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THERMAL STABILITY AND DEGRADATION KINETIC STUDY OF WHITE
AND COLORED COTTON FIBERS BY THERMOGRAVIMETRIC

ANALYSIS
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Thermal degradation behavior using thermogravimetry (TG), chemical composition and crystallinity by X-ray diffraction of white
and naturally colored cotton fibers (ruby, beige, brown and green) were studied. Flynn—Wall-Ozawa method was used to investi-
gate the thermal decomposition kinetics of the different fibers. The white cotton fiber has higher thermal stability and higher appar-
ent activation energy (£,) value compared to the colored fibers. There are no significant differences in initial temperature of degra-
dation in air or in nitrogen atmosphere for the same type of fiber. Chemical composition and crystallinity influenced the thermal

degradation behavior of the fibers studied.
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Introduction

Brazilian researchers have used genetic breeding of
cotton fibers in order to increase the production and to
develop new species more appropriate to Brazil’s soil
and climate. Furthermore, naturally colored cotton fi-
bers are considered potential eco-friendly materials
for textile industries because they avoid the use of
synthetic pigments which in general, contain toxic
chemicals such as heavy metals. In this context, some
species of colored cotton with different colors were
developed by Embrapa Algoddo (Paraiba, Brazil),
which was denominated according to their relative
colors as: ruby, beige, brown, green and ruby. Beside
the use of cotton fibers in textile industries, they have
potential for application as reinforcement to polymer
composites [1-3].

The understanding of the thermal behavior of
these fibers is very important since in general several
conventional techniques used in plastic processing in-
dustry, carried out at high temperature. In this work
thermal degradation behavior by thermogravimetry
(TG), chemical composition and crystallinity by
X-ray diffraction of white and four naturally colored
cotton fibers were studied.
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Experimental
Materials

Cotton fibers were supplied by Embrapa Algodao
(Campina Grande, PB, Brazil).

Chemical composition

The cotton fibers were chopped in a knife mill using a
sieve of 10 mesh and extracted by Soxhlet extraction
system using subsequently ethanol:hexane 1:1 (v/v) so-
lution and hot water at boiling temperature. The ex-
tracted samples were dried for 24 h at 60°C. The lignin
content of the fibers was determined by reaction with
sulfuric acid according to the standard methods of
TAPPI-T222 om-88. The holocellulose (cellulose+
hemicellulose) content was determined according to
TAPPI T19m-54. The a-cellulose was removed from
holocellulose (celluloset+hemicellulose) by alkaline
extraction [4]. The hemicellulose content was obtained
by subtracting the oa-cellulose part from the
holocellulose content. An average on three samples
was taken for all mentioned analyses.

Akadémiai Kiado, Budapest, Hungary
Springer, Dordrecht, The Netherlands



CORRADINI et al.

Methods

Thermogravimetry (TG)

The fibers were analysed using TG and derivative
thermogravimetry (DTG) using a TA Q500 instrument
(TA Instruments, New Castle, DE, USA). TG/DTG
curves of the cotton fibers were recorded in air and ni-
trogen atmospheres at 10°C min”' heating rates. For ki-
netic study the experiments were carried out in nitro-
gen atmosphere at 5, 10, 15 and 20°C min . All
measurements were performed at a flow rate of
60 mL min"' of purging gases, platinum crucible, sam-
ple mass around 5 mg.

X-ray diffraction (XRD)

Diffractograms were recorded using a Rigaku diffracto-
meter. Scattered radiation was detected in the 26=5-40°
range at a speed of 2° min . The extent of crystallinity
(1.) was estimated by means of Eq. (1) using the height
of the 200 peak (/pp0, 26=22.6°) and the minimum be-
tween the 200 and 110 peaks (I,m, 20=18°). Iy repre-
sents both crystalline and amorphous materials while 7,
represents the amorphous material.

