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Early work oti the dyeing of polyester fibre showed that 
only dyes o j  very low aqueous solubility had substantivity 
for the fibre, and that for dyeing at the boil without a 
carrier only the smallest molecular weight disperse dyes, 
and selected azoic combinations, had sufficiently high 
dyeing rate to give adequate colour yield in a practicable 
time of  dyeing. The development of carriers for dyeing 
at the boil, and of machinery for batchwise dyeing 
under pressure at temperatues up to 140"C, extended the 
range of suitable d.ves to those of lower dyeing rate but 
higher heat-jhstness properties. As an alternative to 
exhaust dyeing, polyester m y  be dyed with disperse dyes 
by padding fbllowed by dry heat fixation at temperatures 
up to 220"C, and this method has found its main 
conzmercial application in the continuous dyeing of 
polyester- cellulosic blend fabrics. 

The development of new disperse dyes has followed these 
trends in application methods, and the proportion of 
available dyes having higher heat-fastness properties has 
steadily increased fvoni about 1950 onwards. 
Improvements have also taken place over the same period 
in the ph,ysical properties of the dyes, to meet the 
increasingly severe demands on dispersion properties 
imposed by the newer dyeing methods. 

The theme of this paper is the application of disperse dyes to 
polyester fibre. Because of this choice of topic, the period 
covered is from about 1950 to the present day. During this 
period, the use of polyester has developed to a position where 
this fibre is by far the most important for the consumption of 
disperse dyes. For example, a recent survey of the U.K. market 
for disperse dyes indicated that in I971 about two-thirds of 
the total amount of disperse dye used was for the coloration 
of polyester either alone or in blends, and forward projections 
based on fibre growth suggest that by 1976 this proportion 
will have increased to about three-quarters. 

This growth in the importance of polyester fibre over the 
last two decades has stimulated developments in dyeing 
methods and dyeing machinery. It has also stimulated the 
development of new dyes especially suited to the requirements 

of polyester fibre. Although all of these can properly be 
classified as disperse dyes, the make-up of this group today is 
very different from that at  the start of the period under 
revicw. An attempt is made in this paper to review these 
developments. 

Introduction of Polyester Fibre 
No paper on this topic would be complete without reference 
to the pioneering work of Waters 11 J , which served to define 
many of the salient dyeing properties of polyester fibre during 
its development stages and before commercial production had 
started. This work showed that only dyes of very low aqueous 
solubility had appreciable substantivity for the fibre, and for 
this reason all the water-soluble ranges of dyes had to  be 
discarded at an early stage of the investigation. There is an 
obvious analogy with the situation that existed some 30 years 
earlier when secondary cellulose acetate fibres were intro- 
duced, which led directly to the inception of the disperse-dye 
range [2] .  In fact, polyester fibre is even more hydrophobic 
than cellulose acetate, and is very little swollen by water, at  
least up to the atmospheric boil, which for practical purposes 
was the maximum dyeing temperature in 1950. Thus the 
Solacet (ICI) dyes, which were developed for use on cellulose 
acetate and which have appreciable solubility in water, were 
found to be less suitable for application to polyester. 

Once the search for suitable dyes had been narrowed to 
those of low aqueous solubility, the problem arose of 
obtaining adequate colour yields from this type of dye. Here 
Waters was able to show very clearly that the yield from 
disperse dyes was limited essentially by low rates of dyeing 
rather than by low substantivity for the fibre. This is a most 
vital conclusion, which has dominated much of the thinking 
on the dyeing of polyester over the last 20 years, and is likely 
to  continue to prompt future developments. Waters demon- 
strated that, if polyester fibre was dyed for a sufficiently long 
time, so that an equilibrium distribution of dye between fibre 
and bath was approached, then the disperse dyes used in his 
work had uptake values of a similar order of magnitude to the 
uptake of the same dyes on cellulose acetate and on nylon, 
where they were in regular commercial use at  that time. In 
general, the saturation value was less than on acetate and 
greater than on nylon (Table 1). On the other nand, the rate of 
dyeing was very much lower on polyester than on either of the 
other two fibres. This is due to very slow diffusion of dye 
through the polyester itself. This is evident from fibre 
cross-sections, which show very marked ring-dyeing effects, 
and is confirmed by determinations of relative diffusion 
coefficients in polyester, cellulose acetate and nylon (Table 2), 
the coefficients being very much smaller on polyester than on 
acetate or nylon at  the same dyeing temperature. 

