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With the release of the Aridye system, 46 years ago,
the Interchemical Corporation laid the foundations of
modern pigment printing with a process characterised
by the use of emulsion thickenings and film-forming
copolymer dispersions.

It is a long way from these beginnings to the high
technical standard that pigment printing has reached
today. Following a definition of pigment printing, its
historical development is traced, the advantages and
disadvantages of pigment printing are compared and
reference is made to the most important ranges on the
market.

Four sections describing the product groups used in
pigment printing, namely: pigments, binders,
thickening agents and pigment printing auxiliaries
follow. These deal both with the physico-chemical
principles and with the selection criteria for their
practical application. The section on thickening agents
includes a comparison of emulsion thickenings and
fully synthetic thickeners.

Consideration of the substrates that are suitable for
pigment printing, the different printing procedures and
the requirements with regard to pretreatment and
finishing complete the review.

INTRODUCTION

Definition of Pigment Printing

Pigment printing consists of the application, by the usual
textile printing procedures, of print pastes that contain
binders and in which the colouring components are
pigments. Unlike textile printing with ‘fibre-affinitive’
dyes, the pigments are anchored to the substrate by the
binder, which adheres to the fibre and encloses the
pigment particles. Apart from the pigment and binder,
and the thickening agents that are obligatory for textile
printing, possibly of the emulsion type, other auxiliaries
are also incorporated. These include processing aids and
additions to improve the fastness and handle, e.g. dis-
persing agents, protective colloids, water-retention
agents, crosslinkers, adhesion promoters, catalysts, han-
dle modifiers and defoamers.

The textile material, suitably prepared, is printed with a
number of pigment print pastes, appropriate to the
coloration of the design and then dried. The prints are
next fixed at a higher temperature, preferably in a sepat-
ate operation, in which the fixation temperature and time
are dependent on the composition of the print pastes,
especially on the type of binder, and on the nature of the
substrate. After they have been fixed, the prints do not
require a wet aftertreatment.

Historical Development
In 1937, the Interchemical Corporation brought the
Aridye system onto the market and thus laid the founda-
tions of modern pigment printing.

Pigment printing was, however, in existence even
earlier, when textile materials were printed with pig-
ments together with natural products of high molecular
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weight (mol.wt), such as starch or glue, as the binder
and thickening agents. Such prints had a relatively firm
handle and only moderate wet fastness. It was from this
period that the derogatory description for pigment prints
of ‘painted’ originated and with it the image of some-
thing that was second-rate.

Modern pigment printing, as founded by the Aridye
system, is characterised by the use of emulsion thicken-
ings, which leave no residues on the printed goods after
they have been dried and by the introduction of binders
composed of synthetic copolymers, which produce a
softer handle on the fabric.

In the following years there was an active and some-
times even tumultuous development of new and better
products for pigment printing which culminated around
the end of the 1950s and beginning of the 1960s in the
development of aqueous dispersions of film-forming,
self-crosslinking copolymers as binders and, since the
start of the 1970s, in the development of fully-synthetic
crosslinked polyacids as thickening agents.

Many difficult problems had to be overcome before
the technology attained its present standard, e.g. the
improvement in the flow properties of pigment print
pastes by appropriate synthesis of the binder dispersions
and by the development of emulsifiers specifically for
pigment printing. Problems of handle were solved by
special softeners and smoothing aids, and fastness prob-
lems by specific crosslinkers.

Today, pigment printing has reached a high technical
standard which, together with its simple and economical
process (without washing-off), gives it a leading posi-
tion and wide acceptance among the printing systems
based on the various classes of dyes available.

Atthe present time, around half of the worldwide textile
print production, i.e. approx. 8 000 million m?, is pigment
printed. There are countries in which the percentage of
pigment printing is relatively high and others where it is
relatively low. This first group includes the USA (approx.
70%) and the latter, the USSR (below 10%). The high
percentage of pigment printing in the USA is attributable
mainly to the large quantities of polyester/cotton blends,
where up to 95% is printed with pigments. The small
percentage in the USSR, has been associated with the
reluctance shown by plants there to work with white spirit
for the preparation of emulsion thickenings.

The state of pigment printing in the various phases of
its development has been described in a series of
reviews, a number of which are listed in the literature
references. Progress in the constituent areas is reviewed
in the following sections.

Advantages and disadvantages
The advantages and disadvantages of modern pigment
printing as compared with printing with fibre-affinitive
dyes can be summarised as follows:

Advantages

1. Simple technical process

The sequence of operations is, in principle, very simple
and consists of printing, drying and fixation. Pigment
printing is therefore a very economic process, because of
the elimination of all wet aftertreatments.



2. Applicability to all types of fibres
This applies particularly to fibres that cannot be dyed
with fibre-affinitive dyes, e.g. glass fibres and also to
fibre blends, e.g. polyester/celiulose.

3. Comprehensive Colour Range — Good Light Fastness
An extremely wide chaice of pigments of very different
chemical composition is available. In addition, the pig-
ments that are commercially available in the high-quality
ranges generally have a high standard of light fastness.
Pigments of lower light fastness are usually only
included if they combine a favourable price with a
particular colour requirement and a high standard of
brilliance.

4. Special printing processes

A whole range of special printing processes can be
carried out with pigments that are either impossible with
fibre-affinitive dyes, e.g. full-cover overprints, or which
are particularly suited for pigment applications, e.g. resist
and combination printing styles.

