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ABSTRACT

The effects imparted to the shade, colour yield and fastness to washing of CI
Disperse Yellow I on nylon 6.6 by ammonium persulphate were found to be
very similar to those secured using potassium periodate, but differed to the
effects imparted by thiourea dioxide; glucose had little effect upon dyeing.
Ammonium persulphate and thiourea dioxide differed in the extent to which
they altered the colour yield, shade and fastness to washing and light of four
nitrodiphenylamine and 12 azo disperse dyes on the substrate. The finding that
the effects imparted by the two radical initiators to two 2.4-dinitrophenyi-
amine dyes differed 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 shifts imparted by the two radical initiators to
some azo dyes and the very low colour yields obtained for dyeings carried out
in the presence of TDO are discussed in terms of the reductive and oxidative
degradation of the dyes. The effects of the radical initiators on dyeing are
explained in terms of dye—fibre 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
(KIO,)® ~% and glucose®” have been proposed to act as radical initiators and
have also been employed in dyeing.® ~!7 In this work, the dyeing of nylon 6.6
with four nitrodiphenylamine and 12 azo disperse dyes in the presence of
ammonium persulphate, 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 (230-5gm ~2) obtained from ICI Fibres
was used.

Dyes and auxiliaries

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.

Procedures

Dyeing

Dyeing was carried out using the equipment and procedure previously
described.? 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 (X/S) values were calculated
from the reflectance values of the dry, scoured, dyed samples which were
measured using the instrument and procedure previously described.?
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Wash fastness
The fastness of the dry, scoured, dyed samples to the ISO CO6/C2 wash test
was determined using the standard method.'8

Light fastness
The light fastness of the dry, scoured, dyed samples was determined
according to ISO BO2!® using a Microscal fading lamp.

RESULTS AND DISCUSSIONS

Previous work? 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 mM) of four radical initiators on the dyeing
of nylon 6.6 with CI Disperse Yellow 1. Table 2 shows that at concentrations
upto 10mm 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 A° 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 K10, 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 10mM, the colour of the
dyeings obtained using the two oxidants was considerable different to those
obtained using oxidant concentrations of less than 10 mm.

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 10 mm.
A bathochromic shift was observed when a concentration of 20mM 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
10mm of the reductant. Glucose imparted little change in colour to the
dyeings obtained using CI Disperse Yellow 1 at each of the concentrations
cmployed, 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
Colorimetric and Wash Fastness (ISO CO6/C2) Data for Nylon 6.6 Dyed with CI Disperse
Yellow 1 at 98°C for 1h

Concen- KIS Apx L*  a*  b* c* h° E N C
tion (nm)
(mas)
APS 0 127 400 696 152 601 620 758 1 1 4-5
1 133 400 678 151 579 598 754 1 1 4-5
3 139 400 620 148 499 521 735 12 1 4-5
5 143 400 558 155 421 449 698 2-3 1 4-5
625 145 400 535 155 387 417 682 3 -2 5
10 129 400 526 154 354 386 6635 4 2 5
20 89 400 578 131 353 377 696 4 23 5
30 56 400 640 108 353 369 730 45 34 §
KI0, 1 136 400 655 154 547 568 743 1 1 4-5
3 142 400 587 160 453 480 705 12 1 4-5
5 147 400 545 164 395 428 675 2 1 4-5
625 145 400 533 165 375 410 663 2-3 1 4-5
10 122 400 530 159 331 367 643 3 -2 5
20 89 400 570 148 325 357 655 4 2 5
30 74 400 600 136 327 354 674 4 2 5
1 126 400 675 152 3564 584 749 1 i 4-5
3 124 400 678 158 572 593 746 1 1 4-5
5 123 400 681 154 571 591 749 | 1 4-5
625 127 400 681 155 575 596 749 1 1 4-5
10 127 400 674 160 574 596 744 1 1 4-5
20 84 420 620 210 534 574 685 1-2 1-2 5
30 17 400 733 108 272 293 683 3 4 5
Glucose 1 132 400 694 152 594 613 756 1 1 4-5
3 135 400 692 156 601 621 755 1 1 4-5
5 135 400 692 154 597 617 755 1 1 4-5
625 135 400 691 154 596 616 755 1 1 4
10 135 400 693 154 599 618 756 1 1 4-5
20 141 400 691 159 605 626 753 1 1 4-5
30 138 400 691 155 600 620 755 1 1 4-5

