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1. Introduction

Owing to their exquisite physical,
mechanical, and textile properties,
polyester (PET) fibres have the lead-
ing role amongst synthetic fibres.
Throughout the whole period of PET
production growth and development,
systematic research has been carried
out in order to improve their quality
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The treatment causes only minor decrease in fibre, i.e. yarn strength, while
breaking elongation increases significantly, almost up to 150 % in compari-
son to the untreated sample. Organic solvents, i.e. plasticizer solutions in the
organic solvents mixture influence fibre properties in a very favorable way,
i.e. they can enable better dyeing, better moisture absorption, easier treatment
in further phases of textile products manufacture and generally better us-
ability. X-ray structural analysis was used to examine the influence of the
treatment of polyester fibres in the form of filament yarn, fineness 75/26 dtex,
with solutions 0.3, 0.6 and 0.9 % hydroquinone and a-naphtole in the solvent
mixture which contained chlorophorm and methanol (solubility parameter
0=11.7) on changing of crystalline degree and crystallite size. It was found
that treated fibres showed sharper reflexion on diffractograms than untreated
ones, i.e. they showed higher crystalline degree but smaller crystallite size.
Key words: polyester yarns, modification, organic solutions, crystalline
degree, strength, elongation.

and to expand the scope of their use.
However, only a few papers have
been published that dealt with PET
fibres treatment with organic solvents
or their mixtures or with some plasti-
cizer solutions in those mixtures, and
with their influence on physical and
mechanical properties of fibres and
yarns [1-3].

The structure of PET fibres can be
described as a structure with great
“orientation” and high crystalline de-
gree. The latest theory of super mo-
lecular construction of PET fibres

establishes the presence of: crystal-
line, amorphous and interphase states
in these fibres [4]. According to this
model, the interphase consists of di-
rectly lengthened molecular chains
along the fibre axis. Interphase scope
and structure can have a dominant
role in PET fibre properties such as
elasticity modulus, strength, and
shrinkage. Crystalline and amor-
phous segments have different sus-
ceptibilities to deformations, i.e.
amorphous segments deform more
easily than crystalline ones. For that
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reason, examination of fibre crystal-
line degree is of great importance.
Crystalline degree of fibres-polymers
has crucial influence on their me-
chanical properties. Under certain
circumstances, organic solvents can
influence changes in relations be-
tween crystalline and amorphous
phase in polyethyleneterephtalate,
and also changes in mechanical prop-
erties [3]. These actions in the PET-
organic solvent system can connect
with swelling and solubility. Due to
their action, initial elastic area disap-
pears completely soon after the load-
ing stress action. Accordingly, organ-
ic solvents and textile fibre inter-ac-
tions fact made further investigation
of these interactions the subject of
this paper.

2. Experimental
2.1. Material and chemicals

PET smooth filament yarn, fineness
75/26 dtex, was used in the research.
Individual monofilaments were white
and with a circular cross selection.
Basic properties of the yarn used
were:

e fineness, 75/26 dtex

* breaking force, 310 cN
 relative strength, 4.13 cN/dtex

« breaking elongation, 21 %
 shrinkage at boiling, 10 %

e number of twists, 8 m'!
Chemicals: solution of 1,4-dihy-
droxybenzene (hydroquinone) and
1-hydroxynaphthalene (a-naphtol) in
chlorophorm and methanol solvent
mixture.

2.2. PET treatment

The yarn was treated at room tem-
perature for 15 min on a shaker with
120 rpm. Hydroquinone and a-naphtol
concentrations in the solvent mixture
(the mole content of 73.10 % chloro-
phorm and 26.90 % methanol) were
0.3, 0.6, and 0.9 %. Filament yarn
was in the form of small spools con-
taining 30 m of yarn. Before the treat-
ment, the yarn was brought into the
standard state. Bath modulus was
1:20.

