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ABSTRACT

Natural bamboo fibres are coarse and stiff, requiring chemical treatment to reduce their
high chemical composition and enhance their textile application, where fine and soft
fibres are greatly valued. Cotton fibres are widely used in textile manufacturing due to
their comfort and durability. However, the deficiency lies in unsustainable cultivation
practices. The blending of bamboo and cotton fibre is beneficial as it combines the
desirable qualities of both fibres and producing more environmentally friendly textile
products. Three types of treatment were studied to investigate the characteristics of
bamboo fibres treated under various chemical treatment conditions. The first type of
treatment investigated the effects of varying NaOH concentrations and soaking times.
The second type of treatment examined the effects of different NaOH concentrations
with constant soaking time and addition of softening treatment. Finally, the third type
of treatment studied the effect of constant NaOH concentration with further chemical
treatment on bamboo fibre. To examine the morphology of fibre, sliver, and yarn,
scanning electron microscope (SEM) was used. The process of making 50:50 treated
bamboo/cotton yarn involved several steps, including opening, carding, rotor spinning,
and ring spinning. Treatment type 3 produced the most promising fibre for yarn
production, with a fineness of 11.2 tex and tenacity of 12.6 cN/tex, resulting in a
spinnable 50:50 treated bamboo/cotton yarn. The treated bamboo/cotton ring-spun
yarn exhibited the best performance as it promoted higher tensile strength, Young's
modulus and tenacity of 58.77 MPa, 8.51 MPa, and 3.66 cN/tex, respectively
compared to the rotor-spun yarn.
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ABSTRAK

Gentian buluh semula jadi bersifat kasar dan keras. Rawatan kimia perlu dilakukan
untuk mengurangkan komposisi kimianya yang tinggi untuk menghasilkan gentian
berkualiti yang lebih halus dan lembut. Gentian kapas banyak digunakan dalam
pembuatan tekstil kerana sifatnya yang lembut dan tahan lama. Namun, amalan
penanamannya tidak mampan. Penggabungan gentian buluh dan kapas adalah
menguntungkan kerana ia menggabungkan kualiti yang diingini daripada kedua-dua
gentian dan menghasilkan produk tekstil yang lebih mesra alam. Tiga jenis rawatan
kimia telah dikaji untuk mengkaji ciri-ciri gentian buluh yang dirawat di bawah
pelbagai keadaan rawatan kimia. Jenis rawatan 1 mengkaji kesan kepekatan NaOH
yang berbeza dan waktu rendaman yang berbeza. Jenis rawatan 2 mengkaji kesan
kepekatan NaOH yang berbeza dengan masa rendaman yang malar dan penambahan
rawatan pelembut. Akhirnya, jenis rawatan 3 mengkaji kesan kepekatan NaOH yang
malar dengan rawatan kimia tambahan pada gentian buluh. Untuk mengkaji morfologi
gentian, sliver, dan yarn, Pengimbasan Mikroskop Elektron (SEM) digunakan. Proses
penghasilan yarn dengan 50% komposisi buluh yang dirawat dan 50% komposisi
kapas melibatkan beberapa langkah, termasuk pembukaan, carding, pintalan rotor,
dan ring. Gentian yang terbaik untuk penghasilan yarn adalah gentian rawatan 3,
dengan kehalusan 11.2 tex dan ketegangan 12.6 cN/tex menghasilkan yarn campuran
buluh-kapas yang boleh dipintal. Yarn ring buluh-kapas menunjukkan prestasi terbaik
kerana ia menghasilkan kekuatan regangan, modulus Young, dan ketegangan yang
lebih tinggi iaitu 58.77 MPa, 8.51 MPa, dan 3.66 cN/tex, berbanding dengan yarn rotor.
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CHAPTER 1

INTRODUCTION

1.1  Research background

Owing to growing environmental concerns and the depletion of non-renewable
resources, researchers are striving to replace traditional non-renewable materials with
sustainable eco-friendly materials that can be recycled or biodegradable (Sakthivel et
al., 2021). Every part of the textile industry, from fibre cultivation and manufacturing
to transportation and life cycle assessment is concerned with long-term viability and
environmental responsibility (Aishwariya, 2018). The investigation of various natural
fibres as possible substitutes for artificial fibres has been carried out in depth to meet
the criteria of economic, environmentally beneficial, and renewable natural resource
use (Tong et al., 2018). Recently, attempts have been made to produce textile fibre
from bamboo (Kaur et al., 2019; Rocky & Thompson, 2020; Wu et al., 2021).

In the textile industry, the market for natural bamboo fibres extracted directly
from bamboo through the degumming process (retting), has escalated due to its
excellent properties such as biodegradability, antibacterial functions, and anti-odour
(Chauhan et al., 2013). Currently, three main bamboo fibre extraction methods are
used, namely mechanical extraction, chemical extraction, and combined chemical and
mechanical extraction (Rocky & Thompson, 2018; Shinde et al., 2018). Regenerated
cellulose fibres, such as tencel lyocell, modal rayon, viscose rayon, and bamboo rayon,
are usually considered the most significant fibres in terms of textiles and the
environment (Basit et al., 2018). By far, the viscose process is predominantly used to
create fibres from bamboo but the properties of natural bamboo fibres in the bamboo

viscose products may have been lost. Viscose rayon produced from the bamboo has
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different characteristic from natural bamboo (Nayak & Mishra, 2016).Due the
presence of bamboo-kun and dendrocin, mechanically processed bamboo fibres are
known to be resistant to pest and fungal infections. However, fibres obtained from
regenerated cellulose of bamboo plant fail to retain them (Zhang et al., 2015).

Bamboo textiles have not yet achieved their full potential and cleaner
production processes are emerging. The quality of textile material is determined by the
characteristics of the raw material, for example its chemical structure and construction
as well as its physical properties (Sajn & Zupin, 2017). For centuries, the construction
industry has benefited primarily from the use of bamboo. However, in recent years,
various sectors, such as textile, pulp and paper, medicinal, arts and design, aerospace,
and food and beverage, have begun to explore and utilise all aspects of the bamboo
plant (Akinlabi et al., 2017).

Twisting is the main method of binding fibres together to produce yarn and
increase its tensile strength (Shuvo, 2020). When it comes to the textile industry, ring
spinning machines are used to twist staple fibres into yarn (spun yarn) while also
winding it into bobbins for storage. Ring spinning is the earliest modern spinning
methods (Majumdar, 2013). Spun yarns can be made from a single type of fibre or
from a combination of different types of fibres. In the textile industry, it is quite
popular to combine synthetic fibres (which may have high strength, lustre, and fire-
retardant features) with natural fibres (which have excellent water absorption and skin-
comforting qualities). Cotton-polyester and wool-acrylic fibre mixes are the most
extensively utilised fibre combinations (Qin, 2016). Fibre characteristics must be
evaluated in a certain order of importance with respect to the product and the spinning
process.

