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printing. Since 1971, following the amalgamation of the technical
service and development departments of Casseila with those of
Hoechst, he has been particularly responsible for the development

of dyes for cellulosic fibres and cellulosic fibre—polyester fibre blends.

Sulphur dyes are the preferred dyes for dyeing corduroy,
work wear and polyester—celiulosic fibre blend fabrics. The
most important process variables are described briefly. Ef-
fluent problems arise when using sulphides as reducing agents
and when oxidizing with dichromate. Instead of sulphide it
is possible to use sodium hydrosulphite (sodium di thionite},
mercaptoethanol, or glucose. On the other hand, sulphides
can be eliminated very easily from the effluent by aeration
or precipitation. Dichromate can be replaced by several
products. The continuous determination of hydrogen perox-
ide, and the possibility of combining oxidizing and alkyla-
tion treatments are considered.

INTRODUCTION

Some considerable time has passed since the centenary of the
discovery of the first sulphur dye [1]. It is hardly surprising
that a class of dye that has been in existence for so long
is sometimes regarded as outdated. Yet even today the
sulphur dyes are still widely used in the textile industry
World consumption of dyes is put at 110-120000 tons
per year, with the sulphur dyes being the largest class in
terms of quantity produced. To get the matter in perspec-
tive, however, it is only fair to add that from the point of
view of their value the picture is rather different. In recent
years environmental considerations have brought sulphur
dyes into disrepute. This paper gives a brief review of the
present situation regarding the appiication of these dyes
and outlines possible ways of dealing with the effluent
problem.
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USES OF SULPHUR DYES TODAY

Sulphur dyes are primarily used for dull colours in medium
and full depths. With them, olive, brown, khaki and, in
particular, navy and black dyeings can be produced more
cheaply than with any other type of dye. However, sulphur
dyes are preferred not only for economic reasons. In many
cases they are selected in preference to other classes of
dye because of the simple method of application.

The sulphur dyes are intended mainly for use on woven
fabrics, three types of goods being particularly worthy of
mention. The first is corduroy for which sulphur dyes are
used wherever possible [21. The sulphur dyes’ share of this
market is of course somewhat dependent on fashion but, on
average, it is probably around 70%. Sulphur dyes owe their
popularity for dyeing corduroy partly because of their price,
and partly because the one-bath pad—steam process is the
preferred methed for dyeing this heavy bulky material.
Another important application is for blue on twill for work
wear. Although other colours are gaining more and more
of a foothold in this sector, blue is still quite important,
This material is dyed mainly with sulphur vat dyes of the
Hydron Blue and Indocarbon type. The third important
application of sulphur dyes is on polyester—cellulosic fibre
blend fabrics. The cellulosic portion of these blends can, of
course, also be dyed with other classes of dye, but although
the situation varies from market to market, sulphur dyes
are still very widely used. In this case also price is not the
only reason. The combination of the pad—bake {thermosal)
and the one-bath pad—steam methods, using disperse and
sulphur dyes, gives outstanding results with respect to the
appearance of the material, which otherwise can only be
obtained by using the thermoso!—pad—batch process with
disperse and reactive dyes [3].

The dyeing of yarn with sulphur dyes is not as important
as the dyeing of woven fabrics. Only navies and blacks are
of interest. In this connection denims should be mentioned,
which are woven from yarn dyed with Hydron Blues in
beam-dyeing machines, or continuously in sizing machines
(41.

Suiphur blacks and the Hydron Blues are the most import-
ant members of this class of dye for dyeing knitwear; the
vast majority of black dyeings on cotton knitwear are
produced using the relatively cheap sulphur black.

Types of Sulphur Dye

Various types of sulphur dye are available. 1t is important
first to distinguish between the sulphur dyes and the sulphur
vat dyes (C.I. Vat Blues 42 and 43}. Sulphur dyes, in the
narrower sense of the term, are available in water-insoluble
form (C.1. Sulphur dyes), as ready-to-use liquids. (C.l. Leuco
Sulphur dyes), and as watersoluble ““Bunte salts” (C.I.
Solubilised Sulphur dyes).

The water-insoluble dyes are the oldest sulphur dyes.
They must first be dissolved by boiling them up with a reduc-
ing agent in an atkaline medium. This is generally carried out
using sodium sulphide, or sodium hydrogen sulphide and
soda ash, and is an inconvenient pracedure, especially when
large quantities of dye are involved. Furthermore, in con-
tinuous dyeing the resulting liquor has to be cooled 1o room
temperature before padding.




With the pre-reduced, ready-to-use liquid C.l. Leuco
Sulphur dyes the dyer is relieved of this task since sodium
sulphide has already been used to dissolve the dyes. Com-
pared with C.l. Sulphur dyes, the content of actual dye
ranges from 25 to 50%. Both types have the same fields
of application, because once in the dyebath the two types
behave in the same way.

