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The development of new physical forms of dyes has become
increasingly important over the last decade. The need for
ease of nandling and dispensing, together with health and
safety requirements and advances in application methods,
has led to significant improvements in the physical form of
many dyes that are available on the market. This has resufted
in the introduction of granular forms of dyes in place of
powders and stable liquids to replace pastes. Improved wet-
milling techniques for insoluble dyes have enabled stable
liquid versions of vat and disperse dyes of controlled ulti-
mate particle size to be made available. The additives
necessary for the different physical forms are discussed and
the ideal properties required for the next decade are outlined.
The physical forms of dyes now available can help to
establish new standards of accuracy in dispensing and
industrial hygiene wherever they are used.

INTRODUCTION

All matter can exist in any one of three states: solid, liquid
or gaseous. In considering the physical form of dyes, we are
only concerned with one of these states, namely solid, to-
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gether with solutions of solid dye in suitable solvents, parti-
cularly water, and solid/liquid compositions, for example
pastes and dispersions. Whilst the gaseous state is not ane in
which dyes are supplied, it does have some relevance to the
selection of dyes for use in certain processes — for example,
Thermosol dyeing and transfer printing.

In practice dyes are marketed in solid form or in fluid
form — true solutions, pastes or dispersions — in which the
liquid vehicle is normally water. The presence of water im-
poses limitations on the physical propertigs of the resulting
liquid form. In addition, in response to technical advances in
application, dye manufacturers have developed different
physical forms of existing dyes to allow exploitation of these
new techniques.

The requirements of the next decade for ease of handling
and dispensing, together with health and safety requirements,
focus attention on the need to improve the physical proper-
ties of existing dyes, and there have been many recent
developments in this field.

HISTORICAL

Since most chemical reactions are carried out in the liquid
state the dye produced during manufacture is generally pre-
cipitated in the form of a paste. indeed, it is of interest that
the first commercial synthetic dye, Perkin‘s Mauve, was mar-
keted as a paste or in solution [1]. However, the industry
required a standard product which could be readily handled,
and many dyes were filtered off as a presscake, dried, milled
and standardized. So, by 1910, most dyes were available in
the form of a fine powder which conformed to a manufactur-
ing standard, or as an agueous paste. It is noted that in the
first edition of the Colour Index, published in 1924 [2],
almost 20% of the synthetic colouring matters listed were
recorded as being in liquid or paste form, including mainly
vat and mordant dves {Table 1).

TABLE 1
Colour Index, First Edition, 1924

Synthetic colorants listed 1230
Pastes/Liquids

— vat 114

— wool mordant dves 61

— other mordant dyes 31

— pigments 21

— acid dyes 10
— sulphur dyes b
— direct dyes 4
— azoic dyes 1

total 247
Powders 983

In the early 1920's, an event occurred which was to have
a major influence on the development of physical forms of
dyes. This was the requirement to produce a means of dyeing



secondary cellulose acetate. The problem was solved in 1923
by the chemists of four British firms, who almost simul-
taneously developed the preparation of aquecus dispersions
of new types of insoluble dyes by reducing the particle size
and adding selected dispersing agents [3,4]. This technique
was to be continually developed over many years and applied
to other dye classes and pigments where insoluble dispersions
were required.

However, one of the major limitations of the early paste
forms of disperse dyes was their tendency to dry out and
settle. This problem was overcome by development of powder
forms; the physical form was such that the powder could be
readily dispersed in water. Considerable attention was then
directed towards grinding or milling of the filtercake of the
dye with suitable dispersing agents. The presscake was sub-
jected ta mechanical action which broke down the larger
particles to the desired size; this was followed by the addition
of further dispersing agent, drying, and final dry milling to
obtain a satisfactory powder.

In the 1930's, vat dyes in a disperse form suitable for
pigment padding and package dyeing were developed. How-
ever, it was usually found that the final drying of the finely
ground insoluble dye led to a reduction in the dispersion
properties of the product.

Over the last 25 years, two new major developments in
the physical form of dyes have resulted from work by manu-
facturers aimed at meeting new market requirements, viz.

