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The adsorption of DOS syntan and the sulphosalicylic acid
derivative by nylon 6 is studied.

The colour fastness properties of dyeings produced in
a one-bath and a two-bath system using these two
chemicals are compared. Experimental results show that
the sulphosalicylic acid derivative could be acting as a
levelling agent, offering very little competition to uptake
of DOS syntan by nylon & in the one-bath system.

INTRODUCTION

The advantage of dyeing nylon with acid dyes, besides that
of cost, is that a wide variety of bright colours can
produced over a range of depths. In practice, however,
problems can atise with acid dyes, since some of them
exhibit poor levelling characteristics, often associated with
their sensitivity to physical variations in the nylon structure,
while others show low wet fastness properties. Dyeing
assistants are thus frequently used in bulk procedures to
control the adsorption rate of dyes, while an aftertreatment
is carried out to improve the wet fastness.

Various chemical compounds are used as levelling agents,
and for aftertreatment either ‘back tanning’ with natural
tannins and tartar emetic or a syntan {which is usually a
phenolic resin) may be selected according to the type of
nylon, processing costs and environmental considerations
[1].

In practice, acid dyeing of nylon is carried out as follows:
dyeing—rinsing—aftertreatment—rinsing—>drying->heat-setting

Alternatively, heat-setting of the grey fabric before dyeing is
widely practised.

For simplicity, it is obviously an advantage to carry out
the aftertreatment (fixation process) in the dyebath. This is
possible using a syntan and a suitable levelling agent, and this
‘one-bath’ system can be based on the following three
approaches:

(a) adding the syntan to the dyebath along with the dye

(b} adding the syntan during the dyeing process

(c) adding the syntan to the exhausted dyebath.

Method (a) is the simplest, but can lead to complications
due to interaction between the anionic dyes and the
auxiliaries. The competitive adsorption between anionic dyes
and syntan by the fibre would be expected during dyeing

since a syntan can be considered to be a ‘colourless anionic
dye’. Method (b) is almost as simple as {a), but it avoids the
competition between dyes and syntan during the initial
stages of dyeing.

in practice Method {c) is the most satisfactory, since
syntan is added to the dyebath when the dyes have been
virtually completely adsorbed by the nylon, and the only
likely problem is that of the compatibility of the levelling
agent with the syntan. The effectiveness of the syntan on the
dyed nylon may be influenced by the presence of dyeing
assistants remaining in the bath.

The present work outlines an approach to a new
technique, using a particular leve!ling agent, with syntansin
one-bath process.

SYNTANS

Classification

Compounds regarded as syntans can be divided into several
types, but they are mainly composed of condensates of
formaldehyde with phenolsulphonic or naphtholsulphonic
acids. Some contain polar groups such as carbonamide or
sulphonamide ureides. The main types are discussed below.

fa) Phenolic

Aromatic compounds containing phenolic —OH groups, e.g.
phenol, cresol, naphthol, bisphenol, are used as starting
materiais.

Though compounds of this type enhance fixation, they
tend to give reddish stains on treated fabric. Increasing the
number of sulphonic acid groups in the molecule tends to
increase its affinity for nylon,

{b) Thiophenalic [3]

Syntans af this type can be produced by the reaction of
phenolic compounds with molten sulphur. Hydrophilic
groups, such as sulphonic acid, methansulphonic acid or the
sodium salt, are introduced into the compound in order to
confer solubility in water.

(c) Dihydroxy diphenylisulphone (DOS) 4]

Syntans from DOS have been deveioped commercially in
recent years. DOS syntans resemble the condensates of type
{a} in that they contain —OH and —SO;H groups, but the
—S0, group para to the phenolic —OH, although preventing
discoloration by formation of p-quinone, lower light fastness.
An improvement in fixation efficiency can be achieved by
forming acomplex between the —OH groups and metal ions.
Among the various types of syntan, the DOS derivatives are
those most widely used in practice and the present study was
carried out using nylon 6 and a syntan of this type.

