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Disperse dye distribution on polyester and wool during one-bath dyeing of wool/polyester blends is
discussed. The addition of carriers increases the wool’s intrinsic saturation vatue for disperse dye,
thus raising the degree of staining on the wool component at the low dye uptakes. However, staining
can be minimised if the dyeing is close to or attains equilibrium conditions. Sequestering agents can
accelerate the disperse dye diffusion out of the wool fibre, further reducing staining on wool and
transferring more disperse dyes from wool to polyester. Citric acid can be used as a sequestering

agent as well as a pH adjusting agent.

INTRODUCTION

The staining of the wool component by disperse dyes is

amajor disadvantage of one-bath dyeing of wool/polyes-

ter blends. This staining induces a loss of colour yield on
the polyester component. It also makes it difficult to
match the shade and results in lowering of fastness

ratings because of the surface deposition of dye [1,2].

Although disperse dyes are normally used to dye
polyester and some other hydrophobic fibres, they can
stain wool fibre by at least one of the following three

mechanisms [3]:

(a) dyeing by anionicreaction of the acid group contained
in some disperse dyes with the basic dye sites of the
wool

(b) physical adsorption of aggregated particles of disperse
dye on the scaly surface of the wool

(c) dyeing by secondary forces.

The rate and extent of staining on wool is dependent
on various factors. The selection of disperse dyes and
dyeing conditions is thought to be very important in
_preventing the staining on wool [4]. Because there is no
intermediate clearing of the staining, it seems to be im-
possible to prevent completely the staining on wool
during one-bath dyeing of wool/polyester blends.

The staining of wool and dyeing of polyester take
place simultaneously during one-bath dyeing of wool/
polyester blends. Although the rate of staining is much
quicker than that of dyeing on polyester at the beginning
of dyeing, the initial staining of the wool decreases as the
disperse dye becomes more fully adsorbed by the poly-
ester. The disperse dye distribution between polyester
and wool at equilibrium is controlled by the affinity of the
disperse dye for both polyester and wool fibres. There-
fore, one way of lowering the staining on wool would be
to improve the ability of polyester to adsorb disperse
dyes.

In the dyeing of wool/polyester blends it is important
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to select disperse dye with low intrinsic saturation values
for wool, low aggregation properties, rapid dyeing rates
and good exhaustion properties on polyester. Also carri-
ers are normally used to decrease the staining on wool
because they can accelerate the dyeing rate on polyester.
Whereas intermediate clearing of the staining and some
aftertreatments are effective in two-bath dyeing of wool/
polyester blends, they are useless for one-bath dyeing,.
Obviously it is much more difficult to reduce the staining
on wool component in these latter processes than itisin
two-bath dyeing.

EXPERIMENTAL

Fabrics

In order to measure the depth of dyeing on each compo-
nent of the blend, 45% by mass pure wool fabric and 55%
by mass pure polyester fabric were selected to be dyed
togetherin the same dye bath. This mixture was intended
to simulate 45/55 wool/polyester blends.

Dyestuffs

The acid dye used in this work was Irgalan Red 2GLKWL
200% (CGY, CI Acid Red 211). The disperse dyes used
were Dispersol Turquoise C-R Grains (ICI, CI Disperse
Blue 185) and Dispersol Yellow C-GR Grains (ICI, CI
Disperse Yellow 218).

Because the acid dyebath showed hardly any light
absorption at wavelengths above 600 nm, while the max-
imum absorbance of disperse dye 1is 687 nm [5], it was
easy to detect disperse dye uptake on different fabrics.
Therefore, the acid dye and disperse dye 1 canbe used to
dye the blend together. The disperse dyes were also used
to dye the blend separately in the absence of acid dye.

Carriers
Carriers used were Sarapol DLU {an aromatic hyrocar-
bon product), Remol LF (a diphenylmethylnaphthaiene



product) and Levegal PEW (an alkylphthalimide deriva-
tive), all at 1 ml/l.

Sequestering agents

Sequestering agents used were ethylenediamine-
tetraacetic acid (EDTA) (0.25 g/}, citric acid (1 g/1) and n-
triethanoic acid (1 g/1).