Disadvantages

1. Specific standard of fastness

Where the quality requirements are very high, it may not
always be possible to achieve the requisite standard.
This applies particularly to the fastness to wet rubbing
and to localised stain removal with dry-cleaning sol-
vents.

2. Effect on the handle

The binder film on the surface of the fibres has a certain
effect on the handle. This is most apparent with sub-
strates that are very light weight, very flexible (e.g.
knitgoods), or very voluminous.

3. Running properties

Chemical or physical influences on the components of
the print pastes during their preparation and processing
can cause problems such as blocking of the engravings,
build-up on rollers or the formation of pigment agglom-
erates.

4. White spirit emulsions

In those places where emulsion thickenings are still
employed, the use of white spirit creates a series of
problems, e.g. inflammability, odour, contamination of
air and effluent and. in recent years, its high price has
also had to be considered.

Development work in pigment printing is concerned
with the introduction of products, formulations and
processes which will reduce or eliminate these disadvan-
tages.

Commercial Ranges
Many companies are engaged in the manufacture of
pigments, binders and auxiliaries. Although some of
these products are only available regionally, others have
achieved worldwide significance. Some firms offer only
pigment preparations or binders, while others have com-
plete systems available, comprised of pigments, binders
and auxiliaries. The pigments and binders usually bear
the same trade names, whereas the auxiliaries frequently
have a different designation.

Examples of systems that have achieved widespread
significance are: Acramin (Bay), Aqua-Hue (Blackman

Uhler), Aquarine (Tennants), Agquatone (Anilinas
Argentinas), Hi-Fast (Interchemical Corporation),
Helizarin  (BASF), !mperon {HOE), Minerprint
(Minerva), Neopralac (Ugine Kuhiman), Neoprint

(Lamberti), Oritex (Toyo Ink), Ryudye (Dainippon),
Saikafix (Dainichiseika) and Ultrabond (Hilton Davis).

PIGMENTS

Physico-chemical Principles

Pigments are molecular aggregates that are insoluble in
all media with which they come into contact during
processing. In their chemical constitution, they may
belong to any class of dyes, but they do not posses any
groups that form bonds with specific fibre types. Pig-
ments do not, therefore, have any affinity for the fibre
and for their fixation they require a binder which
encloses them and fastens them to the fibre. It is in this
respect that pigments differ fundamentally from conven-
tional dyes, also described as soluble or fibre-affinitive
textile dyes, which go onto the fibre as solubilised single
molecules and do not require a binding agent.

The insolubility of pigments is a characteristic of this
class of colorants. This refers, in the first instance, to their
insolubility in water and secondly, in white spirit (emul-
sion thickenings), i.e. liquids with which the pigments
come into contact during preparation of the print pastes
and in subsequent processing. it does not, however,
mean total insolubility, because there are certain solvents
in which some pigments will dissolve partially or com-
pletely. These include, for example, chlorinated hydro-
carbons such as perchlorethylene, which is extensively
used as a dry-cleaning medium. For printed goods that
are required to withstand dry-cleaning, it is necessary
therefore to select those pigments which are insoluble in
these solvents.

The chemical constitution of pigments differs from that
of the equivalent fibre-affinitive dyes solely in the absence
of solubilising groups. Thus, it is understandable that
suitable examples can be selected from all the chemical
classes of colorants, including inorganic substances such
as carbon black, iron oxide and titanium dioxide.

Pigments are supplied as powders or, preferably, as
paste-like preparations in which the variably shaped
particles (approx. 0.05-1 pm) are maintained in a state
of fine dispersion by means of surfactants and protective
colloids.

The shape of the pigment particles is partially depen-
dent on the chemical constitution. This determines
whether the pigment particles are sharply angled or
roundish, needle- or plate-like. For practical purposes,
however, the form and size of the particles are much
more important as functions of the pigment finish.

Pigment Finish

Today, pigments are generally supplied in the form of
finished pastes, produced by processing the raw pig-
ment together with water and auxiliaries. The surfactants
in these pastes stabilise the particle form and size during
the grinding process and protect them from agglomera-
tion in the print paste. The pastes also frequently contain
varying amounts of binders and other auxiliaries.

The most important improvement in pigments as a
product group in recent years has been that of the
pigment finish. The aim has been to achieve a number of
objectives by careful selection of the auxiliaries and the
manufacturing procedure. The requirements today are
the highest possible pigment concentration, coupled
with good flow properties and a negligible tendency to
crust formation. The first factor ensures minimum trans-
port and warehousing costs and the second provides a
free-flowing paste, which facilitates metering of the
pigment and emptying of the drum. A minimum ten-
dency to crust formation is essential to maintain homo-
geneity, thus preventing speck formation and damage to
the printing screens, rollers, etc. Most dye manufacturers
have introduced concentrated pigment preparations
which meet these requirements.
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Since they are used either in purely aqueous print
pastes, together with synthetic thickening agents, or in
oil-in-water emulsions where the pigment is distributed
in the outer, aqueous phase, the pigments in most of the
current ranges are designed for dispersion in water. The
pigment pastes suitable for these applications are there-
fore aqueous pastes.

It is also possible to prepare solvent-based pastes,
which are then used with water-in-oil emulsions. This
method is still practised, but only in the USA, where it
has a certain importance.

Selection Criteria

Selection from the comprehensive range of pigments
available is made mainly according to three criteria:
colour/brilliance, fastness and cost.

