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ABSTRACT

To examine the effect of after-treatment with synthetic tanning agents
(syntans) a range of suitable compounds are synthesized and applied to

undyed nylon 6,6 and cotton . Syntan action is measured by estimation of
restraining action. Therefore a range of simple model hydroxy compounds

are used. Effective syntans for nylon Is appeared to be based on condensed

phenolic rings with a water solubilizing group –SO3H present . Their
chemical structures are believed to be similar to an acid dye except they are

colourless (or should be) and have high molecular weights and more linear

structures. At first, studies on cotton condensates from naphthols and
substituted phenols and formaldehyde are undertaken. The adsorption of

direct dyes by cotton so treated is not reduced although in some cases
these compounds are readily absorbed by cotton . One of the objectives of

this work is to compare the effect of syntans on the dyeing properties of

cotton . Therefore, a syntan containing stilbene groups so to give higher
affinity towards celluosic fibres Is tested, but the restraining action of dye

diffusion is not still so significant.
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IN'T'RODUCTION

At present, the only method which can be used for
improving the wash fastness(descriptive of a dye

whose colour is not impaired by washing process)
of anionic acid and direct dyes on nylon is after-

treatment with synthetic tanning agents (syntans),
or with tannic acid using a two stage full backtan

process .

The cotton treatment of dyed material with

formaldehyde, and nitrous acid (i .e., a diazotization

process) is followed by treatment with a coupling

component, diazotized base for direct coupling, a

proprietary cationic fixing agent, and copper sul-

phate or proprietary copper containing compound.

The above treatments are satisfactory only

for some dyes, and even then for a given dye only

one or two of the treatments are usually found to
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be suitable.
In this work tanning agent which is used for

tanning of leather and syntan used for improve-
ment of wash fastness of direct cotton dyes are
studied . The mode of interaction of natural tanning
agent on nylon fibre is quite likely to show similar-
ities to that on collagen.

Stiasny [1] has stated that tanning process
gives resistance towards putrefaction and digestive
ferments by reducing the swellability in aqueous
media . Freudenberg [2] and Li [31 have postulated
a tanning theory based on the chemistry of hydro-
xyl groups present in both collagen and tanning
agent. Simple phenols are absorbed by collagen,
but they are not efficient as tanning agents [4].
This could be due to a number of factors . Li has
suggested a connection with the number and posi-
tion of the phenolic groups and White [5] has
stated the molecular weight of tanning agent as
being important.

The use of natural tannings, in attempt to
improve the wash fastness of nylon with acid dye-
stuffs, results in discolouration or dulling of the
shade (6] . This factor together with the long and
involved nature of backtanning process(application
of tanning agent) [7] have resulted in the use of
selected syntan for the purpose of improving the
wet fastness(descriptive of a dye whose colour is
not impaired by wet process) properties of dyed
nylon syntans of the type under consideration,
interacting with the nylon substrate by means of
hydrogen-bonding between the phenolic hydroxy
groups of the agent and the amide groups of subs-
trate, and some electrostatic attraction which
certainly exists between the negatively charged
sulpho-groups in the agent and protonated amino
group on the fibre. In general 161, syntans with a
fairly high molecular weight(provided it is still low
enough to allow ingress into fibre surface) and a
fairly low degree of sulphonation give the best
result [6].

Syntan, for use in the production of leather
and in textile finishing, can be made by sulpho-
nation of condensation product from the reaction
of aromatic hydroxy compounds with formalde-
hyde . For compounds of this type to be of use in

improving the wash fastness of anionic dyes on
nylon 6.6, they must be capable of reducing the
rate at which dye diffuses out of the fibre when the
fibre is subjected to an alkaline washing treatment.

The ability of a compound to produce a
dye resist effect (R) during a dyeing process is
thought to be an indication of its ability to improve
the wash fastness . Cibatex PA, which has a struc-
ture like most other products used for improve-
ment of wash fastness of acid dyes on nylon, is
based on sulphonated condensation products of
phenol and formaldehyde with the assumption that
it has the approximate structure as in Scheme I.

•Proupa introduced into the aromatic systema (n=2—3)

Scheme 1

More work has been done, however, for imp-
roving the wash fastness of dyes by syntans [8—13]
and the after-treatment of wool dyeing to obtain
improved wet fastness [14].

EXPERIMENTAL

Materials

Reagents were purchased from Merck Chemical
Co. and Ciba Chemical Co.

Analytical Study
Spectrophotometry
All analyses of dyes and syntan solutions were per-
formed using spectrophotometric absorption tech-
niques measured by SP 800 spectrophotometer and
Vitatron US 2005 colourimeter.

A technique for continuously monitoring the
optical density of a dyebath was used for obtaining
the results . This apparatus was constructed around
the combination of a Vitatron UC 200S colouri-
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meter equipped with a flow through cell.

Dyeing Procedure for Nylon
Sample (1 g) of scoured nylon 6 .6 woven fabric was
dyed with Direct Reds 23, 24 and 81 using loading
of 0 .64%, 0.92% and 0.38% on the weight of
fabric, respectively, to obtain optical density range
0.9—1.0 for 4 h at 70 'C in presence of sodium
acetate (0 .1 mol/L) and glacial acetic acid (0 .1 moll
L) . The pH of the dyebath was 4.7 at liquor goods
ratio of 200:1 (i.e., for 1g fabric 200 mL solution
was used).

