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The development of a new diagnostic test to identify coloured cotton fabrics susceptible to fading
(due to oxygen bleach) through repeated washing with oxygen bleach-containing domestic laundry
detergents is described. A possible mechanism is outlined to explain the bleach sensitivities observed

on the basis of dye structure.

INTRODUCTION

The following article has been sponsored by the Fastness
Tests Commiittee of the Society of Dyers and Colourists
under the guidance of the Wash Fastness Working Group. It
is part of an on-going process developed in response to
changes in domestic washing practices. These have
occurred because of environmental pressures and as a
result of innovations in washing machine technology
aimed at reducing energy and water requirements. The
result has been significant changes in wash product
formulation, whilst maintaining the cleansing power and
disinfection properties of the wash liquor. The method
described is a single wash test under stressed conditions
and is structured to determine the effect of multiple
domestic washes on colour only, by peroxide bleach
compounds in the wash liquor. Additional work being
undertaken includes a test method for colour fastness to
washing using a newly formulated standard detergent.
This test will be a more conventional method in which
colour change and staining are assessed after a single wash
process.

Approximately 70% of the domestic laundry detergents
used in automatic washing machines in Western Europe
contain an oxygen bleach system. This bleach system is
based on hydrogen peroxide, which is formed in situ from
either sodium perborate or, more recently, sodium
percarbonate. Almost invariably, the hydrogen peroxide is
activated using tetra-acetylethylene diamine (TAED) to
provide improved cleaning performance at low temper-
atures. The resulting peracetic acid anion provides an
effective method of decolorising moieties within laundry
soil.

Laboratory and consumer research studies have shown

that many coloured cotton fabrics react with this bleach
system, i.e. they undergo a noticeable shade change, or
oxidative fading, after multiple laundering. Within the
detergent and garment retail industries there is a need for a
test method that can quickly identify fabrics which will fade
atter repeated washing. For example, it would be used to
gain a better understanding of the nature and origin of
consumer problems.

The existing ISO standard test method (ISO 105:C06) is
used to determine the colour fastness of a fabric [1].
Although this test provides useful one-cycle shade change
data and indicates the potential for cross-staining to
adjacent fabrics, it does not differentiate between those
fabrics that are robust to multi-cycle laundering with
bleach-containing detergent and those that are not. The
reasons for this are two-fold. Firstly the reference detergent
used in this existing test method is outdated with respect to
commercial detergents: notably it lacks TAED (method C06
is currently being revised to include an updated reference
detergent, based on IEC 456, which includes TAED),
Secondly (even using this updated detergent) the current
test method is not stressed enough to reflect the bleach
exposure experienced by a fabric during multiple laun-
dering cycles. In summary, the current protocol (when
revised to include a TAED reference detergent) will provide
a useful tool to probe one-cycle machine effects, particularly
the propensity of a coloured fabric to cross-stain, but will be
unable to predict the shade change of a fabric after multiple
launderings.

It has been suggested that a viable method of
determining the multi-cycle fading effects of a fabric would
be to repeat the one-cycle test many times. This is most
certainly true, but it would require the user to commit
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significant time and resources. The current practice within
the detergent industry to identify fabrics likely to fade after
repeated washing involves laundering in a domestic
machine for 20 cycles, and can take a week or more. Simply
repeating this procedure in a small-scale laboratory test
helps, but does not resolve the resource issue.

Therefore a new single-cycle diagnostic test method to
indicate the degree of shade change a fabric will undergo
after multiple laundering in a bleach detergent would be of
considerable benefit throughout the textile industry. This
paper outlines the development of such a technique for
dyed cotton fabrics. The method will complement the
existing ISO standard method, which is designed to
indicate one-cycle effects. Further work is under way to
expand the work to include other substrates. The method
reviewed is the culmination of a series of laboratory trials
within the Department of Textiles at UMIST, Lever Brothers,
Procter & Gamble and Henkel. Early exploratory work to
define the boundary conditions for the test were also
carried out at the Scottish College of Textiles and by the
British Textile Technology Group.

