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ABSTRACT

The dyeing of silk fabric, at various pH values, with two nonmetallised
acid dyes and two disperse dyes was carried out in the absence and
presence of various radical initiator systems, namely ammonium persulphate,
potassium periodate, hydrogen peroxide, glucose, thiourea dioxide, thiourea
and ferrous sulphate. The six radical initiators used, imparted similar
changes to the shade, colour yield and wash fastness of all four dyes on
silk; for each of the four dyes employed, ammonium persulphate and
FeSO,/H,0, yielded dyeings that were most different, in terms of shade,
colour yield and enhanced wash fastness, to the respective control dyeings
at each of the pH values used. The effects imparted by the radical
initiators were found to be dependent on both the nature and concentration
of the initiator used, but appeared to be independent of the chemical class
of dye employed.

INTRODUCTION

Previous studies by the authors have considered the effects of radical
initiators on the dyeing of polyester,! nylon 6,2 nylon 6.6*° and wool®
with disperse dyes; the dyeing of wool and also silk with direct, basic and
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acid dyes in the presence of radical initiators has been studied by various
workers’"* and several radical initiator dyeing systems have been pro-
posed for use on silk''"!* by means of which enhanced colour yield and
wash fastness are achievable. The present paper concerns the effects of
several radical initiators on the colour yield, shade and wash fastness of
nonmetallised acid dyes as well as disperse dyes on silk. Since hydrogen
peroxide/thiourea,!! potassium periodate/glucose'>'* and hydrogen per-
oxide/glucose'® radical initiator systems have previously been employed
in silk dyeing, these systems were selected for use in this work; in addi-
tion, the traditional ferrous sulphate/hydrogen peroxide!® redox initiator
system was also used.

EXPERIMENTAL

Materials

Fibre
Scoured, woven silk fabric (48-6 g m™?) obtained from Whalleys was
used.

Dyes and auxiliaries

Two commercial nonmetallised acid dyes, namely Airedale Orange II
(YCL) (CI Acid Orange 7) and Sandolan Red MF-2BL (Sandoz) (CI
Acid Red 336), together with two commercial disperse dyes, namely
Serisol Fast Yellow PL (YCL) (CI Disperse Yellow 9) and Serisol
Brilliant Violet 2R (YCL) (CI Disperse Violet 1), were used in the work,
each kindly supplied by the respective manufacturer. Commercial samples
of Dyapol PT (YCL), which was employed as dispersing agent in dyeing,
and Sandozin NIE (S), which was used in the scouring of the dyed silk,
were also supplied by the respective manufacturer.

Chemicals
All chemicals used in the work were laboratory grade reagents obtained
from either Aldrich or BDH; ammonium persulphate (APS), potassium
periodate (KIO,), hydrogen peroxide (H,0,), glucose, thiourea dioxide
(TDO), thiourea and ferrous sulphate (FeSO,) were used as radical
initiators.

Procedures

Dyeing
All dyeings were carried out in sealed, stainless steel dyepots of 300 cm’
capacity housed in a John Jeffries laboratory-scale Rota Dyer. The
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dyebath comprised either 2% omf commercial disperse dye and 1 g/litre
Dyapol PT or 2% omf commercial nonmetallised acid dye and the
presence or absence of free radical initiator; a liquor ratio of 30:1 was
employed. Dyeing was carried out at various pH values, the pH values
being adjusted to 4 using either acetic acid or 0-014M acetic acid/0-04Mm
sodium acetate buffer, and pH 5-5 using 0-2M acetic acid/0-17M sodium
acetate buffer. Dyeing was commenced at 40°C, and the temperature was
raised to 70°C at a rate of 2°C/min~' and maintained at this temperature
for 60 min. At the end of dyeing, the rinsed (cold tap water) dyed
samples were scoured in a solution containing 2% omf Sandozin NIE at
98°C for 5 min, and the rinsed (cold tap water) dyed samples were then
allowed to dry in the open air.

Colour measurement
The CIELab coordinates and Kubelka—-Munk (K/S) values were calcu-
lated from the reflectance values of the dry, scoured, dyed silk samples,

which were measured using the instrument and procedure previously
described.?

Wash fastness
The fastness of the dry, scoured, dyed silk samples to the ISO CO2 wash
test was determined using the standard method."