After the treatment, the yarn was
squeezed between two pieces of filter
paper, dried at room temperature for
1 hour, and dried in a dryer at 70 °C
for 1 hour. Afterwards, the samples
were left in a conditioning cabinet
(relative humidity 65+2 %, tempera-
ture 20+2 °C) for 48 hours, and then
the required examination was carried
out.

2.3. Testing methods

Breaking force and breaking elonga-
tion of untreated and treated samples,
were examined according to SRPS
F.S2.052. The examination was per-
formed on the universal dynamome-
ter “Instron” (England), where break-
ings were made by tractive clamp
moving at constant speed.
Breaking was performed under fol-
lowing conditions:
 tractive clamp speed: 30 cm/min
* paper for diagram drawing speed:
30 cm/min
* specimen length: 20 cm
* preliminary stress: 4.2 cN
 climate conditions: standard
PET fibres structural changes cau-
sed by the treatment were observed
through X-ray structural analysis.
Hermans and Weidinger’s method
(WAXS method) was used to deter-
mine PET fibres, i.e. monofilament,
crystalline and crystalline size [5].
The method took into consideration

ray intensity variation due to the dif-
ference in absorption in a sample un-
der various angles 2@ and variation
in the sample mass reflecting X-rays
in the angle of diffraction function.
Examination samples were prepared
by winding filament threads onto a
special aluminium sample carrier in
even layers of known thickness. Ex-
amination was performed on a dif-
fractometer D5000 (Fa. Bruker-AXS)
with Cu-Kao radiation line under the
angle 20 from, 4° to 32° with the ro-
tation of 1 min"' and printer speed of
10 mm/min. Crystallite dimensions
were determined based on a diffrac-
tion curve for a peek determined by
Miller’s index (010) and (011).

3. Results

Organic solvents interact with fibres
in such a way, that due to the solv-
ability of certain groups, cause swell-
ing in macromolecules and changes
in intermolecular actions. This brings
about changes in various relaxation
processes, which is demonstrated as
shifting into certain areas and struc-
tures on the super-molecular level. As
a consequence of relaxation process-
es intensification and provoked shift-
ing, changes in certain fibre proper-
ties occur.

To characterize filament yarn strength,
two parameters are mostly used in
practice:
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Fig.1 Stress-elongation curves of untreated and treated PET fibres
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* Dbreaking force and

+ breaking elongation

Absolute strength is the highest force
value yarn can resist before breaking.
An example of stress-elongation cur-
ves for untreated yarn samples and
samples treated with hydroquinone
and o-naphtol solution in a solvent
mixture is given in Fig.1.

Co-action of organic solvents and so-
lutions with the polymer brings about
shifting in the polymer structure and
creates new structures, which influ-
ences fibre properties and PET fila-
ment yarn properties.

Two plasticizer types chosen (hydro-
quinone and o-naphtol) act not only
as plasticizer but also as radical pro-

Tab.1 Examination results mean values of the strength of untreated and treated

filament yarn samples

Sampl Absolute strength Relative strength Elongation
ample
P cN | Increase, % | cN/dtex | Decrease, % | of break, %

Untreated 310 - 4.13 - 22.0

5 -
0.3 % hydroquinone | 330 1 ¢ 45 3.25 2131 485
in the mixture

5 -
0.6 % hydroquinone | 5, 6.13 3.27 20.82 340
in the mixture

5 :
0.9 % hydroquinone | 3,01 5 g 3.29 2034 323
in the mixture

0,
0.3 % a-naphtol 335 8.06 3.40 17.67 -
in the mixture

0/ y_ -
0.6 % a-naphtol 333|742 333 19.37
in the mixture

0/ y_ -
0.9 % a-naphtol 336|839 3.34 19.13
in the mixture

Tab.2 Examination results of crystalline degree by X-ray graphic method

Sample Surcf;fze F, Heicgillt h, Crystalli;oe degree,
Untreated 16.7 6.5 29.3
0.3 % hydroquinone in the mixture 41.6 5.0 53.4
0.6 % hydroquinone in the mixture 42.3 5.4 55.6
0.9 % hydroquinone in the mixture 44.5 53 56.3
0.3 % a-naphtol in the mixture 39.1 4.6 54.1
0.6 % a-naphtol in the mixture 453 5.1 57.0
0.9 % a-naphtol in the mixture 46.3 53 58.3