TEST METHOD

Design approach

The objective of the test method is to predict (but not
necessarily match) the bleach effect of multi-cycle (10-20
washes) laundering using an activated bleach detergent
during domestic wash procedures. The bleach-related effect
observed after multiple laundering relates to the oxidation
of the dye by the bleaching entity formed in situ. From a
chemical point of view, the diagnostic test is aimed at
determining whether the dye will undergo oxidation by the
peroxide/TAED bleach system. In order to observe a similar
effect on a fabric after a single 40 min laboratory test, as
observed after about 20 machine wash cycles lasting 90 min
each, a set of conditions that accelerate the reaction rate
must be devised.

To achieve this, a specimen of the textile is washed,
rinsed and dried in a similar manner to that defined in the
existing 1SO standard (ISO 105:C06), but using an oxygen
bleach reference detergent containing TAED (Table 1). The
fabric specimens are washed under appropriate conditions
of temperature and bleach concentration to achieve the
reaction rate (and therefore an observed fading result) that
correlates with multi-cycle machine washing.

The ECE reference detergent system used in the test has
been developed from an existing reference detergent (IEC
456) and has three components that are supplied separately
to ensure storage stability. The first component is the base
matrix, which includes all typical detergent elements
(surfactant, builder, buffer, polymers, etc.) but not the bleach
system. The sodium perborate tetrahydrate bleaching agent
and the TAED bleach activator comprise the other two
components. The detergent contains neither enzymes nor
fluorescent brightener. The composition of the reference
detergent was altered in the various tests, keeping the ratio
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of perborate to TAED constant (Table 2). The proportions
used in machine testing is similar to that found in
commercial detergents. For the new stressed test (referred
to as C0X), the proportions enable multi-cycle bleach effects
to be obtained in one 40 min cycle. In addition, secondary
effects on shade change, predominantly due to alkalinity
and surfactants, have been minimised.

Method
If the textile to be tested is in fabric form, a 10 x 5 cm swatch
is used. Yarn may be knitted into fabric of dimensions 10x 5
cm, and tested in this form. The weight of the sample in
grams is noted to enable accurate liquor ratios to be defined.
A suitable mechanical device as defined in ISO 105:C06,
consisting of a water bath containing a rotatable shaft which
supports, radially, stainless steel containers (75 +5 mm x
125 + 10 mm) of capacity 550 + 50 ml, the bottom of the
containers being 45 + 10 mm from the centre of the shaft.
The shaft/container assembly is rotated at a frequency of
40 £ 2 min™'. The temperature of the water bath is
thermostatically controlled to maintain the test solution at
the prescribed temperature + 2 degC.

Tabie 1 Formulation of ECE reference detergent without fluorescent
brightener, in three separate parts: base powder, sodium perborate
tetrahydrate and TAED bleach activator

Mean alkane Amount

Compenent chain length (%)

Base powder

Linear sodium alkyl benzene sulphonate C.y 5 9.7
Ethoxylated fatty alcohol Cis_18(7 EQ) 52
Sodium scap Cio_15(65%)

Cug_00 {35%) 36
SIK (foam inhinbitor concentrate,

8% silicon or inarganic carrier) 6.5
Sodium aluminium silicate zeolite 4A 32.5
Sodium carbonate 1.8
Sokolan CP5 (BASF) sodium salt of

acrylic/maleic acid copolymer 5.2
Sodium silicate (§i0,:Na,O = 3.3:1) 34
Carboxymethylcellulose (CMC}) 1.3
Dequest 2066 (Monsanto)

diethylene triaminepenta

(methylene phosphonic acid) 0.8
Sodium sulphate (as accompanying

substance or added) 7.8
Water 12.2

Tetra-acetylethylene diamine As separate addition

Sodium perborate tetrahydrate As separate addition

Table 2 Components of the reference detergent
in washing machine and new small scale test

(COX proposed)

Machine test COX test
Base matrix 77 42
Perborate 20 50
TAED 3 8




An ECE reference detergent, formulation as defined in
"Table 1, is used to carry out the test. As previously outlined,
the detergent is supplied in three parts. The proportions of
the three components are outlined above. Grey-scale visual
assessment and/or instrumental spectrophotometer
methods can be used for assessing shade change (ISO
methods 105:J01 and 105:J03). For the purpose of this study,
only instrumental methods have been used.