With thiosulphate derivatives {*’Bunte salts’) the situation
is quite different. These water-soluble dyes have only very
limited substantivity for cellulosic fibres in the absence
of a reducing agent. They enable application methods to be
used that are out of the question with the C.l. Sulphur and
C.l. Leuco Sulphur dyes. Because of their low affinity,
impregnation of fabric can be carried out at the boil in the
jigimpregnation process, thus ensuring good penetration. It
is also possibie to dye them by the two-bath pad—steam
method, with an intermediate drying stage such as is often
necessary for mercerized cotton materials. Furthermore,
these dyes also permit the use of reducing agents other than
sulphides; these are discussed in more detail later.

In Europe at the present time the ready-to-use liquid
types clearly predominate for continuous dyeing. The
water-insoluble types are employed chiefly where dyes have
had to be transported over long distances. Solubilized
sulphur dyes are very widely used, especially by small and
medium-sized companies, and on special ity goods.

Sulphur vat dyes are also available in various forms. The
powder grades correspond to the C.I. Sulphur dyes and the
simple vat powders. Before dyeing they must be vatted,
a process generally carried out using sodium hydrosuiphite
(sodium dithionite) in an afkaline medium. The *for sol”
grades are powders in which the dye has been converted into
a partialty-reduced form. They are easy to dissolve in the

TABLE 1

Dye Selection According to Colour Reguired
C.l1. Leuco Sulphur Dyes C.1. Solubilised Sulphur Dyes

Medium brown

Brown 51 Brown 51
Brown 16 Brown 16
Brown 52 Brown 52
Red 10 Brown 93
Green 19 Green 19
Dark brown

Brown 96 Brown 15
Brown 62 Brown 46
Brown 46 Brown 52
Red 10 Brown 93
Black 1 Black 1
Olive green

Green 37 Green 9
Green 9 Green 2
Green 2 Brown 46
Brown 46 Brown 52
Brown 52 Brown 51
Brown 51

Dark olive green

Yellow 19 Yellow 19
Black 1 Black 1
Navy

Blue 19 Blue 7
Blue 7 Brown 93
Red 7 Green 9
Green 9 Black 1
Black 1

dyebath, The Stabilisol liquid dyes are fine dispersions, com-
parable with the Colloisol liquid brands in the Indanthren
range of vat dyes. They are intended for continuous dyeing.
Some products in this range are also available as Stabilisal
powders.

DYE SELECTION
A few suggestions for obtaining certain cotours using feuco
and solubilized sulphur dyes are given in Table 1,

Dyeing Methods

The main dyeing methods are outlined briefly below. No
claim to completeness is made. As regards reducing and
oxidizing agents, only those that have proved successful
are given. Possible alternatives are discussed later.

ONE-BATH PAD-STEAM METHOD

This is without a doubt the main method used to apply
sulphur and sulphur vat dyes. A clear distinction must be
drawn between the types of sulphur dye aiready referred
to and the vat dyes. The latter are always applied by two-
bath methods; these used to include an intermediate drying
stage. Nowadays they are also applied by modified wet-steamn
methods developed by BASF [5]. In the past, only sodium
hydrogen sulphide and sodium sulphide were used as reducing
agents for sulphur dyes; with the C.l. Leuco Sulphur dyes
the reducing agent is already incorporated. The composition
of the pad liquors is as follows

C.1. Leuco Sulphur dyes
Dye

Sulphydrate F150 5mi/|
Stabilisal S Liquid 5mi/|
Leonil KS 2—3g/l

C.I. Solubilised Sulphur Dyes

Dye

Soda ash xg/l*
Sulphydrate F150 yg/t*
Stabilisal S liquid Bmi/l
Leonil KS 2-3g/t

*the concentration depends
on the amount of dye used

Sulphydrate F150 is a solution of sodium tiydrogen
sulphide; Stabilisal S liquid is a solution of polysulphides
and is added toc ensure good conditions in the dyebath.
Leonil KS has proved an outstanding wetting agent for use
in this praocess.

Sodium hydrosulphite and caustic soda are used to reduce
sulphur vat dyes. In this case Stabilisal S liguid is omitted.

There are several - conditions which must be fulfilled
when using the one-bath pad—steam method. The tem-
perature of the pad liquor should be below 25°C in order
to reduce the substantivity of the dye, and, it should be kept
constant. In order to avoid ‘tailing’, at the start the pad
liquor should be diluted by 10—20%. in addition the level
of the liquor in the pad trough should be controlled auto-
matically.

The steamer must meet the usual requirements regarding
the exclusion of air and aveidance of droplets of water. To
prevent overheating it is advisable to use a steamer with
sump heating. At ieast 30 seconds must be allowed for fixa-
tion; the usual steaming time is 30—60 seconds. Particuiar
care must be taken with the water seal. The water flow must
passage between the steamer and the open-width washer
temperature should be constant and below 25°C. The air
passage between the steamer and the open-width water
should be as short as possible to prevent premature oxidation
of surface leuco-dye, which would adversely affect the
appearance of the goods.