To determine the spinnability of textile material, the fineness, length, and
tenacity of the fibres are essential for considerations (Jais et al., 2020). Rocky &
Thompson (2020) demonstrated that natural bamboo fibres produced by chemical
treatment were homogeneous, fine, and spinnable when combined with a cotton blend.
The lignin component in the bamboo gives it its rigidity and yellow colour. Since
lignin is resistant to a variety of alkalis, different treatments will not be able to remove
all lignin content (Shinde et al., 2018). Natural bamboo fibre may be used for textile
applications, particularly spinning. However, it is important to pay close attention to
the structure and properties of bamboo (Malaysian species) as well as the extraction

procedure used to obtain finer fibres before utilising them. Efficient treatment of
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bamboo fibre properties will be beneficial in the production of spinnable blend yarn of
bamboo and cotton fibres. Thus, the primary aim of this research is to explore the
development of treated bamboo/cotton yarns and evaluate the properties of the

produced yarns.

1.2 Problem statement

The average number of fibres in the cross-section of the yarn greatly influences its
uniformity. Hence, the finer the fibres, the more uniform the yarn for a particular yarn
count, and the finer the count that can be spun for a given number of fibres in the yarn
cross-section (Azeem et al., 2019). Fineness is considered as the dominant factor in
determining the limiting count which could be spun from a given quality of cotton.
Thus, it is necessary to investigate the possibility of utilising coarse fibre to produce
yarn with better productivity. The nature of natural bamboo fibres is coarse and stiff
which limits their use in the textile industry, where fine and soft fibres are highly
valued (Prakash, 2020). Compared to other natural fibres, bamboo fibres have a
significantly higher chemical composition. He et al. (2021) inferred that bamboo fibres
with high lignin content are rough and stiff, and do not meet the requirements of textile
fibres, thus lignin removal is required to improve bamboo fibre properties.

Lignocellulosic fibres, such as like jute and banana, have been treated with eco-
friendly biocatalysts followed by bleaching with hydrogen peroxide for fibre surface
modification (Chattopadhyay et al., 2020). Researchers have also developed several
eco-friendly processes for extracting bamboo fibres without the use of harsh chemicals,
such as NaOH and NaS, although not all of them produce fibres suitable for yarn
(Rocky & Thompson, 2018). Mechanical extraction and chemical treatment of fibres
as part of the fibre modification process can be performed to break the molecular
structure or diminish certain chemicals in the microfibrils that impart toughness to the
fibre (Rocky & Thompson, 2018; Zimniewska, 2022).

Individual bamboo fibres are much shorter in length when they are divided into
their individual fibres, although they appear to be continuous in the bamboo culms
between nodes (Rocky & Thompson, 2018). Short bamboo fibres are normally not
spinnable owing to the abundance of shorter fibres in the wick leaving the fibre bundle
due to reduced spinning triangle and do not twist into the yarn, but instead protrude
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from the yarn. Therefore, bundles of fibres have longer lengths and could be cut into
staple lengths to minimise length variations (He et al., 2021). Studies reported that the
short-staple spinning technique allows a maximum fibre length of 70 mm in the
drafting zone of the ring frame and speed frame (Chattopadhyay et al., 2020). The
appropriate length of short staple fibres as an input is to ensure that the fibre length
variation can be minimised in the preparatory stage and can be processed in the
drafting zone to a certain specified length (Chattopadhyay et al., 2020). Blending low-
spinnability fibres with cotton fibre for spinning is a standard approach for producing
good-quality yarns for apparel applications (Abdullah et al., 2020). The blending of
fibres helps utilise the unique properties of individual fibres and produce yarn with
superior characteristics (Chattopadhyay et al., 2020).

Natural bamboo fibre and regenerated (viscose) bamboo fibre are two types of
textile bamboo fibre. The viscose technique is primarily utilised to produce bamboo
fibres. However, the quality of natural bamboo fibres has been lost in the process,
resulting in bamboo viscose products that lack the characteristics of genuine bamboo
fibres (Ali et al., 2021). Meanwhile, more environmentally friendly manufacturing
methods are being used. To preserve the natural quality of bamboo fibres, it is crucial
to explore a mechanical process combined with chemical treatment to achieve a
satisfactory level of fibre extraction. A comparative study of chemical treatment
conditions for the development of viable natural bamboo fibres in the textile industry
is important. It is required to determine the potential of treated bamboo fibre properties
to produce blended yarn via ring and rotor spinning techniques.

1.3  Research objectives

This study embarks the following objectives:

i.  To analyse the physical and tensile properties of bamboo fibres subjected to
different chemical treatment conditions.
ii.  To produce treated bamboo/cotton blended yarn using ring and rotor spinning
techniques.
iii. To evaluate the physical and tensile properties of treated bamboo/cotton

blended yarns produced via ring and rotor spinning techniques.



1.4

Research scope

The scope of this study includes:

Vi.

Vii.

viii.

Bamboo species are supplied by Hangterra Bamboo Sdn. Bhd.

A single species, Schizostachyum grande (buluh semeliang), was investigated
in this study. The fibres are randomly extracted from the top, middle, and
bottom of each bamboo culm section.

The decorticator machine is used as the mechanical fibre extraction method for
bamboo.

The extracted bamboo fibres are hand-combed with a hackling tool to remove
short fibres, impurities, and neps, and to parallelise the fibres.

Three types of chemical treatments are conducted on bamboo fibres. In the first
treatment, treated bamboo fibres are treated at 4 and 8 wt.% NaOH
concentrations for soaking times of 6, 12, 18, and 24 hours. The second
treatment involves bamboo fibres treated with 20% and 25% NaOH
concentrations for 2 hours and soaked in commercial softener. In the third
treatment, the fibres are treated at 10% NaOH concentrations for 24 hours and
then soaked in 10% CH3COOH for 24 hours. After that, the fibres are soaked
in 3% NaOCI for 15 minutes, followed by soaking in 5% H2O for 15 minutes,
washing and neutralising in 10% MgCl2 for 24 hours. All treated fibres are
dried at room temperature. Evaluation of treated fibre includes morphology
(SEM), diameter (ASTM D2130-90), fineness (ASTM D1577) and tensile
properties (ASTM C1557-14).

Weight ratio of 50:50 treated bamboo/cotton blended sliver were formed.

The sliver is produced using a carding machine. The main cylinder speed,
doffer speed, output speed, and input speed are all maintained at 327.6 rpm,
1.69 rpm, 1.03 m/min, and 0.03 m/min, respectively.

Physical properties analysis of sliver includes morphology (SEM), fineness,
and evenness.

