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Read ! In the name of thy Lord and C heris her , 
Who crea ted 

Crea ted man , out of a (mere) c lo t  of con gea led blood, 
Read ! And thy Lord is Mos t  Bountifu l

He Who taught ( the use of)  the Pen 
Taught man tha t whic h he kne w no t. 

( Quran XCVI : 1 -5) . 



ABSTRACT 

T he ob jective of this p roject was to d etermin e  the 
eff ect of f ou r  d iff eren t; levels ( 0 .1 2 5% , 0 .2 5% , 
0 .5% and 1 .0 % ) of anthraquin one(AQ) add itive to 
s od a  pu lp in g  of n in e- year old Acacia man qiu m  
willd. grown in P ahan g, Malays ia. S od a-AQ p Ulp ing 
gave high s creen ed yields ran gin g f rom 4 7 .4 %  to 
51 .5% f or the 0 . 125% AQ and 1 .0 %  AQ add ition 
respectively. B leachab ility, as indicated b y  the 
d ecreas ing Kapp a nu mb er ( 2 6 . 3 to 2 3 . 2 ) , was 
imp roved with increas in g add ition of AQ . Ex cep t 
f or f olding enduran ce, the s tren gth p roperties of 
the s od a-AQ pu lps were als o imp roved and higher 
than b oth s oda and kraf t Acacia man qiu m pu lps . 



AC KNO WLEDGEMENT 

In the n ame of A llah, Mos t G racious , 

Mos t Mercifu l 

B e  all p rais e f or the A lmighty Allah f or givin g  the 

author the u tmos t s tren gth and cou rage to comp lete this 

p roject su ccessfu lly. 

T he au thor 

app reciation and 

wis hes 

p rof ound 

to exp ress 

gratitu te 

his d eep es t  

his major 

sup ervis or, Dr. J . V. Zerrud o and his min or supervis or, 

Pu an P arid ah Md . Tahir, f or their gu id ance, 

en cou ragemen t, cons tructive critis ms and su gges tion, 

and help rendered throughou t the p rogress of this 

p roject. 

T he author is highly grateful to the ASEAN T imber 

T echn ology C en tre (ATTC ) f or their gen erous f in an cial 

supp ort. 

Fu rther thanks and special app reaciation go to the 

various catagories of s taffs and lectu rers of the 

Facu lty of Fores try, UPM; Pu lp and Pap er Lab oratory of 

FRI M, IT M and PORI M and C ompu ter C en tre, UPM f or 

coop eration and ass is tan ce in the p roject. 

Las tly bu t n ot leas t, the au thor wou ld to d edicate 

his work to his p arents ,  En . Ib rahim H j  Md . Zain and 

C he' T am Abdu llah; his wif e, Norlaila Yus of and his 

child ren , Mariam, Muhammad Faruq and Abdu l Fatah whos e 



love, p ati enc e  and d evoti on have m ad e  his s tud y 

succ essfu lly. 

May Allah, the Mos t Generous , b less them all. 