Open-width washers used for the aftertreatment of
sulphur and vat dyes differ considerably in design. Whereas
with vat dyes oxidation should take place as early as possibfe
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10 ensure the subsequent soaping treatment is adeguate,
with sulphur dyes it is the other way round; in this case the
most important requirement is thorough rinsing prior to
oxidation. Up to four rinsing compartments may be required,
depending on the depth of the dyeing and the weight of the
material. If rinsing is inadequate rubbing fastness will be
impaired — a fault that cannot be corrected later. After
oxidation, the goods are merely rinsed, first in warm water
and then in cold. Only polyester flbre—celluI05|c fibre blend
fabrics have to be given a final rinse at about 70 °C to remove
any traces of disperse dye and its breakdown products. The
classical oxidizing medium for use in continuous dyeing is a
solution of dichromate and acetic acid, which gives good
fastness and is relatively unaffected by fluctuations in
conditions. Environmental considerations will preclude use
of dichromates in the future. Alternative compounds will be
discussed later.

TWO-BATH PAD—-STEAM METHOD

In certain cases one-bath pad—steam dyeing methods do not
give results of a satisfactory standard. For example, various
types of mercerized cotton cloth appear skittery when dyed
in this way. For such fabrics the two-bath pad--steam
method with an intermediate drying stage must be em-
ployed. This makes it necessary to use dyes which have
tittle or no substantivity for cellulasic fibres, such as the
Stabilisol liquid and “for sol” brands of sulphur vat dyes,
and the solubilized sulphur dyes. The concentrations of alkali
and reducing agent required, as well as the stearming condi-
tions, are as for the one-bath pad—steam dyeing method. If
necessary, a little dye pad liguor must be added to the
chemical pad.

DYEING ON THE JIG

At the present time, jig dyeing is far less widely used in large
European dyehouses than continuous pad—steam dyeing.
However, even here Jig dyeing is sometimes essential, e.g.
for sample batches and for correcting faulty dyeings. 't
still plays a vital role in small and mediumsized dyehouses,
even though the introduction of small pad—steam dyeing
ranges has changed the situation somewhat [6,7]. Inciden-
tally, the jig is still the most widely-used machine, world-
wide, for dyeing cloth. Dortans [8] claims, admittedly
without giving the date of his survey, that about 19% of the
total amount of cloth dyed is, in fact, dyed on the jig.
Basically all types of sulphur dye can be dyed on the jig;
selection depends on the particular situation. The most
versatile dyes are the C.l. Solubilised Sulphur dyes, which
have the added advantage of being easy to use. The pos-
sibility of dyeing at the boil using the jig-impregnation pro-
cess, without the risk of ‘tailing’, has already been men-
tioned. With this method, the fabric is impregnated over two
ends at about 90°C in a solution containing Tmli/1
Humectol C {a wetting agent based on oleic acid}, 5g/l soda
ash and 20g/l salt. The required amounts of Sulphydrate
F150 and 1ml/l Stabilisat S liquid are added with the mach-
ine stiil running, and dyeing is carried out for a further
4—6 ends. Stabilisal S liguid prevents premature oxidation
of reduced dye at the selvedges and marking made by
stitching.

DYEING IN CIRCULATING-LIQUOR MACHINES

As already mentioned, sulphur vat dyes are the most im-
portant group of dyes for dyeing yarn. If colours other than
black and navy are required it is better to use the solubilized
sulphur dyes rather than any other type.

There has been a recent development in dyeing with
Indocarbon dyes. With these, considerable problems can arise
when dyeing yarn, resulting in unlevel and bronzed cheeses.
The levelness problem can be solved quite simply by raising
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the maximum temperature to 120°C; under these conditions
the Indocarbon dyes are very level dyeing. Dyeing is com-
menced at 70—80°C in the presence of sodium sulphide as
the reducing agent, Leonil KS, and Aquamollin BC liquid
(EDTA-type sequestering agent). The bath is then heated
to 120°C and kept at this temperature for 30 minutes,
after which it is cooled to 70°C and dyeing continued for a
further 10 minutes at this temperature. To prevent bronzing,
the bath is not drained off at this stage; instead the goods
are rinsed, with overflow, until the temperature has fallen
to 40°C, and then treated with a solution containing 3%
soda ash and 3% sodium hydrosulphite (o.w.f.), at this
temperature for twenty minutes. The packages are then
rinsed, with overflow, until the liquor runs clear, and oxida-
tion carried out in the usual way (see dyeing cycle shown in
Figure 1).
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Figure 1 — Dyeing cycle for dyeing yarn with Indocarbon
dyes

{1) Dyebath set with 20% Indocarbon for sol {o.w.f.}, 12g/1 sodium
sulphide, 1ml/t Leonil KS, and 1ml/l Agquamollin BC liquid conc.

{2) Rinse

(3) Treat with 3% caustic soda (22°Tw) {ow.f.) and 3% sodium
hydrosulphite (o.w.f.)

(4) Rinse, with overflow, until clear

(5) Oxidize: 1% potassium dichromate {ow f.), 3% acetic acid (60%)
{o.w.f.)

