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The role of sulphamic acid in the afterchrome dyeing of wool has been investigated. It was found
that chromium residues in the dyebath effluent were significantly reduced when the commonly used
formic acid was either partly or wholly replaced with sulphamic acid. The wash fastness properties
of the wool fabric dyed in the presence of sulphamic acid were the same as those of wool fabric dyed
by the conventional afterchrome process. There was no significant difference in the wool damage
caused during the sulphamic acid-assisted dyeing process and the conventional formic acid dyeing

process.

INTRODUCTION

Afterchrome dyes make up about 30% of the world wool
dyestuff market. The main reason thatchrome dyes are so
widely used is that they are economically attractive, have
outstanding wet fastness properties and provide full
shades. On the other hand, they also have some dis-
advantages, the main one being the chromium-contain-
ing dyebath effluent that can give rise to environmental
pollution. More and more governments and local water
authorities have stipulated strict limits for discharges
from chrome dyeing processes. An ideal goal for total
chromium remaining in the dyebath would be 1 mg/l.
Research workers have attempted to solve this prob-
lem in a variety of ways. Benisek has reported that lactic
acid is effective in reducing the chromium content in
afterchrome dyebath effluents [1,2]. The lactic acid is
added to the dyebath about 20 min after dichromate

addition. Welham has reported that the new product
Lyocol CR (S) can reduce any residual Cr{v1) to Cr(i) and
form a complex with Cr(m) ions [3]. The complex is then
absorbed by the wool. There are many other methods
being employed for this purpose [4-6].

Since the chroming of woo! is generally carried out by
aftertreating the chelateable dye with dichromate, a pre-
requisite to achieve both low chromium residues and
efficient chroming is to determine the optimum pH con-
ditions under which the divalent dichromate anion ex-
hausts onto the wool.

Maximum exhaustion of the dichromate anion occurs
below pH 3.5 since, at low pH, the dichromate anion has
a high affinity for the protonated amino groups of wool.
The reduction of Cr(vi) to Cr(i) occurs fairly rapidly
within the fibre and is accompanied by the oxidation of
the cystine disulphide residues. Under strong acid con-
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ditions the cationic Cr(m) species will be repelled by the
protonated amino groups and, if the pH is too low,
significant desorption of Cr(in) cations will occur.

Based upon the above discussion, the authors have
devised a new low chrome dyeing concept. If the pH of
the dyebath is controlled at a pH below 3.5 before the
dichromate is added and then set higher than 3.5 after
most of the reduction of the dichromate has taken place,
then the optimum result for both Cr(vi) and Cr(m) in the
effluent should be achieved.

Sulphamicacid would seem to be an ideal agent for this
purpose. Sulphamic acid has been reported to hydrolise
at the boil according to Scheme 1 [7,8]. It has also been
reported that sulphamic acid can react with the primary
amino groups and hydroxyl groups of wool (Schemes 2
and 3) [9]. All these reactions would lead to an increase in
dyebath pH.

HoN-SOzH  + H.O T NH4+*HSO4~

Scheme 1

HoN-80aH + RNHp  ----a= R-NH-SOsH + NHs
Scheme 2

HeN-SOsH + R-OH  ----= R-OH-SO;H + NH4
Scheme 3
EXPERIMENTAL
Materials

The wool fabric used was a 2/2 twill of 266 g/m?, supplied
by John Vicars Fabrics, Sydney.

Unless otherwise stated, all concentrations of chemi-
cals and dyes are expressed on the weight of wool. The
chrome dyestuff samples used in this work were supplied
by Sandoz Australia Ltd. All chemicals used were of
laboratory grade.

Treatments

Dyeing at a liquor ratio of 40:1 was carried out as follows.
Pre-scoured fabric was first wet out with 5 g/l Lissapol N
(ICT) for 10 min at 40°C and then rinsed. The pre-wetted
fabric (5 g) was then run in either 1% formic acid or 2%
sulphamicacid for 5 min at40°C, after which time the pre-
dissolved dye was added. The temperature was then rais-
ed to 97°C over 30 min and held for 60 min. The dyebath
was then cooled to 70°C and a known quantity of either
formicacid orsulphamicacid added. The required amount
of dichromate was added 2 min after the acid addition.
The dyebath was then raised to 97°C over 10 min and held
at this temperature for 60 min. The dyed fabric was then
thoroughly rinsed. All dyeings were carried out in a
Goodbrand Jeffries laboratory dyeing machine.

Determination of residual chromium [2)

The determination of residual chromium was carried out
as soon as possible after the dyeing had been completed.
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The residual Cr(vi) was determined as follows. A 100 ml
sample of cold dyebathliquor was placed inan Erlenmeyer
flask; 4 g potassium iodide, 2 g sodium hydrogen carbon-
ate and 6 ml hydrochloric acid (37%) were added. The
lightly stoppered flask was placed in the dark for 5 min
and the solution was then titrated against 0.01 mol/l
sodium thiosulphate with an addition of 1 g thiodene
towards the end of the titration.