1. Replacement of powder forms of dyes with granules.
Granular forms of dyes give improved handling and
dispensing properties with insoluble types of dyes.
Recently, the new technology has been extended to
water-sotuble dyes,

2. A growing demand for liquid products, which are
readily dispensed, has led to a renewed interest in
stable aqueous solutions of soluble dyes and disper-
sions of vat and disperse dyes prepared by using
greatly improved techniques for the breakdown of the
insoluble dye particles to extremely fine particles of
regular size.

The activity in this field becomes apparent when con-
sidering the number of papers and abstracts dealing with the
physical form of dyes which appeared in the J.S.D.C. over
the last 20 years {Table 2).

POWDER DYES

Water-soluble Dyes

The dye as produced in the manufacturing process will
generally be in the form of a presscake — a thick paste pro-
duced by the use of a filterpress designed to remove as much
water as possible from the manufactured product. This press-
cake contains dye, water and residual electrolyte from the
final isolation stage of manufacture. The presscake is con-
verted to dry material by removal of water by drying in trays
in stoves or rotary ovens, followed by grinding of the resuiting

TABLE 2

Abstracts and Papers Dealing with Physical Forms of Dyes
Published in the J.5.D.C. between 1960 and 1979

Date Powders Liquids Total
19601964 1 20 21
19651969 0 30 30
1970—-1974 22 56 78
1975-1979 32 60 92
1960-1979 55 166 221

dry material in a suitable mill. At this stage, further electro-
lyte, such as sodium sulphate or sodium chloride, is added
for standardizing purposes, and the mass is ground to a
particle size which will result in a free-flowing and easily-
dissolved powder.

Sometimes, the presence of electrolyte may result in un-
acceptably low solubility in water. in these cases, the electro-
lyte can be replaced by nonionic organic standardizing
materials, for example dextrin and urea.

Surface-active agents are added when necessary to improve
the wetting-out properties and the rate of dissolution of the
dye. Clearly, careful selection of these agents is required so as
to avoid any adverse effect on the dyeing process, either
chemically or physically, i.e. retarding of the dye or the pro-
duction of excessive foam in the dyebath. Further additions
to the dye powder can be made to control the pH of the
solution of the dye when the dyebath is prepared.

At the milling stage, so-called ‘non-dusting’ oils are also
added to reduce ‘fly’ originating from a proportion of
partictes of very small size in the milied material. These non-
dusting oils are not usually water-soluble. Mineral oils or
other organic liquids, for example tridecy| stearate {5], may
be used, although an oily scum may result when the dye is
dissolved.

Over a period of time, it became clear that an improved
physical form over existing dye powders was desirable. The
new form should offer the possibility of achieving a free-
ftowing, non-caking solid material which would wet out and
dissolve readily, together with the desirability to produce
material free from any propensity to dust, This has led over
the last two decades to the development of granular farms of
dyes as an alternative to conventional powder grades.

The conventional methad of producing granules is to take
the dye as produced in the manufacturing process, generally
in the form of a presscake, add further necessary agents, and
spray-dry the resulting solution or suspension. The spray-
drying conditions can be controlled to produce granules of
predetermined size, whilst the additives control the physical
characteristics, for example wettability, ease of dispersion,
and good soluhility in water. Clearly the composition of the
granule watl and the density of the granule particle are of
critical importance in producing a granule with the required
characteristics. In addition to the use of spray-drying equip-
ment, granular-type products can be produced in rotary
intensive mixing equipment, batch and continuous fluid
beds, and granular pellets formed by extrusion. The type of
granule produced in practice depends upon the type of
equipment available in relation to the different additives
present,

Recently, there has been increasing interest in cold, water-
soluble granules, particularly for acid and metal-complex
dyes. Such a physical farm facilitates the preparation of stable
stock solutions for dyeing and addition of the granules
directly to a stock thickener for the production of print pastes.

Another trend is to produce water-soluble dyes in as high
a concentration as possibie. From the user’s point of view,
having invested in greatly improved weighing devices with
recording of exact weights dispensed, such qualities offer
distinct advantages. In addition, as less standardizing material
is used, e.g. sodium chloride with direct dyes, the solubility
of the dye is improved, together with economies in packaging
and transportation. These qualities are aiso advantageous in
low liguor ratio dyeing processes and in padding and printing.