Although there is generally a wide choice of pigments
available for a particular colour and these can be readily
mixed and shaded as required, the demand for purity and
brilliance imposes definite limitations. The brilliance of a
pigment is normally dependent on the form of the
pigment crystals and on the pigment finish. Since both
of these can be modified, it is often possible to improve
the brilliance of a particularly interesting pigment. The
realisation of this possibility is exemplified by the rutile
madification of titanium dioxide. Whereas the anatase
form, in spite of its greater tendency to yvellowing, used
to be preferred on account of its higher brilliance and
better coverage, but the non-yellowing rutile titanium
dioxide is now used in a form which has almost the same
brilliance and covering power as the anatase types.

The trend towards more brilliant colours also led to a
special concept, in which particularly brilliant solubie
dyes are deposited on colourless, insoluble ‘carriers’, or
are entrapped within such carriers. These ‘luminous’
pigments have been known for some time. Because of
the improved ‘carrier’ substances, the luminous pigments
available now have better fastness to light and to wash-
ing than was previously the case.

Since pigments are insoluble in water, the wash
fastness of pigment prints is determined primarily by the
binder. The same applies to the rubbing fastness,
although here the particle form, size and hardness also
have a certain influence.

Light fastness, however, is largely independent of the
binder and it is therefore an important criterion in
pigment selection. Since molecular aggregates are faster
to light than individual molecules, the light fastness of
pigments is generally better than average. The dye
manufacturers endeavour, nevertheless, to maintain an
exceptionally high standard in this particular area.
Exceptions, i.e. pigments with a lower standard of light
fastness, are only acceptable when they also offer the
incentives of a high standard of brilliance and a low
price.

As mentioned previously, for printed goods that must
withstand dry-cleaning it is necessary to select pigments
that are fast to solvents. Such pigments are available in
all the high-quality ranges currently on the market.
Similar requirements must also be met in the coating of
pigment prints with plasticised PVC or solvent-based
coating media, where the pigments have to be resistant
to the solvent or plasticiser employed.

Apart from pigments in the true sense of the word, the
pigment printing technique also permits the application
of metallic-effect particles, thus enabling the production
of special fashion styles. These 'bronze’ prints are pro-
duced with finely divided metal powders, aluminium for
'silver’ effects and copper/zinc alloys for ‘gold bronze'.
The latest extension of this development is the applica-
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tion of pearlescent pigments and of vacuum metallised
and lacquered plastic film, cut to varying degrees of
fineness, to give spangle and glitter effects.

BINDERS

Physico-chemical Principles

Binders are film-forming substances of high mol.wt,
produced by the polymerisation of simple 'building
blocks’. They are present initially in a homogeneous
state, either dissolved or finely dispersed, but on heating,
after evaporation of the solvent or other dispersion
medium, the particles fuse together to form a thin
coherent coating, the film. This film, which is several
microns thick, encloses the pigment particles and
adheres to the fibre. Since it is the only link between the
pigment and the fibre, the binder is clearly of great
importance in determining the fastness of the prints. The
fastness of a pigment print to rubbing, washing and dry-
cleaning is, in effect, largely that of the binder film to
these agencies. These many demands on the properties
of the binder are met by careful selection and combina-
tion of the monomers and by the choice and control of
suitable polymerisation methods. By incorporating reac-
tive groups in the macromolecule it is possible, by means
of a simple heat treatment, to crosslink the binder after
film formation and thus improve its resistance to chemi-
cal and physical agencies.

Initially, pigment printing utilised naturally occurring
binders, modified to a greater or lesser extent, such as
albumen, gelatine or cellulose derivatives. These prod-
ucts had obvious drawbacks, but no better replacement
was found until the advent of the synthetic polymers.

Modern binders are based mainly on derivatives of
acrylic acid, particularly their esters, and on butadiene
and vinyl acetate. On a limited scale, urea, melamine and
similar products have aiso achieved a certain importance
as raw materials for the manufacture of formaldehyde
condensation products that are suitable as binders.

The most popular form of binder is the aqueous
dispersion, in which the water-insoluble, high-molecular
substance is distributed in the form of 0.1-0.5 um drop-
lets in the surrounding aqueous medium. In spite of its
high solids content, the dispersion is low in viscosity and
it also has the advantage over a true solution that the
polymer only needs to contain a small number of solubil-
ising groups. Thus, there is no need to block such groups
by chemical reaction after application of the binder, or to
render them inoperative by a particularly severe cross-
linking. Pigment binders in the form of solutions are,
however, also used to a limited extent.

Selection Criteria

The binder film formed on the fibre from either solution
or dispersion must be colourless and clear, of uniform
thickness, smooth and neither too firm or too soft. It
must be flexible and have good adhesion to the substrate
without, however, being tacky. After it has been sub-
jected to a heat fixation treatment it should have good
resistance to mechanical and chemical stresses. Qn the
other hand, the binder should still be readily removable
from the printing rollers, screens, backgreys and blankets
during use or shortly afterwards. The list of desirable
binder properties is extensive and the improvement of
one property is frequently achieved to the detriment of
another.

Film-forming, high mol.wt substances that meet these
requirements should, in principle, be obtainable by vari-
ous means and there has been no lack of trials to make a
number of these practicable.

Polymers based on vinyl compounds, to be more



specific, on acrylic esters, vinyl esters and butadienes,
continue to be the most suitable products. In order to be
able to combine as many desirable properties as possible
in a binder, it is necessary to form the macromolecule
from several different components which, alone, as
homopolymers, would not produce usable binders. For
example, to obtain the necessary, uniform degree of film
hardness, monomers whose homopolymers give hard
and brittle films, e.g. styrene, methyl methacrylate, acryi-
onitrile and viny! chioride are combined with monomers
whose homopolymers produce very soft but tacky films,
especially from white spirit emulsions, e.g. butyl acrylate
and butadiene.