Application of Restraining Agent to Nylon
Three types of compounds were used in this work.
(a) A water-insoluble type (applied as dispersions)
e.g., 3,3-dicarboxy 2,2-dihydroxynaphthyhnethane
(pamoic acid), 5,5-dichloro-2,2-dihydroxydiphenyl-
methane (dichlorophen), 2,2-bis(4-hydroxyphenol)
-dimethylmethane (Bisphenol A), and 2,2-dihydr-
oxy-dinaphthylmethane.
(b) A water-soluble type (applied as acid dyes) e.g .,
those agents containing sulphonic acid groups.
(c) A conventional backtan treatment (applied in
two stages).

Application of Type (a) Syntan
The syntan (10% on the weight of fabric) was
dissolved in a minimum amount of cold acetone.
The solution obtained was then diluted to 100 mL
by addition of either cold water or an acid (pH 4 .7)
buffer solution (0.1 M sodium acetate and 0.1 M
acetic acid) . The nylon 6.6 (1 g) was immersed in
this agitated dispersion which was then heated to
80 'C and maintained at this temperature for a
further 60 min . After this time the nylon was
removed, squeezed with hand and dried at room
temperature.

Application of Type (b) Syntan
Cibatex PA (2% and 10% on the weight of fabric)
and all water-soluble compounds (2%, 10% and
20% on the weight of fabric) were dissolved in the
above acid buffer solution (pH 4.7) of 100 mL. The
nylon 6.6 (1 g) wzs immersed in this agitated
solution and the solution was heated to 80 °C and

maintained at this temperature for 60 min . After
this time the nylon was removed, squeezed with
hand, and dried at room temperature.

Application of Type (c) Full Backtan
Nylon was treated in a solution (100 mL) of tannic
acid (2% on the weight of fabric) for 60 min at
80 °C and pH 4 .7 (using sodium acetate and acetic
acid) . The nylon was then treated in a fresh bath
(100 mL) containing tartra emetic(potassium anti-
monyl tartrate) of 2% on the weight of fabric for
60 min at 80 °C.

After-treatment of Dyed Nylon
(a) Water-soluble restraining agents.
(b) Tannic acid/potassium antimonyl tartrate.

Application of Type (a)
For application of water-soluble restraining agents,
Cibatex PA (2% and 100% on the weight of fabric)
and compounds, such as sulphonated(p-cresol,
formaldehyde, phenol), sulphonated(p-cresol,
formaldehyde, p-cresol) and p-cresol, formalde-
hyde, 2-naphthol-6-sulphonic acid (10% on the
weight of fabric) were dissolved in pH 4 .7 (0 .1 M
sodium acetate and 0 .1 M acetic acid) buffer
solution (100 mL) . Dyed nylon 6,6 (1 g) was
immersed in this agitated solution which was then
heated to 80 t and maintained at this temperature
for 60 min. After this time the nylon was removed,
squeezed, and dried at room temperature.

Application of Type (b)
Dyed nylon was treated in a solution (100 mL) of
tannic acid (2% on the weight of fabric) for 60 min
at 80 °C and pH 4 .7 (0.1 M sodium acetate and 0.1
M acetic acid) buffer solution . The nylon was then
treated in a fresh bath (100 mL) containing tartra
emetic (potassium antimony' tartrate) 2% on the
weight of fabric for 60 min at 80 °C.

Measurement of Desorption of Direct Dyes from
Dyed Nylon
Nylon (1 g) which had been dyed with the dyes
under investigation (0.5% shade, 80 °C for 3 h at
pH 4 .7 at liquor goods ratio of 100:1 (for 1g nylon
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100 mL dye solution was used)) was immersed in a
well agitated, aqueous solution of 0 .055 M di-
sodium tetraborate at 80 ' C and maintained at this
temperature for 3 h . The optical density of the
desorbing media was continuously recorded.

Dyeing Procedure for Cotton
Bleached, mercerized cotton fabrics were dyed
with Direct Reds 23, 24, and 81 using loading of
0.64%, 0 .92%, and 0.38% (on the weight of fabric),
respectively, to obtain optical density value in the
range 0.9—1 .0, for 4 h at 70 °C in the presence of
0.2 g sodium chloride at liquor goods ratio of 200:1
(i .e ., for 1g fabric 200 mL solution was used).

Application of Restraining Agent to Cotton
Three types of restraining agent compounds (a
compound which prevents the dye to diffuse into
the the fibre) were used in this work.
(a) Water-insoluble phenolic compounds applied
under alkaline conditions, e .g. pamoic acid, 3-hyd-
roxy-2-naphthoic acid.
(b) water-soluble type e .g., those agents containing
sulphonic acid groups.
(c) A conventional backtan treatment(applied in
two stages).

Application of Type (a)
The syntan(10% on the weight of fabric and in
some cases, 2%, and 20%) was dissolved in alkaline
buffer solution (100 mL), using 0.05 M disodium
tetraborate. The cotton was immersed in this agit-
ated solution which was then heated to 80 'C (in
some cases to 50 °C) and maintained at this temp-
erature for 1 h.