Water-insoluble Dyes

In the case of water-insoluble dyes, the physicatl form of the
ultimate particles is of crucial importance in relation to the
dyeing properties. The particle size of the dye pigment must
be controlled to the desired degree. In addition, it is well-
known that the crystal form of the dye pigment can also
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have a considerable influence on the dyeing properties of
both vat and disperse dyes. Also, the choice of dispersing
agents, both as standardizing agent and to maintain a stable
dispersion of the dye particles when the powder is added to
the water, is important. Additional surfactants may also have
to be incorporated to promote wetting and ease of dispersion,
and these must be chosen with due regard to the require-
ments of the dyeing process for which the product is in-
tended.

Up to the early 1950's, in the case of vat dyes, powder
qualities were available with a wide range of particle sizes —
from extremely fine up to 50 u. Such products tended to
have inferior dusting properties, and grain and flake gualities
were then introduced with average ultimate particle size of
1 . However, such qualities, whilst overcoming the dusting
problem by elimination of the very fine particles, were slow
to disperse in water. Nevertheless, the final dispersions were
suitable for pigment padding application techniques due to
the uniformity and fineness of the particle size present.

Further progress was made in the early 1960’s with the
introduction of micro disperse powders, followed by granules
with ultimate particle size of the order of 1 u, produced by
new wet-milling techniques and giving products which would
rapidly disperse in water. Such granular qualities had the
appearance of hollow beads which disintegrated as soon as
they were added to cold water. Sophisticated methods are
now used to measure and control ultimate particle size in
vat and disperse dyes. Electron microscopes can give infor-
mation on particle size distribution down to 0.1 u. Nitrogen
absarption apparatus can give the surface area of the particles
from which the mean particle size can be calcutated. In
addition, the disc centrifuge [6] has proved an extremely
valuable tool in measuring the particle size distribution below
10 u, which is the particle size range of interest in modern
agueous dispersions of dyes.

It is important to realize that the ultimate particle size in
the region of 1 u in modern micro disperse granules is entirely
different from the average granule size of normal spray-
dried material, which is in the range of 200—300 u and can
vary from 100—500 u in different products. In this respect, it
is also of vital importance to realize that the dispersion of the
ultimate particles of 1 u is only obtained if the correct dis-
persing conditions recommended by the dye manufacturer
are followed. For example, the temperature of the water
used should be no higher than 40—50°C to obtain aqueous
dispersions of approximately 1 g. When such products are
dispersed in water at much higher temperatures, for example
80°C, severe aggregation of the uitimate particles results and
breakdown of the dispersion can occur. In contrast to water-
soluble products, where it is narmal to bring to the boil to
completely dissolve the dye in water, it is important that
dispersions of water-insoluble vat and disperse dyes are pre-
pared as specified by the dye manufacturer. lt is vitally
important that such dispersions are not brought to the boil
or that live steam is not injected, as this causes breakdown
of the dispersion.

It is of interest that, over the last 20 years, due to the great
expansion in the use of disperse dyes, considerabie attention
has been paid to their physical form in micro disperse granule
form: for example, Terasil Brilliant Violet BL (CGY) micro
disperse granules (C.1. Disperse Violet 57) have a significant
amount of particles in the 0.3—0.8 y region, whilst the liquid
form of the same dye has a narrower spread of particles in
the 0.3 u region. Similarty, Teraprint Blue BR Liquid (CGY)
(C.l. Disperse Blue 72) has a major portion of particles
in the 0.3 u region (see Figure 1}. In addition to particle size,
the crystal form [7] of disperse and vat dyes is known to be
a important factor influencing the rate of dyeing and equili-
brium exhaustion of a given product. A particular dye can
have four or five different crystal modifications, readily ident-
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Figure 1 — Particle size distribution of (a) Terasil Brilliant
Violet BL micro disperse granules, (b) Terasfl Brilliant Violet
BL micro disperse liquid, (c) Teraprint Blue 6R liquid.

ified by X-ray diffraction. In the case of vat dyes, the rate of
reduction to the leuco form will vary significantly with the
different crystal forms and, in the case of disperse dyes, ease
of dispersion and rate of dyeing can vary significantly with
the different forms.

Recent progress in the production of new physical forms
of vat and disperse dyes has meant that considerable rational-
ization of the physical forms required by the users has become
possible. In place of a variety of powder grades available for
exhaust and pad dyeing and printing, and a similar range of
paste and liquid grades, it is now possible to produce one
micro disperse granule solid form and a similar micro disperse
liquid which can be used for a wide variety of application
techniques.

