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By

AMIN MORADBAK

December 2016

Chairman : Professor Paridah Md Tahir, PhD
Institute : Tropical Forestry and Forest Products

Bamboo is a non-wood fiber that has been proven to be a viable alternative source for
pulp and paper industry. However, due to the large variation in species, anatomical
structure and chemical composition, significant variations in the performance of paper
made from bamboo have been reported. Like softwood, paper made from bamboo can
have excellent properties particularly in stiffness, bending quality, tear strength, and
crush resistance, which are found suitable for paperboard. Kraft pulping is the most
common method used for bamboo because it generates relatively high pulp yield and
kappa number with value approximately 46.4% and 24.6, respectively. Kraft paper
however tends to be lower in initial brightness and has limited chemical penetration.
Having strong bundle sheathes, impenetrable epidermis, a complete absence of ray
cells, and limited area of conducting tissues, bamboo requires a more rigorous pulping
regime as compared to wood.

This study employed alkaline sulfite anthraquinone with methanol (ASAM) method
of pulping for bamboo (Gigantochloa scortechinii) with a main aim to develop high
performance paper for packaging application. ASAM pulping process has combined
advantages of suitable paper properties obtained from kraft pulping, and higher initial
pulp brightness, obtained from sulfite pulping. Low kappa number, high pulp yield,
and high paper strength are the main advantages of ASAM pulping in comparison with
kraft. In addition, ASAM pulping reduces the bad odor from methyl mercaptan that is
generated in kraft pulping. The objectives of the study were: (I) to characterize the
basic properties of Gigantochloa scortechinii bamboo fiber (II) to determine optimum
pulping condition with maximum pulp yield and under less severe pulping conditions
(ITI) to develop high strength bleached bamboo papers by applying minimum beating
revolution (IV) to evalutate the effects of cellulose nanocrystals (CNC) on the
properties of bamboo paper.

The study was divided into: (1) evaluation of biometric characteristics and chemical
composition Gigantochloa scortechinii bamboo; (2) determination of the effect of
pulping conditions on the pulp and paper properties, (3) evaluation of beating and
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bleaching effects on the pulp and paper properties, and (4) improvement of paper
properties by adding cellulose nanocrystals (CNC). Compared to cellulose fiber, CNC
has many advantages such as unique optical properties, high specific strength, and
high surface area. Therefore, in this study, CNC was prepared from bleached bamboo
ASAM pulps and applied as an additive to improve paper properties such as the
permeability, tensile, burst, and tear indices.

Franklin (1954) and TAPPI standard methods were used to determine the biometric
characteristics and chemical compositions of bamboo culms, respectively. The results
show that bamboo has fiber length similar to that of softwood (1980 - 4000 pum), a
runkel ratio of 0.86 and and flexibility ratio of 50.19. Bamboo contains 47.67%
cellulose, 68.33% holocellulose, 26% lignin and 3.69% solvent extractive, which are
also within the range of wood from softwoods species.

The pulping was conducted using ASAM process at 170°C and alkali ratio
(Na2SO3/NaOH: anthraquinone: methanol) of (80/20: 0.1%: 15%). It was found that
the highest yield (52.36%) was achieved by applying 14% sodium hydroxide and 90
min cooking time whilst the lowest kappa number (10.38) was observed using 18%
and 120 min. Further increase of both alkali and cooking time resulted in marked
decrease in both kappa number and pulp yield. The optimum pulping condition was
obtained at 16% alkali and 90 min cooking time with resulting kappa number of 14.17
and pulp yield of 49.06%.

The tear, tensile, and burst indices of unbleached bamboo ASAM paper were within
the range of 26.33-18.64 mN.m?/g, 24.8-17.87 Nm/g, and 10.83-9.27 kPa.m?/g,
respectively, which is suitable for packaging paper. The study revealed that the
optimum ASAM pulping parameters was at 16% NaOH and 90 min cooking time,
resulting in paper having tensile index of 20.86 Nm/g, tear index of 22.64 mN.m%/g
and brightness of 39.32%.

Bleaching study was conducted on bamboo pulps that have been digested using the
optimized pulping conditions, 170°C, 16% NaOH and 90 min. The final brightness of
bamboo ASAM pulp was 84% ISO suggesting an almost pure cellulose have been
obtained. To improve the paper properties of bleached-beaten bamboo paper, cellulose
nanocrystals (CNC) was added. The same ASAM bleached bamboo pulp was used to
produce the CNC. For this purpose, the bleached pulp was reacted with sulfuric acid
(64%) at 45°C for 45 min with dynamic stirring. The CNC was analysed under
UTHSCSA image Tool and the final diameter of the CNC was found to be between
10 to 20 nm.

Based on the paper properties, bamboo appears to require high level of beating (as
high as 9,500 revolutions) in order to achieve acceptable properties for packaging
application. Bamboo pulp fibers have very small lumen diameter therefore, the
swelling of the cell wall is very difficult. On the other hand, bamboo culms have two
major types of vascular bundles, type III (sclerenchyma sheaths, and one fiber strands)
and type IV (sclerenchyma sheaths and two fiber strands). Type IV was located in the
middle part of culm wall, whilst type III in the inner and outer parts of the culm wall.
The distributions of vascular bundle type III is higher than type IV by 71.05%. Fiber
strands was found to have a much larger cross-section area than the sclerenchyma
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sheaths. Thus, the swelling of bamboo pulp fibers is more difficult consequently
require higher number of beating.

Since beating significantly affects the paper strength, as well as require high energy,
CNC was added to help reinforce the paper with minimum beating. For this purpose,
three different types of bamboo pulp were prepared: Type 1 — fully beaten pulp, Type
2 - slightly beaten pulp without reinforcement by CNC, and Type 3 - slightly beaten
pulp with reinforced by CNC. The results show that the mechanical properties of paper
reinforced with CNC (Type 3) were similar to those of paper made from beaten pulp
(Type 1). The tensile, tear, burst indices, and folding endurance of the former were 20
- 48.3 Nm/g, 19 - 24.6 mN.m?/g, 1.96 - 4.40 kPa.m*/g, and 20 - 353 double folds,
respectively as compared to 50.70 Nm/g, 17.10 mN.m?/g, 4.48 kPa.m?/g, and 446
double folds, in the latter.

In summary, ASAM was found to be a suitable pulping process for bamboo compared
to kraft as it produced pulps at higher yield and lower kappa number. The bleaching
of ASAM pulp is relatively easy when compared to kraft. In ASAM pulping process,
the initial delignification phase proceeds very fast and more than 50% of the lignin
was removed in bulk delignification phase. This method also produced pulp with high
hemicellulose content and low residual lignin content which can easily be bleached to
a brightness of 80% ISO. The paper produced from ASAM pulping process has
properties suitable for packaging paper, however the pulps require a substantial
amount of beating. The addition of CNC was able to improve the final paper properties
at low levels of beating (<7,000 revolutions) by creating better fiber-to-fiber bonding
among the pulp fibers.
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Oleh

AMIN MORADBAK

Disember 2016

Pengerusi : Profesor Paridah Md Tahir, PhD
Institut : Perhutanan Tropika dan Produk Hutan

Buluh ialah gentian bukan kayu yang telah terbukti sesuai sebagai bahan alternatif
untuk industri pulpa dan kertas. Walau bagaimanapun, beberapa perbezaan yang
ketara dari segi prestasi kertas yang diperbuat daripada buluh telah dilaporkan
disebabkan terdapatnya variasi yang besar dalam kepelbagaian spesies, struktur
anatomi dan komposisi kimia. Seperti kayu lembut, kertas yang diperbuat daripada
buluh berupaya mempunyai sifat-sifat yang sangat baik terutamanya sifat kekakuan,
kualiti lenturan, kekuatan koyakan, dan rintangan tekanan, yang mana didapati sesuai
sebagai kertas bod. Pemulpaan kraft adalah kaedah yang sering digunakan untuk buluh
kerana ia menghasilkan hasil pulpa yang tinggi dan nombor kappa sebanyak 46.4%
dan 24.6 masing-masing. Walaupun begitu, kertas kraft cenderung untuk mempunyai
kecerahan yang rendah dan mempunyai had penyerapan bahan kimia yang terhad.
Berbanding kayu, buluh memerlukan sistem pulpa yang lebih teliti kerana buluh
mempunyai berkas selaput yang kuat, epidermis yang tidak dapat ditembusi, ketiadaan
lengkap sel ray, serta tisu pembawa yang terhad.

Kajian ini menjalankan kaedah pemulpaan terhadap buluh Semantan (Gigantochloa
scortechinii) menggunakan alkali sulfit anthraquinone dengan metanol (ASAM) yang
bermatlamat utama untuk membangunkan pembuatan kertas berprestasi tinggi bagi
kegunaan pembungkusan. Proses pemulpaan ASAM telah menggabungkan kelebihan
sifat-sifat kertas yang bersesuaian, yang mana telah diperolehi dari kaedah pemulpaan
kraft, dan juga kecerahan awal pulpa yang lebih tinggi, yang mana diperolehi daripada
kaedah pemulpaan sulfit. Berbeza dengan pemulpaan kraft, kaedah pemulpaan ASAM
memberi kelebihan dengan menghasilkan nombor kappa yang rendah, hasil pulpa
yang tinggi, dan kekuatan kertas yang lebih tinggi. Di samping itu, kaedah pemulpaan
ASAM dapat mengurangkan bau busuk dari mercaptan metil yang dihasilkan dalam
pemulpaan kraft. Objektif kajian ini ialah: (I) untuk mencirikan sifat-sifat asas gentian
buluh Semantan (II) untuk mengkaji kondisi pemulpaan yang paling optima dengan
menghasilkan hasil pulpa buluh yang maksimum di bawah keadaan pulpa yang kurang
teruk (III) untuk membangunkan kertas buluh terluntur berkekuatan tinggi dengan
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menggunakan revolusi pemukulan yang minimum (IV) untuk menilai kesan
nanokristal selulosa (CNC) terhadap sifat-sifat kertas buluh.

Kajian ini telah dibahagikan kepada: (1) penilaian ciri-ciri biometrik dan komposisi
kimia buluh Semantan; (2) penentuan kesan keadaan pemulpaan terhadap sifat-sifat
pulpa dan kertas; (3) penilaian kesan pukulan dan pelunturan ke atas sifat-sifat pulpa
dan kertas, dan; (4) penambahbaikan sifat kertas dengan menambah nanokristal
selulosa, iaitu CNC. Berbanding dengan serat selulosa, CNC mempunyai banyak
kelebihan seperti ciri-ciri unik optik, kekuatan spesifik yang tinggi dan luas
permukaan yang tinggi. Oleh itu, dalam kajian ini, CNC telah disediakan daripada
pulpa buluh terluntur ASAM dan digunakan sebagai bahan tambahan untuk
meningkatkan sifat kertas seperti kebolehtelapan, indeks tensil, pecahan, dan koyakan.

Kaedah Franklin (1954) dan kaedah piawai TAPPI digunakan masing-masing untuk
menentukan ciri-ciri biometrik dan juga komposisi kimia batang buluh. Keputusan
menunjukkan bahawa buluh mempunyai panjang gentian yang sama dengan kayu
lembut (1980 - 4000 mikron), nisbah Runkel 0.86 dan nisbah fleksibiliti 50.19. Buluh
mengandungi 47.67% selulosa, 68.33% holoselulosa, 26% lignin dan 3.69% ekstraktif
pelarut, yang juga berada dalam lingkungan kayu dari spesies kayu lembut.

Pemulpaan ini dijalankan menggunakan proses ASAM pada 170°C dan nisbah alkali
(Na2SO3 / NaOH: anthraquinone: metanol) dari (80/20: 0.1%: 15%). Daripada kajian,
didapati bahawa hasil yang paling tinggi (52.36%) telah dicapai dengan menggunakan
14% natrium hidroksida dengan masa memasak 90 minit manakala bilangan kappa
paling rendah (10.38) dapat diperhatikan apabila menggunakan 18% natrium
hidroksida dan 120 minit masa memasak. Pertambahan seterusnya peratusan alkali
dan masa memasak menyebabkan penurunan yang ketara dalam kedua-dua bilangan
kappa dan hasil pulpa. Keadaan pemulpaan yang optimum telah diperolehi dengan
16% alkali pada masa memasak 90 minit dengan menghasilkan bilangan kappa 14.17
dan hasil pulpa 49.06%.

