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ABSTRACT

In the present research work, cellulose fiber was isolated from cotton linter (CL) collected from local
textile mills of Kushtia district, Bangladesh. To remove dirt and impurities, CL was pre-treated with
NaOH and NaClO, Fiber was treated with a number of chemicals such as dicumyl peroxide (DCP),
acetic anhydride (AA) and acrylamide (AAm). The changes of cellulose molecules during the
chemical treatments were detected by FTIR spectra. The crystallinity index of pretreated and treated
fibers were measured from the peaks at 14.6 and 22.6 (26 angles) of WAXD curves. The proportion
of crystalline part was increased in case of treated cellulose fiber, which manifests significant
conversion of cellulose-I to cellulose-Il. A significant variation of thermal properties of pretreated and
treated fibers were also observed by TGA.
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1. INTRODUCTION

Cotton linter (CL) is an unwanted part of finished
fabrics that cannot be used in the textile process.
At present, it is considered as valuable raw
materials for cellulose based industry. It has
been used for making absorbent cotton, special
papers, cellulose nitrate, and acetate [1]. The
quantity of linter produced globally is around 2.5
million metric tons, allowing for the 42 million
metric tons of cotton linter produced in 2010 [2].
In Bangladesh, there are about 7000 textile
industries which produced a lot of cotton linter
every year. Some of them are used directly as
tattered clothes and sometimes found its
application in pillow or bed mattress making. In a
word, it has no value added application in
Bangladesh. Therefore, it is crying need to
accumulate such huge amount of by product and
find out profitable application.

Cotton and lignocelluloses fibers have been
beneficially used in composite industries [3-5]. As
like cotton and other lignocelluloses fiber, CL
fiber might be a potential source of cellulose in
the present investigation. This wastage CL has
been time honoured curiosity as the raw
materials for nano or micro structured cellulose.
Cellulose fiber reinforced polymer composites
have received much attention because of their
low density, nonabrasive, combustible, nontoxic,
low cost and biodegradable properties. Plenty of
researches have been performed all over the
world on the use of cellulose fibers as a
reinforcing material for the preparation of various
types of composites. Cellulose fibers are being
used as potential reinforcing materials because
of so many advantages such as abundantly
available, low weight, biodegradable, cheaper,
renewable, low abrasive nature, interesting
specific properties, since these are waste
biomass, and exhibit good mechanical properties
[6-8]. Yet, lack of good interfacial adhesion, low
thermal resistance, and water sensitivity make
the use of cellulose-fiber reinforced composites
less attractive [8-10]. Pretreatments of the
cellulose fibers can modify the fiber surface, such
as chemical functionalization stop the moisture
absorption process and increase the surface
roughness [11-13]. The fiber-matrix interface is
the diffusion or reaction zone, in which fiber and
matrix ~ phases are chemically and/or
mechanically combined. Interfacial adhesion
between fiber and matrix plays a predominant
part in characterizing the mechanical properties

of the composites. If there is a poor adhesion
across the phase boundary, then relatively weak
dispersion of force occurs and resulting poor
mechanical properties of the composite [14]. For
reinforcement of natural fiber in composites,
several problems occur along the interface due
to the presence of hydrophilic hydroxyl groups on
the fiber surface. Chemical treatments can
decrease the hydrophilic tendency as well as
expose more reactive groups on the fiber surface
and thus facilitate efficient coupling with the
matrix. Consequently better mechanical and
thermal properties of the composites can be
achieved [15].

The aim of this work is to proper processing of
cotton linter for potential application in composite
field. Owing to improve the wettability and
interlocking with hydrophilic or hydrophobic
matrix fibers were chemically treated with;
dicumyl peroxide (DCP), acetic anhydride (AA)
and acrylamide (AAm). The treated fibers were
characterized by FTIR, WAXD and TGA
measurement.

2. MATERIALS AND EXPERIMENTAL
METHODS

The cotton linter was collected from local Textile
Industries at Pabna, Bangladesh. All the
chemicals used in the present investigation were
analytical reagent grade purchased from Sigma
Aldrich.