RESULTS AND DISCUSSION

The dyeing of silk with nonmetallised acid dyes in the presence of
radical initiators

As both CI Acid Red 336" and CI Acid Orange 7''"!3 have previously
been employed in the dyeing of wool and silk in the presence of radical
initiators, enhanced colour yield and wash fastness having been obtained,
these two particular dyes were selected for use in the present work. In
view of the results discussed earlier'? concerning the effect of pH on dye-
ing with disperse dyes in the presence of radical initiators, a pH of 5-5,
obtained using an acetic acid/sodium acetate buffer, was employed; since
nonmetallised acid dyes are normally applied to silk under acidic (typi-
cally pH 3-5) conditions, a dyebath pH of 4 was also used, this being
attained using acetic acid as well as an acetic acid/sodium acetate buffer
system. As it was suggested!'"! that free radical dyeing systems yielded
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TABLE 1
Colorimetric and Fastness Data for Silk Dyed with CI Acid Red 336 at 70°C for 60 min
Radical initiator pH K/S A,, L* a* b* ¢* n° IS0 Co2
(nm) —
E § C
Nil 4455) 52 520 541 482 71 487 84 1 45 43

H,0, (0-1M)/
glucose (0-1M)  445) 44 520 555 464 71 469 87 1-2 45 45

APS (10 mm) 4(3-3) 31 400 596 304 129 330 230 2 5 5
FeSO, (0-03m)y
H,0, (0-03m) 4432y 11.0 520 455 484 182 517 206 2 4 45
Nit 441 71 520 512 505 92 513 103 1-2 4 45
thiourea (0-05Mm) 4 7.8 520 506 515 102 525 112 1-2 4 45
H,0, (0-1M)/

glucose (0-Im)  4(4) 71 520 511 499 96 508 109 12 4 45
KIO, (0-01M)/

glucose (1 gflitre) 4 7-1 520 511 500 93 509 105 1 4 45
APS (10 mm) 44 27 400 573 322 119 343 203 2 45 5
FeSO, (0-03M)/

H,0, (0-03m) 4250 74 400 470 368 226 432 315 2 45 45
FeSO, (0-01Mm)/

H,0, (00IM) 4 68 520 473 395 177 433 241 2 45 45
Nil 55(56) 66 520 S1-8 498 86 505 98 1 4 45
H,0, (0-03m)/

thiourea (0-05M) 5-5 67 520 518 497 85 504 97 1 4 45
H,0, (0-1mY/
glucose (0-1M)  5:5(5:5) 58 520 529 486 79 492 93 1-2 45 45

KIO, (0-01mY

glucose (1 gllitre) 55 S8 520 531 487 75 493 88 1 4 45
TDO (20 mM) 55 64 520 524 500 79 506 90 | 4 45
APS (10 mm) 55(5:5) 42 520 540 410 92 420 126 1-2 45 45
FeSO, (0-03m)/

H,0, (0-03m) 5-5(4-8) 52 400 546 308 208 372 340 1-2 45 5
FeSO, (0-01my
H,0, (0-01m) 55 51 400 53-8 350 209 408 308 1-2 435 3

E: Effect on shade; S: staining of silk adjacent; C: staining of cotton adjacent.
pH 4: obtained using 0-14M acetic acid/0-04M sodium acetate buffer.

pH 5-5: obtained using 0-02M acetic acid/0-17M sodium acetate buffer.

% pH 4: adjusted by acetic acid.

( ): pH of the residual dyebath.
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dyeings of similar colour yield, but higher wash fastness than those
achieved using high temperature dyeing in the absence of radical initia-
tor, a temperature of 70°C was employed in this work.

The results obtained for the dyeing of silk with CI Acid Red 336 at
70°C for 60 min in both the absence and presence of various radical
initiators are shown in Table 1, from which it is evident that, when dye-
ing had been carried out in the absence of a free radical initiator, the
colour yield of the dyeings increased in the order pH 4 (acetic acid) < pH
5-5 < pH 4 (buffer). Also, the chromaticeness of the dyeing obtained at
pH 4 using acetic acid differed from that of the two dyeings obtained at
pH 4 with buffer and at pH 5-5 with buffer, the chromaticeness of the
two buffered dyeings being similar. These findings can be explained in
terms of the pH values of the residual dyebaths (Table 1). In the case of
the dyeing that had been carried out at pH 4 using acetic acid, the pH of
the residual dyebath was 5-5, thus implying that, for part of the dyeing
process, the pH of the dyebath was much higher than the initial value of
4; at the end of the dyeing carried out using pH 5.5 buffer, the dyebath
had a pH of 5-6; each of these two residual dyebath pH values was much
higher than the value of 4-1 recorded for the pH 4 (buffer) dyeing. Since,
in general, nonmetallised acid dyes are applied to silk under acidic (pH
3-5) conditions, the observation that higher colour yield was obtained
when dyeing had been carried out at pH 4 (buffer) than at pH 4 (acetic
acid) and pH 5-5 (buffer) can be attributed to the higher substantivity of
the nonmetallised acid dye at the lower pH value. Furthermore, although
these findings therefore show that, in terms of colour yield, it is prefer-
able to employ buffer for dyeing and that highest colour yield was
secured at pH 4, Table 1 demonstrates that there was little difference
in wash fastness of the three dyeings that had been carried out in the
absence of radical initiator.