Treated bamboo/cotton ring-spun yarn is produced using a ring spinning
machine. The electronic settings remain constant at 5,600 rpm spindle speed,
900 twists per metre, 8 total draft, and Z twist. Treated bamboo/cotton rotor-

spun yarn is produced using a rotor spinning machine. The electronic settings
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remain constant at 40 mm rotor diameter, 56,134 rpm rotor speed, 3,614 rpm
opening roller speeds, and delivery speeds of 56.5 m/min.

The physical and tensile properties of yarn are investigated.

Physical properties analysis of yarn includes morphology (SEM), diameter
(ASTM D2130-90), and fineness (ASTM 1907).

Tensile properties are determined according to ASTM D2256 for breaking
strength, elongation, Young’s modulus, stress strain and tenacity.

The research was conducted at three different locations: the Faculty of
Engineering Technology, Bamboo Research Centre, Universiti Tun Hussein
Onn Malaysia, Pagoh, Johor; the Faculty of Applied Sciences, Textile
Research Centre, Universiti Teknologi MARA, Shah Alam, Selangor; and the

Pineapple Waste Production Centre in Pekan Nanas, Pontian, Johor.

Significance of study

This study contributes to a better understanding of the response of treated

bamboo/cotton blended yarn. The following is a summary of those contributions that

align with the results discussed in Chapter 4. The study will have a significant impact

on academics, community, industry, and government.

Academic

Yarn made from a combination of bamboo and cotton fibres is acceptable as a
means of diversifying bamboo. It also introduces new value-added textile yarns
and an effective means to reduce dependence on cotton and viscose bamboo
usage. Cotton and bamboo fibres have distinct properties in terms of diameter,
fineness, softness, and strength for blending. This study proposed the
utilisation of mechanical and chemical methods as effective bamboo fibre
extraction methods for suitable blending. It is envisaged that this combined
approach and its impact on changes in fibre properties and fibre separation in
bamboo fibres may help in improving the understanding of the influence of
fibre properties on yarn properties. The purpose is for the selection of fibre
fineness and strength to produce spinnable yarns. If the factors that can largely
influence yarn quality, such as length distribution, fineness, and strength, can
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be effectively controlled, the result of the yarn unevenness test will be affected.
The properties of sliver and their impact on the properties of yarn spun on
different spinning techniques, such as fineness and evenness, are also
important parameters. It has been found that the influence on spinning
performance and yarn quality depends on the spinning technique used. Ring
spinning is more positive for performance and yarn quality than rotor spinning.
The findings of this study could assist researchers to further investigate ways
to develop bamboo fibres and maintain machine parameters for a compatible

blending to produce good-quality yarn.

Community

An increase in bamboo cultivation will provide an opportunity for income-
generating activities for rural residents as well as creating employment for
small and medium-sized businesses. This will encourage the realisation of
smallholders to grow their plantation to meet their financial demands. Fashion
and designers can offer and market their eco-friendly and sustainable wardrobe
alternatives, and also meet the increasing expectations of sustainable fashion-
conscious customers. Consumers have evolved over time and become more
educated about materials and production processes, which has prompted their
desire to make socially responsible choices while upgrading their wardrobes
with a value tag. In fact, international brands are increasingly focused on the
most ethical and transparent approaches, considering the environment and

customers.

Industry

This research will contribute to five major thrusts in the Bamboo Industry
Development Action Plan 2021-2030 drafted by the Malaysian Timber
Industry Board, including policy strengthening, broadening raw material
sources; expanding human resources, knowledge, and capacity; boosting
innovation, technology, research, development, and commercialisation;
improving supply chain and quality assurance; and bolstering the bamboo
industry's marketing strategy and smart sharing. Natural bamboo/cotton blend
yarns are scarce in the market. Successful commercial cultivation of local

bamboo as a natural raw material in the industry adds value to fibre producers
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and the textile sector, with sustainability as the goal for process improvement.
It can also minimise the Malaysian high cost of importing textile fibres such as
cotton and man-made fibre. In addition, Malaysia’s bamboo demand has
continued to expand over the years, and with proper strategy, the industry's
potential to value-added goods with higher prices for export. The traditional
manufacturing industry, to original design and brand manufacturing in

developing effective bamboo fibres production promote economic growth.

Government

Although the global market for bamboo goods was worth at around US$68
billion (RM288.2 billion) in 2018, Malaysia's economic contribution to the
global bamboo market remained minimal, at around RM9 million. With proper
government input in policy measures, accomplishment in business would
provide huge earnings to the Malaysian government by increasing the export
of bamboo products. In fact, it has the potential to be a very resourceful
material in Malaysia, which significantly helps to mitigate the negative effects
of soil erosion, combat climate change, protect biodiversity, and promote

sustainable construction development.



REFERENCES

Abdan, K., Alias, A. H., Wahab, M. S., Saiman, M. P., Md. Tahir, P., & Salit, M. S.
(2018). Evaluation of Kenaf Yarn Properties as Affected by Different Linear
Densities for Woven Fabric Laminated Composite Production. Sains Malaysiana,
47(8), pp. 1853-1860.

Abdullah, S. A. S., Zuhudi, N. Z. M., Mohd Aris, K. D., Roslan, M. N., & Isa, M. D.
(2020). Influence of yarn parameters on cotton/kenaf blended yarn characteristics.
Journal of Mechanical Engineering and Sciences, 14(4), pp. 7622—7627.

Ahmed, S., & Mahmud, S. (2015). Comparative Study on Ring , Rotor and Air-Jet
Spun Yarn. European Scientific Journal, 11(2), pp. 411-424.

Aishwariya. (2018). Waste Management Technologies in Textile Industry. Innovative
Energy & Research, 07(03), pp. 7-9.

Akinlabi, E. T., Anane-Fenin, K., & Akwada, D. R. (2017). Bamboo. Springer

International Publishing.

Alagirusamy, R., & Das, A. (2015). Conversion of Fibre to Yarn. In Textiles and
Fashion (pp. 159-189). Elsevier.

Ali, M., Mahmood, A. H., Hussain, S., & Ahmed, F. (2021). An Investigation into the
Antibacterial Properties of Bamboo/Cotton Blended Fabric and Potential
Limitations of the Test Method AATCC 147. Journal of Natural Fibers, 18(1),
pp. 51-58.

Arsyad, M., Kondo, Y., Arman, Anzarih, A. M., & Wahyuni, N. (2019). Effect of
sodium hydroxide concentration on the tensile strength of coconut fiber. Journal
of Physics: Conference Series, 1341(5), pp. 052001.



95

Aruchamy, K., Subramani, S. P., Palaniappan, S. K., Pal, S. K., Mylsamy, B., &
Chinnasamy, V. (2020). Effect of Blend Ratio on the Thermal Comfort
Characteristics of Cotton/Bamboo Blended Fabrics. Journal of Natural Fibers,
00(00), pp. 1-10.