Wash liquor is prepared by dissolving 10 g/1 base
detergent powder, 1.8 g/l TAED and 12 g/l perborate in
distilled water. The base matrix and TAED are dispersed
vigorously using a magnetic stirrer (1100 £ 100 min™) in
grade 3 water at room temperature, and rapidly heated
until the liquor reaches 40 + 2°C. The sodium perborate is
added and the solution stirred for a further minute. One
fabric specimen is placed in each container and sufficient
volume of liquor is added to the containers to give a 100:1
liquor ratio. After checking that the temperature is at
40 + 2°C, 50 steel balls are added to increase agitation, the
container is closed, placed in the machine and rotation is
begun. The temperature is raised to 60 + 2°C at a maximum
rate of 2 deg(C/min, and the apparatus is then run for 30
minutes,

The specimen is removed at the end of the wash cyde
and rinsed twice for 1 min in warm running water, then in
cold running water for 10 min. The specimens are dried by
initially pressing flat between two white absorbent cotton
cloths to remove excess water and then hung in a cabinet at
a temperature not exceeding 60°C. After conditioning the
test specimen and the unwashed reference for 24 h at
20+ 2°C and 65 + 2% RH, the change in colour of the speci-
men can then be assessed instrumentafly with reference to
the original fabric.

EXPERIMENTAL

To progress the development of the above test method, a set
of dyed cotton fabrics, at 4% depth of shade, were prepared
using the individual dye makers’ recommended exhaust
dyeing techniques. The dyes used to prepare these fabrics
are listed in Table 3, and were chosen to cover all the
important commercial dye classes in common use (reactive,
direct, sulphur, vat). Some 64 dyed fabrics, using a total of 39
dyes were tested. A bleached mercerised woven cotton
substrate was used for the preparation of all the dyeings.

All dyed fabrics were screened by the existing 1SO
105:C06 C25 standard washing test to determine which
would bleed and cause staining of other fabrics in a
machine wash environment.

To provide a benchmark with which to compare the new
test data against the multiple wash data, the selected fabrics
(10 x 10 cm samples) were all washed together in standard
Miele washing machines using four laundry detergents:
two reference detergents, one with a bleach system, the
other without, and two leading market detergents (labelled
A and B) both containing bleach. Washes were carried out
using the main wash cotton cycle at 60°C in medium hard
water (100150 ppm calcium carbonate). The colour change
relative to the original fabric was measured using a

Table 3 Dye recipes of fabrics used in testing

Fabric cotour Cl generic name Fabric
Red Cl Reactive Red 238 1
Blue Cl Reactive Blue 221 2
Red Cl Reactive Red 195 3
Green Cl Reactive Blue 38 4
Turquoise Cl Reactive Blue 21 5
Navy blue Cl Reactive Blue 225 6
Scarlet Cl Reactive Red 123 7
Green Cl Reactive Green 12 8
Brown Mixture; Cl Reactive Yellow 145,

Red 195, Blue 221 9
Red Cl Reactive Red 228 10
Red Cl Reactive Red of unknown number 11
Royal blue  Cl Reactive Blue 224 12
Chocolate Mixture: monochloretriazine dyes of