i 

TABLE OF CONTENTS 

TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF PLATES 

LIST OF SYMBOLS 

CHAPTER 1 INTRODUCTION 

1.1 Justification 

1. 2 Objecti ves 

CHAPTER 2 LITERATURE REVIEW 

2.1 Plantation Forest 

2.2 Acacia manaium Willd. 

2.3 Pulpinr;' 

2.4 Soda pulping 

2.5 Soda-anthraquinone pulping 

2.6 Mechanism of anthraquinone 

CHAPTER 3 MATERIALS AND METHODS 

3.1 Raw material preparation 

3.2 Pulping 

Page 

i 

iii 

iv 

v 

vi 

1 

2 

3 

7 

7 

9 

11 

13 

14 

16 

18 

18 

21 

3.2.1 Determination of Kappa number 24 

3.3 Pulp strength evaluation 25 

3.3. 1 Handsheet preperation 25 

3.3.2 Handsheet making 30 



1 1 

3.3.3 Physical properties testing 

3.4 Assessment and Analysis 

CHAPTER 4 RESULTS AND DISCUSSION 

4.1 Pulping 

4.1.1 Screened yield and reject 

4.1.2 Kappa number 

4.2 Pulp strength evaluation 

30 

38 

38 

38 

41 

41 

4.2.1 Handsheet properties 41 

4.2.2 Physical properties at 350 CSF 4 6  

4.3 Comparison with kraft pulp 53 

CHAPTER 5 CONCLUSION 58 

CHAPTER 6 RECOMMENDATION 59 

REFERENCES 60 

APPEND'ICIES 66 



iii 

LIST OF TABLES 

TABLE TITLE PAGE 

2.1 Timber supply and demand in Peninsular Malaysia (M m3) 8 

4.1 Pulping characteristics of Acacia mangium 39 

4.2 Summary of ANOVA f or ef f ect of anthraquinone on pulping 42 

4.3 Strength properties of acacia mangium pulps 

4.4 Summary of AN OVA f or ef f ect of anthraquinone additives 

(AQ) and beating (BT) on pulp 

4.5 Calculated strength properties at 350 CSF 

4.6 Comparision of soda, soda-l%AQ and kraft pulps 

43 

45 

51 

55 



i v  

LIST OF FIGURES 

FIGURE TITLE PAGE 

2. 1 A native distribution of Acacia manqium Wi 11 d. 11 

4.1 The effect of AQ an pulping 40 

4.2 The effect of freeness on tensile 47 

4.3 The effect of freeness on burst 48 

4.4 The effect of freeness on tear 49 

4.5 The effect of freeness on fold 50 

4.6 Pulps strength at 350 CSF 52 

4.7 Kappa number and screened yield at 141. Active 

Alkali 56 

4.8 Pulps strength at 350 CSF 57 



v 

LIST OF PLATES 

PLATE TITLE 

3.1 Chipper mill 

3.2 Chips classif ier 

3.3 Chip screens with dif ferent screen diameters 

3.4 Somerville fractionator 

3.5 Centrifugator 

3.6 Pulp blender 

3.7 Pulp disintegrator 

3.8 Stock divider 

3.9 Canadian Standard Freeness ( CSF) tester 

3.10 Pulp thickener 

3.1 1 Lampen mill 

3.12 British semiautomatic handsheet machine 

3.13 Handsheet division for testing 

3.1 4 Thickness measuring equipment 

3.1 5 Elmendorf tear tester 

3.1 6 Burst tester 

3.17 Tensile tester 

3.18 Folding endurance tester 

PAGE 

1 9  

20 

20 

22 

22 

23 

23 

26 

27 

28 

29 

31 

32 

33 

34 

35 

36 



A .  
ANOVA 
AQ 
CSF 
C 
em. 
PRI M 
g 
ha 
hr 
LSD 
$M 
m 
m3 

ml 
mm 
M 
N SSC 
N 
no . 
o . d . /OD 
rp m 
SAS 
TAPPI 
UPM 
yr 

LI ST OF SYMBOLS 

Acacia 
Ana lysis of va riance 
an thra quinone 

vi 

Canadian Standa rd of Freeness 
Ce lcius 
cen ti me te r  
Fo res t Resea rc h  Ins ti tu te of Ma la ysia 
gra m 
hec ta re 
hou r 
Leas t  s in gnifican t diffe rence 
Ma la ysian rin ggi t 
me te r 
me te r cubic 
mi lli li te r 
mi lli me te r  
mi llion 
Neu tra l  Su lfi te Se mi Che mica l 
no rma li ty/Ne wton 
nu mbe r  
o ven d ry 
re vo lu tion pe r minu te 
Sta tis tica l Ana lysis Sys tem 
Tec hnica l Associa tion of Pu lp and Pape r Indus try 
Uni ve rsi ti Pe rtanian Ma la ysia 
yea r  



1 

CHAPTER 1 

IN TRODU CTI ON 

Paper and paper products cannot be separated from 

today's life. Paper and paper products have been used 

intensively in recording, 

information; wrapping 

structural application; 

storage and dissemination of 

and packaging material; 

and religious ceremonies. 

Malaysia has probably been exposed to the use of paper 

by both Chinese and Arab traders. Undoubtedly early 

Arab traders and missionaries had copies of the Quran 

printed on paper as they spread the faith. The Arabs 

also brought the art of paper making to Europe from 

China in the twelfth century (McGinnis and Shafizadeh, 

1980) . 

In recent years , the use of paper and paper 

products in Malaysia has increased from 148, 500 tons in 

1980 to 407, 900 tons in 1985 (Chen, 1 988). This 

increase is credited largely to the growth in 

population and rise in standard of living and literacy. 

Ninety percent of the paper and paper products are 

imported since existing mills can supply only ten 

percent of the consumption (Thang, 1989). The imported 

paper and paper products has caused a lot of loss in 

Malaysian foreign exchange. To overcome this problem, 

the UNDP/FAO Asia Pasific Forest Industries Development 
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Group has recommended four pulp mills to be established 

in Malaysia (Thang, 1989). Feasibility studies have 

shown that Malaysia is capable of sustaining more than 

one pulp mill because of the availabity of wood, 

financial support, market, and technical support (Chen, 

1 988) . 

pulp 

One of 

mill 

the important factors 

is the availability of 

in establishing a 

fibrous material 

either from wood and/or non-wood sources. Malaysia has 

natural forests, plantation forests and rubber 

plantations. There are around 17.69 million hectares of 

natural forest, 70, 000 hactares of forest plantation, 

and 1.95 million hectares of rubber plantation. In 

addition 250, 00 tons of rice straw, 350, 000 tons of 

baggase, and 1.9 million tons of other resources are 

available annually. These resources would assure 

enough fibers for a pulp and paper mill. Furthermore, 

there are about 108 thousand tons of recyclable papers 

(Thang, 1989) to augment the fiber supply. 