(6} Rinse

DYEING OF KNITWEAR

Sulphur dyes are nearly always used to dye knitwear black.
The difference in price between them and dyes of other
classes is so great that only in exceptional cases does the
dyer resort to using Reactive Black 5 or an azoic black
especially as sulphur black does not cause any dyeing prob-
lems worth speaking of, either on the winch or in jet
machines.

Navies are also often produced with sulphur vat dyes,
using either the ‘for sol’, Stabilosol or Stabilosol liguid
brands of Vat Blue 42 or 43 as a basis, and shading with
solubilized sulphur dyes as necessary. In such cases, Sul-
phydrate F150 and soda ash, in the presence of 3ml/l Stab-
ilisal S liquid, are used for reduction, not hydrosulphite and
caustic soda.

DYEING IN SIZING MACHINES

During the denim boom a few years ago, the ““for sol”,
Stabilosol liquid brands of C.i. Vat Blues 42 and 43, and
solubilized sulphur dyes were often applied in sizing mach-
ines. This was frequently due to the shortage of indigo but
these dyes obviously gained such a foothold that they are




still widely used today. In this method the reduced dye is
applied in the first trough of the sizing machine, after which
the material is dried and then sized in the usual way, using
a mixture of natural starch and, eg. Tylose CR700n
{carboxymethylcellulose). Rinsing and oxidation are carried
out after the yarn has been woven into cloth.

EFFLUENT PROBLEMS ENCOUNTERED WITH
SULPHUR DYES

The two major problems to contend with in conventional
dyeing with sulphur dyes arise from the use of sulphides as
the reducing agent and Cr{V1) compounds as oxidizing agent.

Sulphide-free Reducing Agents for Dyeing with Sulphur Dyes
Only those reducing agents that have proved successful
in the laboratory and have been adopted for large-scale use
are considered.

HYDROSULPHITE

The most satisfactory reducing medium for sulphur vat dyes
has always been considered to be sodium hydrosulphite and
caustic soda, both for continuous dyeing and for exhaust
dyeing. The procedure is well known and need not be des-
cribed in detail here, but it should be mentioned that only
the finely-dispersed dyes, such as the Stabilosol and ‘for sol**
brands are used for pad dyeing.

Sodium hydrosulphite is only of minor importance in the
application of the normal sulphur dyes, which at first seems
surprising. However, there are a number of red-brown, green
and olive dyes which break down in presence of hydrosul-
phite, e.g. C.l. Solubilised Suiphur Brown 15, Red 6, Green 3,
Green 26. On the other hand, there are a few dyes which
give a better yield in the presence of hydrosulphite than
they do with sodium sulphide or sodium hydrogen sulphide.
These are special products such as C.l. Solubilised Sulphur
Red 11, C.l. Sulphur Red 12 and C.I. Sulphur Brown 93.
A range suitable for dyeing with hydrosulphite as the reduc-
ing agent can easily be compiled. In the past, hydrosulphite
was not recommended for dyeing sulphur blacks because of
reduced colour yield and poor reproducibility. However,
there is a reliable exhaustion-dyeing method for applying
C.l1. Solubilised Sulphur Btacks. Provided the dye is only
partially reduced — the colour of the reduced dye must be
olive, not yellow — good results can be obtained on yarn
and on knitted fabric.

However, it is considerably more expensive to use solub-
ilized suiphur dyes and hydrosulphite instead of the ready-to-
use leuco sulphur dyes, which already contain sodium sul-
phide as the reducing agent and are therefore more suitable
for continuous dyeing processes.

Provided the restrictions on choice of dye are observed,
the simple water-insoluble sulphur dyes can be vatted at
about 70°C with sodium hydrosulphite and either caustic
soda or soda ash. Greater care is needed than when reducing
with sulphide at the boil.

GLUCOSE

Glucose has long been known as a reducing agent for sulphur
dyes. Sulphur black and Indocarbon dyes were almost always
reduced with glucose in the onestage printing process. In
exhaust dyeing, however, glucose at first gave unsatisfactory
results, especially in open dyeing machines like jigs and
winches. This was because dye yield was highly dependent
on temperature. Only at constant temperatures above 90°C
were reasonable results obtained.

The need to use a certain minimum temperature is shown
by measuring the redox potentia! of glucose. The curve in
Figure 2 shows a steep rise up to about 60°C and then a
constant value. In contrast, the redox potential of sodium

sulphydrate is largely independent of temperature; sodium
hydrosulphite shows a continuous increase.
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Figure 2 — Redox potential of reducing agents

A considerable improvement is achieved when the dyeing
is carried out under strongly alkaline conditions with the
addition of Stabilisol S liquid. In exhaust dyeing at tem-
peratures above 90°C the results obtained with solubilized
sulphur dyes in the presence of glucose are virtually the
same as those obtained with sodium hydrogen sulphide or
sodium sulphide. The amounts of glucose, caustic soda and
Stabilisal S liquid required are shown in Figure 3and Tabie 2.
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Figure 3 — Amounts of glucose and caustic soda required
when applying Hydrosol dyes by the exhaust process

