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ABSTRACT

The needs on sustainable fiber of bamboo for textile and
non-textile materials are never being doubt. The mechanical
properties of bamboo fibers are unique among their species.
Thus, this fiber requires a unique process to be implemented
in order to meet their application. Often, previous studies had
adopted various fiber extraction and treatment yet these
processing were affected their physical and mechanical
properties. Chemical treatments are often being applied onto
natural fibers such as bamboo in order to improve crucial
properties subjected to textile processing capability.
Specifically, the treatment partially removes the cellulosic
and non-cellulosic contents of the bamboo fiber bundle such
as hemicellulose, lignin and pectin. An appropriate
concentration of alkaline usage in treating bamboo fiber could
obtain the optimum mechanical and physical performance
along with the changes of its surface morphological. This
paper provides a brief review on the published reports
concerning on anatomical, chemical composition and
physical of bamboo. The effect of alkaline treatment on
bamboo fibers have been discussed and reviewed in terms of
their mechanical behavior and physical properties.

Key words: Chemical treatment; Bamboo fiber; Mechanical
properties; Textile.

1. INTRODUCTION

The utilization of natural fiber in textile material has never
ending over the years of studies. The revolution in the
plantation by adopting an advanced method i.e. 10T [1], [2]
also secures the natural fibre resources as textile materials.
Either to replace or reduce the consumption of synthetic fiber,
the increasing demands of this eco-friendly materials are the
ultimate reason besides the exceptional quality offered and
the environmental awareness. Common natural plant fibers
adopted in textile are bamboo, ramie, sisal, coir, cotton, flax,
pineapple, and jute. Among these fibers, bamboo is not been
commercialized in textile application.

Bamboo is an abundance plant commonly to be found in
South America, Middle East, and Asia. Table 1 shows several
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species with different genera that have been found in Asia
region [3]. Bamboo has become in-trend these days as
non-timber forest resources as it commonly utilized by rural
communities in shaping world needs especially for food,
medicinal uses, construction materials, and human crafts. To
date, bamboo is adopted on the non-traditional application
such as scaffolding structure, composite material, and textile.
Particularly, bamboo fiber is recognized to have unique
properties applicable to be manufactured into apparel
products as well as technical textile products [4], [5]. Bamboo
textile imposes inflated demand due to its aseptic nature,
decomposable, hygroscopic, softness and UV protection as
well as breathability, quick drying, good thermoregulatory,
high durability, supply maximum comfortability, stability and
tenacity to the wearer which were applied in the bedding
products, underwear, t-shirts, socks blankets and proven to
have softer qualities than cotton and silk [6], [7].

Widely reported that bamboo has variety of physical
properties over variety of species and genera family had been
found [8], [9]. Most of research studies conducted on fiber
properties concluded that bamboo has short length and fine
diameter approximately 2 to 4mm and 0.02mm respectively
[8], [10]. Particularly in market product, bamboo textile
embedded regenerated fiber in making yarn. Generally, this
process requires short fibers or pulp processing before
dissolve and extrude into filament yarn. However, this process
is not truly green, and the final product consider as
man-made. In order to extract a long fiber of bamboo or fiber
bundle, various methods could be found. Green processing
approaches were suggested similar process of flax fiber. This
approach implies mechanical method as well as chemical.
Chemical method is the easiest and fastest process yet affected
bamboo fiber bundle properties.

In-depth  knowledge is important to be understand
particularly on chemical processing of bamboo fiber bundle
structure. Therefore, this study is about a brief review on the
basis of anatomical, chemical composition and physical of
bamboo. In addition, the effects of chemical processing on
physical and mechanical properties of bamboo fibers
associated to green textile processing are reviewed. In the end
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of this review, surface morphological of bamboo are discussed
as well.