The plantation forests have the greatest 

potential for utilization by the pulp and paper 

indusrtries. One of forest plantation species that has 

been recommended as a good source of fiber for pulp and 

paper is Acacia mangium (Alloysius, 1989; Logan and 

Balodis, 1 982; Udarbe, 1987). 
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1 . 1  JUSTIFI CATI ON 

By the year 1995, the Compensatory Plantation Forest 

Proj ect will have established 200, 000 hectares of 

Acacia mangium plantation. During the 1 988 to 1992 

period, the total wood residuals from second thinnings 

are expected to reach 273, 520 cubic meters per annum, 

and during 1998 to 2002 period, it will be increased to 

1, 052, 480 cubic meter per annum . By 1995, the volume 

of wood residuals produced from the first thinnings 

will amount to 1.52 M cubic meters (Yong, 1984). Since 

the young A. mangium trees have poor quality wood- low 

in strength and small diameter- and are not suitable 

either for saw or veneer logs, therefore the potential 

utilization of these thinning residuals is for the 

production of pulp and paper. 

There is only one exiting pulp mill (SFI) at 

present in Malaysia, an integrated pulp and paper 

mill, located in Sepitang, Sabah. SFI manufactures 

kraft pulp from hardwoods. The kraft process, however, 

creates severe water and air pollution problems 

because of the presence of sulphur-compounds (Renard 

et. al., 198 1). Due to the environmental concerns, the 

kraft process (the dominating pulping process) has to 

be modified or substituted by a less polluting process. 

The substituted process must give good pulp yield and 

quality, yet compatible with the existing kraft process 
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equipment and operations. One of the pulping processes 

that may be a good alternative to the kraft process is 

the soda-anthraquinone process (Holton , 1 977). 

The presence of anthraquinone (AQ) in soda pulping 

system may be utilized in a number of ways to achieve 

a variety of improvements in mill operation. If 

alkalinity is left constant, it is claimed the AQ can 

increase the through put of digesters, decrease 

effective alkaline level , increase pulp yields , lower 

the steam requirements in pUlping and/or carry the 

pulping of bleachable grade materials to lower lignin 

contents as a means of lowering the discharge of 

organic materials from bleach plants. 

An important consideration of modern pulp mill 

design and operation is to treat mill effluents so that 

their impact on the environment is minimal and 

essentially non-polluting. The implementation of 

pollution abatement program within the pulp mill is 

generally capital-intensive and entail significant 

operating costs. Furthermore, environmental measures 

are often expensive to implement in existing mill , 

sometimes , impossible due to space restrictions. In the 

kraft pulping, the main air and water pollutants are 

maladorous organic sulphur compounds formed during 

cook. Sometimes as far as five miles away from the 

mill , the smell of four types of reduced sulphur gases 

may already be detectable (Zerrudo, 1 990). The smell is 
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due to hydrogen sulfide, methyl 

sulfide and dimethyl disulfide 

mercaptan, dimethyl 

(Smook, 1 982). One 

method to overcome this problem is by adding a chemical 

recovery system. The chemical recovery system has two 

functions- to recovery chemical for further use and to 

eliminate air, water and land pollution (United Nations 

Environment Programme, 1 983). Some mills can eliminate 

pollutants and get recovery as high as 99% of the 

sodium. 

In developing tropical countries, hardwoods are 

being used increasingly for pUlping in an effort to 

conserve the limited softwood resources. These pulp 

mills are usually small and utilize local hardwoods. 

Also, these mills are located in the populated areas 

and pollution control is negligible since a recovery 

system is not economical for small mills (less than 

200tons/day) (Zerrudo, 1990). Therefore the soda-AQ 

pulping is very suitable since it contains no sulfur 

and the odorous air emission is largely avoided and the 

spent liquor has a lower toxicity level than kraft 

black liquor (MacLeod and Cry, 1 983). 

AQ presents no problems. It has been produced and 

handled on a large scale without difficulty for many 

decades. The additive is used in small amounts, and the 

maj ority of it and its decomposition products would be 

burned with the black liquor. Also the existing kraft 

pulp mill does not need any maj or modification for 



soda-AQ pUlping. The 

particularly hazardous 
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additives 

and their 

require special techniques nor 

1 977) . 

themselves 

application 

are not 

do not 

equipment (Holton, 

The soda-antraquinone pulping of temperate 

hardwoods and softwoods has been widely studied (Ghosh 

et. al., 1 978; Holton, 1977; Lomendahl and Samuelson, 

197 6; MacLeod et. al., 1981, McLeod and Cyr, 1 983). 

