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An initial study has been undertaken to determine the viability of using S-thiosulphato (Bunte salt)
terminated polyethers as pigment binders. Three such polymers (two synthesised and a commercial
product) of different molecular mass and functionality were investigated. Two substrates were
employed: wool fabric as prepared for dyeing and cotton fabric modified with a cationic polyamine.
Pigments dispersed in anionic surfactants show high substantivity for the latter substrate and as a
result these dispersions can be successiully applied to appropriately treated fibre by exhaust
methods. In all cases high standards of wash fastness were achieved without affecting the fibre
handle. On cotton each binder showed relatively low fastness to rubbing. On wool a good all-round
fastness was achieved with one of the Bunte salt polyethers. The polymers also displayed excellent

properties for use as dispersing, wetting and shrink-resist agents.

INTRODUCTION

Aqueous pigment dyeings have several significant
advantages over exhaustion systems using water-soluble
dyes. In particular, the method of coloration is technically
very simple, often only involving cold padding, drying
and fixation. Hence concurrent savings can be made in
time, energy and in effluent treatment, the latter being a
problem that will inevitably prevail in the future. Also
extensive and relatively inexpensive colour ranges are
available. These factors, along with the inherent high light
fastness of pigments, make them an attractive alternative
to water-soluble dyes.

There are major disadvantages associated with aqueous
pigment dyeing, however, but these lie essentially within
the properties of the binder used to bring about fixation.
Poor fibre handle and inferior rub fastness are
characteristic features of pigment binder systems. In
essence, many of the poor fastness properties associated
with pigment-dyed fibres result directly from the
properties of the binder employed. What is required is a
binder that provides good all-round fastness while having
minimal effect on the fibre handle.

Polymers based on polypropylene oxides, or polyols,
dormed by the reaction of propylene oxide with
polyhydric alcohols, have been functionalised and used
commercially as shrinkproofing finishes for wool fabrics.
Their softness and flexibility have made possible their
acceptance as a wool finish. In particular, Bunte salt
acetate-terminated polyethers (BSPs) hardly change the
handle of wool and wool-blend fabrics when applied by a
pad-batch—wash-off procedure [1]. This property is thus
attractive for a new soft-handling pigment binder. Figure 1
shows the general formula of Bunte salt acetate-
terminated polyethers. If such BSPs are heated in alkali,
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Figure 1 General formula of Bunte salt acetate terminated polyethers

disulphide bond crosslinking rapidly occurs, vielding an
insoluble polymer matrix (Scheme 1).

In addition to their initial water solubility and ease of
cure to the insoluble disulphide, these polymers exhibit a
surface-active character prior to curing, which has further
implications for the development of an improved pigment
binder system.

The present paper deals with the synthesis of two such
novel binders, of differing molecular mass and
functionality, and their application to wool and cationised
cotton (pretreated with Sandene 8425 (5), a strongly
cationic polymer) [2-6]. Pigments dispersed in anionic
surfactants can be successfully applied by long-liquor
exhaustion procedures to cationised cotton because of the
strong electrostatic attraction that exists between the
dispersing agent and the positively charged fibre. For
comparison, the commercial shrink-resist resin Nopcolan
SHR-3 (Henkel-Nopco) was also evaluated; this product is
a Bunte salt acetate polymer produced from a trifunctional

polyol.

EXPERIMENTAL

Materials
Hydroxy-terminated polyethers of average molecular
mass (M,) 2500 and 3500, and Nopcolan SHR-3 (M, 3800,
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functionality 2.2) were supplied by Henkel-Nopco.
Commercial products used were Sandene 8425 and the
pigment dispersion Acramin Blue FFG (BAY). All other
reagents were of analytical grade (BDH Chemicals).

Substrates used were 100% bleached cotton interlock
and 100% scoured wool serge.

Methods

Number average molecular mass (M,) determinations
were carried out by vapour-phase osmometry (Hitachi
Perkin Elmer 115). Functionality of the polymers was
determined by sulphur analysis (ARL 3580-B inductively
coupled plasma (ICP) spectrophotometer). Infra-red
spectra were run on a Perkin Elmer 1740 infra-red Fourier
transform spectrometer (FTIR). Surface analysis of dyed
fibres was carried out by scanning electron microscopy
(Jeol JSM 820).

Colour fastness tests were carried out to British
Standard specifications. Wash fastness 1SO C03 (BS
1006:1990) and rub fastness ISO X12 (BS 1006:1990) were
employed.

