CHARACTERISATION OF PULP AND PAPER
OBTAINED FROM THREE DIFFERENT AGES OF
Acacia mangium IN SIMILAR HABITAT

FASIL SAID MANZOOR

PerUSTAARN

UNIVERSITI FIALEYSIA SASAH

SCHOOL OF INTERNATIONAL TROPICAL
FORESTRY
UNIVERSITI MALAYSIA SABAH
2006

UM



CHARACTERISATION OF PULP AND PAPER
OBTAINED FROM THREE DIFFERENT AGES OF
Acacia mangium IN SIMILAR HABITAT

FASIL SAID MANZOOR

PERPUSTAAAN
UNIVERSITI MALAYSIA SABAH

THESIS SUBMITTED IN FULFILLMENT OF THE
REQUIREMENTS FOR THE
DEGREE OF MASTER IN SCIENCE

SCHOOL OF INTERNATIONAL TROPICAL
FORESTRY
UNIVERSITI MALAYSIA SABAH
2006

UMS



UNIVERSITIMALAYSIA SABAH

BORANG PENGESAHAN STATUS TESIS

JUDUL : CIRI-CIRI PULPA DAN KERTAS DARIPADA TIGA
UMUR Acacla mangium DIDAPATI PADA HABITAT
YANG SAMA

DAZAH : SARJANA SAINS

SESI PENGAJIAN : 2004-2006

Saya FASIL SAID MANZOOR mengaku membenarkan tesis SARJANA SAINS ini
disimpan di Perpustakaan Universiti Malaysia Sabah dengan syarat-syarat kegunaan
seperti berikut:

Tesis adalah hakmilik Universii Malaysia Sabah.

Perpustakaan Universiti Malaysia Sabah dibenarkan membuat salinan untuk
tujuan pengajian sahaja.

Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan pertukaran
antara institusi pengajian tinggi.

TIDAK TERHAD

> W N

Disahkan oleh:

PERPUSTAKAAN

(Penulis : L SAID MANZOOR)

Alamat tetap:

Sekolah Perhutanan Tropika Antarabangsa,
Universiti Malaysia Sabah,

Beg Berkunci 2073, (Penyelia : PROF.MADYA DR.RAZAK WAHAB)
88999 Kota Kinabalu,

Sabah, Malaysia

Tarikh: 1™ August 2006

UMS



ii
DECLARATION

The materials in this thesis are original except for quotations, excerpts, summaries
and references, which have been duly acknowledged.

FASIL SAID MANZOOR
PS04-010-003(A)
JULY 2006

UMb



iii

ACKNOWLEDGMENT

Thank you GOD.

I would like to express my unlimited appreciation to my supervisor Associate
Prof. Dr. Razak Wahab for his valuable supervision. I would like to thank Mr.
Girijashankar Kumaran (SFI) and Awang Ahmad Mohd Yunus for their kind
suggestions and guidance in the research and preparation of this thesis. They
provided me with great opportunity and allowed me to go in depth in the areas of
pulp and paper and extraction of cellulose. Their consistent motivation and
encouragement allowed me to perform better and unleashed my capabilities in many
areas, espedially in the field related to this thesis.

I would like to express my gratitude to Sabah Forestry Industry Sdn. Bhd,
Sipitang for providing me free samples for my research study.

I would like to express my gratitude to the Vice Chancellor of University
Malaysia Sabah, for his permission to continue my master’s study in Universiti
Malaysia Sabah.

I would like to express my thanks to the Dean of the School of Intemational
Tropical Forestry, Universiti Malaysia Sabah, Dr. Mahmud Sudin for providing me
support during my research work.

I would also like to express my sincere thanks to my colleagues, lab assistants
and others who are not mentioned here for their support and cooperation throughout
this research work.

Finally, I am also grateful to my parents Mr. P.V.S Manzoor and Mdm. Zuhara
Beegam, my siblings and my uncle for their love, continuous support and
encouragement in completing this research work.

UMS



iv
ABSTRACT

Woods samples of Acaca mangium tree of three age groups, viz. five, seven and
nine years were tested for their alpha cellulose contents, pulp yield and papers
quality. The woods were collected from Sabah Forest Industry (SFI) area in Ganui,
Sipitang, Sabah. The woods were chipped, grinded into small sizes and tumed into
powder. The wood chips were treated at 170° C, 7-8 MPa for 2.5 hours. The Brendel
et al method was used for the extraction of alpha cellulose. The pulp yields of the
sample were studied. Later, papers were made using this pulp and the tested for
strength qualities. All tests were conducted in accordance to the 1SO standards. The
results showed that the alpha cellulose contents of the tree increases slightly. The
increments were however found not significant. Aimost all the age trees gave nearly
the same pulp yield with a same cooking condition. The ANOVA analysis was
conducted to determine the relation between the age of the tree and alpha cellulose
content, pulp yield and paper strength properties. There were no significant changes
seen in the paper strength properties with respect to age. It was found that the 5
year old trees showed better characteristics with respect to the older age trees and
it's economically suitable for the paper production. These works recommend for the
plantation managers (pulp wood) to cut the Acacia mangium trees in the age of 5
rather waiting for 7 - 9 years.
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ABSTRAK