After this time the cotton was removed,
squeezed, and dried at room temperature.

Application of Type (b)
All the water-soluble compounds used in this work
(Cibatex PA, compound 1) were applied to cotton
at pH 7 and pH 9, but compound 5 was applied at
pH 9 . Cibatex PA (10% on the weight of fabric)
was dissolved in water (100 mL) or alkaline buffer
(100 mL) using 0.05 M disodium tetraborate. The
cotton (1 g) was immersed in this agitated solution

which was heated to 80 °C and maintained at this
temperature for a further 60 min. After this time,
the cotton was removed, squeezed, and dried at
room temperature.

Full Baan After-treatment Type (c)
Cotton was treated in a solution (100 mL) of
tannic acid (2% and 10% on the weight of fabric)
for 60 min at 80 'C and pH 7 (using water). The
cotton was then treated in a fresh water bath (100
mL) containing tartra emetic (2% and 10% on the
weight of fabric) for 60 min at 80 °C.

After-treatment of Dyed Cotton
(a) Water-soluble restraining agents (in practice
only compound 5 was applied).
(b) Tannic acid/potassium antimonyl tartrate.

Application of Type (a)
Compound 5 (10% on the weight of fabric) was
dissolved in pH 9 alkaline buffer solution (100
mL) . Cotton (1 g) was immersed in this agitated
solution which was then heated to 80 'C and main-
tained at this temperature for 60 min.

After this time the cotton was removed,
squeezed with hand, and dried at room temp-
erature.

Full Backtan After-treatment of Type (b)
Dyed cotton was treated in an aqueous solution
(100 mL) of tannic acid (10% on the weight of
fabric) at 80 °C for 60 min.

The cotton was then treated in a fresh bath
(100 mL) containing tartra emetic (potassium
antimonyl tartrate) 10% on the weight of fabric for
60 min at 80 ° C.

Measurement of Desorption of Direct Dyes from
Dyed Cotton
Cotton (1 g) which had been dyed with the dyes
under investigation (1 .5% shade at 80 'C for 3 h,
pH 7, at liquor goods ratio of 50 :1, and 20% on the
weight of fabric sodium chloride) was immersed in
a well agitated, aqueous solution of 0.05 disodium
tetraborate at 80 ' C and maintained for 3 h. The
desorbing medium was continuously recorded.
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Table 1 . Exhaustion of dyes onto untreated and treated nylon.

Time
(min)

C.I . Direct Red 23
a

(%)

b

(%)

c

(%)

d

(%)

e

(%)

f
(%)

g
(%)

h

(%)

I

(%)
j

(%)

k

(%) (%)

15 7.5 15 12 .5 7.5 7 2 .5 7.5 2.5 1 .3 3 3 0.5
30 14 25 .5 22 .5 14.5 14 4 .5 13 3 22 .5 4 .5 3.5 1
45 20 39 30 18 17.5 6 17 .5 3.5 3 .5 6 4.5 2
60 25 11 36 23.5 23 7 .5 21 .5 4 36 8 4.5 2.5
90 33 52 45 .5 29.5 29 10 27 .5 4.5 45 11 4.5 3
120 40 58 52 .5 35 34 12 .5 32 .5 4.5 53 13 .5 5 3
180 49 68 62 44 41 .5 18 38 .5 4 .5 62.5 21 5 3
240 53.5 70 65 49 45 21 40 4 .5 65 25 5 3

C.I. Direct Red 24

15 2 7 7.5 4 3 4 4 .5 1 3 1 0 0
30 4 12 13 6 .5 5.5 8 8 .5 1 .5 8 2 0 0
45 5 .5 16 17 9 .5 8 11 .5 11 2 10 3 0 0
60 7 .5 19 19.5 11 9.5 14.5 14 3 12 3.5 0 0
90 10 24.5 23.5 13 .5 12 17 17 3 .5 16 4.5 0 0
120 13 .5 19 26 15 .5 13 19.5 20 9 19 5.5 0 0
180 18 .5 34 30 18 14.5 23 23.5 4.5 24 6.5 0 0
240 23 .5 37 33 20 .5 15.5 25 25.5 4.5 27.5 7 0 0

C.I. Direct Red 81

15 8.5 49 18 8 8.5 5 8 0.5 15 3 0 .5 0.5
30 17 70 33 19 13.5 10 9 0.5 30 7 1 0.5
45 24 82 45 18 18 .5 15 20 1 39 9 1 1
60 30 94 54 22 23 19 25 1 50 12 1 1
90 40.5 97 68 30 29 .5 25 33 1 62 17 1 1
120 49.5 98 78 36 36 .5 32 40 1 72 23 1 1
180 61 98 89 45 45 .5 40 50 1 82 .5 32 1 1
240 68 98 94 51

l
52 45 56 1 86 38

I
1 1

(a) untreated . (b) Blaphenol A(10%), lc) Dichlorophen (10%), (d) pamoic acid pH 4 .7, (10%), (e) pamolc acid pH 7, (10%), (t) sulphonic acid derivative

at pamoic acid (10%), (g) acetate of wools acid (10%), (h) full badder, (2%), (i and 1) : 2,2 ' -dlhydroxydlnaphtlry1mathwne (10%) . its sulphonic acid

derivative (10%), (k and r) Cibatex P.A. 2% and 10%.