Ic:(IZOO_]am/12OO)' 100% (1)

Results and discussion

Principal constituents (lignin, cellulose and hemi-
cellulose) of white and colored cotton fibers are pre-
sented in Table 1. It was observed that the colored
cotton fiber have higher lignin and hemicellulose con-

Table 1 Principal constituents of white and colored cotton fibers

tent than the white fiber; the green cotton fiber has
higher lignin content than the other fibers.

The TG/DTG curves under nitrogen and air at-
mospheres at 10°C min' for white cotton and colored
cotton fibers are shown in Fig. 1. A progressive mass
loss was observed from 50 to 120°C associated with
water release. The decomposition of lignocellulosic
components (hemicellulose, cellulose and lignin) for
all cotton fibers showed only one distinct peak in the
DTG curves in nitrogen atmosphere, whereas in air
two distinct peaks related to degradation process were
observed (DTG curves in Fig. 1). It is well known
from the literature that lignocellulosic fibers degrade
in several steps. The hemicellulose degrades at about
240-310°C, whereas the cellulose degrades between
310-360°C and the lignin has been shown to degrade
in wide temperature interval (200-550°C) [5, 6]. It is
not possible to separate the different degradation pro-
cesses of the fiber components because the reactions
are very complex and overlap in the range of
220-360°C. In both atmospheres, the first thermal
event is due to breakdown of lignocellulosic compo-
nents and the second event that occurs only in air
atmosphere is due to oxidation of the partially
decomposed components [7].

Initial temperature of degradation, the maximum
temperatures of the thermal decomposition peak and
the residual mass at 700°C (in air and nitrogen atmo-
spheres) were determined from TG/DTG curves
(Fig. 1) and are shown in Table 2. No significant dif-
ference in the initial temperature of degradation was
observed in both atmospheres for the same type of fi-
ber. The white cotton fiber started to decompose at
higher temperature than colored fibers. Between the

White/% Ruby/% Brown/% Beige/% Green/%
Hemicellulose 8.0£0.3 11.3+2.6 9.9+0.4 12.543.4 8.7+0.9
Cellulose 88.3+0.3 73.6+2.3 78.7+0.4 81.4+2.2 80.3+0.8
Lignin 4.840.5 13.840.1 9.940.1 7.2+0.4 15.6+1.7

Table 2 Parameters obtained from TG/DTG curves of white and colored cotton fibers at N, and air atmospheres: temperature
range of thermal degradation, mass losses and mass residue at 700°C

Fiber Atmosphere (10°C min™") Temperature range/°C Mass loss/% Residue at 700°C/%
. air 241-550 93.8 1.1
White iirogen 245-550 85.0 8.8
Rub air 196-560 91.2 3.6
y nitrogen 201-560 75.1 19.8
Beige air 186-565 93.4 1.6
& nitrogen 192-565 79.4 17.5
Brown air 194-560 90.7 2.4
© nitrogen 203-560 87.6 8.5
Green air 186-550 92.9 2.2
nitrogen 196-550 82.2 13.2
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Fig. 1 TG and DTG curves for cotton fibers in nitrogen and air a — white, b — ruby, ¢ — beige, d — brown and e — green

colored cotton fibers no serious differences in the ther-
mal stability was observed. The differences in the ther-
mal behavior between colored and white cotton fibers
can be due to the variations in their composition. The
white fiber has higher cellulose content, whereas the
colored cotton fibers beside higher lignin and
hemicellulose contents than the white fiber, have pig-
mentations which might belong to flavonoids sub-
stances [8]. However, these pigments in colored fibers
are essentially unknown [9]. The residue after the ther-
mal degradation at 700°C in both atmospheres is inor-
ganic ash, naturally present as a constituent of fibers.
The residue content was lower for the white fiber than
that was observed for most colored cotton fibers.