CIRI-CIRI PULPA DAN KERTAS DARIPADA TIGA UMUR Acacia mangium
DIDAPATI PADA HABITAT YANG SAMA

Sampel-sampel kayu Acacia mangium daripada 3 kumpulan umur iaitu 5, 7
dan 9 tahun telah diuji terhadap kandungan alpha sellulosa, penghasilan
pulpa dan kualiti kertas yang dihasilkan daripadanya. Kayu-kayu ini diambil
daripada kawasan tanaman Acacia di Ganui, Sipitang, Sabah. Kayu-kayu ini
dipotong, dikisar kepada saiz kecil dan dijjadikan bentuk serbuk. Serbuk-
serbuk kayu ini kemudian dikenakan suhu 170° G, 7-8MPa untuk selama 2.5 jam.
Kaedah Brended et al digunakan bagi mengekstrak alpha sellulosa. Kadar hasil
pulpa yang dihasilkan dikaji. Kemudian, kertas-kertas dihasilkan daripada puipa ini
dan diuji bagi menentukan kualiti kekuatannya. Semua ujian dijalankan mengikut
piawai ISO. Hasil-hasil kajian menunjukkan bahawa kandungan alpha sellulosa pokok
Acada meningkat sedikit daripada pokok-pokok yang berumur 5 ke 7 dan seterusny 9
tahun. Walaubagaiman pun peningkatan ini adalah tidak signifikan. Kesemua pokok
memberikan kadar hasil pulpa yang sama dengan keadaan masakan yang sama.
Analisa ANOVA telah dijalankan bagi menentukan hubungan antara umur pokok dan
kandungan alpha sellulosa, kadar hasil pulpa dan sifat-sifat kekuatan kertas yang
terhasil, Tidak ada perbezaan yang signifikan yang didapati. Kajian juga
menunjukkan bahawa pokok yang berumur 5 tahun mempunyai cirmi~ciri yang lebih
baik daripada pokok yang lebih tua dan secara ekonominya sesuai digunakan bagi
menghasilkan kertas. Hasil kajian ini menyarankan bahawa pokok Acacia berumur 5
tahun patut digunakan bagi penghasilan kertas berbanding pokok-pokok yang
berumur 7 - 9 tahun yang digunakan sekarang.
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CHAPTER 1

INTRODUCTION

In today’s world, paper plays a vital role in our daily life. Paper allows the expression
of ideas and thoughts, and it also facilitates communication. The usage of paper is
expected to increase with the increasing world population. In 1950, the world
population was recorded as 2.5 billions and is expected to reach 9.9 billions by the
2050. According to the statistics (Rymsza, 1999), the world production of pulp and
paper in the year of 1961 is recorded as 61,862 million metric ton and this value has
increased to 102,840 million ton metric in 1970. In 1980 and 1990, there was an
increase of 128,310 million ton metric to 165,873 million ton metric respectively. In
1997, the world pulp and paper production was recorded as 178,550 million ton
metric (Rymsza, 1999)

In the context of Malaysia, the paper and paper board industry played an
important role in its steady economic growth and development (Kevin, 1994). The
country has a total capacity of slightly over 1 million tonnes of paper per annum, with
self-sufficiency in the supply of paper and paper board growing at a slow rate. It is
predicted that the demand for the paper in the region will grow with an annual
average of 6 - 10 % (MTC, 2004). According to the records, Malaysia has 61% area
covered with forest and 16% of the total area is under plantation (MTC, 2003) even
though it could satisfy the local demands. According to MPPMA, Malaysia imported
1,189,120 metric tonnes of all types of paper and paper products worth RM2.7 billion
in 2000 as compared to 1,353,515 metric tonnes valued at RM2.4 billion in 1999. In
2000 the country recorded a 50% self-sufficiency rate in contrast to 43% in 1999,

and is striving to achieve the objective of being self-sufficient by the year 2005.
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The pulp industry is facing the ever-increasing demands of quality paper and
paperboard that is causing search for new and hitherto unexploited sources of
cellulosic fibers (Jahan et a/, 2005). The awareness of forest conservation has
increased in recent years which had led to the decrease in supply of the wood from
the natural forest to the industries and this also made the raw materials expensive.
To meet the demand of wood, Malaysia is setting up more plantations spedally the
Acadia mangium plantations. Acacias have good biomass production potential and the
wood is generally considered to be a good fuel with a high calorific value.
Considerable work has been undertaken in recent years to explore this potential in
overseas countries, to address pressing issues of fuel shortages, land degradation
and pulp produdtion.

