL 1.684 1.514 1.599 1.412 1.786 1.599 0.145248

RM 2.239 2.416 2.547 2.285 2.593 2.416 0.155708

RN 1.608 1.529 1.687 1.512 1.704 1.608 0.087912

SK 2.265 2.681 2.359 2.473 2.587 2.473 0.16772

SL 2.491 2.317 2.404 2.749 1.959 2.404 0.28731

SM 2.491 2.669 2.847 2.782 1.556 2.669 0.527946

SN 2.902 2.643 2.384 2.849 2.437 2.643 0.234005
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Table of Appendix 9. Thickness (mm.)

code 1 2 3 4 5 Mean SD

CK 0.2326 0.2594 0.2599 0.246 0.2321 0.246 0.013652

CL 0.2423 0.2791 0.2604 0.2598 0.261 0.2604 0.013019

CM 0.2192 0.2346 0.2462 0.2309 0.2327 0.2327 0.009635

CN 0.2204 0.2295 0.2386 0.2411 0.2179 0.2295 0.010425

DK 0.2246 0.2189 0.186 0.2053 0.1917 0.2053 0.016695

DL 0.2379 0.249 0.2453 0.2527 0.2416 0.2453 0.00585

DM 0.2268 0.2298 0.2398 0.2168 0.2283 0.2283 0.008201

DN 0.2904 0.2915 0.285 0.2785 0.2796 0.285 0.005975

EK - - - - - - -

EL 0.3247 0.3277 0.333 0.3262 0.3194 0.3262 0.004924

EM 0.2385 0.2527 0.2476 0.2669 0.2578 0.2527 0.010669

EN 0.2232 0.2346 0.2289 0.22 0.2387 0.2289 0.007747

FK 0.2537 0.245 0.2671 0.24561 0.2229 0.245 0.01609

FL 0.3126 0.2921 0.2688 0.2718 0.3154 0.2921 0.021898

FM 0.2663 0.2896 0.2858 0.2468 0.243 0.2663 0.021484

FN 0.2887 0.2673 0.2375 0.2524 0.2161 0.2524 0.027746

GK 0.2479 0.2441 0.246 0.2551 0.2369 0.246 0.006573

GL 0.2604 0.2386 0.2712 0.2822 0.2496 0.2604 0.017203

GM 0.2085 0.2246 0.2408 0.2327 0.2569 0.2327 0.018045

GN 0.2143 0.2015 0.2295 0.2575 0.2447 0.2295 0.022528
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Table of Appendix 9(conts.) Thickness (mm)