RESULTS AND DISCUSSION

Preliminary investigation of after-treatment with
syntans or a two stage full backtan process showed
that if the compounds were applied to nylon
before the dye, the significant restraining effects
(0-100%) towards the ingress of direct dyes were
observed (Table 1) .

Although both tannic acid and Cibatex PA
are believed to be attracted to nylon by virtue of
hydroxyl groups present in their structure, the exa-
mination of simpler hydroxy compounds of lower
molecular weight (Biphenol A, Dichlorophen)
showed that a pretreatment with these compounds
did not reduce the sorption of the dye and, in some
cases, actually increased it (Table 1).
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Table 2. Exhaustion of dyes on treated and untreated nylon.

Time

(min)

C .I . Direct Red 23 C.I . Direct Red 24 C.I . Direct Red 81

a

(%)

b

(%)

c

(%)

d

(%)

a

(%)

b

(%)

c

(%}

d

(%)

a
(%)

b
(%)

c

(%)

d

(%)

15 7.5 4 1 .5 1 2 0.5 0 .5 0.5 8.5 4 .5 2 2

30 14 6.5 3 .5 2 4 ' 1 .5 1 1 17 8.5 3 3

45 20 9.5 5 3 .5 5.5 2.5 1 .5 1 .5 24 12 .5 5 3.5

60 25 12 6 4 .5 7.5 3 .5 2 2 30 16.5 6 5

90 33 16.5 9 5 .5 10 4 3 2 40.5 23.5 9 6.5

120 40 20 11 9 13.5 5 4 2 49 .5 28 11 7.5

180 49 26 15 12 18.5 6 5 2 61 36.5 15 10

240 53.5 30 .5 18 .5 13 23.5 7 5.5 2 68 40.5 17 .5 10 .5

(a) untreated, (b) compound, 3 (2%), (c) compound, 3 (10%), and (d) compound 3 (20%).

For both pamoic acid and 2,2-dihydroxydina-
phthylmethane sulphonation there is a reduction in
the amount of dye absorbed and it is thought that
the restraining effect of sulphonated derivative
must involve -SO3-SO; repulsion effects leading
to repulsion of dye anions from the treated fibre.

The role of sulphonic acid group is a very
subtle one. Its presence alone is not a guarantee of
dye resist properties . A molecule possessing sulph-
onic acid groups when taken up by nylon will
reduce the positive potential of the fibre. Such
reduction inhibits dye uptake . However, if too
many sulphonic acid groups are present the affinity
of the molecule will be so low that even if it is

Table 3. Exhaustion of dyes on treated and untreated nylon.

taken up by nylon it can easily be displaced from
the fibre resulting in loss of dye resist properties . If
no sulphonic acid groups are present the affinity of
the molecule will be so low again that even if it is
taken up by nylon it can easily be displaced from
the fibre resulting in loss of dye resist properties,
particularly for compound of low molecular weight
which will readily diffuse into the interior of the
fibre and will no longer remain at the fibre surface
(Table 1).

A compound lacking sulphonic acid groups
could be capable of causing restraining effects if its
size is sufficiently large. However, such a comp-
ound would be very difficult to apply evenly to

Time

(min)

C .I . Direct Red 23 C.I . Direct Red 24 C.I . Direct Red 81

a

(%)

b

(%)

c

(%)

d

(%)

a

(%)

b

(%)

c

(%)

d

(%)

a

(%)

b

(%)

c

(%)

d

(%)

15 7 .5 3 2 0.5 2 1 0 .5 1 8 .5 4 2 0.5

30 14 4.5 3 1 4 2 .5 0 .5 1 .5 17 7 3 .5 1

45 20 6 4 2 5 .5 3 .5 1 2 24 10 5 1 .5

60 25 9 .5 6 3 7 .5 5 1 .5 2 30 12 .5 8 2

90 33 13 8 4 10 7 2 25 40.5 18 •

	

11 2

120 40 17 9 5 13.5 9 2.5 2.5 49.5 23 .5 14.5 2.5

180 49 23 14 6 18.5 12 4 3 61 34 20 3.5

240 53 .5 27 .5 17 9 23.5 14.5 5 3 68 42 25.5 5

(a) untreated, (b) compound, 4 (2%), (c) compound, 4 (10%), and (d) compound 4 (20%).
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nylon. Ideally it should be possible to produce a
high molecular weight resinous condensation pro-
duct and introduce sufficient sulphonic acid groups
to confer water solubility on the material.