unknown Cl name 13
Brown Mixture: Cl Reactive Crange 107,

Red 198, Biue 220) 14
Blue Cl Reactive Blue 198 15
Red Cl Reactive Red 2 16
Red Cl Reactive Red 120 17
Turquoise Cl Reactive Biue 71 18
Navy Cl Reactive Biue 171 19
Orange Cl Reactive Orange 16 20
Blue Cl Reactive Blue 19 21
Blue Cl Reactive Blue 49 22
Red-brown  ClI Sulphur Red 10 23
Black C! Sulphur Black 1 24
Dark green  Cl Sulphur Green 11 25
Green Cl Sulphur Green 2 26
Dark blue Ci Sulphur Blue 5 27
Blue Cl Vat Blue 4 28
Navy Cl Vat Blue 20 29
Yellow Cl Vat Yellow 46 30
Olive Cl Vat Green 13 31
Brown Cl Vat Brown 1 32
Green Cl Vat Green 1 33
Wine Cl Direct Red 261 + Indosol E-F 34
Wine Cl Direct Red 261 + Indosol C-R 35
Wine Ci Direct Red 261 + Indosol E50 36
Wine Cl Direct Red 261 (untreated) 37
Red Cl Direct Red 89 + Solfix E 38
Red Cl Direct Red 89 + Tinofix ECO 39
Red Cl Direct Red 89 (untreated) 40
Yellow Cl Direct Yellow 106 + Solfix E 41
Yellow Cl Direct Yellow 106 (untreated) 42
Yellow Cl Direct Yellow 106 + Tinofix ECQO 43
Khaki Mixture: Cl Direct Yellow 106, Red 89,

Blue 85 {untreated) 44
Khaki Mixture: C| Direct Yellow 106, Red 89,

Blue 85 + Tinofix ECO 45
Khaki Mixture: Cl Direct Yellow 106, Red 88,

Blue 85 + Solfix E 46
Navy C! Direct Biue 85 (untreated) 47
Navy Cl Direct Blue 85 + Tinofix ECO 48
Navy Cl Direct Blue 85 + Soffix £ 49
Brown Mixture: direct dyes of unknown

Cl name (untreated) 50
Brown Mixture: direct dyes of unknown

Cl name + Indosol E-F 51
Brown Mixture: direct dyes of unknown

Cl name + Indosol C-R 52
Brown Mixture: direct dyes of unknown

Clname + Indosol E50 53
Yellow Cl Reactive Yellow 135 54
Blue C! Reactive Black 5 (4%) 55
Yellow Cl Reactive Yellow 160 56
Green Mixture: Cl Reactive Yellow 135, Blue 71 57
Brown Mixture: Cl Reactive Orange 107,

Red 180, Blue 220 58
Biue Cl Reactive Black 5 (1%) 59
Navy blue Cl Reactive Black 5 (8%) 60
Green Mixture: Cl Reactive Yellow 160, Blue 71 61
Brown Mixture: Cl Reactive Orange 107,

Red 198, Black 5 62
Bilack Mixture: Cl Reactive Black 5 63
Brown Mixture: Cl Reactive 107, Red 180, Black 5 64
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Table 4 Detergents and quantity used per cycle during
machine washing

Consumpticn
Product per wash (g)
ECE reference detergent without bleach 116
ECE reference detergent with bleach 151
Compact commercial detergent A® 80
Compact commercial detergent B2 75

a Leading compact detergents in the UK; consumption represents
recommended dosage for moderste soil and water hardness
conditions

spectrophotometer with the specular component included.
Detergent dosages are outlined in Table 4.

The same fabrics were also tested using the proposed
COX test method outlined previously.

RESULTS AND DISCUSSION

The objective of this study was to compare, using a given
set of dyed fabrics, the bleach-induced fading experienced
after 20 machine washes with a commercial detergent
versus the fading response observed in the proposed COX
test. We sought a correlation between those fabrics defined
as bleach sensitive in terms of machine washing, and those
defined as bleach sensitive on the basis of the proposed C0X
test.