Synthesis of BSP1

Tetrafunctional hydroxy terminated polyether (0.1 mol,
250 g, M, 2500) was dissolved in toluene {250 ml).
Chloroacetic acid (0.6 mol, 56.7 g, 50% excess), toluene-p-
sulphonic acid (0.01 mol, 17.2 g) and two drops of tin(u)
octoate were added. The mixture was refluxed with
vigorous stirring until no further water was removed as an
azeotrope with toluene. The mixture was cooled, washed
twice with cold water and neutralised with 10 g/l sodium
carbonate solution. Toluene was removed by vacuum
distillation producing a yield of 276 g, yield 98.4%.

The tetrafunctional chloroester (276 g} was dissolved in
isopropanol (300 ml), and a solution of sedium
thiosulphate pentahydrate (0.6 mol, 148.8 g, 50% excess) in
water (50 ml) was added. The mixture was refluxed for 5 h
until complete dissolution of the product was achieved.
The two-phase product was then cooled and left
overnight. The upper phase was collected and distilled
under vacuum to produce 290 g surface-active BSE yield
93.4%. (M, found 3030, M,, theoretical 3104; sulphur found
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5.9%, sulphur theoretical 8.45%; hence functionality
tound 2.8, functionality theoretical 4.) The lower sulphur
values and the slightly higher M, values could indicate a
small degree of crosslinking through Bunte salt hydrolysis
to thiol followed by oxidation to disulphide.

Synthesis of BSP2

An identical procedure to that used for the preparation of
the BSP1 was carried out except that the M, value of the
tetrafunctional polyol used for capping was 3500, yield
91.0%. (M,, found 4200, M,, theoretical 4010; sulphur found
3.81%, sulphur theoretical 6.1%; hence functionality
found 2.5, functionality theoretical 4.)

Cotton pretreated with Sandene 8425
Cotton interlock fabric pretreated with Sandene 8425 as
shown in Figure 2 was supplied by Courtaulds Research,
England. The cationised fabric was dyed using 4% o.w.f.
Acramin Blue FFG for 15 min at 95°C and liquor ratio 20:1.
Fixation of the pigment was achieved by pad
aftertreatment with x g/l BSP and 20 g/l sodium carbonate
(100% pick-up), followed by drying and baking for 3 min
at 150°C using a Benz stenter. At this stage exhaust
application of the BSP was not attempted, but clearly
further work in this direction is desirable since the anionic
polymer should have adequate substantivity for the
cationised cotton.

20’

70°C

20°C +
Lyocol  Sandene Sodium Rinse Rinse
ES, 8425, carbonate,
0.5g/ 3% o.w.f. 104

Figure 2 Pretreatment of cotton interlock fabric with Sandene 8425
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Wool

Three pigment dispersions were prepared. A sample of CI
Pigment Blue 12 powder (5 g) containing no surfactant
was milled separately with the two synthesised BSPs and
the commercially produced Nopcolan SHR-3 (25 g) in 40
ml water. The pigment was milled for 24 h in a 250 ml ball
mill.

Wool serge was pad dyed using the prepared pigment
dispersions using pad baths containing CI Pigment Blue
12 dispersion (15 g/), Solvitose Supra (8 g/) and sodium
sulphite (20 g/1). The polymers were cured by batching for
24 h at room temperature [1].

The area shrinkage of the dyed wool samples was
measured by subjecting them to a wash cycle using a
wash wheel set to 60 cycles per second using soap flakes
(5 g/l) and sodium carbonate (2 g/l) for 60 min at 80°C and
liquor ratio 10:1. A 5 cm? area of each sample was marked
prior to washing, and this was remeasured after the
treatment. Although this was a non-standard test, the
results did distinguish reproducibly between the effects
imparted by the various polymers and samples not treated
with the BSPs.

RESULTS AND DISCUSSION

BSP synthesis
The capping of hydroxy-terminated polyethers (polyols)
with S-thiosulphato functional groups is principally a
two-stage reaction involving esterification with
chloroacetic acid followed by conversion to the required
Bunte salt using sodium thiosulphate. The formation of
the ester and the resultant Bunte salt was followed by
infra-red analysis using an FTIR spectrometer. Essentially
the same IR data were recorded for BSP1 (M,, 3000) and
BSP2 (M, 4200).

Figure 3 shows an FTIR spectrum taken of the starting
polyether (polyol) used in the preparation of BSP1. Figure
4 shows an FTIR spectrum of the polyether after
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Figure 3 FTIR spectrum of the starting polyether (polycl) used in the
preparation of BSP1 (M, 3000)

108 JSDC Vorume 109 MarcH 1993

esterification with chloroacetic acid. The presence of an
intense carbonyl peak at 1757 em™! and a peak at 737 cm™!
pertaining to the C—Cl band, together with the complete
loss of the hydroxy peak at 3469 cm™! after reaction,
indicates successful conversion to the chloroacetate ester
{Scheme 2).

