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ABSTRACT 

The effects imparted to the shade, cotour yield andfastness to washing of CZ 
Disperse Yellow I on nylon 6.6 by ammonium persuiphate were found to be 
very similar to those secured using potassium periodate, but disfered to the 
eflects imparted by thiourea dioxide; glucose had little e$ect upon dyeing. 
Ammonium persulphate and thiourea dioxide direred in the extent to which 
they altered the co/our yield, shade andfastness to washing and light offour 
nitrodipheny~amine and I2 azo disperse dyes on the substrate. The~nding that 
the effects imparted by the two radical initiators to two 2.4-dinitrophenyl- 
amine dyes d@ered to those imparted to two 2-nitrodiphenylamine dyes are 
discussed in terms of the light stability of the two types of dye. The 
bathochromic or hypsochromic shifrs imparted by the two radical initiators to 
some azo dyes and the very low co/our yields obtainedfor dyeings carried out 
in the presence of TDO are discussed in terms of the reductive and oxidative 
degradation of the dyes. The eflects of the radical initiators on dyeing are 
explained in terms of dye-jibre covalent reaction and/or dye polymerisation. 
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INTRODUCTION 

Previous studies demonstrated that the effects of ammonium persulphate 
(APS) on the dyeing of PET with disperse dyes’ and of APS and thiourea 
dioxide (TDO) on the dyeing of nylon 6 with disperse dyes’ depend on the 
nature of both the radical initiator and the dye. Potassium periodate 
(K10J3 - s and glucose 6*7 have been proposed to act as radical initiators and 
have also been employed in dyeing. 8 - ’ 7 In this work, the dyeing of nylon 6.6 
with four nitrodiphenylamine and 12 azo disperse dyes in the presence of 
ammonium ~rsulphate, potassium periodate, thiourea dioxide and glucose 
was carried out in order to investigate the effects of these various radical 
initiators on dyeing. 

EXPERIMENTAL 

Materials 

Fibres 
Scoured, knitted nylon 6.6 fabric (230.5 g me2) obtained from ICI Fibres 
was used. 

Dyes and a~x~lia~ie~ 
Sixteen commercial disperse dyes were used, namely four nitrodiphenyl- 
amine and 12 azo disperse dyes, each kindly supplied by the respective 
manufacturer shown in Table 1. Commercial samples of Dyapol PT (YCL), 
which was employed as dispersing agent in dyeing, and Sandozin NIE 
(Sandoz) which was used in the scouring of dyed nylon 6.6, were supplied by 
the respective manufacturer. 

Chemicals 
All chemicals used in this work were laboratory grade reagents obtained 
from either Aldrich or BDH. 

Dyeing 
Dyeing was carried out using the equipment and procedure previously 
described.2 The dyed samples were rinsed and scoured using the procedure 
described earlier’ and allowed to dry in the open air. 

Colour measurement 
The CIELab coordinates and Kubelka-Munk (K/s) values were calculated 
from the reffectance values of the dry, scoured, dyed samples which were 
measured using the instrument and procedure previously described.2 
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Wash fastness 
The fastness of the dry, scoured, dyed samples to the IS0 CO6/C2 wash test 
was determined using the standard method.” 

Light fastness 
The light fastness of the dry, scoured, dyed samples was determined 
according to IS0 B02i8 using a Microscal fading lamp. 

RESULTS AND DISCUSSIONS 

Previous work2 demonstrated that the dyeing of CI Disperse Yellow 1 on 
nylon 6 obtained in the presence of APS exhibited higher wash fastness and 
colour yield than the comparative dyeing obtained in the absence of radical 
initiator. Further work was carried out to examine the effects of various 
concentrations (between 0 and 30 mu) of four radical initiators on the dyeing 
of nylon 6.6 with CI Disperse Yellow 1. Table 2 shows that at concentrations 
upto 10m~ both APS and KIO, yielded dyeings which were deeper (as 
shown by the higher K/S values and lower L* values), more orange (as 
evidenced by the higher a* values and lower b* and h” values) and duller (as 
given by the lower c* values) than the control dyeing (i.e. that carried out in 
the absence of radical initiator). The dyeings obtained using concentrations 
in excess of 10 mM APS and KIO, were markedly paler (as given by the lower 
K/S values) and more yellow (as shown by the lower a* values) than the 
control dyeing; at concentrations in excess of Lomb, the colour of the 
dyeings obtained using the two oxidants was considerable different to those 
obtained using oxidant concentrations of less than 10m~. 

