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The presence of carriers in polyester fabric reduces the
temperature at which creases become permanently set. The
magnitude of the effect depends on the concentration of
the carrier in the fibres, the time and temperature of
heat-setting and the chemical structure of the carrier.

Introduction

Recent investigations into the mechanism of carrier dyeing
have emphasized the importance of the plasticizing action of
carriers on acrylic and polyester [1, 2] fibres during carrier
dyeing. The plasticizing action of carriers is usually detected
from measurements of the viscoelastic properties of the
substrate under appropriate dyebath conditions, which can
indicate the effect of carriers on the glass-transition temper-
ature (T,) of the substrate. This is a difficult task if the
polyester substrate is in the form of films or drawn fibres,
because the changes in the appropriate dimensions are very
small and their interpretation in molecular terms are too
uncertain for them to be taken as an unambiguous guide to the
T, of the substrate, Consequently, further work has been
carried out to obtain more direct evidence of the effect of
carriers on the structure of the substrate under dyebath
conditions.

Two approaches have been made. One of these
demonstrated that carriers induced folding of the polymer
chains and that the extent of the chain folding was related to
the ease of dyeing [3]. The other approach dealt with the
effect of carriers on the crease recovery of polyester fabric. In
this way a direct proof of the physical action of carriers has
been obtained and the resulis are reported here.

The argument used to justify this approach is as follows:

A decrease in the T;; of poly(ethylene terephthalate) may be
regarded as being equivalent to a corresponding increase in
temperature. Therefore, when plasticization occurs in the
presence of carrier, the effect of subsequent heat treatments
on the crease recovery of a piece of polyester cloth, heat-set
in a folded shape, will be greater than the effect of
heat-setting at the same temperature in the absence of
carrier.

Experimental
MATERIALS

Cloth
A sample of production-spun poly{ethylene terephthalate)
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plain-weave fabric was used. The weight was 187.8 g/m? [t has
a 196 Tex warp and 190 Tex weft.

Carriers

The following reagents used were all A. R. grade: phenol,
aniline and m-cresol. o-Phenyl phenol was used as Tumescal
OPE (ICY).

PRETREATMENTS OF POLY(ETHYLENE TEREPHTHA-
LATE) CLOTH
Samples of the cloth were pretreated for 90 min with the
appropriate solutions of carrier at 95 +1°C using a liquor:
material ratio of 190:1. The operation was carried out using a
Horsfall Dyemaster dyeing machine. Each dyeing tube was
covered with a polyethylene sheet with a central hole, through
which the sample holder passed. The sheet was secured round
the periphery of the mouth of the tube using a rubber band.
This prevented excessive loss of water and carrier.

After pretreating, the fabric was blotted and dried overnight
in a vacuum oven at 40°C.

DETERMINATION OF THE AMOUNT OF CARRIER
ABSORBED BY THE FABRIC

In one set of experiments the effects of equal molecular
concentrations of carrier in the fibre were examined. The
amounts of carrier needed in the pretreatment to provide these
concentrations were calculated from an adsorption isotherm
for the carrier on the material used. These were obtained
gravimetrically as follows.

The solution of the carrier was raised to 95°C and the
previously-weighed polyester cloth treated as indicated above.
The cloth was then removed and centrifuged for 25 min at 4 x
10® rev/min, to remove mechanically retained solution. This
was sufficient to obtain samples of constant weight. The fabric
was dried in a vacuum oven at 60°C for 24 h and re-weighed to
obtain the amount of carrier absorbed.

HEAT-SETTING APPARATUS

Heat-setting was carried out in the inner tube of a vapour bath.
This consisted of an inner glass tube, approximately 50 cm
long with a diameter of 5 cm, which fitted into an outer
jacket. This had a Quickfit 55/44 Pyrex glass socket at the top
and was shaped like a round-bottomed flask of diameter 10 cm
at the bottom. The diameter of the remainder of this outer
casing along its length was approximately 8 cm.

A Pyrex glass 55/44 Quickfit cone was fixed on the top of
the inner jacket so that the inner jacket could be seated
securely in the outer jacket. The inner jacket was finished-off
at the top with a glass cap made from a Quickfit socket and
contained two small glass hooks.

An L-shaped arm, pointing upwards, protruded from the
outer jacket at a distance of 8 ¢m from the top. It had a
diameter of 2.5 cm and was completed with a 19/26 Quickfit
Pyrex glass socket at the top, into which a reflux condenser
was inserted.

Sufficient organic solvent with an appropriate boiling point



was placed in the outer jacket to cover about half the length of
the inner tube. This gave a known heat-setting temperature
when boiling. Different solvents were used for different
heat-setting temperatures.

During use a thermometer was suspended from one hook in
the stopper using a fine metallic wire. A second wire was
secured to the other hook and the other end was attached to a
bulidog clip holding the specimen. A check was kept on the air
temperature of the inner tube during heat-setting. The
temperature did not vary more than +1°C below 100°C and
+2°C between 100 and 200°C.

HEAT-SETTING

Samples of the fabric measuring 2 cm x 1 ¢cm were cut using a
Wallace test specimen cutter. They were folded in half,
sandwiched between two microscope slides and clamped
together by means of a small bulldog clip at each end of the
sandwich.

Before commencing, the wire support was warmed in an
oven at the temperature of heat-setting. The solvent in the
outer tube was brought to the boil, and, when the air
temperature of the inside tube was steady, the sample was
quickly inserted. The average of three separate results was
taken.