The first step was to define and exclude those fabrics,
using the CO06 test, that were unsuitable for multiple
laundering in a mixed coloured load, i.e. those fabrics likely
to exhibit unacceptably high levels of bleed and cause
staining of adjacent fabrics. Fabrics showing grey scale
rating of worse than 4 on the cotton component of the
adjacent multifibre test strip were deemed unsuitable for
multiple washing in a mixed load and excluded from
further testing. Not surprisingly these fabrics were dyed
with direct dyes without the use of some of the specialised,
proprietary cationic aftertreatments. The 11 fabrics
excluded are listed in Table 5.

The remaining 53 fabrics were then washed 20 times
under stressed conditions (60°C) in the bleach-containing
reference detergent and the fading (relative to the parent
dyed fabric) assessed (Table 5). It is reassuring to note that
the test fabrics exhibited a wide range of bleach sensitivities
(0.5-51.2 AE units) and therefore represented a good
selection for use in the development of a new test protocol.
The same fabrics were also washed at 40°C and showed a
similag, but less dramatic, bleaching response.

To confirm the validity of using the bleach-containing
reference detergent to simulate real-life domestic washing
effects, the multi-cycle fading data generated with this
reference bleach detergent and the two leading commercial
compact detergents were compared. The data showed
excellent correlation (Table 5). The results are also illustrated
in Figure 1, which shows an essentially straight-line plot of
the average fading changes experienced with the
commercial detergents when plotted against the reference
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Table 5 Data summary

AE" vs original

Cotton
stainin
Fabric CO06 test A B C D E F
1 4 2.8 3.8 1.0 39 38 238
2 4 1.5 2.7 12 29 39 1.0
3 5 24 3.2 0.8 33 37 22
4 4 6.9 7.5 06 8.2 95 15
5 4 8.2 81 -01 7.7 83 16
6 4 15 2.0 05 19 21 07
7 5 8.3 10.0 1.7 11,0 108 2.2
8 4 7.0 9.2 22 113 106 20
9 5 2.3 2.4 0.1 36 28 18
10 5 33 247 214 262 243 87
11 5 26 115 89 125 121 47
12 5 61 241 180 154 181 91
13 4 0.9 1.1 02 1.0 1.1 0.4
14 5 27 149 122 161 145 6.2
15 5 2.0 6.0 40 b3 47 24
16 5 34 256 222 279 264 83
17 5 1.8 2.8 10 29 24 24
18 4 3.2 4.0 08 4.1 38 16
19 4 0.5 0.5 0.0 08 07 08
20 5 6.3 365 302 401 386 78
21 4 1.9 2.9 1.0 20 22 13
22 5 4.2 5.6 14 40 32 08
23 5 84 263 179 266 253 134
24 4 60 512 452 525 537 242
25 5 58 27.0 212 318 30.t 17.0
26 4 10.2 350 248 382 355 152
27 5 80 308 228 326 307 136
28 5 3.1 29 -02 65 68 3.9
29 5 75 7.9 0.4 10.0 86 28
30 5 220 178 4.2 226 254 26
31 4 4.8 6.1 1.3 96 66 19
32 5 54 8.6 32 88 85 22
33 5 57 5.9 0.2 55 52 29
34 3
35 5 2.8 74 46 50 69 3.2
36 5 4.6 8.1 35 97 103 24
37 2
38 5 9.1 9.5 04 119 113 15
39 2/3
40 1/2
41 5 162 156 06 162 160 3.3
42 2
43 3/4
44 2
45 3/4
46 5 34 79 45 22 26 1.1
47 1/2
48 2/3
49 4 2.4 37 1.3 39 33 08
50 2
51 4 27 7.4 4.7 7.0 8.7 1.5
52 4 2.4 5.1 27 43 52 1.0
53 5 2.8 77 49 75 85 13
54 5 144 309 165 266 276 71
55 4 12 11.¢ 107 129 131 28
56 5 181 514 333 457 456 57
57 5 86 212 126 143 137 38
58 5 3.5 26 -09 21 26 09
59 5 14 280 266 241 256 72
60 5 1.8 109 8.1 105 1286 3.0
61 5 86 216 130 192 188 56
62 5 32 269 237 251 264 6.7
63 5 56 1441 85 144 106 16
64 5 19 266 247 237 248 6.0

A — Machine data: reference detergent (without bleach)
B — Machine data: reference detergent (with bleach)

G — Bleach effect

D — Machine data: commercial detergent A
E — Machine data: commercial detergent B

F — COX test



detergent. As outlined in the Introduction, this was not
surprising since all the detergents used essentially the same
bleach system.