The total chromium content was determined as fol-
lows. One ml titrated solution from the Cr(vi) analysis
(above) was diluted to 10 ml and the total chromium
content was measured using an atomic absorption
spectrophotometric method on a Varian Tecktron model
AA-4, The Cr(m) content was calculated as the difference
between total chromium and the Cr{vi) content deter-
mined above.

Wool damage test
The alkali solubility of the wool was determined by the
methods described in AS 2001.3.3 [10].

Colour fastness test

The washing fastnesses of the dyed wool fabrics were
determined by the methods described in AS 2001.4.15 test
C[11].

RESULTS AND DISCUSSION

pH changes

The changes in pH of a sulphamic acid solution (initially
set to pH 2.6) as a function of time, in the presence of
undyed wool, were examined at 97°C and the results are
given in Figure 1. The changes in pH of formic acid
solution (also set to pH 2.6) were also examined for
comparative purposes.

QO Sulphamic acid
O Formic acid

Time, min

Figure 1 Changes of pH in sulphamic acid and formic acid solutions
in the presence of waol; initial pH 2.6, temperature 97°C, liguor ratio
40:1

The results given in Figure 1 show that the pH of the
sulphamic acid solution increases significantly with time
whereas the pH of the formic acid solution remains
relatively constant. Wool absorbs hydrogen ions which,
in turn, convert carboxylate anions to carboxylic acid
groups. Hydrogenion absorption would explain the slight
increase in pH of the formic acid solution. The significant
change in pH of the sulphamic acid solution may be due
to the reactions described in Schemes 1-3. It is also possi-
ble that the sulphamate anions are strongly attracted to
the protonated amino groups of wool, thereby facilitating
greater hydrogen ion adsorption.



Effect of sulphamic acid

In the first set of experiments formic acid, which is widely
used in afterchrome dyeing recipes, was completely re-
placed with sulphamic acid in the conventional after-
chrome dyeing procedure. Both the pH and chromium
levels in the afterchroming dyebath were monitored for
5% dyeings with CI Mordant Brown 33 and Black 11. The
results for CI Mordant Brown 33 are given in Figure 2.
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Figure 2 Changes in chromium content and pH value for 5% dyeings
with Cl Mordant Brown 33

The upper half of Figure 2 details the temperature/time
profile for the dyeing, together with the amount and
timing of the additions. The dyebath pH and chromium
levels were monitored from position 3, the time at which
the additional 2% sulphamic acid was added. The pH of
the dyebath dropped to about 2.5 after the addition of the
sulphamic acid and then increased to about 3.6 over the
following 60 min. Chromium levels dropped rapidly over
the 60 min period, with total chromium reduced to about
19 mg/l. The majority of the residual chromium existed as
Cr(v).

Comparisons between formic and sulphamic acids

The formic acid employed in the afterchrome dyeing
recipe was progressively replaced with sulphamic acid
and the results are given in Tables 1 and 2. It can be seen
that either the Cr(vi) or Cr(i) residues in the dyebath
effluent were significantly reduced when the formic acid
was either partially or wholly replaced with sulphamic
acid. In all cases examined the total chromium remaining

Table 1 Effect of sulphamic acid on chromium residues for 5%
dyeings with Cl Mordant Brown 33

Details Method A Method B Method C
Formic acid (%) 16al 4 2@ 1(a)

Sutphamic acid (%) 41b) 20 2
Potassium dichromate (%) 2.0 2.0 2.0

pH (initial) 3.15 2.60 2.50

pH {final) 3.75 3.45 3.80
Cr(vi) (mg/l) 24.90 12.90 12.35
Cr(uy (mg/l) 13.28 15.53 6.47
Total Cr (mg/l) 38.18 27.72 18.82

(a) Added at the beginning ot dyeing
(b) Added 2 min before dichromate addition

Table 2 Effect of sulphamic acid on chromium residues for 5%
dyeings with Cl Mordant Black 11

Details Method A Method B Method C

Formic acid (%) 1{a) 4 2l {{a

Sulphamic acid (%) 3tb) 2 4 2
Potassium dichromate (%) 2.5 2.5 2.5

pH (initial) 3.10 2.60 2.40

pH (final) 3.50 3.40 3.55
Cr(v1) {(ma/) 17.87 12.15 9.32
Cr(in) (mg/1) 2.58 1.43 1.87
Total Cr (mg/f) 20.37 13.15 11.19

{a) Added at the beginning of dyeing
(b) Added 2 min betore dichromate addition

in the dyebath was reduced by more than half.

It is interesting to note that, whilst the initial pH values
were quite different, the final pH values of the three
dyebath solutions (methods A, Band C in Tables 1and 2)
were similar. It would seem that the acid demand for the
reduction of the dichromate anion was the principal
cause for the increase in pH in method A (Scheme 4). The
much greater increase in pH observed in methods B and
C could be due to a combination of all four reactions
described in Schemes 1-4 and to the stronger adsorption
of sulphamate anions on the protonated amino groups of
wool, as discussed above.