It was, therefore, decided to prepare a range
of water-soluble condensates based on phenol(and
derivatives) and formaldehyde and to observe the
effect of these on dyeing properties of Direct Reds
23, 24 and 81 . Sulphonated compounds 1 : (p-cre-
sol, formaldehyde, phenol), 2: (p-cresol, formalde-
hyde, p-cresol), and non-sulphonated compounds, ,
compound 3 : (phenol, formaldehyde, p-cresol), 4:
(p-cresol, formaldehyde, 2-naphthol-6-sulphonic
acid), 5: (p-nonylphenol, formaldehyde, phenol), 6:

(p-nonylphenol, formaldehyde), and 7 : (p-nonyl-

phenol, formaldehyde, phenol).
Pretreatment of nylon with these compounds

significantly reduce the diffusion of the above
direct dyes into nylon and at least three of these
were directly comparable in effect with results (as
regards as restraining of dye) observed from
Cibatex PA (Tables 2, 3).

The sulphonation process which has to be
carried out so as confer water solubility on the
condensation, was easily achieved . Low degree of
sulphonation gave difficulties in application and
unsatisfactory results . High degree of sulphonation
gave difficulties in isolation and in purification, and
large quantities of sodium sulphate were produced
which were not easily removed. Also compound

Table 4. The restraining action exerted by pretreated nylon towards dyes and desorption of the dyes from after-treated nylon.

Treatment Direct

%R
Red 23

%F
Direct
%R

Red 24
%F

Direct
%R

Red 81
%F

None 69 35 77
Cibatex PA (2% loading at 80 `C and pH 4.7) 91 38 100 10 99 31 .5
Cibatex PA (10% loading at 80 'C and pH 4.7) 94 3.5 100 3 99 19
Full backtan (2% loading at 80 'C and pH 4 .7) 92 10 Si 0 99 0

Compound 1 (10% loading at 80 'C and pH 4.7) 87 12 82 4 90 10.5
Compound 1 (20% loading at 80 'C and pH 4.7) 94 — 100 2 93 —
Compound 2 (10% loading at 80 -C and pH 4.7} 87 5 .5 100 4 90 8
Compound 2 (20% loading at 80 'C and pH 4.7) 98 — 100 2 96 —
Compound 4 {10% loading at 80 'C and pH 4.7) 68 8 .5 100 7 .5 63 13
Compound 4 {20% loading at 80 °C and pH 4.7) 84 — 87 3.5 93 —
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with high degree of sulphonated was difficult to
apply to nylon and the degree of uptake of these
compounds by nylon were greatly reduced, and the
diminished restraining effects were observed.

Therefore, the direct formation of water-
soluble condensates (base on 2-naphthol-6-sulph-
onic acid) offered a means of avoiding these prob-
lems, and one condensate of this type (compound
4, p-cresol, formaldehyde, 2-naphthol-6-sulphonic
acid) was originally examined (Scheme . 11) . This
again gave effects comparable with those observed
for Cibatex PA (Table 3).

One of the objectives of this work was to
compare the effect of syntans on the dyeing pro-
perties of nylon with the effect of syntan on the
dyeing properties of cotton . It was found that
syntans similar in chemical structure to that of
Cibatex PA do not appear to be substantive to-
wards cellulosic fibres. Therefore, a brief examin-
ation of the possibility of producing syntans
containing stilbene groups so as to give increased

affinity towards cellulosic fibres was carried out
and three such compounds (dihydroxy stilbene
disulphonic acid), (dihydroxy stilbene disulphonic
acid, formaldehyde), (dihydroxystilbene disulphonic
acid, formaldehyde, p-cresol) were prepared. Of
the three compounds the best restraining action
was shown by the compound obtained from reac-
tion between the dimethylol derivative of p-cresol
and 4,4-dihydroxystilbene-2,2-disulphonic acid, but
its restraining action was not as great as that
observed for compound previously described.

The possibility of synthesizing syntans based
on anthracene rather than on naphthalene with a
view to increasing the molecular weight was exam-
ined. Hydroxyanthraquinones are more readily obt-
ained than hydroxyanthracenes and three deriva-
tives investigated were 1-monohydroxy, 1,2- and
1,4-dihydroxyanthraquinones . Difficulties were en-
countered with condensation by formaldehyde but
a rather unsatisfactory copolymerization method
was attempted which gave ill-defined polymers.

60

	

120

	

180

	

240
Time (min)

(a) Untreated ; (b, c) Blephanol A Dichlorophen (10%) : (d, e) Pamolc acid (p114.7, p11 7) (10%) ; (f) Sulphonic acid of pamoic add (10%);

(g) Acefete of pamolc acid (10%); (h) Full backtan (2%): (I, I) 2,2 ' -Dihydrondinaphthylmeihane, sulphonlc acid derivative (10%); (Ic, I)

Cibatec P.A. (2%, 10%)

Figure 1 . The rate of dyeing of untreated and treated nylon (C .I . Direct Red 23).

212

	

Iranian Polymer Journal I Volume 6 Number 3 (1997)



Fen M.

Of the four compounds prepared only one
from 1,2-dihydroxyanthraquinone formaldehyde
and 2-naphthol-6-sulphonic acid showed appreci-
able restraining effects towards the dye. Surpris-
ingly, the restraining observed was d irectly
comparable with that found for Cibatex PA.