To determine the effect of bleach on the colour change
experienced after 20 machine washes, the data for the
reference detergent without bleach was subtracted from
that for the bleach-containing reference detergent. These
data are summarised in Table 5. It is worth noting that the
shade change (AE) exhibited by some of the fabrics after
multiple washing in the nil-bleach reference detergent was
much higher than with others (typically five or more AE
units). For example, the five sulphur dyes exhibited a AE of
7.7 and the vat dyes (even when excluding CI Vat Yellow 46)
a AE of 5.1. These figures correspond quite closely to those
obtained from fabrics dyed with phthalocyanine-based
reactive dyes: fabric 4 (6.9), fabric 5 (8.2), fabric 8 (7.0) and
fabrics 57/61 (both 8.6). Perhaps the vigorous mechanical
action of the domestic washing machine contributed to the
observed ‘wash-down’ effect of fabrics containing insoluble
and highly aggregated dye molecules within the fibre,

The similarly high AE values reported for fabric 7
(reactive dye, scarlet, 8.3), fabric 20 (reactive dye, orange,
6.3), fabric 38 (direct dye, scarlet, 9,1), fabric 41 (direct dye,
yellow, 16.2), fabric 54 (reactive dye, yellow, 14.4) and fabric
56 (reactive dye, yellow, 16.1) can all be attributed to a
dulling effect as a result of these inherently bright dyeings
having picked up small amounts of loose dye when the 53
‘fast’ fabrics were washed together. (Since several of these
53 fabrics exhibited a cotton stain of 4 in the C06 test, there
would be small amounts of loose dye capable of cross-
staining during further washing.) This problem is
particularly acute in the case of the bright direct dyes given
a cationic aftertreatment, to which anionic contaminant
would be readily attracted.

It is interesting to note that the results obtained with CI
Reactive Black 5 applied at different depths of shade (fabric
59 at 1%, fabric 55 at 4%, fabric 60 at 8%, and fabric 63). Only
when used in very heavy depths was a high ‘wash-down’
effect (AE 5.6) noted for repeat washing in a nil-bleach
detergent. This may have been due either to a physical
effect, resulting from mechanical agitation, or to a small
amount of dye-fibre bond hydrolysis. Visual inspection of
the black fabric indicated the effect to be insignificant.

The findings from this analysis enable the fabrics to be
categorised into two groups: those that are robust to the
oxygen bleach system (showing a bleach-related shade
change of less than, say, 10 AE units after 20 machine
washes) and those that clearly exhibit bleach sensitivities
(showing a bleach-related shade change of greater than 10
AE units after 20 washes). This demarcation clearly also
applies to those fabrics exhibiting high AF values resulting
from contamination by dye transfer. The two categories are
best illustrated graphically. In Figure 2 fabrics with a bleach
effect of greater than 10 AE units are plotted. The fabrics
identified as bleach sensitive in this analysis are listed in the
second column of Table 6.

Hence, using the derived multiple wash data, a subset of
the original fabrics that are sensitive to oxygen-based bleach
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Figure 1 Average shade change experienced with the market
detergents vs the reference detergent after 20 machine washes
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Figure 2 Fabrics showing a significant bleach effect after 20 machine
washes (AE greater than 10)

Table 6 Comparison of fabrics
identified as bleach sensitive in
the proposed COX test and after
multiple machine washing

Multiple
COX test washing test
10 10
1
12 12
14 14
16 16
20 20
23 23
24 24
25 25
26 26
27 27
54 54

55
56 56

57
59 59
61 61
62 62
64 64
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can clearly be identified. Similarly, plotting data from the
COX test having a AE value of greater than four against
fabric number gives the plot shown in Figure 3. This can be
compared with Figure 2. Although the sets of data
generated for the two different techniques are not identical
(the fading after multi-cycle machine washing being
generally higher), the respective fading profiles do show a
striking resemblance. Hence using this fail’ criterion of four
AE units, a direct comparison of the fabrics identified as
bleach sensitive both after multiple machine washing and
in the new proposed COX test can be made (Table 6).