Apart from these basic components, the polymers
usually contain monomers that provide reactive groups.
On heat treatment, following the film formation, these
reactive groups enable the linear macromolecules to
form a three-dimensional network, thus increasing the
stability of the film. Commonly used monomers include,
e.g. acrylamide and methacrylamide, whose free amide
groups will crasslink with suitable bifunctional com-
pounds, such as condensation products of urea or
melamine. Self-crosslinking menomers such as methylol-
acrylamide and methylolmethacrylamide, or their ethers,
may also be used. In common with many similar cross-
linking reactions, these take place at elevated tempera-
tures under the catalytic influence of acids. For special
applications, e.g. the combination of pigment and reac-
tive printing, where the conditions are alkaline, other
reactive monomers are normally employed, e.g. those
with epoxy or chlorohydrin groups.

The polymer produced from suitable basic and auxil-
iary monomers must be supplied to the user in a form in
which it can be readily processed, without problems.
Aqueous polymer dispersions, which will be considered
separately, have proved to be the most suitable.

Aqueous polymer solutions are also met with to a
limited extent. The main disadvantage of this type of
product is the high content of water-solubilising groups.
Such systems only produce good wet-fasiness
properties when the water-soluble groups are rendered
inoperative, after application of the binder, by crosslink-
ing them with low mol. wt crosslinking agents. This
inevitably results in a firmer handle.

As already indicated, binders in the form of aqueous
dispersions or solutions are designed for use in purely
aqueous systems, or in oil-in-water emulsions. They
have only limited applicability in water-in-oil systems.
For this purpose, binders that are soluble or dispersible in
white spirit should be used, although those suitable to
date do not match the quality of the agueous dispersions
in the oil-in-water system. This is one of the reasons why
water-in-oil systems have not become more widely
used, although the lower white spirit content in such
print pastes would certainly be advantageous with
regard to air pollution, safety and cost.

Aqueous Polymer Dispersions as Binders

The aqueous dispersion form, in which the polymer is
finely dispersed in water, has proved particularly satis-
factory. Such dispersions, with a solids content of
30-50% are especially suitable for use in purely aqueous
systems or in oil-in-water emulsions and they can be
prepared directly by emulsion—polymerisation processes,
which permit good technical control. In such processes,
the mixture of monomers is first emulsified with speciatly
selected emulsifiers. Polymerisation initiators and other
auxiliaries, including small amounts of water-soluble
monomers, are then added and the mixture is polymer-
ised at 40-90°C. The type and quantity of the auxiliaries

used and the procedure with regard to temperature

control and monomer additions have a definite influence

on the properties of the resultant binder.

The knowledge and control of these many factors, i.e.
the ‘know-how’ of binder manufacture, is decisive for
the quality of the end-product.

As stated previously, the monomer combination is
responsible for the hardness and viscoelasticity of the
binder film and thus also for the associated fastness
properties, especially the rubbing fastness. It also influ-
ences the swelling properties of the film in water (wash
fastness) and in solvents (fastness to dry-cieaning).
With binders that are fast to dry-cleaning, acrylonitrile
is almost invariably incorporated in the copolymer to
impart resistance to swelling.

Crosslinking is also responsible for resistance to swell-
ing and thus has a direct influence, not only on the wet
fastness, but also on the fastness to rubbing and to
solvents. The degree of crosslinking must, however, be
kept within reasonable limits, otherwise it will have too
much effect on the handle.

The control of the reaction and the auxiliary system
employed in the polymerisation, determine the particle
size and particle-size distribution, molecular-chain
length and colloidal chemical structure which, together
with the monomer combination, are decisive for the
dispersion stability, i.e. for the mechanical stability on
stiring or stability to large additions of electrolyte.
Further properties that are dependent on these factors
are the redispersibility of the dried-out film, the foaming
properties, the shelf life of the print pastes and the type
of film formation. Collectively, they determine not only
the running properties of the binder, but also, to a certain
extent, its fastness properties. Since the individual vari-
ables are frequently counteractive in their effects and
often produce undesirable as well as desirable
properties, it is not surprising that, despite great efforts,
no binder has yet been produced which meets all
requirements. Such an ‘all-round’ binder would need to
have outstanding running properties, good fastness and
a soft, non-tacky handle, be stable to even large
amounts of electrolyte, satisfy dry-cleaning requirements
and be fast 1o ageing on exposure to light. A further
desirable feature would be the ablility to fix at room
temperature, or at least at temperatures around 100°C.

Although marked improvements have been made in
recent years to the binder dispersions currently available,
it is still necessary, to meet the far-ranging requirements,
to use different types of binders or binder combinations.
Three main types are in general use, namely:

— The most widely used binder types, fast to ageing and
with outstanding running properties (e.g. Helizarin
Binder UD (BASF)). These are usually formed from
acrylic esters and styrene, but also frequently from a
vinyl ester copolymer. They have excellent stability to
electrolytes but are not fast to dry-cleaning. In an
especially soft form (e.g. Helizarin Binder TW
(BASF)), this type of binder only produces not-tacky
prints in solvent-free or low-solvent (up to 20% white
spirit) pigment printing systems when it is used to-
gether with silicone polymers.