Indeks koyakan, tegangan, dan pecahan kertas buluh tidak terluntur ASAM adalah
dalam julat 26.33-18.64 mN.m%g, 24.8-17.87 Nm/g, dan 10.83-9.27 kPa.m%/g,
masing-masing, iaitu sesuai untuk digunakan sebagai kertas pembungkusan. Kajian
ini mendedahkan bahawa parameter pemulpaan ASAM yang optimum adalah
sebanyak 16% NaOH dan 90 minit masa memasak, menghasilkan kertas dengan
indeks tensil 20.86 Nm/g, indeks koyakan 22.64 mN.m?/g dan kecerahan 39.32%.

Kajian pelunturan telah dijalankan ke atas pulpa buluh yang telah dicerna
menggunakan keadaan pemulpaan optimum, iaitu 170 °C, 16% NaOH, dan 90 minit.
Kecerahan akhir pulpa buluh ASAM adalah 84% ISO, dimana ianya menunjukkan
selulosa yang hampir tulen telah diperolehi. Untuk meningkatkan sifat-sifat kertas
kertas buluh terluntur-dipukul, nanokristal selulosa iaitu CNC telah ditambahkan.
Pulpa buluh terluntur ASAM yang sama telah digunakan untuk menghasilkan CNC.
Bagi tujuan ini, pulpa terluntur telah bertindak balas dengan asid sulfurik (64%) pada
45°C untuk 45 min dengan pengacauan secara dinamik. CNC dianalisa menggunakan
alat imej UTHSCSA dan diameter akhir CNC didapati antara 10 hingga 20 nm.



Berdasarkan sifat-sifat kertas, buluh dilihat memerlukan tahap pukulan yang tinggi
(setinggi 9,500 revolusi) untuk mencapai sifat-sifat yang boleh diterima untuk
kegunaan pembungkusan. Gentian pulpa buluh mempunyai diameter lumen yang
sangat kecil oleh itu, pembengkakan dinding sel adalah sangat sukar. Sebaliknya,
batang buluh mempunyai dua jenis berkas vaskular utama, jenis III (sarung sel
sklerenkima, dan satu helai serat) dan jenis IV (sarung sel sklerenkima dan dua helai
serat). Jenis IV terletak di bahagian tengah dinding batang buluh, manakala jenis III
di bahagian dalaman dan luaran dinding batang buluh itu. Taburan berkas vaskular
jenis III adalah lebih tinggi daripada jenis IV dengan 71.05%. Helaian gentian didapati
mempunyai luas keratan rentas yang lebih besar daripada sarung sel sklerenkima. Oleh
itu, pembengkakan gentian pulpa buluh adalah lebih sukar seterusnya memerlukan
pemukulan yang lebih tinggi.

Oleh kerana pemukulan memberi kesan ketara kepada kekuatan kertas, serta
memerlukan tenaga yang tinggi, CNC telah ditambah untuk membantu mengukuhkan
kertas dengan pukulan minimum. Bagi tujuan ini, tiga jenis pulpa buluh telah
disediakan: Jenis 1 - pulpa dipukul sepenuhnya, Jenis 2 - pulpa sedikit dipukul tanpa
penambahan CNC, dan Jenis 3 - pulpa sedikit dipukul dengan diperkukuh oleh
penambahan CNC. Keputusan menunjukkan bahawa sifat-sifat mekanik kertas
diperkukuhkan dengan CNC (Jenis 3) adalah setara dengan kertas dibuat daripada
pulpa dipukul (Jenis 1). Indeks tensil, koyakan, pecahan, dan lipatan adalah 20-48.3
Nm/g, 19-24.6 mN.m%/g, 1.96-4.40 kPa.m?/g, dan 20-353 lipatan dua, masing-masing
berbanding kepada 50.70 Nm/g, 17.10 mN.m?/g, 4.48 kPa.m?/g, dan 446 kali ganda
berganda, dalam kedua.

Kesimpulannya, ASAM didapati merupakan proses pemulpaan yang sesuai untuk
buluh berbanding kraft kerana ia menghasilkan pulpa pada kadar hasil yang lebih
tinggi dan bilangan kappa yang lebih rendah. Pelunturan pulpa ASAM juga adalah
lebih mudah jika dibandingkan dengan kraft. Dalam proses pemulpaan ASAM, fasa
awal delignifikasi sangat cepat dan lebih daripada 50% lignin telah dibuang dalam
fasa delignifikasi pukal. Kaedah ini juga menghasilkan pulpa dengan kandungan
hemiselulosa tinggi dan rendah kandungan sisa lignin yang dengan mudah boleh
terluntur kepada kecerahan 80% ISO. Kertas yang dihasilkan daripada proses
pemulpaan ASAM mempunyai ciri-ciri yang sesuai untuk pembungkusan kertas,
namun pulpa memerlukan sejumlah pukulan tambahan. Penambahan CNC dapat
meningkatkan sifat-sifat akhir kertas pada tahap yang rendah pukulan (<7000
revolusi) dengan mewujudkan ikatan gentian ke gentian yang lebih baik di antara
gentian pulpa.
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CHAPTER 1

INTRODUCTION

1.1 General Background

In the world, more than one billion tons of non-wood materials are available. However,
only 20% out of this amount is or 240 million tons can be used in pulp and paper mills,
which provide far more than the potential of forest. Inevitability, the pulp and paper
industry has to accept this new source of raw material as an important for development
and be able to make huge changes in pulp and paper manufacturing line to suit these
non-wood fibers. Among the various sources used in the pulp and paper production,
non-wood such as bamboo and bagasse has a special place. In the last decade, 24 to
36% of total productions of paper in developing countries were from non-wood
sources and the amount in some Asian countries were reported between 16 to 33%
(FAO, 2010). Hence, it is very crucial to carry out studies on the characteristics of
non-woods as they are processing sequence, physical and chemical properties that are
very different than natural woods.

One of the most potential non-wood fibers is bamboo, which is due to its fast growth.
Bamboo plant has only one culm. Every year new culms spring up from the rhizome,
forming a clump. Bamboo grows rapidly and reaches a height of 35 to 45 m with a
basal diameter of 15 to 20 cm in 6 to 8 year (Chaowana, 2013; Choudhury et al., 2010;
Singhal et al., 2013). The yield from natural forest ranges from 2 to 4 ton/ha/year.
However, with proper plantation and silvicultural practices, the yield can be
considerably improved up to 15 ton/ha/year on a sustained basis (Chandra, 1998;
Chapman, 1997). The investigation on utilizing bamboo plant as a raw material for
pulp and paper industry has started in the early 1980s (Dhamodaran et al., 2003).
Papers from bamboo have many advantages such as: good water absorbency, high
mechanical strength, smooth surface, and good ink holdout (Chang et al., 2013). On
the other hand, the mechanical and optical properties of ECF-bleached bamboo kraft
paper was similar to bleached softwood kraft pulp (Zhao et al., 2010).

In any packaging application, the package must contain and protect the product or
contents. Depending on the product, these two major functions can take on a wide
range of meaning. Paper and paperboard can be of greater value in their ability to
contribute strength and stiffness or rigidity to the container. Plastics, glass and metals
may also offer strength and stiffness, but paper is more resilient than glass and can be
more resilient than plastic over a wider temperature range (Adamopoulos et al., 2007;
Chen et al., 2013; Kirwan, 2005). The most basic paper properties as important for
packaging paper are: basic weight, caliper, moisture content, and directionality
(machine to cross-machine differences). Optical tests of importance depend on the
type of paper and the application. Printable grades need whiteness, brightness, and
opacity, while optical properties are not too critical in the unbleached grades. The
tensile, tear indices, and folding endurance are the most important strength tests for
packaging paper (Kirwan, 2005; Liu et al., 2010).
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Most of packaging papers are made from kraft pulps due to good paper properties. The
kraft or sulfate process is an offspring of soda process, having been discovered by
Dahl, a German chemist, in 1879. Dahl found that when the alkaline lost in the soda
process is replaced by sodium sulfate instead of sodium carbonate, the term sulfate
process is therefore misleading since it implies that sulfate is the active cooking agent,
whereas the active agents are actually sodium hydroxide and sodium sulfide. The
name kraft (from the German and Swedish words for strong) has been applied to this
process because the pulp produced is very strong, particularly when the cook is
terminated while the lignin content is still at a relatively high level (Clark, 1985;
Smook, 1992).

There are a number of drawbacks to kraft process, however, not the least of which is
the obnoxious odor associated with even the most advanced mills. Even more serious
is the problem associated with mill size. New kraft mills must have a production
capacity of 1,000 tons per day or more to be economic, and this, of course, requires a
tremendous capital investment.

Alkali sulfite pulping on the other hand, had been known to give good strength
properties and significantly higher yields than kraft process. The addition of
anthraquinone helped to reduce unbleached kappa number, but the attainment of the
low kappa number needed for TCF bleaching. Patt and Kordsachia (1986) found the
addition of methanol or ethanol extended delignification to levels below kraft or sulfite
pulps. They named their process as ASAM, alkali-sulfite-anthraquinone-methanol.

In comparison with kraft pulping process, the ASAM pulping process have a higher
digester pressure and the cooking temperature by 1.3-1.4 MPa and 5-10°C,
respectively (Jahan et al., 2003). Several studies have considered the application of
ASAM in the cooking process of both hard and soft wood. Kordsachia, et al., (1992)
reported that Eucalyptus globulus had been cooking by ASAM pulping process, which
resulted in 56.9% and 53.6% pulp yield, and 14 and 10 kappa number, respectively.
Pulp yield and kappa number of Pinus sylvestris were found to be from 52.9% to
52.5% and 31 to 27, respectively (Patt and Kordsachia, 1988).

1.2 Problem Statement and Justification

In Malaysia, packaging paper mills consume recycled fibers as a main source of raw
materials. The main problem with recycled fiber is the limitation in recycling time.
Normally, fibers can be recycled between 5 to 7 times. The number of recycled uses
is limited because the fibers get shorter, difficult to collapse, and stiff (Rushdan, 2003).

Increasing and maintaining the mechanical properties of paper products may affect the
cost of production, as virgin long fiber needs to be added. Imported softwood virgin
long fiber is expensive and may increase the final cost of products. Therefore, the costs
that can be reduced by utilizing other long fibers, such as bamboo.



Kraft pulping is the most common method used for bamboo because it generates
relatively higher pulp yield and kappa number with value approximately 46.4% and
24.6, respectively (Chang et al., 2013; Kamthai and Puthson, 2005; Kamthai, 2007).
Like softwood, paper made from bamboo has excellent properties particularly in
stiffness, bending quality, tear strength, and crush resistance, which are found suitable
for paperboard. Kraft paper however tends to be lower in initial brightness and has
limited chemical penetration.

Kraft pulping process has some advantages and disadvantages such as: suitable for all
range fiber sources, high possible strength, high efficiency of the recovery of cooking
chemical, low pulp yield, high consumption of bleaching chemicals, and formation of
odorous gases. For these reasons and others, there has been renewed interest in recent
years in trying to find alternatives to the kraft system that will yield with kraft like
strength properties but without the environmental drawbacks. To counter the short
conniving in kraft pulping Patt and Kordsachia invented an alkaline sulfite
anthraquinone and methanol pulping (ASAM) process. ASAM pulping, when
compare with other process has some advantages for instance: better pulp strength
properties, totally chlorine-free bleaching in a sequence with low chemical demand,
high pulp yield, and no odor problem (Gominho et al., 2014; Mertoglu-Elmas et al.,
2012; Miranda and Pereira, 2002; Shukry et al., 1999).

Studied by Dhamodaran et al., (2003), have revealed that bamboo is not relatively easy
to pulp. Having strong bundle sheathes, impenetrable epidermis, a complete absence
of ray cells, and limited area of conducting tissues, bamboo requires a more rigorous
pulping regime as compared to wood. The cross section of bamboo culms is shown in
Figure 1.1.