This work also gives the first indication of the importance 
of the maximum attainable dyeing temperature for polyester, 
since diffusion coefficients were measured at 85"C, as 
commonly used for dyeing acetate and nylon with disperse 
dyes, and also a t  the atmospheric boil. The diffusion coeffi- 
cient was found to increase by a factor of about 40  over this 
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TABLE 1 

Saturation Values of Disperse Dyes on Terylene (ICI), Nylon 
and Acetate 

Fibre Temp. of Saturation value ("h) of  
dyeing ("C) Dispersol Fast Duranol Duranol 

Orange G Red 2B Violet 2R 
(C.1. Disperse (C.I. Disperse (C.I. Disperse 
Orange 3)  Red IS) Violet 1 ) 

Terylene 8 5  4.1 12.0 4.4 
Nylon 8 5  2.0 4.4 4.9 
Acetate 85  5.1 11.2 8.3  

TABLE 2 

Relative Diffusion Coefficients 

Fibre Temp. of Relative diffusion coefficient of 
dyeing ("C) Dispersol Fast Duranol Duranol 

Orange G Red 2B Violet 2R 
(C.I. Disperse (C.1. Disperse (C.I. Disperse 
Orange 3) Red IS)  Violet 1) 

Terylene 85 1 1 1 
Terylene 100 48 34 31 
Nylon 8 5  680 1000 450  
Acetate 85 460 286 452 

range of some 15°C (Table 2). The potential for high- 
temperature dyeing methods was indicated in this way at  a 
very early stage, and was exploited as soon as machinery 
developments had taken place which permitted dyeing at 
above atmospheric pressure. In the earliest recommendations, 
however, attention was necessarily directed more to  the extent 
to  which available machinery could be used t o  approach a true 
100°C 131. Thus, the open jig was condemned as being 'of 
very limited use' and covered jigs were not accounted t o  be 
much more useful, because of the relatively low temperatures 
achieved on the rolls of  these machines. The winch was 
preferred for piece dyeing and attention was drawn t o  the 
benefit of the enclosed winch in permitting a somewhat higher 
actual dyeing temperature. 

The earliest recommendations for disperse dyes on poly- 
ester were similarly dominated by the need to  obtain 
acceptable colour yields in practicable dyeing times (e.g. 9 0  
min) at the atmospheric boil in the absence of carrier. A 
typical range recommended in 195 1 [3] is given in Table 3, 
with the claim that these dyes could be applied a t  the boil (in 
the absence of a carrier) to  give a wide range of colours u p  t o  
medium depth. For interest, the dyes selected at  that time 
have been listed in  Table 3 under the A, B, C, D classification 
system [4J,  which was devised many years later. I t  is seen 
that, with the exception of Duranol Blue G (now Dispersol 
Blue B--G; C.l .  Disperse Blue 26),  a11 are A type dyes, i.e. dyes 
giving the best yields on polyester fibre a t  low dyeing 
temperatures but having the lowest level of heat fastness. None 
of these A types is in widespread commercial use today on 
polyester fibre, since the dyeing conditions f o r  which they 
were recommended no longer apply, and criteria for fastness 

Dispersol Fast 
Yellow A 
(C.I. Disperse 
Yellow 1)  

7.1 
5 .O 

16.0 

of the dyed material to  subsequent heat treatment have 
become much more stringent. It is perhaps even more 
significant that  a number of dyes in the then 1C1 range, which 
are known to have higher heat-fastness properties, were 
rejected because of  inadequate yield under these very 
restricted application conditions. Products such as Dispersol 
Yellow B--A, Dispersol Red B-3B and Dispersol Orange C-- B 
(C.I. Disperse Yellow 1, Red 1 1 ,  Orange 13), all of which 
enjoy widespread use on  polyester today and which were 
available a t  that time, were rejected for this reason. 

Because of the severe restrictions on the choice of disperse 
dyes and the attainable depth dictated by the earliest dyeing 
processes, considerable attention was directed t o  the modified 
azoic-dyeing method. This was prompted by the sound 
theoretical consideration that even the smallest disperse dyes 
gave limited build-up in practicable times of dyeing, so that 
still smaller molecular species should be sought to give more 
rapid diffusion in the fibre. By choice of very simple amines 
and the simplest naphthols such as /3-hydroxynaphthoic acid, 
applied t o  the fibre as dispersions of the insoluble form, this 
was achieved. The amine and the naphthol were applied at  the 
boil either together or sequentially in the case of  those 
products which tended to interact in the bath to form a tar, 
and diazotisation and coupling were carried out hot .  In early 
published recommendations [3] ,  a range of Brentamine Fast 
Bases (lCI), together with p-nitroaniline and Dispersol Diazo 
Black 2B (C.l. Disperse Black 2), was suggested for use with 
0-hydroxynaphthoic acid by this process, for the production 
of heavy depths. As carrier-dyeing methods and high- 
temperature processes were introduced, the range of coupling 
components that could be used increased, and Dispersol Diazo 
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TABLE 3 Use of Carriers at the Boil 
Limitations on yield by dyeing at the boil, and the initial lack 
of pressure-dyeing equipment, prompted an early search for 
carriers, i.e. products to increase the rate of dye uptake by the 
fibre. Waters showed that numerous organic compounds of 
relatively small molecular size were effective in this respect, 
provided they were of low solubility in water so that they 
were appreciably absorbed by the polyester fibre. Many 
products that are effective as carriers produce some swelling of 
the fibre, but the order of their effectiveness does not 
correlate directly with their swelling action. Indeed, the mode 
of action of carriers for polyester fibre has not been 
compktely elucidated. There is little doubt that absorption of 
carrier by the fibre is an essential prerequisite for increasing 
colour yield at the boil, and that this absorbed carrier 
facilitates penetration of dye into the.fibre. One or more of 
the following mechanisms have been postulated for this [7,  
S] : swelling of the fibre, acting as a ‘molecular lubricant’, and 
lowering the glass-transition temperature of the polyester. 
Behaviour may also be modified by solubilising effects of the 
carrier on the dyes themselves, both in the bath and at the 
fibre surface, so that no simple correlation appears to exist 
between the effectiveness of a particular chemical as a carrier 
and any one of these individual effects. Certainly, it is a fact 
that the relative effectiveness of different carriers in increasing 
dye yield at the boil varies significantly from one dye to 
another, reflecting the probability that several mechanisms are 
operating simultaneously and in degrees of importance that 
change according to the dye and carrier in question. 

