
ANLAB equation ‘overestimates the per- 
ceptibility of both chroma and hue dif- 
ferences relative to lightness differences’ 
and ‘probably’ indicates that textile shade 
passers are biased against chroma and hue 
differences. Kuehni accepts that the 
former confirms his conclusions so that 
his epithet ‘sweeping’ must refer to the 
conclusion I qualified as a probability. 

The optimum hue weighting factor 
for every set of acceptability data studied 
was between 1.9 and 7.6 times larger than 
that for the only set of perceptibility data 
available and to describe this as ‘minor’ 

makes one wonder what values Kuehni 
would regard as major. An examination 
of the colour centres involved does not 
indicate any systematic difference 
between the acceptability and the per- 
ceptibility data which could explain the 
differences found. 

Kuehni is right in saying that i t  is the 
lightness difference rather than the 
accuracy of the lightness scale which ‘is at  
stake’. The correctness of lightness dif- 
ferences is shown by the fact that two 
scales illustrating ANLAB lightness 
differences have been in daily use for 

twenty five years without their spacing 
being challenged: I refer, of course, to the 
grey and staining scales use.d in fastness 
testing. 

KEITH McLAREN 

Imperial Chemical Industries Ltd 
Organics Division 
Hexagon House 
Blackley 
Manchester M9 3DA 
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Report of the Committee on the 
Dyeing Properties of Disperse Dyes 
TV - Disperse Dyes on Polyester 

Four tests are prescribed for assessing the 
dyeing properties of disperse dyes on 
polyester fibres. The tests for migration 
and build-up properties correspond 
essentially to those already developed for 
disperse dyes on other fibres. The critical 
temperature test classifies dyes in terms 
of relative rate of initial strike. The 
diffusion test is a simple means of com- 
paring relative rates of penetration of dye 
into polyester. As with tests recom- 
mended in previous reports, these tests 
permit individual dyes to be rated on an 
A - E  scale for each property, with the 
exception of the critical temperature test 
where an A - D  scale is used. 

1. Introduction 
The Disperse Dyes Committee was recon- 
stituted by Council in 1971, and the new 
Committee held its first meeting in 
December 1971. By that time the 
previous Committee had published 
reports covering the dyeing properties of 
disperse dyes on secondary cellulose 
acetate [ l ]  and on cellulose triacetate 
[ 2 ] .  A further report, on the dyeing of 
nylon with disperse dyes, was in draft 
form, and was published shortly after- 
wards [3]. The reconstituted Committee 
saw as its main purpose the devizing of 
suitable tests to characterize the dyeing 
behaviour of disperse dyes in exhaust 
dyeing of poly(ethy1ene terephthalate) 
homopolymer fibres. This objective was 
within the broad remit laid down by 
Council in 1959 at the time of formation 
of the original Committee: ‘To establish 
methods of assessing properties such as 
build-up, levelling, rate of dyeing and 
temperature-range properties of disperse 
dyes on the various synthetic fibres and 
the coloration of the fibres when dyeing 
unions’. In order to concentrate on the 
main objective, however, the Committee 
proposed that the remit be modified to 
delete reference to union dyeing, and this 
modification was accepted by Council in 
defining the terms of reference of the 

new Committee. 
The constitution of the reconstituted 

Committee is given in Appendix I. The 
Chairman and Secretary were elected by 
the Committee at  its first meeting; these 
appointments and the membership of the 
Committee (with one exception) have 
remained unchanged. The membership 
was smaller than that of the original 
Committee, and the majority of members 
were able to supervize laboratory work 
directly to establish the validity of the 
proposed test methods. Consequently, 
there was no need to form a separate 
Working Party, and all sixteen meetings 
held have been of the full Committee. 

Regular contact by means of 
exchange of minutes and worlung docu- 
ments has been maintained with the 
corresponding FU 87 ,Committee of the 
AATCC during development of the tests. 
Individuals from other organizations have 
also contributed advice and suggestions to 
the Committee on specific topics. 

2. Background Considerations 
The Committee decided to concentrate 
its efforts on the application of disperse 
dyes to polyester fibres by exhaust dye- 
ing under high-temperature conditions, 
since this is the most important method 
for dyeing 100% polyester materials. The 
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objective was to devize tests to character- 
ize the dyeing behaviour of individual 
disperse dyes under these conditions and 
thus help the dyer either to select dyes 
suitable for particular conditions of 
application, or to choose dyeing con- 
ditions appropriate to the characteristics 
of the dyes in his recipes. 

Of the dyer's many objectives, those 
mainly affected by the dyeing properties 
of the dyes that he is using are: 

(a) the achievement of levelness 
throughout the load, 

(b) good coverage of fibre differences 
(e.g. such as give rise to barre in 
piece dyeing), 

(c) adequate colour yield and good 
exhaustion, particularly in heavy 
depths, 

(d) adequate penetration of indivi- 
dual fibres. 

It is important to recognize how meeting 
these criteria for satisfactory dyeings 
depends on the properties of the dyes in 
use. This understanding can then be 
translated into suitable laboratory tests to 
characterize individual dyes with respect 
to these properties. 

(a) Levelness Throughout the Load 
Essentially, unlevelness arises because 
some parts of the load are more accessible 
to dye-liquor. This causes these parts to 
be dyed more heavily, particularly during 
that stage of the process when dye is 
exhausting relatively rapidly on to the 
fibre. Under any particular set of mechan- 
ical conditions, unlevelness becomes more 
pronounced as rate of exhaustion 
increases. Ultimately, however, levelness 
depends on the amount of migration that 
occurs during the period at top temper- 
ature because it is then that dye is 
transferred from heavily-dyed to lightly- 
dyed parts of the load. Even if the initial 
uptake of dye is unlevel, satisfactory 
levelness can be achieved if the migration 
properties of the dyes are good and/or 
the time at top temperature is sufficiently 
long. 

The Committee decided that guidance 
on the level-dyeing behaviour of indivi- 
dual dyes could best be given by develop- 
ing tests to assess these two aspects 
separately: 

(i) a test concerned with the rate of 
exhaustion of a dye as a function 
of temperature and dye concent- 
ration (the Critical Temperature 

Test), 
(ii) a test concerned with the 

migration of a dye at top temper- 
ature (the Migration Test). 

In practice there is another factor 
that can cause gross unlevelness when 
dyeing polyester materials. This is the 
possibility of dye being physically 
deposited on certain parts of the load in 
the form of large dye aggregates. This 
occurs most frequently in circulating- 
liquor machines (e.g. for dyeing yarn in 
packages or fabric on beams) where aggre- 
gates of dye can be filtered off on to the 
inside and outside parts of the load and 
cause excessively heavy dyeing in those 
areas. This arises either because of the 
initial poor state of dispersion of the 
dyes, or through aggregation of the dis- 
persion under the particular conditions of 
use. The Committee considered the possi- 
bility of developing tests for assessing 
these aspects of the behaviour of disperse 
dyes, but decided that this lay outside its 
terms of reference. The AATCC Com- 
mittee RA 87 is attempting to develop a 
test for this purpose. 

