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™ Introduction

It is known that among various cellulose-
based materials produced from vegetable
fibres flax-containing textiles are highly
valued for their end-use properties. This
is attributed to the fine features of flax fi-
bre structure, morphology and presence of
additional substances. Among the advan-
tages of the flax-containing textiles are
their high resistance in wear, high com-
fort, air permeability, good moisture sorp-
tion, and low electrical charge [1,2]. One
of the problems with flax fibre processing
in the textile industry is associated with
the utilisation of wastes and short fibres
remaining after the separation of long fi-
bres. One method of utilising short flax
fibres is the manufacture of flax-cotton
blended yarn [3]. However, short flax fi-
bres are different from cotton in their che-
mical composition because they contain
more fats and waxes, lignin, hemicellulo-
ses and pectins [1, 2, 4-7]. This affects the
mechanical and end-use properties of flax
fibres. Fats, lignin, hemicelluloses and
pectins reduce contact angle in compari-
son with that of cotton fibres [8], which
may cause variation in dye uptake. Remo-
ving the accompanying substances (pec-
tins and other hemicelluloses) decreases
moisture sorption [1] and increases the
bio-stability of fibres [6,7]. The existing
methods of flax fibre processing are ba-
sed on the use of acids, alkali, and surfac-
tants [4,9]. It should be noted that fibre
treatment with solutions of acid or alkali
is always accompanied with some destruc-
tion of macro-molecules of polymers (cel-
lulose), and thus reduces the mechanical
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characteristics of the fibre. It is therefore
necessary to find methods of fibre treat-
ment that would remove most of the fats,
lignin and hemicelluloses, but would pre-
serve high mechanical properties and
moisture sorption.

The aim of the investigation is to study
the influence of methods of fibre treatment
on fibre structure and morphology.

M Experimental

The fibre studied was that of seed-oil flax.
The fibres were subjected to treatments
aimed towards removing fats, waxes and
pectins. The conditions of the treatments
are presented in Table 1. As a control sam-
ple, bleached cotton fibres were used.

Fats and waxes were removed by treating
the fibres with an 8:1 mixture of benzene
and ethyl alcohol for 6 hours in a reflux
condenser. Pectins were removed by a
0.03N solution of HCI using method [4].
The content of pectins is usually determi-
ned by treating fibres with a 1% solution
of ammonium citrate [7,10]. However, not
all the pectin can be removed by this me-
thod [11]. It was shown [12] that most

Table 1. Flax fibre treatments.

pectins can be removed from the flax fi-
bres using a 0.03N solution of HCI. The-
refore the residual pectins were removed
by boiling fibres in the 0.03N solution of
HCI for 30 minutes, followed by rinsing
with hot and cold water until no reaction
towards CI- ions in the wash liquor solu-
tion was achieved using AgNO; as an in-
dicator. It is interesting to note that hemi-
celluloses can be partly removed by this
treatment; a diluted solution of acid or al-
kali is commonly used [13] to remove
hemicelluloses from wood.

Fibre treatment with a surfactant was car-
ried out in the same conditions as those of
treatment with HCI. The surfactant used
was dodecyldimethylbenzeneammonium
chloride
[C,,H,sN(CH;),"CH,NCH,]*CI.

After the treatment, the fibre samples were
rinsed with distilled water and the presen-
ce of CI" ions was checked. The samples
were then dried at 105°C until constant
weight was achieved.

The IR spectra of the samples in KBr ta-
blets were obtained using a Bruker FS-88
IR Fourier spectrometer. Changes in fibre
morphology were studied using SEM.

Crystallinity index,

Sample Description Treatment Substances removed
|1372/|2900
C1 Cotton No treatment 0.67
F2 Flax No treatment 0.39
Benzene +
F3 Flax Ethyl Alcohol Fats and waxes 0.48
Benzene + Ethyl Fats and waxes, pectin,
Fa Flax Alcohol, 0.03N HCI  hemicellulose, oligosaccharides 0.66
Water retting, Pectin, hemicellulose,
F5 Flax 0.03N HCI oligosaccharides 0.66
F6 Flax Surfactant Fats and waxes, pectin, 0.61
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Figure 1. Infra-red spectra of cotton and flax fibres; CI - cotton sample; F2 to F6 - flax

samples (see Table 1).