The ideal carrier for bulk use at the boil would produce 
large increases in colour yield in practicable dyeing times at 
low carrier cost, without seriously impairing the physical 
properties of the fibre or the fastness properties of the dyes. It 
would not cause carrier spotting and would be free from toxic 
or noxious effects during dyeing and in the fibre and in the 
effluent after dyeing. No product meets all these requirements, 
and selection at any time is necessarily a compromise. In the 
early days of polyester dyeing, particularly in the U.K., the 
preferred carriers were o-phenylphenol and diphenyl. For 
many years o-phenylphenol was supplied in the form of the 
sodium salt, which is water-soluble and has no carrier action, 
so that it was acidified in the bath to produce the free phenol. 
The preferred method of use was the so-called ‘inverse 
method’, in which the bath was set initially with sufficient 
acid to neutralise all the sodium o-phenylphenate that was to 
be used, and the latter was added to the acidified bath to 
release the free phenol. This method gives good control of 
carrier action, since release of carrier may be achieved 
gradually by the portionwise addition of the sodium salt if this 
is thought necessary to produce a gradual exhaustion of the 
dyebath. It also avoids the problem of decomposition of 
alkali-sensitive dyes, since the bath is acidic throughout 
dyeing. It does, however, call for careful addition of carrier 
and the need to handle the product in solid form, and has been 
superseded by the use of o-phenylphenol as either an 
emulsifiable liquid 1e.g. Optinol B (YCL)] or a ready-to-use 
emulsion [e.g. Matexil CA-OPE (ICI)]. By any of these 
methods of use, o-phenylphenol is comparatively free from 
carrier spotting, but it does have a deleterious effect on the 
light fastness of a number of dyes even after subsequent heat 
treatment of the polyester has partially removed the absorbed 
carrier. 

original Selection of ICI Dyes for Application to Terylene a t  
the Boil in Absence of a Carrier 

Dye C.I. Disperse Classification 

Dispersol Fast Yellow G Yellow 3 A 
Dispersol Fast Orange C Orange 3 A 
Duranol Red G N  Red 9 A 
Duranol Red 2B Red 15 A 
Duranol Violet 2K Violet I A 

A Duranol Blue G N  - 

Duranol Blue G Blue 26 B 

Black B (C.I. Disperse Black 1 )  becan;e very important for the 
production of blacks. 

The use of azoic combinations of this kind was comnion 
for a number of years in the early 1950s for the production of 
heavy reds, browns, navies, and blacks, particularly on 
polyester slubbing. However, as the range of direct-dyeing 
disperse dyes was extended and high-temperature equipment 
came into general use, azoic combinations declined in impor- 
tance, except for the production of blacks. This was because 
of the 1ength.y process involved, the difficulty with many 
colours of  achieving good batch-to-batch reproduction, and 
the tendency of many combinations producing reds to migrate 
to the fibre surface on subsequent heat treatment of the dyed 
material, with a consequent dulling of colour and lowering of 
rubbing fastness. The exception was the use of Dispersol Diazo 
Black B with Brenthol OT (C.l. Azoic Coupling Component 
18) for the production of blacks by high-temperature dyeing 
of polyester slubbing, loose stock and yarn. The first published 
recommendation of this combination was in January 1955 
[ 5 ] ,  and it has remained a viable process against the alternative 
use of direct-dyeing blacks until very recently. It is now 
diminishing in iniportance owing to difficulties in the manu- 
facture o i  the diazo components. 

A vital development in the very early days of the bulk 
dyeing of polyester fibre was the discovery of the reduction- 
clearing process [ 6 ] .  This is based on the fact that water-solu- 
ble reagents do not penetrate into polyester fibre at tempera- 
tures below the boil. Consequently, it is possible to treat dyed 
polyester in a strongly reducing bath of caustic soda and 
sodium dithionite, without affecting the dye that has pene- 
trated the fibre but with virtually complete destruction of dye 
at the surface. This means that heavy surface deposition of dye 
can be removed, with a consequent improvement in fastness to 
rubbing and wet treatments, without significantly changing the 
colour of the dyeing. This was of the greatest importance 
when carrier dyeing at the boil predominated and when the 
tendency o f  the available qualities of disperse dyes to 
aggregate and deposit on prolonged boiling was greater than is 
the case with current qualities. The reduction-clearing process 
is still in widespread use, but the need for it is less now that 
high-temperature dyeing methods predominate; the tendency 
for surface deposition of dye has been reduced by improve- 
ments in dye quality and the availability of suitable dyebath 
auxiliaries, and the excellent liquor interchange in modern jet 
machines, for example, makes aqueous rinsing a much more 
efficient process than hitherto. 
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Diplienyl was also used in the early days as an alternative 
to o-phenylphenol. The greater volatility of diphenyl increases 
the danger of carrier spotting in open equipment, arid its use 
for winch dyeing has always been regarded as suspect for this 
reason. It does, however, have less effect on light fastness than 
o-phenylphenol, and it has sometimes been preferred for use in 
enclosed equipment such as circulating-!iquor machines for 
this reason. It remains a preferred carrier for application of 
fl uorescent brighteners to  polyester fibre, because of its 
negligible effect on the fluorescence and light fastness of these 
products. 