( b )  Coverage of  Fibre Differences 
Irregular dyeing of a different kind can 
occur if individual yarns within the load 
differ in dyeing properties. This is 
encountered most frequently in the dye- 
ing of texturized polyester yarns and 
gives rise to barre in piece dyeing and to 
package-to-package differences in yarn 
dyeing. It is caused by the individual 
yarns differing in rate of dyeing, or in the 
amount of dye they will adsorb at equil- 
ibrium, or in both characteristics. Where 
the differences are predominantly in dye- 
ing rate, there are some similarities with 
the situation discussed above in respect of 
unlevelness throughout the load. In this 
case, dyes with good migration properties 
will tend to give good coverage, because 
the initial differences in dye distribution 
due to different rates of dyeing will be 
partly or completely eliminated during 
the dyeing period at top temperature. On 
the other hand, differences in equilibrium 
dye uptake can not be eliminated, and in 
this case effective migration may produce 
worse rather than better coverage. 

The Committee attempted to develop 
a test which would provide a direct 
measure of the coverage properties of 
individual dyes, but failed to do so. No 
success was achieved in finding fabric, 
rejected commercially because of ban i ,  
which could be used as a suitable basis for 

a reproducible laboratory test for cover- 
age. Uniformly-dyeable fabrics were given 
controlled heat treatments, both dry heat 
and pressure steaming. The treated fabrics 
were then dyed in competition with 
untreated fabrics. No useful results were 
obtained using the dry-heat-treated 
materials, but some reproducible differ- 
ences between dyes were shown using 
steamed and unsteamed fabrics. On the 
other hand, the Committee recognized 
that barre effects will arise in practice 
from many other causes, and that a test 
of the ability of a dye to cover barrC 
based only on the difference in its dyeing 
behaviour on steamed and unsteamed 
material could be very misleading. Since 
the causes of barre' in texturized polyester 
fabrics are so varied and complex, it was 
reluctantly concluded that no simple test 
was likely to be developed which would 
reliably indicate the re,lative ability of 
different dyes to cover these differences. 

(c )  Colour Yield in Heavy Depths 
Attainment of this objective requires the 
use of dyes with satisfactory build-up 
properties. In pale depths the degree of 
exhaustion is high and colour yield 
increases in a linear manner with concent- 
ration of dye applied. As the concent- 
ration of dye applied is increased, the 
attainment of satisfactory exhaustion 
becomes more difficult and the relation- 
ship between colour yield and concent- 
ration of dye applied departs from 
linearity. On economic grounds dyes 
selected for producing full depth dyeings 
must achieve high exhaustion. A test is 
proposed to measure this characteristic 
directly (the Build-up Test). 

(d)  Penetration of Individual Fibres 
It is important that at the end of the 
dyeing process the individual fibres in the 
load should be sufficiently well pene- 
trated with dye to avoid: 

(i) lower fastness properties, 
(ii) change in colour of the dyed 

material on subsequent heat treat- 
ment, 

(iii)poor reproducibility of colour 
from batch to batch, due to 
excessive dependence of the final 
colour on very small differences 
in the actual dyeing temperature 
or time employed. 

All these defects can occur if the 
dyeing conditions used and dyes selected 
are such that the individual fibres are 
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heavily ring-dyed at the end of the dyeing 
process. Effect (i) follows from the 
greater tendency of the dye to diffuse 
back to the fibre surface and to stain the 
adjacent material during subsequent heat 
and/or wet treatments, if it is largely 
concentrated in a thin layer just below 
the fibre surface. Effect (ii) follows from 
the fact that the same concentration of 
dye almost always has lower colour value 
when it is concentrated near the fibre 
surface than when it is distributed more 
evenly through the fibre [4].  Conse- 
quently, by promoting further pene- 
tration of the dye subsequent heat treat- 
ment may also cause an increase in the 
visual depth (andlor a change in hue if 
the component dyes in a mixture diffuse 
at different rates). Effect (iii) is similar in 
origin; if the dyeing is heavily ringdyed, 
with respect to one or more of the 
component dyes, the colour can depend 
critically on the degree of penetration 
achieved, and so may change significantly 
with quite small changes in the time or 
top temperature of dyeing. This can lead 
to poor reproducibility of colour from 
batch to batch with the same recipe and 
to problems in shading dyeings to 
pattern, because even while shading 
additions are being applied the colour 
may change further due to increasing 
penetration of dye already present on the 
fibre. 

Penetration of individual fibres in 
polyester dyeing is not revealed by 
measuring the amount of dye in the 
dyebath, since in many cases intense 
ring-dyeing is produced initially, accom- 
panied by a h g h  level of dyebath 
exhaustion which does not change signifi- 
cantly as fibre penetration improves. The 
Committee decided that guidance on this 
aspect for individual dyes was best pro- 
vided by a test which indicated the 
relative rate of diffusion of the dyes in 
polyester fibre. A test of this kind has 
been published by Hammoudeh and 
Schonpflug as the BASF Kombi test [5]. 
The Committee examined t h s  test and 
proposed its adoption as the Diffusion 
Test. 

3. Experimental 

(a)  Substrates 
All the experimental work carried out by 
members of the Committee in developing 
the test methods described later (except 
the Diffusion Test) has been based on a 
standard, draw-texturized, double-piqut 
Crimplene fabric supplied by ICI Ltd, 

Fibres Division. This choice reflects the 
currently predominant importance of 
draw-texturized polyester fibres. This 
type of fabric is recommended for use in 
the test, and a supply will be stocked by 
the Society for this purpose. However, 
the Committee recognizes that variations 
in fabric characteristics will inevitably 
occur in the future, and all the tests 
incorporate control dyes of specified 
grading to permit meaningful comparison 
of the behaviour of different polyester 
substrates. 

The Diffusion Test is carried out on 
polyester film.The preferred material is an 
optically-clear sheet free from plasticizer, 
biaxially drawn and heat-set under 
tension to improve the dimensional 
stability. The film should be of uniform 
thickness in the range 8-12 p ;  thinner 
film is prone to damage during manipul- 
ation and the sensitivity of the test 
decreases as the film thckness increases. 
A suitable grade of film is Melinex Type 
442, available from Melinex Film Sales 
Department, ICI Ltd Plastics Division, PO 
Box 6 ,  Bessemer Road, Welwyn, Herts, 
UK. Control dyes have been specified in 
this test to facilitate comparison of dif- 
ferent supplies of film. 