Figure 5 shows an FTIR spectrum of the resultant BSP1
after reacting the ester-capped polyether with sodium
thiosulphate. The peaks at 1028 and 1254 cm™! are
characteristic of the S-thiosulphato functional groups.
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Figure 4 FTIR spectrum of the polyether used in the preparation of
BSP1 after esterification with chloroacetic acid
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Figure 5 FTIR spectrum of the resultant BSP1




Both the chloroacetate ester and Bunte salt acetate ester
are susceptible to hydrolysis in aqueous media [7], and the
hydroxy peak at 3469 cm! suggests partial ester hydro-
lysis has occurred during reaction with the thiosulphate
anion (Scheme 3).

---OCOCH.CI ---QOH

---QCOCHC! aq. NapS;03 ---QCOCH,8S80;5~

---QCOCH,CI 100 C ---OCOCH,8S804~

---QCOCHCI ---OCOCH,5505~
Scheme 3

This is supported by determinations of the amount of
sulphur present in the resultant BSP1 and BSP2. The
active functionality of each polymer was found to be 2.8
and 2.5 respectively (the theoretical value being 4 in each
case). The functionality of the commercially produced
Nopcolan SHR-3 is 2.2 (theoretical value 3). Hence this
method of capping polyethers with Bunte salt acetate
groups, which is exploited commercially, is unlikely to
yield BSPs of theoretical functionality.

Visual examination reveals that the OH/CH peak ratio
in Figure 5 is greater than that of the original polyol
(Figure 3); this may be explained by the hydration of the
5505 ions in the Bunte salt polymer.

Cationised cotton

Pigments dispersed in anionic surfactants are currently
being applied industrially to fibre pretreated with
Sandene using a long-liquor exhaustion procedure.
Substantivity is, presumably, electrostatic in origin, but the
resultant pigment dyeing requires a binder to improve
resistance to rubbing.

In order to ascertain the binding properties of Bunte
salt polyethers each BSI” was applied as an aftertreatment
to the pre-pigment dispersion-dyed substrate. The dyed
fabric was padded to 100% pick-up in an alkaline solution
{20 g/l sodium carbonate) containing x g/l BSE, and cured
for 3 min at 150°C using a Benz stenter. Table 1 shows the
effect of concentration of BSP1 on the fastness to rubbing
and washing of the dyed fabric, together with an

Table 1 Fastness properties and fibre handle of the pre-pigment
dispersion dyed cotton fibre after application of various concentrations
of BSP1 (M, 3000)

Wash fastness (ISOC C03)

BSP1 Rub Changeof  Stainon Fibre
conen (g/l) fastness (dry) shade on cotton handle
o] 1-2 2 4-5 Unchanged
10 2 4 4-5 Unchanged
40 2-3 4 5 Good
100 3 4 5 Poor
200 3 4 5 Very poor

indication of the effect the polymer has on fibre handle.
The optimum Bunte salt concentration was considered to
be 40 g/ since at this level high fastness was achieved
whilst imparting little change in the fibre handle.

Table 2 compares the fastness properties obtained when
using the three Bunte salt polyethers in the above manner.
Differences in chain length and functionality appear to
have little bearing on the performance of the polymers.
This is somewhat surprising considering the degree of
crosslinking that is likely to occur. Gel point theory has
been used to provide information on the degree of
crosslinking of polymers [8]. The degree of crosslinking, B
is related to functionality, f, via Eqn 1:

p-—1_ 1

(f-1)"2 )
The theoretical maximum degree of crosslinking of BSP1,
with f = 2.8, is 74%; for BSP2, with f = 2.5, the degree of
crosslinking was calculated to be 82%; for Nopcolan SHR-
3, with f = 2.2, the value of P is 91%. Hence gel theory
indicates that Nopcolan SHR-3 is highly crosslinking and
as a result its performance as a pigment binder might be
expected to be better than that of the two BSPs. Clearly
this was not the case. However, no allowance is made in
Eqn 1 for chain lengths, and it appears that this equation
may not be applicable in the present case.