Table 1: Species, Genera and Forest area of bamboo plant in several
countries [3]

Country Species Genera Area (km?)
China 500 40 61,586
India 136 23 108,630
Myanmar 100 17 8,950
Thailand 60 13 8,100
Bangladesh 30 13 863
Cambodia 10 4 2,870
Vietnam 101 15 10,000
Malaysia 44 7 5,920
Philippines 55 12 1,560
Japan 230 13 1,413

2.BAMBOO SPECIES,
COMPOSITION AND
CHARACTERIZATION

ANATOMY, CHEMICAL
PHYSICAL FIBER

Bamboo plants belong in the grass family, Poaceae with its
taxonomically classified as Bambusoidea which could grew
over 30m in height only in a few months with the ability to
survive the harshest climate condition of frost and delicate
drought [11], [12]. Bamboo is categorized as perennial plants
which require no re-planting after cultivation and promotes
sustainability, regular culms harvesting as well as providing
stable wage for manufacturer with low plantation investments
besides eliminating the needs of pesticides nor chemical
fertilizers resulting in cost-effectiveness naturally organic
plant [13], [14]. Bamboo fibers aligned within the lignin
matrix in a tube-like, hollow internal shape in between nodes
[15] with the longitudinal, radial and tangential directions of
the plant as shown in Figure 1. Natural bamboo fiber
cultivated from its stem associated with vascular bundles
implanted in its parenchyma tissue as illustrated in Figure 2
when treated by chemical and mechanical means can have the
average length of 2.8 mm with average diameter of 20 um [7],

8], [
/ﬂ

Tangential direction

Internodes <------! o R
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Figure 1: Structure of bamboo [16]
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Figure 2: Bamboo plant anatomy [15]

Akinlabi et. al (2017) [6] reported chemical content of
cellulose, hemicellulose and lignin approximate 70%, 12%
and 10% respectively. Razak et. al (2013) [9] compared four
commercialized Malaysian bamboo associated to chemical
composition. The varies of bamboo species were found varies
significant chemical composition of holocelulose ranging
from 74% to 85% while in between of bamboo section nodes
and internodes presented varies values as well. In contrast on
Fengel & Shao (1984) [18] study, bamboo contained chemical
composition of 25% lignin, 25-30% hemicellulose and
40-45% cellulose in which nanograin cellulose structures
were revealed as the basic elements of bamboo fiber cell walls
[19]. Comparing between similar bast fibers jute and flax,
chemical composition of bamboo has similiarity between
them [17].

Table 2: Chemical composition of between natural bast fibers [17]

Chemical component (%) | Bamboo | Jute Flax
Adqueous extract content 3.16 3.06 5.74
Pectin content 0.37 1.72 1.81
Hemicellulose content 12.49 13.53 11.62
Lignin content 10.15 13.30 2.78
Cellulose content 73.83 68.39 78.05

In textile processing, spinning is the heart of vyarn
manufacturing. Spin ability of fiber rely on concern physical
properties such as strenght, fineness, crimp, uniformity etc.
As presented in Yueping et. al (2010) [17] study, bamboo
fiber met initial requirement to spin due to its size and tensile
strength as well as the high cellulose content after the alkali
treatment as shown in Table 2. This study compared three
different bast fibers; bamboo, jute and flax which was
revealed fiber bundle of bamboo has better spin ability
properties than jute yet lower properties of fineness than flax
as shown in Table 3.

Table 3: Comparison bast fibers physical properties [17]

Item Bamboo* Jute Flax
Fineness/tex 2.58 3.01 0.30
Length/mm 70-90 60-100 10-25

Strength/CN.dtex™ 4.8 4.60 478

*fiber bundle
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3. CHEMICAL TREATMENT FOR BAMBOO FIBER
PROPERTIES

Treatment on natural fiber is necessary in order to ensure the
fiber produced is homogeneous and ready to be spun into
textile products. Often, fiber treatments are divided into three
main categories namely mechanical, physical and combined
treatment. Chemical treatment is the most standard treatment
for natural fibers to help in improving their mechanical and
physical properties and to prepare the fiber to the next textile
processing with improved fiber quality with re-engineered
properties in order to compete with synthetic fiber for
spinning process [13], [20] .