code 1 2 3 4 5 Mean SD

HK 0.2107 0.2463 0.2222 0.2378 0.2419 0.2463 0.01488

HL 0.2591 0.2335 0.2951 0.2463 0.1975 0.2463 0.035674

HM 0.1965 0.2711 0.2443 0.1697 0.2204 0.2204 0.039634

HN 0.2232 0.2467 0.2546 0.2389 0.2311 0.2389 0.012396

IK 0.2229 0.245 0.2549 0.2671 0.2351 0.245 0.017123

IL 0.2755 0.2487 0.2621 0.2546 0.2696 0.2621 0.010858

IM 0.2663 0.2786 0.2609 0.254 0.2717 0.2663 0.009499

IN 0.2515 0.2474 0.2533 0.2524 0.2574 0.2524 0.003592

JK 0.229 0.2276 0.2283 0.2097 0.2469 0.2283 0.013161

JL 0.2275 0.2207 0.2139 0.2471 0.1943 0.2207 0.019277

JM 0.2481 0.1995 0.2241 0.2035 0.2038 0.2038 0.020452

JN 0.2546 0.229 0.2357 0.2418 0.2479 0.2418 0.010026

RK 0.1963 0.2372 0.2295 0.2467 0.2681 0.2372 0.026286

RL 0.2906 0.2412 0.2659 0.2785 0.2533 0.2659 0.019607

RM 0.2174 0.2342 0.2468 0.2258 0.2048 0.2258 0.015993

RN 0.1848 0.2687 0.2416 0.2132 0.1577 0.2132 0.044084

SK 0.2611 0.2581 0.2641 0.2708 0.2514 0.2611 0.007179

SL 0.2748 0.2912 0.2782 0.2847 0.2946 0.2847 0.008374

SM 0.2652 0.2781 0.2549 0.2665 0.2678 0.2665 0.008254

SN 0.2761 0.3781 0.3271 0.3462 0.3546 0.3271 0.038369



Fac.of Grad Studies, Mahidol Univ.                                          M.Sc. (Appro. Tech. for Res. Dev.) / 75

Table of Appendix 10 . Pulp yield (%)

Code 1 2 3 4 5 Mean SD

CK 63.34 62.9 63.78 63.45 63.23 63.34 0.320702

CL 54.11 54.45 54.04 54.86 54.79 54.45 0.37663

CM 55.87 56.77 56.32 56.04 56.6 56.32 0.374767

CN 50.33 50.96 51.45 50.79 50.62 50.79 0.417433

DK 66.54 66.96 66.1 67.3 66.7 66.7 0.450333

DL 46.04 46.88 45.2 46.25 45.93 46.04 0.605269

DM 48.97 48.65 48.33 48.74 48.56 48.65 0.235053

DN 51.7 51.88 51.36 52.4 51.7 51.88 0.380684

EK 58.85 58.66 59.42 59.04 59.23 59.04 0.300416

EL 59.14 58.92 59.41 58.75 59.03 59.03 0.247487

EM 60.03 60.45 60.67 60.89 61.31 30.67 0.478539

EN 61.67 62.79 61.32 61.93 62.54 61.93 0.608153

FK 44.21 45.05 44.35 44.91 44.63 44.63 0.356931

FL 46.47 46.22 46.72 46.19 46.75 46.47 0.265424

FM 49.8 50.09 50.38 50.14 50.04 50.09 0.208087

FN 50.98 21.42 51.2 51.31 51.09 51.2 13.29399

GK 59.87 56.37 56.49 56.12 55.75 56.12 1.67323

GL 51.96 52.3 52.41 51.85 52.13 52.13 0.231625

GM 51.08 51.27 50.98 51.11 51.05 51.08 0.107564

GN 49.45 49.93 50.41 49.87 50.09 49.93 0.349285
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Table of Appendix 10.(conts.) Pulp yield (%)

Code 1 2 3 4 5 Mean SD

HK 63.18 64.26 63.72 63.49 63.95 63.72 0.41503

HL 63.03 63.14 62.92 63.07 62.99 63.03 0.082765

HM 61.4 61.86 62.32 61.56 62.16 61.86 0.38833

HN 61.62 62.28 61.95 61.74 62.16 61.95 0.276586

IK 72.41 72.67 72.13 72.54 72.95 72.54 0.304138

IL 74.39 75.01 74.68 74.72 74.7 74.7 0.219659

IM 72.52 72.38 72.66 72.74 72.3 72.52 0.184391

IN 71.9 72.18 72.46 71.62 72.04 72.04 0.31305

JK 64.22 65.22 64.72 64.38 65.06 64.72 0.427551

JL 64.17 64.83 64.92 64.5 64.08 64.5 0.37769

JM 63.98 64.22 63.87 64.33 64.1 64.1 0.183439

JN 63.66 63.74 63.87 64 63.98 63.87 0.148324

RK 79.32 79.3 79.39 79.48 79.46 79.39 0.080623

RL 74.67 74.65 74.63 74.65 74.65 74.65 0.014142

RM 62.94 62.97 63.13 62.91 93 62.97 13.42227

RN 85.58 85.42 85.31 85.5 85.69 85.5 0.145774

SK 79.06 78.99 79.13 79.18 78.94 78.06 0.098234

SL 71.08 71.02 71.05 71.28 70.82 71.05 0.164012

SM 85.15 84.99 85.21 85.1 85.05 85.1 0.08544

SN 84.71 84.65 84.52 84.78 84.59 84.65 0.101242
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Table of Appendix 11. Sodium hydroxide consumption (%)