Asada, T., Ishihara, S., Yamane, T., Toba, A., Yamada, A., & Oikawa, K. (2002).
Science of bamboo charcoal: Study on carbonizing temperature of bamboo
charcoal and removal capability of harmful gases. Journal of Health Science,
48(6), pp. 473-479.

Azeem, F., Mao, N., & Faisal, S. (2019). Effect of alkali treatment of lower
concentrations on the structure and tensile properties of Pakistan’s coarse cotton

fibre. Journal of the Textile Institute, 110(10), pp. 1499-1507.

Balakrishnan, S., Wickramasinghe, G. L. D., & Wijayapala, U. S. (2019). Investigation
on improving banana fiber fineness for textile application. Textile Research
Journal, 89(21-22), pp. 4398-4409.

Basit, A., Latif, W., Baig, S. A., & Afzal, A. (2018). The Mechanical and Comfort
Properties of Sustainable Blended Fabrics of Bamboo With Cotton and
Regenerated Fibers. Clothing and Textiles Research Journal, 36(4), pp. 267-280.

Behera, S., Prasad, D.N., & Kumar, S. (2018). Study of Mechanical Properties of
Bamboo fibers before and after Alkali Treatment. International Journal of
Applied Engineering Research, 13(7), pp. 5251-5255.

Behery, H. M. (2010). Yarn structural requirements for knitted and woven fabrics. In
Advances in Yarn Spinning Technology. Woodhead Publishing Limited.

Bhatia, D., & Sinha, S. K. (2020). Optimization of Structurally Modified
Wool/Polyester Blended Yarns Using Desirability Function. Journal of The
Institution of Engineers (India): Series E, 101(2), pp. 115-124.

Bhonde, D., Nagarnaik, P. B., Parbat, D. K., & Waghe, U. P. (2014). Physical and
Mechanical Properties of Bamboo (Dendrocalmus Strictus). International
Journal of Scientific & Engineering Research.

Bhuyan, S., & Gogoi, N. (2020). Natural Fibers: Innovative Sustainable and Eco-

Friendly. International Journal of Current Microbiology and Applied Sciences,



96
9(7), pp. 1004-1011.

Bunsell, A. R., & Schwartz, P. (2017). Fiber test methods. In Comprehensive
Composite Materials Il (Vol. 7). Elsevier Ltd.

Chattopadhyay, D., Chakraborty, A., & Chatterjee, S. M. (2020). Fiber Length of Eri
Silk Cocoons and Influence of Staple Cutting during Spinning Preparatory

Process. Journal of Natural Fibers, 00(00), pp. 1-15.

Chattopadhyay, S. N., Pan, N. C., Roy, A. N., & Samanta, K. K. (2020). Pretreatment
of jute and banana fibre—its effect on blended yarn and fabric. Journal of Natural
Fibers, 17(1), pp. 75-83.

Chauhan, A., Chauhan, P., & Mittu, B. (2013). Journal of Textile Science &
Engineering. 3(1), pp. 8064.

Chen, C., Li, H., Dauletbek, A., Shen, F., Hui, D., Gaff, M., Lorenzo, R., Corbi, I.,
Corbi, O., & Ashraf, M. (2022). Properties and Applications of Bamboo Fiber—A
Current-State-of-the Art. Journal of Renewable Materials, 10(3), pp. 605-624.

Chen, Hong, Yu, Y., Zhong, T., Wu, Y., Li, Y., Wu, Z., & Fei, B. (2017). Effect of
alkali treatment on microstructure and mechanical properties of individual
bamboo fibers. Cellulose, 24(1), pp. 333-347.

Chen, Hong, Zhang, W., Wang, X., Wang, H., Wu, Y., Zhong, T., & Fei, B. (2018).
Effect of alkali treatment on wettability and thermal stability of individual
bamboo fibers. Journal of Wood Science, 64(4), pp. 398—405.

Chen, Hongzhang. (2014). Biotechnology of Lignocellulose. In Biotechnology of

Lignocellulose: Theory and Practice. Springer Netherlands.

Chidambaram, P., & Govindan, R. (2012). Influence of Blend Ratio on Thermal
Properties of Bamboo / Cotton Blended Woven Fabrics. 6(2), pp. 49-55.

Das, M., & Chakraborty, D. (2007). Evaluation of Improvement of Physical and
Mechanical Properties of Bamboo Fibers Due to Alkali Treatment. Journal of
Applied Polymer Science, 107(1), pp. 522-527.

Dessalegn, Y., Singh, B., Vuure, A. W. va., Badruddin, I. A., Beri, H., Hussien, M.,
Ahmed, G. M. S., & Hossain, N. (2022). Investigation of Bamboo Fibrous Tensile



97
Strength Using Modified Weibull Distribution. Materials, 15(14), pp. 1-14.

Ebissa, D. T., Tesfaye, T., Worku, D., & Wood, D. (2022). Characterization and
optimization of alkali-treated yushania alpina bamboo fiber properties: case study

of ethiopia species. SN Applied Sciences, 4(3).

Elhawary, 1. A. (2015). Chapter 9 - Fibre to Yarn: Staple-Yarn Spinning A2 - Sinclair,
Rose. In Textiles and Fashion. Elsevier Ltd.

Elmogahzy, Y. E. (2020). Yarns. In Engineering Textiles (Engineerin, pp. 223-248).

Elsevier.

Faiizin, N., Aziz, A., Ibrahim, A., Ahmad, Z., & Dahan, R. M. (2013). Effect of Fiber
Treatment on the Fiber Strength of Kenaf Bast Fiber as Reinforcing Material in
Polymer Composite. 795, pp. 360-366.

Ghosh, A., & Mal, P. (2019). Testing of Fibres, Yarns and Fabrics and Their Recent
Developments. In Fibres to Smart Textiles (Issue August, pp. 221-256). CRC

Press.

Gorjanc, D. S., & Suki¢, N. (2020). Determination of optimum twist equation for the
long staple combed cotton ring-spun yarn. Fibers, 8(9), pp. 1-17.

Grishanov, S. (2011). Structure and properties of textile materials. In Handbook of
Textile and Industrial Dyeing: Principles, Processes and Types of Dyes (Vol. 1).
Woodhead Publishing Limited.

Haghdan, S., Renneckar, S., & Smith, G. D. (2016). Sources of Lignin. In Lignin in
Polymer Composites (Issue 1, pp. 1-11). Elsevier.

Hardin, I. R., Wilson, S. S., Dhandapani, R., & Dhende, V. (2009). An assessment of
the validity of claims for “Bamboo” fibers. American Association of Textile

Chemists and Colorists International Conference 2009.

