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The effect that the dye has on the determination of the
glass transition temperature by a dyeing method is investigated.
1t is seen that the glass transition temperature is influenced
by the structure of the dve, i.e. its size, shape and its
interaction with the substrate.

From the studies carried out on various systems, a
correlation between glass transition temperature and
dyeing transition temperature has been postulated.

Introduction

The transition of a polymer from the glassy to highly elastic
state is accompanied by a gradual change in the physical
properties of the polymer owing to the segmental mobility of
its molecular chains. From this a quantitative definition of T,
such as the temperature at which segmental mobility becomes
possible, can be derived. However, the dependence of the
quantitative value of T, on the method of measurement leads
to considerable disagreement in the values of 7, for any one
polymer.

Besides the well-known methods of detecting the transition
temperature, dyeing phenomena have also been used by many
investigators [1-3] to ascertain T,. The use of dyeing
techniques to identify the transition temperature is based on
the assumption that at T}, there is a sudden rise in the rate of
dye diffusion (or dye uptake) because of the enhanced
segmental mobility. Determination of Ty using dyeing
methods is normally achieved as follows:

1. Plotting the logarithm of diffusion coefficient against the
inverse of absolute temperature of dyeing (Arrhenius
plot), and taking the T}, to be the point at which a change
in the activation energy of dyeing occurs [3].

2. Plotting the uptake of dye for a fixed dyeing time against
the dyeing temperature and considering the T, to be the
temperature at which dye uptake is mid-way between the
very low value and the higher, near equilibrium value [1].
Alternatively, taking the point of intercept on the
temperature axis of the approximately linear portion of
the dye-uptake curve as the transition temperature [2].

Shibusawa and Ijima [4], while investigating the diffusion
of nonionic penetrants in nylon, observed that the Arrhenius
plot of the diffusion coefficients showed a change in slope at
30--40°C higher than the glass transition temperature of nylon
in water, as determined by dilatometry and viscoelastic
measurements. The higher transition temperature obtained by
the dyeing method has been attributed to the molecular size of
the dyes used.
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On the other hand, Ingamells, Peters and Thornton [2],
while investigating the carrier action of phenol on polyester
fibre, observed that the glass transition temperature of
polyester fibre, determined using the dyeing method, was equal
to the T, of the fibre. In this case the ‘dye” seems to have no
effect on the glass transition temperature.

Since by definition the T, obtained by the dyeing methods
is dependent on the diffusion rate, which in turn is a function
of the dye—polymer system, the T, obtained by the dyeing
methods should be dependent not only on the structure of the
fibre, but also on the dye—polymer interaction, as well as on
the size and shape of the dye molecule used in these
measurements.

The present investigation was undertaken to assess the
effect of the ‘dye’ on the T, value of the fibre obtained by a
dyeing method. Various dyes of known structures, and
polyester fibres having different T, were investigated.

Of the two methods for locating the transition by the
dyeing technique (henceforth referred to as Tp), the second
approach was used with a slight modification, i.e, the intercept
was taken on the base line [5] rather than on the temperature
axis (see Figure 1). The first approach, namely that using
Arrhenius plots, was discarded on the grounds that prolonged
boiling of the fibres during dyeing brings about appreciable
changes in the structure of the polyester fibre.

Initially, dyeings were carried out for 30 min and 2 h at
various temperatures to investigate the effect of time on Tp. It
was observed that the results were within +1°C. Hence, it was
concluded that the differencesin Tp observed with various
dyes were not due to the thermodynamic effect and were
independent of the time factor.

Experimental

DYES
The following six dyes were purified by extraction with
benzene and crystailization of the solubilized extracts :

1. C.I Disperse Yeltow 1 YD

2. C.L Disperse Red 4 (R4)

3. C.L Disperse Red 7 (R7)

4, C.I. Disperse Red 11 (R11)

5. C.L Disperse Red 17 (R17)

6. C.I. Disperse Blue 7 (B7)
FIBRES

(a) Comumercially drawn, multifilament polyester fibre and a
basic-dyeable polyester, Dacron 62, were given a conventional
scouring pretreatment to remove spin finish,

(b) To prepare DMF-treated polyester fibre, polyester fibre
was treated in a relaxed state at 135°C for 10 min in DMF.
The residual solvent was removed by extraction four times
from distilled methanol at 60°C for 60 min. Then it was given
a hot water (95°C) wash for 10 min and allowed to dry at
room temperature, Finally, the material was vacuum dried



over potassium hydroxide for one week and reconditioned at
room temperature.

DYEING
The fibres were dyed in aqueous medium in a Rotadyer for 30
min and 2 h at different temperatures with different dyes at a
liquor-to-goods ratio of 60:1. The dyeing temperature of the
dyebaths, which were in closed stainless steel beakers, was
attained immediately by pouring hot polyethylene glycol 200
into the high-temperature dyeing machine. The dyeing
temperature was maintained within +0,5°C. For dyeing
temperatures above 100°C, the procedure was carried out
under  pressure. Dye uptake was  measured
spectrophotometrically.

The transition temperature was located by taking the point
of intercept of the approximately linear portion of the curve
on the base line as shown in Figure 1.

MEASUREMENT OF
TEMPERATURE

(a) The method used by Ingamells and coworkers {6], of
measuring the elongation of fibres under a fixed load, was used
to determine the T, of the DMF-treated polyester fibre in
water. The T} value obtained is given in Table [.