In this work syntan efficiency has been
assessed by measuring restraining effects towards
the dyes under examination. On assumption that
syntans improve the fastness to washing properties
of dyes by preventing (or restraining) diffusion of
dye from the fibre interior to the fibre surface and
then into the aqueous treatment liquor (desorp-
tion) . The ability to prevent diffusion of dye during
its application could well be a measure of the
ability to prevent outward diffusion of the dye
during subsequent wet treatments. It, therefore,
remained to select those model syntans found in
this work to exert appreciable restraining effect
towards the dyes studied and to measure their fast-

ness to wet treatments. Desorption into aqueous
sodium borate was chosen as the most suitable
method . It was found that three of four model
syntans selected did improve the fastness to hot,
alkaline treatments and the effect was comparable
with that observed for commercial products.

Comparison of restraining action exerted by
pretreated nylon towards the dyes with rates of
desorption of the dye from after-treated nylon can
now be made in the following table (Table 4).

One could expect from the theory of syntan
action suggested in this work that there is a direct
relationship between restraining action and the
amount of dye desorbed during a wet treatment
i.e., F should be zero for R=100 %.

Although it is found that as R increases the
%F decreases, no direct relationship can be sugg-
ested. For some systems similar R values give rise
to very different F values. The conclusion that can
be made is that the restraining effect exerting

60

		

120

	

180

	

240
Time (min)

(a) ' Intreated ; (b, c) Risphenol A, Olchiorophen (10%) ; (d, a) Pamoic add (pH 4.7, pH 7) (10%) ; (f) Sulphonic acid of parnolc acid (10%);
(g) Acetate of pamolc acid (10%) ; lb) Full baciden (2%) ; (i, D 2,2 " -Oihydraxydlnaphtlryknethane, sulphonlc add derivative (10%) ; (k, I)
Clbatex P.S. (2%, 10%)

Figure 2. The rate of dyeing of untreated and treated nylon (C.I . Direct Red 24).
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towards particular dye is dependent upon the
chemical structure of the dye and the compound
exerting the restraining effect, and it is also
dependent upon the amount of compound present
on the fibre.

When dyed, nylon which has had no after-
treatment in the desorbing media loses 69%, 3591
and 77% of Direct Reds 23(M.W 769), 24(M .W
836) and 81(M.W 631), respectively.

The dye (Direct Red 81) having the lowest
molecular weight of the three is desorbed to the
greatest extent and the dye having the highest
molecular weight (Direct Red 24) desorbed to the
least extent due to the relative ease of migration of
the dye from the fibre interior to the fibre exterior.
It should also be noted that Direct Red 24 has 3
sulphonic acid groups/mol, whereas Directs 23 and
81 have 2 sulphonic acid groups/mot.

After-treatment with Cibatex PA(10%) red-
uces the amount of these dyes lost during desorp-
tion to 3 .3 and 10%, respectively ; but these figures
depend greatly on the amount of Cibatex PA
present on the fibre and the dye itself. When the
Cibatex PA was applied prior to dye, the restrain-

ing effect within the range 91–100% was obtained
even at loading of 2% (Figures 1, 2, 3), and further
increases in the amount of Cibatex PA present
before the , dyeing process did not significantly
increase these effects, implying that some degree
of saturation has been reached. At this saturation
level further quantities of Cibatex PA are adsorbed
at the surface and these further amounts remain at
the fibre surface.

During desorption they will tend to be
removed together with dye, and at the same time
will reduce the amount of dye desorbed by Cibatex
PA molecules . It is not surprising that during
desorption the Cibatex PA molecules will be lost
from nylon by the same mechanism as that
operating in the loss of dye molecules. Cibatex PA
molecules will be displaced by borate ions, but
almost certainly at a reduced rate as that of dye
molecules.

The tannic acid/potassium antimonyl tartrate
complex (applied 2%) shows similar restraining
effects towards the dyes and yet the amount of dye
lost during desorption from nylon after-treated
with this complex is virtually zero (except for
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(a) Untreated ; (b, c) Biephenol A, Dichlorophen (to%) ; W. e) Pamolo acid (pH 4.7, pH 7) ((0%): (f) Sulphonic acid of parnoic acid (10%);

(g) Acetate of pnmolc acid (10%) ; (h) Full Mclean (2%) ; (i, 1) 2.2'-Uihydroaydinaphthylmethane, aulphonlc acid derivative (10%) ; (k I)

Cibatex P.A. (2%, 10%)

Figure 3 . The rate of dyeing of untreated and treated nylon (CA . Direct Red 81).
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Table 5. Absorption isotherm for pamoic acid on cotton at 80 C.

No

Loading of pamoic
acid (%)

Weight of pamoic

acid (mg)
OD In

	

Volume
equilibrium

	

(mL)
Pamalc acid remaining

in solution
Pamoic acid

absorbed by cotton
Cs (molxl0 -3/L) Cp (molx10-3fkg)

1 0.5 5 0 .43

	

100 0.08 5
2 1 10 0 .42

	

100 0.15 10.5
3 2 20 0.85

	

200 0.3 21
4 4 40 0.4

	

1000 0 .72 31
5 6 60 0.63

	

1000 1 .15 38.5
6 8 80 0.94

	

1000 1 .7 37 .5
7 10 100 0.61

	

2000 2 .2 37 .5
8 12 120 0.75

	

2000 2 .7 38 .5

Direct Red 23 where 10% was lost), as presented
in Table 4. In this case there is no doubt that a
surface skin is formed on the treated nylon. This
surface skin is believed to exist as an insoluble
colourless complex situated at the outer surface of
the fibre and must hinder desorption of the dye
during the wet treatment.