— Binders with good fastness to ageing and to dry-
cleaning (e.g. Helizarin Binder NTA (BASF}). These
mostly contain large proportions of acrylonitrile,
together with acrylic esters and are therefore not
particularly stable to electrolytes. Also, the print
handle is not always satisfactory.

— Binders that have a particularly soft handle, but which
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are susceptible to ageing (e.g. Helizarin Binder TS
(BASF)). These are butadiene copolymers which are
sensitive to prolonged light exposure because some
double bonds are still present, even after polymerisa-
tion. Such binders can be made fast to dry-cleaning by
the incorporation of acrylonitrile, but their stability to
electrolytes is somewhat marginal. Their running
properties can, however, be classified as very good.

THICKENING AGENTS

Emulsion Thickenings

In order to obtain sharply defined prints, with uniform
coverage, the printing colours have to be thickened. In
earlier times this was achieved with water-soluble, nat-
ural thickenings or modified, natural, high mol.wt com-
pounds such as starches, derivatives of cellulose, algi-
nates, etc. Thickening agents of this type, with a high
solids content, are suitable for printing soluble dyes, but
a much lower quality standard can be expected if they
are used in pigment printing. This is because the thick-
ening agent is enclosed in the binder film where it
remains largely water-soluble, or at least capable of
considerable swelling, even after subsequent fixation
and consequently reduces the wet-fastness of the print.
Moreover, water-soluble thickening agents are macro-
molecular substances with a high content of polar
groups and since such products always form a hard film,
it is understandable that their use will result in a firmer
handle. The introduction of a washing-off treatment to
remove the thickening would rob pigment printing of an
important advantage and would be only partially suc-
cessfull, because the thickening agent is enclosed in the
binder film.

it was only with the introduction of the emulsion
thickening that better resuits were obtained with pig-
ment printing. In this type of thickening, two mutually
insoluble liquids (e.g. white spirit and water) are mixed
together in the presence of an emulsifier under a high-
speed stirrer so that one liquid is dispersed in the form of
fine droplets (the inner phase) in the other (the outer
phase). A high viscosity is not obtained until the droplets
of the inner phase are in contact with one another, thus
restricting their mobility. The inner phase must therefore
have a larger volume than the outer phase. Depending
on whether the inner phase consists of white spirit or
water, an oil-in-water emulsion (O/W) or a water-in-oil
(W/0) emulsion results. Both types are used in the
textile industry and, as mentioned in the sections on
pigments and binders, it is important that the other
components of the print paste are compatible with the
system employed.

Emulsion thickenings produce a better colour yield
and brilliance than water-soluble thickenings and,
because both phases of the thickenings are volatile, they
have no influence on the handle or fastness.

Emulsions are metastable systems whose stability is
influenced by the degree of dispersion of the inner
phase, by the type and quantity of the emulsifier used,
and by any substances that may be dissolved or dis-
persed in the inner or outer phase. The origin and
composition of the white spirit used can also affect the
stability. The quality normally employed has a boiling
range of around 140-220°C and the aromatic content
should be no higher than 15%. Since, in principle, all the
components of a print paste can affect the emulsion to a
greater or lesser extent, protective collioids are often
added to improve the stability. In the W/O system, the
binders dissolved in the outer phase act as protective
colloids and in G/W systems, small amounts of water-
soluble thickening agents are used.
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Fully Synthetic Thickenings

Although emulsion thickenings still continue to give full
satisfaction in many countries, there is an increasing
tendency towards the use of low-solvent or even sol-
vent-free pigment printing pastes.

This trend was first initiated by the more stringent
‘clean air’ legislation introduced in many industrial coun-
tries, because the significant amounts of white spirit
evaporated in the print dryers are very seldom recovered
or eliminated by combustion. In certain countries, the
reinforcement of these measures by extremely severe
safety regulations has led to emulsion thickenings being
used only reluctantly, if at all. In addition, white spirit has
increasingly become a considerable cost factor in recent
years, with the result that more and more users are
changing over from emulsion thickenings.

This has only become possible because in the mean-
time fully-synthetic thickening agents have been devel-
oped. They have few, if any, of the previously known
disadvantages in the print quality associated with water-
soluble thickening agents.

These fully-synthetic thickening agents are polyacids
of very high mol.wt, produced by special processes and
available in various forms. A property common to them
all is their extremely high specific thickening action
when neutralised, e.g. with ammonia. This is a property
that guarantees very high viscosities at a very low solids
content. In this respect they are superior to the conven-
tional, natural or semi-synthetic thickening agents.

The extremely high thickening action results from the
fact that the very long chain polyacid molecules, formed
by polymerisation in non-aqueous solvents, are cross-
linked to a defined, limited extent and thus become
entangled. When these molecular entanglements swell
in water they increase considerably in volume and
remain in this swollen form. The resultant flow properties
are similar to those shown by emulsion thickenings
composed of defined droplets.

The aqueous preparations of these fully-synthetic
thickening agents therefore also exhibit one viscosity
characteristic, known as ‘structural viscosity with yield’,
which is similar to that of the emulsion thickenings. This
means that there is a temporary reduction in viscosity
when the pastes are subjected to mechanical forces, e.g.
at the moment of printing. It is possible therefore to use
very fine screens and obtain well-penetrated and sharply
defined prints. The swollen-body structure also ensures
that the print pastes remain more on the surface and, like
emulsion thickenings, give full and brilliant colours.

