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Abstract

Three different syntans were synthesized by condensation of (1) p-cresol, formaldehyde and 4-hydroxy benzene sulfonic acid, (2) p-cresol,
formaldehyde and 6-hydroxy-2-naphthalene sulfonic acid, (3) p-cresol, formaldehyde and phenol, followed by sulfonation; the structures of
these syntans were characterized using "H NMR and FTIR. The effect of aftertreatment with the synthesized syntans, a commercial syntan
and a syntan/cation system on the wash fastness of dyed nylon 6 and wool fabrics was determined. Aftertreatment of the dyeings using above
syntans improved the wash fastness; further improvement was achieved by the sequential application of a cationic compound to the fabrics.
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1. Introduction

At present, one method which can be used for improving
the wash fastness of anionic dyes on nylon is an aftertreatment
with a synthetic tanning agent (syntan). As the name implies,
syntans were developed as alternatives to natural tannins in the
tanning of leather, subsequent development leads to products
that were specifically intended for use in aftertreatment of
dyed nylon [1—4]. Syntans for nylons are, typically, water-
soluble anionic formaldehyde polycondensates of dihydroxy
diarylsulfones (typically dihydroxy diphenyl sulfone) [5,6].
These syntans can be prepared by three basic routes [7].

(a) Condensation of the phenol with formaldehyde followed
by sulfonation;

(b) Sulfonation of the phenol followed by condensation with
formaldehyde [8];
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(c) Condensation of the phenol with formaldehyde followed
by sulfonation and then further condensation with
formaldehyde.

Current theories regarding the mechanism of wash fastness
improvement of anionic dyes on nylon by aftertreatment with
these agents propose that the desired molecular mass of such
polycondensates is below 1000 g/mol as larger molar mass
compounds tend to be insoluble in water [9,10]; preferred
compounds exhibit a minimum branching and cross-linking
[11]. Although syntans are commonly marketed as sodium sul-
fonates other metal cations have also been used [12].

Some syntans contain additional polar groups such as car-
bamid, sulfamid or ureido [13,14]. It is considered that con-
densation products in which each repeat unit contains only
one sulfonate group are more effective than corresponding
products in which each repeat unit contains two or more sul-
fonate groups. Also syntan becomes more effective as the ratio
of repeating units containing sulfonates groups that are devoid
of sulfonate groups increases [12].

Selected direct dyes which exhibit good affinity for nylon
and wool are economically more attractive than acid dyes
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95°C 60 min
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Dye 2% omf
Ammonium Acetate 3% omf
Liquor Ratio 30:1

Fig. 1. Dyeing method.

for certain colours and so can be used to produce dark colours.
The purpose of this investigation is to study the aftertreatment
of direct dyes on wool and nylon with syntans and cationic
system.

2. Experimental
2.1. Materials

2.1.1. Fabrics

Knitted nylon 6 fabric (69 g~2) and serge twill, semi-
worsted wool (314 g~) were used. Nylon and wool were
scoured before use by treating in a solution of 2 g1~" of Epicol
ESB70 (a non-ionic surfactant) at 40 °C for 15 min, the
scoured fabric was rinsed thoroughly in tap water and allowed
to dry in the open air.

2.1.2. Dyes

The following commercial direct dyes were used. Chryso-
phenine GX (C.I. Direct Yellow 12, from Kaseihin Kogyo
Kyokai), Direct Orange SE (C.1. Direct Orange 26, from Mul-
ticrom), and Direct Green 6 (C.I. Direct Green 6, from Pig-
mentos Y Oxidos).

Commercial sample of Cetafix AFA (Avocet Dye & Chem-
ical Co. Ltd) as a synthetic tanning agent and Fixogen CD (an
aminoplast cationic resin, from Francolor, Paris) as cationic
agent were used. Other chemicals were purchased from Merck
Chemical Co.

FTIR spectra were recorded on a Bomem-MB 100 and 'H
NMR spectra were obtained using a Bruker-TM 500 MHz
instrument.