In the case of cotton, at first condensates
from naphthol and substituted phenols and formal-
dehyde, such as 2,2-bis(4-hydroxyphenol)-dimethyl-
methane (Bisphenol A), 3,3-dichloro-2,2-dihydro-
xymethane (Dichlorophen) were investigated . But
the adsorption of Direct dyes by cotton so treated
was not reduced although in some cases these
compounds were readily adsorbed by cotton .

For example, significant inward diffusion of
tannic acid and pamoic acid into cotton was
thought to be taking place and yet no restraining
action was observed. Tannic acid was applied to
cotton under neutral conditions, whereas, all other
above compounds were only absorbed under alkal-
ine condition (Tables 5, 6).

The effects of 4,4-dihydroxy stilbene -2,2-di-
sulphonic acid and substituted naphthanilides,
which are all substantive to cellulosic fibre on dye-
ing properties of direct cotton dyes, were examin-
ed, but little or no restraining effects were
observed (Tables 7, 8).

A slight improvement in the restraining
effect was obtained by the use of a linear conden-

OH
2-naphthol-6-sulphonic acid formaldehyde

alkaline conditions

Scheme III
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Table 6. Absorption isotherm for tannic acid on cotton.

No
Loading of tannic

acid (%)
Weight (mg) of tannic

acid in 100 mL
OD in

	

Volume
equilibrium

	

(mL)
Tannic acid remaining

in solution
Tannic acid
absorbed by

at pH 7 Cs (mglL) CF (gl kg)

1 0.5 5 0.75

	

200 30 2.0

2 1 10 0.67 '

	

500 67 3 .3

3 4 40 0.885

	

1750 309 9 .0

4 6 60 0.92

	

2500 460 14

5 8 80 0.76

	

4100 623 17.7

6 10 100 0 .785

	

5100 800 20

7 10 .5 105 0.835

	

5100 851 20

8 12 120 0.76

	

6600 2.7 19.7

sate from 1-hydroxy-8-naphthionic acid and it
would seem that a syntan capable of hydrogen
bonding is desirable for the restraining effect to be
increased further. The best possibility at present
appears to be a system based on 1,2-dihydroxy-
anthraquinone and a sulphonated naphthol as de-
picted in Scheme III and presented in Tables 9, 10.

Among those that are absorbed, tannic acid,
being the best example, did not in general exert
any restraining effect at all towards the ingress of
dye, which could be due to the open structure of
cellulosic fibre.

As a result, small amount of restraining
agent (compound which prevents dye to diffuse
into the fibre) which was absorbed by cotton

diffused steadily into the interior of the fibre and
was not, therefore, present as a ring of partly
diffused material available at the fibre surface.

Eventually one compound which gives suit-
able restraining effect towards direct cotton dyes
on cotton, namely, a condensate from 1,2-di-
hydroxyanthraquinone, 2-naphthol-6-sulphonic acid
and formaldehyde is studied according to Table 11,
and comparison is being made between the re-

-straining actions exerted by pretreated cotton
towards the dyes with the rates of desorption of
the same dyes from after-treated cotton.

As it can be seen from the footnote
equetions of Table 11 if %R increases then %F
should decrease. Ideally, if %R=100%, then %F

Table 7. Exhaustion of dyes onto treated and untreated cotton.

Time
(min)

C.I . Direct Red 23 C .I . Direct Red 24 C .I. Direct Red 81

a

(%)

b

(%)

c

(%)

d

(%)

a

(%)

b

(%)

c

(%)

d

(%)

a

(%)

b

(%)

c

(%)

d

(%)

15 26 28 25 28 &5 6 7 7.5 19 .5 19 12 17.5

30 37.5 40 35 40.5 14 .5 12.5 14 14.5 25 27 19 23

45 45 48 41 47.5 19 17 19.5 19 28 29 23 29

60 50 53 47 53.5 22 21 23 22 29.5 31 27 28

90 54 60 54 59 28 27 27 28 31 .5 32 28 30

120 60.5 64 59 63 .5 31 31 32 32 .5 32 32 28 30

180 65 70 64 70 35 34 37 37.5 32 .5 r 32 28 31

240 68 70 66 70 .5 37 .5 34 38 38.5 32 .5 32 28 31

(a) untreated, (b) 2-hydroxy-3-nnphthwc acid (10%), (0) 2,2'-dlhydroxydMephnry1met ana (10%) and (d) pans* acid (10%).
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Table 8. Exhaustion of dyes onto treated and untreated cotton.

Time

(min)

C.I . Direct Red 23 C.I . Direct Red 24 C.I . Direct Red 81
a

{%)
b

(%)

a

(%)

b

(%)

a

(%)

b

{%)

15 26 22 8.5 12 19.5 15
30 37.5 35 14.5, 13 .5 25 22 .5
45 45 43 19 19 28 26
60 50 48 22 23.5 29 .5 27
90 54 55 28 27 31 .5 28 .5

120 60.5 59 31 33 32 29 .5
180 65 63 - 31 37 32 29 .5

240 68 66 .5 37.5 39 32 .5 29 .5

(a) untreated and (b) 4,4 ' -dihydroxyaelbane-2 .2' acid (10%).