In the early 1950s carrier dyeing at the boil was of great 
importance for polyester slubbing and polyester-wool blends. 
The former use declined rapidly as pressure-dyeing equipment 
became available, but the latter outlet has persisted to  the 
present day because of the limitation on temperature imposed 
by the presence of wool. With the rising importance of 
texturised polyester, and the predominance of fabric dyeing of 
the substrate, the use of carriers increased very significantly 
for this outlet when the atmospheric winch was almost 
universally used before the introduction of high-temperature 
rope-dyeing equipment. Thus there has been, for a period of  
some 20 years, a continuous use of carrier-dyeing methods for 
polyester fibre in one form or another. 

The introduction of carrier dyeing on the bulk scale in the 
early 1950s had an immediate effect on dye selection. It 
permitted the use of slower diffusing dyes, of higher fastness 
properties than those originally recommended for dyeing a t  
the boil in the absence of carrier. ICl's recommended range of 
dyes for application a t  the boil in the presence of carrier (or 
by high-temperature dyeing methods) as published in 1955 
I S ]  is reproduced in Table 4, where again the modern 
classification of the dyes has been given. It will be seen that all 
of the A type dyes recommended for dyeing at the boil in the 
absence of carrier have been dropped under these more 
favourable dyeing conditions, and that the recommended 
range consists predominantly of B type dyes with one or two 
existing C type dyes also. These types have remained in use for 
carrier dyeing at  the boil until the present day, although their 
use by high-temperature methods has increasingly been 
superseded by even faster dyes as these became available and 
fastness requirements demanded their use. 

TABLE 4 

1955 Selection of ICI Disperse Dyes for Dyeing Terylene at 
the Boil in Presence of Carrier or by HT Methods 

Dye C.I. Disperse Classification 

Dispersol Fast Yellow A Yellow 1 B 
Dispersol Fast Yellow GR Yellow 39 
Dispersol Fast Orange B Orange 13 C 

Brown RN Orange 5 B 

B 

Dispersol Fast Orange 

Duranol Red X3B Red I 1  B 
Duranol Violet BR Violet 8 C 
Duranol Blue G Blue 26 B 

High-temperature Batchwise Methods 
The advantages for the use of high-temperature methods in the 
dyeing of polyester fibre were recognised from the beginning 

111, and the last 20 years have seen a steady replacement o f  
atmospheric equipment by pressurised machinery t o  enable 
such methods to  be used. These advantages may be 
summarised as: 

1. Materials cost savings arise from the elimination of the 
cost of carrier and the better colour yields f r o m  many 
dyes under high-temperature conditions. 

2. Savings in time occur from the generally shorter dyeing 
cycles possible under high-temperature conditions. 

3. A better combination of level-dyeing and fastness 
properties is obtained by high-temperature dyeing as 
compared with carrier dyeing a t  the boil. 

4. The drawbacks to  the use of  carrier, such as the 
deleterious effect on the light fastness of certain dyes 
and the odour of most carriers, are eliminated. 

The first two of these advantages are economic, and have 
undoubtedly formed the basis of the financial justification for 
the initial installation of high-temperature equipment for most 
outlets. The other two advantages are technical and may have 
had less influence initially on the purchase of high-temperature 
machines. However, once such equipment is available to 
certain operators in a particular trade, there is little doubt  that 
these technical advantages have forced their competitors to 
follow in their own plant t o  remain competitive. 

The introduction of high-temperature equipment of differ- 
ent types has occurred historically in a way that reflects the 
commercial needs at  the time and the relative ease and cost of 
producing pressurised machinery t o  d o  the job. Thus the early 
importance of polyester slubbing in the wool trade led t o  the 
development of pressurised top-dyeing machines, where the 
provision of suitable circulating-liquor equipment was rela- 
tively straightforward. Similar design factors are applicable t o  
the dyeing of yarn in package form, so that this type of 
high-temperature equipment also appeared at  an early date. In 
the dyeing of fabrics, however, pressurised equipment was 
slower t o  establish itself. Pressurised jigs were introduced for 
dyeing woven polyester fabric, but these were not very 
successful and only a few are believed t o  remain in use. They 
were of high capital cost in relation t o  output ,  subject t o  a 
number of mechanical difficulties, and satisfied an outlet for 
woven, non-texturised continuous-filament fabrics that did not 
develop very strongly. A much more successful development 
for fabric dyeing was the  pressure beam, which again repre- 
sents a set of mechanical factors which are broadly similar to  
those in circulating-liquor machines for slubbing, loose-stock 
and yarn-package dyeing. From their introduction, pressure 
beams became the preferred equipment for high-temperature 
dyeing of polyester fabric, and were generally satisfactory for 
flat fabrics where the pressures generated on the Fabric were 
not deleterious t o  its appearance or handle. 