Tab.3 Crystallite size determination results for peak (100 + 011) by X-ray graphic

method
Diffraction Peak width B, Crygtalhte
Sample angle size,
0 mm

Q, nm
Untreated 17.6 13.0 6.14
0.3 % hydroquinone in the mixture 17.8 16.0 4.98
0.6 % hydroquinone in the mixture 17.6 16.5 4.86
0.9 % hydroquinone in the mixture 17.7 17.0 4.68
0.3 % o-naphtol in the mixture 17.6 16.5 4.70
0.6 % o-naphtol in the mixture 17.6 17.0 4.68
0.9 % o-naphtol in the mixture 17.9 16.0 4.60

cesses inhibitors. In a way, they sta-
bilize the new structure, created un-
der the organic solvents influence.
The treatment causes only minor de-
crease in fibre, i.e. yarn strength,
while breaking elongation increases
significantly, almost up to 150 % in
comparison to the untreated sample.
Stress-elongation curves of the mod-
ified fibres-yarn resemble curves of
woolen fibres. Accordingly, it is to be
expected that PET filament yarn fi-
bres treated in this way many proper-
ties similar to woolen fibre proper-
ties.

Organic solvents, i.e. plasticizer solu-
tions in the organic solvents mixture
influence fibre properties in a very
favorable way, i.e. they can enable
better dyeing, better moisture absorp-
tion, easier treatment in further phas-
es of textile products manufacture
and generally better usability.
Stress-elongation curves show that
there are differences in behaviour of
treated and untreated PET filament
yarn samples, under the influence of
tractive force. For an untreated sam-
ple the curve is permanently ascend-
ing from the beginning of force ac-
tion until the point of breaking, while
for treated samples the curves show
ascending, then they have the parallel
course enlarging the force of relation
the x axis, and they have ascending
again until the break point.

Relative strength is a relation be-
tween absolute strength and fineness
(longitudinal mass). Fineness is de-
termined by measuring individual
yarn segment’s length and mass.
Mean values of examinations, each
consisting of 20 trials, are given in
Tab.1.

Unlike the strength, which changes
only slightly due the treatment,
breaking elongation shows signifi-
cant changes. It increases. Breaking
elongation increase due to the treat-
ment is from 120 % (treated samples
0.3 % hydroquinone in the mixture)
to 145.5 % (treated samples 0.6 %
hydroquinone in the mixture) in com-
parison to untreated samples. In other
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words, breaking elongation increases,
due to the treatment, for approxi-
mately 1.5 times on the average in
comparison to the untreated sample.
Increase in breaking elongation is
probably the result of the shifting in
the fibre structure caused by the treat-
ment. For that reason, further re-
search was focused on the examina-
tion of the fibre structure changes by
X-ray analysis.

On the basic of diffraction curves and
adequate formulae, examination re-
sults of crystalline degree have been
obtained (Tab.2).

Results show that crystalline degree
has increased due to the treatment.
The greatest increase has been noted
in samples treated with 0.9 %
a-naphtole solution in the mixture,
and it is almost 100 % in comparison
to untreated samples. Characteristic
diffraction curves for some PET fila-
ment samples are given in Fig. 2, 3,
and 4.

Comparing diffraction curve of un-
treated and treated PET filament yarn
samples, clear differences in charac-
teristic peaks forming can be noted
(Fig.2, 3 and 4).

For the peak denoted by Miller’s in-
dex (100 + 011), which is clearest and
most distinct, crystallite size of un-
treated and treated samples has been
determined, Tab.3.