Chemical treatment is a process where the fiber surface is
permanently modified by polymers grafting, bulking or
cross-linking within cell wall [21]. Chemical treatment can
be divided into acid and alkali treatment. Nitric acid is one of
the acidic solutions used in acidic treatment on fiber [22].
Alkaline treatment or also known as mercerization is the most
common treatment to be applied on natural fiber which helps
breaking down the fiber bundle into individual fibers by
immersing the fibers into a known concentration of
hydroxides include Potassium hydroxide (KOH) and sodium
hydroxide (NaOH) as its fundamental work resulting in the
changes in its chemical nature, increase in roughness
topography and degree of crystallinity by mechanism
interaction between hydroxyl group, natural fibers and NaOH
with water molecule as its excess product [23], [24]:

Fiber —OH+ NaOH —tber —- O'Na”+ H20 + impurities (1)

Bleaching treatment on the other hand was usually applied in
post-processing of alkaline treatment for removing lignin
content from partial lignin removal of prior alkaline
treatment [24]. In others application, Shuhimi et al., (2017)
[25] stated the effectiveness of chemical treatment on natural
fiber reinforced composite effected better wear performance,
reduced porosity as well as enhancing fiber-matrix interfacial
adhesion through improved adhesion, hydration and internal
curing process. In addition, its help eliminating impurities
and modified the surface morphology of fibers chemically
[26]. According to Roslan et al., (2018) [27], chemical
treatment helps to impose the hydrophobicity properties on
natural fiber by limiting the possibility of chemical
components such as cellulose, hemicellulose, lignin and wax
content from attracting the water molecule that might lead to
deprivation of mechanical properties of bamboo fiber.
Moreover the chemical treatment such as alkaline solution
Sodium Hydroxide (NaOH) on bamboo must be applied in
controlled concentration as fiber treated with excessive
alkaline concentration revealed to be deteriorated in strength
due to unnecessary removal of lignin and hemicellulose [28].
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4. MECHANICAL PERFORMANCE OF BAMBOO
FIBER

Tensile experiment is usually performed on bamboo fiber to
identify and analyse the mechanical performance [29]. Table
4 summarized on difference studies had been conducted
associated to chemicals used on bamboo fiber surface
treatment. As discussed previously, chemical treatment
processing consists of variable parameters such as
concentration, temperature and duration. These parameters
were affecting the physical and mechanical properties of
bamboo fiber.

Kaur et al., (2013) [20] found the alkaline treatment of aged 2
to 3 years bamboo with the concentration of 5%, 10%, 15%,
20% and 25% Na2S03 and 0.5% Lissapol D for 45 minutes
shows the minimum loss of lignin in bamboo fiber which
clearly reveals the reduction in non-cellulosic materials.

Osorio et al., (2011) [30] conducted a single fiber tensile
experiment on bamboo species Guadua angustifolia at four
different span lengths with manipulated alkali concentration
treatment of 0%, 1%, 3% and 5% NaOH for 20 minutes
revealed the optimum result of 800Mpa and Young’s modulus
value of 43 GPa for 3% NaOH treated bamboo fiber resulted
from waxes and lignin removals due to increased fiber
strength and stiffness which led to attenuation of frail
non-cellulosic materials. Hong et al., (2011) [31] explored the
effects of various alkali treatments (Nitric Acid and potassium
chloride, HNO3 + KCIO3; sodium hypochlorite, NaClO;
hydrogen peroxide and glacial acetic acid, H202 + HAC; and
sodium hydroxide, NaOH) on single bamboo fibers species
Neeeosinocalamus affinis has revealed that hydrogen
peroxide and glacial acetic acid, H202 + HAC has maximum
tensile strength of 1.78 GPa for ultrasonic untreated bamboo
fibers which followed by NaOH, HNO3 + KCIO3 and NaCIO
with respective 1.52 GPa, 1.32GPa and 1.30 GPa.

Chen et al., (2015) [32] manufactured different isolations of
single bamboo fiber treated by chemical and mechanical
means has discovered that chemically treated single bamboo
fiber with 30% of hydrogen peroxide, distrilled water, and
glacial acetic acid appeared to have stronger tensile strength
at 1.77GPa compared to 0.93GPa for mechanically treated
bamboo fiber. This was due to increase in fracture resistant by
aggregated cellulose fibrils connected with each other in
longitudinal direction during the cellulose degradation phase.
Wang and Chen (2016) [33] supported this statement by
confirming that single bamboo fiber treated with chemical
solution (sodium sulphite, Na2SO3) showed the highest
tensile strength and modulus of elasticity (MOE) at 1770MPa
following by mechanical separation, vascular bundle
mechanical separation, untreated bundle fiber and untreated
bamboo strip. This proposed that bamboo’s mechanical
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properties decreased as bamboo unit size increased due to
weak interfaces of bamboo fiber middle lamella and fiber
damaged by sample preparation and treatment.