The dyeings obtained using CI Disperse Yellow 1 in the presence of TDO 
(Table 2) were identical to those obtained using APS and KIO,, insofar as, at 
concentrations of the reductant of up to 10 mM, the dyeings were deeper in 
shade, more orange and duller than the control dyeing; the colour of the 
dyeings obtained using the two oxidants was considerably different to those 
obtained using oxidant concentrations of less than 10m~. 
A bathochromic shift was observed when a concentration of 20m~ TDO 
had been employed, the ensuing golden brown shade of this dyeing 
contrasting with the pale brown colour of the dyeings secured both in the 
absence of radical initiator and in the presence of concentrations of up to 
1Om~ of the reductant. Glucose imparted little change in colour to the 
dyeings obtained using CI Disperse Yellow 1 at each of the concentrations 
employed, in that there was little difference between the shade obtained for 
the control dyeing and those carried out in the presence of gluclose. 

Figure 1 and Table 2 show that, generally, the colour yield (K/S) of the 
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TABLE 2 
Colorimetrie and Wash Fastness (IS0 CO6/C2) Data for Nylon 6.6 Dyed with CI Disperse 

Yellow 1 at 98°C for 1 h 

Concen- 
tion 

(mhf) 

K/S A,,, L* a* b* P h” E N C 

WI 

APS 0 127 400 69.6 15.2 60.1 62.0 75.8 1 
1 13.3 400 67.8 151 57,9 59.8 754 1 
3 13.9 400 62.0 14.8 49.9 52.1 73.5 1-2 
5 14.3 400 558 155 42.1 44.9 69.8 2-3 
6.25 14.5 400 53.5 15.5 38.7 41.7 68.2 3 

10 12.9 400 52.6 154 354 386 66.5 4 
20 8.9 400 57.8 13.1 353 37.7 69.6 4 
30 5.9 400 646 10.8 35.3 36.9 73@ 4-5 

KIO, 1 13.6 400 655 15.4 54.7 56.8 74.3 1 
3 14.2 400 58.7 16.0 45.3 48.0 70.5 l-2 
5 14.7 400 54.5 164 39.5 42.8 67,5 2 
6.25 14.5 400 53.3 165 37.5 41.0 66.3 2-3 

10 12.2 400 53.0 159 3391 36-7 64.3 3 
20 8.9 400 57-o 14.8 32.5 35-7 653 4 
30 7-4 400 SO 136 32.7 35.4 67.4 4 

1 12.6 400 67.5 152 56.4 58.4 74.9 1 
3 12.4 400 67.8 158 57.2 59.3 74.6 1 
5 12.3 400 68.1 15.4 57.1 59.1 74.9 1 
6.25 12.7 400 68.1 15.5 575 59.6 749 1 

10 12.7 400 67.4 16.0 57.4 59.6 74,4 1 
20 8,4 420 62.0 21.0 53.4 57.4 68.5 1-2 
30 1.7 400 73.3 10.8 27.2 29.3 68.3 3 

Gtucose 1 13.2 400 69.4 152 59.4 61.3 75.6 1 
3 13.5 400 69.2 15.6 60.1 62.1 75.5 1 
5 13.5 400 69.2 15.4 59~7 61.7 75.5 1 
6.25 13.5 400 69.1 154 59.6 61.6 755 1 

10 13.5 400 69.3 15-4 59.9 61.8 756 1 
20 14.1 400 69.1 159 60.5 62.6 753 1 
30 13.8 400 69.1 155 WO 62.0 75.5 1 

E, Effect on shade; N, staining of nylon 6.6 adjacent; C, staining of cotton adjacent. 

1 4-5 
1 4-5 
1 4-5 
1 4-5 
1-2 5 
2 5 
2-3 5 
3-4 5 

1 4-5 
1 4-5 
1 4-5 
1 4-5 
l-2 5 
2 5 
2 5 

1 4-5 
1 4-5 
1 4-5 
1 4-5 
1 4-5 
l-2 5 
4 5 

1 4-5 
1 4-5 
1 4-5 
1 4 
1 4-5 
1 4-5 
1 4-5 

dyeings obtained using CI Disperse Yellow 1 increased with increasing 
concentration of the four radical initiators used up to a concentration of 
6.25 mM of both APS and KIO, or 10 mu TDO, after which the colour yield 
of the dyeings markedly reduced. Table 2 also shows that both APS and 
KIO, increased the wash fastness of CI Disperse Yellow 1 on nylon 6.6, the 
extent of the improvement increasing gradually with increase in con- 
centration of each oxidant used; it is also apparent that the extent by which 
a given concentration of each oxidant enhanced the wash fastness of the dye 
was of similar magnitude. In contrast, glucose did not increase the wash 
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fastness of the dye on the substrate; in the case of TDO, enhanced fastness to 
washing was observed only for concentrations of 20 and 30mr4 such 
concentrations, as discussed above, being accompanied by a marked change 
in the shade of the dyeing. 