TABLE 2

Amount of Stabilisal $ liquid required

Dye Stabitisal S liguid (mi/l) required
(% ow.f.) at a liquor:material ratio of:

2.5:1 5:1 10:1 15:1 20:1
24 8 4 2 2 2
57 10 6 3 3 3
9-10 15 7 4 3 3
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Glucose and caustic soda, with Stabilisal S liquid added,
has also proved successful in continuous dyeing. Good
results have been obtained with all solubilized sulphur dyes.
The amounts of reducing agent and alkali required are shown
in Figure 4.
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7.5ml/l
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Figure 4 — Amounts of glucose and caustic soda required
in the one-bath pad—steam process for applying Hydrosol
dyes

In principle, water-insoluble sulphur dyes can also be
applied using glucose, caustic soda and Stabilisal S liquid,
but first they must be dissolved by boiling up. The procedure
then followed is the same as that for solubilized sulphur
dyes.

Other sugars, and related substances like hydroxyacetone,
which contain aldehyde, or keto, and hydroxy groups have
been examined in the laboratory, but none of them were
found to offer any advantage over glucose.

MERCAPTOETHANOL

Of the organic sulphur compounds studied, §-mercapto-
ethanol has aroused particular interest. It is marketed by
BASF under the name Molleskal SF, as a substitute for
sodium sulphide in the leather industry,

Solubilized sulphur dyes can be applied using mercapto-
ethanol and caustic soda, both by exhaust methods and by
the one-bath pad—steam process. The yields are in some
cases slightly poorer than those obtained with sodium
hydrogen sulphide or sodium sulphide, but are generally
acceptable. Only with those dyes which show optimum
results when sodium hydrosulphite and caustic soda are used
as reducing agents {C.l. Solubilised Suiphur Red 11 and
Brown 93) is the yield much worse. The advantage with
Molleskal SF is that there is no sulphide in the effluent,
and absolutely no smell to contend with during dyeing. The
drawback is that the dyeing method is more costly overall.
Many of the water-insoluble sulphur dyes do not dissolve
completely, but leave a residue. Consequently there are
not enough suitable dyes to choose from. Mercaptoethanol
is not a suitable reducing agent for sulphur vat dyes.

REDUCING AGENTS FOR THE FUTURE

It has been mentioned already that there are alternatives
to sodium sulphide and sodium hydrogen sulphide as reduc-
ing agents for sulphur dyes. It has also been demonstrated,
however, that none has as wide a range of uses as the sulph-
ides. Sodium hydrosuiphite, cannot be used with a few
reductionsensitive dyes; alternatives are available for most
of these.

Mercaptoethanol is even more restricted than glucose in
its range of uses. In any case, the ready-to-use liquid sutphur
dyes which give the best results in continuous dyeing could
not be used.
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The question must be asked whether it is really necessary
to avoid using sulphides under all circumstances. We feel
that it is not, because there are some highly effective methods
of removing sulphides from effiuent. Effluent problems
will not be discussed in detail here, but we would merely
point out that sulphides are very easily oxidised to thio-
suiphate by atmospheric oxygen. The large quantities of
sulphur dye present in the effluent catalyse the process,
which has to be carried out in aerated tanks or reactors in
which different effluents can be combined and equalized.
They should be of a suitable capacity to cope with the total
daily effluent. A second method is precipitation, e.g. in the
form of iron sulphide. In practice, conversion is quantitative
and the dyes present are also precipitated. Users of large
amounts of sulphur dyes have been using this method for
years.

The effluent from sulphur dyeing, collected and purified
in this way, is far superior, in terms of chemical oxygen
demand (COD) and the legali requirements for effluent
disposal, to that obtained when using any other class of
dye — vat, reactive, azoic or direct. We are therefore of the
opinion that for companies with continuous dyeing units
sodium sulphide and sodium hydrogen sulphide will remain
the reducing agents of choice in the future, i.e. ready-to-
use liquid dyes will continue to be used. This is all the more
likely, if as a result of the legislation governing waste water,
costly purification plants have to be installed for other
classes of dye to be used.

The situation for smal! companies is of course, different.
Each one has to consider the possibility and merits of invest-
ing in expensive purification plant. Here the sulphide-free
reducing agents already described offer a reasonable solution.
Aithough the costs of the dyeing operation and of the
effluent treatment are generally higher, the statutory require-
ments can be met. It is still considerably cheaper to dye with
sulphur black, using glucose as the reducing agent, than with
any other class of dye.