LIQUID DYES

Dispersions of Water-insoluble Dyes

Many of the factors already discussed in relation to the pro-
duction of vat and disperse dyes in powder and granule form
apply to the preparation of aqueous dispersions of these
dyes. The normal procedure is to isolate the vat or disperse
dye in the form of a presscake, from which as much as
possible of the electrolyte has been removed. The presscake
is then subjected to wet milling. Particularly in the case of



azo dyes, the size of the dye crystals which are isolated may
be considerably influenced by the addition of suitable
additives during the azo coupling [8]. Through choice of the
correct conditions, the degree of wet milling required may be
considerably reduced.

Products of the following types may also be added to the
dye formulation:

dispersing agents

other surfactants

viscosity modifiers

humectants

biocides.

In this case, the viscosity modifiers can be added to re-
duce settling, and humectants, such as glycerol or glycol, are
used to reduce drying out of the dispersion when exposed to
air; biocides are added to inhibit mould growth during storage.
Clearly, all the additives used in the preparation of the liguid
dispersion must either have no effect on, or make a beneficial
contribution to, the properties of the final dispersion in the
dyebath. As muiti-purpose liquid dyes become accepted, the
importance of selection of the correct additives becomes
critical in relation to the great variety of application tech-
niques now employed in dyeing and printing.

An interesting new development is the possibility of pro-
ducing disperse dyes in a liquid formulation with greatly
reduced quantities of dispersing agent. Whilst disperse dyes
in liquid form may have one-fifth or less of the dispersing
agent present in & powder or granule quality, the possibility
is being investigated of producing liguid forms with minimum
dispersing agents and a considerably increased guantity of
dye pigment present. By minimizing the amount of dispersing
agent, advantages may accrue in application — for example,
in printing, the use of synthetic thickeners becomes possible
with dyes having minimum electrolyte content.

Solutions

Over the last 20 years, an important development in the
physical form of dyes has been the production of stable
solutions of certain dyes. These are particularly useful in
continuous dyeing processes when using soluble dyes, and
the most important ranges have been liquid cationic dyes for
the continuous dyeing of acrylic fibres and liquid direct
dyes liquid for the continuous dyeing of paper.

The problem with the preparation of solutions of water-
soluble dyes is to obtain a concentrated solution of com-
mericatly-acceptable strength with satisfactory storage
stability. Two main possibilities exist for achieving this aim:

1. Modification of the Chemical Nature of the Dye

lithium or ammaonium

salt of dye
triethanolamine salt of

dye

Anionic — sodium salt
of dye

formate or acetate sait
Cationic — hydrochloride of dye
salt of dye
other salts of dye

Both anionic and cationic dyes are ionized in agueous
solution and a counterion is present. This is usually a sodium
ion in the case of anionic dyes and a chloride ion with
cationic dyes. In both cases, the counterion may be replaced
by a different species and, in favourable cases, this leads to
greater solubility, either in water or mixtures of water and
solvent. With anionic dyes, it is often found that the lithium
or ammonium salt is more soluble than the sodium sait. In
the case of cationic dyes, replacement of the chloride ion by
aliphatic acid ions may result in a higher solubility in water

or in organic solvents, and acetates or formates are often
employed, e.g. the majority of Maxilon {CGY) liguids are
prepared in acetate form,

2. Use of Water-miscible Soivents and Hydrotropic Agents
The patent literature regarding liquid dyes frequently specifies
the addition of water-miscible solvents and hydrotropic
agents. The important solvents are:

Anionic Dyes — ethanol
— glycols
- glycol ethers
— tetramethy| urea
-- aothers
Cationic Dyes — formic and acetic acids
— glycols
— glycol ethers
— aliphatic acid amides
— aleohols
— others

These are selected in practice as the most economical in
use, and having the best possible toxicological and ecological
properties. Urea is the most commonly used hydrotropic
agent.