Based on the above results, subsequent studies of the effects of radical 
initiators on nitrodiphenylamine and azo disperse dyes were confined to the 
use of APS at a con~ntration of 10m~ and TDO at a concentration of 
20 rnM. 

The results obtained for the dyeing of nylon 6.6 with the four commercial 
nitrodiphenylamine disperse dyes under consideration in both the presence 
and absence of 1Om~ APS and 20m~ TDO are shown in Table 3. For both 
CI Disperse Yellow 1 and CI Disperse Yellow 9, the dyeings secured in the 
absence of radical initiator were pale brown in colour and exhibited low 
wash fastness; in contrast, the APS dyeings of both dyes were dark brown in 
colour and of a deeper (as given by the higher K/S values and lower L* 
values), duller (as shown by the lower c* values) and more orange (as 
evidenced by the higher a* values and the lower b* and h” values) shade and 
possessed si~ifi~ntly higher wash fastness than the contro1 dyeing. TDO 
imparted a bathochromic shift in &,,, of these two particular dyes on nylon 
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TABLE 3 
Calorimetric and Fastness Data (IS0 CO6/C2 and B02) for Nylon 6.6 Dyed with 

Nitrodiphenylamine Disperse Dyes at 98°C for 1 h 

CI Reagent K/S &,,, L* a* b* c* h” E N C LF 
Disperse (nm) 

Yellow 1 NIL 
APS 
TDO 

Yellow 9 NIL 
APS 
TDO 

Yellow 33 NIL 
APS 
TDO 

Yellow 42 NIL 
APS 
TDO 

12.7 400 69.6 15-2 60.1 62.0 75.8 1 1 4-5 3 
12.9 400 52-6 15.4 35-4 386 66.5 4 2 5 2 
8.4 420 62.0 21.0 53.4 57.4 68.5 1-2 l-2 5 2 

6.2 400 64.8 150 42.0 44.6 70.3 l-2 1 4 4 
11.9 400 52.2 17.4 34.3 385 63.1 4 2 5 2 
5.2 420 60.4 18.5 39.3 43.4 64.8 2 l-2 5 3 

3.2 420 775 6.0 49.3 49.7 83.1 1 l-2 5 3 
5.6 420 67.5 13.1 48.8 50.5 7.50 3 2-3 5 3 
1.3 420 82.3 -1.5 36.1 36.1 92.4 1 2-3 5 1 

8.9 420 760 8.7 67.6 68*2 82.7 1 1 4 5 
10.8 420 72.0 9-o 65.0 65.6 82.1 1 l-2 4-5 5 
6.4 420 79-2 2.9 65.4 65.5 87.5 1 i-2 4-5 1 

E, Effect on shade; N, staining of nylon 6.6 adjacent; C, staining of cotton adjacent; LF, light fastness; 
APS, 1Om~ ammonium persuiphate; TDO, 20mM thiourea dioxide. 

6.6 (Table 2); the TDO dyeings were golden brown in colour, being slightly 
duller (as given by the lower c* values) and more orange (as evidenced by the 
higher a* values and lower b* values) than the control dyeings. Although the 
TDO dyeings of CI Disperse Yellow 1 and CI Disperse Yellow 9 were of 
lower colour yield than the control dyeing, they exhibited slightly enhanced 
wash fastness. 

The calorimetric data for the APS dyeings obtained using CI Disperse 
Yellow 33 and CI Disperse Yellow 42 show that the dyeings were deeper (as 
given by the higher K/S values and lower L* values) and more orange (as 
evidenced by the higher a* values and the lower b* and h” values) than the 
control dyeing; in contrast, the TDO dyeings of CI Disperse Yellow 33 and 
CI Disperse Yellow 42 were paler (as shown by the lower K/S values and 
higher L* values) and more yellow (as evidenced by the lower II* values and 
higher h” values) than the control dyeing. TDO imparted no change to the 
R_ of these particular two dyes, this being in contrast to the effect of the 
reductant on both CI Disperse Yellow 1 and CI Disperse Yellow 9; APS 
imparted no change to the 1,,, of the two dyes. Both the oxidant and the 
reductant enhanced the wash fastness of CI Disperse Yellow 33 and CI 
Disperse Yellow 42 on nylon 6.6 (Table 3), this effect being only slight in the 
case of the latter dye. 