¥ Results and Discussion

Figure 1 shows the IR spectra of cotton
and short flax fibre treated according to
the process described in Table 1. Cotton
cellulose is usually characterised by two
absorption bands: one wide band in the
area of wave numbers 3000 to 3700 cm!
of free OH- groups and intra- and inter-
molecular hydrogen bonds, and another at
2900 cm™! of CH, and CH groups of the
polymer. The latter at 2900 cm! is sym-
metrical for pure cellulose [14].

Pectins are characterised by several bands:
1740 cm! is characteristic of the free
COOH groups of polygalacturonic acid,
and those at 1410 and 1615 cm'! are of
symmetrical and asymmetrical oscillations
of ionised carboxyl groups respectively.
In the area of 2850 to 2950 cm!, one wide
or two narrower bands at 2875 and 2925
cm! can be observed which are attributed
to the CH, and CH groups of pectin [15].

Lignin of wood cellulose and flax cellu-
lose is characterised by absorption bands
at 1600, 1500 and 820-850 cm™! [14]. The
presence of impurities in the cellulose can
be identified using IR spectra, but only
qualitatively.

In Figure 1, absorption bands at 1740
cm! and at 1650 to 1600 cm™! can be ob-
served in the spectrum of original flax fi-
bres (sample F2) pointing to the presence
of pectins. Additional bands at 2875 and
2925 cm! also confirm this observation.
It should be noted that CH, and CH gro-
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ups of the fats and waxes could also con-
tribute to the same bands. The presence
of lignin can only be identified by com-
paring the spectra of original flax (sample
F2) and cotton cellulose (sample C1). The
absorption band at 1500 cm™! can be seen
as a 'shoulder' in the spectrum of sample
F2, which is characteristic of a wood cel-
lulose and flax stems [14]. In the area of
1600 cm!, no clear band was observed. It
should be noted that as fats and pectins
are removed from flax, an absorption band
at 820 cm’! appears in all IR spectra of
flax samples, which points to the presen-
ce of lignin in the samples.

Fibre treatment with benzene and ethyl
alcohol (sample F3) removes oily acids
that affects the 2900 cm-!, band and ma-
kes clearer those of lignin at 1500 c¢m’!
and 820 cm'!. The band at 1500 cm'! can
be seen as a 'shoulder'. Removing fats and
pectins (sample F4) leads to the decrease
in intensity of bands at 2875 and 2925
cm! and, in comparison with samples F2
and F3, to a more symmetrical band at
2900 cm! which is related to cellulose.
The pectin bands at 2875 and 2925 cm’!
can be seen as 'shoulders' symmetrical to
the maximum at 2900 cm™!. It should be
noted that after treatment with a 0.03N so-
lution of HCI, absorption bands at 1740
cm! related to pectins could still be seen
in the spectra. This can be explained by
the fact that treatment with HCI and am-
monium citrate first of all removes pec-
tins from the fibre surface. Pectins, ho-
wever, are present not only in the wall of
elementary flax fibres, but also in the in-

ter-fibre bonds. In order to remove pectin
from inter-fibre bonds, a more intensive
treatment is required which leads to fibre
splitting and may cause destruction of the
cellulose. The process of splitting flax fi-
bre bundles into elementary fibres or fila-
ments is called cottonisation, which was
not the aim of this investigation.

Removing pectins by water retting follo-
wed by treatment with the solution of HCI
(sample F5) did not cause any noticeable
changes in the IR spectra.

Treatment with the surfactant (sample F6)
significantly changed absorbance at 1740
cm!, which can be associated with the
removal of a substantial quantity of pec-
tin. At the same time, the 850 cm! band
can be clearly identified in the spectrum
and is attributed to lignin.

All the samples for IR-spectroscopy were
prepared in the same standard conditions,
which enabled an index of crystallinity of
the cellulose to be evaluated using the
spectra obtained. The index I, is determi-
ned as a ratio of intensities of absorption
bands at 1372 and 2900 cm™!, I,;,, and
L1900- Tespectively [16]:

I, =157,/ (D

The index usually shows good correlation
with the degree of crystallinity determi-
ned by X-ray structure analysis. Therefo-
re, changes in magnitude of the index fol-
low the tendency in structural changes of
cellulose which resulted from chemical
treatments.

