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ABSTRACT

The dyeing behaviour of an experimental nylon 4.6 fibre towards typical
commercial nonmetallised acid and 2:1 premetallized acid dyes was inves-
tigated. In terms of dyebath exhaustion, build-up and wash fastness, the
results obtained imply that the experimental fibre behaved in a manner
that was to be expected of its conventional nylon 6 and 6.6 counterparts;
however, the light fastness of 1/1 standard depth dyeings on the experi-
mental fibre was found to be higher than is typically encountered for such
dyes on conventional polyamide fibres.

INTRODUCTION

Since the commercial introduction of nylon fibres over 50 years ago, a
considerable amount of knowledge has accrued concerning the dyeability
of the two major textile representatives, nylons 6.6 and 6. Although other
types of nylon are available, such as nylons 6.10 and 11, these enjoy
relatively limited, mostly speciality usage. Recently, DSM developed the
high temperature resistant polyamide 4.6; polytetra-methylene-adipamide
(nylon 4.6) is an aliphatic polyamide that is prepared by polycondensa-
tion of 1,4-diaminobutane and adipic acid and marketed exclusively by
DSM under the trade name Stanyl. Table 1 displays some typical physi-
cal characteristics of the experimental nylon 4.6 fibre used in this work
and those of nylons 6 and 6.6. Although nylon 4.6 is more hydrophilic
than either nylon 6.6 or 6, the fibre displays greater hydrothermal stability
(Table 1) owing to its greater crystallinity.

Polyamide 4.6 is currently commercially used in many engineering
plastics applications such as airbags, abrasion resistant fabrics, sewing
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TABLE 1
Typical Physical Properties of Nylon Fibres'

Nylon4.6  Nylon 6.6 Nylon 6

Melting point (°C) 283 258 216
Moisture content (%) at 65% RH 4-5-5-0 3.5-4-0 4045
T, at 65% RH (°C) 82 74 60
Boiling water shrinkage (%) (15 min; 100°C) 34 53 10
Hot air shrinkage (%) (15 min; 160°C) 09 30 7-0
Density (g dm™) 117 1-14 1-13

thread, tyre cord and mechanical rubber goods. For the commercialisa-
tion of Stanyl fibres and yarns, DSM is working closely with yarn
spinners; carpet and hosiery applications are being evaluated. The
purpose of the work described was to examine the dyeing behaviour of
an experimental form of nylon 4.6 fibre using both nonmetallised acid
and premetallised acid dyes.

EXPERIMENTAL

Materials

Fibre

Knitted experimental nylon 4.6 fabric (7.75 dTex per filament) was used;
the fibre had an amino end group content of 29 meq kg and a carboxyl
end group content of 33 meq kg™

Dyes

Each of the six nonmetallised acid dyes and three premetallised acid dyes
used (Table 2) was generously supplied by Crompton and Knowles Ltd;
the dyes were commercial samples that were not purified prior to use.

Chemicals and auxiliaries

Both Asta Agent B and Intrasol CLW, which were used as levelling agents
for the Tertroxyl and the Neutrilan S dyes, respectively, were kindly
provided by Crompton and Knowles. Lenetol B Conc., which was used
to scour the dyeings, and Matexil FA-SNX, which was used to aftertreat
the dyed nylon samples, were each generously supplied by ICI Surfac-
tants. All other reagents were of general purpose grade, obtained from
either Aldrich or BDH.
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TABLE 2
Dyes Used
Commercial name CI generic name Apax (M)

Tertroxy! Light Blue R CI Acid Blue 41 598
Tertroxyl Fast Yellow 2R CI Acid Yellow 42 410
Tertroxyl Fast Red GN CT Acid Red 337 489
Nylanthrene Blue RNL CI Acid Blue 129 622
Nylanthrene Yellow FLW CI Acid Yellow 159 355
Nylanthrene Rubine SBLF CI Acid Red 299 518
Neutrilan Navy S-NL CT Acid Blue 348 591
Neutrilan Yellow S-2G None ascribed 433
Neutrilan Red S-GN CI Acid Red 359 492

Procedures

Scouring of knitted fabric
The nylon 4.6 fabric was scoured and bleached, using conditions which,
owing to commercial confidentiality, cannot be disclosed at this time.