For the four dyes examined, Table 3 shows that the enhan~ment of wash 
fastness imparted by APS to the dyeings was generally greater than that 
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imparted by TDO; this finding supports those previously obtained in a study 
of the effects of APS and TDO on the dyeing of nylon 6 with disperse dyes.2 
The enhanced wash fastness obtained for the dyeings carried out in the 
presence of the two radical initiators may, as previously suggested,2 be 
attributed to covalent attachment of the dyes to the fibre and/or the 
formation of a dye polymer within the fibre. In this context, an attempt was 
made to explain the finding (Table 3) that the wash fastness of CI Disperse 
Yellow 1 and CI Disperse Yellow 9 was enhanced to a greater extent than 
that of CI Disperse Yellow 33 and CI Disperse Yellow 42. It has been 
considered’g*20 that 2nitrodiphenylamine dyes exhibit high light stability 
due to intramolecular hydrogen bonding and the formation of an additional 
o-quinonoid resonance structure, whereas 2,4_dinitrodiphenylamine dyes 
display lower light stability because of the presence of a tautomeric p- 

quinoid structure, which increases the tendency to photofading. The data 
presented in Table 4 clearly confirm this difference in light stability of the 
two types of dyes, inasmuch as the lightfastness of the two 2-nitro- 
diphenylamine dyes was higher on both PET and acetate fibres than the 
2,4_dinitrodiphenylamine dyes. 21 Consequently, the observation that the 
extent of enhancement of wash fastness imparted by both APS and TDO 
was greater for the two 2,4-dinitrodiphenylamine dyes (CI Disperse Yellow 
1 and CI Disperse Yellow 9) than the two 2nitrodiphenylamine dyes (CI 
Disperse Yellow 33 and CI Disperse Yellow 42) (Table 3) may be due to the 
lower stability of the two 2,4_dinitrodiphenylamine dyes, as a result of which 
the latter type of dyes may be more susceptible to modification by the 
radical initiators and the consequent generation of dye radicals or quinone 
compounds which may form dye polymers or bind covalently to the fibre. 

In the context of the above discussion concerning the difference in stability 

TABLE 4 
Light Fastness of Nitrodiphenylamine Disperse Dyes” 

CI Disperse Structure Light Jastness 

(IS0 B02) 

Acetate PET 

Yellow 1 2,4-di-NO,, 4’-OH 4-5 6 
Yellow 9 2,4-di-NO,, 4’-NH, 5 5-6 
Yellow 33 2-NO,, 4-SO,NH, 6-7 7 
Yellow 42 2-NO,, 4-SOzNHC,HS 6-7 6-7 



140 S. M. Burkinshaw, &am Guang Lu 

to light of 2-nitrodiphenylamine and 2,4_dinitrophenylamine dyes, it follows 
that the light fastness of CI Disperse Yellow 1 and CI Disperse Yellow 9 
should be lower than that of CI Disperse Yellow 33 and CI Disperse Yellow 
42 on nylon 6.6 in the absence of radical initiator; the results shown in Table 
3 do not entirely meet with this proposal. Table 3 shows that the light 
fastness of CI Disperse Yellow 1 and CI Disperse Yellow 9 on nylon 6.6 was 
reduced by both APS and TDO, whereas the light fastness of CI Disperse 
Yellow 33 and CI Disperse Yellow 42 was reduced only by TDO. Since it is 
well known that the fastness to light of a dyeing is determined by several 
factors, including the presence of ‘impurities’ such as oxidants and 
reductants,22 the observed reduction in light fastness of the dyeings may 
have resulted from the presence of residual APS or TDO in the dyed 
samples. However, although no attempt was made to determine whether 
residual reductant or oxidant was present within the dyed samples, it seems 
reasonable to propose that the scouring treatments given to the dyed 
samples would have removed residual radical initiator from the dyeings, in 
which case, the deleterious effects of the two radical i~tiators on the light 
fastness of the dyes can be considered to have arisen during dyeing. 