Society, and will be supplied to intending 
users of the tests. In these tests many of 
the dyeing characteristics being assessed 
vary as the concentration of dye 
changes. The Committee considers that 
all dyes should be examined by compar- 
ing dyeings of similar visual depths 
(except in the Diffusion Test) and has 
used the concentration of dye necessary 
to produce an IS0 111 standard depth 
dyeing on the standard fabric, or the 
appropriate multiple or sub-multiple of 
that concentration. I t  is strongly recom- 
mended that corresponding amounts 
should be determined and used for all 
dyes under test. The control dyes are 
listed below, together with concent- 
rations (calculated on weight of fibre) of 
each needed to produce IS0  1 / I  standard 
depth on the standard fabric. 

(c) Auxiliary FYoducts 
Since the primary objective of this work 
was to develop tests to characterize the 
intrinsic behaviour of disperse dyes, the 
use of auxiliary products in the tests has 
been deliberately kept to a minimum. 
The only recommended dyebath additives 
are : 

(b )  Standard Dyes (i) An anionic product showing 
Commercial qualities (solid granular or neghgible retarding and restrain- 
powder forms) of disperse dyes have been ing action on disperse dyes, for 
used throughout this work, and several use in the dyeing tests and in the 
have been selected as controls in the migration test. Matexif DA-AC 
various tests. A stock of each of the (ICI) was used in the development 
control dyes is currently held by the of the tests, but equivalent 

TABLE 

Control Dyes Together with Amounts of Each Needed to Produce IS0 1/1 Standard 
Depth on the Standard Fabric 

Commercial Name 

Serilene Yellow 3GL Conc. 150 (YCL) 
Palanil Orange G (BASF) 
Foron Scarlet S-3GFL Granulated ( S )  
Dispersol Scarlet B Grains (ICI) 
Cibacet Red 3B (CGY) 
Terasil Red 3BL (CGY) 
Serisol Brilliant Red X3B Conc. 200 (YCL) 
Serilene Blue RL (Y CL) 
Dispersol Blue D-2R Grains (ICI) 
Foron Blue S-BGL Granulated (S) 
Terasil Brilliant Blue 2G (CGY) 
Polycron Green GP (LBH) 
Foron Navy S-2GL Granulated (S) 
Dispersol Navy D-2G Grains (KI)  

*IS0 1 / 1  standard depth as blue 

C.I. Disperse 

Yellow 54 
Orange 13 
Red 54 
Red 1 
Red 15 
Red 82 
Red 11 
Blue 56 
Blue 83 
Blue 73 
Blue 87 
Green 6 
Blue 79 
Blue 122 

% 0.w.f. for 
111 standard depth 

0.55 
1.6 
1.3 
2 .o 
2.3 
1 .o 
1.7 
1.8 
2.0 
1.8 
4.0 
2 .o 

"2.0 
*2.0 
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anionic products from other 
suppliers are suitable. 

(ii) A non-ionic product as an assist- 
ant in the reduction-clearing pro- 
cess. 

In particular, the use of carriers, 
retarders and migration accelerators has 
been avoided in the standard test 
methods. Nevertheless, it  is believed that 
the proposed test methods could be used 
to determine the effects of agents of this 
type, by incorporating them in the stand- 
ard procedures with dyes of known 
be haviour . 

(d) Dyeing Equipment 
Because the tests are designed to charac- 
terize dyes for high-temperature exhaust 
dyeing of polyester materials, all require 
lab oratory high-temperature dyeing 
apparatus. In the course of work carried 
out to develop the test methods, 
members of the Committee have used 
machines of various types; the results 
obtained in most instances were in satis- 
factory agreement. In general, the 
requirements are good control at  constant 
temperature (e.g. 13OoC) and reasonably 
accurate recording of temperature. In 
these respects, machines relying on hot 
air as the heat-transfer medium proved 
unsatisfactory, so machines using steam 
under pressure or high-boiling liquid are 
recommended. With such machines inter- 
laboratory comparisons indicate that vari- 
ations in temperature from the nominal 
value do not normally exceed about 3°C. 
The use of control dyes should make the 
effect of temperature differences of this 
order insignificant in the assessment of 
unknown dyes against the controls. 

I t  is characteristic of most laboratory 
dyeing machines that a predetermined 
constant temperature, and time at that 
temperature, can be controlled accur- 
ately, but no provision is made for 
accurately controlling the rate of temper- 
ature rise. For this reason, all the tests 
have been designed to operate at a fixed 
temperature for a fixed time, the neces- 
sary heating-up from the starting temper- 
ature to the test temperature being 
brought about relatively quickly so that it 
has a minimal influence on the results 
obtained. This is particularly relevant to 
the parameters chosen for the Critical 
Temperature Test. 

(e) Assessment of Results 
At various stages in the development of 
the tests, the Committee considered the 

possibility of introducing quantitative 
instrumental measurement of the dyeings. 
This approach was rejected, however, in 
favour of traditional visual methods of 
assessment, in order that the test methods 
could be employed as widely as possible 
by interested users, by no means all of 
whom can yet be expected to have 
suitable colour-measuring instruments 
available. Detailed methods of assessment 
for each test are given in Appendix 11. 

4. Critical Temperature Test 
As already discussed briefly in Section 2a, 
it is important that the rate of exhaustion 
of disperse dyes on to polyester fibre, at 
any stage of an exhaust dyeing process, 
should not be too rapid in relation to the 
frequency of liquor interchange between 
the bath and the fibre, if unlevel uptake 
of dye by the fibre is to be minimized. In 
practice, dyeing is commenced at a 
temperature sufficiently low to ensure 
that the exhaustion rate is negligible. The 
temperature is then raised to the top 
temperature necessary for adequate pene- 
tration of individual fibres by the dye, at 
a rate sufficiently slow to minimize 
unlevel adsorption of dye whatever the 
amounts and characteristics of the dyes in 
the recipe may be. Increasingly, however, 
time savings are being sought by starting 
the dyeing at the highest possible temper- 
ature, and using the highest possible rate 
of rise to maximum temperature, consis- 
tent with avoiding unlevelness with the 
particular dye recipe and the dyeing 
machinery in use. There is consequently a 
greater need to characterize disperse dyes 
with respect to the temperature at  which 
they begin to exhaust rapidly. The pur- 
pose of the Critical Temperature Test is 
to satisfy this need. 

A number of detailed studies [ 6 -  
121 have been made of the way in which 
the rate of exhaustion of disperse dyes 
depends on the temperature and time of 
dyeing and the concentration of dye in 
the dyebath. The findings may be sum- 
marized as follows: 

(i) The rate of exhaustion of all 
dyes increases as the temperature 
increases, but there are signific- 
ant differences between dyes in 
the rate of exhaustion at a given 
temperature. 

(ii) T h e  r a t e  of exhaustion 
(expressed as a percentage of the 
total present) of a given dye at a 
given temperature is greater the 
lower the concentration of dye 

initially present. All dyes behave 
in a qualitatively similar way in 
this respect, but there are differ- 
ences from dye to dye in the 
effect of initial concentration on 
exhaustion rate. 