Dyeing

All dyeings were carried out in sealed stainless steel dyepots of 300 cm®
capacity housed in a Zeltex Polycolor laboratory dyeing machine. Each
of the nine dyes (Table 2) was applied to a wetted out (distilled water)
nylon sample (3 g) at concentrations of 1, 2 and 4% omf at 98, 115 and
120°C using a 50:1 liquor-to-goods ratio; also, 1/1 standard depth dye-
ings of each of the nine dyes were carried out at 98°C. The dyeing
methods employed for the three types of acid dye are shown in Fig. 1. At
the end of dyeing, the dyed fabric was removed from the exhausted
dyebath and scoured in a solution containing 2 dm™ Lenetol B Conc.
for 15 min at 80°C; the scoured sample was then rinsed thoroughly in
running tap water and allowed to dry in the open air.

Measurement of dyebath exhaustion

At the end of dyeing, the dyed sample was removed from the exhausted
dyebath and the dyebath allowed to cool to room temperature. A sample
of the cool, exhausted dyebath was removed and diluted using distilled
water; the absorbance of the cold, diluted dye solution was then mea-
sured at the A, of the dye (Table 2) using a Pye-Unicam SP800 UV/
visible spectrophotometer, employing 1 cm pathlength cells and water as
reference solvent. By reference to the appropriate extinction coefficient of
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98, 115 or 1200C 0 (459

2°C min™ (1°C min™)

t]
ac 10 () Neutrilan dyes
t t
A B
Fig. 1. Dyeing methods used.
Tertroxyl dyes
A (NH,),S0, 2% omf for 1% and 2% omf dye
CH,COOH to pH 5-5 for 4% omf dye
Asta Agent B 1% omf (used in preliminary trials only)
B Dye
Nylanthrene dyes
A (NH,),S0, 2 gl'! for 1% and 2% omf dye
monosodium phosphate 1 gl"! for 4% omf dye
Asta Agent B 1-5% omf (used in preliminary trials only)
B Dye
Neutrilan dyes
A CH;COONH, 4% omf
CH,COOH to pH 6-5 for 1% omf dye, pH 6 for 2% omf dye
and pH S for 4% omf dye
Intrasol CLW 1% omf
B Dye

the dye, which was obtained from a separate calibration plot, the concen-
tration of the dye in the exhausted dyebath was calculated, from which
the corresponding percentage dyebath exhaustion was determined.

Aftertreatment of dyeings

Aftertreatment was carried out in sealed stainless steel dyepots of 300
cm? capacity housed in a Zeltex Polycolor laboratory dyeing machine. A
sample of nylon 4.6, which had been dyed to 1/1 standard depth and
then scoured and rinsed, was treated in an aqueous solution containing
2% omf Matexil FA-SNX at pH 5 (adjusted using acetic acid) for 30 min
at 80°C using a 50:1 liquor-to-goods ratio; the aftertreated sample was
then rinsed thoroughly in tap water and allowed to dry in the open
air.

Wash fastness assessment
Samples of nylon 4.6 fabric, which had been dyed to 1/1 standard depth
and then scoured and rinsed, as well as 1/1 standard depth samples
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which had been aftertreated with Matexil FA-SNX, were subjected to
the ISO CO6/C2 wash fastness test; the extent of colour loss from the
original dyed sample, as well as the degree of staining of adjacent fabrics,
was assessed using the appropriate grey scales.?

Light fastness assessment

Samples of nylon 4.6 fabric, which had been dyed to 1/1 standard depth
and then scoured and rinsed, as well as 1/1 standard depth samples
which had been aftertreated with Matexil FA-SNX, were submitted to
the BO2 light fastness test.

Colour measurement

The reflectance values of the dyeings were measured using a Macbeth
MS 2020 spectrophotometer interfaced to a Digital PC100 personal com-
puter, under illuminant D¢ using a 10° standard observer with specular
component excluded and UV component included, from which the
corresponding CIEL*a*b* and h° coordinates were calculated at the
appropriate A, for each dye. Each fabric sample was folded twice so as
to realise a total of four thicknesses of fabric.