Code 1 2 3 4 5 Mean SD

CK 86.6 86.96 86.96 87.35 86.78 86.78 0.278209

CL 88.2 88.15 88.15 88.04 88.36 88.2 0.116404

CM 80.19 80.34 80.34 80.28 80.4 80.34 0.079373

CN 73.48 73.82 73.82 73.74 73.58 73.66 0.152053

DK 85.04 84.62 84.79 84.83 84.87 84.83 0.151162

DL 82.67 82.11 83.23 82.94 82.4 82.67 0.439602

DM 80.04 79.95 79.01 79.86 79.99 79.95 0.429942

DN 72.66 73.02 72.84 73.13 72.55 72.84 0.24135

EK 94.6 94.96 94.71 94.78 94.85 94.78 0.136565

EL 95.02 94.61 94.85 94.2 94.17 94.61 0.380592

EM 92.03 91.69 91.86 91.74 91.98 91.86 0.147139

EN 90.15 90.63 90.27 90.39 90.51 90.39 0.189737

FK 97.41 98.05 97.73 97.63 97.68 97.68 0.230651

FL 94.77 94.93 94.61 94.69 94.85 94.77 0.126491

FM 92.48 92.6 92.72 92.54 92.66 92.6 0.094868

FN 90.26 90.42 90.34 90.68 90.01 90.34 0.243557

GK 84.63 84.35 84.88 84.49 84.1 84.49 0.293002

GL 78.98 79.34 79.23 79.09 79.16 79.16 0.136565

GM 78.15 78.03 78.27 78.32 77.98 78.15 0.147139

GN 73.12 73.34 73.56 83.64 73.24 73.34 4.620303
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Table of Appendix 11(conts.) Sodium hydroxide consumption (%)

Code 1 2 3 4 5 Mean SD

HK 83.24 84.12 83.59 83.59 83.54 83.59 0.317222

HL 80.74 80.43 80.87 80.87 80.63 80.74 0.184986

HM 78.09 78.18 78.27 78.27 77.82 78.18 0.186628

HN 76.32 76.88 76.45 76.45 76.18 76.45 0.261973

IK 99.13 98.84 98.91 98.91 99.18 99.02 0.150765

IL 98.42 98.72 98.34 98.34 98.57 98.57 0.164682

IM 97.9 97.3 98.5 98.5 98.35 97.9 0.515267

IN 97.06 97.28 97.5 97.5 97.25 97.28 0.186333

JK 98.24 98.64 98.44 98.44 98.12 98.44 0.201196

JL 94.37 98.76 94.54 94.16 94.93 94.65 1.925947

JM 94.22 93.88 94.16 94.5 94.05 94.05 0.228954

JN 93.26 93.88 94.5 93.72 94.04 93.88 0.452769

RK 99.79 99.64 99.67 99.7 99.55 99.67 0.087464

RL 99.79 99.95 99.81 99.88 99.97 99.88 0.080623

RM 99.39 99.41 99.5 99.32 99.43 99.41 0.065192

RN 98.78 98.8 98.83 98.73 98.76 98.78 0.038079

SK 95.8 95.77 95.68 95.74 95.71 95.74 0.047434

SL 93.71 93.69 93.7 93.82 93.58 93.7 0.085147

SM 90.15 90.17 90.28 90.06 90.19 90.17 0.079057

SN 85.54 85.95 85.63 85.19 85.51 85.57 0.27236
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Table of Appendix 12. Kappa number (unit)