Since the adsorption behaviour of the syntan would be
expected to be similar to that of an anionic dye, the
adsorption of the syntan at various pH values of the treating
bath was studied.
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Effect of pH

The syntan used in the experiments was prepared by
condensation of suiphonated 4,4'-dihydroxydiphenylsui—
phone with formaldehyde. The molecular weight of the
product was not determined, but the ratio of formaldehyde
to DOS was 0.9 {(mol/mol). 4,4'-DihydroxydiphenylsuIphone
was sulphonated by addition of excess of conc. sulphuric
acid at 35-40°C, then condensed with 37% formaldehyde
solution at 10—-30°C. The reactant was then discharged into
an ice—water bath and the brown product isolated and dried.
A dark brown powder was thus obtained.

Measurement of uptake of syntan was carried out by
dissolving the treated nylon 6 in formic acid.

Amax of the syntan in formic acid solution was 263 nm,
The influence of the presence of nylon 6 on the measure-
ment was also checked by varying the content of nylon in
the solution (see Figure 1). It was confirmed that nylon had
no influence in the range of concentrations above
0.5 x 107 g of nylon/100 ml formic acid solution,
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Figure 1 — Influence of the presence of nylon 6

Thus a calibration curve was obtained from which the
concentration of syntan in nylon could be derived.

Adsorption isotherms of syntan were obtained using the
above method at various pH values of the treating bath (see
Figure 2).

Treatment Conditions

80°C X 10 min treatment — rinse — dry
b Syntan: 1g solid/100 ml
Liquor ratio 30:1

3.50-

Adsorption of syntan X 1072, g/g of nylon

Figure 2 — Adsorption isotherm of syntan with varying pH
of treatment bath

1t can be seen that the adsorption behaviour of syntan on
nylon 6 was very similar to that of anionic dyes. Therefore,
the syntan may be regarded as a colourless anionic dye.

The molecular weight of the syntan used in the present
work was not determined, but it would be much larger than
that of anionic dyes. It is postulated that the fixation
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mechanism is such that syntan diffuses into the surface of
the nylon forming ionic bonding with amino groups so that
anionic dyes in the fibre are blocked by the syntan layer due
to its much smaller diffusion coefficient [5].

SALICYLIC ACID DERIVATIVES AS LEVELLING
AGENTS
There are various types of levelling agents available com-
mercially, but their structures and contents are not clear.
However, for nylon, they can be classified into three types
having the following characteristics:

{a) affinity for the fibre (anionic agents)

(b) affinity for the dye {cationic or non-jonic agents)

{c) modification of fibre structure (carriers or solvent

assistants).

As mentioned earlier, the method of addition of the
syntan to the exhausted dyebath is the most suitable
procedure. However, the use of this technique would mean
that the influence of levelling agent on the efficiency of
fixation of dyes cannot be ignored, particularly if it is
anionic, since competition between the agent and syntan for
adsorption sites is possible,

In this study, it was found that the use of a particular
type of salicylic acid compound, in a concurrent system,
showed desirable properties as a levelling agent in the dyeing
of nylon without influencing the fixation effect.

The Effect of the Levelling Agent on Adsorption of Anionic
Dyes

The dyeing assistant used in the present work was prepared
by the condensation of formaldehyde with 5-sulphosalicylic

acid [6].
COOH

OH

HO,4$

5-sulphosalicylic-acid was dissolved in toluene and a small
amount of conc. sulphuric acid was added as a catalyst:
para-formaldehyde of Analar grade was added to this
solution and the temperature raised to 115°C. The molecular
ratio of these two chemicals was 1:1. The condensation
reaction was carried out for 4 h and the amount of water
removed by azeotropic distillation was virtually that calcu-
lated. Toluene was then distilled out and the residue dried.
An orange-coloured powder was thus obtained.

The exhaustion of the anionic dye was measured using an
Hitachi 124 spectrophotometer.