Hari, P. K. (2020). Types and properties of fibres and yarns used in weaving. In Woven
Textiles (2nd ed., pp. 3-34). Elsevier.

Hashim, M. Y., Amin, A. M., Marwah, O. M. F., Othman, M. H., Yunus, M. R. M., &
Chuan Huat, N. (2017). The effect of alkali treatment under various conditions

on physical properties of kenaf fiber. Journal of Physics: Conference Series,



98
914(1), pp. 012030.

Hashim, M. Y., Roslan, M. N., Mahzan Mohd Zin, S., & Ariffin, S. (2014). Impact of
alkali treatment conditions on kenaf fiber polyester composite tensile strength.
Applied Mechanics and Materials, 660, pp. 285-289.

Hayam, N. H. A., Ahmad, M. R., Ahmad, W. Y. W., Yahya, M. F., & Kadir, M. I. A.
(2014). Tensile Strength and Evenness of Kenaf/Polyester Blended Rotor-Spun
Yarn. In Proceedings of the International Colloquium in Textile Engineering,
Fashion, Apparel and Design 2014 (ICTEFAD 2014) (Vol. 2014, Issue Ictefad,
pp. 37-41). Springer Singapore.

He, Z., Xu, J., Tran, K. P., Thomassey, S., Zeng, X., & Yi, C. (2021). Modeling of
textile manufacturing processes using intelligent techniques: a review.
International Journal of Advanced Manufacturing Technology, 116(1-2), pp. 39—
67.

Hebel, D. E., Javadian, A., Heisel, F., Schlesier, K., Griebel, D., & Wielopolski, M.
(2014). Process-controlled optimization of the tensile strength of bamboo fiber

composites for structural applications. Composites Part B: Engineering.

Hulle, A., Kadole, P., & Katkar, P. (2015). Agave Americana leaf fibers. Fibers, 3(1),
pp. 64-75.

Ibrahim, M. I., Hassan, M. Z., Dolah, R., Yusoff, M. Z. M., & Salit, M. S. (2018).
Tensile behaviour for mercerization of single kenaf fiber. Malaysian Journal of
Fundamental and Applied Sciences, 14(4), pp. 437—439.

Igbal, M. I., & Al Mizan, R. (2021). The Effects of Culm Nodes on Bamboo Fiber
Properties. In Bamboo Fiber Composites (pp. 175-187). Springer Singapore.

Isa, S. S. M., Ramli, M. M., Hambali, N. A. M. A., Kasjoo, S. R., Isa, M. M., Nor, N.
I. M., Khalid, N., & Ahmad, N. (2016). Adsorption Properties and Potential
Applications of Bamboo Charcoal: A Review. MATEC Web of Conferences, 78,

pp. 2-8.
Islam, Z. (2019). Comparing Quality Parameters of Yarn Produced by Ring, Rotor,

and Compact Spinning System. European Scientific Journal ESJ, 15(3), pp. 461—
477.



99

Jais, F. N. M., Roslan, M. N., Nasir, S. H., Baharuddin, N., & Uyup, M. K. A. (2020).
Tensile properties of untreated bambusa vulgaris, gigantochloa levis gigantochloa
scortechinii, gigantochloa wrayi, and schizostachyum zollingeri bamboo fibers.
International Journal of Advanced Trends in Computer Science and Engineering,
9(1.4 Special Issue), pp. 314-319.

Jin, Q., Zhang, W., & Yao, W. (2018). Bamboo Conditions for Processing Bamboo
Fiber with Combing Method. IOP Conference Series: Materials Science and
Engineering, 381(1).

Jyothirmai, S. (2018). Bamboo — an Alternative for Ecofriendly Textiles. 2, pp. 1875—
1877.

Kaur, V., Chattopadhyay, D., Kaur, S., & Kaur, K. (2018). Study on the Performance
of Bamboo Fibre Modified with Different Concentrations of Sodium Hydroxide
and Chlorine Containing Agents. Journal of Textile Science & Engineering,
08(03).

Kaur, V., Chattopadhyay, D., Kaur, S., & Kaur, M. (2019). Fibrous raw material of
bamboo origin with improved fibrillation and spinnability. The Journal of The
Textile Institute, 110(6), pp. 832—837.

Keya, K. N., Kona, N. A, Koly, F. A,, Maraz, K. M., Islam, M. N., & Khan, R. A.
(2019). Natural fiber reinforced polymer composites: history, types, advantages,
and applications. Materials Engineering Research, 1(2), pp. 69-87.

Khair, F. A., Putra, A., Mohd Nor, M. J., Atigah, N., & Selamat, M. Z. (2014).
Preliminary Study on Bamboo as Sound Absorber. Applied Mechanics and
Materials, 554(November 2017), pp. 76-80.

Koizumi, T., Tsujiuchi, N., & Adachi, A. (2002). The development of sound absorbing
materials using natural bamboo fibers. WIT Transactions on The Built
Environment, 59, pp. 157-166.

Kolte, P., Gulhane, S., Patil, J., & Bathla, S. (2019). Effect of Spindle Speed of Ring
frame on yarn quality. Spinning Textile, 12(6), pp. 4-10.

Lam, N.Y. K., Zhang, M., Guo, H. F., Ho, C. P., & L1, L. (2017). Effect of fiber length
and blending method on the tensile properties of ring spun chitosan—cotton blend



100
yarns. Textile Research Journal, 87(2), pp. 244-257.

Le Gall, M., Davies, P., Martin, N., & Baley, C. (2018). Recommended flax fibre
density values for composite property predictions. Industrial Crops and Products,
114(April), pp. 52-58.

Lee, M. E. M., & Ockendon, H. (2006). The transfer of fibres in the carding machine.
Journal of Engineering Mathematics, 54(3), pp. 261-271.

Li, D. (Xuedong). (2020). Fundamental of fibers. In Cut Protective Textiles (pp. 59—
110). Elsevier.

Li, K., Wang, X., Wang, J., & Zhang, J. (2015). Benefits from additives and xylanase
during enzymatic hydrolysis of bamboo shoot and mature bamboo. Bioresource
Technology, 192, pp. 424-431.

Li, Y., & Dai, X. Q. (2006). Biomechanical Engineering of Textiles and Clothing. In
Y. Li & X.-Q. Dai (Eds.), Biomechanical Engineering of Textiles and Clothing.
CRC Press.

Li, Z., Chen, C., Mi, R., Gan, W., Dali, J., Jiao, M., Xie, H., Yao, Y., Xiao, S., & Hu,
L. (2020). A Strong, Tough, and Scalable Structural Material from Fast-Growing
Bamboo. Advanced Materials, 32(10), pp. 1-8.

Liese, W. (1985). Anatomy and properties of bamboo. Bamboo Workshop Hangzhou.