Code 1 2 3 4 5 Mean SD

CK 25.92 25.76 25.84 26.06 25.62 25.84 0.165529

CL 25.72 23.79 23.86 23.81 23.63 23.72 0.875197

CM 20.29 20.23 20.26 20.24 20.29 20.26 0.027749

CN 19.03 18.93 18.98 19.01 18.95 18.98 0.041231

DK 23.86 23.66 23.79 23.73 23.76 23.76 0.073824

DL 21.83 21.72 21.84 21.96 21.85 21.84 0.085147

DM 19.49 19.46 19.37 19.38 19..42 19.42 0.059161

DN 17.82 17.9 17.86 17.89 17.83 17.86 0.035355

EK - - - - - - -

EL 71.18 69.44 70.69 70.18 71.92 70.68 0.945421

EM 65.78 65.97 65.59 65.74 65.78 65.78 0.135536

EN 59.42 60.53 60.24 61.06 59.95 60.24 0.61502

FK 67.99 67.86 67.73 67.81 67.91 67.86 0.098489

FL 61.85 62.45 62.21 62.12 62.39 62.12 0.238495

FM 57.36 57.45 57.35 57.23 57.49 57.36 0.100896

FN 52.94 52.58 52.76 53.19 52.33 52.76 0.329621

GK 24.74 24.56 24.38 24.78 24.77 24.56 0.173436

GL 22.97 23.01 23.93 23.15 22.79 22.97 0.443847

GM 21.04 20.93 20.18 20.86 20.79 20.86 0.33712

GN 18.76 18.64 18.49 18.52 18.79 18.64 0.135831
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Table of Appendix 12 (conts) Kappa number (unit)

Code 1 2 3 4 5 Mean SD

HK 22.49 22.37 22.42 21.91 22.93 22.42 0.363153

HL 20.41 20.49 20.37 20.29 20.39 20.39 0.072111

HM 18.74 18.76 18.87 18.75 18.65 18.76 0.078294

HN 16.35 16.3 16.52 16.69 16.74 16.52 0.196596

IK 67.86 67.69 68.03 68.02 67.7 67.86 0.165076

IL 61.87 62.39 68.03 68.02 67.7 67.86 3.177589

IM 57.01 57.36 57.43 57.29 57.71 57.36 0.252389

IN 52.69 52.41 53.11 52.76 52.62 52.76 0.255284

JK 50.15 50.32 50.54 50.76 50.93 50.54 0.316623

JL 45.92 45.71 46.13 45.81 46.03 45.92 0.167631

JM 47.59 47.86 47.79 47.93 48.11 47.86 0.190473

JN 35.85 35.79 35.68 35.82 35.96 35.82 0.101242

RK 19.67 19.49 19.58 19.45 19.71 19.58 0.111803

RL 17.73 17.59 17.51 17.66 17.81 17.66 0.117047

RM 15.32 15.34 15.41 15.27 15.36 15.34 0.051478

RN 13.69 13.71 13.64 13.57 13.59 13.64 0.060828

SK 18.78 18.65 18.74 18.87 18.76 18.76 0.079057

SL 16.35 16.47 16.49 16.42 16.37 16.42 0.060828

SM 12.81 12.83 12.86 12.91 12.89 12.86 0.041231

SN 10.55 10.64 10.69 10.73 10.59 10.64 0.072801
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The physical properties of bleaching sida glass pulp paper.

Table of appendix 13.   Pulp Yield (%)

Code 1 2 3 4 5 Mean SD

DNO 91.91 92.05 91.98 91.74 91.74 91.98 0.140464

DNP 85.83 86.07 85.71 86.24 85.95 85.95 0.206155

DNQ 82.59 82.76 82.93 82.84 82.68 82.76 0.132853

HNO 97.72 97.63 98.05 97.84 97.96 97.84 0.171026

HNP 91.92 91.87 91.82 91.76 91.98 91.87 0.08544

HNQ 86.98 82.19 87.65 88.51 87.08 87.08 2.47507

SNO 100 100 100 100 100 100 0

SNP 92.45 91.59 92.15 91.89 92.02 92.02 0.317648

SNQ 90.9 90.64 90.73 90.56 90.82 90.73 0.136015

Table of appendix 14.    Hydrogen peroxide consumption (%)