After the required time, the sample was removed and
allowed to cool to room temperature.

MEASUREMENT OF THE CREASE RECOVERY
The crease tecovery of the heat-set samples was measured
using a Shirley crease-recovery tester.

A period of one minute was allowed for recovery after
placing the heat-set folded sample on the apparatus. The
measurements were carried out under normal atmospheric
conditions, no precautions having been taken to control the
humidity of the laboratory.

Results and Discussion

When poly(ethylene terephthalate) fibres are heat-set, the
applied thermal energy initiates molecular motion of the
polymer molecules. Once the constraints on these movements
have been overcome the polymer molecules can take up a new
arrangement which is thermodynamically more favourable
than the original. It has been established that recrystallization
involving chain folding of the polymer molecules is favoured
during heat-setting [4]. Chain folding is also induced when
chemical energy is applied.as in carrier dyeing at 95°C [3], and
the increase in amount of chain folding is accompanied by an
increase in the ease of dyeing. However, it is not yet clear how
and why the chain-folding process is responsible for the
observed changes in the dyeing properties of heat-set [5] and
carrier-treated polyester fibres [6—7]. Nevertheless, if the
introduction of a carrier into poly(ethylene terephthalate)
fibres is equivalent to raising the temperature it should be
possible to obtain effects with carrier-treated fibres which run
parallel to those resulting from dry heat-setting at a higher
temperature.

The Effect of the Temperature and Time of Heat-setting

The crease recovery of a carrier-treated polyester cloth is one
property which can be used to test the above hypothesis.
Furthermore, information about the crease recovery has
practical implications relevant to the properties of carrier-dyed

cloth.

When folded cloth is heated above the T, the molecules in
the folded fibres will move in response to the applied stress
and take up a new conformation. The new conformation will
be retained on cooling and the crease will become permanent.
The larger the difference between the heat-setting temperature
and the T, of the fibres the easier it will be for the changes to
take place.

Firstly, the results of the control experiments on the
carrier-free cloth are shown in Figure 1. The crease-recovery
angle of the cloth decreases with increasing heat-setting
temperature. The relationship is linear for short setting times
but becomes curved for longer times, all the curves
approaching a common point at the higher heat-setting
temperatures. At this point the setting of the fold in the fabric
was regarded as complete.
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Figure 1 — The effect of the time and tempergture of
heat-setting on polyester fabric

The Effect of Carriers on the Heat-setting Properties of
Poly(ethylene terephthalate ) Cloth
Carriers do not affect the crease recovery unless they have
been able to diffuse into the fibre. This only happens at an
appreciable rate when they are applied above the T, of the
fibre. Thus, both phencl and o-phenyl phenol have a signifi-
cant effect on the crease recovery after application at 95°C,
but they have no effect when they are applied at 20°C (Figure
2). obviously, if the carrier resides at the surface of the fibres,it
cannot act and it is possible that in such a situation it would
be lost by sublimation during subsequent heat-setting.
Increasing the concentration of o-phenyl phenol in the
pretreatment depresses the crease recovery and a significant
heat-setting action can be achieved at low temperatures. The
lowest temperature used for heat-setting was 56°C, but the
results suggest that setting could take place at even lower
temperatures (Figures 3, 4 and 5). The same pattern of
behaviour is observed for heat-setting at 80°C and 130°C, but
the spacing of the results for different carrier concentrations
becomes more compressed towards the state of permanent
crease as the temperature of heat-setting is increased. Simitar
results were found for phenol, aniline and m-cresol. These
were the only compounds with carrier activity examined, but
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Figure 2 — The effect of pretreatment temperature on the
crease recovery of carrier-treated polyester cloth, heat-set at
different temperatures for 2 min

120[ Treatment
o — water

. X 1.2 gl™ o-phenyl phenol
i ® — 2.4l o-phenyl phenol
= o 4.8 gI™ o-phenyl phenol
= 80 A 7.2 gI™ o-phenyl phenoi
-

5

>

<Y

(%]

v

)

= 40+

i

8]

0 5 10 15 20

Time at 56°C, min

Figure 3 — The effect of the concentration of o-phenyl phenol
used in the pretreatment at 95°C on the crease recovery of
polyester cloth, subsequently heat-set at 56°C

there is no reason to suppose that any other compound which
will plasticize poly(ethylene terephthalate) fibres will not
behave in the same way.

The molecular structure of the carrier also appears to be
important, since equivalent concentrations of phenol and
o-phenyl phenol are not equally effective (Figure 6).

It is realised that most of the carrier is removed after carrier
dyeing, but the information presented gives an indication of
the susceptibility to deformations during carrier dyeing or
afterwards when carrier has not been completely removed.

Conclusions

Permanent deformations can be introduced very easily in
polyester cloth containing carrier. The magnitude of the effect
depends upon the chemical structure of the carrier.
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Figure 4 — The effect of the concentration of o-phenyl phenol
used in the pretreatment at 95°C on the crease recovery of
polyester cloth, heat-set at 80°C
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Figure 5 — The effect of the concentration of o-phenyl phenol
used in the pretreatment at 95°C on the crease recovery of
polyester cloth, heat-set at 130°C
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Figure 6 — The effect of the concentration of carrier in the

fibre on the crease recoverv of polyester cloth, heat-set at
36°C for 2 min
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