Figure 1.1 : Cross section of bamboo culms
(Source: Schott, 2016)

Due to the use of methanol and anthraquinone in the cooking liquor of ASAM process,
it is anticipated that the penetration of chemicals into chips would be much deeper,
thus greater improvements such as pulp with high yield, low kappa number, and
suitable paper properties will be achieved. Several studies (Chang et al., 2013;
Kamthai, 2007; Rahmati et al., 2010) have reported that by using kraft pulping alone
the pulp yield is low but the kappa number is high. Therefore, by using ASAM pulping

3



process, bamboo can be pulped more efficiently and the resulting bamboo pulp would
generate suitable paper properties.

1.3 Objectives

The main objective of this study was to evaluate the pulp properties of bamboo culms
(Gigantochloa scortechinii) under alkaline sulfite anthraquinone and methanol
(ASAM) pulping process and enhancing the paper properties by addition of cellulose
nanocrystals (CNC). This study was divided into four main parts: evaluation of
biometric characteristics and chemical composition of G. scortechinii bamboo,
optimization of ASAM pulping process and properties evaluation, evaluation of
ASAM bleached pulp, and improvement of paper properties by addition of CNC.

The specific objectives were:

1. To characterize the basic properties of bamboo fibers.
To evaluate the effect of ASAM pulping under reduced chemical condition on
the properties of bamboo pulp and paper.

3. To determine the effect of beating revolutions on the strength of bleached
bamboo papers.

4. To improve the properties of bleached bamboo paper by addition of CNC.

1.4 Organization of the Thesis

The general outline of this study is as follows. In the first chapter, the general
background of bamboo culms and pulping process, problem statement and
justification, and objectives of the thesis are presented.

The properties of bamboo culms on the anatomical and chemical level, bamboo for
pulp and papermaking, effects of beating process on pulp properties, and addition of
additives into pulp are discussed based on literature in chapter two.

Chapter three presents the basic properties of bamboo culms, which include the
biometric characteristics and chemical compositions. The effects of biometric
characteristics and chemical compositions on pulp and paper properties were also
evaluated.

Chapter four reports and discusses the pulp and paper properties of unbleached
alkaline sulfite anthraquinone and methanol (ASAM) pulping process, such as pulp
yield, kappa number, brightness, and the tensile index.

Chapter five discusses the effect of beating process on bleached bamboo ASAM paper
properties. The ECF bleaching sequence was used in this study. The effect of beating
revolutions on bleached pulp and paper was observed using Scanning Electron
Microscopy (SEM) method, mechanical and optical tests.
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Chapter six investigated the improvement of paper properties by cellulose
nanocrystals (CNC) addition. The effects of the addition of CNC on the paper
properties, crystalline structure analysis of CNC, and properties of CNC-reinforced
paper are addressed. Finally, the summary of findings, conclusions, and
recommendations from this study are given in chapter seven.



REFERENCES

Abdel-Aal, M. A. (2013). Effect of cooking time, active alkali concentration and
refining process on the pulping and papermaking properties of Buttonwood
Residues (Conocarpus erectus L.). World Applied Sciences Journal, 27(1), 1—
9. http://doi.org/10.5829/idosi.wasj.2013.27.01.13600

Abdel-Razak, O., Abdel-Latif, M., Liese, W., & Norini, H. (1995). Planting and
utilization of bamboo in Peninsular Malaysia. Research Pamphlet. Forest
Research Institute Malaysia, 118.

Abdul Khalil, H. P. S., Alwani, M. S., & Omar, A. K. M. (2006). Chemical
composition, anatomy, lignin distribution, and cell wall structure of Malaysian
plant waste fibers. BioResources, 1(2), 220-232.

Abraham, E., Deepa, B., Pothan, L. a., Jacob, M., Thomas, S., Cvelbar, U., &
Anandjiwala, R. (2011). Extraction of nanocellulose fibrils from
lignocellulosic fibres: A novel approach. Carbohydrate Polymers, 86, 1468—
1475.

Adamopoulos, S., Martinez, E., & Ramirez, D. (2007). Characterization of packaging
grade papers from recycled raw materials through the study of fiber
morphology and composition. Global NEST Journal, 9(1), 20-28.

Adamopoulos, S., Passialis, C., Voulgaridis, E., & Villanueva, J. V. O. (2014).
Grammage and structural density as quality indexes of packaging grade paper
manufactured from recycled pulp. Drewno, 57(191), 145-152.
http://doi.org/10.12841/wood.1644-3985.053.11

Adorjan, 1., Zhou, Z., & Jaaskelainen, A. S. (2006). European workshop on
lignocellulosics and Pulp. Vienna (CD-Rom).

Afra, E., Yousefi, H., Hadilam, M. M., & Nishino, T. (2013). Comparative effect of
mechanical beating and nanofibrillation of cellulose on paper properties made
from bagasse and softwood pulps. Carbohydrate Polymers, 97, 725-30.

Ajala, O. (1997). Evaluation of wood and fibre characteristics of Nigerian grown
Pinus carribaea. Ibadan, Ibadan, Nigeria.

Akgiil, M., & Tozluo, A. (2009). A comparison of soda and soda-AQ pulps from
cotton stalks. African Journal of Biotechnology, 8(22), 6127-6133.
http://doi.org/10.5897/AJB09.301

Akinli-Kogak, S. (2001). The influence of fiber swelling on paper wetting. University
of Maine.

107



Al-Dajani, W. W., & Tschirner, U. W. (2010). Pre-extraction of hemicelluloses and
subsequent ASA and ASAM pulping: Comparison of autohydrolysis and
alkaline extraction. Holzforschung, 64(4), 411-416.
http://doi.org/10.1515/HF.2010.064

Ashaari, Z., Salim, S., Halis, R., Nor, M., & Yusof, M. (2010). Characteristics of Pulp
Produced from Refiner Mechanical Pulping of Tropical Bamboo (
Gigantochloa scortechinii ), 33(April 2009), 251-258.

Ashori, A. (2006). Nonwood fibers—a potential source of raw material in
papermaking. Polymer-Plastics Technology and Engineering, 45(10), 1133—
1136.

Atik, C., & Ates, S. (2012). Mass balance of silica in straw from the perspective of
silica reduction in straw pulp. BioResources, 7(3), 3274-3282.

Aurell, R., & Hartler, N. (1965). Kraft pulping of pine. Part 2. The influence of the
charge of alkali on the yield, carbohydrate composition and properties of the
pulp. Svensk Papperstidn, 68(4), 97.

Azmy Hj, M., & Appanah, S. (1998). Bamboo resources conservation and utilization
in Malaysia. Retrieved August 4, 2016, from
http://www.bioversityinternational.org/fileadmin/bioversity/publications/We
b _version/572/ch27.htm

Azmy Hj, M., Kadir, W. R. W. A., Halis, R., & Abdullah, N. H. (2009). Early
performance trial of four Malaysian commercial bamboos in southern
peninsular Malaysia. BORNEO SCIENCE, 25, 81-86.

Bajpai, P. (2011). Brief Description of the Pulp and Paper Making Process. In
Biotechnology for Pulp and Paper Processing (pp. 7-14). Springer US.

Baker, C. F. (2005). Advances in the practicalities of refining. In In: Scientific and
Technical Advances in Refining and Mechanical Pulping. Barcelona, Spain:
8th Pira International Refi ning Conference, Pira International,.

Barnett, J. R., & Bonham, V. A. (2004). Cellulose microfibril angle in the cell wall of
wood fibres. Biological Reviews, 79(2), 461-472. http://doi.org/Doi
10.1017/S1464793103006377

Batalha, L. A. R., Colodette, J. L., Gomide, J. L., Barbosa, L. C., Maltha, C. R., &
Gomes, F. J. B. (2012). Dissolving pulp production from bamboo.
BioResources, 7(1), 640—651.

Beck-Candanedo, S., Roman, M., & Gray, D. G. (2005). Effect of reaction conditions

on the properties and behavior of wood cellulose nanocrystal suspensions.
Biomacromolecules, 6(2), 1048—1054. http://doi.org/10.1021/bm049300p

108



Berglund, L. (2005). Cellulose-based nanocomposites. In A. K. Mohanty, M. Misra,
& L. . Drzal (Eds.), Natural Fibers, Biopolymers and Biocomposites (pp. 807—
832). LA, USA: Taylor & Francis Group, Boca Raton.

Besbes, 1., Rei Vilar, M., & Boufi, S. (2011). Nanofibrillated cellulose from Alfa,
Eucalyptus and Pine fibres: Preparation, characteristics and reinforcing
potential. Carbohydrate Polymers, 86, 1198—1206.

Bjorklund, M., Germgard, U., & Basta, J. (2005). Effect of cooking conditions on ECF
bleaching and brightness reversion of birch kraft pulps. TAPPI Journal, 4(7),
16-22.

Borgards, A., Patt, R., Kordsachia, O., Odermatt, J., & Hunter, W. (1993). A
Comparison of ASAM and Kraft Pulping and ECFfICF Bleaching of Southem
[Pine. In TAPPI Pulping Conference (pp. 629—636).

Borjesson, M., & Westman, G. (2015). Crystalline Nanocellulose — Preparation ,
Modification , and Properties. In Cellulose - Fundamental Aspects and Current
Trends (pp. 159-191). INTECH.
http://doi.org/http://dx.doi.org/10.5772/61899

Bouiri, B., & Amrani, M. (2011). Elemental chlorine-free delignification of kraft pulp
produced from Halfa ( Stipa tenacissima ). FIBRES & TEXTILES in Eastern
Europe, 19(4-87), 142—-147.

Boussaid, A., & Saddler, J. N. (1999). Adsorption and activity profiles of cellulases
during the hydrolysis of two Douglas fir pulps. Enzyme and Microbial
Technology, 24(3), 138—143.

Britt, K. W. (1970). Pulp and paper technology (Second Edi, Vol. 2). New York: Van
Nostrand Reinhold Company.

Browning, B. (1967). Methods of wood chemistry. Wisconsin, USA: John Wiley &
Sons, INC.

Bystriakova, N., Kapos, V., Lysenko, 1., & Stapleton, C. M. A. (2003). Distribution
and conservation status of forest bamboo biodiversity in the Asia-Pacific
Region. Biodiversity & Conservation, 12(9), 1833—1841.

Cao, Y., & Tan, H. (2004). Structural characterization of cellulose with enzymatic
treatment. Journal of Molecular Structure, 705(1-3), 189—193.

Cardoso, L. C., Serrano, C. M., Rodriguez, M. R., Martinez de la Ossa, E. J., & Lubian,
L. M. (2012). Extraction of Carotenoids and Fatty Acids from Microalgae

Using Supercritical Technology *. American Journal Of Analytical Chemistry,
3, 877-883.

Casey, J. P. (1951). Pulp and paper chemistry and chemical technology (Third Edit).
John Wiley & Sons, INC.

109



Chandra, M. (1998). Use of non-wood plant fibers for pulp and paper industry in Asia :
potential in China. State University.

Chang, F., Wang, E. L., Perng, Y., & Chen, C. (2013). Effect of bamboo age on the
pulping properties of Bambusa stenostachya hackel. Cellulose Chem. Technol,
47(3-4), 285-293.

Chaowana, P. (2013). Bamboo: An Alternative Raw Material for Wood and Wood-
Based Composites. Journal of Materials Science Research, 2(2), 90-102.

Chapman, G. P. (1997). The bamboos. In Linnean Society Symposium Series (No 19).

Chauhan, V. S., & Bhardwaj, N. K. (2013). Efficacy of dispersion of magnesium
silicate (talc) in papermaking. Arabian Journal of Chemistry, 1-8.
http://doi.org/10.1016/j.arabjc.2013.01.012

Chauhan, V. S., & Chakrabarti, S. K. (2012). Use of nanotechnology for high
performance cellulosic and papermaking products. Cellulose Chem. Technol,
46(5), 389—-400.