For comparison, dimethyloleylamide sulphate was tested
as typical of anionic levelling agents for nylon dyeing. The
experimental conditions were:

dye : Suminol Milling Cyanine 5R extra (C.l. Acid
Blue 113) — NSK

assistant : 0.6¢/1

liquor ratio : 30 :1

equipment : jig dyeing machine

pH (initial} : 4.5

fabric : nylon 6 taffeta (rinsed and scoured).

Figure 3 shows the rate of exhaustion.

ft can be seen that dye adsorption was retarded by the
sulphosalicylic acid—formaldehyde condensate (SSFC), but
that the degree was less than that with the anionic assistant.
This might be due to the difference of affinity that SSFC and
dimethyloleylamide sulphate exhibit for nylon 6.

Promotion of Migration by SSFC
An examination of the effect of SSFC on the migration of
dyes was carried out as follows:
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Figure 3 — Exhaustion of C.1I. Acid Blue 113 (\m 55 580 nm)

Nyion 6 taffeta fabric, dyed with 5% o.w.f. of
Aminyl Black F—-GL (C.l. Acid Black 52, 1:1 metal-
complex acid dye), was sandwiched between two equally-
sized pieces of undyed nylon 6 taffeta, and then treated
in a bath containing 2 g/l of SSFC at 95°C for 25 min
with the pH adjusted to 6. The liquor ratio was 50:1.
Uptake of dye by the fabric was measured by dissolution
of the dyed nylon in formic acid and spectrophotometric
estimation as before. The concentration of the dye in the
bath after treatment was also measured, and the value
obtained corresponded well with that calculated.

The results are shown in Table 1. For comparison some
other types of auxiliaries were also tested.

It can be seen from Table 1 that SSFC has a satisfactory
effect on migration with the metal-complex acid dye in
comparison with commercial auxiliaries,

COMPARISON OF THE ONE-BATH SYSTEM WITH THE
TWO-BATH SYSTEM

Colour Fastness

An experiment was carried out to compare the colour
fastness obtained using the one-bath and two-bath systems.
The procedure is shown below.

Fabric : Nylon 6 taffeta

Dye : Sumino! Levelling Blue AGG (C.l. Acid
Blue 40} 2% o.w.f.

Auxiliaries : 1g/l

Syntan : DOS derivative. 3% o.w.f.

TABLE 1

Comparison of the Effects of SSFC and Other Dyebath
Auxiliaries on the Migration Properties of C.I. Acid Black 52

pH : 4.5 (adjusted with acetic acid)
Liguor ratio : 20 : 1 {jig)

Dyeing process :

Two-bath system

1st bath 2nd bath
97°C 80°C
45 min 20 min
20 min
18°C
. Rinse
Rinse Syntan
Dve auxiliaries
Acetic acid
One-bath system
97°¢c _ 20 min
45 min s0°c
20 min
=]
18°C Rinse
Dye auxiliaries Syntan
Acetic acid addition

The results of the colour-fastness tests are shown in Table 2.

According to Table 2, colour fastness without auxitiaries
was excellent. This might be due to the fact that there are
more sites available for DOS without than with auxiliaries
since, in general, anionic assistants have a high affinity for
nylon.

In comparing SSFC and dimethyloleylamide sulphate,
SSFC showed apparently no influence on colour fastness in
one-bath systems.

Adsorption of SSFC and Syntan by Nylon 6 in the One-bath
System
It is of interest to measure the adsorption rate of the
salicylic acid derivative {SSFC) and syntan in the one-bath
system,

Nylon 6 taffeta was treated in a bath containing SSFC
and syntan and the exhaustion rate of the individual
chemicals was obtained by measuring their residual con-
centrations, using a spectrophotometric method. Preliminary
experiments showed that DOS and syntan each gave two
absorption bands, at 212 nm and 307 nm and at 205 nm and
263 nm, respectively. The peaks at Amax 307 for SSFC and
at Amax 263 for DOS Syntan were used to determine the
factors ax; ax,, ay, and ay, by means of Beer's law (see
Table 3).