Cr02 + 14H* + Be --=—-> 20 + 7HO

Scheme 4

A further five mordant dyes were then examined. In
some cases it was found that the sulphamate anions
competed with the anions of the chrome dyes for the
‘dyeing sites’ on wool fibre. For example, the exhaustion
of C1 Mordant Violet 1 on wool was slightly reduced
when the sulphamic acid was added at the beginning of
the dyeing process. Hence it was decided that, in all
future dyeings, all the sulphamic acid would be added in
a single dose at the beginning of the afterchroming step
(i.e. method B). The results for the other five mordant
dyestuffs are given in Table 3.
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Table 3 Effect of sulphamic acid on chromium residues

Omega Chrome Blue BR Cl Mordant Violet 1 Cl Mordant Red 7

Cl Mordant Black 1 Cl Mordant Orange 8

Details Method A Method B

Method A Method B Method A Method B Method A Method B Method A Method B

Formic acid (%) 16a) 4 2@ 4@ 1@ 4 2@ 1@ 1@ 4 2@ qfa) 1@) 4 2@ 1@ 18 4 2@  q@)
Sulphamic acid (%) 3 4} 3 4() 3t
Potassium dichromate (%) 1.5 1.5 1.5 1.5 2.0 2.0 1.5 1.5 2.0 2.0
pH (initial} 3.20 2.50 3.30 2.60 3.35 2.585 3.40 2.50 3.40 2.50
pH (final) 3.33 3.06 3.60 3.35 3.84 3.46 3.79 3.40 3.70 3.00
Cr{v1) (mg/1) 29.41 20.87 19.11 15.24 13.08 8.46 19.87 15.85 15.71 6.21
Cr(in) (mg/l) 0.93 0.13 1.23 0.04 9.00 9.85 0.47 0.76 4.03 9.69
Total Cr (mg/l) 20.34 21.00 20.34  15.28 22.08  18.31 2034  16.61 19.20  15.90
(a) Added at the beginring of dyeing
(b) Added 2 min before dichromate addition

The data for the five dyes given in Table 3 clearly show ~ Wool damage

the individual behaviour of the dyes with respect to
residual chromium in the dyebath. For Omega Chrome
Blue BR (5), CI Mordant Violet 1 and Black 1 the majority
of the residual chromium was present as Cr(vi), whereas
for CIMordant Red 7and Orange 8it was roughly equally
distributed between Cr(vi) and Cr(m). In all cases exam-
ined, the total chromium remaining in the dyebath was
reduced. Dyeing method C (Tables 1 and 2), however,
gave far better overall results with respect to residual
chromium.

In the final set of experiments, the pH values of CI
Mordant Black 11 dyebaths were set at 2.20 and 2.40 with
both formic acid and sulphamic acid 2 min before the
dichromate addition. The final pH values and the resid-
ual chromium levels were measured. The results given in
Table 4 indicate that, for the same pH conditions, the
residual Cr(n) and total residual chromium in the dyebath
in which sulphamic acid was used was much lower than
that in the dyebath in which formic acid was used. The
residual Cr(vi) levels in the sulphamic acid recipe were
slightly higher than those remaining in the formic acid
recipe. Obviously, therefore, for the same pH conditions,
sulphamic acid acted in a unique manner and signifi-
cantly reduced chromium levels in the spent dyebath.

Table 4 Residual chromium levels for different initial pH values
using 3% Cl Mordant Black 11

Conventional method  Sulphamic acid method

Details pH220 pH2.40 pH2.20 pH2.40
Potassium

dichromate (%) 1.5 1.5 1.5 1.5

pH {initial) 2.20 2.40 2.20 2.40

pH (final) 2.7 2.68 2.80 3.10
Cr{vi) (mg/) 0.08 0.16 1.11 1.18
Cr{n) (mg/l) 44.92 27.04 10.79 5.72
Total Cr (mg/l)  45.00 27.20 11.80 6.90
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The alkali solubilities of the pre-scoured wool and of the
wool samples dyed by either method were 14.0%. Thus
there was nosignificant difference between the sulphamic
acid afterchrome dyeing procedure and the conventional
acetic acid method.

Wash fastness

The colour fastness to washing of wool samples dyed by
both methods were identical, i.e. change in colour 5 and
staining of adjacent fabrics 4-5.

CONCLUSIONS

The pH values of afterchrome dyebaths can be gradually
and significantly increased in the chroming stage by the
addition of sulphamicacid. The significance of this change
in pH is that the Cr(v) and Cr(m) residues in the dyebath
effluent can be reduced either separately or simultaneous-
ly.Inall cases, the total chromium residues can be reduced.

Thereis nosignificant difference in the damage caused
to the wool by the sulphamic acid process compared with
that obtained in the conventional afterchrome dyeing
process. The colour fastnesses to washing of the dyed
fabrics using the sulphamic acid technique were the same
as for the conventional technique.

Whilst the sulphamic method described in this paper
does not achieve the goal of 1 mg/l residual chromium in
the dyebath, sulphamic acid, in combination with other
techniques, may offer a long-term solution to the chrom-
ium effluent problem.
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