Chen, H. (2014). Chemical composition and structure of natural lignocellulose. In
Biotechnology of Lignocellulose (pp. 73—141). Beijing: Chemical Industry
Press.

Chen, W., Wang, X., Tao, Q., Wang, J., Zheng, Z., & Wang, X. (2013). Lotus-like
paper/paperboard packaging prepared with nano-modified overprint varnish.
Applied Surface Science, 266, 319-325.

Chen, X., Qian, X., & An, X. (2011). Using Calcium Carbonate Whiskers As
Papermaking. BioResources, 6(3), 2435-2447.

Chernyaev, A., & Enberg, E. (2015). The use of microcellulose in papermaking.
Tampere University of Applied Sciences.

Choudhury, D., Sahu, J. K., & Sharma, G. D. (2010). Biochemistry of bitter- ness in
bamboo shoots. Assam University Journal of Science & Technology: Physical
Sciences and Technology, 6(2), 105-111.

Chu, W. F., & Yao, H. S. (1962). Studies on the fiber structure of 33 Chinese bamboo
available for pulping. Scientia Silviae, 9(4), 311-332.

Clark, J. A. (1985). Pulp Technology and Treatment for Paper (Second Edi). San
Francisco, California, USA: Miller Freeman Publications, INC.

Clayton, D. W. (1969). The Chemistry of Alkaline Pulping. In J. N. (Eds. .
MacDonald, R.G. & Franklin (Ed.), (pp. 347-43). NewYork-St. Louis-San
Francisco-London-Sydney -Toronto - Mexico —Panama: McGrawHill Book
Company.

110



Colom, X., Carrillo, F., Nogués, F., & Garriga, P. (2003). Structural analysis of
photodegraded wood by means of FTIR spectroscopy. Polymer Degradation
and Stability, 80(3), 543-549.

Dadi, A. P., Schall, C. a., & Varanasi, S. (2007). Mitigation of cellulose recalcitrance
to enzymatic hydrolysis by ionic liquid pretreatment. Applied Biochemistry
and Biotechnology, 136—140, 407-421.

Dang, Z., Elder, T., & Ragauskas, A. J. (2007). Alkaline peroxide treatment of ECF
bleached softwood kraft pulps. Part 1. Characterizing the effect of alkaline
peroxide treatment on carboxyl groups of fibers. Holzforschung, 61(4), 445—
450.

De-Silveira, G., Zhang, X., Berry, R., & Wood, J. R. (1996). Location of fines in
mechanical pulp handsheets using scanning electron microscopy. Journal of
Pulp and Paper Science, 22(9), J315-1320.

Dence, C. W. (1992). The determination of lignin,” In: Dence, C. W. (ed.), methods
in lignin chemistry. Springer-Verlag, Berlin.

Deniz, 1., & Ates, S. (2002). Determination of optimum kraft pulping conditions using
bamboo (Pyllotachys bambusoides). In 2nd. National Black Sea Forestry
Congress Proceedings. Artvin, Turkey.

Deniz, L., Kirci, H., & Ates, S. (2004). Optimisation of wheat straw Triticum drum
kraft pulping. Industrial Crops and Products, 19(3), 237-243.

Dhamodaran, T. K., Gnanaharan, R., & Pillai, K. S. (2003). Bamboo for pulp and
paper.

Dinwoodie, J. M. (2000). The influence of extractive on tree properties California reed
wood Sesquoia sempervirens. Journal Institute of Wood Science, 8, 14-34.

Dutt, D., Upadhyaya, J. S., Malik, R. S., & Tyagi, C. H. (2004). Studies on pulp and
paper-making characteristics of some Indian non-woody fibrous raw materials,
Part I1. Journal of Scientific and Industrial Research, 63(2), 58—67.

Eiras, K. M. M., & Colodette, J. L. (2005). Investigation of eucalyptus kraft pulp
brightness stability. Journal of Pulp and Paper Science, 31(1), 13—18.

Elazzouzi-Hafraoui, S., Nishiyama, Y., Putaux, J.-L., Heux, L., Dubreuil, F., &
Rochas, C. (2008). The shape and size distribution of crystalline nanoparticles
prepared by acid hydrolysis of native cellulose. Biomacromolecules, 9(1), 57—
65.

Emerhi, E. A. (2011). Variations in anatomical properties of Rhizophora racemosa

(leechm) and Rhizophora harrisonii (g. Mey) in a Nigerian mangrove forest
ecosystem. Int. J. Forest, Soil and Erosion, 2(2), 89-96.

111



Emerton, H. W. (1957). Fundamentals of the beating process. Kenley: British Paper
and Board Industry Research Association.

Enqvist, E. (2006). Impregnation , vapor phase and methanol as means of intensifying
the softwood kraft pulping process. Helsinki University of Technology.

Erakhrumen, A. A., & Ogunsanwo, O. Y. (2009). Water absorption, anti-swell
efficiency, and dimensional stability properties of neem seed-oil treated wild
grown Bambusa vulgaris schrad. Ex J.C. WENDL. In southwest Nigeria.
BioResources, 4(4), 1417-1429.

Eriksen, O., Syverud, K., & Gregersen, O. (2008). The use of microfibrillated
cellulose produced from kraft pulp as strength enhancer in TMP paper. Nordic
Pulp Paper Res. J., 23(3), 299-304.

Erisir, E., Giimiiskaya, E., Kirci, H., & Misir, N. (2015). Alkaline sulphite
anthraquinone pulping of caucasian spruce (Picea orientalis 1.) Chips with
added sodium borohydride and ethanol. Drewno, 58(194), 89—102.

FAO. (2010). Forest Products. FAO.

Feng, W., Wang, Z., & Guo, W. (2003). A study on chemical composition and fiber
characteristics of two sympodial Bamboos. Chinese Forestry Science and
Technology, 2(3), 86-91.

Fengel, D., & Ludwig, M. (1991). Possibilities and limits of FTIR spectroscopy in
characterization of cellulose. Part 1. Comparison of various cellulose fibers
and bacterial cellulose. Papier, 45(2), 45-51.

Fengel, D., & Wegener, G. (1984). Wood: chemistry, ultrastructure, reactions. Walter
de Gruyter, 613, 1960-82.

Feria, M. J., Garcia, J. C., Pérez, A., Gomide, J. L., Colodette, J. L., & Ldpez, F.
(2012). Process optimization in kraft pulping, bleaching, and beating of
Leucaena diversifolia. BioResources, 7(1), 283-297.

Fernand, D., Rosenberg, P., Persson, E., & Daniel, G. (2007). Fibre development
during stone grinding: Ultrastructural Characterisation for understanding

derived properties. Holzforschung, 61(5), 532—-538.

FiSerova, M., Gigac, J., & Melnik, P. (2006). Application of anthraquinone in kraft
pulping. Wood Research, 51(4), 55-68.

Fiserova, M., Gigac, J., & Melnik, P. (2006). Application of anthraquinone in kraft
pulping of beech wood. Wood Research, 51(4), 55-68.

Foresail, 1. (2000). Papermaking science and technology series. (J. Paulapuro & H.
Gullichsen, Eds.)Tappi Press. USA.

112



Forsstrom, J., Torgnysdotter, A., & Wagberg, L. (2005). Influence of fibre/fibre joint
strength and fibre flexibility on the strength of papers from unbleached kraft
fibers. Nordic Pulp and Paper Research Journal, 20(2), 186—191.

Franklin, G. L. (1954). A rapid method for softening wood for anatomical analysis.
Tropical Woods, 88, 35-36.

Gharehkhani, S., Sadeghinezhad, E., Kazi, S. N., Yarmand, H., Badarudin, A., Safaei,
M. R., & Zubir, M. N. M. (2015). Basic effects of pulp refining on fiber
properties - A review. Carbohydrate Polymers, 115, 785-803.
http://doi.org/10.1016/j.carbpol.2014.08.047

Ghavami, K., Rodrigues, C. S., & Paciornik, S. (2003). Bamboo: Functionally graded
composite material. Sian Journal of Civil Engineering (Building and Housing),
4(1), 1-10.

Gominho, J., Lopes, C., Lourengo, A., Simdes, R., & Pereira, H. (2014). Eucalyptus
globulus stumpwood as a raw material for pulping. BioResources, 9(3), 4038—
4049.

Gonzilez, 1., Boufi, S., Pélach, M. A., Alcala, M., Vilaseca, F., & Mutjéa, P. (2012).
Nanofibrillated cellulose as paper additive in eucalyptus pulps. BioResources,
7(4), 5167-5180.

Goyal, H. (2016). Properties of paper. Retrieved September 14, 2016, from
http://www.paperonweb.com/index.htm

Gratani, L., Crescente, M. F., Varone, L., Fabrini, G., & Digiulio, E. (2008). Growth
pattern and photosynthetic activity of different bamboo species growing in the

Botanical Garden of Rome. Flora - Morphology, Distribution, Functional
Ecology of Plants, 203(1), 77-84.

Grosser, D., & Liese, W. (1971). On the anatomy of Asian bamboos with special
reference to vascular bundles. Wood Science and Technology, 5(4), 290-312.

Hakansson, H., & Ahlgren, P. (2005). Acid hydrolysis of some industrial pulps: effect
of hydrolysis conditions and raw material. Cellulose, 12(2), 177-183.
http://doi.org/10.1007/ s10570-004—1038—6

Hamad, W. Y., & Hu, T. Q. (2010). Structure process yield interrelations in
nnanocrystalline cellulose extraction. The Canadian Journal of Chemical
Engineering, 88(3), 392—402. http://doi.org/10.1002/cjce.20298

Harold, R. W. (1987). The measurement of appearance (Second Edi). Canada: John
Wiley & Sons, INC.

Hart, P. W., & Rudie, A. W. (2014). Anthraquinone - A Review of the Rise and Fall
of a Pulping Catalyst (pp. 669—687). September 14-17, 2014, Preprint 24-1,
TAPPI PRESS, Atlanta, 2014 . Anthraquinone: Proceedings of the TAPPI
PEERS Conference, Tacoma, WA.

113



Hassan, N. H. M., Muhammed, S., & Ibrahim, R. (2013). Effect of soda-anthraquinone
pulping conditions and beating revolution on the mechanical properties of

paper made from Gigantochloa scortechinii (semantan bamboo). The
Malaysian Journal of Analytical Sciences, 17(1), 75-84.

Hassan, N. H. M., Muhammed, S., & Ibrahim, R. (2014). Properties of Gigantochloa
scortechinii paper enhancement by beating revolution. Journal of Tropical
Resources and Sustainable Science, 2, 59-67.

He, Z. (2011). Determination of strength properties of Norway spruce after sulphate
cooking and oxygen delignification. Saimaa University. Retrieved from
http://publications.theseus.fi/handle/10024/30125

Heijnesson-Hultén, A., Guo, S., Basta, J., Daniel, G., Zhan, H., & Germgard, U.
(2013). Impact of Drying on the Quality of Bamboo Kraft Pulps.
BioResources, 8(1), 1245-1257.

Henricson, K. (2004). Wood structure and fibers.

Hinterstoisser, B., Akerholm, M., & Salmén, L. (2001). Effect of fiber orientation in
dynamic FTIR study on native cellulose. Carbohydrate Research, 334(1-3),
27-37.

Hisham, H. N., Othman, S., Rokiah, H., Latif, M. A., Ani, S., & Tamizi, M. M. (2006).
Characterization of bamboo Gigantochloa scortechinii at different ages.
Journal of Tropical Forest Science, 18(4), 236-242.

Hock, B. C. W., Ramsay, R. C., & Harris, M. (1941). Microscopic structure of the
cotton fiber. Textile Research Journal, 11(4), 200-217.

Holik, H. (2006). Handbook of paper and board. Federal Republic of Germany:
WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.

Holton, H. H. (1977). Soda additive softwood pulping: a major new process. Journal
Pulp & Paper Canada, 78(10), T218-T222.

Hong, B., Xue, G., Weng, L., & Guo, X. (2012). Pretreatment of moso bamboo with
dilute. BioResources, 7(4), 4902—4913.