This confirms the validity of the new test in identifying
the bleach sensitivities of dyed fabrics. Table 7 summarises
the individual dyes and dye combinations that exhibited
bleach sensitivity. Apart from CI Vat Yellow 46, the other vat
dyes examined, covering the major structural types (Blue 4,
Blue 20, Green 1, Green 13 and Brown 1) exhibited very
little bleach sensitivity. The anomalously high ‘fading’ of CI
Vat Yellow 46, even in the absence of bleach, may have been
a physical rather than a chemical effect, and will be
investigated as part of the on-going studies into
understanding the bleach mechanism.
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Figure 3 Fabrics achieving a AE greater than 4 in the proposed COX
test

Table 7 Dyes or dye combinations exhibiting bleach sensitivity
during multiple machine washing

Fabric  Cl generic name

10 Cl Reactive Red 228

12 C! Reactive Blue 224

14 Mixture: Cl Reactive Orange 107, Red 198, Blue 220
16 C! Reactive Red 2

20 Cl Reactive Orange 16

23 Cl Sulphur Brown 96

24 Cl Sulphur Black 1

25 Cl Sulphur Green 11

26 CI Sulphur Green 2

27 Cl Sulphur Blue 5

54 Cl Reactive Yeliow 135

56 Cl Reactive Yellow 160

57 Mixture: Cl Reactive Yellow 135, Blue 71

59 Cl Reactive Black 5

55 Cl Reactive Black 5

61 Mixture: Cl Reactive Yellow 160, Blue 71

62 Mixture: Cl Reactive Orange 107, Red 198, Black 5
64 Mixture: Cl Reactive Orange 107, Red 180, Black 5
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Table 8 Analysis of reactive dyes tested for bleach
sensitivity

Reactive groups Quantity

Self-shades

Dichlorotriazine

Tricholorpyrimidine

Fluorochloropyrimidine

Vinyl suiphone

Monochlorotriazine

Monocchloretriazine + vinyl sulphone

Monofluorotriazine + vinyl sulphone

Fluorochloropyrimidine + vinyl sulphone
Total

[ QPO N, . PR Y

N

Two- or three-dye mixtures

Monochlorotriazine

Vinyl sulphone

Monochlorotriazine + vinyl sulphone
Total

oD

Chromophores studied

Azo/hyrazone 1
Anthraquinone

Copper phthalocyanine

Nickel phthalocyanine

Copper formazan

Triphendioxazine

NDNMNDMNDN W

All the sulphur dyes, in the absence of a cationic
aftertreatment, exhibited a significant fading effect. The
small number of wash-fast (C06) direct dyes exhibited only
modest bleach sensitivity.

The reactive dyes studied, which covered a wide range
of both chromophores and reactive groups (lable 8),
exhibited a wide range of bleach sensitivities when
examined either as a self-shade or in binary/tertiary
combinations. Some of the greenish-yellow reactive dyes,
e.g. CI Reactive Yellow 135 (fabric 54), whilst exhibiting
appreciable bleach sensitivity as a self-shade, showed a
visually less dramatic effect when used in combination with
a turquoise dye (e.g. CI Reactive Blue 71) to obtain a green
shade (e.g. fabric 57).

Bleach sensitivity was most dramatic amongst the bright
orange (fabric 20), red (fabrics 10 and 16) and blue (fabric 12)
dyes. This had a knock-on effect when dyeing tertiary
shades {clives, browns, etc.) using a combination of yellow,
red and blue dyes. Fading in these cases tended to be off-
tone due to one or more of the components being sensitive,
e.g. fabric 14 (brown, fading to green), fabric 62 (chocolate
brown, fading to yellow-brown) and fabric 64 (chocolate
brown, fading to red-brown).