Oxidation of Sulphur Dyes

DICHROMATE

In the past the preferred oxidizing agent for sulphur dyes
when dyeing woven fabrics was dichromate. There are a
number of reasons for the popularity of this oxidation
method. Chromium (VI} compounds oxidize all reduced
sulphur dyes rapidly and completely. Colour yields and
fastness properties are good, and are taken as the standard.
Finally, this procedure is extremely reliable. In the past,
when reproducibility was not as essential as it is today,
many dyers added the dichromate ‘“with a scoop”, with-
out any serious consequences. Of course, accurate
weighing is preferable, even with this oxidizing agent. It is
worth mentioning that the amounts recommended by some
dyemakers are still much too high in many cases; 1—2g/l
potassium dichromate and 4—6ml/l acetic acid {60%) in the
oxidizing bath, with 0.3—0.6% dichromate and 2—3% acetic
acid {o.w.f) as the feeding addition, at 70—80°C are fully
adequate for complete oxidation. The only disadvantage of
dichromate from the technical application standpoint is that
the fabric becomes somewhat harsher and less hydrophilic,
as a result of small amounts of chromium compounds becom-
ing fixed on the fibre. The effect is particularly marked with
sulphur blacks. This is why dichromate was not widely
used in the dyeing of yarn.

The legislation governing the amount of chromium
compounds allowed in effluents has been tightened to such
an extent that within the foreseeable future it will no longer
be possible to use dichromate, currently very popular with
dyers. Thus all those concerned have been searching for alter-
natives for some years but have been unable to find one




that matches up to dichromate in every respect [9-13].
A critical assessment of a number of oxidizing agents that
have been tested in practice is given below. The many oxidiz-
ing agents that never got beyond the laboratory-trial stage
are not included in this review.

IODATES

The use of sodium or potassium iodate as a substitute for
dichromate originated in the USA. lodates are used under
similar conditions to dichromate, 1—-15 g/l in the oxidizing
bath and 0.3-0.6% (o.w.f.) for the feeding addition. The pH
is adjusted to 4—5 with acetic acid and the temperature of
the bath is 60°C. Under these conditions the dyeings ob-
tained are very similar in colour and fastness to those prod-
uced using dichromate for oxidation. Reproducibility is
also good and the softer handle of the material must be
considered an advantage. The drawback is, of course, the
high cost of these chemicals.

It should be noted that the prescribed apptication condi-
tions must be used and maintained constant. The use of
iodates in conjunction with formic acid instead of acetic
acid will result in severe precipitation of iodine in washers.
This certainly will not help as far as protection of the en-
vironment is concerned. Nevertheless, apart from their cost,
iodates are a reasonable alternative to dichromate.

Oxidizing agents based on bromates are also available
but their oxidizing action is slightly poorer than that
of iodates. We have no experience of bromates as oxidiz-
ing agents under practical conditions.

CHLORITE

There is difference of opinion as to the suitability of sodium
chlorite as an oxidizing agent for suiphur dyes. Eqger et al.
[9] reported that satisfactory results could only be abtained
under acid conditions which would give rise to corrosion
and odour problems, such as are encountered in bleaching.
They therefore did not consider it further. On the other
hand, for many years Hoechst have marketed an oxidizing
agent, Oxidurit SK, a product of Cassella AG, which gives
very good results. Oxidurit SK is recommended solely for
use in alkaline media and is a relatively weak oxidizing agent.
In the presence of 2 g/l soda ash {pH 10), 5—10 g/l Oxidurit
5K is required in the oxidizing bath and 2—3% (o.w f.) for
replenishing, at 90—95°C. At speeds of about 50 m/min,
normally used in continuous dyeing, two oxidation boxes
are needed. Under these conditions, Oxidurit SK gives very
good and, most important of all, reproducible results.
Because it contains dispersing agents, Oxidurit SK also helps
to clean the material and is especially effective in removing
disperse dyes, and their breakdown products, from poly-
ester fibre—cellulosic fibre blend materials. Oxidurit SK
has been used successfully by many for a long time, par-
ticularly on blend fabrics. In our view, though, chlorite is
not suitable as a general substitute for dichromate, because
owing to its relatively slow reaction, conditions in the
washer must be ideal, and this is not always the case.

HYDROGEN PEROXIDE

Hydrogen peroxide is another oxidizing agent which has
been used in sulphur dyeing for a long time, especially in
yarn dyeing, because oxidation with dichromate would lead
to undesirable harshening of the yarn. The oxidizing action
of hydrogen peroxide is strongly dependent on pH. In an
alkaline medium it is very high, so that in some cases the
sulphur dye is oxidized beyond the disulphide stage, which
results in a considerable decrease in the wet fastness of the
dyed material. The rating for staining of adjacent material
in the DIN wash test at 60°C is at least 1 grade lower com-
pared with that obtained when oxidation is carried out with

dichromate. However, the validity of a number of fastness
standards and requirements must be questioned. It is known
that the DIN standards for washing fastness based on tests
in which soap and soda ash are used are no longer up to date.
Today, detergents containing perborate are used for domestic
washing. In this case, differences between dyeings oxidised
with bichromate and those oxidized with peroxide largely
disappear, since any changes due specifically to peroxide
have already taken place during the oxidation stage of the
dyeing process.