A dedicated work by Yu et al., (2011) [34] was performed
mi-cro-tensile test on bamboo fiber chemically isolated with
hydrogen peroxide and glacial acetic acid revealed the tensile
strength of bamboo fibers at average value of 1.56GPa with
tensile elastic modulus at average of 33.03 GPa. This paper
correlated with paper by Wang and Chen (2016) [33] which
suggested that single bamboo fiber has higher tensile strength
than bamboo fiber bundles as bamboo fiber bundles would
reduce its loading capacity during tension application during
debonding of fibers resulting in weaker tensile strength.

In contrast, Shao et al., (2010) [35] investigated the tensile
strength of bamboo block and bamboo fiber bundle treated
with mixed solution of 10% hydrogen peroxide and 10%
glacial acetic acid at equal volume which displayed lower
tensile strength of bamboo fiber bundle at 482.2MPa which
was 18% less than bam-boo block due to its single tissue
inefficient to pass loads and dispense stress loaded on
vascular bundle unlike parenchymatous ground tissue
embedded bamboo block besides possible damage on fiber
bundles during separation process.

While, Yan, Chouw & Yuan (2012) [36] performed tensile
test on fiber single-strand yarns of different natural fibers
(flax, linen and bamboo) extracted from woven fabric before
immersing in 5%wt NaOH solution according to standard test
ASTM D2256. The result showed that the alkali treatment
has caused in reduction of tensile value at 46.8MPa compared
to untreated fiber at 67.5MPa might due to chemical reaction
with NaOH caused the fiber deterioration by changing the
cellulose chemical structure from crystalline cellulose | to
amorphous cellulose 11 as well as diminution of stress transfer
among fibrils. This was supported by a research by Chen et
al., (2017) [37] on the effect of sodium hydroxide solution,
NaOH at varying concentration of 6, 8, 10, 15 and 25% onto
individual bamboo fibers after immersing in 1:1; 30%
Hydrogen peroxide : glacial acetic acid solution which has
concluded that as the concentration of NaOH increased, the
tensile strength and elasticity modulus (MOE) of bamboo
fiber decreased but showed significant increase in the
elongation at break of the fibers by 232% and 221% at 15%
and 25% NaOH-treated bamboo fiber as compared to
untreated samples. This suggested the strong NaOH
treatment although caused in decline of tensile strength due to
the damage on bamboo fine fibers upon gradual hemicellulose
removal but transformed the fiber from brittleness into
ductility during phase-changing cellulose I into Il making it
fit for textile processing.
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Table 4: Chemical treatment on bamboo fibers associated to
different studies

Name of | Chemical (s) used | Concentration | Ref.
treatment
Alkali Sodium sulphite 5%, 10%, [20]
treatment (Na2S03) 15%, 20%,
25%
Lissapol D 0.5%
Alkali Sodium hydroxide 0%, 1%, 3%, [30]
treatment (NaOH) 5%
Alkali Nitric Acid and 65% HNO3 [31]
treatment | potassium chloride +5% KCIO3,
(HNO3 + KCIO3),
sodium hypochlorite
(NaClO), hydrogen
peroxide and glacial
acetic acid (H202 +
HAC), and sodium
hydroxide (NaOH)
Alkali Hydrogen 30% H202, 5 [32]
treatment | peroxide and glacial parts glacial
acetic acid acetic acid
Alkali Sodium sulphite - [33]
treatment (Na2S03)
Alkali Hydrogen - [34]
treatment | peroxide and glacial
acetic acid
Alkali Hydrogen 10% H202 : [35]
treatment | peroxide and glacial 10% glacial
acetic acid acetic acid
Alkali Sodium hydroxide 5% wt [36]
treatment (NaOH)
Alkali Sodium hydroxide | 6%, 8%, 10%, | [37]
treatment (NaOH) 15%, 25%