It is apparent (Table 1) that at a pH of 4 (adjusted using acetic acid)
the dyeings of CI Acid Red 336 obtained using H,O, (0-1M)/glucose
(0.1M) and also APS were paler (as given by the lower K/S values and
higher L* values), duller (as shown by the lower c* values) and more
orange (as evidenced by the lower a* values and higher #° values) than
the control dyeing; in contrast, the dyeing obtained using FeSO, (0-03M)/
H,0, (0-03m) was deeper (as given by the higher K/S value and lower L*
value), cleaner (as shown by the higher ¢* value) and more orange (as
evidenced by the higher a* value, higher b* value and higher 4#° value)
than the control dyeing. For each of these three radical initiator systems,
the dyeings obtained at pH 4 using acetic acid exhibited enhanced wash
fastness (Table 1). A hypsochromic shift in A_,, occurred for the dyeing
carried out in the presence of APS, in contrast to which, the dyeings
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obtained using FeSO, (0-03M)/H,0, (0:03M) and H,0, (0-1M)/glucose
(0.1M) were of the same A, as the control dyeing.

Table 1 also shows that at pH 4 (adjusted using buffer) the dyeings of
CI Acid Red 336 obtained using the six radical initiator systems were
generally duller (as given by the lower ¢* values) and more orange (as
evidenced by the lower a* values, higher * values and higher A° values)
than the control dyeing. Of these radical initiator systems, APS, FeSO,
(0-03M)/H,0, (0-03M) and FeSO, (0-01M/H,O, (0.01M) imparted slightly
enhanced wash fastness to the dyeings; the other radical initiators had no
effect upon wash fastness. A hypsochromic shift in the A,, of the dye-
ings was observed in the cases of APS and FeSO, (0-03M)/H,0, (0-03Mm).
The colour yields of the dyeings obtained using H,0./glucose and FeSO,
(0-:03M)/H,0O, (0-03M) were higher than that of the control dyeing; the
other radical initiator systems, with the exception of APS which
markedly reduced colour yield, exerted little influence on colour yield.

When applied at pH 5-5 with buffer, the dyeings obtained using APS,
FeSO, (0-03M)H,0,, (0-03m) and FeSO, (0-01M)/H,0O, (0-0IMm) were
more orange (as evidenced by the higher 4* values and higher 4° values)
than the control dyeing; each of the remaining radical initiator systems
yielded dyeings that were redder (as given by the lower b* values and
lower A° values) than the control dyeing (Table 1). It is also evident that,
when applied at pH 5-5, increased colour yield was secured only for the
H,0,/thiourea system and that each of the remaining six radical initiators
reduced the colour yield of CI Acid Red 336. Four of the radical initia-
tors, namely APS, H,O,/glucose and each of the FeSO,/H,0, systems
used, imparted slightly enhanced wash fastness to the dyeings; the other
three radical initiators had no effect on wash fastness. Furthermore, each
of the FeSO,/H,0, systems imparted a hypsochromic shift to the A, of
the dyeings.

Thus, although Table 1 clearly shows that both APS and FeSO,/H,0,
enhanced the wash fastness of CI Acid Red 336 on silk when dyeing had
been carried out at both pH 4 and 5-5, each of these radical initiator
systems imparted a marked shade change to the dyeings, and APS
resulted in a considerable reduction in colour yield.

Since, of the three pH systems employed, pH 4 (acetic acid) gave the
lowest colour yield when dyeing had been carried out in the absence of
radical initiator, in all further work on the dyeing of silk in the presence
of radical initiators, pH values of 4 and 5-5 were used, the respective dye-
bath pH value being achieved using the appropriate buffer system.