Horn, R. A. (1978). Morphology of pulp fiber from hardwoods and influence on paper
strength. MADISON, WISCONSIN.

Hurter, R. (2002). Bamboo - A fiber resource with great potential. Retrieved from
www.HurterConsult.com

lakovlev, M., Hiltunen, E., & Van Heiningen, A. (2010). Paper technical potential of

spruce SO2-Ethanol-Water (SEW) pulp compared to kraft pulp. Nordic Pulp
and Paper Research Journal, 25(4), 428-433.

114



Ioelovich, M. (2012). Study of cellulose interaction with concentrated solutions of
sulfuric acid. International Scholarly Research Network, 1-7.

Ioelovich, M. (2013). Products of cellulose hydrolysis made by treatment of feedstock
with concentrated solutions of sulfuric acid. Journal of Material Sciences,
1(1), 12-19.

Ireana, Y. (2009). Cell Wall Architecture, Properties and Characteristics of Bamboo,
Kenaf and Rice Straw Fibers. USM.

Ishiguri, F., Eizawa, J., Saito, Y., lizuka, K., Yokota, S., Priadi, D., Sumiasri, N., &
Yoshizawa, N. (2007). Variation in the wood properties of Paraserianthes
falcataria planted in Indonesia. A WA Journal, 28(3), 339-348.

Ivanova, N. V., Korolenko, E. A., Korolik, E. V, & Zhbankov, R. G. (1989).
Mathematical processing of the IR spectrum of cellulose. Zhurnal Prikladnoi
Spektroskopii, 51(2), 301-306.

Iwamoto, S., Abe, K., & Yano, H. (2008). The effect of hemicelluloses on wood pulp
nanofibrillation and nanofiber network characteristics. Biomacromolecules,
9(3), 1022—6.

Jahan, M. S., Benson, A., & Morize, S. (1954). Chemical analysis of tropical timber.
Publication No. 5, Centre Technique Forestier Tropical, Nogent-Sur-Marne,
France.

Jahan, M. S., Chowdhury, D. A. N., & Islam, M. K. (2003). ASAM pulping of Jute.
Pulp & Paper Science and Technology: Alternative Papermaking Fibres,252—
258.

Jahan, M. S., Ni, Y., & He, Z. (2010). Chlorine dioxide bleaching of soda-
anthraquinone jute pulp to a very high brightness. BioResources, 5(2), 870—
880.

Jahan, M. S., Rubaiyat, A., & Sabina, R. (2007). Evaluation of cooking processes for

Trema orientalis pulping. Journal of Scientific and Industrial Research,
66(10), 853—859.

Jahan, M. S., Sabina, R., & Rubaiyat, A. (2008). Alkaline pulping and bleaching of
Acacia auriculiformis grown in Bangladesh. Turkish Journal of Agriculture
and Forestry, 32(4), 339-347.

Jahan, S. M., Islam, M. K., & Hasan, A. J. M. M. (2002). Investigation on Soda and
Soda-Anthraquinone (AQ) Pulping of Saccharum spontaneum. Alcohol,
26(41), 27-40.

Jamaludin, K., Ashari, A. J., Abdul Jalil, A., & Abdul Latif, M. (1992). Pulp and
papermaking properties of 1, 2 and 3 year old G. scortechinii bamboo and its
use. Beijing, China: Paper presented at the International Symposium on
Industrial Use of Bamboo.

115



Jani, S. M., & Rushdan, I. (2014). Effect of bleaching on coir fibre pulp and paper
properties. Journal of Tropical Africulture and Food Science, 42(1), 51-61.

Jeffries, T. W. (1994). Biodegradation of lignin and hemicelluloses. Springer
Netherlands: In Biochemistry of microbial degradation.

Joseleau, J.-P., Imai, T., Kuroda, K., & Ruel, K. (2004). Detection in situ and
characterization of lignin in the G-layer of tension wood fibres of Populus
deltoides. Planta, 219(2), 338-45.

Joutsimo, O. P. (2004). Effect of mechanical treatment on softwood kraft fiber
properties. Helsinki University.

Joutsimo, O. P., & Asikainen, S. (2013). Effect of fiber wall pore structure on pulp
sheet density of softwood kraft pulp fibers. BioResources, 8(2), 2719-2737.

Joutsimo, O., Wathén, R., & Tamminen, T. (2005). Effects of fiber deformations on
pulp sheet properties and fiber strength. Paperi Ja Puu, 87(6), 1-16.

Kachlami, H. M., Moghtader, G. J., & Kachlami, H. M. (2012). Nanopaper Innovation
in Paper and Packaging Industry. In Proceedings of World Academy of
Science, Engineering and Technology, 6(7), 1023—1025.

Kallaway, E. (2010). Bamboo as a new fiber source in the us paper industry: a
feasibility analysis for booshoot gardens, llc. University of Oregon Lundquist.

Kamthai, S. (2007). Comparisons of AS-AQ pulping of Sweet Bamboo
(Dendrocalamus asper Backer ) and pulping by conventional kraft process.
Chiang Mai J. Sci, 34(1), 97-107.

Kamthai, S., & Puthson, P. (2005). Effect of Beating Revolution on Sweet Bamboo (
Dendrocalamus asper Backer ) Kraft Pulp Properties. CMU. Journal, 4(2),
137-147.

Karademir, A., IMAMOGLU, S., & Cetin, N. S. (2004). Crack Propagations and
Fatigue Characteristics of Some Handmade Papers. Turkish Journal of
Agriculture and Forestry, 28(2), 115-124.

Khalil, A. H. P. S., Bhat, I. U. H., Jawaid, M., Zaidon, A., Hermawan, D., & Hadi, Y.
S. (2012). Bamboo fibre reinforced biocomposites: A review. Materials &
Design, 42, 353-368.

Khider, T. O., Elzaki, O. T., & Omer, S. H. (2012a). Soda and soda-anthraquinone
pulping of Albizia lebbeck from Sudan. Suranaree J. Sci. Technol., 18(3), 1—
5.

Khider, T. O., Omer, S. H., & Elzaki, O. T. (2012b). Pulping and totally chlorine free

(TCF) bleaching of Acacia mellifera from Sudan. World Applied Sciences
Journal, 16(9), 1256-1261.

116



Khider, T. O., Omer, S. H., & Taha, O. (2012c¢). Pulping with additives of Typha
domingensis stems from Sudan. Suranaree Journal of Sciene and Technology,
19(1), 43-53.

Khider, T. O., Omer, S., Taha, O., & Shomeina, S. K. (2012d). Ecologically friendly
alkaline pulping of pigeon pea stalks from Sudan. Researcher, 4(4), 88-95.

Khider, T. O., Omer, S., Taha, O., & Shomeina, S. K. (2012e). Suitability of Sudanese
Cotton Stalks for Alkaline Pulping with Additives. lranica Journal of Energy
& Environment, 3(2), 167-172.

Khider, T., Omer, S., & Taha, O. (2011). Alkaline pulping with additives of southern
cattail stems from Sudan. World Applied Sciences Journal 1, 15(10), 1449—
1453.

Khristova, P., Gabir, S., Bentcheva, S., & Dafalla, S. (1998). Soda-anthraquinone
pulping of sunflower stalks. Industrial Crops and Products, 9, 9—17.

Khristova, P., & Karar, 1. (1999). Soda-anthraquinone pulp from three Acacia nilotica
subspecies. Bioresource Technology, 68, 209-213.

Khristova, P., Kordsachia, O., & Daffalla, S. (2004). Alkaline pulping of Acacia seyal.
Tropical Science, 44(4), 207-215.

Khristova, P., Kordsachia, O., Patt, R., & Dafaalla, S. (2006). Alkaline pulping of
some eucalypts from Sudan. Bioresource Technology, 97(4), 535-544.
http://doi.org/10.1016/j.biortech.2005.04.006

Khristova, P., Kordsachia, O., Patt, R., Khider, T., & Karrar, 1. (2002). Alkaline
pulping with additives of kenaf from Sudan. Industrial Crops and Products,
15(3),229-235.

Kirwan, M. J. (2005). Paper and Paperboard Packaging Technology. London, UK:
Blackwell Publishing Ltd Editorial.

Kleinert, T. N. (1965). Discussion of results and the principles of rapid delignification.
Part-VI of a series of alkaline pulping studies. Tappi Journal, 48(8), 447-451.

Knoblauch, J., Winter, L., Zollner-Croll, H., Kordsachia, O., & Patt, R. (2000).
Comparison of Pulp Properties from the Kraft , Sulfite and ASAM Process.
Das Papier, 54, T1-T4.

Ko, C. H,, Chen, F. J, Lee, J. J., & Tzou, D. L. M. (2011). Effects of fiber physical
and chemical characteristics on the interaction between endoglucanase and
eucalypt fibers. Cellulose, 18(4), 1043—1054. http://doi.org/10.1007/s10570-
011-9534-y

Kord, B. (2009). Effect of Refining Intensity on Pulp and Paper Properties Made of
Eucalyptus Camaldulensis Wood. Iranian Journal of Wood and Paper Science
Research, 24(1), 125-133.

117



Kordsachia, O., Patt, R., & Rachor, G. (1988). Untersuchungen zum Methanol-
SulfitaufschluBB. Das Papier, 42(6), 261-269.

Kordsachia, O., Reipschldger, B., & Patt, R. (1990). ASAM pulping of birch wood
and chlorine free pulp bleaching. Paperi Ja Puu, 72(1), 44-50.

Kordsachia, O., RoBkopf, S., & Patt, R. (2004). Production of spruce dissolving pulp
with the prehydrolysis-alkaline sulfite process (PH-ASA). Lenzinger Berichte,
83, 24-34.

Kordsachia, O., Wandinger, B., & Patt, R. (1992). Some investigations on ASAM
pulping and chlorine free bleaching of eucalyptus from spain. Holz Als Roh-
Und Werkstoff, 50(3), 85-91. http://doi.org/10.1007/BF02628679

Kotik, O. (2007). Simulation of tensile properties of paper in the z-direction. Nordic
Pulp and Paper Research Journal, 22(1), 28-34.

Koubaa, A., & Koran, Z. (1995). Measure of the internal bond strength of paper and
board. TAPPI Journal, 78(3), 103—112.

Koubaa, A., & Koran, Z. (2008). Measure of the internal bond strength of paperboard.
Tappi Journal, 78(3), 103—111.

Kupiainen, L., Ahola, J., & Tanskanen, J. (2012). Distinct effect of formic and sulfuric
acids on cellulose hydrolysis at high temperature. Industrial and Engineering
Chemistry Research, 51(8), 3295-3300.

Lachenal, D., & Nguyen, T. N. B. (1993). Proceedings, Tappi pulping conference.
Atlanta, USA.

Lammi, T., & Heikkurinen, A. (1997). Changes in fibre wall structure during
defibration. In 7//th Fundamental Research Symposium, Fundamentals of
Papermaking Materials Trans (pp. 641-662). Cambridge, UK.

Levy, M. (1992). Dictionary of Gardening, New RHS Dictionary of Gardening, RHS.
(A. Huxley & M. Griffiths, Eds.). Macmillan New.

Li, C. L., & Chin, T. C. (1960). Further anatomical studies of some Chinese bamboos.
Acta Botanic Sinica, 10(1), 15-28.

Li, W., Wang, R., & Liu, S. (2011). Nanocrystalline cellulose prepared from softwood
kraft pulp via ultrasonic-assisted acid hydrolysis. BioResources, 6(4), 4271—
4281.

Li, X. (2004). Physical, chemical, and mechanical properties of bamboo and its
utilization potential for fiberboard manufacturing. Louisiana State University.

Li, X. B., Shupe, T. F., Peter, G. F., Hse, C. Y., & Eberhardt, T. L. (2007). Chemical
changes with maturation of the bamboo species Phyllostachys pubescens.
Journal of Tropical Forest Science, 19(1), 6-12.

118



Li, Z., Jiang, Z., Fei, B., Pan, X., Cai, Z., & Yu, Y. (2013). Ethanosolv with NaOH
pretreatment of Moso bamboo for efficient enzymatic saccharification.
BioResources, 8(3), 4711-4721.