Malaysian tropical hardwoods, however have not been 

subj ected to this process (Mohd Nor, 1 990). 

1.2 Objec ti ves : 

The obj ectives of this study are : 

i. To determine the variations in pulp yield and 

quality of A. mangium using four different levels 

of anthraquinone additives. 

ii. To compare the strength 

soda-anthraquinone pulps with soda, 

A.mangium. 

properties of 

and kraft pulps of 
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CHAPTE R 2 

LITE RAT URE RE VIE W  

2 . 1  FOREST PLANTATI ON 

Malaysian forest, during last two decades, has 

been logged extensively. Rapid logging and land 

clearing for agricultural development has severely 

reduced the forest resources, so much so, that there 

is now a proj ected shortage of timber for domestic 

consumption in Peninsular Malaysia by the year 2000 

(Table 2. 1). The National Forestry Council during its 

fifth meeting in 1981, recognised the need to develop 

and expand the forest resource of the country. As a 

result of this meeting, a programme to grow 

fast-growing forest plantations that could supplement 

the supply of timber from the natural forests, termed 

" Compensatory Forest Plantation", has been implemented 

(Johari 1 987). 

Fast growing species which can be grown to yield 

general utility timber, are expected to have yields of 

4 tons/annum to the acre or 60 tons on a rotation of 15 

years (Freezaillah, 1 980). The Compensatory Forest 

Plantation Programme (CFPP) envisaged the establishment 

of about 188, 000 ha of forest plantations in 

Peninsular Malaysis within 15 years, starting from 
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Table 2.1: Timber supply and demand (M m3) 
in Peninsular Malaysia 

Period 

1986-1990 

1991-1995 

199 6-2000 

2001-2005 

2006-2010 

Projected 
avera.;,e 
annual 
consumption 

2.65 

3.45 

4.40 

5.40 

6.60 

Source: Freezaillah (1980) 

Projected 
timber 
flows 

4.28 

3.74 

3.74 

3.74 

3.7 4 

Timber 
surplus/ 
deficit 

+1.63 

+0.29 

-0.66 

-1.66 

-2.86 
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1 981 and ending in 1995. In Sabah, 150, 000 ha of 

plantation forest will be established by the year 2000 

(Wan Razali et. al., 1 989). 

The CFPP is expected to cost about M$517 million 

(Johari, 1 987). The investment may be considered to be 

high but the alternative to this would be a timber 

shortage that would adversely affect socio-economic 

development. Imports of timber toward the end of this 

century is not considered feasible in view of the 

dwindling timber supplies in the region and the 

competition with other established markets. It is 

considered that the Compensatory Plantation Proj ect is 

a programme that the country cannot afford not to 

invest in (Freezaillah, 1 980). For this purpose, 

fast-growing species such as Acacia mangium, Gmelina 

arborea, and Paraserianthes falcataria (Albizia 

falcataria) are planted. The main species being planted 

is Acacia mangium (Johari, 1 987; Udarbe, 1 987). 

2.2 A ca cia mangi um Wi lld . 

There are more than 1, 000 described species of 

Acacia throughout the world (Moran et. al., 1 989). One 

of these, A. mangium Willd., has emerged in the last 

decade as a maj or forest plantation species for 

tropical moist environment (National Academy of 
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Sciences, 1 983). 

A. mangium is endemic to northern Queensland, the 

Western Province of Papua New Guinea, and the 

Indonesian provinces of Irian Jaya and Maluku (Figure 

2.1). Over this geographical range, A. mangium grows 

primarily in coastal tropical lowlands on margins of 

closed forest, and in open forest and woodland. The 

species appears to be a strong colonizer of areas 

disturbed either by fire or man (Moran et. al., 1 989). 

A. mangium was first introduced to Malaysia, in 

Sabah from Australia in 1 9 6 6  as fire-break trees. It 

has adapted well and has outperformed most of the 

plantation species tested, particularly, when grown on 

poorer sites. On more fertile soils it has been 

recorded to have reached a growth rate of 44 m3/ha/yr. 

Growth at an initial spacing of 3 m by 3 m, the stand 

closes canopy in 2 to 3 years with the height at about 

8 m. At seven years trees may reach a height of over 20 

m with breast-height diameters of over 28 cm. The 

stand will require at least two thinnings to produce a 

final crop of 300 to 400 trees per hectare (Udarbe, 

1 987). Presently the wood is better known for its 

suitability for the manufacture of pulp and paper 

(Ubarde, 1 987). 
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FIgure 2.1: Distributlon of n&tive A�cia mQngium 
Source: Mortln et. � l1989) 