Characteristic peak appears for the
diffraction angle 20=17.6° to 17.99.
Crystalline size is decreased by the
treatment. The decrease was 25 % at
the most, and was achieved in sam-
ples treated by 0.9 % a-naphtol solu-
tion in the solvent mixture.
Simplified mechanism of the interac-
tion between fibres and solvents can
be presented as follows: solvent mol-
ecules enter amorphous areas of the
fibre and replace polymer-polymer
co-action with polymer-solvent co-
action, solvatizing to a certain extent
certain groups in polymere macro-
molecules, which causes certain
swelling of the fibre and establishes
absorption-swelling equilibrium [6].
By breaking intermolecular polymer-
polymer bonds, some macromolecu-
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Fig.3 Diffraction curve of the sample treated with 0.9 % hydroquinone solution
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lar segment movement possibilities
increase and relaxation processes ac-
celerate, which causes structural
shifting inside the fibre, and this in
turn, causes changes in super-molec-
ular structures and eventually in fibre
properties [7].

For quantity description of polymer-
solvent co-action, solubility parame-
ter is used. It is known that polymer-
solvent co-action is stronger if their
solubility parameters are similar. In
this examination, CHCl, and CH,OH
solvents mixture with the solubility
parameter of 11.7 has been used (sol-
ubility parameter of chlorophorm is
14.27 and of methanol it is 9.21).
Weigman and Ribnick [8] have found
that the greatest solvent-polymer co-
action occurred in two ranges of solu-
bility parameter 6,=9.8 and §,=12.1.
For that reason, solvent mixture with
6=11,7 has been chosen for this ex-
amination, since it is closer to the
8,=12.1 value.

It is obvious that solvent treatment of
PET fibre in the presence of plasticiz-
ers causes crystallization in amor-
phous areas (crystalline degree of the
untreated fibre is 29.3 %, and of the
fibre treated with 0.9 % a-naphtol so-
lution in the mixture it is 58.3 %).
Due to the limited space, crystallites
formed in these areas are of a small
size (untreated fibre crystallite size is
6.14 nm, while crystallite size of the
fibre treated with 0.9 % a-naphtol in
the mixture is only 4.60 nm). Plasti-
cizer molecules, containing active
functional OH groups, are supposed
to be centers for crystallization. The
greatest changes probably occur in
intermediary phase, which is consid-
ered to have great influence on fibre
properties. Strength is not significant-
ly changed by the treatment, while

breaking elongation increases sig-
nificantly. It points out to the fact that
crystalline areas where solvent can-
not penetrate retain their initial prop-
erties (properties that existed prior to
treatment), while extended oriented
noncrystalline areas become disori-
ented under the solvent influence.
The disorientation is recurrent during
extension, which is manifested with
significant increase of breaking elon-
gation.

4. Conclusion

Co-action of organic solvents and so-
lutions with the polymer brings about
shifting in the polymer structure and
creates new structures, which influ-
ences fibre properties and PET fila-
ment yarn properties.

Two plasticizer types chosen (hydro-
quinone and a-naphtol) act not only
as plasticizer but also as radical pro-
cesses inhibitors. In a way, they sta-
bilize the new structure, created un-
der the organic solvents influence.
The treatment causes only minor de-
crease in fibre, i.e. yarn strength,
while breaking elongation increases
significantly, almost up to 150 % in
comparison to the untreated sample.

Stress-elongation diagram of the
modified fibres-yarn resemble curves
of woolen fibres, on this basis, we can
expect that treated PET yarn will be
very similar to the characteristics of
wool yarn.

Organic solvents, i.e. plasticizer in
the organic solvents mixture influ-
ence fibre properties in a very favor-
able way, so, it is expected that they
enable better dyeing, better moisture
absorption, easier treatment in further
phases of textile products manufac-
ture and generally better usability.
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