Liese, W. (1998). The anatomy of bamboo culms.

Lima, M. M. D. S., & Borsali, R. (2004). Rodlike cellulose microcrystals: Structure,
properties, and applications. Macromolecular Rapid Communications, 25(7),
771-787. http://doi.org/10.1002/marc.200300268

Lindgren, C. T. (1997). Kraft pulping kinetics and modeling, the influence of HS-, OH-
and lonic strength. Royal Institute of Technology.

Lindgren, R. M., & Eslyn, W. E. (1961). Biological deterioration of pulpwood and
pulp chips during storage. TAPPI Journal, 44(6), 419—429.

Liu, C. F., Xu, F., Sun, J. X, Ren, J. L., Curling, S., Sun, R. C., Fowler. P., & Baird,
M. S. (2006). Physicochemical characterization of cellulose from perennial
ryegrass leaves (Lolium perenne). Carbohydrate Research, 341(16), 2677—
2687.

Liu, Q., Li, J., & Xu, W. (2010). Application of cationic starch with high degree of
substitution in packaging paper from high yield pulp (pp. 35-38). 17 th IAPRI
World Conference on Packaging.

Lobovikov, M., Paudel, S., Piazza, M., Ren, H., & Wu, J. (2007). World bamboo
resources. Rome: FAO.

Loeb, J. (1924). Hydrophilic and hydrophobic colloids and the influence of
electrolytes on membrane potentials and cataphoretic potentials. The Journal
of General Physiology, 6(3), 307-328.

Londofo, X. (2001). Evaluation of bamboo resources in Latin America. 4 Summary
of the Final Report of Project, (96-8300), 1-4.

Lourengo, A. F., Gamelas, J. A. F., Sequeira, J., Ferreira, P. J., & Velho, J. L. (2015).
Improving paper mechanical properties using silica-modified ground calcium
carbonate as filler. BioResources, 10(4), 8312—-8324.

Luthe, C., & Berry, R. (2005). Polysulphide pulping of western softwoods: Yield
benefits and effects on pulp properties. Pulp and Paper Canada, 106(3), 27—
33.

Luukko, K., & Paulapuro, H. (1999). Mechanical pulp fines: effect of particle size and
shape. TAPPI Journal, 8(22), 95-101.

Lybeer, B., & Koch, G. (2005). Lignin distribution in the tropical bamboo species.
IAWA Journal, 26(4), 443-456.

119



Maclean, H., & Gardner, J. A. F. (1953). Heartwood extractives in digester corrosion.
Pulp Paper Mag. Can, 54(12), 125-130.

Maddern, K. N., & French, J. (1989). Papermaking properties of some Australian non-
wood fibers. Appita Journal, 42(6), 433-437.

Mahanim, S. M. A., Puad, E., Rafidah, J., Wan Asma, 1., & Shaharuddin, H. (2008).
A Study on Physical and Chemical Properties of Gigantochloa scortechinii and
Gigantochloa ligulata. Utilisation of Oil Palm Tree: Strategizing for
Commercial Exploitation. Forest Products Journal, Forest Res.

Malik, R. S., Dutt, D., Tyagi, C. H., Jindal, A. K., & Lakharia, L. K. (2004).
Morphological , anatomical and chemical characteristics of Leucaena
leucocephala and its impact on pulp and paper making properties. Journal of
Scientific & Industrial Research, 63, 125—133.

Marchessault, R. H. (1962). Application of infrared spectroscopy to cellulose and
wood polysaccharides. Pure and Applied Chemistry, 5, 107-29.

Mclntosh, D. C. (1967). Effect of refining on structure of fiber wall. TAPPI Journal,
50.(10), 482.

Mertoglu-Elmas, G., Gunaydin, K., & Ozden, O. (2012). Environmental friendly
alkaline sulfite anthra quinone-methonal (ASAM) pulping with Rumex crispus

plant extract of woody materials. Journal of Environmental Biology / Academy
of Environmental Biology, India, 33(5), 941-4.

Migneault, S., Koubaa, A., Erchiqui, F., Chaala, A., Englund, K., Krause, C., &
Wolcott, M. (2008). Effect of fiber length on processing and properties of

extruded wood-fiber/HDPE composites. Journal of Applied Polymer Science,
110(2), 1085-1092.

Mikes, P., Chvojka, J., Slabotinsky, J., Pavlovsky, J., Kostakova, E., Sanetrnik, F.,
Polorny, P., & Lukas, D. (2016). Nanofibrous composite materials integrating

Nano / Micro particles between the tibres. Journal of Membrane Science &
Technology, 6(1), 1-5. http://doi.org/10.4172/2155-9589.1000

Milichovsky, M. (1990). A new concept of chemistry refining process. TAPPI
Journal, 73(10), 221-232.

Miranda, I., & Pereira, H. (2002). Kinetics of ASAM and Kraft Pulping of Eucalypt
Wood (Eucalyptus globulus). Holzforschung, 56(1), 85-90.

Mishra, S., Mohanty, A. K., Drzal, L. T., Misra, M., & Hinrichsen, G. (2014). A
review on pineapple leaf fibers, sisal fibers and their biocomposites.

Macromol. Mater. Eng, 289, 955-974.

Missoum, K., Belgacem, M., & Bras, J. (2013). Nanofibrillated cellulose surface
modification: A Review. Materials, 6(5), 1745—-1766.

120



Mohlenbrock, R. H. (1989). Midwest wetland flora: Field office illustrated guide to
plant species. Midwest National Technical Center, Lincoln. USDA.

Mohmod, A. L., Ashaari, A., Jamaludin, K., & Mohd. Zin, J. (1993). Effects of
anatomical characteristics on the physical and mechanical properties of
Bambusa bluemeana. J. Journal Tropical Forest Science, 6(2), 159—-170.

Mohmod, A. L., Khoo, K. C., Kasim, J., & Ahmad, A. J. H. (1994). Fiber morphology
and chemical properties of Gigantochloa scortechinii. Journal of Tropical
Forest Scienceical Forest Science, 6(4), 397-407.

Mohmod, A. L., Wan Tarmeze, W., & Fauzidah, A. (1990). Anatomical features and
mechanical properties of three Malaysian bamboos. Journal Tropical Forest
Science, 2(3), 227-234.

Mona, A., Byrd, M., & Jameel, H. (2001). Soda-AQ pulping of cotton stalks. In TAPPI
Fall Technical Conference. Seattle: TAPPI Pulping Conference.

Monteoliva, S., Senisterra, G., & Marlats, R. (2005). Variation of wood density and
fibre length in six willow clones (Salix spp.). lawa Journal, 26(2), 197-202.

Moon, R. J., Martini, A., Nairn, J., Simonsen, J., & Youngblood, J. (2011). Cellulose
nanomaterials review: structure, properties and nanocomposites. Chemical
Society Reviews (Vol. 40).

Moran, J. 1., Alvarez, V. A., Cyras, V. P., & Vazquez, A. (2008). Extraction of
cellulose and preparation of nanocellulose from sisal fibers. Cellulose, 15(1),
149-159.

Mossello, A. A., Harun, J., Ibrahim, R., Resalati, H., Shamsi, S. R. F., Tahir, P. M., &
Yusoff, M. N. M. (2010). Evaluation of linerboard properties from Malaysian
cultivated kenaf soda-anthraquinone pulps versus commercial pulps.
BioResources, 5(3), 1595-1604.

Mustafa, M. T., Wahab, R., Sudin, M., Sulaiman, O., Kamal, N. A. M., & Khalid, Z.
(2011). Anatomical and microstructures features of tropical bamboo
Gigantochloa brang, G. levis, G. scotechinii and G. wrayi. International
Journal of Forest, Soil and Erosion, 1(1), 11-17.

Muurine, E. S. A. (2000). Organosolv pulping: A review and distillation study related
to peroxyacid pulping. Oulu University.

Nair, S. S., Zhu, J. Y., Deng, Y., & Ragauskas, A. J. (2014). Characterization of

cellulose nanofibrillation by micro grinding. Journal of Nanoparticle
Research, 16(4), 1-10.

Nakano, J., Daima, H., Hosoya, S., & Ishizu, A. (1981). Ekman-Days. In Symp. Wood
Pulping Chem. Prepr, 2, 72-77.

121



Nanko, H., & Ohsawa, J. (1989). Structure of fiber bond formation. In C. F. Baker &
V. W. Punton (Eds.), Fundamentals of Papermaking (pp. 786—830).
Cambridge: echanical Engineering Publications Limited, London.

Nelsson, E. (2011). Reduction of refining energy during mechanical pulping. Swedish
University of Agricultural Sciences Uppsala.

Nieschlag, H. J., Nelson, G. H., Wolff, J. A., & Perdue, R. E. (1960). A search for new
fiber crops. TAPPI Journal, 43(3), 193—-194.

Nishiyama, Y., Sugiyama, J., Chanzy, H., & Langan, P. (2003). Crystal structure and
hydrogen bonding system in cellulose Ia from synchrotron X-ray and neutron
fiber diffraction. Journal of the American Chemical Society, 125(47), 14300—
14306.

Nunes, E., Quilho, T., & Pereira, H. (1999). Anatomy and chemical composition of
Pinus pinea L. bark. Annals of Forest Science, 56(6), 479-484.

Ogunwusi, A. A. (2001). Variation in pulp characteristic of Pinus caribaea.
University of Ibadan, Ibadan, Nigeria.

Oh,S. Y., Yoo, D. I., Shin, Y., Kim, H. C., Kim, H. Y., Chung, Y. S., Park, W. H., &
Youk, J. H. (2005). Crystalline structure analysis of cellulose treated with
sodium hydroxide and carbon dioxide by means of X-ray diffraction and FTIR
spectroscopy. Carbohydrate Research, 340(15), 2376-2391.

Oh, S. Y., Yoo, D. I, Shin, Y., & Seo, G. (2005). FTIR analysis of cellulose treated
with sodium hydroxide and carbon dioxide. Carbohydrate Research, 340(3),
417-428.

Okan, O. T., Deniz, 1., & Yildirim, I. (2013). Bleaching of bamboo (phyllostachys
bambusoides) kraft-aq pulp with sodium perborate tetrahydrate (SPBTH) after
oxygen delignification. BioResources, 8(1), 1332-1344.

Oluwadara, A. O., & Ashimiyu, O. S. (2007). The relationship between fibre
characteristics and pulp-sheet properties of Leucaena leucocephala (Lam.) De
Wit. Middle-East Journal of Scientific Research, 2(2), 63—68.

Paavilainen, L. (1993). Conformability — flexibility and collapsibility — of suphate
pulp fibre. Paperi Puu, 5(9-10), 689—702.

Paik, K. H., SH, O. H., & Koo, J. O. (1988). Alkaline sulfite pulping with the additions
of anthraquinone and methanol. Tappi Journal, 20(2), 24-32.

Pandey, K. K. (2005). Study of the effect of photo-irradiation on the surface chemistry
of wood. Polymer Degradation and Stability, 90(1), 9-20.

Patt, R., Knoblauch, J., Faix, O., Kordsachia, O., & Puls, J. (1991). Lignin and
carbohydrate reactions in alkaline sulfite, anthraquinone, methanol (ASAM)
pulping. Das Papier, 45(7), 389-396.

122



Patt, R., & Kordsachia, O. (1986). Herstellung von Zellstoffen unter Verwendung von
alkalischen Sulfitlosungen mit Zusatz von Anthrachinon und Methanol.
Papier, 40(10A), V1-V8.

Patt, R.,, & Kordsachia, O. (1988). Anforderungen an neue
Zellstoftherstellungsverfah- ren. Wochenbl Papierfabr, 116(7), 709-713.

Pekarovic, J., Pekarovicova, A., & Fleming, P. D. (2006). Two-step straw processing
— a new concept of silica problem solution (pp. 1-10). In 2006 Engineering,
Pulping and Environmental Conference.

Peng, B. L., Dhar, N., Liu, H. L., & Tam, K. C. (2011). Chemistry and applications of
nanocrystalline cellulose and its derivatives: A nanotechnology perspective.
Canadian Journal of Chemical Engineering, 89(5), 1191-1206.