THE GLASS TRANSITION

(b) Since the drawn polyester and Dacron 62 have a tendency
to shrink, the above method was only used for the
DME-treated polyester fibre. For this set of fibres, shrinkage in
water or in solution containing carriers was measured after 30

TABLE 1

Tp Values Obtained Using the Six Disperse Dyes

Dye uptake, g/kg

50

Temperature, °C

Figure 1 — Dye uptake of polyester fibres at different
temperatures for a dyeing time of 30 min

min at different temperatures. The curves obtained by plotting
shrinkage against temperature enabled the T to be located as
discussed earlier. Two of the curves obtained are shown in
Figure 2.
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Figure 2 — Effect of temperature on shrinkage of the fibres in
water

EFFECT OF THE DYE STRUCTURE ON Ty,

In order to investigate the effect of the individual dyes on T,
dyeings were carried out with all the six dyes. Typical
dye-uptake curves of three of the dyes are shown in Figure
1. The T, values obtained from these dyes are given in Table
1.

It is apparent from Table 1 that the Tp values are much
higher than the T of the fibres, Furthermore, Ty values seem
to depend on the size, shape and dye—polymer interaction.
For instance, it can be seen from Table 1 that Tp with Y1 is
lower than that obtained with R17. The higher Ty in the case
of R17 may be due to its comparatively bigger size as well as
to the presence of hydroxyl groups at strategic points. It has
been seen from the molecular models of these dyes that
hydroxyethyl amino groups (of R17) are sterically in a
position to form hydrogen bonds without difficulty, whereas,
owing fo steric hinderances, the free hydroxyl group in the
para position of Y1 does not enhance the formation of hydro-
gen bonds with the fibre [7] and hence the resistance to the
movement of Y1 is lower. On the other hand, the higher T, of
R7 as compared to R17 (dyes of approximately equal size) may
be attributed to the hinderance to diffusion due to the halogen
atom in R7 [7]. Similarly, among the anthraquinonoid type of
disperse dyes, the higher value of T obtained with B7, as
compared to those of R11 and R4, may be attributed to the
larger size of B7 and its stronger interaction with the polymer
owing to the multiple hydroxyl groups present in the dye
molecule,

EFFECT OF DYEBATH ADDITIVES ON Ty,

In the dyeing of disperse dyes on polyester fibre, many
auxiliaries are added to give a uniform dyeing and better
exhausion of the dyebath. Some of these auxiliaries are known
to affect the diffusion of dyes. Therefore, their effect on T
was assessed,
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It was observed that to lower pH from 7 to 4.5 and to alter
the concentration of dispersing agent Ekaline F (S) from 0 to
0.3% have practically no effect on T, Apart from the
dispersing and pH controlling agents, carriers are also used in
dyeing of polyester fibre. Carriers are known to alter the T, of
the fibre. Recently Ingamells and Yabani [6] postulated that
the carriers lower the T, of polyester fibre, furthermore, if
applied in equimolar concentration in the fibre, they reduce
the T, to the same extent irrespective of their chemical
structure. If the action of the carrier is mainly due to its
interaction with the fibre, it should lower the T of the fibre
to the same extent irrespective of the dye used, thereby
implying that the interaction of carriers with dyes is not of
much consequence in the dyeing of polyester fibre.

For investigating the effect of carriers, 0.1M solutions of the
following four reagents were used:

(a) Benzyl alcohol
(b) Aniline

(c) Phenol

(d) m-Toluidine.

Tp values obtained with the various dyes are listed in Table 1.
It is apparent from these values that, in each case,the Ty is
reduced almost by the same amount as the T, of the fibre in
the carrier solution. These observations reinforce the view that
carrier activity in increasing the rate of dyeing is mainly due to
its action on the fibre,

Even though the molar concentration of the carrier taken
in all the cases was same (0.1M), the transition temperature is
decreased to different extents. This may be due to the
differences in the partition coefficients of the carriers used.

MEASUREMENT OF Tp OF THE MODIFIED POLYESTER
FIBRE

In order to further confirm the role of the dye in the
transition temperature measurements, the 7y of basic-dyeable
polyester, Dacron 62 (Dupont), and DMF-treated polyester
fibres was measured and compared. The results given in Table
1 show that, irrespective of the dye used, the differences in the
transition temperature (7p) are same as in the 7, of these
fibres in water. However, the contribution of the dye remains
the same in all the cases.

RELATION BETWEEN 7 AND T

It is clear from the observations made in the present study that
the transition temperature obtained by using the dyeing
method resuits in a value higher than the glass-transition
temperature of the fibres measured in water, and that the
difference in T, and T} is a characteristic of the structure of
the dye,

In order to obtain a correlation, the graphs between T
and T, for the different systems have been plotted in Figure 3.
It is apparent from the plots that the 7, and 7T follow a
Linear relaticnship and that the intercept of the lines on the
x-axis is a characteristic of the ‘dye’ used. Using these as
dye-characteristic constants, the data can be superimposed on
one common curve (Figure 4), thereby further confirming that
Tp and T, exhibit a linear relationship, i.e.

Tg = TD — ATDye
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Figure 3 — Dyeing transition tempergiure versus glass
transition temperature in different systems
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Figure 4 — Superimposed plot of Tpversus Ty

Conclusions
The present study shows that, in addition to the structure of
the fibre, the equally important role that the dye plays should
be considered when determining the transition temperature by
a dyeing method. The difference in Ty and Ty, i.e. ATpye, is
a characteristic of the penetrant, The parameters on which
ATpy. depends are difficult to quantify owing to the complex
nature of the dye—polymer interaction.

The findings substantiate the fact that the enhanced
diffusion of the dye in the presence of carriers is a result of
their action on fibres and not due 1o their action on dyes.
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