(iii) For a given dye in a given con- 
centration there is a range of 
temperature of about 30°C over 
which the greater part of the dye 
normally exhausts on to the 
fibre; this range extends from the 
temperature at which the 
exhaus t i  o n  r a t e  becomes 
appreciable to a temperature 
about 3OoC higher when exhaus- 
tion begins to approach equilib- 
rium. 

It  is clear that a complete determin- 
ation of all these factors for each individ- 
ual dye to be tested would be too 
complex a procedure for routine use. 
Consequently a simpler test has been 
developed in which visual estimations are 
made of the temperature at which 5% 
exhaustion of specified amounts of dye 
(one-fifth and twice the amount of dye 
needed to produce IS0 111 standard 
depth on the test fabric) is obtained. 
Although virtually all bulk-scale batch- 
wise dyeing machines are designed to 
operate with controlled temperature rise 
during the exhaustion stage, this pro- 
cedure is not well suited to laboratory 
experiments, since few laboratory dyeing 
machines permit accurate control of the 
rate of rise. To avoid this difficulty, the 
test method is based on a dyeing time of 
20 min at  specified constant temperatures 
which can be controlled accurately on 
laboratory equipment. Heating to the 
constant temperature should be as rapid 
as possible, so that exhaustion during the 
heating-up period is negligible compared 
with the exhaustion obtained during the 
20 min period at constant temperature. 
Shorter times (e.g. 5 or 10 min) at 
constant temperature were considered 
but rejected. 

Transfer of dye from the dyebath to 
the fibre during the early stage of a 
batchwise dyeing process, at the relatively 
low temperatures used in the test to 
simulate this stage, is partly by deposition 
of dye aggregates on the fibre surface and 
partly by adsorption of dye from solu- 
tion. 

The presence of such deposited dye 
precludes accurate determination of the 
true dye adsorption by measuring the 
concentration of the dye remaining in the 
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bath. In order that a valid final assess- 
ment of the depth of colour of the 
dyeings can be made, two treatments 
must first be carried out before they are 
inspected. First, dye deposited on the 
fibre surface is removed by reduction- 
clearing the dyeings. Secondly, since the 
degree of penetration of dye into the 
fibre influences the colour observed, and 
in the case of the 20-min dyeings the 
degree of penetration varies with dyeing 
temperature, all dyeings are steamed 
under pressure at 130°C for 20 min so 
that dye penetration becomes the same in 
all cases. 

Dyeings of each of the dyes under 
test are carried out according to the 
following scheme (where x% is the 
amount of dye needed to produce IS0  
l / l  standard depth on the test substrate 
by dyeing for 60 min at 13OOC). 

Dye Dyeing time Dyeing temp. Dye 

rapid rate of liquor circulation, (e.g. 6 
cycles/min), this rate of exhaustion may 
be tolerable, in which case the Critical 
Temperature can be used as the starting 
point of careful temperature control. In 
practice, the optimum starting tempera- 
ture can only be determined from experi- 
ence with the machine in question, but 
the information provided by this test 
should be useful to the dyer in selecting 
favourable conditions for a particular 
recipe based on his experience of his own 
equipment. 

Full details of the test procedure, 
together with the recommended assess- 
ment scheme, are given in Appendix 11. 
Independent evaluations of the proposed 
test have been made by Committee 
members for a range of different dyes. 
The reproducibility of results was found 
to be within half a grade on the assess- 

Dyeing time Dyeing temp. 

0 . k  20 85 2x 
0 . k  20 90 2x 
0 . 2  20 95 2x 
0 . 2  20 100 2x 
0.1x 60 130 X 

The dyeings are reduction-cleared and 
steamed as described in Appendix 11. The 
20-min dyeings from each series are 
compared with the control dyeing 
produced with half the concentration of 
dye for 60 min at 130°C. This enables an 
estimate to be made, a t  each of the two 
dye concentrations used, of the tempera- 
ture at which approximately one-half of 
the final exhaustion is achieved in a 
dyeing time of 20 min. This is defined as 
the Critical Temperature. This tempera- 
ture can be taken as the reference point 
for establishing careful temperature 
control of a practical dyeing process. 
Empirical adjustment of the starting 
temperature, based on operating experi- 
ence, may be required to allow for the 
mechanical characteristics of the dyeing 
machine. The average rate of exhaustion 
at  the Critical Temperature is about 2.5% 
per min. This may well be too rapid to 
ensure level dyeing in an older type of 
circulating-liquor machine with a rela- 
tively slow rate of flow, (e.g. 1.5-2 
cycles/min), in which case a starting 
temperature below the Critical Tedpera- 
ture  must be used. On the other hand in a 
modern rapid-dyeing machine with a 
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20 100 
20 105 
20 110 
20 115 
60 130 

ment scheme. The four dyes specified as 
controls were selected from this work. It 
is important to include dyeings of these 
controls when testing unknown dyes, 
particularly when the substrate used in 
the test differs from the standard fabric, 
so that allowance can be made for dif- 
ferences between the rate of dyeing of 
the substrate used and of the standard 
fabric. Indeed, if the dyeing-rate charac- 
teristics of the test substrate differ 
markedly from those of the standard 
fabric, the recommended temperatures 
for the 20-min dyeings may not be the 
most appropriate. In these circumstances, 
preliminary 20-min dyeings with the most 
rapid-dyeing control dye (Cibacet Red 
3B) and the slowest-dyeing (Dispersol 
Blue D-2R), should be carried out over a 
wider range of temperatures at  each of 
the specified depths. The best working 
range for tests on unknown dyes can then 
be chosen by taking as the lowest 
temperature of the range to be used the 
temperature (or just above) giving half- 
exhaustion for Cibacet Red 3B, and as 
the highest the temperature (or just 
be low)  giving half-exhaustion for 
Dispersol Blue D-2R, with intermediate 

temperatures at 5°C intervals as in the 
test method proposed for the standard 
fabric. 

5. Migration Test 
The conditions selected for the Migration 
Test were to treat a Standard Depth 
dyeing of the dye on the standard sub- 
strate, and an equal weight of standard 
undyed material at  130"C, in the 
presence of an anionic dispersing agent 
that has a negligible influence on migra- 
tion. Condensates of naphthalene- 
sulphonic acids and formaldehyde, e.g. 
Matexil DA-AC (ICI), are recommended. 
I t  is possible to increase the sensitivity of 
the test slightly by dyeing at 130°C and 
levelling at 120"C, but 130°C is recoin- 
mended for the levelling stage as it is 
more representative of practical high- 
temperature dyeing conditions when no 
carrier is used. 

IS0 1/1 Standard Depth dyeings are 
convenient for assessment of migration. 
Although levelling problems are often 
encountered in paler depths because of 
dyeing-rate effects, with typical disperse 
dyes migration behaviour is not highly 
sensitive to the amount of dye on the 
fibre. Assessment of contrast between 
patterns after levelling using the SDC 
Grey Scale for Assessing Change in 
Colour is easier for good-migration dyes 
at about standard depth. With poor- 
migration dyes dyed in paler depths, the 
SDC Grey scale for Assessing Staining 
may give more precise assessments. 