RESULTS AND DISCUSSION

In order to obtain fundamental knowledge of the dyeability of Stanyl
polyamide 4.6, the work described was carried out using types of dye
that are typically used on polyamide fibres. In this context, as acid dyes
are the most widely used dyes on polyamide fibres, it was decided to
employ three types of commercially available acid dye. Consequently, the
Tertroxyl, Nylanthrene and Neutrilan ranges of dyes were chosen as
typical representatives of the Groups 2 and 3 nonmetallised acid dyes?
and 1:2 monosulphonated metal-complex dyes, respectively; the three
examples of each dye range used were arbitrarily selected. The dyeing
methods employed for each range of dye were as recommended for the
application of the dyes to conventional (i.e. nylon 6 and 6.6) polyamide
fibres.**

In order to improve the ability of acid dyes to overcome physical
irregularities in polyamide fibres, elevated dyeing temperatures and/or
proprietary levelling agents are commonly employed;’ as the nylon 4.6
fabric had not previously been dyed using acid dyes, an initial investiga-
tion was made of the propensity of the fabric to barré dyeing. In the
context of the three dye ranges used in the work, the use of Asta Agent B
is recommended for improving the migration characteristics of dyes
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within both the Tertroxyl* and Nylanthrene® ranges, whilst Intrasol CLW
is recommended for use with the Neutrilan range of dyes. A series of
dyeings (1, 2 and 4% omf) was carried out at 98, 115 and 120°C, using
each of the nine dyes under consideration, in both the absence and pres-
ence of the two respective levelling agents, and the extent of barriness of
the dyeings was visually assessed. It was found that all dyeings were level
and, also, that those secured using the Tertroxyl and Nylanthrene dyes
were devoid of barriness when dyeing had been carried out in both the
absence and the presence of levelling agents, the addition of Asta Agent
B having served only to reduce the colour strength of the dyeings; con-
sequently, all further dyeings involving both the Tertroxyl and Nylanthrene
dyes were undertaken in the absence of levelling agent. In the case of the
Neutrilan dyes, no evidence of barriness was observed for dyeings which
had been carried out in either the presence or absence of the levelling
agent; however, as the presence of Intrasol CLW was found to improve
slightly the colour yield of the dyeings, all further dyeings using the
Neutrilan dyes were carried out in the presence of Intrasol CLW. These
preliminary dyeings also revealed that temperature had no effect on the
levelness of dyeing, insofar as barriness was not observed for any of the
dyeings at each of the three temperatures used.

Although the purpose of this work was to evaluate the dyeing be-
haviour of the experimental nylon 4.6 substrate towards typical commer-
cial acid dyes, rather than to study the dyeing and fastness characteristics
of the individual dyes used, an investigation was made of the exhaustion
and build-up characteristics of the nine dyes under consideration on the
substrate. It is emphasised that, as the nine dyes used were arbitrarily
selected, the results obtained in this context can be interpreted as reflect-
ing only the dyeing hehaviour of the fibre towards typical acid dyes, and
cannot be considered to represent the relative compatibility of the dyes
within each of the three commercial dye ranges employed.

Figures 2 to 4 show that, as expected, for each of the three Tertroxyl
dyes used, dyebath exhaustion decreased with increasing concentration of
dye applied from 1 to 4% omf. Also, it is evident that the three dyes var-
ied slightly in their temperature dependence insofar as, whilst the degree
of dyebath exhaustion achieved for CI Acid Blue 41 was lower at 120°C
than at both 98 and 115°C, that of CI Acid Red 337 was virtually
independent of temperature and that of CI Acid Yellow 42 increased with
increasing application temperature. Furthermore, the extent of exhaus-
tion of CI Acid Blue 41 was generally lower, at each concentration of
dye and at each temperature employed, than that of its two counterparts.
The lower extent of dyebath exhaustion recorded for CI Acid Blue 41
was emphasised by the finding (Figs 5-7) that the colour strength of the
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dyeings secured using CI Acid Blue 41 were lower, at each concentration
of dye and at each temperature employed, than those achieved using the
two other Tertroxyl dyes. CI Acid Blue 41 further exhibited different
behaviour to its two counterparts in terms of the effects of both dye
concentration and temperature on colour yield; the build-up of CI Acid
Blue 41 increased with increasing concentration of dye applied and also
with increasing application temperature, whilst that of the two other dyes
was greatest when dyeing had been carried out at 115°C.