With the rise in importance of  the dyeing of circular-knit, 
tevtiirirecl polyester fabric in the 1960s, the main outlet for 
piece dyeing was not catered for by suitable high-temperature 
equipment. High-temperature beams of conventional design 
were of limited value for this type of fabric, for which dyeing 
in rope form was preferred for the maintenance of  fabric 
quality. This led t o  the commercial development of high- 
temperature rope-dyeing machines, first the HT winch and 
then the HT jet machine. I t  also led t o  the development at a 
slightly later date of the air-injection beam [ lo ] .  Early HT 
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winches consisted essentially of a conventional winch enclosed 
in an autoclave. These machines gave the expected advantages 
already enumerated for high-temperature methods, but also 
suffered from unexpected disadvantages. The tractive action of 
the winch reel tended to  elongate the fabric and reduce its 
width, and since more hydrosetting was introduced at  high 
temperature in comparison with dyeing a t  the boil, this was 
less easily recovered during stenter treatment after dyeing. The 
main drawback to early models of the HT winch, however, was 
the production of rope creasing. The boiling action of the 
liquor in an atmospheric machine usually produces sufficient 
turbulence to  move the fabric folds and prevent rope marking, 
but this action is missing under pressure-dyeing conditions. 
More modern 11T winches have been modified t o  overcome 
this defect, by the introduction of turbulent zones at some 
point in the passage of  the fabric rope, where the fabric is 
moved in its folds, for example, by the action of jets of liquid 
produced by pumping a part of the dye-liquor into this zone 

The most important development for high-temperature 
rope dyeing has undoubtedly been the HT jet machine. The 
first commercially successful example was the Gaston County 
Jet [ 121, but this has been followed by many other designs. 
The common feature in all these machines is that the principal, 
if not the only, driving force on the fabric rope is provided by 
a high-speed jet of the dye-liquor directed through a tube 
through which the fabric rope also passes. This tends t o  push 
rather than pull the fabric round the machine, so that, to  an 
extent dependent on the detailed design of a particular 
machine, elongation is less than on  the HT winch. The 
turbulent conditions created by the je t  itself automatically 
ensure that the fabric is moved in its folds so that rope 
creasing is much reduced. 

Dye selection for high-temperature dyeing of polyester is 
much less restricted by constraints imposed by the dyeing 
method than with carrier dyeing a t  the boil, and so far as 
obtaining adequate yields is concerned virtually any type of 
disperse dye can be used satisfactorily. Consequently, dye 
choice can be such as t o  meet requirements on fastness 
properties as a first priority, although dyeing properties cannot 
be altogether neglected for several reasons. The first of  these is 
the question of level-dyeing behaviour, particularly in respect 
of coverage of' barrk in fabric dyeing or of package-to-package 
variations in yarn dyeings. The general tendency is for 
coverage properties to  decrease in the series, B type > C type 
> D type, and so it is not sound practice t o  select dyes of the 
highest fastness properties where these are not needed, since 
the risk of unlevelness is thereby increased. A second factor of 
importance in many high-temperature dyeing applications is 
the need to  obtain optimum machine utilisation, in view of the 
high capital cost of pressurised equipment compared with 
atmospheric machines. Machine utilisation is severely reduced 
if much shading to  pattern is required, and many users of 
high-temperature equipment aim t o  eliminate shading addi- 
tions altogether. To d o  this it is important t o  establish sound 
recipes on the small scale before proceeding t o  bulk, or with 
repeat dyeings to a colour t o  establish a bulk recipe and 
reproduce this closely in subsequent dyeings. To d o  this 
effectively, it is important t o  use wherever possible a combina- 
tion of dyes whose yield is relatively insensitive t o  small 
variations in dyeing conditions (e.g. temperature and time of 
dyeing) at the end of a typical high-temperature dyeing 

1 1 1 1 .  

sequence. Laboratory experiments and bulk experience both 
suggest that this is best achieved by  dyes that are close t o  an 
equilibrium distribution between fibre and bath a t  the end of 
the dyeing sequence. This again argues for the use of B or C 
type dyes rather than D types when fastness criteria will 
permit their use, since these more rapidly diffusing dyes tend 
to  be closer t o  an equilibrium distribution at the end of a 
high-te mperature dyeing cycle. 

Dry-heat Fixation Methods 
The possibility of fixing dyes on  polyester by the use of  dry 
heat was recognised in the early 1950s in the Du Pont 
Thermosol process [ 131 . This entails padding the fibre with an 
aqueous dispersion of dye, dryi.ig and then baking a t  
temperatures in the range 190-230°C for times of the order 
of 30 s t o  2 min. Because of the hydrophobic character of 
both the fibre and the dyes, diffusion of dye through the fibre 
takes place under these conditions and substantivity is not 
impaired. Because of the very high temperatures that can be 
used, diffusion of dye is rapid, so that  n o  carrier is necessary as 
an accelerant, and no pressurised equipment is needed to  
achieve these high temperatures. This approach would seem in 
principle t o  be  the ideal solution t o  the early problems, 
already discussed, of obtaining adequate colour yield on 
pol ye ster . 