Visual assessment against a Grey Scale 
is preferred for rating an unknown dye 
against the controls. lnstrumental 
measurement of colour differences 
between the pairs of patterns tends to 
indicate greater contrast than visual 
assessment. In general, experienced 
assessors using the test have obtained 
good agreement. Agreement was slightly 
less satisfactory with those anthraquinone 
dyes which showed slight changes of hue 
in the levelling stage of the Migration 
Test, e.g. Cibacet Red 3B, Serilene Blue 
RL, Terasil Brilliant Blue 2G, and, 
especially, Serisol Brilliant Red X3B. 

Generally good agreement has been 
found between results obtained in six 
different laboratories using between them 
ten dyeing machines of four different 
types, namely the Graham--Jamin, 
Jeffreys Rotadyer, Linitest and Longclose 
machines. Dyeing machines using hot air 
to heat the dyeing vessels are not recom- 
mended for the levelling stage of the 
Migration Test. In the normal type of 



high-temperature dyeing machine where 
heating is with steam or high-boiling 
liquid, careful control of temperature is 
important in obtaining reproducible 
migration behaviour, particularly with the 
control dye Foron Scarlet S-3GFL. 

Full details of the test procedure are 
given in Appendix 11, which contains the 
recommended assessment procedure and 
lists the control dyes for this test. 

6 Build-up Test 
Earlier work on tests for build-up of 
disperse dyes on cellulose acetate [ l ]  , 
cellulose triacetate [ 2 ]  and nylon [3] has 
revealed marked differences in behaviour 
among the dyes in use on these fibres, 
enabling a useful classification to be 
achieved relating to this property. 
Development of a similar test for disperse 
dyes on polyester fibre has proved more 
difficult because established dyes for this 
fibre do not show such marked dif- 
ferences. A build-up test is valuable, 
however, when investigating variations in 
dyeing conditions, the dyeability of new 
types of polyester fibre, or the character- 
istics of possible new disperse dyes. 

The situation with polyester fibres is 
apparently simpler than with the other 
fibres, in that good build-up in high- 
temperature dyeing is shown by virtually 
all disperse dyes of commercial interest 
for exhaust dyeing, and deficiencies in 
yield at lower temperatures can often be 
overcome by addition of a suitable 
carrier. It is important to distinguish 
clearly between differences in tempera- 
ture-range characteristics and differences 
in build-up performance at a given tem- 
perature. The concept of build-up can be 
related to the adsorption isotherm under 
high-temperature conditions, since many 
dyes approach fairly closely to equili- 
brium adsorption within a practical 
dyeing time. Good build-up therefore 
implies a favourable partition ratio 
between fibre and dyebath and a rela- 
tively high limit of saturation uptake by 
the polyester. 

The decreased yield in a practical 
. time of dyeing at lower temperatures may 

be partly attributable to a lower satura- 
tion limit, because the polymer structure 
is less permeable, but the major cause of 
lower yields is the slower approach to 
equilibrium, and the essential function of 
a carrier addition is to accelerate the 
process. Dyeings produced in normal 
dyeing times at 100- 1 2OoC without 
carrier may reveal differences in tempera- 

ture-range properties but are of little 
significance with respect to build-up 
performance. Invariably they are poorly 
penetrated and the visual yield of a ring 
dyeing may be markedly different from 
that of a fully-penetrated dyeing with the 
same dye content. Fastness requirements 
compel the dyer to produce well- 
penetrated dyeings, and conclusions 
based on ring-dyed specimens may be 
misleading. 

The universally good build-up per- 
formance of commercially important 
disperse dyes applied to polyester fibre 
by high-temperature batchwise methods 
makes it difficult to select control dyes 
showing moderate to poor build-up 
characteristics. These would be useful in 
comparing build-up by carrier-dyeing 
methods with high-temperature controls, 
or in assessing research samples which 
may well build up less readily even at 
high temperatures. A large number of 
dyes of potential interest as moderate or 
poor build-up standards were considered, 
but all were rejected as non-typical of 
dyes used in practice. Each of these 
non-typical dyes belong to one of three 
special groups: 

disperse dyes of exceptionally 
bright colour, e.g. Foron Brilliant 
Blue E-GFLN, Serilene Pink 
G-LS, Terasil Brilliant Flavine 
8GFF, 
disperse dyes normally intended 
for continuous dyeing or for 
batchwise dyeing at 140°C, 
selected vat dyes applied as dis- 
persions and certain leuco-ester 
vat dyes (solubilized vat dyes). 

Visual assessment of differences in 
build-up between dyes applied to poly- 
ester fibre at 130’C proved much more 
difficult than in the test methods recom- 
mended for disperse dyes on other fibres 
(1-3), where the Grey Scale contrast 
between a standard-depth dyeing and a 
dyeing produced using eight times the 
concentration of dye is used as a basis of 
comparison. When a range of dyes was 
applied to polyester fibre at 0.5x%, x%, 
2x% and 4x% depth, where x% is the 
standard depth, adjacent pairs in the 
series showed a Grey Scale contrast of 
3-4 or 4 in most cases, and the contrast 
between the first and last dyeings in the 
series was usually close to 1-2, irrespec- 
tive of the dye used. 

Instrumental measurements of differ- 
ences in build-up proved equally 

limited in scope. The same sets of series 
of dyeings were measured independently 
by three different laboratories. Although 
the results enabled the large group of dyes 
with good build-up to be distinguished 
consistently from the non-typical dyes 
with moderate or poor build-up, instru- 
mental measurement was no more suc- 
cessful than visual assessment in classi- 
fying dyes showing good build-up. Owing 
to the anomalous behaviour of many dyes 
as they approach colorimetric satura- 
tion*, most of the dyeings above standard 
depth are of little value for quantitative 
comparison of strength. Polyester fibres 
have an unusually high refractive index, 
so that considerable surface scattering of 
light occurs. As a result the quantity of 
dye adsorbed at colorimetric saturation is 
considerably less than that required to 
saturate the fibre, particularly in the case 
of yellow dyes. 

To overcome the lack of typical 
control dyes with moderate to poor 
build-up, and the associated difficulty of 
specifying a convenient and sensitive 
method of assessment, the Committee 
adopted a scheme that is independent of 
the build-up behaviour of the actual 
controls. A selected range of control dyes 
with good build-up properties formed the 
basis of a series of artificial build-up 
profiles to represent a wide range of 
behaviour from very poor to excellent 
build-up. This eliminated the need for 
actual dyes with moderate to poor build- 
up and provided a convenient set of 
standards for rapid assessment of dyes 
under test. Full details of the proposed 
test method and the construction of the 
artificial build-up profiles of the control 
dyes are given in Appendix 11. 