Buffer
Sodium acetate buffer was used (2 g/1) with acetic acid to
pH4.5.

Dyeing process

The dyeing was carried out in a Roaches laboratory
dyeing and testing machine at a liquor ratio of 20:1. As in
the first part of the study [5], after the fabrics were
introduced in the the dyebath, the temperature was
raised to 110°C at the rate of 2 degC/min and maintained
for 60 min. The bath temperature was then decreased to
50°C at the same rate. The dyed fabrics were washed in
hot water, then rinsed in cold water and finally dried in
an oven at 60°C.

Dye uptake

The dye uptake was measured by comparing with the
light absorption of different dyebaths before and after
dyeing by means of a Perkin-Elmer u.v,/visible light
spectrophotometer. The uptake was measured at the
wavelength of maximum light absorption, and was the
sum of dye uptake on wool and polyester components.

K/S value

The K/S values on the fabrics was measured using an ICS
MM9000 colour match prediction system. The K/S values
were used to represent the depth of dyeing as they are
proportional to the amount of colorant present in the
dyed fabrics.

Disperse dyes distribution on polyester

The method the disperse dye distribution has been shown
in our earlier paper [5]. This value represents a compar-
ison of dyeing depth between polyester and wool fabrics.

RESULTS AND DISCUSSION

Dyeing time and temperature

In the dyeing of wool/polyester blends there are three
different phases that can hold the disperse dye, i.e. wool,
polyester and dyebath. Whilst the disperse dye in the
dyebath is both in solution and in suspension, the dye-
bath can be still considered as a single phase because the
suspended particles act as a reservoir of dye that replen-
ishes the solution as the dye molecules are removed from
the dyebath by the fibre. It is well known that the dyeing
of disperse dye takes place in three simultaneous steps:
(a) dissolution of dye particles in the bath to give a dye

solution
(b) adsorption of the dissolved dye from solution onto

the fibre surface
() diffusion of adsorbed dye from the fibre surface to the
interior of the fibre.

Therefore, the dyeing of wool/polyester blends can be
depicted as shown in Figure 1.
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Figure 1 Movement of disperse dye molecules in the dyeing of wool/
polyester blends

Under normal dyeing conditions the rate of surface
adsorption of dye molecules on the fibre is always higher
than the rate of diffusion into the fibre. Therefore the
former does not exert any influence on the overall rate of
dyeing and the diffusion of dye within the fibre is the
rate-determining step. The rate of dye diffusion within
the fibre is controlled by the concentration gradient and
the resistance to the movement of dye species. The con-
centration gradient is the driving force of dye diffusion
and related to the ability of fibre to adsorb the dyes. The
resistance to the transport of a dye molecule through the
fibre arises from two principal causes. One is the strong
forces of adsorption that exist between the dye molecule
and the fibre chains. The other is the restrictions imposed
on the movement of dye by the structure of fibre. Since
the structure of polyester is much tighter (unswollen)
than that of wool (swollen), which can adsorb the dye
more easily, the rate of dye diffusion within polyester is
much slower than it is wool. Therefore the wool com-
ponentabsorbs much more disperse dyesat the beginning
of the dyeing process.

The dye concentration on wool (C,,) is greater than the
concentration on polyester (C,). However, the disperse
dye molecules readily diffuse out from the fibre when the
dye concentration on weol is high because the disperse
dye can neither bond ionically with the wool fibre, as acid
dyes do, nor bond covalently, as do reactive dyes. On the
other hand, the polyester can hold the disperse dye
strongly so that the rate of dye diffusion outward from it
is very slow. Hence once the disperse dye concentration
on wool exceeds the equilibrium dye concentration in
bath (Cy}, the disperse dye will begin to desorb into the
bath while the polyester component continues to take up
the disperse dye from the bath. As a result of this process,
the disperse dye will transfer from wool to polyester
component the dyebath. The longer the dyeing time, the
lower the staining on wool and the higher the disperse
dye distribution on polyester.
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The staining of the wool component was found to
increase when the dyeing temperature was raised, and
reached a maximum at 110°C. Then it decreased quickly
as the dyeing temperature was raised further [5]. The
increase in dyeing temperature raises not only the rate of
dye diffusion within the polyester but also the rate within
the wool. Over a short period the staining will increase
because more disperse dye diffuses into the wool fibre.
However, since the increase in dyeing temperature can
promote the transfer of dye from wool to polyester (as a
result of the increase of dye diffusion into polyester from
wool via the dyebath, the staining will decrease if suffi-
cient dyeing time is allowed. Clearly if the dyeing time is
prolonged, a lower temperature is required.

