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Abstract
The thermal behaviour of wool, untreated and chlorinated to various extents, was investigated.

The kinetic parameters of the water loss and pyrolysis processes were computed and, based on
their values, the way chlorination treatment affects wool fibre is discussed. As it appears, the
chlorination process affects the fibre only superficially and not its internal chemical composition,
as the values of the kinetic parameters of the thermal decomposition of wool fibre do not seem to
be influenced at all by the treatment.
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Introduction

The chlorination of wool is a chemical treatment by which the fibre is stripped off its
scales in order to decrease its felting potential and to allow production of machine wash-
able wool garments. Depending on the amount of chlorine used, wool fibre may be dam-
aged to various extents and may even lose completely its outer surface, cuticula [1]. As
a consequence of the process the mechanical properties of wool are modified, the touch
of the end products may be impaired, the fibres may yellow and also their dyeability is
changed [2]. It may be expected that some chemical changes occur in the fibre.

The aim of the present paper is to study the applicability of thermal analysis
(thermogravimetry) to investigate the effect of the chlorinating process, as it is per-
formed now on an industrial scale, on the thermal behaviour of wool fibre. The study
was performed by comparing the kinetic parameters calculated from thermo-
gravimetric data of the untreated and treated fibres with the aim to analyze how
chlorination affects the chemistry of the fibre.

Experimental

Ecru knitted fabrics of 27 µm wool, untreated and treated with 1, 2 and 3% chlo-
rine (w/w of wool) were used.
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The chlorinating process was performed on the knitted fabric. The process was
conducted by paddling the fabrics with 1, 2 and 3% chlorine in a solution of sodium
hypochlorite, at pH=1.8...2.0 and temperature of 15...20oC, followed by an an-
tichlorinating treatment at pH=8.5 with sodium sulphite, thoroughly rinsing with
cold water and drying at room temperature.

From each fabric sample of 4−5 mg were cut and used for thermoanalytical ex-
periments. A Netzsch TG 209 thermobalance, air flow of 10.00 cm3 min−1 and alu-
minium crucibles were used for thermogravimetric measurements. The temperature
range was 20 to 500oC, and the heating rates were 10, 13, 15, 17 and 20 K min−1.

Results and discussion

A typical thermogravimetric curve is given in Fig. 1. Two regions of major
mass loss − from 30 to around 120oC and from 220 to 420oC − can be observed.

Both decomposition stages are quite complex from the point of view of the
processes they involve.

The first process, occurring from 30 to 120oC and accompanied by a decrease of
7−10% in wool fibre mass, is ascribed to the loss of water. It is considered that there
are three different types of water within the fibre i.e.: free water, loosely bonded
water and chemically bonded water [3]. As a consequence, the loss of water, as re-
corded by the thermogravimetric curve, is the result of the overlapping of three dif-
ferent processes in which the three types of water are lost.

The second mass loss process, occurring from 220 to 420oC and accompanied by
a 30−33% loss of wool fibre mass, is associated with the destruction of disulphide
linkages and the elimination of H2S [4]. During this process the helix structure is
melted, followed by the thermal pyrolysis of the chain linkages, peptide bridges and
some other lateral chains, which finally leads to skeletal degradation [5]. Conse-
quently, this pyrolytic region includes several chemical reactions by which protein
compounds are decomposed to lighter products and volatile compounds such as H2S,
CO2, H2O, HCN [6].

Based on the recorded mass loss data and the corresponding temperatures, the ki-
netic parameters of the two processes, (the reaction order, n, the activation energy, E

Fig. 1 TG and DTG curves of wool knitwear fabric
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and the pre-exponential factor, A) were calculated, by an integral method, for each
experiment.

As it was discussed above, each of the two processes involves several overlap-
ping reactions. Consequently, the computed kinetic parameters are not describing
single reactions, but they are overall values. However, we assume that a change of
the values of the calculated parameters should be due to some changes of the internal
chemistry of the fibre itself, which results in a change of the mechanism of the de-
hydration and pyrolysis processes. The fundamental criticism of integral methods, as
applied to a single thermogravimetric curve, is that the best values of the kinetic pa-
rameters are inevitably fitted to the data whether or not these parameters have any
significance in the understanding of the mechanism [8]. However, integral methods
have the advantage of smoothing the experimental errors, which is very important
when a material like wool is being analyzed [9].

The computational method that has been used was based on the following
Eq. [7]:

lnF(1 − α) = 
−E
RT

 + lnA − lnβ + L (1)

where F(1-α) is the conversion integral given by Eq. (2) below, T is the temperature,
β is the heating rate, R is the gas constant and L is a correction factor. The conversion
integral was calculated in the reaction-order framework [8]:

F(1 − α) = 











[1 − (1 − α)1−n]/(1 − n),

−ln(1 − α),
   

n ≠ 1

n = 1
(2)

where n is the reaction order and α, the conversion degree, is given by:

α = 
mt − mo

mf − mo

(3)

where mt is the mass at time t and mo and mf are the masses at the beginning and end
of the process, respectively. For a proper choice of the reaction order, n, the plot of
lnF(1–α) vs. 1/T gives a straight line whose slope provides the value of the activation
energy, E. The value of the pre-exponential factor, A, may, finally, be calculated from
the intercept of the straight line. The calculus was performed by the Netzsch device
software program.