In spite of these theoretical advantages, the dry-heat 
fixation process did not become of great commercial impor- 
tance for nearly 10 years after its discovery. The reasons for 
this are clear. The method is most suitable for continuous 
rather than batchwise operation, and in common with other 
continuous-dyeing methods requires fairly large weights t o  a 
colour t o  become viable. Large weights t o  a colour were rare in 
the early days of polyester dyeing. Furthermore, the greater 
part of the initial use of polyester fibre in textiles was for 
blending with wool, which involved either dyeing in dubbing 
form as 100% polyester, or in  yarn or piece form as a blend. 
Padding methods for dubbing in those days had not been 
developed on  a commercial scale, and this type of  dry-heat 
fixation method is unsuitable for blendel  fabrics containing 
wool. 

Dry-heat methods came into their own with the increasing 
popularity of polyester-cellulosic blends, and particularly of 
woven polyester--cot:on, from about I960 onwards [ 141. 
This produced a demand for large yardages of fabric t o  be 
dyed t o  a colour, particularly in the U.S.A., and production 
became centred in the cotton-piece dyeing areas where 
continuous processing was already well established. The 
pad-dry-heat fixation method was a natural choice t o  give 
high production rates on the new blends, and its use has since 
spread widely t o  many other parts of the world, including the 
U.K. Numerous processing sequences are possible, according t o  
the technique used for dyeing the cellulosic component of the 
blend, but so far as the application of disperse dyes t o  the 
polyester component is concerned, this still comprises the 
essential sequences of: pad with an aqueous dye dispersion+ 
dry+bake-+wash-off. 

Selection of disperse dyes for the process is complicated 
more by the presence of the cellulosic component of the blend 
than by any limitations imposed by the speed of fixation on 
the polyester component. In most modern thermofix units, 
sufficiently high temperatures can be attained t o  give good 
fixation on the polyester of even the slowest diffusing disperse 
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dyes in the short times necessary for economic continuous 
production. In practice, however, the larger part of the 
disperse dye after padding and drying is situated on the 
cellulosic component, since the much more hydrophilic nature 
of cellulose leads to preferential pick-up of pad-liquor on this 
component. Detailed laboratory investigations by Bent, Flynn 
and Sumner [15] showed that for a particular polyester 
warp-cotton weft fabric the proportion was 30% of dye on 
the polyester and 70% on the cotton after padding and drying, 
compared with a 505-50% weight split of the two com- 
ponents in the fabric in question. The first step during baking, 
therefore, is to transfer this disperse dye from the cellulosic 
component to the polyester, and these same workers produced 
convincing evidence that this transfer step took place essen- 
tially by vapour transfer rather than by contact migration. 
Thus, the final colour yield on the polyester is dependent on 
the efficiency of transfer, and the fastness properties of the 
completed dyeing are also dependent in many cases on the 
residual disperse dye on the cellulosic component, since the 
fastness of most disperse dyes is much lower as a stain on 
cellulosic fibre than it is when fixed on polyester fibre. 

Under the fixation conditions used in most of this work ( I  
min at 21 O"C), Sumner et al. showed an excellent correlation 
between the dye ultimately fixed on the polyester and the A, 
B, C, D classification of the dyes used, as shown in Figure 1. 
This shows optimum transfer under these conditions for B and 
C type dyes, with low transfer of D types because of low 
volatilisation from the cotton under the conditions used. The 
A types also show poor transfer to the polyester, but in this 
case the dyes have volatilised from the cotton to a high degree 
but much of the dye has also sublimed completely from the 
fabric. Further work in which times and temperatures of 
baking were varied showed the expected result that optimum 
dye transfer to the polyester was achieved by use of different 
conditions according to dye type, shorter times and/or lower 
temperatures being required for B types than for D types. 

1 1  1 I ,  \ I  
0 25 50 75 100 

Dye lost from cotton when baked alone, % 

Figure 1 - Dye properties in relation to ABCD classification 
(dye, 40 gll; time, I min; temperature, 210°C) (The code 
letters refer to dyes in the ICI range; see ref 15) 

Most requirements on fastness properties for dyed 
polyester-cellulosic blends dictate the use of C and D type 
disperse dyes, and these types predominate in practical 
dry-heat fixation processes, with baking conditions adjusted to 
the level of severity needed to produce good colour yield on 

the polyester component. Even when good bulk transfer of 
dye to the polyester component is achieved in this way, 
residual staining of the cellulosic component can still occur 
with certain dyes, leading to reduced fastness of the dyed 
blend. The importance of this depends on whether a reductive- 
clearing treatment is possible (as in a disperse-vat system) or is 
not (as in single-stage disperse-direct or disperse-reactive 
sytems). Where clearing takes place, the disperse-dye stain is 
largely removed, but, where no clearing is possible, selection of 
disperse dyes to minimise staining is important to produce the 
best fastness in the finished dyeing. 