Table 1 gives the index of crystallinity of
flax cellulose that was calculated using IR-
spectra. It can be seen that the index is
significantly lower for the original flax
fibres in comparison with that of cotton.
This can be explained by the fact that flax

Figure 2. SEM image of cotton fibres (sam-
ple Cl).
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Figure 4. SEM images of flax fibres treated with benzene and ethyl alcohol (sample F3);
a) individual fibre, b) fibre bundle.

Figure 5. SEM images of flax fibres treated with benzene and ethyl alcohol and 0.03N HCI
(sample F4); a) individual fibre, b) fibre bundle.
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Figure 6. SEM images of flax fibres treated with 0.03N HCI after water retting (sample F5);
a) individual fibre, b) fibre bundle.

Figure 7. SEM images of flax fibres treated with surfactant (sample F6); a) individual fibre,
b) fibre bundle.
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fibres contain 10 to 15% of amorphous
hemicelluloses and pectins; this contribu-
tes to the absorbance at 2900 cm'! which
is related to covalent oscillations of CH
groups. Deformational oscillations of CH
groups at 1372 cm'! depend on the degree
of orientation of macro-chains [16]. The-
refore the index is lower for the non-tre-
ated samples. Removing fats and pectins
leads to the decrease of the intensity at
2900 cm’!, and in turn to the increase in
the index (compare samples F2 to F5).

The index of crystallinity of flax fibres tre-
ated with the surfactant (sample F6) was
lower than that of the samples treated with
HCI. This can be attributed to the smaller
quantity of hemicelluloses and pectins re-
moved by the surfactant.

Figures 2 to 7 present SEM images of flax
fibres after the treatments mentioned in
Table 1. Figures 2 and 3 demonstrate the
differences in morphology of cotton and
flax fibres. Residual substances can be
seen on the surface of flax fibres after they
have been extracted from the plant (Figu-
re 3). These are small parts of parenchy-
ma, pectins and other components of the
outer layer of the plant's stem. Removing
fats and waxes (Figure 4) made pectin re-
siduals and imperfections on the fibre sur-
face more visible. Figure 4 shows pectin
components which bond elementary fibrils
into bundles. Treating fibres with a ben-
zene-alcohol mixture followed by a solu-
tion of HCI caused fibre bundle splitting
and fibre surface cleaning (Figure 5). At
the same time, a substantial quantity of
non-cellulose substances can be observed
on the fibre surface. Water retting follo-
wed by treatment with the HCI solution
resulted in better cleaning and splitting of
the fibre (Figure 6b). Microfibrils of cel-
lulose oriented along the fibre axis can be
clearly seen on the surface (Figure 6a).
Fibre treatment with the surfactant (Figu-
re 7) led to better fibre surface cleaning
among all treatments considered. Compa-
ring the SEM images of flax fibres, the
contribution of each of the treatments to-
wards fibre bundle splitting and fibre sur-
face cleaning can be assessed. It can be
seen that, to a certain extent, all treatments
remove non-cellulose substances from the
fibre surface.

M Conclusion

Flax fibres were treated with a mixture of
benzene and ethyl alcohol, solutions of
HCI, and surfactant with the aim of remo-
ving fats, waxes, pectins and hemicellu-
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loses. Analysis of IR spectra and SEM
images of flax fibres after various treat-
ments showed that these substances co-
uld be removed by treating fibres with a
surfactant. On one hand, using the surfac-
tant instead of a benzene-alcohol mixture
and solution of HCI decreases the destruc-
tion of cellulose macro-chains and ena-
bles the organic solvents to be dispensed
with; on the other hand, it decreases the
quantity of hemicelluloses removed from
the fibre surface. In order to find a more
appropriate surfactant that would substi-
tute the benzene-alcohol mixture and so-
lution of HCl in flax fibre processing, it is
necessary to explore the ability of surfac-
tants, for example non-ionic and ionic,
cation-active and anion-active, to remove
hemicelluloses and other accompanying
substances from flax fibres.
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