In this context, it is well known that many disperse dyes are degraded 
during dyeing and that such hydrolysis, oxidation or reduction of the dye 
results in shade change or loss of colour. 2 3 - ” The reduced colour yields and 
marked alteration of shade obtained for each of the four dyes investigated 
when dyeing had been carried out in the presence of TDO (Table 3) implies 
that the dyes have undergone reductive degradation during dyeing; the 
finding that the reductant reduced the light fastness of the four dyes may be 
attributed to such modified dyes being more susceptible to photogradation 
than the original dyes. The observation that TDO had a far greater 
deleterious,effect on the light fastness of the two 2-nitrodiphenyl~ine dyes 
(CI Disperse Yellow 33 and CI Disperse Yellow 42) than on the two 2,4- 
di~itrodiphenylamine dyes (CI Disperse Yellow 1 and CI Disperse Yellow 9) 
(Table 3) suggests that the TDO-modified forms of the former type of dye are 
more susceptible to photodegradation or, as the colorimetrie data in Table 3 
show, that the two 2-nitrodiphenylamine dyes are more susceptible to 
reductive degradation during dyeing in the presence of TDO. The 
observation that whilst APS enhanced the colour yield of each of the four 
dyes used the oxidant also imparted a shade change to the dyeings, implies 
that the dyes underwent modification during dyeing in the presence of the 
oxidant. However, the finding that APS reduced only the light fastness of CI 
Disperse Yellow 1 and CI Disperse Yellow 9 on nylon 6.6 implies that the 
APS-modified forms of these two 2,4~nitrodiphenylamine dyes are more 
susceptible to photodegradation or, as discussed above the context of the 
enhanced wash fastness imparted by the radical initiators, that the two 2,4- 
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dinitrodiphenylamine dyes are more susceptible to modification during 
dyeing in the presence of APS. From the foregoing, it is apparent that the 
dyes vary with regards to the effect of the two radical initiators on their light 
fastness and also that the two radical initiators vary in their effect on the 
fastness to light of the four dyes on nylon 6.6. 

The results obtained for the dyeing of nylon 6.6 with 12 commercial azo 
disperse dyes in both the absence and presence of either 10 mM ammonium 
persulphate or 20m~ thiourea dioxide are shown in Table 5. It is evident 
that a hypsochromic shift occurred in the A,,,,, of the APS dyeings furnished 
using CI Disperse Red 7, CI Disperse Red 17 and CI Disperse Yellow 3; for 
each of the remaining nine dyes, no shift in A,,,,, was obtained in the presence 
of the oxidant. Of the 12 azo dyes, the dyeings using the three orange, four 
red, one brown, and two yellow dyes in the presence of APS were generally 
yellower (as given by the lower a* values and the higher b* and h” values) and 
duller (as shown by the lower c* values) than the control dyeings carried out 
in the absence of oxidant. APS imparted a dull (as evidenced by the lower c* 
value), reddish hue (as given by the lower a* value, higher 6* value and lower 
h” value) to the blue dye and a greener (as shown by the lower a* value and 
the higher b* and h” values) duller hue (as evidenced by the lower c* value) to 
the violet dye. Enhanced colour yields were obtained when dyeing had been 
carried out in the presence of the oxidant in the cases of CI Disperse Orange 
25, CI Disperse Red 73, CI Disperse Orange 30 and CI Disperse Violet 33, 
whilst reduced colour yield was secured for each of the remaining dyes used, 
with the exception of CI Disperse Yellow 23 for which no change in depth of 
shade was obtained. Although slightly enhanced wash fastness was imparted 
by the oxidant to CI Disperse Orange 25, CI Disperse Red 7, CI Disperse 
Red 17, CI Disperse Orange 30 and CI Disperse Yellow 3, APS had no effect 
on fastness to washing of the remaining seven dyes on nylon 6.6. 

Table 5 clearly shows that for each of the 12 dyes used, dyeing in the 
presence of TDO resulted in an often very marked reduction in colour yield 
(i.e. reduced K/S and higher L* values of the TDO dyeings compared with 
the corresponding values for the control dyeing). In the case of CI Disperse 
Orange 25, CI Disperse Red 73, CI Disperse Red 7, CI Disperse Red 17, CI 
Disperse Brown 1, CI Disperse Orange 30, CI Disperse Violet 33, CI 
Disperse Blue 79 and CI Disperse Yellow 3, the chromaticeness of the TDO 
dyeings differed markedly to that of the respective control dyeing, the 
difference in the a* and b* values between the TDO dyeings and the control 
dyeing varying in either the positive or negative directions. Furthermore, the 
chroma of the TDO dyeings varied between dyes, being either higher or 
lower than the control dyeing, thereby yielding either cleaner or duller 
shades, respectively. With the exceptions of CI Disperse Red 1 and CI 
Disperse Red 17, the L,,, of the dyeings of the azo dyes underwent a 
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TABLE 5 
Calorimetric and Fastness Data (IS0 CO6/C2 and B02) for Nylon 6.6 Dyed with Azo 