Liese, Walter. (2015). Bamboo. In Walter Liese & M. Kohl (Eds.), Bamboo: The plant

and its uses (\Vol. 10). Springer International Publishing.

Liu, D., Song, J., Anderson, D. P., Chang, P. R., & Hua, Y. (2012). Bamboo fiber and
its reinforced composites: Structure and properties. Cellulose, 19(5), pp. 1449-
1480.

Mahmood, A. (2020). Smart lean in ring spinning—a case study to improve
performance of yarn manufacturing process. Journal of the Textile Institute, 0(0),
pp. 1-16.

Majumdar, P. K. (2013). Process control in ring and rotor spinning. In Process Control
in Textile Manufacturing (pp. 191-224). Elsevier.

Mamun, R. Al, Repon, M. R., Islam, M. T., & Motaleb, K. Z. M. A. (2017). Promising



101

Effect of Processing Parameters on Yarn Properties in Rotor Spinning.
Manufacturing Science and Technology, 4(1), pp. 11-15.

Marques, G., Rencoret, J., Gutiérrez, A., & del Rio, J. C. (2014). Evaluation of the
Chemical Composition of Different Non-Woody Plant Fibers Used for Pulp and
Paper Manufacturing. The Open Agriculture Journal, 4(1), pp. 93-101.

Martijanti, M., Juwono, A. L., & Sutarno, S. (2020). Investigation of characteristics of
bamboo fiber for composite structures. IOP Conference Series: Materials Science
and Engineering, 850(1), pp. 012028.

Mathangadeera, R. W., Hequet, E. F., Kelly, B., Dever, J. K., & Kelly, C. M. (2020).
Importance of cotton fiber elongation in fiber processing. Industrial Crops and
Products, 147(February), pp. 112217.

Menon, V., & Rao, M. (2012). Trends in bioconversion of lignocellulose: Biofuels,
platform chemicals & biorefinery concept. Progress in Energy and Combustion
Science, 38(4), pp. 522-550.

Mittal, K. L., & Bahners, T. (2017). Textile Finishing: Recent Developments and
Future Trends. In Textile Finishing: Recent Developments and Future Trends.

Mohamed, A., Abdullah, N., Halis, R.,, & Wan Abd. Kadir, W. (2009). Early
performance trial of four Malaysian commercial bamboos in Shouthern

Peninsular Malaysia. Borneo Science.

Mokeramin, M., Roslan, M. N., Rashid, A. H. A., Nasir, S. H., & Halip, J. A. (2020).
Chemical effect on the mechanical properties of bamboo fiber for textile: A
review. International Journal of Advanced Trends in Computer Science and

Engineering, 9(1 Special Issue 4), pp. 353-359.

Moller, M., & Popescu, C. (2012). Natural Fibers. In Polymer Science: A
Comprehensive Reference, 10 Volume Set (Vol. 10). Elsevier B.V.

Morton, W. E., & Hearle, J. W. S. (2008). Physical Properties of Textile Fibres: Fourth
Edition. In Physical Properties of Textile Fibres: Fourth Edition.

Murthy, H. V. S. (2018). Introduction to Textile Fibres. In Introduction to Textile
Fibres. Woodhead Publishing India Limited.



102

Mwaikambo, L. Y., Ansell, M. P., Dufresne, A., Hughes, M., Hill, C., & Wild, P. M.
(2001). Review. Current international research into cellulosic fibres and

composites. Journal of Materials Science, 36, pp. 2107-2131.

Nagarajan, G., T, R., & S, B. (2019). An Analysis of Quality Characteristics of
Bamboo/Cotton Blended Yarns of Rotor and Ring Spun. International Research

Journal of Science and Technology, 1, pp. 31-34.

Nayak, L., & Mishra, S. P. (2016). Prospect of bamboo as a renewable textile fiber,
historical overview, labeling, controversies and regulation. Fashion and Textiles,
3(2).

Nechwatal, A., Mieck, K. P., & ReuBmann, T. (2003). Developments in the
characterization of natural fibre properties and in the use of natural fibres for

composites. Composites Science and Technology, 63(9), pp. 1273-1279.

Nirmal, U., Hashim, J., & Megat Ahmad, M. M. H. (2015). A review on tribological
performance of natural fibre polymeric composites. Tribology International, 83,
pp. 77-104.

Nisbet, R., Miner, G., & Yale, K. (2018). Numerical Prediction. Handbook of
Statistical Analysis and Data Mining Applications, pp. 187-213.

Okubo, K., Fujii, T., & Yamamoto, Y. (2004). Development of bamboo-based
polymer composites and their mechanical properties. Composites Part A: Applied

Science and Manufacturing.

Osman, S., Ahmad, M., Zakaria, M. N., Zakaria, A. M., Ibrahim, Z., Abu, F., Bahari,
S. A., & Wan Jaafar, W. N. R. (2022). Bamboo as future bio-industrial material:
Physical behaviour and bending strength of Malaysia’s Beting bamboo
(Gigantochloa levis). IOP Conference Series: Earth and Environmental Science,
951(1), pp. 012001.

Osorio, L., Trujillo, E., Van Vuure, A. W., & Verpoest, I. (2011). Morphological
aspects and mechanical properties of single bamboo fibers and flexural
characterization of bamboo/ epoxy composites. Journal of Reinforced Plastics
and Composites, 30(5), pp. 396-408.

Oxtoby, E. (1987). Spun Yarn Technology. Elsevier.



103

Phong, N. T., Fujii, T., Chuong, B., & Okubo, K. (2011). Study on How to Effectively
Extract Bamboo Fibers from Raw Bamboo and Wastewater Treatment. Journal
of Materials Science Research, 1(1), pp. 144-155.

Prakash, C. (2020). Bamboo fibre. In Handbook of Natural Fibres (Vol. 1, pp. 219—
229). Elsevier.

Puttegowda, M., Rangappa, S. M., Jawaid, M., Shivanna, P., Basavegowda, Y., & Saba,
N. (2018). Potential of natural/synthetic hybrid composites for aerospace

applications. In Sustainable Composites for Aerospace Applications. Elsevier Ltd.
Qin, Y. (2016). Medical Textile Materials. In Medical Textile Materials. Elsevier.

Ramakrishnan, G., Umapathy, P., & Prakash, C. (2015). Comfort properties of
bamboo/cotton blended knitted fabrics produced from rotor spun yarns. Journal
of the Textile Institute, 106(12), pp. 1371-1376.

Rao, K. M. M., & Rao, K. M. (2007). Extraction and tensile properties of natural fibers:
Vakka, date and bamboo. Composite Structures, 77(3), pp. 288-295.

Rashid, M. M., Motaleb, K. A., & Khan, A. N. (2019). Effect of flat speed of carding
machine on the carded sliver and yarn quality. Journal of Engineered Fibers and
Fabrics, 14.