Comparable processes for 100% polyester fabric are not 
yet established on the commercial scale except for narrow- 
fabric dyeing (e.g. seat belts), although the increasing yardages 
of texturised polyester fabrics being processed makes this a 
possible field for adoption of such methods in the near future. 
Development work on such fabrics has shown that two 
problems can arise here, which have been largely overcome in 
the continuous dyeing of polyester-cellulosic blend fabrics. 
The first of these concerns migration on drying, coupled with 
adequate fabric penetration. Simple aqueous paddings on 
knitted texturised polyester fabrics show very severe migration 
on drying, and migration inhibitors such as Matexil FA--MIV 
(ICI), which are effective in preventing such effects in 
polyester-cellulosic blend fabrics, are much less effective on 
100% polyester fabrics. From a wide variety of agents 
examined in recent work, the best combination has beep 
found to be Matexil PN-VP (1C1) and urea, which gives good 
migration prevention without loss of fabric penetration. The 
urea is also beneficial as a fixation accelerator, which is needed 
to overcome the second problem on texturised fabrics of 
obtaining adequate fixation by dry-heat methods without 
impairing the bulkiness of the yarn. By use of urea a t  100 g/1 
in the pad-liquor, good yields are obtained with B type and 
most C type disperse dyes after baking for 2 min at 170°C. So 
far only laboratory and semi-bulk trial work has been done on 
this process in the U.K., but it is believed that bulk trials are 
being carried out in the U.S.A. on texturised polyester fabric. 
An increasing production of woven fabrics from texturised 
yarn may well stimulate interest in continuous methods of 
dyeing. 

Development of Dye Ranges 
It is interesting to project the development of disperse dyes 
during the period under review against this background of 
dyeing methods and end-use requirements. Inevitably at the 
start, the dyes available had been developed essentially for 
dyeing secondary cellulose acetate and to a less extent nylon 
fibres, and as already pointed out selection for polyester was 
made from those of the most suitable dyes available to meet 
the requirements of the day. With the growing commercial 
importance of polyester fibre, however, manufacturers soon 
started to produce new disperse dyes that were designed 
mainly for polyester, and so the balance of dye type on each 
manufacturer's range began to change. These changes can be 
conveniently displayed by using the A, B, C, D classification of 
disperse dyes for polyester fibre [4], in which A represents the 
lowest heat-fastness and D the highest heat-fastness group. 
Other dyes that are not suitable for polyester are unclassified 
(U) on this system, and in the analyses that follow the U and 
A dyes have been grouped together. 

The ICI range of disperse dyes has been analysed from 
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1952 to I972 into these four groups, and the make-up of the 
range on a percentage basis at five-year intervals is shown in 
Table 5. These figures represent all dyes on the selling range in 
the years in question and include made-up mixtures. The 
predominance of the acetate dyes (U + A) in 1952 is apparent, 
and indeed those few dyes having B or C properties on 
polyester at that time had those properties fortuitously and 
not by design. By 1957 the proportion of B dyes had increased 
because of the early importance of this type for polyester and 
by 1962 this trend had increased considerably, and a limited 
number of new C and D dyes had become available. In 
succeeding years the main trend was an increased proportion 
of the faster C and D types, with the proportion of B dyes 
staying fairly constant and the proportion of U and A dyes 
continuing its steady decline. 

TABLE 5 

ICI Disperse Dye Range over the Period 1952-72 

Year Dyes (%) in each group 
U + A  B C D 

1952 89 8 3 0  
1957 84 13 3 0 
1962 59 29 6 6 
1967 46 26 10 18 
1972 28 35 20 17 

In an attempt to obtain a broader view of the situation an 
analysis has been attempted of new disperse dyes (homo- 
geneous products only) from all sources over the period 
1952-72. The basis for this was the records of new product 
identification by ICI in each year during this period, and again 
the dyes have been classified into the four groups U and A, B, 
C and D on the basis of their known dyeing and fastness 
properties. The results of this analysis can be seen from Figure 
2. Data are given for 1952 itself and for each of the succeeding 
five-year periods up to and including 1972, with the figures for 
each of the five-year periods plotted at the middle year of the 
period in question. 

Figure 2 - New disperse dyes (homogeneous products) 
introduced by  all manufacturers over the period 1952- 72 

In the first year of this survey (1952) the U and A dyes 
predominated in new product additions, as might have been 
expected since the time between selection of a speculative dye 