Disperse Dyes at 98°C for 1 h 

6-I Reagent K/S A,,,,,, L* a+ h* e* h” E N C LF 
Disperse Mm) 

Orange 1 

Orange 25 

Red 1 

Red 73 

Red 7 

Red 17 

Brown t 

Orange 30 

Violet 33 

Blue 79 

Yellow 3 

Yellow 23 

NIL 301 480 27.6 40.3 20.7 45.3 27.2 4 1 2 3 
APS 26.5 480 250 33.4 17.7 37.8 27.9 4 1 2 4 
TDO 11.5 500 41.7 41.9 23.8 48.2 29.6 3 1 3-4 3 

NIL il.0 480 51.9 46.7 40.9 62.1 41.2 2-3 1 3-4 6 
APS 14.2 480 487 45.7 43.2 629 43.4 3 1 3-4 6 
TDO 1.4 400 763 67 21.0 220 72.3 2-3 3 4-5 4 

NIL 295 500 285 41.7 21.0 46.7 26% 3-4 1 1-2 3 
APS 25.3 500 32.7 42.2 26.5 49.8 32.1 3 1 2-3 3 
TDO 7.3 500 477 42-1 21.3 47.2 26.8 2-3 1 3-4 3 

NIL 24.8 520 252 38.4 -5.3 38.8 352.1 3-4 1 2-3 3 
APS 265 520 23.7 34.7 -0.3 34.7 3595 3-4 1 2-3 4 
TDO 5.0 440 582 19.4 380 42.7 63.0 2-3 1 4-5 1 

NIL 
APS 
TDO 

20.9 500 40.9 48.6 
164 480 429 45.1 
0.5 480 773 12.6 

29.9 520 27.0 41.6 
17.0 500 367 416 

1.9 520 608 31.8 

31.5 
33.1 
13.0 

2-3 1 
3 1 
* * 

NIL 
APS 
TDO 

&IL 
APS 
TDO 

12.9 
24.4 
10.2 

3 1 
3 1 
2-3 l-2 

2-3 4 
3 3 

+ 4 

l-2 5 
3-4 4 
4-5 3 

29.7 480 254 34.3 18.4 
29-O 480 265 34.8 20-4 
3-3 400 560 228 205 

57.9 32.9 
55.9 36.3 
18.1 45.9 

43.6 17.2 
48.2 30.4 
33.4 17.7 

38.9 282 
&3 30.4 
30.7 42-O 

2 3 
2 3 
4-5 3 

NIL 
APS 
TDO 

9.4 440 53-5 36.0 
12.1 440 51.6 35.8 
1.4 400 81.3 1.4 

9.1 540 365 39.3 
9.8 540 34.9 34.7 
0.6 400 777 7.1 

45.4 57.9 51.6 
47.1 59.2 52.8 
20.9 20.9 86.2 

3-4 1 
3 1 
3 2 

2 1 
2-3 1 

* * 

NIL 
APS 
TDO 

-15.5 
-60 
17.9 

NIL 11.9 620 35.4 -7.7 - 24.4 
APS 1 I.5 620 34.0 - 8.8 - 19.8 
TDO 5.5 420 5 1.5 30.9 23.4 

42-2 338.5 4 1 
35.2 350.2 4 1 
19.3 68.4 * * 

26.5 253.1 4-5 2 
21.7 246.0 4 2 
38.8 37.1 2-3 2 

3 3 
3 3 
* 3 

4 3 
4 3 

* 3 

4 1 
4 1 
4-5 1 

NIL 23.9 420 73.4 13.6 86.0 87.1 81.0 2-3 1 2-3 6 
APS 21.5 400 666 136 72‘7 74.0 79.4 3 1 3 3 
TDO 6-3 400 807 2.9 66.0 66.1 87.5 2 1 4-5 7 

NIL 27.1 420 60.8 32.8 71.4 786 65.3 2-3 1 2 6 
APS 27.1 420 61.0 31.2 71.4 77.9 66.4 2-3 1 2 6 
TDO 21.5 400 67”3 23.4 72.0 75.7 72.0 3 1 2-3 I 

E, Effect on shade; N, staining of nylon 6.6 adjacent; C, staining of cotton adjacent; LF, light fastness; 
APS, 10 mM ammonium persulphate; TDO, 20 mM thiourea dioxide; *, fastness test not carried out owing 
to low colour yield obtained. 
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hypsocromic shift in the presence of TDO and the dyeing obtained using CI 
Disperse Orange 1 in the presence of the reduction exhibited a bathochromic 
shift. With the exception of CI Disperse Yellow 23 and CI Disperse Orange 
25, for which was obtained slightly enhanced wash fastness in the presence of 
TDO, dyeing in the presence of the reductant reduced the wash fastness of 
the azo disperse dyes on the substrate. 