The apparent activation energy (£,) for different
cotton fibers was obtained applying the isoconversional
method Flynn, Wall and Ozawa (Eq. (2)) [10-13].

da E
Infp ln[Af(a) dT}

“ 7 2)
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where B is the heating rate, F, is the apparent activation
energy, R is the gas constant, T'is the absolute tempera-
ture, 4 is the pre-exponential factor and flo) is the
mathematical expression related to the TG curve.
Table 3 shows reaction limits taken from
TG/DTG curves obtained at 5, 10, 15 and 20°C min "'
in nitrogen atmosphere which were employed to ob-
tain E,. For each fixed fractional conversion (o),
0.120<£0.80, the apparent activation energy E, was
calculated from the slope of Inf vs. 1000/7 (K") plot
(Eq. (1)). These plots for the cotton fibers are shown
in Fig. 2, which presented correlation coefficients
larger than 0.995. It is observed that the fitted lines
are nearly parallel, which indicates approximate acti-
vation energies at different fractional conversions and
consequently implies possible single reaction mecha-
nisms or the unification of multiple reaction mecha-
nisms [14]. According to the isoconversional method,
the reaction rate at a constant extent of conversion is
only a function of temperature and the independence
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Table 3 Temperature range taken from TG/DTG curves to obtain apparent activation energy (E,), mass loss, average E, and
crystallinity index (X.) obtained from X-ray diffractograms of white and colored cotton fibers

Fiber Heating rate/°C min™' Temperature range/°C Mass loss/% Average E,/kJ mol™ X /%
5 216-560 87.6
. 10 223-560 87.3
White 15 233-560 871 150.4+£3.6 77.0
20 244-560 88.4
5 180-560 75.1
10 186560 72.6
Ruby 15 188-560 739 151.7¢12.3 77.0
20 190-560 73.5
5 182-565 77.8
. 10 185-565 77.5
Beige 15 189-565 782 150.1+4.1 77.0
20 190-565 77.1
5 175-560 76.4
10 183-560 74.1
Brown 15 187-560 755 151.3+4.4 75.0
20 190-560 76.5
5 175-550 82.0
10 178-550 84.8
G + 63.0
reen 15 180-550 81.7 137.724.5
20 181-550 83.0
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Fig. 2 Inf vs. 10%/T plots for cotton fibers: a — white, b — ruby, ¢ — beige, d — brown and e — green
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Fig. 3 Dependence of the activation energy on the extent of
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regarding the thermal decomposition of white and
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Fig. 4 X-ray diffraction patterns of white and colored cotton
fibers

of E, from o and 7' may be tested by determining £, at
various o [15, 16]. The E, vs. a plot of cotton fibers is
shown in Fig. 3. In general, the activation energy
changed with increasing degree of conversation for
all cotton fibers. This variation in £, values was ex-
pected because when more than one degradation
mechanism takes place, energy will be not always
constant [17]. The average £, values obtained for cot-
ton fibers were lower than those data reported for jute
(184.245.8), kenaf (170.3£1.6), cotton stalk
(16945.1), hemp (177.9£3.9) [18]. These differences
could be related to chemical composition and struc-
tural differences of respective fibers. The average E,
values obtained for all colored cotton fibers except for
the green cotton fiber were nearly the same than that
obtained for the white cotton fiber. The lowest value
of E, of the green fiber can be due to its lower
crystallinity (Table 3). The crystallinity indexes were
calculated from X-ray diffractograms shown in Fig. 4.
There is a coherent correlation between the activation
energy and the crystallinity index of the studied cot-
ton fibers, i.e. the higher crystallinity index values are
standing together with higher £, values.

J. Therm. Anal. Cal., 97, 2009

Conclusions

The white cotton fiber presents higher thermal stabil-
ity and higher E, value than colored cotton fibers.
There are no significant differences in the initial tem-
perature of degradation in air or nitrogen atmosphere
for the same type of fiber. Chemical composition and
crystallinity index had influence on the thermal deg-
radation behavior of the studied cotton fibers.
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