2.1 Fiber Extraction from CL and Pre-
treatment

CL fiber was clarified by using several physical
methods and then washed to remove small
particles like as sand, mud and other dirt. The
dry CL fiber was immersed in 17% (w/v) sodium
hydroxide solution at room temperature for 3 h
with occasional stirring by glass rod where liquor
ratio was maintained at 1:50 (w/v). The alkali
treated CL fiber was washed several times
thoroughly by distilled water and neutralized with
very dilute acetic acid. The alkali treated fiber
was dried in an electric oven at 105C for 6 h
and stored in air tight bag. The fiber was then
treated with 1 wt% sodium chlorite solution for 90
min at 85-95C. The fiber-liquor ratio was
maintained at 1:50 (w/v). pH was controlled at 4
with buffer mixture (acetic acid-sodium acetate)
in the proportion of 1 ml of buffer solution for
every 10 ml of chlorite solution. After treatment,



bleached CLs were filtered over a sintered funnel
and washed thoroughly with distilled water and
then treated with 0.2% (w/v) sodium meta-bi-
sulphite (Na,S,0s) solution for 20 min with fiber-
liquor ratio 1:20 (w/v). The pretreated fiber was
fitered and washed thoroughly with distilled
water and finally dried in an electric oven.

2.2 Chemical Treatments of CL Fiber

In peroxide treatment, fibers were treated with
6% dicumyl peroxide (DCP) in acetone solution
for 30 min [16-18]. Saturated solution of the DCP
in acetone was used. Fiber was soaked in the
solution at 70C for 30 min. The DCP treated
fibers were washed with distilled water and
placed in an oven at 80<C for 24 h [19].

Acetylation treatment of CL fiber (1.5 gm) was
carried out in a mixture of 7.5 cm® of acetic
anhydride (AA) and 0.015 cm® of sulphuric acid
98 wt % (used as a catalyst) and vigorously
stirred. Acetylation was performed at 30C for 1
h. Sample was separated from suspension by
filtration, then washed several times with distilled
water and air dried at room temperature [4].

CL fiber was subjected to graft copolymerization
in aqueous solution of acrylamide (AAm) by
using Ce(1V) sulphate according to the procedure
described in the literature [20]. The 8 g CL fiber
was added to 200 ml distilled water in a 1-L flask.
0.28 mole AAm solution was prepared with
distiled water. Polymerization reaction was
carried out in a water bath at 60°C for 90 min in
presence of 0.005 mole/L of Ce(IV) sulphate. At
the end of the reaction, grafted CL fiber was
filtered and transferred into distilled water. After
mixing for a while, the washings were decanted.
This procedure was repeated 6 times and the
solid product transferred into methanol (100 ml)
and agitated with a glass rod for 5 min. Then the
methanol was decanted off and the graft polymer
was dried in oven at 60C for 3 h. The degree of
grafting approximately 16% was calculated by
weight gain for fiber.

2.3 Fiber Characterization

The FTIR spectra of the fiber samples were
recorded by Shimadzu FTIR 8400, Japan in the
ran?e of 500-4000 cm™ with a resolution of 4
cm™. The samples were ground into powder by a
fiber microtome and then blended with KBr
followed by pressing the mixture into ultra-thin
pellets. The pellets were prepared by mixing
approximately 0.5 mg of powder cotton and 100
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mg of dry KBr in small agate mortar pestle. For
better resolution 5 times scans were taken.

WAXD pattern of fibers were taken with
BRUKER D8 ADVANCE wide angle X-ray
diffractometer using Cu Ka radiation (a=0.154
nm), voltage of 50 KV and current of 40 mA with
20 ranges from 5 to 45° increased in step of
2%min. The data was analyzed by Origin 8
software. Crystallinity Index was calculated by
the following equation [21]:

Crystallinity Index (Crl%) = [(Intensity op-
Intensityaw)/ (Intensity oo2)] X100

The Thermal Gravimetric Analyzer (DTA6300)
was used to characterize the thermal stability of
the cellulose fiber samples. Just about 2 mg of
each sample was heated from 30 to 600C at a
heating rate of 10C/min. All of the
measurements were performed under a nitrogen
atmosphere with a gas flow of 20 ml/min in order
to prevent any thermo oxidative degradation.