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

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 mm TDO, after which the colour yield
of the dyeings markedly reduced. Table 2 also shows that both APS and
KIQ, 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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Fig. 1. Colour yield of nylon 6.6 dyed with CI Disperse Yellow 1 in the presence of radical
initiators.

fastness of the dye on the substrate; in the case of TDO, enhanced fastness to
washing was observed only for concentrations of 20 and 30mmM, 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 concentration of 10mm and TDO at a concentration of
20 mMm.

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 10 mm APS and 20 mM 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 ¢* values) and more orange (as
evidenced by the higher a* values and the lower b* and 4° values) shade and
possessed significantly higher wash fastness than the control dyeing. TDO
imparted a bathochromic shift in 4,,,, of these two particular dyes on nylon
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TABLE 3
Colorimetric and Fastness Data (ISO CO6/C2 and BO2) for Nylon 6.6 Dyed with
Nitrodiphenylamine Disperse Dyes at 98°C for 1 h

i Reagent K/S 4, L* a b* c* h® E N ¢ LF
Disperse (nm)
Yellow 1 NIL 1277 400 696 152 601 620 758 1 1 4-5 3
APS 129 400 526 154 354 386 665 4 2 5 2
TDO 84 420 620 210 534 574 685 12 12 5§ 2
Yellow 9 NIL 62 400 648 150 420 446 703 12 1 4 4
APS 119 400 522 174 343 385 631 4 2 5 2
TDO 52 420 604 185 393 434 648 2 -2 5 3
Yellow 33 NIL 32 40 775 60 493 497 831 1 -2 5 3
APS 56 420 675 131 488 505 750 3 23 5 3
TDO 113 420 823 —~15 361 361 924 1 2-3 5 1
Yellow 42 NIL 89 420 760 87 676 682 827 1 1 4 5
APS 108 420 720 90 650 656 821 1 -2 45 5
TDO 64 420 792 29 654 655 875 1 1-2 45 1

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, 20mu thiourea dioxide.

6.6 (Table 2); the TDO dyeings were golden brown in colour, being slightly
duller (as given by the lower ¢* 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 colorimetric 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 4° 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 ¢* values and
higher 4° values) than the control dyeing. TDO imparted no change to the
Amax 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 enhancement 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,? 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’®2° that 2-nitrodiphenylamine 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.2! 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 2-nitrodiphenylamine 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 fastness
(ISO BO2)
Acetate PET

{ Hwn{ Ne

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-SO,NHC H; 6-7 6-7
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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,?? 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 initiators 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.?3 ™ 2% 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-nitrodiphenylamine dyes
(CI Disperse Yellow 33 and CI Disperse Yellow 42) than on the two 2,4-
dinitrodiphenylamine 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 colorimetric 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-dinitrodiphenylamine 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 20 mM thiourea dioxide are shown in Table 5. It is evident
that a hypsochromic shift occurred in the 4,,,, 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 4° values) and
duller (as shown by the lower ¢* 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 b* value and lower
h° value) to the blue dye and a greener (as shown by the lower a* value and
the higher b* and 4° 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 4_,, of the dyeings of the azo dyes underwent a
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TABLE 5
Colorimetric and Fastness Data (ISO CO6/C2 and BO2) for Nylon 6.6 Dyed with Azo
Disperse Dyes at 98°C for 1 h

Cr Reagemt K/S 4, L* a* b* c* I E N ¢ ILF
Disperse {nm})