Table 2 shows the colorimetric and fastness data obtained for CI Acid
Orange 7, from which it is apparent that when dyeing had been carried
out in the absence of radical initiator, the colour yield secured at pH 4
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TABLE 2
Colorimetric and Fastness Data for Silk Dyed with CI Acid Orange 7 at 70°C for 60 min
Radical initiator pH K/S5 A,,, L* a* b* c¢* Nn° ISO CO2
(nm) E—
E § ¢
Nil 4 37 500 685 313 398 506 518 1 4 45
H,0, (0-1m)/
glucose (0-1M) 4 32 500 687 303 368 477 505 1 4 4
thiourea (0-05M) 4 34 500 688 311 380 491 507 1 4 4
KIO, (0-01m)y/
glucose (1 g/litre) 4 41 500 675 322 412 523 520 1 4 4
APS (10 mm) 4 20 480 677 232 297 377 520 1 45 S
FeSO, (0-01Mm)/
H,0, (0-01m) 4 55 400 492 207 247 322 500 1 45 5§
Nil 55 14 500 736 217 247 329 487 1 45 45
glucose (0-1m) 55 12 500 738 209 227 309 477 1 435 4-5
thiourea (0-05M) 55 111 500 743 193 207 283 470 | 45 45
KIO, (0-01m)/
glucose (1 g/litre) 55 1.4 500 724 214 248 328 492 1 45 45
TDO (20 mM) 55 07 500 762 146 158 215 473 1 5 5
APS (10 mm) 55 1.5 480 703 180 275 329 568 1-2 S 45
FeSO, (0-03m)/
H,0, (0-03M) 55 55 400 548 168 269 317 580 2-3 5 5
FeSO, (0-01m)y/
H,0, (0-01M) 55 40 400 583 208 285 353 539 1-2 45 4-5

E: Effect on shade; S: staining of silk adjacent; C: staining of cotton adjacent.
pH 4: obtained using 0-14M acetic acid/0-04M sodium acetate buffer.
pH 5-5: obtained using 0-02m acetic acid/0-17M sodium acetate buffer.

was higher than that obtained at pH 5-5 and, also, that the wash fastness
of the two dyeings was similar. These findings concur with those ob-
tained for CI Acid Red 336 (Table 1); thus, as discussed for the results
obtained for this latter dye, the observation that higher colour yield was
obtained when CI Acid Orange 7 had been applied at pH 4 (buffer) than
at pH 5-5 (buffer) can be attributed to the higher substantivity of the
nonmetallised acid dye at the lower pH value.

Table 2 shows that, when dyeing had been carried out in the presence
of various radical initiators, enhanced colour yield was secured in the
cases of APS and each of the FeSO,/H,O, systems used at pH 5-5, as
well as K10,/glucose and FeSO, (0-01M)/H,0O, (0-01m) at pH 4; all other
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radical initiator systems (with the exception of the dyeing secured using
KIO,/glucose at pH 5-5, which was of identical colour yield to the
control dyeing) yielded dyeings that were of lower colour yield than the
respective control dyeing at both pH values employed. Of the various
free radical systems examined, APS and each of the FeSO,/H,0, systems
imparted enhanced wash fastness to the dyeings at each pH value used
and TDO resulted in slightly higher wash fastness at pH 5-5; all other
radical initiators had little effect on fastness to washing.

Thus, although Table 2 shows that both APS and FeSO,/H,O,
enhanced the wash fastness of CI Acid Orange 7 on silk when dyeing had
been carried out at both pH 4 and 5-5, each of these radical initiator
systems imparted a marked shade change and a hysochromic shift in the
Amax Of the dyeings; also, APS resulted in a considerable reduction in
colour yield of the dyeings. These findings concur with those obtained
for CI Acid Red 336 (Table 1).

From the results shown in Tables 1 and 2, it is apparent that, for both
CI Acid Red 336 and CI Acid Orange 7, dyeing at either pH 4 or 5-5, in
the presence of both APS and FeSO,/H,0,, imparted enhanced wash
fastness. However, whilst FeSO,/H,0, resulted in higher colour yields,
APS reduced the colour yield obtained using both nonmetallised acid
dyes; furthermore, both APS and FeSO,/H,0, imparted marked shade
changes to the dyeings. The findings displayed in Tables 1 and 2 also
clearly show that the two nonmetallised acid dyes were very similar with
regards the effects imparted to them by the various radical initiators.