and manufacture for addition to the range meant that dyes 
had been selected for development before polyester fibre was 
commercially available. Thereafter, the proportion of these 
non-polyester dyes declined steadily through the 1950s and 
has remained at a low level throughout the 1960s. New Class B 
dyes represented the largest proportion of new product 
additions during most of the 1950s and this appears to 
correlate well with the requirements at that time for dyes of 
good carrier-dyeing properties and moderate heat fastness to 
meet the immediate needs of the trade, where so much 
polyester was dyed in blends with, or for blending with, wool. 
The proportion of new Class B dyes declined steadily through 
the 1960s, in spite of the increasing importance of texturised 
polyester as a major outlet throughout this period, and the 
predominance of carrier-dyeing mtthods for this substrate in 
fabric or garment form during the first seven years or so of this 
decade. This probably reflects the fact that new product 
additions had ensured that by the early 1960s most manu- 
facturers had a range of B types that was technically fairly 
complete, so that few residual targets remained and most 
requirements for texturised polyester could be met by existing 
dyes. New Class C dyes were relatively slow to develop during 
the 1950s, but became proportionately more numerous than 
the B dyes in the early 1960s and have continued to appear 
regularly since then. This probably reflects the increasing 
awareness of the need for dyes of higher fastness than B types 
but still retaining reasonably good dyeing properties, particu- 
larly for texturised polyester as fastness requirements on this 
substrate have increased. Finally, the new Class D dyes began 
to appear in significant numbers from the mid-1950s and have 
continued to represent the most numerous group of new 
disperse dyes from 1960 to the present day. This almost 
certainly reflects the increasing importance of polyester- 
cellulosic blends on a world basis from about 1960 onwards. 
The predominant dyeing methods of either HT batchwise or 
thermofixation processes for these blends permit the use of D 
types and the high heat-fastness requirements for many outlets 
dictate the use of this type of dye. Class D dyes were also 
generally satisfactory for the dyeing of polyester dubbing and 
loose material once HT equipment was available for this 
purpose, and recently the demands on fastness to heat 
treatment in certain parts of the texturised yarn dyeing trade 
have dictated the increasing use of D types here in the heavier 
depths. 

Requirements of Physical Form 
The period under review has also seen great improvements in 
the physical form of disperse dyes, to meet increasingly severe 
user requirements. Before the introduction of polyester fibre, 
the major use of disperse dyes was for dyeing acetate and 
nylon below the boil, where demands on dispersion stability 
are much lower than those required either for prolonged 
dyeing in the presence of carrier at the boil or under 
high-temperature dyeing conditions. The widespread use of 
high-temperature package dyeing of texturised polyester yarn 
in very tightly packed machines is a particularly severe test of 
both the initial fineness of dispersion of the dye and the 
extent to which this fineness is maintained at high tempera- 
tures. The latter factor is especially important for the higher 
fastness C and D types which are increasingly in use for heavy 
depths, since these are slower dyeing than the predominantly 
B types that preceded them in use for this outlet, and 
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consequently spend more time in the liquor at high tempera- 
ture and fairly high concentration. Satisfactory performance 
under these conditions calls for much more physically stable 
products than were available 20 years ago, and this is reflected 
in the dyes themselves and in the test procedures t o  which the 
dyes are subjected before release for sale. 

At the start of the period under review, JCI’s disperse dye 
range consisted of powder and paste brands, the former being 
the normal choice for dyeing outlets and the latter for printing 
outlets. On the dyeing side, the powders were tested for 
fineness and stability by heating a suspension of the dye t o  
85°C and filtering through cloth, and, by meeting the 
requirements of this rather mild test, were generally satis- 
factory in use for acetate and nylon dyeing. As polyester 
dyeing became important the severity of this cloth-filtration 
test was increased t o  include holding the dye suspension at the 
boil before filtering, and the quality of the powders was 
improved where necessary to  meet this more severe test. The 
first main change in the solid form of the dye came when 
Grains were introduced to  replace the powder brands, and, 
apart from the change in dry form that this represented, 
extensive reformulation was undertaken t o  improve consider- 
ably the fineness and stability of the products. Test methods 
were changed from a cloth filtration t o  filtration through filter 
papers, and included holding under various simulated dyebath 
conditions at  the boil, and more recently at higher 
temperature, before filtration. More recently still, problems of 
dye deposition in yarn-package dyeing have shown that bulk 
behaviour in this respect is not always adequately monitored 
by filter-paper tests of this kind, and a miniature 
package-dyeing test on Crimplene (ICI) yarn is now carried out 
as a routine on ICI disperse-dye manufacture to give a more 
reliable indication of the suitability of the products for this 
particularly critical batchwise dyeing outlet. Again reformu- 
lation of a number of products over the last few years has been 
necessary, to  improve their behaviour in this respect. 

Parallel developments have taken place in the fluid forms 
of disperse dyes. The first main change in the ICI range was 
the introduction of the PQ Pastes, which were improved 
qualities for printing and for continuous dyeing outlets which 
were then becoming more important. Stability requirements 
for padding operations are different from those for batchwise 
dyeing, and a test was introduced for the PQ Pastes in which a 

suspension of dye a t  typical pad-liquor concentration was held 
for 4 h a t  40°C before filtering through filter paper. The 
demand then arose from certain users t o  have fluid forms o f  
the dye that were suitable for batchwise dyeing operations, 
because of the greater ease of handling of liquid dyes under 
certain conditions of use. This led t o  the introduction of the 
Dispersol Liquids, which again represented considerable 
reformulation of many products, t o  give suitable physical 
properties for use in batchwise as well as printing and 
continuous-dyeing applications. At the same time the resist- 
ance to  drying and freezing was much improved compared 
with the prior Paste brands, by incorporation of humectant, 
and every effort was made t o  stabilise the Liquid brands to 
give minimum settling in sales packages. The current quality of 
Dispersol Liquids meets similar criteria t o  those set for the 
Dispersol Grains brands for suitability for batchwise dyeing, 2s 

well as special tests t o  assess their stability and freedom from 
speckiness in continuous-dyeing applications. 

(MS. received 1 7 December 19 73) 
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