Effect of carriers on disperse dye distribution

The sensitivity of wool to degradation at high tempera-
ture makes a carrier essential to dye full depths on poly-
ester at a relatively low temperature in the dyeing of
wool/polyester blends. Although the precise mode of
action of carriersis not fully understood, the plasticisation
theory suggested by Vickerstaff [6] has received sub-
stantial support [7]. According to this theory, the carrier
behaves like a plasticiser, becoming attached to polymer
molecules, decreasing the attractive forces between the
polymer chains and thus changing the internal structure
of the fibre andlowering the glass transition temperature.
Hence carriers can accelerate dye diffusion within the
tibre and raise the ability of polyester to absorb disperse
dye.

Table 1 shows the effect of carrier on disperse dye
distribution between polyester and wool at low and high
dye concentrations. At a disperse dye concentration of
1% o.w f. (blend) (i.e. 1.82% o.w f. (polyester)) was applied,
the carrier increased the dye uptake considerably. It was
apparent that the dyeing was far from reaching equilib-
rium after for 60 min at 110°C. A high proportion of
disperse dye remained in the bath. On the other hand,
the addition of carrier did not raise the dye uptake but in
fact decreased it at a dye concentration of 0.5% o.w.f.

Table 1 Dyeing with disperse dye 2

1% o.w.f. (blend) 0.5% o.w.f. (polyester)

Without  With Without With
carrier Remol LF  carrier Remol LF
Dye uptake (%) 37.75 68.96 95.08 93.44
Staining on wool
(KIS value) 1.944 2.321 1.948 1.681
Dye on polyester
(KIS value) 4.310 8.640 2.872 4.014
Disperse dye
distribution {%) 68.92 78.83 59.58 70.48
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(polyester). This seems to give anindication of the dyeing
equilibrium at the end of dyeing. The decrease in dye
uptake was due to the carrier accelerating both absorp-
tion and desorption; thus alittle more dye was transferred
to the dyebath from the fabric at the equilibrium.

While the addition of carrier always raises the colour
yield on polyester because the carrier gently flexes and
move the fibre chains apart by molecular motion and
allows dye molecules to penetrate in their wake, the
effect of carrier on the staining of wool is more compli-
cated. Comparing the staining on wool at different dye
concentrations without carrier present, there seems to be
intrinsic saturation values of disperse dyes for wool fibre,
which are independent of dye concentration. The addi-
tion of carrier increases the rate of dye diffusion and
therefore raises the ability of wool fibre to absorb disperse
dye, i.e. the intrinsic saturation value. Therefore the
carrier will increase the staining on wool when the dye
concentration in the bath is high. However, if the dyeing
is close to or reaches equilibrium, the rate of dye diffusion
outward from wool will increase because the dye con-
centration in bath is low. More dye will be transferred
from wool to polyester because the addition of carrier
raises not only the ability of polyester to absorb disperse
dye, but also the rate at which it is desorbed from wool to
the bath. In this case both the decrease of staining on
wool and the increase of disperse dye distribution on
polyester will be observed. 5o any reduction in staining
of wool brought about by the addition of carrier has a
prerequisite that the dyeing is allowed to approach or
reach equilibrium. The effect of carrier on staining de-
pendson the dye uptake at the end of the dyeing process.

Although carriers differ in their chemical constitution,
their effect on disperse dye distribution is similar. Table
2 shows the effect of three carriers commonly used in
Sweden on disperse dye distribution between polyester
and wool. From the values of dye uptake, it is apparent
that the dyeing was close to equilibrium. The effect of all
three carriers was to increase the amount of disperse dye
on polyester and decrease the staining on wool. Because
the dye uptakes were all similar, the lower the staining on
wool, the more disperse dye was present on polyester.
The actual carrier used affected the extent of wool stain-
ing; for example, Remol LF was much more effective than
Sarapol DLU for reducing staining.