30 mins
80°C

Syntan 3% omf
Acetic acid 3% omf

Fig. 2. Syntan aftertreatment.
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2.2. Synthesis of syntan A

Syntan A was prepared in three steps. In the first step,
2-naphthol was reacted with sulfuric acid according to the
procedure described earlier [15], which gave 6-hydroxy-
2-naphthalene sulfonic acid. In the second step, to a mixture
of p-cresol (10.8 g, 0.1 mol), 8 ml water and 40% aqueous
formaldehyde (17 g, 0.22 mol) was added 5 ml of 30% aque-
ous sodium hydroxide. The solution was heated to 58 °C
and maintained at this temperature for 90 min. After this
time the reaction mixture was allowed to cool and then acidi-
fied with 40% aqueous sulfuric acid. Crushed ice was added
and the dimethylol derivative of p-cresol separated as an oil,
and then solidified upon standing at room temperature. The
aqueous layer was removed and the solid compound was
washed with water until free of sodium sulfate. In the third
step, a mixture of 6-hydroxy-2-naphthalene sulfonic acid
(44.8 g, 0.2 mol) was dissolved in a minimum amount of water
and conc. hydrochloric acid (0.4 ml), and stirred at 40 °C in
a three-neck round-bottomed flask. To this mixture was added
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OH OH OH
CH CH
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Scheme 2.
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Fig. 3. Effect of aftertreatment on dyed nylon 6.

the above dimethylol compound and the temperature was
increased to 95 °C and maintained at 94—98 °C for 2 h; the
solution was then cooled to 25 °C and left for 48 h. The result-
ing compound was obtained as brown crystals (46.40 g, 80%)
that were soluble in water.

2.3. Synthesis of syntan B

Phenol (95 g, 1.02 mol) and conc. hydrochloric acid (2 ml)
were stirred at 40 °C. To this mixture the dimethylol of p-cre-
sol (84 g, 0.5 mol) (as described in the synthesis of syntan A)
was added and the temperature was then increased to 95 °C
and maintained at this temperature for 2 h. After this time
steam was injected into the reaction mixture to remove
unreacted phenol. Upon cooling, the solid compound was
obtained. To the above finely ground resin (20 g, 0.07 mol)
were added 20 ml of carbon tetrachloride and chlorosulfonic
acid (23 g, 0.17 mol). The mixture was stirred at 40 °C and
maintained at this temperature for 2 h. After this time 25 ml
of water was added and the resulting solution neutralized
with 30% aqueous sodium hydroxide. A yellow-brownish,
water-soluble solid compound was obtained.

2.4. Synthesis of syntan C

Phenol was reacted with sulfuric acid according to the
method published earlier [16]; 4-hydroxy benzene sulfonic
acid was obtained. The reactions between p-cresol, formalde-
hyde, 4-hydroxy benzene sulfonic acid were identical to those
described for the synthesis of syntan A, except that 4-hydroxy
benzene sulfonic acid was replaced with 6-hydroxy-2-naphtha-
lene sulfonic acid. This compound due to insufficient solubility
in water was not a suitable syntan for improvement of wash
fastness of direct dyes. Thus, was not used in this work.
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Fig. 4. Effect of aftertreatment on wool.

2.5. Dyeing

All dyeings were carried out using fabric (1.5 g) which had
been wetted out in cold tap water, sealed in stainless steel dye
pots of 150 ml capacity housed in a Ahiba-Polymat Labora-
tory scale dyeing machine using a liquor ratio of 30:1. The
dyeing method used is shown in Fig. 1, according to the rec-
ommended method [17].

2.6. Syntan aftertreatment

Samples of dyed nylon 6 and wool were aftertreated
in sealed, stainless steel dye pots of 150 ml capacity housed
in a Ahiba-Polymat Laboratory dyeing machine according to
a recommended method [3] using a liquor ratio of 30:1. The
aftertreatment method is shown in Fig. 2. At the end of after-
treatment the samples were removed, rinsed thoroughly in tap
water and dried in air.

2.7. Cationic agent aftertreatment

Samples of dyed, syntanned nylon 6 and wool fabric were
aftertreated with Fixogen CD in sealed, stainless steel dye pots
in a Ahiba-Polymat Laboratory-scale dyeing machine. At the
end of aftertreatment with syntan (2% omf), the syntanned
dyed material was rinsed thoroughly with tap water and
treated with the cationic agent (2% omf) using a liquor ratio
of 50:1 at pH 5 (adjusted using acetic acid) for 20 min at
50 °C. The treated dyeing was then rinsed thoroughly with
tap water and allowed to dry in air.