&N=N& 2s-_ &NH-N”& 
+2H+ 

2,- 

t2H' 

Scheme 1 

As previously mentioned, many disperse dyes are degraded during dyeing 
and it is considered that such hydrolysis, oxidation or reduction of the dye 
results in shade change or loss of colour. 23 - 25 The reduction of azo dyes was 
found to produce both hydrazo and amine compounds (Scheme 1)25 
whereas oxidation of the dye was considered to involve hydrolysis of the 
hydrazone form of the dye (scheme 2).*! 

HO 0 

NH-N \ 

8 \ / 

NH-NH) + 0 

I 
boil In acid 

(golden y.llor) 

OH t N2 I 101 

NOOC COOH 

Scheme 2 
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It has been reported 24 that the oxidative products of azo disperse dyes 
obtained using oxidising agents are of a similar colour to the products 
obtained by exposure of the dyes to light; consequently, an attempt was 
made to explain the calorimetric results displayed in Table 5 in terms of the 
photodegradation of azo dyes. 

The photodegradative mechanism of azo dyes is complicated and both 
photooxidative and photoreductive reactions have been proposed, 
depending on the nature of the fibre and the environment.27y28 Van Beek et 
a1.2g*30 found that under anaerobic conditions, hydrazyl radicals and 
hydroazo compounds were formed during exposure to ultraviolet radiation, 
the radicals acting as powerful reducing agents; similar radicals, which also 
can act as reducing agents, were obtained using glucose. The hydroazo 
compounds are unstable and can decompose to form amines or regenerate 
the original dye (Scheme 3).2g*30 

t &N”-N”qj 

RI 

t o- R2 

\ / NH2 + NZN \ / -0 
Scheme 3 

Heijkoop and van Beek3r used ESR to investigate the radical 
intermediates formed during the photoreduction of azo dyes; both hydrazyl 
and aminonaphthoxy radicals were identified and these authors proposed 
the following mode of decomposition of the hydrazyl radical (Scheme 4).31 

Although the photoreductive degradation of azo dyes has been proposed 
by many authors, photooxidation has also been suggested to occur at the 
tertiary amino group generating dealkylation products (Scheme 5),j2 and at 
the azo linkage of the hydrazone tautomeric form of the dye (Scheme 6).33 

According to the above discussion, azo dyes can be reduced to colourless 
products (e.g. hydrazo and amine compounds) and oxidized to pale- 
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(Q) (OH’) 

0 0 
‘II nw 

t OH’ - 0 + 

I R 

0 

ww “2” 
t 2OH’ - 20 + 

II R 

Scheme 4 

coloured products (e.g. 1,Znaphthoquinone (golden yellow34) and 1,4- 
naphthoquinone (yellow)34). 

The finding (Table 5) that TDO imparted a far greater reduction of colour 
yield and alteration of shade to the dyes than APS implies that the azo dyes 
are more susceptible to reductive, rather than oxidative, degradation during 
dyeing. Such reductive degradation may also explain the observation that 

\ 
NO2 

rrduct ion 

C 

CH,D \-, NH2 

+? 

t H2N+N<” 

Et 

dralkylation 

CH3D<L=NGN! - Dimrr 

ND2 

Scheme 5 
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0 

&H 

- Id’ 
0 - 

=8= 

H-N-QUO 
\ / 

0 t MO -(=+NI+ t OH- 

(ye1 low) 

Scheme 6 

TDO caused a reduction in wash fastness of 10 of the 12 dyes used and 
imparted only slightly enhanced wash fastness to the two remaining dyes. 
Support for the above proposal that the azo dyes used were more susceptible 
to reductive rather than oxidative degradation accrues from the finding that 
slightly enhanced wash fastness was imparted to five of the 12 azo dyes by 
APS, the oxidant having no effect on the wash fastness of the remaining 
seven dyes. As previously proposed,2 the enhanced wash fastness imparted 
by the two radical initiators may be attributed to the formation of a dye 
polymer and/or covalent attachment of the dye to the substrate. 