Table 9. Exhaustion of dyes onto treated and untreated cotton.

Time

(min)

C .I. Direct Red 23 C.I . Direct Red 24 C.I. Direct Red 81

a

(%)

b

(%)

c

(%)

d

(%)

a

(%)

b

(%)

c

(%)

d

(%)

a

(%)

b

(%)

c

(%)

d

(%)

15 26 15 15 9 8 .5 7 6 6 19.5 7.5 6 6

30 37 .5 25 25 15 14 .5 10 10.5 10 25 11 .5 9 .5 10

45 45 33 34 25 19 12.5 15 15.5 28 14 12 12
60 50 38 38 28 22 14 17.5 18 29 .5 14.5 14 14

90 54 42 45 39.5 28 18 22.5 22.5 31 .5 15 17 17
120 60.5 48 49 52 31 22 27 27 32 15 19 17
180 65 50 53 57 35 27 30 32 32 .5 15 19 25

240 68 50 54 .5 61 37 .5 31 32.5 34.5 32 .5 15 19 22.5

(a) untreated, (b, c) treatment with compound 5 (20%, 10%) and (d) treatment with 2-0Ihydroxyanthraqulnone.

Table 10. The rate of desorption of dyes from untreated and treated dyed cotton.

Time

(min)

C .I. Direct Red 23 C .I . Direct Red 24 C .I . Direct Red 81

a b c a b c a b c

(%) (%) (%) (%) (%) (%) (%) (%) (%)

15 2 1 .5 1 3 1 .5 3 28 6 16

30 3.5 2.5 1 .5 7 2.5 5 37 11 25
45 4.5 3 2 9 3.5 7 43 13 28

60 5.5 3 2 .5 12 5 9 46 16 33
90 6 9 2 .5 15 7 11 49.5 17 .5 36

120 6 3 2.5 16 9 14 52 19 36 .5

240 6 3 3 17.5 9 15 52 20 36.5

(a) unheeded, (b) treatment with compound 5 (10%) and (c) full backtan after-treatment (10),
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Table 11 . The restraining action exerted by pretreated cotton towards dyes and desorption of the dyes from after-treated
cotton.

Treatment Direct Red 23 Direct Red 24 Direct Red 81

None

Full back-Ian (10% loading at 80 *C

6 17 .5 52

and pH7)

Compound 5 (at 80 eC, pH9) and

at loadings of :

0 3 0 15 0 36.5

10% 19 .5 3 14 9 42 20

20% 26 .5 – 27 – 54 –

Where: %F =	 amountofdye desorbed	
X 100%, and : %R = E—EE =	 A —amountofdye absorbed by preheated fibre 	 X 100%

amount of dye initially prevent in fibre (0)

	

E.

	

amount of dye initially absorbed by untreated fibre (A)

should be zero.
Pretreatment with tannic acid (potassium

antimonyl tartrate) has led to zero restraining
effect and yet the amount of dyes lost during
desorption is being reduced when compared with
the dye lost from untreated fibre.

Increasing the loading of compound 5 (1,2-
dihydroxyanthraquinone, 2-naphthol-6-sulphonic
acid and formaldehyde) to 20% again increases the
restraining effect. From the %F values it is clear
that pretreatment with this compound has to some
extent reduced the loss during treatment in borate
solution, particularly in the case of Direct Red 81.

CONCLUSION

Most of the direct cotton dyes applied to cotton do
not possess good fastness to washing nor other wet
processes such as occurring. To improve wet fast-
ness properties, after-treatments have been used to
increase the molecular weight of the dye after it
has been absorbed by the fibre to render it less
soluble in water, and therefore, higher fastness to
wet treatment . Also the possibility of improving
wash fastness properties by after-treatment of dyed
cotton with different aromatic hydroxy compounds
or with tanning agents have been examined.

Unfortunately even the tannic acid and
potassium antimonyl tartrate complex which show-

ed appreciable restraining effects towards direct
cotton dyes on nylon gave zero restraining effect
on cotton and the amount of dye lost during des-
orption was not significantly reduced when comp-
ared with dye lost from untreated dyed cotton.
Therefore, although a compound is made in this
work which does exert some restraining effect
towards the three direct cotton dyes and does
reduce the dye lost during desorption from dyed
cotton, it is unlikely that substantial improvements
in wet fastness would be made by after-treatment
with tanning agent.

In the case of nylon after-treatment with
tannic acid, potassium antimonyl tartrate complex
and Cibatex PA significantly improve the wash
fastness of direct cotton dyes, and of the three
model compounds, the condensates from p-cresol,
phenol and formaldehyde (l), p-cresol, form-
aldehyde, p-cresol (2) and p-cresol, 2-naphthol-6-
sulphonic acid and formaldehyde (compound 4),
synthesized in this work, found to exert restraining
effects towards direct cotton dye similar to these
found for Cibatex PA. The maximum effect as
regards the reduction of dye lost during desorption
were obtained at loading of 20%.
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