Previous workers observed that, after extraction with pyridine’ or 50%
aqueous, dimethylformamide,'® a high proportion of acid dye remained
on silk which had been dyed in the presence of radical initiators; the
extent of this dye retention was found to depend on the pH of the dye-
bath, with maximum retention being achieved at a pH value of 2-5.7
It was postulated”!’ that, in the case of dyeing silk with acid dyes in the
presence of radical initiators, the dye was covalently attached to the sub-
strate. The results shown in Tables 1 and 2 support the finding’ that the
effect of radical initiators on the dyeing of silk is pH dependent and, in
addition, that the effects imparted depend on both the nature and
concentration of the radical initiator used. The findings (Tables 1 and 2)
that several radical initiator systems enhanced the wash fastness of the
two nonmetallised acid dyes used can be considered to support the
postulate”!’ that, in the dyeing of silk with acid dyes in the presence of
radical initiators, the dye is covalently attached to the substrate. How-
ever, although the enhanced fastness to washing imparted by the radical
initiators indicates that a free radical reaction is probably involved, it
is possible, as previously suggested by the present authors,'® that the
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observed enhancement of wash fastness may also be attributable to dye
polymerisation; clearly, further work is required to determine the precise
nature of this free radical mechanism. It is of interest to note that pre-
vious workers”'> did not report that any shade change occurred during
the dyeing of silk with acid dyes in the presence of radical initiators; the
findings in Tables 1 and 2, however, clearly reveal that each of the six
radical initiators used resulted in shade change, this being especially
marked for some of the radical initiator systems employed.

The dyeing of silk with disperse dyes in the presence of radical initiators

In previous studies, the authors demonstrated that enhanced wash fast-
ness was achieved using CI Disperse Yellow 9 and CI Disperse Violet 1
on both nylon 6.6** and wool® when dyeing had been carried out in the
presence of radical initiators; consequently, these two dyes were selected
for use in the present work. The results obtained for the dyeing of silk
with CI Disperse Yellow 9 and CI Disperse Violet 1 at 70°C for 60 min,
in both the absence and presence of various radical initiators, are shown
in Tables 3 and 4, respectively, the pH of the dyebaths having been
achieved using the appropriate buffer system.

Tables 3 and 4 show that, for each disperse dye, when dyeing had been
carried out in the absence of radical initiator, the colour yield, shade and
wash fastness of the dyeings were virtually identical for each of the two
dyebath pH values employed. This result, was expected, as the adsorp-
tion of the nonionic disperse dyes on to silk should be pH independent.

Table 3 shows that, in the case of CI Disperse Yellow 9, the dyeings
obtained at pH 4 and pH 5-5 using various radical initiator systems
were generally deeper (as shown by the higher K/S values and lower L*
values), cleaner (as given by the higher ¢* values) and more orange
(as evidenced by the higher a* values and lower 4° values) than the two
respective control dyeings; it is also evident that each of the radical
initiators increased the colour yield of the dyeings at both pH values
employed. Inspection of the results in Table 3 clearly shows that enhanced
wash fastness was achieved using H,O,/glucose and KIO,/glucose at both
pH 4 and 5-5 as well as using APS and each of the two FeSO,/H,0,
systems at pH 5-5; furthermore, the difference in colour between the
respective control dyeing and those carried out using each of these
particular radical initiator systems was considerably greater than that
obtained between the control dyeings and those dyeings obtained in the
presence of the other radical initiator systems used. None of the radical
initiators imparted a shift in the A, of the dyeings. Of the six radical
initiator systems employed, APS and each of the FeSO,/H,0, systems
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TABLE 3
Colorimetric and Fastness Data for Silk Dyed with CI Disperse Yellow 9 at 70°C for
60 min
Radical initiator pH K/S A,,, L* a* b* ¢* h° ISO COo2
(nm) —_—
E S C
Nil 4 17 400 767 33 306 308 838 1 3 5
H,0, (0-1m)/
glucose (0-1m) 4 25 400 730 49 321 325 813 2 3 5