5. SURFACE MORPHOLOGY

Scanning Electron Microscopy (SEM) is commonly adapted
on the study of morphological state of natural fiber such as
bamboo fiber by analysing micro surfaces by means of
high-resolution image analysis [38]. Alkaline treatment was
usually applied to natural plant to remove its chemical
constituents such as lignin and hemicellulose which its effect
can also be evaluated from its surface morphology by Atomic
Force Microscopy (AFM) technique which was showing the
colour changes of the fiber due to breakdown of chemical
bond as illustrated in Figure 3 [7]. Wang and Chen (2016)
[33] confirmed the morphology of single bamboo fiber as a
fiber with concentric circles multi-layered wall structure
comprised of broad cell wall, small-scale lumen with some
pits and a small microfibril angle. According to Yu et al.,
(2011) [34], vascular bundles responsible for the mechanical
reinforcement are placed in the ground parenchyma matrix
and denser towards the outer layer of culm wall as shown in
Figure 4a and Figure 4b with the existing of stiff and strong
thick-walled fibers known as sclerenchyma fibers embedded
within the parenchyma tissue as revealed by the SEM
micrograph of bamboo fiber shown in Figure 4d and Figure 4c.
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Figure 3: Color changes on surface morphology of bamboo fiber
using AFM technique (a) Before and; (b) After alkaline treatment [7]

igure

bundles graded distributions; (b) vascular bundles implanted in

ground parenchymatous; (c) bamboo fibers; (d) parenchyma cells
[34]

Yan et al., (2012) [36] analyzed the microscopic vision of
bamboo fibers treated with 5%wt NaOH using Scanning
Electron Microscopy (SEM) has concluded that alkali
treatment led to the decreased of density and diameter of
single-strand yarns caused by fractional removal of linin,
hemicellulose, and surface impurities which displayed more
cleaner and rougher fiber surface as shown in Figure 5. Chen
et al., (2017) [35] agreed to the fact that sodium hydroxide
(NaOH) treatment changed the physical appearance of
bamboo fiber which was more distinct as the NaOH
concentration increased from 6%, 8%, 10%, 15% and 25% by
decreasing its diameter, lumen and cross sectional area due to
depletion of matrix and microfibrils aggregation besides
apparent disclosure of wrinkles and pores observed on its
surface area by the scanning electron microscopy (SEM).
Then, Chen et al., (2015) [30] analyzed the environmental
scanning electron microscopy (ESEM) on bamboo fiber
treated with a chemical solution of hydrogen peroxide and
glacial acetic acid, suggesting that chemical treatment was
superior to mechanical treatment due to the wider
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cross-sectional area of chemically treated bamboo fiber with
no fracture on its surface fibers compared to mechanically
treated bamboo fiber. Shao et al., (2010) [33] however
revealed the scanning electron microscopy (SEM)
micrograph of bamboo fiber treated with 10% hydrogen
peroxide and 10% glacial acetic acid when performing tensile
test showing the fracture behavior of the bamboo fiber in
which the fracture surface of sclerenchyma fibers as well as its
different layers of individual fibers were dense but rough as
shown in respective Figure 6a in Figure 6¢ explaining the low
tensile strength of the interface bond between individual
layers of fiber and bamboo fibers generally.

Figure 5: Surface morphology of bamboo fiber (a) Before and (b)
After alkali treatment [36]

Parenchymatous
rissue

Figure 6: Micrographs of the fracture surface of bamboo fibers on:
(a) Parenchymatous tissue and sclerenchyma fibers; (b)
parenchymatous tissue; (c) sclerenchyma fibers [35]
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6. CONCLUSIONS

This paper was intended to contribute in better understanding
of anatomical, physical and chemical composition besides the
effect of chemical treatment on the morphology and
mechanical properties of bamboo fiber. The following main
points can be remarked:

1. Bamboo are primarily composed of holocellulose,
lignin, and hemicellulose in which any chemical
alteration on the surface of fiber structure can disturb the
mechanical behaviour of bamboo fiber.

2. Alkaline treatment improves mechanical properties of
most bamboo fibers at optimal concentrations.

3. Although high concentration of alkali treatment
decreased the tensile strength of bamboo fibers but
increased the elongation at break transforming the fiber
from brittleness into ductility making the fiber more
attractive for textile applications.

4. Chemical treatment significantly improved the tensile
and surface morphology of bamboo fiber compared to
mechanical treatment

5. Most of single bamboo fiber has better tensile properties
compared to bamboo fiber in a bundle form.
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