Plank, H. K. (1951). Starch and other carbohydrates in relation to powder post beetle
infestation in freshly harvested bamboo. Journal of Economic Entomology,
44(1), 73-75.

Purusotham, A., Sudan, S. K., & Sagar, V. (1953). Preservative treatment of green
bamboo under low pneumatic pressure. Indian Forest Bulletin, 178, 1-21.

Rahmati, H. (2005). Effect of different effective alkali charges on pulp properties of
Eucalyptus camaldulensis wood in the kraft cook. Pajouhesh & Sazandegi, 68,
77-83.

Rahmati, H., Ebrahimi, P., & Sedghi, M. (2010). Effect of cooking conditions and
oxygen-delignification on Bambusa tulda kraft pulping. Indian Journal of
Chemical Technology, 17(1), 74-717.

Ramos, M. J., Fernandez, C. M., Casas, A., Rodriguez, L., & Pérez, A. (2009).
Influence of fatty acid composition of raw materials on biodiesel properties.
Bioresource Technology, 100(1), 261-268.

Rance, H. F. (1982). The structure and physical properties of paper. Igarss 2014
(Hand book, Vol. 2). Amsterdam, The netherland: Elsevier scientific
publishing company.

Reddy, J. P., & Rhim, J. W. (2014). Characterization of bionanocomposite films
prepared with agar and paper-mulberry pulp nanocellulose. Carbohydrate
Polymers, 110,480-488.

Reme, P. A., & Helle, T. (2001). Quantitative assessment of mechanical fibre
dimensions during defibration and fibre development,”. J. Pulp Paper Sci,
27(1), 1-7.

Requejo, A., Rodriguez, A., Colodette, J. L., Gomide, J. L., & Jiménez, L. (2012).
Optimization of ecf bleaching and refining of kraft pulping from olive tree
pruning. BioResources, 7(3), 4046-4055.
http://doi.org/10.15376/biores.7.3.4046-4055

123



Reyier, S. (2008). Bonding ability distribution of fibers in mechanical pulps. Mid
Sweden University Licentiate.

Roberts, J. C. (1996). The chemistry of paper. Department of Paper Science, UMIST,
Manchester: Royal Society of chemistry.

Rodriguez, A., Moral, A., Serrano, L., Labidi, J., & Jiménez, L. (2008). Rice straw
pulp obtained by using various methods. Bioresource Technology, 99(8),
2881-2886. http://doi.org/10.1016/]j.biortech.2007.06.003

Rodriguez, A., Sanchez, R., Eugenio, M. E., Yaiez, R., & Jiménez, L. (2010). Soda-
anthraquinone pulping of residues from oil palm industry. Cellulose Chem.
Technol, 44(7-8), 239-248.

Roncero, M. B., Torres, A. L., Colom, J. F., & Vidal, T. (2003). TCF bleaching of
wheat straw pulp using ozone and xylanase. Part A: Paper quality assessment.
Bioresource Technology, 87(3), 305-314. http://doi.org/10.1016/S0960-
8524(02)00224-9

Rosli, N. A., Ahmad, 1., & Abdullah, I. (2013). Isolation and characterization of
cellulose nanocrystals from agave angustifolia fibre. BioResources, 8(2),
1893-1908.

Rosli, W. W. D., Mazlan, 1., & Law, K. N. (2009). Effects of kraft pulping variables
on pulp and paper properties of Acacia mangium kraft pulp. Cellulose
Chemistry and Technol, 43(1-3), 9—15.

Rousu, P., Rousu, P., & Anttila, J. (2002). Sustainable pulp production from
agricultural waste. Resources, ConserTation and Recycling, 35(1), 85-103.

Runge, T., Houtman, C., Negri, A., & Heinricher, A. N. D. J. (2013). Timber bamboo
pulp, 12(2).

Rushdan, I. (2003). Structural, mechanical and optical properties of recycled paper
blended with oil palm empty fruit bunch pulp. Journal of Oil Palm Research,
15(2), 28-34.

Rusu, M., Morseburg, K., Gregersen, ., Yamakawa, A., & Liukkonen, S. (2011).
Relation between fibre flexibility and cross- sectional properties.
Bioresources, 6(1), 641-655.

Salas, C., Nypelo, T., Rodriguez-Abreu, C., Carrillo, C., & Rojas, O. J. (2014).
Nanocellulose properties and applications in colloids and interfaces. Current
Opinion in  Colloid and Interface  Science, 19(5), 383-396.
http://doi.org/10.1016/j.cocis.2014.10.003

Samariha, A., & Khakifirooz, A. (2011). Application of NSSC pulping to sugarcane
bagasse. BioResources, 6(3), 3313-3323.

124



Scallan, A. M. (1974). The structure of the cell wall of wood-A consequence of
anisotropic inter- microfibrillar bonding. Wood Science and Technology, 6(3),
266-271.

Scallan, A. M. (1983). The effect of acidic groups on the swelling of pulps: A review.
TAPPI Journal, 66(11), 73-75.

Schild, G., Sixta, H., & Testova, L. (2010). Multifunctional alkaline pulping,
delignification and hemicellulose extraction. Cellulose Chem. Technol, 44(1—
3), 35-45.

Schott, W. (2016). Bamboo under the Microscope. Retrieved September 9, 2016, from
http://www.powerfibers.com/Bamboo_under the Microscope.pdf

Scurlock, J. M. O., Dayton, D. C., & Hames, B. (2008). Bamboo: an overlooked
biomass resource? Journal Biomass and Bioenergy, 19(4), 229-244.

Segal, L., Creely, L., Martin, A. E., & Conrad, C. M. (1959). An empirical method for
estimating the degree of crystallinity of native cellulose using the X-ray
diffrac- tometer. Textile Research Journal, 29, 786—794.

Sekyere, D. (1994). Potential of bamboo (Bambusa vulgaris) as a source of raw
material for pulp and paper in Ghana. Ghana Journal of Forestry, 1, 49-56.

Sen, S. K., Baheti, V. K., Venditti, R. A., Pawlak, J. J., Park, S., & Bansal, M. C.
(2012). Cellulose microfibril-water interaction as characterized by isothermal

thermogravimetric analysis and scanning electron microscopy. BioResources,
7(4), 4683-4703.

Seth, R. S. (2001). The difference between never-dried and dried chemical pulps.
Solutions TAPPI Journal, 1(1), 1-23.

Shakhes, J., Zeinaly, F., Marandi, M. A. B., & Saghafi, T. (2011). The effects of
processing variables on the soda and soda-AQ pulping of Kenaf bast fiber.
BioResources, 6(4), 4626—4639.

Shanmugasundaram, O. L., & Gowda, R. V. M. (2010). Development and
characterization of bamboo and organic cotton fibre blended baby diapers.
Indian Journal of Fibre & Textile Research, 35(3), 201-205.

Sharma, A. K., Dutt, D., Upadhyaya, J. S., & Roy, T. K. (2011). Anatomical,
morphological, and chemical characterization of Bambusa tulda,
Dendrocalamus hamiltonii, Bambusa balcooa, Malocana baccifera, Bambusa
arundinacea and Eucalyptus tereticornis. BioResources, 6(4), 5062—-5073.

Sharma, B. (2010). Seismic performance of bamboo structures. University of
Pittsburgh.

125



Sharma, M., Sharma, C. L., & Kumar, Y. B. (2013). Evaluation of fiber characteristics
in some weeds of Arunachal Pradesh , India for pulp and paper making.
Research Journal of Agriculture and Forestry Sciences, 1(3), 15-21.

Shatalov, a a, & Pereira, H. (2008). Arundo donax L. reed: new perspectives for
pulping and bleaching. 5. Ozone-based TCF bleaching of organosolv pulps.
Bioresource Technology, 99(3), 472-8.
http://doi.org/10.1016/j.biortech.2007.01.014

Shen, J., Song, Z., Qian, X., Yang, F., & Kong, F. (2010). Nanofillers for papermaking
wet end applications. Bioresources, 5(3), 1328—1331.

Shukry, N., Ei-kalyoubi, S. F., & Hassan, E. M. (1999). Pulping of Casuarina glauca
with ASAM - An Environmental Friendly Process. Journal of Scientific &
Industrial Research, 58(10), 799-806.

Simons, F. L. (1950). A stain for use in the microscopy of beaten fibres. TAPPI
Journal, 33(7), 312-314.

Singh, B. (2006). Formation and evalution of bamboo pulp for medical applications.
Delhi College of engineering in polymer technology.

Singh, S. P. (2008). A comparison of different methods of paper surface smoothness
evaluation. BioResources, 3(2), 503-516.

Singhal, P., Bal, L. M., Satya, S., Sudhakar, P., & Naik, S. N. (2013). Bamboo shoots:
anovel source of nutrition and medicine. Critical Reviews in Food Science and
Nutrition, 53(5), 517-34.

Siqueira, G., Bras, J., & Dufresne, A. (2010). Cellulosic bionanocomposites: A review
of preparation, properties and applications. Polymers, 2(4), 728-765.

Sird, 1., & Plackett, D. (2010). Microfibrillated cellulose and new nanocomposite
materials: A review. Cellulose, 17(3), 459—494.

Sixta, H. (1998). Comparative evaluation of different concepts of sulfite pulping
technology. Das Papier, 52(3), 239-249.

Sixta, H. (2006). Handbook of Pulp (Vol. 1). WILEY-VCH Verlag GmbH &Co.
KGaA,Weinheim.

Sjodahl, R. G. (2006). Some aspects on the effects of dissolved wood components in
kraft pulping. Royal Institute of Technology KTH.

Smook, G. A. (1992). Handbook for Pulp and Paper Technologists. Vancouver:
Angus Wilde Publications.

Sood, Y. V, Pande, P. C., Tyagi, S., Payra, 1., & Kulkarni, A. G. (2005). Quality
improvement of paper from bamboo and hardwood furnish through fiber
fractionation. Journal of Scientific & Industrial Research, 64(4), 299-305.

126



Spence, K. L., Venditti, R. A., Habibi, Y., Rojas, O. J., & Pawlak, J. J. (2010). The
effect of chemical composition on microfibrillar cellulose films from wood
pulps: mechanical processing and physical properties. Bioresource
Technology, 101(15), 5961-8.

Spiegelberg, H. L. (1966). The effect of hemicellulose on the mechanical properties of
invidual pulp fibers. Lawrence University.

Sridach, W. (2010). The environmentally benign pulping process of non-wood fibers
non-wood fibers. Suranaree J. Sci. Technol., 17(2), 105-123.

Sun, S. N, Yuan, T. Q., Li, M. F., Cao, X. F., Xu, F., & Liu, Q. Y. (2012). Structural
Characterization of Hemicelluloses From Bamboo Culms ( Neosinocalamus
Affinis ). Cellulose Chem. Technol, 46(3—4), 165—176.

T 200 sp-96. (1997). Laboratory beating of pulp (valley beater method). TAPPI Test
Methods, TAPPI Press, Atlanta, GA, USA.

T 204 cm-97. (1997). Solvent extractives of wood and pulp. TAPPI Test Methods,
TAPPI Press, Atlanta, GA, USA.

T 205 sp-95. (1995). Forming handsheets for physical tests of pulp. TAPPI Test
Methods, TAPPI Press, Atlanta, GA, USA.

T 207 cm-99. (1999). Water solubility of wood and pulp. TAPPI Test Methods, TAPPI
Press, Atlanta, GA, USA.

T 211 om-93. (1993). Ash in wood, pulp, and paperboard: Combustion at 525 ° C.
TAPPI Test Methods, TAPPI Press, Atlanta, GA, USA.

T 212 om-98. (1998). One percent sodium hydroxide solubility of wood and pulp.
TAPPI Test Methods, TAPPI Press, Atlanta, GA, USA.

T 222 om-98. (1998). Acid-insoluble lignin in wood and pulp. TAPPI Test Methods,
TAPPI Press, Atlanta, GA, USA.