CI Reactive Black 5 exhibited a bleach sensitivity related
to its applied depth. At 1% depth (when, for example, it
might be employed as a cost-effective dulling component
within a three-colour combination), it exhibited high bleach
sensitivity (fabric 59). At heavier depths it exhibited less of a
fading problem. Indeed, in heavy navies and black (fabrics
60 and 63), the shade, which went ‘bronzier’ during
domestic washing, tended to be less dramatically affected in
the new proposed COX test.



POSSIBLE MECHANISM DETERMINING
BLEACH SENSITIVITY

The bleach sensitivity of sulphur dyes is usually attributed
to cleavage of some of the S-S linkages within the complex
heterocyclic macromolecules.

Of the reactive dyes studied, those that exhibited the
highest level of bleach sensitivity (and therefore likely to
result in a customer complaint) appear, in the main, to
belong to one chemical class: azo dyes that exist in their
hydrazone tautomeric form, illustrated in Figure 4 [2]. This
would explain the sensitivity of the two greenish-yellow
dyes (CI Reactive Yellow 160, containing an acetoacetanilide
coupling component, and CI Reactive Yellow 135, con-
taining a pyridene coupling component) and the orange
dye (CI Reactive Orange 16, containing an aminonapthol
coupling component). It is interesting to note, however, that
not all H acid based dyes, which also exist in the hydrazone
form, exhibited unacceptably high levels of bleach
sensitivity. For example, whereas CI Reactive Reds 2, 228
and 198 exhibited high bleach sensitivity, CI Reactive Reds
120, 238 and 180 were concluded to be bleach insensitive.
This difference in performance may be related to the
presence of an electron-withdrawing sulphonate group in
the diazo component, ortho to the azo/hydrazone linkage
(Figure 5).

Understanding the role (either electronic or steric) of
such a substituent in preventing fading, by inhibiting attack
of the peracetic acid anion on the hydrazone entity, is part
of an on-going programme of work. The same applies to

H-0,
O
N
2
Hydrazone

H—0
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) _—
< > \NA%_
Azo

Figure 4 Azo—hydrazo tautomerism
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Either A or B may contain a reactive group

If X = H, dye is sensitive to fading in the presence of
TAED-containing detergents

If X = 803", dye is insensitive to such detergents

Figure 5 Relationship between chemical structure and bieach
sensitivity of red reactive dyes based on H acid
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Figure 6 Structures of Ct Reactive Biack 5 and Cl Reactive Biue 171

understanding the relatively higher bleach sensitivity of the
triphendioxazine chromophore of CI Reactive Blue 224
compared with that of CI Reactive Blue 198.

The lack of a substituent ortho to the azo/hydrazo link can
also be used to explain the higher bleach sensitivity of CI
Reactive Black 5 relative to Cl Reactive Blue 171 (Figure 6).

FUTURE STEPS

The current study has resuited in the development of a
short, diagnostic laboratory test that we believe can readily
simulate the bleach sensitivity that a cotton fabric will
exhibit as a result of multiple domestic laundering. Before
submission of this new test protocol (proposed COX test) to
BSI and ISO for official recognition, it is important that
other interested parties (retailers, dye manufacturers, dyes
and finishers and testing houses) have the opportunity to
critically examine its appropriateness and reproducibility. Tt
has therefore been agreed to stage a series of inter-
laboratory trials (‘ring-testing’) in which the fading of a
number of dyed fabrics using the new test protocol can be
compared with that obtained after multiple machine
washes. The results will be reported in a later edition of the
Journal.

The authors note the input of Dr Phillip Weedall of the
Scottish College of Textiles and Dr A Sagar and Dr V Wilson
of the British Textile Technology Group during the
conception of this work. The authors would like to thank
Marion Garrett for her help in preparation of this paper
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