H202 (0'03M)/
thiourea (0-05m) 4 20 400 758 37 324 326 835 1 3 5

KIO, (0-01m)/

glucose (1 g/litre) 4 36 400 679 72 325 333 775 2-3 3 5
Nil 55 17 400 765 33 300 302 837 1 3 5
H,0, (0-1m)

glucose (0-1M) 55 19 400 753 40 306 309 826 1-2 3 5
H,0, (0-03m)/

thiourea (0-05M) 55 1-8 400 762 36 313 315 834 1 3 45
KIO, (0-01m)/

glucose (1 gflitre) 55 26 400 719 54 316 3211 803 2 3 5
TDO (20 mm) 55 1.8 400 764 33 309 311 839 1 3 5
APS (10 mm) 55 49 400 673 86 365 375 767 3 4 5
FeSO, (0-03M)/

H,0, (0-03m) 55 69 400 638 120 391 409 729 3 3 5
FeSO, (0-01m)/

H,0, (0-01m) 55 68 400 624 129 378 399 712 34 34 5

E: Effect on shade; S: staining of sitk adjacent; C: staining of cotton adjacent.
pH 4: obtained using 0-14M acetic acid/0-04M sodium acetate buffer.
pH 5-5: obtained using 0-02M acetic acid/0-17M sodium acetate buffer.

employed imparted the most significant improvement to both the colour
yield and wash fastness of CI Disperse Yellow 9 on silk.

Table 4 shows that enhanced colour yield was secured for the dyeings
of CI Disperse Violet 1 in the presence of KIO,/glucose and H,0, at pH
4 and in the presence of APS and both FeSO,/H,0O, systems at pH 5-5;
all of the remaining radical initiators slightly reduced the colour yield of
the dyeings. Although the largest increase in colour yield was obtained
using APS and both FeSO,/H,0, systems at pH 5-5, these systems re-
sulted in a marked alteration of the shade of the dyeings as evidenced by
the shift in A, of these particular dyeings (Table 4). Indeed, the dyeings
obtained in the presence of APS, FeSO, (0-03mM)/H,0, (0-03M) and FeSO,
(0-01M)/H,0, (0-01M) were duller (as shown by the lower c* values) than
the two respective control dyeings, the hue of the dyeings varying for the



Dyeing in the presence of free radical initiators. Part 7 11

TABLE 4
Colorimetric and Fastness Data for Silk Dyed with CI Disperse Violet 1 at 70°C for
60 min

Radical initiator ~ pH K/S A, L* a* b* ¢* h° 150 co2
(nm)

Nil 4 18 560 570 139 —265 299 2977 1 2 4
H,0, (0-1m)/
glucose (0-1M) 4 16 560 575 118 —208 239 2996 1 23 4

H,0, (0-03m)/
thiourea (0-05M) 4 21 560 552 155 —280 322 2990 1 2 34
KIO, (0-01m)/
glucose (1 gllitre) 4 20 560 541 101 —17-4 201 3001 1 23 4
Nil 55 22 560 545 162 —291 333 2991 1 2 34

glucose (0-1m) 55 21 560 552 156 -27-7 318 2994 1 2 34

H,0, (0-03m)/
thiourea (0-05M) 55 21 560 551 164 —292 335 2993 1 2 34
KIO, (0-01m)/
glucose (1 gllitre) 55 21 560 544 133 —247 281 2983 1 2 34
TDO (20 mM) 55 21 560 551 157 —283 324 2990 1 2 34
APS (10 mm) 55 26 580 474 38 —95 102 2918 4 45 S

FeSO, (0-03m)/

H,0, (0-03m) 55 38 400 537 68 108 128 578 2-3 4 5
FeSO, (0-01m)/

H,0, (0-01m) 55 24 560 486 67 36 76 282 1-2 2-3 4

E: Effect on shade; S: staining of silk adjacent; C: staining of cotton adjacent.
pH 4: obtained using 0-14M acetic acid/0-04M sodium acetate buffer.
pH 5-5: obtained using 0-02M acetic acid/0-17M sodium acetate buffer.

three radical initiator systems, with the APS dyeing being bluer (as given
by the lower A° value) and the FeSO,/H,0, dyeings more orange (as
shown by the higher h° values) than the respective control dyeings.
Furthermore, as was previously found for CI Disperse Yellow 9 (Table
3), Table 4 clearly shows that the difference in colour obtained between
the two control dyeings and those carried out using APS, FeSO, (0-03m)/
H,0, (0-:03M) and FeSO, (0:01M)/H,0O, (0-01M) was considerably greater
than that obtained between the control dyeings and those dyeings
obtained in the presence of other radical initiator systems.