Figures 8 to 10 show that, as found for the Tertroxyl dyes (Figs 2-4), for
each of the three Nylanthrene dyes used, dyebath exhaustion decreased
with increasing concentration of dye applied. Also, the three dyes varied
in their temperature dependence in that the degree of dyebath exhaustion
achieved for CI Acid Blue 129 and CI Acid Yellow 159 was highest at
98°C and lowest for 115°C, whereas for CI Acid Red 299, dyebath
exhaustion was lower at 98°C than at the other two temperatures used.
Furthermore, the extent of exhaustion of CI Acid Blue 129 was markedly
lower, especially in the cases of the 2 and 4% omf dyeings, at each tem-
perature employed, than that of its two counterparts. However, the lower
extent of dyebath exhaustion recorded for CI Acid Blue 129 was not
reflected in the colour strength of the dyeings (Figs 11-13), insofar as
those secured for CI Acid Blue 129 were similar to those obtained for the
other two dyes. CI Acid Blue 129 did exhibit different behaviour to its
two counterparts in terms of the effects of both dye concentration and
temperature on colour yield; the build-up of CI Acid Blue 129 increased
with increasing concentration of dye applied and also with increasing
application temperature (Fig. 11), whilst that of the two other dyes was
markedly less temperature- and dye concentration-dependent (Figs 12
and 13).

The results obtained for exhaustion of the 2:1 metal-complex Neutrilan
dyes revealed (Figs 14-16) that, with the exception of CI Acid Blue 348,
dyebath exhaustion decreased with increasing dye concentration at each
of the three temperatures used. Generally, for each of the three dyes
employed, dyebath exhaustion was lowest at 115°C for each concentra-
tion of dye applied; furthermore, dyeing at 120°C resulted in the highest
dyebath exhaustion. Figures 17 to 19 show that the colour strength of
the dyeings increased with increasing amount of dye applied and with
increasing temperature of application; also, the build-up characteristics
of each dye were similar.

Tables 3 to 5 show the colorimetric parameters for each of the nine
dyes under consideration, from which it is evident that each dye exhib-
ited on-tone build-up. The findings displayed in Figs 2 to 19 and Tables
3 to 5 demonstrate that, in terms of dyebath exhaustion and build-up,
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TABLE 3
Colorimetric Data for Tertroxyl Dyeings
Dye Dyeing Dye L* a* b* Cc* K’
temp. applied
(°C) (omf)