Table 3 shows the results of dyeing with disperse dye
and acid dye together. Compared with the results in
Table 2, the disperse dye staining on wool was much
higher than when dyeing in the absence of acid dye,
although dye uptake values were similar. A possible
explanation is that disperse dye diffusion from the woot
is hindered by acid dye. At the beginning of dyeing both
disperse dye and acid dye diffuse into the fibre together.
Because acid dyes react readily with wool molecules by
ionic bonding, they will not easily diffuse back out from
the wool to thebath. Although disperse dyehasa tendency
to diffuse from wool when the bath concentration is less
than that on wool, the presence of acid dye increases the



Table 2 Dyeing with disperse dye 1 (1% o.w.f. (polyester))

Carrier type

No carrier Remol LF Levegal PEW Sarapol DLU

Dye uptake (%) 92.96 92.81 93.03 92.58
Staining on wool

(K/S value) 1.850 1.182 1.339 1.587
Dye on polyester

(K!S value) 2.857 3.981 3.854 3.693
Disperse dye

distribution {%) 59.43 7710 74.22 69.94

Table 3 Dyeing with disperse dye 1 (1% o.w.f. (polyester}) and
acid dye (1% o.w.f. (wool}))

Carrier type

No carrier Remol LF Levegal PEW Sarapol DLU

Dye uptake (%) 93.31 92.95 93.02 91.94
Staining on wool

(K/S value) 2.665 2.008 2.183 2.468
Dye on polyester

(KIS vaiue) 2.668 3.829 3.641 3.232
Cisperse dye

distribution (%) 50.03 65.58 62.51 56.70

resistance to dye movement. Therefore the rate of dis-
perse dye transfer from wool to polyester is reduced, and
more disperse dye remains in the wool fibres.

Effect of sequestering agents on disperse dye
distribution '

The addition of carrier raises the rate of dye diffusion in
polyester, thus increasing the disperse dye distribution
on polyester and decreases the staining on wool at
equilibrium. On the other hand, if the rate of dye diffu-
sion into the woolis decreased or the rate of dye diffusion
from wool is increased, the staining on wool will be
reduced and more disperse dye will be transferred to the
polyester component. Sequestering agents are found to
be useful minimising the staining on wool.

As shown in Figure 2, the addition of either EDTA or
citric acid can decrease staining on wool, with EDTA
being the more effective of the two. A concentration of
0.25 g/l was enough to decrease significantly the extent of
staining, which increased slightly as the EDTA concen-
tration was raised further. Staining was reduced at citric
acid concentrations up to 1 g/l. The effect of sequestering
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Figure 2 Effect of sequestering agents on the staining of wool by
disperse dyes in the dyeing of wool/polyester blends

agent on disperse dye distribution on polyester is shown
in Figure 3. The curves were similar to those for staining
on wool. Therefore either 0.25 g/l EDTA or 1 g/l citric acid
was selected as the concentration to be applied. n-Tri-
ethanoic acid was also effective in increasing disperse
dye distribution on polyester at a concentration of 1 g/l.
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Figure 3 Effect of sequestering agents on disperse dye distribution
on polyester in the dyeing of wool/palyester blends

It is hypothesised that sequestering agents have the
ability to combine with disperse dye, so that when the
agents become adsorbed on the surface of wool they can
hinder the diffusion into the wool fibre and speed up dye
diffusion outward from the wool. In addition, sequester-
ingagentsin the dyebath favour the retention of disperse
dye in the bath, thus reducing the rate of surface ad-
sorption on wool and increasing the rate of surface des-
orption from woel to the bath. The addition of
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sequestering agents will thus decrease the staining on
wool and promote disperse dye uptake by the polyester.

When the concentration of acid dye was fixed at 1%
o.w.f. (wool) and the concentration of disperse dye was
changed to 1%, 2% and 3% o.w f. {polyester) the results
obtained are shown in Table 4. While the disperse dye
distribution on polyester increased with increasing dis-
perse dye concentration, sequestering agents were still
effective inreducing the staining on wool and increasing
the disperse dye distribution on polyester.