Since only a very small amount of thickener sub-
stance, e.g. approx. 0.5%, is necessary to produce a good
print-paste viscosity, there is also little effect on the
handle. During preparation of the print pastes, however,
the addition of electrolytes should be avoided as far as
possible. As a consequence of their chemical structure
and their low solids content, these thickening agents are
particularly susceptible to high concentrations of elec-
tralytes, which is the reason why the quantity of catalyst
necessary for fixation of the binder is frequently reduced.
As a general rule, however, this is not a disadvantage,
since the polyacids themselves contribute to the catya-
lysis of the fixation once the ammonia employed for
neutralisation has been expelled by heat. Moreover,
unlike its alkali salts, the remaining polyacid is largely
converted to water-insoluble products during the fixa-
tion process and when these are enclosed in the binder
film they do not impair the wet fastness.

The new generation of thickening agents is commerci-
ally available in powder or paste form, the latter type
being supplied both as a suspension in organic solvents



(e.g. Lutexal HSD (BASF)) and as an aqueous prep-
aration (e.g. Lutexal HD (BASF)).

In low-solvent pigment printing systems, they are
added in small amounts to the aqueous phase of O/W
emulsions and permit the amounts of white spirit to be
reduced to less than half of those previously used,
without any loss in viscosity. The extremely good pro-
tective colloid action of these substances also makes
possible, at the same time, a reduction in the emulsifier
content and endows the print pastes with excellent
running properties, together with easy washing-off of
the printing machinery and blankets. Finally, in solvent-
free pigment printing, even better running properties are
obtained.

The drying situation is, however, less favourable, since
the solvent-free print pastes require more than double
the amount of heat energy in the dryers than emulsion
print pastes with a high white spirit content. This means
that the printing speed has to be adjusted to the slowed-
down drying process, i.e. either the printing rnachine has
to be run at only half speed or the dryer capacity has to
be doubled.

PIGMENT PRINTING - AUXILIARIES

Dispersing Agents and Protective Colloids
Dispersing agents become incorporated in the pigment
printing paste by three different routes. Firstly, there is up
to around 25% in the pigment pastes, usually anionic or
nonionic types. Secondly, the same types are also used
in the production of aqueous binder dispersions, in
which the content can be assumed to be 2-5% based on
the solids content of the binder dispersion. Finally, in the
preparation of the emulsion thickening, emulsifiers are
added direct, in amounts of around 1%, especially
nonionic ethylene oxide adducts of derivatives of
aromatic alcohols.

An O/W print paste that contains 50 g/kg of pigment
preparation and 100 g/kg of binder dispersion has a total
content of around 20-25 g/kg of dispersing agent.

One function of these various dispersing agents is to
maintain the stable dispersion of these three different
disperse systems, even when they are mixed together.
They must therefore be compatible with one another and
also function equally well in a mixture as they do
separately. In fact, after the individual components have
been mixed, there is a local exchange of the various
surfactants in the print paste until dynamic equilibrium is
established.

The significance of this behaviour has not always been
paid sufficient attention in practice. Unstable print pastes
and poor running properties can result from mixing
incompatible products or using emulsifiers that,
although economically priced, are not able, because of
their structure, to meet the demands placed on them.

When the proportions of dispersing agents in the
afcrementioned example are considered, it is clear to see
that they also influence the film formation and thus the
brilliance and fastness of the prints. For 20-25 g dispers-
ing agent, there are only arcund 40-50 g of film-forming
binder substance per kg of print paste, i.e. they are
present in the approximate proportions 1:2. Neither of
these components is volatile. The type of dispersing
agent and the changes in concentration that occur
during the drying process have an influence on the
point at which the emulsion breaks, on the film forma-
tion and finally on the nature of the film formed.

For this reason, manufacturers take great care to
ensure the compatibility of the pigment preparations,
binders and auxiliaries in their ranges. The most obvious
advances in this sector have been in the improvements in

paste stability and consequently, also in the running
properties.

Protective colloids, i.e. high mol.wt, water-soluble
substances, which increase the dispersion stability, can
also be incorporated together with the pigments and
binders, direct to the print pastes, in the same manner as
dispersing agents. Examples of such products are algi-
nates, cellulose derivatives and poly(ethylene oxides)
and, in low-solvent and solvent-free pigment printing,
especially the polyacid salts that act as synthetic thick-
ening agents. These synthetic thickening agents make a
significant contribution to the improvement in the run-
ning properties and thus increase the processing reliabil-
ity, even with those systems that would be difficult to
print without protective colloids.

In this group of auxiliaries, ‘thickening emulsifiers’ or
‘emulsion thickeners’ are of increasing importance.
Unlike normal emulsifiers, which are formed from one
water-soluble and one oil-soluble group, they contain
two oil-soluble groups linked together by a very high
mol.wt poly(ethylene oxide) chain. These products are
used mainly to increase the viscosity of O/W emulsions
or print pastes that are too thin, since even additions of
as little as 2-5 g/kg produce a marked increase in
viscosity, without any noticeable change in the concen-
traticn of the print paste. They can also be used, how-
ever, to reduce, within certain limits, the amount of white
spirit necessary to produce a particular viscosity.

Water-retaining Agents

As already demonstrated, since they increase the print
paste stability, dispersing agents, protective colloids and
thickening agents can be regarded as auxiliaries that
improve the running properties. They also inhibit skin
formation on the print pastes during storage and
processing.