Orange 1 NIL 301 480 276 403 207 453 272 4 1 2
APS 265 480 250 334 177 378 279 4 1 2
TDO  11:55 500 417 419 238 482 296 3 1 3-4
Orange 25 NIL 110 480 519 467 409 621 412 2-3 | 34
APS 142 480 487 457 432 629 434 3 1 34
TDO 4 400 763 67 210 220 723 23 3 4-5
Red 1 NIiL 295 500 285 417 210 467 268 34 1 -2
APS 253 500 327 422 265 498 321 3 1 2-3
TDO 73 500 477 421 2113 472 268 2-3 1 3-4
Red 73 NIL 248 520 252 384 53 388 3521 34 1 2-3

APS 265 520 237 347 03 347 3595 34 1 2-3
TDO 50 440 582 194 380 427 630 2-3 1 4-5

Red 7 NIL 209 500 409 486 315 579 329 2-3 1 2-3
APS 164 480 429 451 331 559 363 3 1 3
DO 05 480 773 126 130 181 459 * * *

Red 17 NIL 299 520 270 416 129 436 172 3 1
APS 170 500 367 416 244 482 304 3 1 3-4
TDO 19 520 608 318 102 334 177 23 1

Brown 1 NIL 297 480 254 343 184 389 282 34 1 2
APS 290 480 265 348 204 403 304 3 1 2
TDhO 33 400 560 228 205 307 420 3 2 4-5

Orange 30 NIL 94 440 535 360 454 579 516 2 1 3
APS 1221 440 516 358 471 592 528 2-3 1 3

TDO 14 400 813 14 209 209 862 * * *

Violet 33 NIL 91 540 365 393 —155 422 3385 4 1 4
APS 98 540 349 347 —60 352 3502 4 4
TDO 06 400 777 71 179 193 684 * * *

Wl o W W Lt W R B W B e fa s W W BN WA W

Blue 79 NIL 119 620 354 -77 -—-244 265 2531 45 2 4 1
APS 11'5 620 340 88 —198 217 2460 4 2 4 1
TDO 55 420 515 309 234 388 371 2-3 2 45 1
Yellow 3 NIL 239 420 734 136 860 871 810 2-3 I 2-3 6
APS 21’5 400 666 136 727 740 794 3 1 3 3
TDO 63 400 807 29 660 661 875 2 1 4-5 7
Yellow 23 NIL 271 420 608 328 714 T86 653 2-3 1 2 6
APS 271 420 610 312 714 779 664 2-3 1 2 6
T™OO 2155 400 673 234 720 757 720 3 1 -3 7

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.

Ry Ry - Ry R,
2e
Oy e G
+2H*
(colourless)

2¢°
l+2H+

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.?3 ~ 2% The reduction of azo dyes was
found to produce both hydrazo and amine compounds (Scheme 1)23
whereas oxidation of the dye was considered to involve hydrolysis of the
hydrazone form of the dye (scheme 2).2°

HO 0
Ol == O

t01)
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It has been reported2* 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 colorimetric 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.?”-28 Van Beek e?
al?>*3° 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).2%:30

Gomrd v — G
B — G

+ G
Ry S Iy SR

Scheme 3

Heijkoop and van Beek®!' 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).3!

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),3% 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-



Dyeing in the presence of free radical initiators 145

oM oM
0,5 O u:u—“ 0,8 —:-y—“
o — < e
()

(CLEY

0
o — e e
) \
0

wqtfj[;g . 2 om . 2 0 . oW i'".;
® R
0 on )
Y - O — 0
Y = eg
Scheme 4

coloured products (e.g. 1,2-naphthoquinone (golden yellow3*) and 14-
naphthoquinone (yellow)*4).

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
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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,? 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.*5 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.3® 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 view3é that generally

the light fastness of disperse dyes on nylon fibre is less predictable than that
on PET fibre.

It has been assumed?’ 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.?” 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,>* oxidant or reductant?? 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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