7. Diffusion Test 
This method was originally published by 
Hammoudeh and Schtinpflug as the 
BASF Kombi test [5]. It provides a rapid 
and simple means of characterizing dyes 

*...‘the anomalous behaviour of many dyes as 
they approach colorimetric saturation ...’ refers 
to  the tendency of  many dyes, including 
virtually all yellows and blues, to ‘build-up 
redder’. The locus of  points in colour space 
joining a series of increasing depths of such a 
dye begins to diverge from the line of constant 
hue as colorimetric saturation is approached. 
The curve may diverge so far that the colour 
becomes less saturated again at high applied 
concentrations. In such cases it is particularly 
difficult to distinguish between ‘increased 
strength’ and ‘increased redness of  hue’ as 
applied depth is increased. Obviously this 
interferes with visual and instrumental assess- 
ment of  build-up properties. 
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according to diffusion properties. As 
described in detail in Appendix 11, a strip 
of polyester film is wound on to a rod in 
a uniform way, excluding air and water 
from the film-to-film interfaces. The 
edges of the layers of film are sealed 
together by melting and a second rod is 
bound tightly against the roll to mark the 
divisions between successive layers. The 
roll is then dyed under prescribed con- 
ditions and the number of layers of film 
penetrated is taken as an indication of the 
diffusion characteristics of the dye. 

This test provides information supple- 
mentary to that obtained from conven- 
tional rate-of-dyeing tests. It is not 
intended to be used alone as an indicator 
of compatibility of disperse dyes in 
mixtures. The compatibility aspect 
associated with variations in ultimate 
yield or in fastness properties is related to 
differences in degree of penetration as 
indicated by the diffusion test, but 
compatibility in terms of differences in 
rates of initial strike is best assessed by 
rate-of-dyeing tests such as the proposed 
Critical Temperature Test. Consideration 
of the results of both types of test is 
necessary in order to select combinations 
with optimum compatibility. 

The rate of adsorption of dye by the 
fibre in the early stage of dyeing depends 
essentially on transfer of dye from the 
saturated solution in the dyebath to the 
surface layer of the fibre. I t  is only 
marginally influenced by the rate of 
diffusion through the polyester. When the 
surface layer is saturated the rate of 
diffusion of dye from the surface to the 
interior determines the rate of dye 
uptake. The number of layers penetrated 
in the rolled-film test thus provides a 
qualitative indication of the diffusion 
profile at this stage and is helpful when 
considering practical problems attribu- 
table to inadequate penetration or ring 
dyeing. 

I t  is most important to note that the 
diffusion test does not give satisfactory 
results if at least one component of a 
mixture of dyes is present at low concen- 
tration. The conditions in the dyebath 
must be such that the film surface is 
always saturated with respect to each dye 
present, so that diffusion into the 
polymer remains the rate-determining 
step throughout. Providing the dyes are 
applied at the specified concentration, 
they are found to behave in the same way 
alone or in combination. With binary 
mixtures no evidence has been found of 
one dye affecting the diffusion behaviour 

of the other. 
An evaluation in five different 

laboratories of the experimental proce- 
dure, as a means of comparing the relative 
behaviour of dyes, gave consistent results. 
Any variation in conditions of winding, 
sealing or securing the roll of film affects 
the quality and appearance of the dyed 
film. However, providing the individual 
layers are readily identifiable and reason- 
ably uniformly dyed, reproducibility of 
the degree of penetration under the 
specified conditions of dyeing is very 
good. The ranking of a range of dyes in 
order of diffusion rate is likely to be 
more reproducible than the assignment of 
a numerical value to a given dye by 
different assessors. Variations of dyeing 
temperature in the 125-130°C range 
have no significant influence on diffusion 
ratings. Even at 120°C the ranking of 
individual dyes is unaltered, although the 
penetration values obtained for each dye 
are significantly lower. 

Full details of the test procedure, the 

method of assessment and the control 
dyes to be used are given in Appendix 11. 
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APPENDIX 11 

Test Procedures 

1. STANDARD DYEING PROCEDURE 

1.1 Preparation of Polyester Fabric. 
A standard, draw-texturized, double 
piquc Crimplene fabric is used in all tests 
except the Diffusion Test. Before dyeing, 
it should be scoured in a solution contain- 
ing 2 g/1 sodium carbonate and 1 g/1 
anionic scouring agent for 30 min at  
70"C, neutralized in 1 ml/l acetic acid 
solution and then rinsed well in water. 

1.2 Preparation of Dyed Dispersion. 
A weighed quantity of dye is sprinkled 
into 10-20 times its own weight of water 
at 40-50°C with continuous stirring or 

shaking. This concentrated dispersion is 
cooled and diluted to give a concentra- 
tion suitable for addition to the dyebath. 
Stock dispersions should not be kept 
longer than two days. 

1.3 Dyeing Procedure * 
The dyebath is set at 60°C and pH 
5.0-5.5 with acetic acid, 0.5 g/l Matexil 
DA-AC (ICI) (or equivalent anionic 
dispersing agent) and the appropriate 
amount of dye. A sample of the standard 
polyester fabric is introduced so that the 
1iquor:material ratio is 15: 1. The 
dyebath is heated to the specified tem- 
perature as rapidly as possible, consistent 
with obtaining a dyeing of acceptable 
levelness (in many laboratory machines a 

*Not relevant to Diffusion Test 
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rate of temperature rise of 3"C/min gives 
acceptable results). Dyeing is continued 
for the specified time at the futed tem- 
perature. 

1 .4 Aftertreatment o f  Dyeings 
The dyebath is cooled rapidly to 70"C, 
and the dyeing removed, rinsed in water, 
and reduction-cleared in a solution con- 
taining 2 g/l sodium hydroxide flakes, 2 
g/l sodium dithionite and 1 g/1 of a 
non-ionic detergent, for 20 min at 70°C; 
1iquor:material ratio 20:l. It is then 
rinsed, first hot and then cold, and dried. 
In the case of the Critical Temperature 
Test only, the dyeings are then treated in 
a pressure steamer with saturated steam 
at 130°C for 20 min. 

2. MOUNTING OF PATTERNS AND 
VIEWING CONDITIONS. 
The patterns are attached to a suitable 
backing card, ensuring that no 
deformation of the fabric occurs during 
mounting and that all the patterns are 
oriented in the same direction, since this 
can affect visuai assessment. If necessary, 
two or more thicknesses of fabric are 
used, to avoid the backing showing 
through. 

The specimens to be assessed are 
illuminated by north-sky light in the 
northern hemisphere or by south-sky 
light in the southern hemisphere. If 
sufficient diffuse daylight is not con- 
veniently available, equivalent artificial 
daylight at an illumination level of at 
least 500 lumen/m2 may be used. The 
light is allowed to fall on the surface of 
the specimens at an angle of incidence 
approximately 45' and the specimens are 
viewed approximately perpendicularly to 
the plane of their surfaces. 