3. RESULTS AND DISCUSSION

The morphological structures of pretreated and
treated (DCP treated, AA treated as well as AAm
treated) fibers have been studied by FTIR,
WAXD and TGA. The peaks found at FTIR
spectra of CL fibers are listed in Table 1. The
FTIR spectra of cellulose contain the typical
vibration bands of the components mainly
corresponding to lignocelluloses fiber. The
hydrophilic tendency of the cellulose and
different chemically treated cellulose samples is
reflected in the broad absorption band in the
3600-3000 cm™ region, which is related to the —
OH groups present in their main components. In
the 2000-1180 cm™ region, it is possible to
appreciate in fibers vibrations of chemical
components of the lignin at frequencies of 1534
cm™ for guaiacyl and 1448, 1392 and 1345 cm™
associated with syringyl. These absorptions are
consistent with those of the typical cellulose
backbone. Practically the same absorption peaks
as shown in the cellulose fibers were also
observed in the spectrum of different treated
fibers. This shown that the structure of cellulose
had not been damaged after the treatments. On
DCP treatment, the peroxide-induced grafting
onto the cellulose surface and the peroxide
initiated free radicals react with the hydroxyl
group of the cellulose, the hydroxyl group of
cellulose is oxidized to aldehyde (-CHO) or
carboxylic acid (-COOH) group thus gives the
identical peak at 1760 cm™.



Instead of the peak centered at 1610 cm™, the
FTIR spectrum of pre-treated and treated fibers
may be due to the C=0 bond of hemicellulose.
The intensity of the peak decreases from
cellulose to DCP treated, AA treated and AAm
treated fiber may be because of block of hydroxyl
groups of hemicellulose.
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Fig. 1. WAXD Spectra of a) pretreated and
b) DCP treated CL fibers

The crystallinity index (Crl%) of pretreated and
chemically treated CL fibers have been assessed
by X-ray diffractometry. From the Fig. 1, it is
evident that all kinds cellulose peaks near 26 =
14.6, 22.6°and 34.2° Peaks at 14.6° 22.6°and

34.0°relate to 001, 002 and 040 lattice planes of
cellulose | [22]. Compared with the pretreated
fiber, there is no crystalline transformation of the
crystalline structure in the treated samples due to
invisible changes in the diffraction angle (26).
From Table 2, it is also found that the Crl% of
DCP, AA and AAm treated fibers are increased.
It is also seen that the intensity ratio of 26
diffraction angle between 22.6 and 14.6° was
increased for chemical treatment of fiber. The
enhancement of crystallinity index by chemical
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treatments was also found in the previous study
[23].

The TG, DTA and DTG curves of the pretreated
and treated fibers (CL) are shown in Fig. 2. In all
the cases, initial weight loss at temperature
between 80 to 170C indicates removal of
moisture from the fiber. The weight loss below
350°C is negligible; above that temperature the
fibers begin to degrade fast and at 380°C, only
residual char is obtained due to loss of hydroxyl
groups and depolymerization of cellulose to
anhydroglucose units. The initial stage
decomposition of pretreated, DCP treated, AA
treated and AAm treated fiber are 2.5, 2.1, 4.3,
and 1.3% respectively. It evident that AA treated
fiber reduces more moisture than others. The
final decomposition of pretreated, DCP treated,
AA treated and AAm treated fiber 4.9, 6.3, 15.7
and 36.6% respectively and corresponding final
decomposition temperature are 553.5, 468.0,
450.1 and 510.3C. It has been observed from
above results that AA treated fiber enhanced the
thermal stability of CL fiber. The residual char left
at 550<C highest in the case of AAm treated fiber
and thereafter AA treated fiber (Table 3). Saha et
al. [20], explained that by reduced the
hemicellulose to a considerable extent, giving
rise to a lignin—cellulose complex, thereby
making the product more stable than the
pretreated sample, and this was reflected in the
increased amount of residual char. The treatment
on CL fiber decreased the weight loss during
pyrolysis, and enhanced the residual char
formation with a lowering in the formation of the
flammable volatiles, and thus concluded that the
thermal stability was decreased in the case of the
treated fibers. In the DTG curve of the pretreated
CL fiber, the peak | below at 64.8C was the
result of evaporation of moisture. The peak Il at
300.0° and peak IIl at 353.7C were caused by
hemicellulose and a-cellulose degradation,
respectively. In this case, moisture loss peak
shifted to a lower temperature. This tendency
toward releasing moisture at a lower temperature
might be caused by an increase in the surface
area of the split fibers (Fig. 2), facilitating easier
evaporation of moisture at a lower temperature.
The degradation peak of the a-cellulose and the
hemicelluloses shifted to higher temperatures in
all the treated fibers. The disappearance of
peaks for hemicellulose degradation observed for
DCP treated fiber, AA treated fiber and AAm
treated fiber. It may say that the degradation
temperature of hemicelluloses affected by DCP,
AA and AAm treatment of CL cellulose fiber. An
endothermic peak below 100C was observed,
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resulting from moisture loss. The exothermic 355-385C were caused by the hemicellulose
peak at 350-380C and the endothermic peak at  and a-cellulose decomposition respectively.