Code 1 2 3 4 5 Mean SD

DNO 88.28 88.2 88.12 88.45 87.95 88.2 0.185607

DNP 99.27 95.67 95.47 95.32 95.62 95.47 1.682632

DNQ 98.79 98.95 98.82 98.76 98.63 98.79 0.115109

HNO 99.69 99.85 99.83 99.76 99.67 99.76 0.080623

HNP 99.34 99.35 99.69 99.81 99.57 99.69 0.207171

HNQ 99.41 99.69 99.43 99.67 99.55 99.55 0.130384

SNO 81.29 81.38 81.47 81.15 81.51 81.38 0.144914

SNP 82.2 82.67 82.98 82.59 82.51 82.59 0.281514

SNQ 92.13 92.19 92.16 91.98 92.34 92.16 0.129035
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Table of appendix 15.   Kappa Number (unit)

Code 1 2 3 4 5 Mean SD

DNO 20.17 20.28 20.24 20.26 20.35 20.26 0.065192

DNP 18.97 18.93 18.65 18.79 18.61 18.79 0.161245

DNQ 16.47 16.36 16.22 16.25 16.5 16.36 0.125897

HNO 19.25 18.63 18.79 18.94 19.09 18.94 0.243516

HNP 16.45 16.81 16.67 16.89 16.53 16.67 0.184391

HNQ 14.47 14.36 14.08 14.44 14.25 14.36 0.158902

SNO 4.79 4.57 4.92 4.44 4.68 4.68 0.186682

SNP 4.75 4.54 4.32 4.42 4.48 4.45 0.160686

SNQ 4.34 4.38 4.36 4.38 4.34 4.36 0.02

Table of appendix 16.    Freeness (ml.CSF)

Code 1 2 3 4 5 Mean SD

DNO 690 700 680 700 680 690 10

DNP 630 625 630 630 645 630 7.582875

DNQ 605 615 610 615 605 610 5

HNO 505 505 525 505 495 505 10.95445

HNP 530 530 520 520 550 530 12.24745

HNQ 465 465 440 465 480 465 14.40486

SNO 750 745 760 740 755 750 7.905694

SNP 775 755 760 750 770 760 10.36822

SNQ 770 760 780 780 760 760 10
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Table of appendix 17.    Tensile Index (kN.m/kg.)

Code 1 2 3 4 5 Mean SD

DNO 63.89 63.73 63.81 63.95 63.67 63.81 0.114018

DNP 27.85 27.88 27.82 27.98 27.72 27.85 0.09434

DNQ 16.97 17.05 17.29 17.13 17.21 17.13 0.126491

HNO 31.03 31.09 31.21 31.97 31.15 31.09 0.386005

HNP 21.7 21.78 21.46 21.54 21.62 21.62 0.126491

HNQ 29.21 29.67 29.44 29.76 29.32 29.44 0.231625

SNO 39.06 39.14 39.98 39.35 38.77 39.06 0.453045

SNP 23.82 23.88 23.67 23.86 24.64 23.856 0.381287

SNQ 23.49 23.4 23.38 23.27 23.36 23.38 0.079057

Table of appendix 18.    Tear Index (N.m2/kg.)

Code 1 2 3 4 5 Mean SD

DNO 24.66 24.68 24.54 24.78 24.64 24.66 0.086023

DNP 22.65 22.8 22.76 22.95 22.84 22.8 0.109772

DNQ 16.09 17.25 17.12 17.24 17 17.12 0.485953

HNO 23.15 23.13 23.03 23.27 23.17 23.15 0.086023

HNP 21.62 21.54 21.68 21.65 21.76 21.65 0.080623

HNQ 28.68 29.34 29.01 28.76 29.26 29.01 0.292746

SNO 14.19 41.24 41.13 41.08 41.16 41.16 12.05814

SNP 23.2 23.27 23.11 23.29 23.13 23.2 0.080623

SNQ 28.07 27.98 28.03 28.05 28.12 28.05 0.051478
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Table of appendix 19.    Burst Index (k.Pa.m2 /g.)