The results shown in Table 5 clearly demonstrate that, in general, the 
colour yield and shade of dyeings obtained using azo disperse dyes in the 
presence of either APS or TDO differ markedly to those secured when 
dyeing had been carried out in the absence of oxidant or reductant. From the 
foregoing discussion of the reductive and oxidative degradation of such 
dyes, the bathochromic or hypsochromic shifts observed for the dyeings 
carried out in the presence of APS or TDO, together with the often marked 
shade change and low colour yields of the dyeings imparted by the two 
radical initiators (Table 5) can be attributed to such oxidative or reductive 
degradation, respectively, of the dyes and the presence of such oxidized or 
reduced products on the fibre. It is apparent that the degradation of azo 
disperse dyes on nylon 6.6 occurs primarily by means of a reductive 
mechanism and it seems reasonable to suggest that the degradation of azo 
dyes by TDO is worse than that caused by APS. 

In the context of the light fastness results displayed in Table 5, a 
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correlation has been obtained3’ between the light fastness of azo disperse 
dyes and the electronegativity of the substituents in the para position of the 
acceptor ring, with the p-nitro substituent yielding highest light fastness on 
PET; the introduction of a second subsequent into the ortho position of the 
acceptor ring was found to improve significantly the light fastness of such 
dyes on PET.35 However, the results displayed in Table 5 clearly show that 
such substituents effects do not apply to dyeings on nylon 6.6, insofar, as, in 
the absence of radical initiator, the lightfastness of those dyes which 
contained only a nitro group in the para position of the acceptor ring 
(namely CI Disperse Red 1, CI Disperse Orange 25 and CI Disperse Orange 
1) was similar to that of dyes that contaminated a second substituent in the 
ortho position of the acceptor ring (namely CI Disperse Red 73, CI Disperse 
Red 17, CI Disperse Violet 33 and CI Disperse Orange 30). Azo disperse dyes 
which contained nitro groups were found to exhibit low light fastness on 
nylon, this having been attributed to reduction of the nitro groups by the 
fibre.36 The finding (Table 5) that both CI Disperse Yellow 3 and CI Disperse 
Yellow 23 displayed high light fastness on nylon 6.6 when dyeing had been 
carried out in the absence of radical initiator may be due to the absence of 
nitro groups within their structures which therefore supports this proposal. 
However, the high light fastness obtained for CI Disperse Orange 25 and CI 
Disperse Red 17 on nylon 6.6 in the absence of radical initiator (Table 5) 
contradicts this proposal; no explanation for this latter finding can be 
proffered, except that it appears to concur with the view36 that generally 
the light fastness of disperse dyes on nylon fibre is less predictable than that 
on PET fibre. 

It has been assumed37 that in general, the fading to light of azo dyes is 
accelerated by a decrease in the electron density at the azo linkage. Whereas 
electron withdrawing substituents in the alkyl groups of the electron donor 
ring can increase the photostability of azo dyes on PET, they can decrease 
the photostability on nylon, such alkyl-substituted dyes degrading by an 
oxidative process on PET and a reductive process on nylon.27 However, the 
results shown in Table 5 do not entirely support this proposal, in that CI 
Disperse Orange 25, which contains a cyanoethyl group in the electron 
donor ring, exhibited high lightfastness on nylon 6.6 in the absence of radical 
initiator. 

It has been reported that the light fastness of disperse dyes on 
hydrophobic fibres is influenced by the presence of various compounds, such 
as antioxidant,24 oxidant or reductant22 within the fibre; however, no 
explanation has been offered as to the mechanism by which an oxidant or 
reductant reduces the light fastness of disperse dyes. Thus, it seems 
reasonable to propose that the various reduction and oxidation products 
which, from the previous discussion, could be generated by the action of 
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TDO and APS on azo disperse dyes, may be responsible for the observed 
light fastness results. 

CONCLUSIONS 

The results obtained suggest that selected nitrodiphenylamine and 
disperse dyes exhibit enhanced wash fastness on nylon 6.6 when dyeing is 
carried out in the presence of radical initiators; this effect may be due either 
to the formation of dye polymers or to dye-fibre covalent bonding. The 
alteration of shade and colour yield observed for the dyeings carried out in 
the presence of both APS and TDO may be due to the presence of mixtures 
of the oxidative or reductive products of the dyes, to dye polymerization 
and/or to covalent dye-fibre attachment. 
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