Table 2 Fastness properties and fibre handle of pre-pigment
dispersion dyed cotton after application of various BSPs

Wash fastness (ISO C03}

Rub
BSP fastness Changeot  Stainon Fibre
(40 g/i) (dry) shade on cotton handle
BSP1 2-3 4 5 Good
BSP2 2-3 4 5 Good
Nopcolan SHR-3 2 34 5 Good

SEM studies (Figure 6 shows BSP’l as an example)
demonstrate that the poor rub fastness can be attributed to
an uneven distribution of polymer across the fibre surface.
It is likely that migration of the polymer occurs during
curing. If this problem could be curtailed, perhaps by an
alternative curing method, then it is conceivable that these
binders would exhibit good pigment binding properties
on cotton.

Wool

The potential for using Bunte salt polyethers as pigment
binders for wool is excellent as the thiosulphato terminal
groups react readily with thiol residues present in the
wool to form mixed disulphide bonds (Scheme 4). The
asymmetrical mixed disulphide subsequently rearranges
to give the symmetrical crosslinked polymer and wool
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Figure 6 SEM photographs of pre-pigment dispersion dyed cotton (a) without binder, (b) and (c) after application of BSP1
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Figure 7 Polymer and cystine formed by rearrangement of a
symmetrical mixed disulphide
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cystine (Figure 7). The free thiol content in wool in the
form of cysteine is very low. A higher concentration of
wool cysteine can easily be created by the reaction of
cystine residues with sodium sulphite (Scheme 5). Hence
Bunte salt binders can be applied to wool and cured under
neutral conditions in the presence of sodium sulphite.
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As well as displaying pigment binding properties, the
surface-active nature of BSPs indicates their potential for
use as dispersants and wetting agents. Hence a pure
undispersed pigment, CI Pigment Blue 12, was milled
separately in concentrated aqueous solutions of each of
the three BSPs. The subsequent dispersions displayed
excellent stability with particle sizes comparable with
those of commercial pigment dispersions.

The pigment binder mixtures were applied to scoured
wool serge by padding to 100% pick-up with a thickening
agent (8 g/l Solvitose Supra) and 20 g/l sodium sulphite.
Table 3 shows the fastness results of the dyed fabrics after
batching for 24 h at room temperature. The fastness
properties of the three samples reflect the functionality of
the binders used. BSP1, with the highest functionality, ex-
hibits the highest rub fastness, with no effect on fibre
handle.

Table 3 Fastness properties and handle of wool serge after pad—
batching with C| Pigment 12 pre-dispersed with various BSPs

Rub Change of Fibre
Binder fastness {dry} shade (ISO C03) handle
BSP1 34 34 Unchanged
BSP2 3 4 Unchanged
Nopcolan SHR-3 2 3 Good

Clearly, it appears that Bunte salt polyethers have
potential for use as pigment binders, dispersants and
wetting agents. In addition, it is widely known that the
Bunte salt terminated polyether Nopcolan SHR-3 imparts
shrink resistance to wool fabrics by the formation of
interfibre bonds [1]. It seems reasonable to infer that the
pigment binding treatments investigated in this work
should also impart fabric machine washability.
Consequently the three paddings discussed above were
given a severe alkaline wash (5 g/l soap flakes and 2 g/l
sodium carbonate) for 60 min at 80°C using a wash wheel.
The percentage area shrinkage was calculated and
compared with that of untreated wool given an identical
wash treatment; Table 4 shows the results. A significant



Table 4 Etfect of BSPs on shrinkage of
wool serge after alkaline washing

Area
Binder shrinkage (%)
Untreated 20
BSP1 0
BSP2 0
Nopcolan SHR-3 0

degree of shrink resistance was thus incorporated into the
dyed samples.

CONCLUSIONS

Poly-S-thiosulphato (Bunte salt acetate) terminated
polyethers have potential for use as pigment binders for
cationised cotton predyed with pigment dispersions. No
adverse effect on fibre handle was observed and good
wash fastness was achieved. However, rub fastness was
identified as the major problem, probably caused by
migration of the Bunte salt polymers during curing.

When applied to wool, Bunte salt polyethers showed
excellent potential not only for use as pigment binders, but
also as wetting agents, dispersants and shrink-resist
agents. In particular, BSP1 of molecular mass 3000 and

active functionality 2.8 gave the best all-round fastness
results, and demonstrated the potential for an all-in-one
cold-pad-batch process. With increasing environmental
pressures the prospects for such a fast, economical and
almost effluent-free system are excellent. The possibility of
applying, from long liquors, pigments dispersed in
anionic Bunte salt polyether surfactants to cationised
substrates and then heat curing is being considered. The
advantages of such a system include the obviation of the
need for a binder padding process and elimination of the
conventional anionic dispersing agent.

* * *
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