T 227 om-99. (1999). Freeness of pulp (Canadian standard method). TAPPI Test
Methods, TAPPI Press, Atlanta, GA, USA.

T 236 om-99. (1999). Kappa number of pulp. TAPPI Test Methods, TAPPI Press,
Atlanta, GA, USA.

T 244 cm-99. (1999). Acid-insoluble ash in wood, pulp, paper, and paperboard. TAPPI
Test Methods, TAPPI Press, Atlanta, GA, USA.

T 264 cm-97. (1997). Preparation of wood for chemical analysis. TAPPI Test
Methods, TAPPI Press, Atlanta, GA, USA.

T 403 om-97. (1997). Bursting strength of paper. TAPPI Test Methods, TAPPI Press,
Atlanta, GA, USA.

127



T 414 om-98. (1998). Internal tearing resistance of paper (Elmendorf-type method).
TAPPI Test Methods, TAPPI Press, Atlanta, GA, USA.

T 423 cm-98. (1998). Folding endurance of paper (Schopper type tester). TAPPI Test
Methods, TAPPI Press, Atlanta, GA, USA.

T 425 om-96. (1996). Opacity of paper (15/d geometry, illuminant A/2°, 89%
reflectance backing and paper backing). TAPPI Test Methods, TAPPI Press,
Atlanta, GA, USA.

T 452 om-98. (1998). Brightness of pulp, paper, and paperboard (directional
reflectance at 457nm). TAPPI Test Methods, TAPPI Press, Atlanta, GA, USA.

T 494 om-96. (1996). Tensile properties of paper and paperboard (using constant rate
of elongation apparatus). TAPPI Test Methods, TAPPI Press, Atlanta, GA,
USA.

Tadena, O. B., & Vilianeuva, E. P. (1971). Proximate Chemical Analysis of Pulp as a
Basis of its Paper Making Qualities, FORPRIDECOM Technical Note 11.

Tamizi, M. B. M. (2011). Fundamental and characteristic study of cultivated
malaysian bamboo — selective genus Gigantochloa. Universiti Sains Malaysia.

Teder, A., & Sjostrom, K. (1995). A Comparison of Bleachability in TCF Sequences
for Alkaline Sulfite and Kraft Pulps. Journal of Pulp and Paper Science
(JPPS), 22(8), J296-J300.

Thomas, R. (1977). Wood: Structure and Chemical Composition in Wood Technology
Chemical Aspects. In American Chemical Society (ACS) Symposium Series 43

(p- 21).
Timber, C. M. (2010). WOOD: NATURALLY BETTER. Cheras.

Tong, J., Ma, Y., Chen, D., Sun, J., & Ren, L. (2005). Effects of vascular fiber content
on abrasive wear of bamboo. Wear, 259(1), 78-83.

Tonoli, G. H. D., Teixeira, E. M., Corréa, A. C., Marconcini, J. M., Caixeta, L. A.,
Pereira-da-Silva, M. A., & Mattoso, L. H. C. (2012). Cellulose
micro/nanofibres from Eucalyptus kraft pulp: preparation and properties.
Carbohydrate Polymers, 89(1), 80—-88.

Tsoumis, G. (1991). Science and technology of wood: structure, properties and
utilization. New York: Van Nostrand Reinhold.

Tutus, A., Ates, S., & Deniz, 1. (2010). Pulp and paper production from Spruce wood
with kraft and modified kraft methods. African Journal of Biotechnology,
9(11), 1648—1654. http://doi.org/10.5897/AJB10.1906

Tutus, A., & Eroglu, H. (2004). An alternative solution to the silica problem in wheat
straw pulping. Appita Journal, 57(3), 214-217.

128



Tutus, A., & Eroglu, H. (2013). A Practical Solution to Silica Problem in Straw
Pulping. APPITA, Australia J, 56(2), 111-115.

Tutus, A., Ezici, A. C., & Ates, S. (2010). Chemical , morphological and anatomical
properties and evaluation of cotton stalks ( Gossypium hirsutum 1 .) in pulp
industry. Scientific Research and Essays, 5(12), 1553-1560.

Tyagi, C. H., Dutt, D., & Pokharel, D. (2004). Studies on soda and soda-AQ pulping
of Eulaliopsis binata. Indian Journal of Chemical Technology, 11, 127—134.

Uetani, K., & Yano, H. (2011). Nanofibrillation of wood pulp using a high-speed
blender. Biomacromolecules, 12(2), 348-53.

Uprichard, J. M. (1965). The alpha-cellulose content of wood by the chlorite
procedure. Appita, 19(2), 36-39.

Vaaler, D. A. G. (2008). Yield-increasing additives in kraft pulping : Effect on
carbohydrate retention , composition and handsheet properties. Norwegian
University of Science and Technology.

Vainioa, A. K., & Paulapuroa, H. (2007). Interfiber bonding and fiber segment
activation in paper. BioResources, 2(3), 442—458.

Vanhatalo, K. M., & Dahl, O. P. (2014). Effect of Mild Acid Hydrolysis Parameters
on Properties of Microcrystalline Cellulose. BioResources, 9(3), 4729-4740.

Vena, P. F., Gorgens, J. F., & Rypstra, T. (2010). Hemicelluloses extraction from giant
bamboo prior to kraft and soda-AQ pulping to produce paper pulps, value-
added biopolymers and bioethanol. Cellulose Chem. Technol, 44(4-6), 153—
163.

Villaverde, J., Li, J. B., Ek, M., Ligero, P., & Vega, A. de. (2009). Native lignin
structure of Miscanthus x giganteus and its changes during acetic and formic
acid fractionation. Journal of Agricultural and Food Chemistry, 57(14), 6262—
6270.

Vu, T. H. M., Pakkanen, H., & Alén, R. (2004). Delignification of bamboo (Bambusa
procera acher) Part 1. Kraft pulping and the subsequent oxygen delignification
to pulp with a low kappa number. Industrial Crops and Products, 19(1), 49—
57.

Wada, M., Nishiyama, Y., Chanzy, H., Forsyth, T., & Langan, P. (2008). The structure
of celluloses. Powder Diffraction, 23(2), 92-95.

Wahab, R., Mustafa, M. T., Mohamed, A., Samsi, H. W., & Rasat, M. S. M. (2013).
Extractives, Holocellulose, a-Cellulose, Lignin, and Ash Contents in 3 Year-
Old Bamboo Culms Gigantochloa Brang, G. Levis, G. Scortechinii and G.

Wrayi. Research Journal of Pharmaceutical, Biological and Chemical
Sciences, 4(3), 1235-1247.

129



Wahab, R., Mustafa, M. T., Rahman, S., Salam, M. A., Sulaiman, O., Sudin, M., &
Mohd Sukhairi, M. R. (2012). Relationship between physical, anatomical and
strength properties of 3-year-old cultivated tropical bamboo Gigantochloa
scortechinii. Journal of Agricultural and Biological Science, 7(10), 782—791.

Wahab, R., Mustafa, M. T., Salam, M. A., Sudin, M., Samsi, H. W., & Rasat, M. S.
M. (2013). Chemical Composition of Four Cultivated Tropical Bamboo in
Genus Gigantochloa. Journal of Agricultural Science, 5(8), 66-75.
http://doi.org/10.5539/jas.v5n8p66

Wahab, R., Mustapa, M. T., Sulaiman, O., Mohamed, A., Hassan, A., & Khalid, I.
(2010). Anatomical and physical properties of cultivated two- and four-year-
old Bambusa vulgaris. Sains Malaysiana, 39(4), 571-579.

Wai, N. N., & Murakami, K. (1984). Relationship between fiber morphology and sheet
properties of Burmese bamboos. Journal Japan Wood Research Society, 30,
156-165.

Wai, N., Nanko, H., & Murakami, K. (1985). A morphological study on the behavior
of bamboo pulp fibers in the beating process. Wood Sci. Technol, 19(3), 211—
222.

Wang, L., Han, G., & Zhang, Y. (2007). Comparative study of composition, structure
and properties of Apocynum venetum fibers under different pretreatments.
Carbohydrate Polymers, 69(2), 391-397.

Wang, Y., Zhan, H., Ding, Y., Wang, S., & Lin, S. (2016). Variability of anatomical
and chemical properties with age and height in Dendrocalamus brandisii.
BioResources, 11(1), 1202-1213. http://doi.org/10.15376/biores.11.1.1202-
1213

Wathén, R. (2006). Studies on fiber strength and its effect on paper properties.
Helsinki University of Technology.

Wiley, J. H., & Atalla, R. H. (1987). Band assignments in the Raman spectra of
celluloses. Carbohydrate Research, 160(15), 113—129.

Wise, L., Murphy, M., & Daddieco, A. (1946). Chlorite holocennulose, its
fractionation and bearing on summative wood analysis and on studies on the
hemicelluloses. Paper Trade Journal, 122(2), 11-19.

Wong, K. M. (1989). Current and potential uses of bamboo in Peninsular Malaysia.
Journal of American Bamboo Society, 7(172), 1-15.

Xing, M., Yao, S., Zhou, S.-K., Zhao, Q., Lin, J.-H., & Pu, J.-W. (2010). The influence

of ultrasonic treatment on the bleaching of cmp revealed by surface and
chemical structural analyses. BioResources, 5(3), 1353—-1365.

130



Xu, Q., Gao, Y., Qin, M., Wu, K., Fu, Y., & Zhao, J. (2013). Nanocrystalline cellulose
from aspen kraft pulp and its application in deinked pulp. International
Journal of Biological Macromolecules, 60, 241-7.

Yang, D., Zhong, L.-X., Yuan, T.-Q., Peng, X.-W., & Sun, R.-C. (2013). Studies on
the structural characterization of lignin, hemicelluloses and cellulose

fractionated by ionic liquid followed by alkaline extraction from bamboo.
Industrial Crops and Products, 43, 141-149.

Yang, L., Cao, J., Jin, Y., Chang, H., Jameel, H., Phillips, R., & Li, Z. (2012). Effects
of sodium carbonate pretreatment on the chemical compositions and enzymatic

saccharification of rice straw. Bioresource Technology, 124, 283-291.
http://doi.org/10.1016/j.biortech.2012.08.041

Yawalata, D. (1996). High-yield catalysed organosolv pulping of non-wood fiber
sources. British Columbia.

Young, R. A., & Akhtar, M. (1998). Environmentally friendly technologies for the
pulp and paper industry. John Wiley & Sons, INC.

Yu, X., Minor, J., & Atalla, R. (1995). Mechanism of action of Simons’ Stain. TAPPI
Journal, 78(6), 175-180.

Yue, Y. (2011). A comparative study of cellulose I and Il fibers and nanocrystals.
Louisiana State University.

Zhang, Y., Lu, X.-B., Gao, C., Lv, W.-J., & Yao, J.-M. (2012). Preparation and
characterization of Nano Crystalline Cellulose from Bamboo fibers by

controlled cellulase hydrolysis. Journal of Fiber Bioengineering and
Informatics, 5(3), 263-271.

Zhao, G., Lai, R., He, B., Greschik, T., & Li, X. (2010). Replacement of softwood
kraft pulp with ECF- bleached bamboo kraft pulp in fine paper. BioResources,
5(3), 1733-1744.

Zhao, Q., Pu, J., Mao, S., & Qi, G. (2010). Process optimization of tetra acetyl ethylene
diamine activated hydrogen peroxide bleaching of Populus nigra CTMP.
BioResources, 5(1), 276-290.

Zhao, X., Cheng, K., & Liu, D. (2009). Organosolv pretreatment of lignocellulosic
biomass for enzymatic hydrolysis. Appl. Microbiol. Biotechnol, 82(5), 815—
827.

Zhao, Y., Wang, Y., Zhu, J. Y., Ragauskas, A., & Deng, Y. (2007). Enhanced
enzymatic hydrolysis of spruce by alkaline pretreatment at low temperature.
Biotechnology and Bioengineering, 99(6), 1320-1328.

Zimmermann, M., Patt, R., & Kordsachia, O. (1992). ASAM pulping of Douglas-fir
followed by a chlorine-free bleaching sequence. TAPPI Journal, 74(11), 129—
134.

131



	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