IDEAL PROPERTIES
The ideal properties that are needed to fill current and fore-
seeable future requirements can be summarized as follows:

Solid Forms Liquid Farms

— stable — stable
— dry — pourable
— uniform -- possibly pumpable

— tree-flowing
— non-hygroscopic

— small amount, prefer-
ably none, of organic

— non-dusting solvents of low toxicity
— bulk density greater than — neutral pH
0.5 kgfl — miscible and compatible

with one another, with-
in the same dye group,
and possibly with other

— readily dissolved or dispersed
— good water solubility, prefer-
abiy cold

— form no oily layer on water dye groups

— non-foaming - readily solubie or dis-

— minimal odour persible

— as high a concentration as — as high a concentration
possible as possible

— one physical form suitable
for wide range of application
techniques

— one liquid form suitable
for wide range of appli-
cation techniques

Dyes in solid and liquid forms with these characteristics
will meet the requirements of the 80's from both the appli-
cation and handting points of view. Considerable effort has
been, and is being, devoted to achieving these requirements.
Whilst such work may not make the same impact as the
development of a completely new dye, physical forms which
satisfy new demands for safety and dispensing are clearly
becoming increasingly more important requirements of the
market.

DISPENSING CONSIDERATIONS
Dispensing of dyes can be carried out either gravimetrically
or volumetrically. In practice, the great majority of users of
dyes employ the gravimetric technique —in other words
weighing — which is applicable to both solids and liquids.
The great advance in weighing techniques, including recorded
weighing, which has taken place recently has meant that
much higher standards of accuracy can now be achieved,
leading to higher standards of reproducibility in dyeings.
Weighing powder or granule solid forms of dyes has
normally been regarded as more accurate to control in prac-
tice than weighing liquids, particularly when smatl quantities
are dispensed. It is of interest that there has been little effort
made to introduce the volumetric method for dispensing dyes
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available in stable liquid forms. However, in the paper
industry, it is noteworthy that metering pumps have been
employed in continucus-dyeing operations te meter liquid
dyes directly to the paper-making machine. In the carpet
industry, again where continuous dyeing has been used,
efforts have been made to introduce direct dispensing of
liguid forms of dyes to the dyeing machines. In this case,
the dye liquids, as manufactured, can be used, or stock
solutions can be prepared from cold water-soluble granule
gualities. Equipment manufacturers, over the last five years
in particular, have devoted considerable attention to develop-
ing systems for the accurate dispensing of powder and liquid
qualities of dyes.

The impact of the recent health and safety regulations on
the handling of dyes has been a major influence. The pro-
vision of salid products in non-dusting form is obviously a
prime requirement. Many dyers, particularly those concerned
with handling large weights of dyes, have tended to adopt
the use of dyes in liquid form, where dispensing and dissolving
processes become easier and cleaner. There is no doubt that
the health and safety authorities are becoming increasingly
concerned at the state of housekeeping and working methods
employed in colour stores. At present, there is considerable
pressure being applied by these authorities to ensure an
improvement in this respect and to see that minimum satis-
factory standards are enforced.

CONCLUSIONS

It is interesting that, in reviewing the development of the
physical forms of dyes over more than one hundred years,
ariginally paste forms were produced, then powder forms,
and that now the new improved solid forms in the shape of
granules or stable aqueous solutions or dispersions are coming

into increasing use. A large effort has been made by dye
manufacturers not only to improve the physical form but
also to rationalize the number of physical forms of individual
dyes required by users. The new solid and liquid forms now
available offer considerable opportunity to the user to im-
prove the handling, weighing and dissolving techniques
employed. These developments, together with improved
equipment for dye dispensing, can set new standards of
accuracy and hygiene wherever dyes are used.

The author acknowledges with thanks the valuable liter-
ature survey on this subject which has been prepared by
Mr T Green. Thanks are also due to Drs W Kunz, P Guertler
and H Mollet, colleagues in Ciba—Geigy Ltd, Basle, for their
assistance in the preparation of the manuscript.

REFERENCES

1. Read, Perkin Centenary (London: Pergamon Press, 1958)
p. 14,

2. Colour Index, (Bradford: Society of Dyers and Colourists.

First Edition, 1924).

Fourness, J.5.D.C., 72 {1956) 513.

Idem, ibid., 90 (1974) 15.

ICI, BP 1, 431, 881 (1972).

Atherton, Cooper, and Fox, J.S.D.C., 80 {1964} 521;
Atherton, and Tough, J.5.D.C., 81 {1965) 624.
Biedermann, ibid., 87 (1971) 105,

8. Apperley, ibid., 85 (1969) 562.

ook W

~

622 )SDC Volume 96 December 1980


pauld