Ratna Prasad, A. V., & Mohana Rao, K. (2011). Mechanical properties of natural fibre
reinforced polyester composites: Jowar, sisal and bamboo. Materials & Design,
32(8-9), pp. 4658-4663.

Ren, W., Zhang, D., Wang, G., & Cheng, H. (2014). Mechanical and thermal
properties of bamboo pulp fiber reinforced polyethylene composites.

BioResources.

Repon, M. R., Mamun, R. Al, Reza, S., Kumer Das, M., & Islam, T. (2016). Effect of
Spinning Parameters on Thick, Thin Places and Neps of Rotor Spun Yarn.

Journal of Textile Science and Technology, 02(03), pp. 47-55.

Rocky, B. P. (2017). An experimental study toward eco-friendly bamboo fiber

extraction for textiles. pp. 1-135.

Rocky, B. P., & Thompson, A. J. (2018). Production of natural bamboo fibers-1:



104

experimental approaches to different processes and analyses. The Journal of The
Textile Institute, 109(10), pp. 1381-1391.

Rocky, B. P., & Thompson, A. J. (2020). Production and Modification of Natural
Bamboo Fibers from Four Bamboo Species, and Their Prospects in Textile
Manufacturing. Fibers and Polymers, 21(12), pp. 2740-2752.

Rusch, F., Wastowski, A. D., de Lira, T. S., Moreira, K. C. C. S. R., & de Moraes
Ldcio, D. (2023). Description of the component properties of species of bamboo:

a review. Biomass Conversion and Biorefinery, 13(3), pp. 2487-2495.

Rusli, N. W. M., Rashid, A. H. A., Ahmad, M. R., Roslan, M. N., Harun, D. M., &
Ismail, S. C. (2018). Evaluation of Kenaf / Polyester Fiber Blended Sliver
Produced from Carding Machine. 7, pp. 374-377.

Sadrmanesh, V., & Chen, Y. (2019). Bast fibres: structure, processing, properties, and
applications. International Materials Reviews, 64(7), pp. 381-406.

Sajn Gorjanc, D., & Zupin, Z. (2017). Responses of fabric from lyocell/natural bamboo
yarn to loading. Journal of the Textile Institute, 108(10), pp. 1707-1714.

Sakthivel, J. C., Sivaraman, S. S., Sathish, J., & Venkatesh, D. (2021). Extraction and
characterization of fibre from musa plant bract. Indian Journal of Fibre and
Textile Research, 46(2), pp. 191-194.

Salih, A. A., zulkifli, R., & Azhari, C. H. (2020a). Tensile Properties and
Microstructure of Alkali Treatment. Fibers, 8(26), pp. 1-10.

Salih, A. A., Zulkifli, R., & Azhari, C. H. (2020b). Tensile Properties of Single
Cellulosic Bamboo Fiber (Gigantochloa Scortechinii) Using Response Surface
Methodology. Journal of Natural Fibers, 00(00), pp. 1-10.

Sekerden, F. (2011). Investigation on the unevenness, tenacity and elongation
properties of bamboo/cotton blended yarns. Fibres and Textiles in Eastern
Europe, 86(3), pp. 26-29.

Sengupta, S., Debnath, S., Ghosh, P., & Mustafa, I. (2020). Development of
Unconventional Fabric from Banana (Musa Acuminata) Fibre for Industrial Uses.
Journal of Natural Fibers, 17(8), pp. 1212-1224.



105

Sfiligoj, M., Hribernik, S., Stana, K., & Kree, T. (2013). Plant Fibres for Textile and
Technical Applications. In Advances in Agrophysical Research. InTech.

Shao, S., Wen, G., & Jin, Z. (2008). Changes in chemical characteristics of bamboo
(Phyllostachys pubescens) components during steam explosion. Wood Science
and Technology, 42(6), pp. 439-451.

Shi, Z.-J., Xiao, L.-P., Jia-Deng, Xu, F., & Sun, R.-C. (2012). Physicochemical
characterization of lignin fractions sequentially isolated from bamboo
(Dendrocalamus brandisii) with hot water and alkaline ethanol solution. Journal
of Applied Polymer Science, 125(4), pp. 3290-3301.

Shinde, A., Veer, S., Shinde, T., Sagale, P., & Kamble, D. P. (2018). A Review on
extraction of bamboo fibers and banana fibers. International Journal of Recent

Trends in Engineering and Research, 4(5), pp. 7-12.

Shuvo, I. I. (2020). Fibre attributes and mapping the cultivar influence of different
industrial cellulosic crops (cotton, hemp, flax, and canola) on textile properties.

Bioresources and Bioprocessing, 7(1), pp. 1-28.

Siam, N. A., Uyup, M. A. K., Husain, H., & Mustafa, M. T. (2015). Selected properties
of Malaysian Bamboo Schizostachyum grande (buluh semeliang) and
Schizostachyum brachycladum (buluh lemang). The 7th International

Symposium of Indonesian Wood Research Society, November, pp. 8-15.

Siam, N. A., Uyup, M. K. A,, Husain, H., Mohmod, A. L., & Awalludin, M. F. (2019).
Anatomical, physical, and mechanical properties of thirteen Malaysian bamboo
species. BioResources, 14(2), pp. 3925-3943.

Singh, J. P., & Verma, S. (2017). Yarns for terry fabrics. Woven Terry Fabrics, pp.
29-37.

Sorieul, M., Dickson, A., Hill, S., & Pearson, H. (2016). Plant Fibre: Molecular
Structure and Biomechanical Properties, of a Complex Living Material,
Influencing Its Deconstruction towards a Biobased Composite. Materials, 9(8),
pp. 618.

Sowmya, R., Vasugi Raaja, N., & Prakash, C. (2017). Investigation of Relationship

Between Blend Ratio and Yarn Twist on Yarn Properties of Bamboo, Cotton,



106
Polyester, and its Blends. Journal of Natural Fibers, 14(2), pp. 228-238.

Soykeabkaew, N., Supaphol, P., & Rujiravanit, R. (2004). Preparation and
characterization of jute-and flax-reinforced starch-based composite foams.
Carbohydrate Polymers, 58(1), pp. 53-63.

Subash. S, Jones Retnam. B, S., & Raja Dhas. J, E. (2017). A Review on Extraction of
Bamboo Fibres and Its Properties. International Journal of Advanced Chemical
Science and Applications (IJACSA), 5(2), pp. 27.

Sugesty, S., Kardiansyah, T., & Hardiani, H. (2015). Bamboo as Raw Materials for
Dissolving Pulp with Environmental Friendly Technology for Rayon Fiber.
Procedia Chemistry, 17, pp. 194-199.