Hydrogen peroxide in an alkaline medium is therefore a
useful alternative when dyeing materials on which sulphur
dyes are normally used, e.g. corduroy. However, the oxida-
tion process has to be controlled carefully. The oxidation
bath should contain 2g/t hydrogen peroxide (35%), the pH
value should be 10 and the temperature 40°C. The feeding
liquor should contain 1% hydrogen peroxide {35%) calculated
on the weight of the running fabric. Under these conditions,
passage through one compartment of a continuous open-
width washer is adequate in the pad—steam process.

Automatic electronic metering and control looks promis-
ing for the future. In prolonged trials useful results were
obtained with the control equipment produced by Zellweger-
Uster Polymetron and fitted with annular electrodes cleaned
by rotary action.

Hydrogen peroxide shows much slower oxidation beh-
aviour in acid media than under alkaline conditions. How-
ever, acid peroxide is inadequate only for Sulphur Red 10.
All the other dyes can be oxidized at about 60°C, although
in our opinion the rate of oxidation will not meet the
requirements for continuous operation. Unfortunately,
it cannot be recommended for yarn dyeing, due to the
risk of loss of tensile strength by catalytic degradation.

Occasionally in continuous dyeing oxidation is carried
out in a neutral medium, i.e. first neutralising with acetic
acid and then treating with peroxide, without further addi-
tions, in the second compartment of an open-width washer.
Accurate pH control is essential because the oxidizing
action depends to a great extent on pH.

Various experiments have been carried out to see if it is
feasible to increase the oxidizing effect of hydrogen peroxide
in an acid medium by adding metal catalysts. So far, the
results obtained with iron and copper salts have not been
completely satisfactory; addition of vanadate seems to be
promising.

An oxidizing agent which is often discussed is peroxy-
disulphuric acid, the potassium and ammonium salts of
which are slightly more energetic in an acetic acid medium
than hydrogen peroxide. However, the level is not high
enough for satisfactory oxidation of Sulphur Red 10.
Moreover, many blue dyes give slightly duller and weaker
dyeings than when oxidized with dichromate. We have not
had any practical experience with peroxydisulphates on
a production scale so far.

ALKYLATION OF SULPHUR DYEINGS

It has been known for a number of years that alkylation of
the leuco compound of a sulphur dye has a similar effect
to that produced by oxidation. The colour is stabilized, and
dyeings with far better wet fastness properties are obtained.
In simple terms, it can be stated that the thiol (-SH) groups
are not reconverted to disulphide groups, but are alkylated
to —~SR groups {14]. Suiphur dyes containing quinoneimine
groups show marked colour change on reduction; an ex-
ample is Hydron Blue which is yellow in the vat. Therefore
some oxidation is necessary before alkylation;this is achieved
either by an air passage or by a treatment in an oxidizing
medium. Thus a Hydron Blue dyeing should not be yellow
but olive green before the alkylating agent is applied.
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The alkylating agent, for example Solidogen IH, is applied
in a neutral to acid medium at room temperature in a roller
box and the material then passed through a second com-
partment containing a boiling solution of soda ash at pH 10.
Using 3% Solidogen IH, sulphur vat dyes give dyeings with
wet fastness properties approximately equal to those ob-
tained with vat dyes. Addition of 1% Oxidurit SK to the
alkaline fixation bath has been found particularly
advantageocus.

OXIDIZING AGENTS OF THE FUTURE

The possibilities of the most commeon oxidizing agents have
been explained and compared. The fact that today a number
of oxidizing agents and methods are available shows that
there is no ideal replacement for dichromate. Taking into
account the technical possibilities and the ecological and
economic considerations, it is felt that hydrogen peroxide in
an alkaline medium — possibly with the aid of automatic
metering and control — holds promise for the future.

SUMMARY

Today, a textile finishing industry without sulphur dyes
cannot be imagined. Important materials, of which only
corduroy has been mentioned as an example, are largely
dyed with this class of dye. For ecological reasons the
traditional dyeing processes for sulphur dyes need to be
reviewed, Sulphides continue to be appropriate reducing
agents for large consumers; however, effluent treatment then
becomes obligatory. Glucose and hydrosuiphite are useful
alternatives. Among the oxidizing agents there are several
possible replacements for dichromate. The dyeing methods,
and possible alternatives, summarized and discussed in this
paper, will help the sulphur dyes to maintain their importance
in the future.
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Aguamollin, Colloisol, Hydron, Hydrosol, Humectol, Indan-
thren, Indocarbon, Lecnil, Molleskal (BASF), Sclidogen,
Stabilisal, Stabilosol, Tylose are registered trade rmarks.

DISCUSSION

J Shore — (/C/ Organics)

In spite of the developments described, sodium sulphide
remains the most widely-used reducing agent, added either
as a separate chemical, or included in the formulation of
jeuco sulphur dyes. Although technigues are available for
effluent treatment, is it not true that hazard to operatives
is still a problem in the dye and chemical dispensing area, as
well as in the dyehouse, owing to the highly toxic charac-
teristics of the hydrogen sulphide gas evolved from solu-
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tions containing sulphide?

Dr Klein:

The toxicity of hydrogen sulphide undoubtedly makes
careful working essential. In particular, liquors containing
sulphides must not be allowed to hecome acid. As has been
proved by experience over many years, injury to operatives
is not to be expected under correct working conditions.