3. DETERMINATION O F  THE 
AMOUNT OF DYE NEEDED TO 
PRODUCE AN IS0 111 STANDARD 
DEPTH DYEING 
This procedure should be carried out with 
all unknown dyes under test, in order to 
determine the appropriate amounts of 
dye to be used in subsequent tests. A 
range of dyeings of increasing concentra- 
tion should be produced on the test 
substrate, using the procedures outlined 
in 1.1 to 1.4 above and dyeing for 60 min 
at 130°C. The resultant dyeings should be 
compared visually for depth with the 
appropriate IS0 111 Standard Depth", 

*IS0 Standard Depths are obtainable from: 
Wira, B.S.I. Sales Office, Headingley Lane, 
Leeds LS6 IBW. 

and the concentration of dye required to classification at the two depths will 
produce a dyeing of this depth deter- identify dyes whose rate of dyeing is 
mined. This should be recorded (as x% either more or less concentration- 
dye on weight of fibre). dependent than that of the control dyes. 

4. CRITICAL TEMPERATURE TEST 5 .  MIGRATION TEST 
4.1 Dyeings 
These are prepared on the standard fabric 
by the procedures detailed in 1.1 to 1.4 
above, according to the following scheme. 

Dyeing Dye Time Temp. Dyeing Dye Time Temp. 

5.1 Preparation of Dyeings 
Dyeings of the dyes to be tested and of 
the control dyes are produced at IS0 1/1 

No. (%o.w.f.) (min) ("C) No. 
1 0.2X 20 85 6 
2 0.2X 20 90 7 
3 0.2X 20 95 8 
4 0.2X 20 100 9 
5 0.1x 60 130 10 

4.2 Assessment 
Dyeings 1-4 are mounted so that they 
can be conveniently compared for depth 
with dyeing 5. Similarly, dyeings 6-9 are 
mounted for comparison with dyeing 10. 
The 20-min dyeings in each series which 
is closest in depth to  the 60-min dyeing 
control for that series is determined by 
visual examination. If it is judged that 
equality in depth lies nearer to the 
mid-point between two 20-min dyeings 
an intermediate grading may be given, e.g. 
B-C. The following assessment scheme 
should be used: 

60-min Control a t  0.1 x% Depth 

(%o.w.f.) (rnin) ("C) 
2x 20 100 
2x 20 105 
2x 20 110 
2x 20 115 
X 60 130 

Standard Depth on the standard fabric 
using the procedures detailed in sections 
1.1 to 1.4 of this Appendix, and dyeing 
for 60  min at 130'C. 

5.2 Levelling Treatment 
A sample of the dyed material, at least 4 
cm x 2 cm, and a sample of undyed 
polyester fabric of the same size and 
weight are immersed at 60°C in a bath 
containing 0.5 g/l Matexil DA-AC (or an 
equivalent product) and acetic acid to 
give pH 5.0-5.5, at  a liquor: material 
ratio of 15:l .  The bath is heated to 

60-min Control a t  x% Depth 
Temp. ("C) of 20-min 

depth to control 

Temp. ("C) of 20-min 

depth to control 
dyeing giving equal Classification dyeing giving equal Classification 

a 5  A 4 00 A 
90  B 105 B 
95 C 110 C 

2100  D 2 1  15 D 

4.3 Control Dyes. 
The following dyes have been chosen as 
controls, and classified as indicated: 

Control dye C.I. Disperse Classification at Classification at 

Cibacet Red 3B Red 15 A A 
Serilene Blue RL Blue 56 B B 
Foron Blue S-BGL Blue 73  B-C B-C 

130°C as rapidly as possible consistent 
with maintaining uniform distribution of 
liquor over the samples. The treatment is 

0.1 x% control depth x% control depth 

Dispersol Blue D-2R Blue 83 D D 

It  will be noted that for the control continued for 1 h at 130 f 2°C. After 
cooling rapidly to'70"C, the samples are dyes there is a 15°C interval between the 

critical temperatures observed by rinsed and dried. 
measurement at the two depths. This will 
not necessarily be the case for other dyes, 5.3 Mounting of Specimens 
and the test should always be carried out A specimen (measuring at  least 4 x 2 cm) 
at each depth and the appropriate classi- is cut from each of the pair of samples 
fication made for each. Differences in from the levelling test and the two 
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mounted side by side in contact in the 
same plane. 

5.4 Assessment of  Results 
The migration properties of the dye are 
assessed by determining the contrast 
between the mounted specimens in each 
pair using the SDC Grey Scale for Assess- 
ing Change in Colour. The result is 
expressed as follows: 

Grey Scale Rating 
contrast 

5 A (excellent) 
4 B 
3 C 
2 D 
1 E (poor) 

An intermediate rating, e.g. B-C, 
may be given if the contrast is considered 
to be between two Grey Scale contrasts, 
e.g. 3-4. 

The following dyes have been 
adopted as controls: 

Control dye C.I. Disperse Rating 

Dispersol Scarlet B Red 1 A 
Foron Scarlet 

S-3GFL Red54 C-D 
Dispersol Blue D-2R Blue 83 D-E 

6. BUILD-UP TEST 

6. I Preparation of Dyeings 
Dyeings of the dye under test are 
produced on the standard fabric using 
0.5x%, x%, 2% and 4x% of dye on 
weight of fabric, by dyeing for 60 min at 
130°C as detailed in sections 1.1 to 1.4, 
respectively. Sufficient of the following 
standard recipes based on control dyes 
are dyed by the same procedure to form 
standard build-up profiles in the same 
region of colour space as the dye under 
test. If several dyes of similar hue are 
being compared for build-up properties, it  
may be sufficient to dye only one stan- 
dard control series. 

6.2 Mounting of Specimens 
The standard control dyeings are 
mounted in the form of a square with a 
total area at least 10 cm x 10 cm, as 
shown in the diagram on the right. The 
four dyeings of the dye under test are 
mounted horizontally on a separate strip 
of card at least 2.5 cm in width and 10 
cm in length so that it can be placed over 
the standard control square for assess- 
ment. 