Tamanna, T. A., Belal, S. A., Shibly, M. A. H., & Khan, A. N. (2021). Characterization
of a new natural fiber extracted from Corypha taliera fruit. Scientific Reports,
11(1), pp. 1-13.

Thwe, M. M., & Liao, K. (2002). Effects of environmental aging on the mechanical
properties of bamboo-glass fiber reinforced polymer matrix hybrid composites.
Composites - Part A: Applied Science and Manufacturing.

Tong, F. S., Chin, S. C., Mustafa, M. T., Ong, H. R., Khan, M. M. R., Gimbun, J., &
Doh, S. I. (2018). Influence of Alkali Treatment on Physico-Chemical Properties
of Malaysian Bamboo Fiber: A Preliminary Study. Malaysian Journal of
Analytical Sciences, 22(1), pp. 143-150.

USDA. (2022). Cotton: world markets and trade. ATA Journal, 8(5), pp. 1-30.

Vinayagamoorthy, R. (2021). Influence of fibre pretreatments on characteristics of

green fabric materials. Polymers and Polymer Composites, 29(7), pp. 1039-1054.

Waite, M. (2009). Sustainable textiles: The role of bamboo and a comparison of
bamboo textile properties. Journal of Textile and Apparel, Technology and

Management, 6(2), pp. 1-21.

Wang, G., & Chen, F. (2017). Development of bamboo fiber-based composites.
Advanced High Strength Natural Fibre Composites in Construction, pp. 235-255.

Wang, L. (2010). Evaluation of Properties of Natural Bamboo Fiber for Application



107
in Summer Textiles. Journal of Fiber Bioengineering and Informatics.

Wang, W., Zhang, F., Xiao, Z., Geng, L., & Wu, J. (2019). Fiber diameter measuring
method of textile materials based on phase information. Journal of Physics:
Conference Series, 1187(3).

Wang, X., Ren, H., Zhang, B., Fei, B., & Burgert, 1. (2012). Cell wall structure and
formation of maturing fibres of moso bamboo (Phyllostachys pubescens) increase
buckling resistance. Journal of the Royal Society Interface.

Wilson, J. (2011). Fibres, yarns and fabrics: fundamental principles for the textile

designer. Textile Design, pp. 3-30.
Woodings, C. (2001). Regenerated cellulose fibres. In Regenerated cellulose fibres.

Wu, Y., Zheng, Y., Yang, F., & Yang, L. (2021). Preparation process and
characterization of mechanical properties of twisted bamboo spun fiber bundles.

Journal of Materials Research and Technology, 14, pp. 2131-2139.

Yanagisawa, M., Keynia, S., Belteton, S., Turner, J. A., & Szymanski, D. (2022). A
conserved cellular mechanism for cotton fibre diameter and length control. In
Silico Plants, 4(1), pp. 1-21.

Yang, X., Shang, L., Liu, X,, Yang, S., & Tian, G. (2017). Changes in bamboo fiber
subjected to different chemical treatments and freeze-drying as measured by

nanoindentation. Journal of Wood Science, 63(1), pp. 24-30.

Yang, X., Wang, K., Tian, G., Liu, X., & Yang, S. (2018). Evaluation of chemical
treatments to tensile properties of cellulosic bamboo fibers. European Journal of
Wood and Wood Products, 76(4), pp. 1303-1310.

Yeasmin, L., Ali, M. N., Gantait, S., & Chakraborty, S. (2015). Bamboo: an overview

on its genetic diversity and characterization. 3 Biotech, 5(1), pp. 1-11.

You, Z., & Li, D. (2014). Highly filled bamboo charcoal powder reinforced ultra-high
molecular weight polyethylene. Materials Letters, 122, pp. 121-124.

Yueping, W., Ge, W., Haitao, C., Genlin, T., Zheng, L., Feng, X. Q., Xiangqi, Z.,
Xiaojun, H., & Xushan, G. (2010). Structures of Bamboo Fiber for Textiles.
Textile Research Journal, 80(4), pp. 334-343.



108

Zakikhani, P., Zahari, R., Sultan, M. T. H., & Majid, D. L. (2014). Extraction and
preparation of bamboo fibre-reinforced composites. Materials and Design, 63, pp.
820-828.

Zhang, K., Wang, F., Liang, W., Wang, Z., Duan, Z., & Yang, B. (2018). Thermal and
Mechanical Properties of Bamboo Fiber Reinforced Epoxy Composites.
Polymers, 10(6), pp. 608.

Zhang, X., Wang, F., & Keer, L. (2015). Influence of Surface Modification on the
Microstructure and Thermo-Mechanical Properties of Bamboo Fibers. Materials,
8(10), pp. 6597-6608.

Zimniewska, M. (2022). Hemp Fibre Properties and Processing Target Textile: A
Review. Materials, 15(5), pp. 1901.



109

APPENDIX

LIST OF PUBLICATIONS

Anis Amirah Nor Anuwar, Najwa Wajihah Mohd Rusli, Azrin Hani Abdul
Rashid, Nazaruddin Mohd Nawi and Abdussalam Al-hakimi Mohd Tahir
(2020) Evaluation of Kenaf Fibre for The Development of Kenaf/Polyester
Hybrid Yarn, International Journal of Advanced Trends in Computer Science
and Engineering, World Academy of Research in Science and Engineering, 9,
295, ISSN:22783091

Anis Amirah Nor Anuwar, Azrin Hani Abdul Rashid, Abdussalam Al-hakimi
Mohd Tahir & Mohd Nazrul Roslan (2022) Bamboo as a Potential Textile
Fibre in Yarn Manufacturing, Bamboo: Perspective, Technology and
Application, UTHM, 22, ISBN:9789672817741

Anis Amirah Nor Anuwar, Azrin Hani Abdul Rashid, Suzi Salwah Jikan,
Mohd Nazrul Roslan, Abdussalam Al-hakimi Mohd Tahir, Nurul Husna
Zolkifflee & Fathee Aizat Mohd Razal (2022) The Effect of Alkaline
Treatment on The Fineness of Schizostachyum Grande Fibre for Textile
Applications, International Journal of Integrated Engineering, 14, 37,
ISSN:2229-838X



VITA

The author was born on August 3, 1995, in Kuala Terengganu, Malaysia. She attended
secondary school at Sekolah Menengah Kebangsaan Sultan Yahya Petra 1 in Kuala
Krai, Kelantan until 2012. Following her secondary education, she enrolled at
Universiti Teknologi Mara Kampus Kuala Pilah, Negeri Sembilan and graduated in
2017 with a Diploma in Textile Technology. She further pursued her degree at the
Universiti Tun Hussein Onn Malaysia, Muar, Johor, and graduated with the Bachelor

of Mechanical Engineering Technology (Textile Industry) in 2020.