Table 1. Infrared band assignment for pretreated an  d chemically treated CL fibers

Peaks Characteristics present

3500 —OH bond stretching in cellulose

3000 C-H bond stretching present in cellulose

1760 C=0 group present in fatty acid

1610 C=0 bonds of hemicellulose

1597 Aromatic skeletal vibration and C=0 bond stretching present in lignin

1503 Aromatic skeletal vibration present in lignin

1465 C—H bond asymmetrical deformation of cellulose

1428 C=C bond aromatic ring of lignin

1372 C—H bond symmetrical deformation of cellulose

1345 C-0O bond stretching associated with syringil ring

1244 C-0 bond stretching of primary alcohol present in guaiacyl lignin, cellulose
and hemicellulose

1157 C-H bond stretching of cellulose

1116 C—H bond stretching of lignin

1059 C-0 bond of secondary alcohol

660 B—glycosidic linkages of glucose ring of cellulose

Table 2. Crystallinity index of pretreated, DCP tre  ated, acetic anhydride treated and AAm

treated CL fibers

Sample name

Full width of half maximum
of 20=22.6°peak

Peak ratio between the Crystallinity
peaks at 22.6 and 14.6 ° index (%)

Pretreated fiber
DCP treated fiber
AA treated fiber
AAm treated fiber

1.98 0.92 62
1.87 1.05 70
1.72 1.24 82
1.76 1.14 76

Table 3. Weight loss of CL fiber and chemically tre  ated CL fiber at various temperature

Sample name Wt. loss (%) at Wt. loss (%) at Wit. loss (%) at Residual char
30-210C 211-310C 311-600C content (%)
Pretreated fiber 3.1 19.5 51.9 7.6
DCP treated fiber 2.7 17.7 75.6 9.0
AA treated fiber 1.47 15.6 23 17.4
AAm treated fiber 1.6 24.7 67.0 38.1
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Fig. 2. TGA, DTA and DTG curves of a) pretreated an d b) AAm treated fibers



Table 4. TGA, DTA and DTG data of pretreated, DCP t
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reated, AA treated and AAm treated fibers

Sample name Temperature Initial Initial Maximum Maximum
of 50% wt. degradation degradation degradation degradation
loss () rate (mg/min)  temperature rate temperature

() (mg/min) ()

Pretreated fiber 352.2 0.031 64.8 0.519 353.7

DCP treated fiber 361.4 0.027 77.0 0.756 362.5

AA treated fiber 378.8 0.014 70.8 0.228 378.0

AAm treated fiber  350.0 0.016 80.1 0.670 358.7

4. CONCLUSION

The preliminary attempt of introducing cotton
linter fiber treatments showed very interesting
outcomes. The WAXD and TGA data indicated
the treated CL fibers have identical
characteristics and quite different to pretreated
CL cellulose fiber. Among the treated fibers,
acetylated fiber showed grater thermal stability,
lower moisture content and higher crystallinity
Index. Therefore acetylated fiber might be
potential filler of hydrophobic thermoplastic or
thermosetting Plastics. Our further work would
attempt to fabricate nanocomposite with
biodegradable polymer.
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