The results presented in Tables 3 and 4 show that, of the six radical
initiator systems employed, APS and FeSO,/H,0, imparted the most
significant improvement to both the colour yield and wash fastness of
both CI Disperse Violet 1 and CI Disperse Yellow 9; however, both APS
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and FeSO,/H,0, imparted marked shade changes to the dyeings. The
findings displayed in Tables 3 and 4 also clearly show that the nitro-
diphenylamine dye (CI Disperse Yellow 9) and the anthraquinone dye
(CI Disperse Violet 1) were virtually identical with regards the effects
imparted to them by the various radical initiators.

The different shades imparted by the various radical initiators to the
dyeings of the two disperse dyes on silk can, as proposed for the dyeing
of other fibres with anthraquinone and nitrodiphenylamine disperse dyes
in the presence of free radical initiators,>>>¢ be attributed to differences
in the nature of the reduced and oxidised derivatives of the dye, to the
formation of dye polymers, to dye—fibre covalent attachment or to a diff-
erence in the interactions occurring between the modified substrate and
the modified dyes. The enhanced fastness of the two disperse dyes on silk
imparted by the radical initiators can be attributed to dye polymerisation
and/or dye-fibre covalent attachment.

CONCLUSIONS

A comparison of the results obtained for the two nonmetallised acid
dyes and the two disperse dyes reveals that the six radical initiators used
imparted similar changes to the shade, colour yield and wash fastness of
all four dyes on silk, insofar as the extent of these changes increased in
the order H,O,/thiourea = TDO < H,0,/glucose < KIO,/glucose < APS =
FeSO,/H,0,; for each of the four dyes, APS and FeSO,/H,0, yielded
dyeings that were most different, in terms of shade, colour yield and
enhanced wash fastness, to the respective control dyeings at each of the
pH values employed. This implies that, although the effects imparted by
the radical initiators are dependent on both the nature and concentration
of the initiators used, the effects appear to be independent of the chemi-
cal class of dye employed, as azo, nitrodiphenylamine and anthraquinone
classes of dye were used in this study. The enhanced wash fastness of
each of the four dyes on silk secured by the use of the radical initiators
can be attributed to covalent attachment of the dye to the fibre or to dye
polymer formation within the fibre; however, the enhancement of wash
fastness is accompanied by a marked change in shade of the dyeing.

REFERENCES

1. Burkinshaw, S. M. & Lu, J. G., Dyes and Pigments, 21 (1993) 185.
2. Burkinshaw, S. M. & Lu, J. G., Dyes and Pigments, 22 (1993) 69.



e B2 R

o0

Dyeing in the presence of free radical initiators. Part 7 13

. Burkinshaw, S. M. & Lu, J. G., Dyes and Pigments, 22 (1993) 131.
. Burkinshaw, S. M. & Lu, J. G., Dyes and Pigments, 22 (1993) 207.
. Burkinshaw, S. M. & Lu, J. G., Dyes and Pigments, 24 (1994) 59.

. Burkinshaw, S. M. & Lu, J. G., Dyes and Pigments, 25 (1994) 205.
. Shalamova, A. 1., Monakova, D. D. & Stepantsova, N. P., Technol. of Text.

Ind. USSR, 6 (1970) 90.

. Karelina, S. L., Sepantsova, N. P., Geller, B. E. & Ivanova, E. P., Technol.

of Text. Ind. USSR, 5 (1971) 75.

. Ibrahim, N. A., Haggag, K. & Hebeish, A., Angew. Makromol. Chem., 131

(1985) 15.

. Ibrahim, N. A. & Dawoud, M. A., Am. Dyest. Rep., 77(6) (1988) 35.

. Bendak, A., Dyes and Pigments, 11 (1989) 233.

. Shenai, V. A. & Saraf, N. M., Int. Dyer Text. Printer, 169 (1980) 269.

. Bendak, A. & Ali, J. H., Annali di Chimica, 75 (1985) 523.

. Shenai, V. A. & Shah, H. C., Colourage, 28(17) (1981) 7.

. Luo, J., J. Soc. Dyers Col., 107 (1991) 117.

. Nonhebel, D. C., Radicals. Cambridge University Press, Cambridge, UK,

1979, Chap. 13.

. Methods of Test for Colour Fastness of Textiles and Leather, 4th edn. Society

of Dyers and Colourists, Bradford, 1978.