Under certain circumstances, e.g. extreme climatic
conditions or the need to use an unfavourable print paste
formutation for some special reason, it is, however,
frequently necessary to add other auxiliaries. Their func-
tion is to retard the evaporation of water and, together
with the stabilising auxiliaries, prevent blockage of the
engraving or screens and facilitate cleaning of the print-
ing machinery, etc.

It is often sufficient to raise the pH to 89 by the
addition of ammonia. Less volatile bases, such as trietha-
nolamine, have a stronger action, but it is most important
that excess is not added, otherwise the degree of acidity
necessary for fixation will not be obtained in the con-
densation process. This applies, of course, only to acid-
fixing systems.

Apart from raising the pH, further additions to improve
the flow properties include polyalcohols such as ethyl-
ene glycol, glycerol, dietheylene glycol and urea. Since
these products are not readily volatile, they must be used
as sparingly as possible, otherwise the fastness
properties of the prints will be reduced.

The pigment preparations and the binders themselves
often already contain substances of this type, since it is
necessary that they toa, as individual products, are
protected against drying out.

Crosslinkers
In the section on binders, reference was made to the
crosslinking of the binder film in the fixation treatment
after drying. Crosslinking improves the fastness of the
prints to rubbing, washing and dry-cleaning. Too much
crosslinking can, however, also result in a firmer handle.
The term ‘crosslinker’ is used here for substances that
have at least two reactive groups per molecule. The most
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common types are low mol.wt reaction products of
formaldehyde with nitrogenous compounds, e.g. dime-
thylolurea or dimethylolethyleneurea, hexamethyloime-
lamine or their ethers, hydroxymethylation products of
urethane compounds and similar substances, including
oligomeric urea-formaldehyde condensation products.
The crosstinking process is generally a condensation
reaction, with removal of water. Whether or not an
addition of crosslinkers is absolutely necessary depends
on the type of binder used. They are needed when the
binder molecule has no self-crosslinking groups itself,
but only reactive groups. However, even with the self-
crosslinking types that are mainly in use today, a small
amount of crosslinker can promote the crosslinking and
produce a marked improvement in fastness. This applies
particularly to printing on fibres that have a very smooth
surface. If crosslinkers are used on cellulosic fibres, true
chemical bonds will also be formed between the binder
and fibre. This does not, however, have such a marked
effect on the fastness as might at first be expected.
Condensation reactions of the type described require
elevated temperatures and the use of catalysts, since
they involve reactions between polymer homologues
and these generally proceed more slowly than reactions
between small melecules. A crosslinker should therefore
be selected that ensures satisfactory reaction under the
prevailing conditions of temperature, pH and curing
time. If, on the other hand, a very reactive crosslinker is
used, the reaction may start before the print paste is
applied. This can impair subsequent film formation by
the binder particles, or even cause the print paste toc gel.

Adhesion Promoters

This product group comprises substances that differ
widely in their chemical structure. Adhesion promoters
increase the adhesion of the binder to the substrate and
are utilised only in special cases.

They include simple solvents, e.g. chlorinated hydrc-
carbons which, in small amounts, improve the adhesion
to non-pretreated, fatty or waxy substrates, whereas for
ptinting glass-fibre fabrics, additions of low mol.wt
silicon products, e.g. aminosilane, are recommended.

Because of their strongly polar structure, a number of
the fully-synthetic thickening agents previously referred
to, especially those with both binder and thickener
characteristics also promote adhesion, particularly on
smooth synthetic fibres.

Catalysts

The catalysts employed to accelerate the crosslinking
reaction may be potential acids or potential bases,
depending on the system. When subjected to the high
temperature of the fixation process, they lower or raise
the pH and thus produce their catalytic effect.

Ammonium salts, e.g. sulphate, phosphate and nitrate,
are used successfully as potential acid donors. Metal
salts are also used, e.g. magnesium chloride. If fixation
temperatures above 120°C cannot be obtained, then free
acids such as phosphoric or tartaric acid can serve as
catalysts. With crosslinkers that react too rapidly, this
procedure may, however, lead to probiems with regard
to the print paste stability.

Potentially basic catalysts or free bases are only sel-
dom used, since the appropriate binders find application
only in special processes. Typical examples are alkali
bicarbonates or triethanolamine. A special catalyst
addition is often unnecessary, e.g. in combination print-
ing by the two-phase process, where this function is
assumed by the strongly alkaline development liquor.
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Handle Modifiers

One of the disadvantages of pigment application, cited
in the introduction, was the stiffening effect of the binder
film on the handle. The mutual adhesion of the fibres
caused by the binder restricts their relative mobility. This
effect becomes more pronounced as the proportion of
fibre fixed in this manner increases, i.e. according to the
area printed and also the higher the softening range of
the film which determines its hardness.

Stiffening caused in this manner can usually be
restricted to a minimum by suitable printing techniques,
e.9. by ensuring that the quantity of print paste applied
and the binder concentration are no higher than
demanded by the substrate. It is also influenced by the
viscosity and flow characteristics of the print paste. The
hardness of the binder film, on the other hand, is
determined by the monomer composition of the binder
polymer, by the presence of water-soluble high polymers
(thickening agents, protective colloids) and of crosslink-
ers, i.e. by the extent of crosslinking. Here again, as in the
mutual adhesion of fibres, hardness is synonymous with
relative mobility, only in this case it is a question of the
relative mobility of the molecules in the binder film.
Sterically hindered, strongly polar groups, or groups that
form hydrogen bonds, can restrict the mobility in the
same manner as crosslinking by homopolar chemical
bonds.