Table 1

Lc data obtained from aftertreatment on nylon 6

C.L Cetafix AFA /cationic Cetafix AFA Syntan B /cationic agent Syntan B Syntan A /cationic agent Syntan A Nill
agent

Direct Green 6 0.53 0.67 0.78 1.51 2.23 2.35 5.54

Direct Orange 26 2.28 3.04 593 8.3 6.74 10.27 17.6

Direct Yellow 12 7.38 10.14 13.7 16.61 8.32 11.31 21.87
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Table 2
Lc data obtained from aftertreatment on wool

CL Cetafix AFA /cationic agent ~ Cetafix AFA  Syntan B /cationic agent ~ Syntan B Syntan A /cationic agent =~ Syntan A Nill

Direct Green 6 2.11 3.26 0.98 1.63 0.57 0.61 5.69
Direct Orange 26 1.85 4.52 1.93 3.04 2.67 4.03 6.08
Direct Yellow 12 10.84 14.5 9.27 12.12 7.35 9.26 16.61

2.8. Fastness determination

The wash fastness of the dyed and aftertreated samples was
determined according to the ISO CO6/E1 for nylon 6 and ISO
CO6/B1 for wool at two different washing temperatures
(70 °C, 95 °C for nylon 6 and 50 °C, 70 °C for wool). At
the end of the fastness tests the absorbance of the residual
wash solution was measured using a Varian Cary 300 spectro-
photometer, and the absorbance (A) was converted to concen-
tration (C ) using Beer’s—Lambert law. The percent of dye loss
that occurred during the wash test was calculated using Eq.
(1), where My, is the amount of dye lost during washing, M,
and M, are the amounts of dye at time O and at the end of dye-
ing process.

LC:(MW/(M()—Md))X 100 (1)

3. Results and discussion

Scheme 1 shows the synthesis of syntan A.

The IR spectrum of syntan A showed characteristic sulfo-
nate salt absorption peaks at 1185 and 1115 cm ™', aromatic
hydroxyl group at 3420 cm ™' and methylene group at 2917,
2859, and 1479 cm'. The '"H NMR spectrum of syntan A
assigned characteristic bands of the aromatic ring proton be-
tween 7 and 8 ppm, and the methylene proton around
4.04 ppm; a peak due to the methyl group appeared at
2.26 ppm. Also, characteristic band of the hydroxyl proton
appeared at 6.19 ppm.

Scheme 2 shows the synthesis route for the syntan B.

The IR spectrum of syntan B showed characteristic sulfo-
nate salt absorption peaks at 1169, 1035, and 614 cm” !, aro-
matic hydroxyl group at 3449 cm ™' and methylene group at
2921 cm™'. The "H NMR spectrum of syntan B assigned char-
acteristic bands of the aromatic ring proton between 7.00 and
8.00 ppm, and the methylene proton around 2.29 ppm. A peak
due to the methyl group appeared at 3.76 ppm and the charac-
teristic band of the hydroxyl proton appeared at 6.56 ppm.

Fig. 3 and Table 1 show the effect of the aftertreatment of
dyed nylon 6 with syntans, from which it is evident that
a marked improvement in wash fastness of the three direct
dyes occurred. However, the use of the syntans in conjunction
with the cationic agent was more effective in reducing the
extent of dye removed during washing. This can be explained
in terms of the greater interaction between cationic agent and

the anionic syntan, which produces a complex molecule dur-
ing aftertreatment that is less soluble in aqueous solution.
Fig. 4 and Table 2 show the effect of the aftertreatment of
dyed wool with the syntans. An improvement in wash fastness
was clearly obtained and further improvement was achieved
using the syntans in conjunction with the cationic agent.

4. Conclusions

Two syntans were synthesized and the structures of these
syntans were determined by '"H NMR and FTIR techniques.
The aftertreatment of the direct dyes on wool and nylon 6
with these synthesized syntans as well as a commercial syntan
improved wash fastness. The sequential application of a cat-
ionic compound to the syntanned dyeing caused a further
improvement in wash fastness. Furthermore it is interesting
to mention that synthesized syntans A and B are more effec-
tive than commercial syntan (Cetafix AFA) in wash fastness
improvement, this could be due to more active ingredient
content of the synthesized syntans.
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