Code 1 2 3 4 5 Mean SD

DNO 4.176 4.143 4.155 4.369 4.179 4.155 0.093214

DNP 2.918 2.976 2.928 2.848 2.896 2.912 0.046725

DNQ 0.316 0.336 0.38 0.348 0.36 0.348 0.024166

HNO 0.349 0.332 0.315 0.329 0.335 0.332 0.012207

HNP 0.39 0.402 0.393 0.387 0.378 0.39 0.008746

HNQ 2.589 2.645 2.701 2.643 2.647 2.645 0.039623

SNO 2.7572 2.8546 2.679 2.4412 2.5386 2.6479 0.165919

SNP 2.3864 2.907 2.3761 2.3869 2.3859 2.3864 0.234014

SNQ 2.84 3.05 2.99 3.2 2.78 2.99 0.167839

Table of appendix 20.    Brightness (%)

Code 1 2 3 4 5 Mean SD

DNO 28.3 28.2 28.25 28.4 28.35 28.3 0.079057

DNP 34.39 34.22 34.56 34.45 34.33 34.39 0.127475

DNQ 33.41 33.32 35.3 35.49 35.45 35.39 1.124602

HNO 44.53 44.6 44.35 41.44 41.28 41.44 1.719549

HNP 43.99 44.15 44.07 43.85 44.29 44.07 0.165529

HNQ 46.65 46.85 46.77 46.69 46.89 46.77 0.10198

SNO 55.35 55.44 55.57 55.46 55.48 55.46 0.079057

SNP 57.21 57.35 57.46 57.1 57.28 57.28 0.136565

SNQ 59.93 59.87 59.9 60.15 59.75 59.9 0.145602
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Figure of Appendix 2. Determine the Sida grass parts.

Top Part 15 cm.

Trunk Part

Bole Part 15 cm.

Figure of Appendix 3.                  Figure of Appendix 4.
Sida grass 's flower.                  Sida grass  in nature.
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Figure of Appendix 5.   Figure of Appendix 6.
Bole fiber 20x.   Destroyed bole fiber 20x.

Figure of Appendix 7.           Figure of Appendix 8.
Trunk fiber 50x.           Destroyed trunk fiber 50x.
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Figure of Appendix 9.                Figure of Appendix 10.
Bark of Sida grass.        Cleaned the fermented1% lime fiber.

Figure of Appendix 11.     Figure of Appendix 12.
The fermented fiber exposed to the sun.     Selected the fiber from the core.
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Figure of Appendix 13.      Figure of Appendix 14.
Sida grass pulp from pulp processing.                 Sida grass pulp from Bleaching

        process.

Figure of Appendix 15.   Figure of Appendix 16.
Hand-made sheet.           Kappa Number test.
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Figure of Appendix 17. Pulp processing handsheet and bleaching handsheet.

Figure of Appendix 18.         Figure of Appendix 19.
Pulp processing handsheet.            Bleching handsheet.
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Figure of Appendix 20.                 Figure of Appendix 21.
Freeness tester                                                        Standard handsheet

        forming  machine

Figure of Appendix 22.         Figure of Appendix 23.
Analytical balance                 Cutter
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Figure of Appendix 24.         Figure of Appendix 25.
Tear tester                                                               Pendulum tensile tester

Figure of Appendix 26.         Figure of Appendix 27.
Burst tester                         Elrepho 2000 for Brightness tester
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Figure of Appendix 28. Product from Sida grass  paper pulp.
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