Recipes Multiples of I /  1 standard depth (x%) 
0 . 5 ~  x 2x 4x 

1. Yell0 w 
Serilene Yellow 3GL Cow. 150 0.275 0.55 1.1 2.2 

2. Orange 
Serilene Yellow 3GL Conc. 150 0.165 0.33 0.66 1.32 
Foron Scarlet S-3GFL 0.260 0.52 1.04 2.08 

3. Scarlet 
Foron Scarlet S-3GFL 0.585 1.17 2.34 4.68 
Terasil Red 3BL 0.050 0.10 0.20 0.40 

4. Yellowish Red 
Foron Scarlet S-3GFL 
Terasil Red 3BL 

0.325 0.65 1.3 2.6 
0.250 0.50 1.0 2.0 

5 .  Bluish Red 
Foron Scarlet S-3GFL 0.065 0.13 0.26 0.52 
Terasil Red 3BL 0.450 0.90 1.80 3.60 

6. Violet 
Serisol Brilliant Red X3B Conc. 200 0.638 1.275 2.55 5.1 
Serilene Blue RL 0.225 0.450 0.90 1.8 

I .  Reddish Blue 
Serilene Blue RL 0.9 1.8 3.6 7.2 

8. Navy 
Dispersol Navy D-2G 1.0 2.0 4.0 8.0 

9. Greenish Blue 
Serilene Blue RL 0.45 0.9 1.8 3.6 
Terasil Brilliant Blue 2G 1.00 2.0 4.0 8.0 

10. Turquoise 
Terasil Brilliant Blue 2G 2.0 4.0 8.0 16.0 

1 1. Bluish Green 
Terasil Brilliant Blue 2G 1.0 2.0 4.0 8.0 
Polycron Green GP 0.5 1.0 2.0 4.0 

12. Green 
Polycron Green GP 1.0 2.0 4.0 8.0 

6.3 Assessment of Results 
The strip of card showing the build-up 
series for the dye under test is placed over 
the grid formed by the artificial build-up 
profiles of standard control dyeings 
nearest in hue to the dye under test. The 
strip is compared with each row of the 
standards and a rating given on the scale 

shown from A (excellent) to E (poor). If 
the dye under test is unable to build up 
even to the depth represented by the 
0.5x% dyeing, it is given an E rating. 
Intermediate ratings may be given if the 
build-up behaviour is nearer the average 
of two adjacent levels in the grid of 
artificial build-up profiles. 

Category 

A (excellent) 
B 
C 
D 

Multiples of 111 standard depth (x%) 

Build-up less than OSx% dyeing 
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7. DIFFUSION TEST 

7.1 Preparation of Rolled Film. 
Strips of film (50 cm x 4 cm) of the 
quality described in Section 3(a) should 
be used. They are cut from a tape 4 cm 
wide if available, or from a larger sheet 
using a marquetry knife and a Perspex 
template. Each strip of film is moistened 
with water to minimize tangling problems 
arising from electrostatic effects and to 
facilitate rolling on to a glass rod (length 
6 cm, diameter 0.4 cm). Winding the strip 
into a uniform roll on the glass rod is the 
most critical stage with respect to ensur- 
ing levelness and uniformity of the dyed 
area of each layer of the treated film. It is 
important to ensure that there are no  air 
gaps between successive layers of film. 
The film must be kept under tension 
whde it is being rolled so that excess air 
or water is squeezed out. The preferred 
technique is to immerse the film in water 
and withdraw it vertically as it is being 
wound over the rod, so that excess water 
drains down the film. It  may be more 
convenient to immerse the roll of film in 
water during the winding operation. 
Another possibility is to immerse the film 
in ethanol or a similar water-miscible 
solvent so that drying occurs more 
rapidly. Considerable practice is required 
before a uniformly-wound roll of film can 
be prepared rapidly and reproducibly. 

The ends of the roll of film are sealed 
by melting together the edges of the 
layers on to the glass rod at each rim of 
the batched roll using an electrically- 
heated loop of wire or the heated tip of a 
metal spatula. The outer end of the rolled 
strip should not be sealed by melting on 
to the layer below it as this results in 
preferential dyeing of the melted area and 
so impairs the appearance of the dyed 
strip. A second glass rod is then placed 
along the rolled film parallel to the first, 
leaving about 3-5 mm of the end of the 
strip projecting beyond the nip formed 
by the rods. The two rods are bound 
tightly together at  each end with fine 
cord or stainless steel wire. If available, 
suitable stainless steel rods can be used in 
place of the glass rods. Secure binding of 

the second rod to the rolled film under 
uniform pressure is important because it 
determines the clarity of the narrow resist 
lines which define the boundaries 
between the dyed layers in the completed 
test specimen. 

7.2 Dyeing Procedure 
The composite specimen of film and rods 
is placed in a dyebath of 50-ml volume, 
giving a liquor:material ratio of approxi- 
mately 200:l. The dimensions of the 
dyeing vessels and the speed of rotation 
should be such that no damage occurs to 
the glass rods during dyeing. The dyebath 
is set at 60°C and pH 5.0-5.5 with acetic 
acid, 0.5 g/l Matexil DA-AC (ICI) or 
equivalent anionic dispersing agent, and 5 
g/l of the dye under test. The standard 
control is 5 g/1 Palanil Orange G applied 
under the same conditions. 

The dyebath is heated to 130°C as 
rapidly as possible, consistent with 
obtaining a dyed specimen of acceptable 
levelness (in many laboratory dyeing 
machines a rate of temperature rise of 
3"C/min gives satisfactory results). 
Dyeing is continued for 2 h  at 130°C. 

assessment, the film of each of the dyes 
tested being mounted on a separate card 
to facilitate comparison. 

7.3 Assessment of Results 
Each dyed film is assessed in turn by 
counting the number of layers penetrated 
by the dye. If the contrast between a 
layer of the mounted film and a similar 
portion of untreated film placed along- 
side i t  is equal to or  greater than contrast 
4-5 on the SDC Grey Scale for assessing 
Staining, the layer is included in the 
count; if not it is disregarded for purposes 
of assessment. The number of layers 
penetrated depends on the thickness, 
type and quality of polyester film used, 
as well as the dye concentration and 
dyeing conditions selected. Dyeability is 
not normally a criterion of quality con- 
trol in manufacture of the film, so that 
differences in dye diffusion behaviour 
from batch to batch of film may occur. It 
is therefore essential to include a standard 
control dye in each series of unknown 
dyes tested. The following dyes have been 
adopted as possible standard controls and 
samples are available from the Society: 

C.I. Disperse Index Rating 

Cibacet Red 3B Red 15 17 A(rapid) 
Serilene Blue RL Blue 56 12 B 
Palanil Orange G Orange 13  10 C 
Dispersol Blue D-2R Blue 83 7 D 
Foron Navy S-2GL Blue 79 5 E (slow) 

After cooling rapidly to 70°C and rinsing The number of layers penetrated by each 
with water, the composite specimen is dye should be expressed as an index 
taken apart. The melted edges of the calculated as follows from the result 
rolled film are removed by cutting obtained for the Palanil Orange G control 
through the roll with a marquetry knife, applied under the same conditions of 
and the film unrolled. The pressure of the test: 

No. of layers penetrated by dye under test 
Index = x 10 

No. of layers penetrated by Palanil Orange G 

two rods on the portion of film between 
them should have produced resist lines 
which enable consecutive layers to be 
defined. The strip of film is then attached 
to a suitable white backing card for 

+ & S e a l i n g o f  edge o f  f i lm 

& - - - . 4 c r n - - -  - A  

Palanil Orange G should be used as the 
standard control for dyes with unknown 
diffusion characteristics, but one of the 
other standard controls may be preferred 
if the behaviour of the dye under test is 
already known approximately. 

0.4 cm I ]%Rod to define boundary 
+ - - - - - 6 c m - - - - -  - + between layers 
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