Table 4 Dyeing with disperse dye 1 and acid dye

Remol LF + Remol LF +

Remol LF  EDTA citric acid

Staining on wool (K/S)

1% 2.008 1.517 1.623
2% 3.162 2.751 2.882
3% 4,481 3.765 3.816
Disperse dye distribution (%)

1% 65.58 72.97 71.63
2% 68.49 73.55 72.58
3% 69.13 74.36 74.08

Table 5 shows that sequestering agents were effective
for reducing the staining on wool and increasing the
disperse dye distribution on polyester both in the pres-
ence and in the absence of carrier. The addition of se-
questering agents had hardly any influence on the dye
uptake at the dyeing equilibrium. The major effect of
sequestering agents seems to be reducing the staining on
wool, thus the polyester componentcanabsorb somewhat
more disperse dye. The different carriers have different
effects on the rate of dye diffusion, but the effect of the
various sequestering agents was similar.

Table 5 Dyeing with disperse dye 1 and acid dye

Dye Dye on
uptake Staining polyester Disperse dye
(%) (KIS) (KI'S) distribution (%)
No carrier
No sequestrant 93.31 2.665 2.668 50.03
EDTA 9295 2467 2.818 53.31
Citric acid 93.53 2424 2887 54.36
Remol LF
No sequestrant 92.95 2.008 3.829 65.58
. EDTA 93.45 1517 4.095 72.97
Citric acid 93.62 16.23 4.099 71.63
Levegal PEW
No sequestrant 83.02 2183  3.641 62.51
EDTA 93.31 2.003 4.037 66.83
Citric acid 93.60 2.01t3 3.909 66.01
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The dyebath pH was about 4.7 when 1% citricacid and
2 g/l sodium acetate were present. This pH is suitable for
dyeing wool/polyester blends from the point of view of
minimising wool damage. Therefore citric acid can be
used to replace acetic acid as a pH adjusting agent.
Furthermore, citric acid presents no environmental
problems, thus it is likely become more important com-
mercially as a sequestering agent for reducing the staining
onwool during one-bath dyeing of wool/polyester blends
with acid and disperse dyes.

The effect of sequestering agent on disperse dye dis-
tribution diminished, and sometimes even disappeared,
if disperse dyes only were used to dye wool/polyester
blends (Table 6). As mentioned above, the presence of
acid dyeincreases the resistance to diffusion of dye out of
wool. In the absence of acid dye this rate of diffusion is
relatively high. Thus the effect of sequestering agent on
speeding up dye diffusion from wool is slight. It is sug-
gested that the greater the resistance to dye diffusion, the
stronger is the effect of sequestering agent on reducing
the staining on wool. Further workis undoubtedly needed
to elucidate the mode of action of sequestering agents in
this type of application.

Table & Dyeing with disperse dyes only

Disperse dye distribution on polyester (%)

No sequestrant EDTA  Citric acid

Disperse dye 1

Remol LF 76.33 7666 76.64
Levegal PEW 74.22 75.07 74.23

No carrier 59.43 60.11 60.69
Disperse dye 2

Remol LF 76.42 78.22 7832

No carrier 65.08 67.67 68.44
CONCLUSION

Increasing the dyeing temperature raises not only the
rate of dye diffusion within polyester but also the rate of
diffusion in wool. The dyeing temperature that gives the
maximum staining of the wool component depends on
the dyeing time adopted. The longer the dyeing time, the
lower the temperature required.

The influence of carriers on the staining of wool de-
pends on the exhaustion of the dyebath at the end of
dyeing. Atlow dye exhaustion the addition of carrier will
increase the staining on wool. The prerequisite for re-
ducing staining in carrier dyeing is that the process
should be allowed to approach or attain equilibrium. The
presence of acid dye increases the resistance to disperse
dye diffusion within wool, thus increasing staining.

Sequestering agents can speed up disperse dye diffu-
sion from wool, thus reducing staining and promoting



transfer of disperse dye from wool to polyester. Seques-
tering agents are effective with and without carrier
present, but they lose some of their effect in the absence
of acid dye.

Citric acid is recommended for pH adjustment and as
a sequestering agent.
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