W Furness — (Leicester Polyrechnic)
Would Dr Klein please say what kind of auxiliary product
Stabilisal S is, and what is its purpose?

Dr Klein:

Stabilisal § is a polysulphide which prevents premature
oxidation of the reduced dye and thus checks the occurrence
of bronzing,

S M Jaeckel — (Trent Polytechnic}
(i) What can you tell us about the active ingredient of
Solidigen 1H?
(ii} Are not alkylating agents in general rather expensive?
(iii) Do not at least some alkylating agents represent a health
hazard?

Dr Klein:

(i) Solidogen IH is a basic polymeric polychlorohydrin.

{ii) The cost of the product is considered acceptable if
the improvement in fastness achieved by using it is, in
fact, required.

(i1} Before being marketed, Solidogen |H is tested according
to the stringent statutory regulations relating to it. The
results are recorded on a safety data sheet which is
available on request.

P Burke — (Marks & Spencer)
The previous lecturer mentioned the tendering effect of
suiphur dyes. How do deep dyeings of sulphur dyes compare
in strength and abrasion resistance with similar dyeings
produced with reactive dyes?

Dr Klein:

Deep dyeings of sulphur dyes do not show any significant
disadvantages with respect to physical properties, compared
to comparable dyeings produced with cther classes of dye.
With sulphur blacks a buffering treatment after dyeing can
prevent fibre-tendering.

M Cheung — (Bradford University)

In practice, is there any significant difference between
sodium sulphide and mixtures of sodium sulphide and
polysulphide, as far as the stability of the pad liquor in
the pad—steam process is concerned?

Dr Klein:

This question has been largely answered in the reply to
Mr Furness. Stabilization of pad liquors containing sutphides
is not necessary; premature oxidation of dye on the
materiat must be prevented.

K Dickinson — {/nterox Chemicals Ltd)

With reference to the potential use of peroxydisulphates,
on a laboratory scale we have oxidized Sulphur Red 10
under alkaline conditions satisfactorily, but have some
reservations about their general use. We have not examined
effectiveness over a wide enough range of dyes or estab-
lished control parameters. We can confirm the problem of
designing a hydrogen peroxide system capable of oxidizing
all dyes. Thus an effective catalysed system for Red 10 is
over-active for many other dyes.



Do the reducing conditions used in dyeing have any
effect on the subsequent selection of oxidants?

Though you have no practical experience of bromate
oxidants, can you comment on their evaluation in the
laboratory?

Does the dispersant in the Oxidurit system have any
effect on the application of dyes to 100% cellulose
materials?

Dr Klein:

We can confirm your observation regarding the effective-
ness of peroxydisulphate in alkaline media. However, we
could not detect any advantage for it over hydrogen
peroxide,

In our experience, the conditions of reduction do not
influence the choice of oxidizing agent. As is to be expected,
the improvement in rubbing fastness observed with poly-
ester—cotton blend fabrics is not as marked as with 100%
cotton fabrics.

Our experience with bromates in the laboratory has
been encouraging. We consider them to be useful alternatives
to iodate.

DrJ G Lee — (L B Holliday & Co. Ltd)
Can nitrous acid be used as the oxidizing agent in dyeing
suiphur dyes?

Dr Klein:

In principle sodium nitrite can be used for oxidation in the
pad—steam process. However, pilot-plant trials have shown
that relatively large quantities {10g/l} are required, and
sulphuric acid must be replaced by acetic acid. Thus this
oxidation process is not cheap, nor is it an improvement
ecologically. Since, in addition, reproducibility in batchwise
exhaustion dyeing is inadequate we have discontinued our
work with sodium nitrite.

Mr R Anliker - (ETAD, Basle)

(i) To what level can the concentration of hydrogen sul-
phide build up in the dyehouse during dyeing opera-
tions? Can the concentration in the surrounding air
easily be kept well below the TLV?

{ii) Is there any hazard involved in the use of the alkylating
agent? Is it biodegradable?

Dr Klein:

(i) In the area of the water seal and the first rinsing box
the concentration of hydrogen sulphide immediately
over the material is above the TLV. However, the
concentration in the working area is markedly lower
than this.

(ii) The health hazard when using Solidogen IH has been
covered in the reply to the question put by Mr Jaeckel
This product is not biodegradable.

H R Hadfield

Anyone who has used a particular range of dyes and a given
dyeing process for a number of years knows the sensitive
areas of the process. In cases of difficulty he has a background
of experience on which to draw. When using the motive of
economics to interest the potential user in sulphur dyes,
would the |ecturer agree that a quantified robustness profile
(as used by Bent) would help to reduce the need to build
up experience in order to be able to deal with difficult areas
in the application procedure.

Dr Klein:

A quantified robustness profile would certainly be useful.
As far as sulphur dyes are concerned the parameters cur-
rently used are not vet sufficient for quantitative statements
to be made. We are examining the possibility of producing
suitable data.
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