CI Acid Blue 41 98 1 30-5 -01 -342 342 2698
2 278 1.3 -333 333 2722

4 269 1.7 -326 337 2731

115 1 30-1 02 -345 345 270-4

2 28:6 12 =341 341 2721

4 274 1.4 325 326 2724

120 1 30-2 =01 —34-2 342 269-8

2 27-6 11 -33.0 330 2719

4 26-6 19 =322 322 2734

CI Acid Yellow 42 98 1 66-6 183 827 847 77-4
2 628 18-1 779 799 76-9

4 626 20-7 781 809 752

115 1 66-9 211 837 864 759

2 642 230 817 849 743

4 646 263 831 872 725

120 1 669 209 83.2 858 759

2 62-2 19-8 78-1 80-5 758

4 62-7 236 78-9 824 73-3

CI Acid Red 337 98 1 36-2 53-3 233 251 589
2 345 513 255 573 26-5

4 325 489 254 55-1 275

115 1 35-8 51-6 237 568 246

2 33.7 499 24.9 55-7 26-5

4 319 47-6 249 537 27-6

120 1 362 524 237 435 243

2 34-8 50-8 244 56-3 257

4 331 48-4 245 54-2 266
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TABLE 4
Colorimetric Data for Nylanthrene Dyeings
Dye Dyeing Dye L* a* b* C* h?
temp. applied
(°C) (omf)
ClI Acid Blue 129 98 1 290 133 —-460 479 286-1
2 26-6 158 —456 482 2891
4 239 177 —-41 475 291-8
115 1 278 148 —463 466 2877
2 24-7 169 —446 477 290-7
4 222 172 —41-6 418 292-4
120 1 279 153 —46-5 489 288-2
2 242 173 —44-5 47.7 291-2
4 219 179 —422 458 292-8
CI Acid Yellow 159 98 1 61-0 295 627 694 64-8
2 576 364 611 711 59-3
4 53-5 414 569 704 540
115 1 59-1 334 617 702 61-6
2 52:6 335 544 638 584
4 50-5 40-2 523 660 52-5
120 1 599 311 617 692 631
2 549 379 583 696 569
4 51-5 419 539 682 523
CI Acid Red 299 98 1 165 155 -82 176 332:1
2 159 119 -73 139 3285
4 149 10-0 =71 12:3 3245
115 1 16:3 15-2 -78 17-1 3328
2 15-1 113 -7-1 134 3278
4 149 9:6 —6-8 11-8 3246
120 1 16-8 16-1 -79 179 3338
2 156 114 -73 135 3273
4 15-0 9-6 -69 11-8 3243
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TABLE 5
Colorimetric Data for Neutrilan Dyeings
Dye Dyeing Dye L* a* b* C* h®
temp. applied
(°C) (omf)

CI Acid Blue 348 98 1 229 -21 -11-6 116 2523
2 17-3 -0-3 ~79 792 2678

4 14-7 03 -26 —835 2766

115 1 222 -18 -114 115 2610

2 174 -0-4 -77 77 2670

4 159 0-4 -3-4 34 2767

120 1 20-6 -16 ~109 111 261-5

2 162 -0-09 ~68 68 2692

4 152 0-4 -37 37 2762

Neutrilan Yellow S2G 98 1 573 199 665 694 733
2 551 221 64-8 684 712

4 50-0 249 589 640 67-1

115 1 590 165 659 679 759

2 547 226 659 687 70-8

4 492 24.7 577 628 669

120 1 56-5 202 654 685 72-8

2 52:2 241 615 660 686

4 472 247 542 596 65-5

CI Acid Red 359 98 1 367 43.1 183 468 230
2 32-8 416 192 458 24-8

4 293 384 188 428 26-1

115 1 342 39-4 160 388 221

2 329 424 203 470 255

4 284 383 19-4 429 269

120 1 339 42-4 189 465 241

2 29-6 39-5 192 439 259

4 259 354 177 395 265
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the behaviour of the experimental nylon 4.6 fibre was typical of that
to be expected of its conventional polyamide counterparts, nylons 6.6
and 6.

The wash fastness results obtained for the untreated 1/1 standard
depth dyeings of each dye (Table 6) can be considered as being typical
for such acid dyes on nylons 6 and 6.6; the meritorious effect of the
syntan aftertreatment on the wash fastness of the dyeings is clearly evident
from the results shown in Table 6. The light fastness of the dyeings
(Table 6) were, with the exceptions of CI Acid Blue 41 and CI Acid Red
337, higher than is commonly encountered for such acid dyes on both
untreated and syntanned dyed nylons 6 and 6.6.

TABLE 6
Fastness of 1/1 Standard Depth Dyeings
Dye ISOCO06 BO2

E C N
CI Acid Blue 41 4-5 34 4 6

4-57 4-5° 4-5 5-6°
CI Acid Yellow 42 5 4 4-5 8

4-5° 4-5° 4-5° 8
CI Acid Red 337 4 3 2 6

54 44 34 5-6“
CI Acid Blue 129 5 4 2-3 8

4-57 4-5° 3-4¢ 8
CI Acid Yellow 159 5 2-3 2 8

4-5° 3-4¢ 344 8¢
CI Acid Red 229 45 2-3 2 8

4-5 3 3¢ 74
CI Acid Blue 348 4-5 4-5 4 8

5 54 4-5¢ 8«
Neutrilan Yellow S-2G 4-5 45 4-5 8

5¢ 54 4-5¢ 8
CI Acid Red 359 4-5 4-5 4 8

5¢ 4-5¢ 45 8¢

E: Change in shade; C: staining of adjacent cotton.
N: Staining of adjacent nylon 4.6.
“ After syntan treatment.
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CONCLUSIONS

The behaviour of the experimental nylon 4.6 fibre, in terms of dyebath
exhaustion, build-up and wash fastness, towards the nine commercial
acid dyes employed can be considered as being very similar to that of its
conventional nylons 6 and 6.6 counterparts; however, the light fastness
of the standard depth dyeings of seven of the dyes under consideration
was higher than is typically encountered for such dyes on conventional
nylon fibres.
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