The results obtained for the three parameters are given in Table 1.
From Table 1 one may notice first that for the whole range of heating rates the

values of the kinetic parameters for the same sample are very close. According to the
above discussion, we consider, thus, that the mechanism does not change when the
heating rate changes from 10 to 20 K min−1. Consequently, one may take the average
values for the five experiments with the same wool sample in order to compare the
effects of chlorinating treatment.
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In Figs 2, 3 and 4 the average values of the three kinetic parameters for both
processes are plotted vs. the percentage of the sodium hypochlorite used for treat-
ment.

From Fig. 2 it may be noticed that the values of the reaction order parameter, n,
are roughly equal to 2 for both the dehydration and pyrolytic processes. For the py-
rolysis step this value might be explained by a model which takes into consideration
the pyrolytic reactions together with the diffusion of the evolving gases, as reported

Fig. 2 Variation of the reaction order, n, with the intensity of the chlorinating process, for: 
u − water desorption process; n − pyrolytic process

Fig. 3 Variation of the activation energy, E, with the intensity of the chlorinating process, for:
u − water desorption process; n − pyrolytic process

Fig. 4 Variation of the pre-exponential factor, lgA, with the intensity of the chlorinating pro-
cess, for: u − water desorption process; n − pyrolytic process
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previously [10]. One may assume that the water loss also occurs according to a simi-
lar mechanism.

One has to keep in mind that the analyzed process is the resultant of several over-
lapping processes and that it is probable that the values of the computed parameters
are those of the slowest reaction. A support for this assumption seems be provided
by some new results concerning a deeper analysis of the water desorption process. It
was evidenced, thus, that three parallel reactions occur simultaneously. One of them,
which involves the desorption of the strongly (chemically) bonded water, is of the
second order and the other two processes, involving the desorption of the free and
loosely bonded water, are of the first order [11].

Figures 3 and 4 show curves with a similar behaviour. As the variation of the val-
ues of the activation energy, E, and of the pre-exponential factor, A, follows the same
paths, one may suppose that they are affected by a compensation effect due to the
mathematical handling of the Arrhenius type relationship [12]. In order to overcome
this, the values of the rate constant, kT, have been computed by using the following
equation:

kT = Aexp(−E/RT) (4)

As the value of the temperature T, we have chosen the one that corresponds to the
maximum value of the reaction rate, i.e. to the DTG peak, Tm, also given in Table 1.
The values of the maximum rate constant, kTm, were computed for each experiment
separately and then the averages were taken. The plot of these average values vs. the
sodium hypochlorite amount used for the treatment is given in Fig. 5.

The plot in Fig. 5 allows us to conclude that, within the limits of the experimental
errors, the maximum value of the rate constant, kTm, does not seem to be affected by
the chlorinating treatment.

Summing up the results of the plots in Figs 2 and 5 respectively, it seems that nei-
ther the value of the reaction order, n, nor those of the maximum rate constant, kTm,
are influenced by the chlorinating treatment.

As we have mentioned at the beginning, the values of the kinetic parameters
computed above are considered as linked to the chemistry of the sample. If so, a

Fig. 5 Variation of the rate constant at the temperature corresponding to the maximum rate of
the reaction, kTm, with the intensity of the chlorinating treatment for: u − water desorp-
tion process; n − pyrolytic process
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change of the internal structure, whose thermal decomposition produces the TG
curve, is expected to affect somehow the recorded curve and, consequently, its cal-
culated parameters. As, within the limits of the experimental errors, no significant
differences were noticed between the calculated values of the rate constants, one
may conclude that the chlorinating process, performed as described, is either not af-
fecting the inner chemistry of the wool fibre, or the modification is too small to in-
fluence the overall thermal decomposition process of wool fibre.

Conclusions

The thermal behaviour of untreated and chlorinated wool fibres was investigated
by thermogravimetry. The kinetic parameters computed for the water desorption
process and for the pyrolysis seem to be fairly constant over the range of the heating
rates used in the investigations, and have been used for characterizing the recorded
TG curves. The values of the reaction order, n, and of the maximum rate constant,
kTm, have been found to be not affected by the intensity of the chlorinating treatment.
Therefore we have concluded that the chlorinating process, conducted as described,
does not influence the water desorption process and the pyrolysis of wool. As both
processes are the resultant of several reactions, and, consequently, strongly related to
the inner chemistry of the wool fibre, one may consider, also, that the wool chemis-
try is not affected by the chlorinating treatment.
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