This study aim on investigating the suitability of using young A. mangium
trees for the pulp and paper industry in Malaysia. The outcomes of the study will be
rely and pass on to the plantation managers (espedally for the chips). If the study
can prove that the early age trees can produce good paper with respect to the 9 year
age trees it can help to cut down the rotation period of trees and also can help to

supply the raw materials to the paper industry continuously with out any problem.

1.1. Distribution and Location of Paper Factory in Malaysia

Malaysia has about 19 paper manufacturing mills (Table 1.1) in operation of which 15
paper mills are the members of Malaysian Paper Manufacturers Assodation. There
are no mills in Negeri Sembilan, Terengganu and Kelantan. The imported pulp or
regular paper or mixed together with pulp from tropical hardwood are used by many
of the companies. Sabah Forest Industry (SFI) is the only integrated pulp and paper
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mill in the country which use wood fibers from various tropical wood species (Kevin,

1994).

Table 1.1: Paper Factories of Malaysia

State Number of factories
Kedah 2
P.Pinang 3
Perak 2
Selangor 3
Melaka 1
Johor 2
Pahang 3
Sabah 1
Sarawak 2
Total 19

Source: MTC, 1999.
The total Production capadity is approximately 1 million tonnes

1.2. Present Status of Pulp and Paper in Malaysia

Total import of paper in Malaysia exceeds 6 million tonnes/year. The Government is
very keen interest in sustainable forest management system with replanting and
creating forest plantations. Malaysia imports 762,359 tonnes of paper products in
1998 which is worth of RM 1.72 billion. This shows decrement compared to 1997
which total up to 1.05 tonnes worth 1.97 million. This was due to the economic crisis

in 1997. During this period Malaysia was not able to export the paper (MTC, 1999).
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By 2013 oountries in Asia pacific region is estimated to become the largest
paper purchaser of the world. This region is estimated to produce 86 million tonnes
of paper and paper products that is 30.2% of world production. Factors such as
recovery of the economic crisis, increment of population, development in the living
standards and development of packaging industry will make the region become the
largest buyers (MTC, 1999).

1.3. Pulp and Paper Demand in Developing and Developed Countries
Demand rate for pulp and paper increased from year 1961 to 1991 (Table 1.2), so it
is estimated that there will be an increment from year 1991 to 2010. Developing
countries has more rate of increment compared with developed country, even though
80 — 90 % of world paper market is controlled by developed country. After 1991 both
developing and developed countries showed a decrease in the rate of demand. This
is because of economic crisis in 1997 and development in computer technology which
decrease the paper usage. The rate of increment for the demand of pulp and paper
for developing country is higher compared with developed country because
developed country has enough economy and modemn technology to do so.

Table 1.2: Rate of Increment of Pulp and Paper

Year 1961 | Rate of Year Rate of Year
(Tonnes) Increment 1991 Increment | 2010
(%) (Tonnes) | (%) (Tonnes)
Developed
Countries 70 3.5 194 23 310
Developing
Countries 7 6.2 49 28 130
Total 77 3.7 243 5.1 440

Source: Malaysia Pulp and Paper Manufacturers Association, 1991.
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1.4.

Demand of Pulp and Paper in the World

Acoording to Table 1.3, it is forecasted that the world demand for the puip and paper

will increase from year 1991 to 2010. In 1991 the total world demand of paper was

242,939,000 tons. In 1991 the Wood fiber and non wood fibers are respectively

153,939,000 and 14,725,000 tons. In 2010 the paper demand is estimated to reach

443 million ton. For the wood pulp there will be an increment of 257 million ton and

for non wood fibers there will an increment of 26 million tons. This shows the rate of

pulp and paper demand in the world is always increasing.

Table 1.3: Demand of Pulp and Paper in World (000 Tons)

1991 2010

Countries Total Non Total Non
Paper V:::)d Fiber Paper V'!,I?d Fiber
Products P | wood | Products P | wood

Africa 2684 | 1,97 | 236 | 4605 | 1,683 | 511

North/Middle

America 92,380 | 73266 | 474 | 155204 | 112,983 | 1,288

South

America 8039 | 4947 | 488 | 23699 | 13984 | 1,236

Asia 60,46 | 22,957 | 12,880 | 112,052 | 39,385 | 20,008

Europe 67,258 | 40,689 | 379 | 123,351 | 70,301 | 1,149

Oceanic 2833 | 1,901 13 4493 | 3,036 27

LISSR 950 | 8212 255 | 19,615 | 16432 | 737

Total 242,939 | 153,939 | 14,725 | 443,019 | 257,804 | 25,856

Source: Malaysia Pulp and Paper Manufacturers Association, 1991
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