To study the exhaustion of each component in the
one-bath systems, nylon 6 taffeta fabric was treated in a bath
containing 19/l SSFCand 19/t DOSsyntan at 80°C for 20
min. The pH value of the bath was 4.5 and the liguor ratio
20:1. The absorbance of the treatment bath was taken at
known time intervals and rate-of-uptake curves of SSFC and
syntan obtained {see Table 4 and Figure 4).

Auxiliaries
Concn of dye None SSFC Lyogen P Migregai 3N Dimethyloleyl-
{%) (Sandoz) (Nihon Senka) amide sulphate
{iy Original dyed fabric 96.2 81.4 81.9 82.9 83.6
{ii) Sandwiched fabric 36 146 13.7 11.0 12.2
{iii) Residue in the bath 0.2 4.0 4.3 6.0 4.1
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TABLE 2

A Colour Fastness Comparison between One-bath and Two-bath Systems

AUXILIARIES
No SSFC SSFC Dimethyloleylamide sulphate
Colour No syntan Two-bath One-bath Nosyntan Two-bath One-bath No syntan Two-bath One-bath
fastness® treatment  system system treatment  system system treatment  system system
Water 3% 5 5 2-3 4 4 2 4 3
Laundering 3 4 4 3 4 4 3 4 4
Perspiration:
(acid) 3 5 5 3 4 4 3 4 34
(alkali) 2-3 5 5 2-3 34 4 2-3 3 2-3
*Water : JIS L 0846 (A method)
Laundering : JIS L 0844 {A—2 method)
Perspiration : JIS L 0848 (A—1, acid, alkali) **Staining of nylon
TABLE 3
Absorbance of SSFC and Syntan at Amax 263 and 307 nm
Concentration Absorbance Absorbance
Chemicals (solid g/1) (Amax 263 nm)  (Amax 307 nm)
SSFC 0.02 340 8.87
Syntan 0.02 34.38 (ax,) 2.20{ax,)
TABLE 4
Adsorption of SSFC and Syntan in the One-bath System
Time Ay Cx x 1072 Exhaustion® A, Cy x 107 Exhaustion
{min} {Absorbance at (g/Mm of Syntan (Absorbance at {g/) of SSFC
Amax 263 nm) (%) Amax 307 nm) (%)
0 0.750 1.985 0] 0.226 2,059 0
4 0.660 1.716 13.55 0.220 2.054 0.24
8 0.642 1.665 16.12 0.218 2.045 0.68
12 0.632 1.637 17.63 0.216 2.029 1.46
16 0.624 1.616 18.69 0.214 2.012 2,28
20 0.620 1.606 19.09 0.212 1.991 3.30
A, and A, were obtained by measuring the absorbance of the treatment bath, diluted 50 times by volume.
ay2A1 -—aylAg . 1.985 — Cx
Cx = E% = (————) 100
ax,ay, - ax,ay,
ax; A, —ax,A 2.059 — cy
oy = L2 T **E% = (——— ) 100
ax,ay, —ax,ay, 2.059
It was evident that adsorption of SSFC by nylon 6 was
much less than that of syntan. It was also confirmed that 20
when nylon 6 was treated in the bath containing 1 g/l of each
component separately, the adsorption isotherms were almost
the same as those shown in Figure 4.
From these experimental data it can be said that syntan &
adsorption by nylon is not influenced by the presence of w 101
SSFC and hence similar colour fastness of dyed nylon is
obtained with one- and two-bath treatments.
CONCLUSION
A study has been carried out on a one-bath system of dyeing 0 ry x
and fixation of nylon 6 using specific levelling and fixation 0 4 8 1'2 1I6 2'0
agents. Under the conditions used in the investigation, the Time. min

use of a one-bath system did not interfere with the uptake of
dye, and satisfactory fastness properties were obtained by
using either a one- or a two-bath method.
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Figure 4 — Adsorption of SSFC and syntan by nylon 6 in a
one-bath system
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