The incorporation of certain low mol. wt compounds
swells the binder film and so increases the distance
between the binder molecules. These then have a greater
mobility and the film becomes softer. This ‘external’
softening is achieved with handle modifiers, usually
referred to as plasticisers. These are added to the binder
in amounts of up to 30%, calculated on the solids
content of the binder and according to its hardness and
the effect required. In most cases, these are compounds
with long-chain aliphatic groups.

It is obvious that a swollen binder film will be more
susceptible to mechanical stresses. The type and quan-
tity of plasticiser employed have therefore to be chosen
to suit the particular binder. All the important ranges
contain special, selected substances for this purpose,
with which an optimum balance can be obtained
between film softness and fastness properties.

Since the plasticiser molecules are only loosely incor-
porated in the molecular structure of the binder, they can
be extracted to a certain extent by washing or dry-
cleaning. This is not always a disadvantage, since the
mutual adhesion of the fibres is mechanically reduced by
these treatments and the resultant softening compen-
sates for the hardening that results from extraction of the
plasticiser. Normally, however, a permanently soft film is
preferred, thus soft binders are used, provided that these
meet the other requirements of the print.

The formation of the polymer moiecules of soft binders
is such that their steric hindrance is lower at room temper-
ature and they thus have a lower softening range. Binders
of this type, which are based mainly on long chain
acrylates or butadiene, often suffer from the disadvan-
tage, however, that the softness of their films can cause
these to feel somewhat tacky. On unsuitable substrates
these binders can give rise to a sticky or soapy handle.
Silicone-based handle modifiers are available to over-
come this problem and an addition of as little as 3-5 g/kg
to the print paste is often sufficient to produce a pleasing,
dry handle. They alsc have a softening action, although
this is not caused by a swelling effect, since these sub-
stances are totally incompatible with the usual polymers.
A further, beneficial side-etfect is the marked imprave-
ment in rubbing fastness that results from their use.



Defoamers

Foam formation can be a major problem in pigment
printing, as in many other textile processes. It is usually
combated with whatever defoamers are to hand but with
varying degrees of success. For some time now, how-
ever, defoamers have also been available that have been
specially developed for pigment printing and which are
thus suitable for use with emulsions and systems of
relatively high viscosity.

Auxiliary Combinations

Because of the many demands made on pigment print-
ing today, print pastes formulated to meet particular
requirements may contain many differerent components,
e.g.

1. water

2. one or more pigments

3. binder, or possibly a combination of several binders

4. emulsifier to produce the emulsion thickening

5. soluble, high mol. wt compounds as protective collo-
ids, water-soluble thickening agents or thickening
emuslifiers

6. white spirit, in O/W and W/Q emulsions

7. water-retaining agents

8. crosslinkers

9. adhesion promoters

10. catalysts
11. handle modifiers
12. defoamers.

ft is not always necessary to use all these components,
but several products of one particular type may often be
required. Since the use of such a large number of
separate components can present storage problems,
complicate and prolong the preparation of the print
pastes and increase the passibility of errors, there is an
increasing tendency for the auxiliary manufacturers to
prepare combinations of several individual components.

This procedure enables several different functions to
be combined in one homogenous product which, for
example, acts simultaneously as binder, thickening agent
and protective colloid and, to a certain extent, also as
adhesion promoter and catalyst. The most commonly
employed procedure, however, consists of mixing sev-
eral individual components in suitable proportions. This
metering and mixing process can also be carried out by
the manufacturer rather than by the user, in which case
specially prepared mixtures of auxiliaries are supplied
instead of the individual products referred to above, thus
simplifying the preparation of the print pastes.

SUBSTRATES AND PROCESSES

Substrates

A particular advantage of pigment printing is that it is
basically suitable for all types of fibres, even those that
cannot be printed with soluble dyes. Differences in the
surface characteristics and in the chemical nature of the
various types of fibres result, however, in differences in
the adhesion and fastness of the prints.

The majority of pigment printing is carried out on
natural and regenerated cellulosic fibres, mainly cotton,
but also on spun rayon, viscose rayon and polynosic
fibres. In many cases, the economics of pigment printing
are of particular importance for the goods made up from
these fabrics. Furthermore, the strongly structured sur-
face and the chemical nature of these fibres ensure good
adhesion of the binder film. Pigment printing alsc pro-
duces good results on bast fibres, such as linen and jute.

Although wool and silk can also be pigment printed,
they are less suitabie for this process for two reasons.
Firstly, the handle of the woven and knitted construc-

tions usually produced with these fibres is very readily
influenced and secondly, because of the necessarily
limited fixation temperature, the normal fastness stan-
dards are generally not obtainable.

Cellulose triacetate and synthetic fibres such as poly-
amide, polyester and polyacrylonitrile can also be printed
with pigments, but special formulations are necessary to
overcome the problems of adhesion between the binder
film and the smooth fibre surface. Pigment printing is
particularly successful on polyamide fabrics and also on
polyester when it is blended with cellulosic fibres.

On polyethylene and polypropylene, however, its use
has not extended beyond occasional trials, because the
inert nature of these fibres does not enable the binder to
adhere satisfactorily. Glass fibres, on the other hand, are
printed exclusively with pigments and give good results.

Pigment printing is absolutely ideal for fibre and fabric
blends. When soluble dyes are applied to these sub-
strates, it is generally necessary to use mixtures of dyes
of similar colour from different classes of dyes, together
with the requisite auxiliaries for each type. The necessary
fixation and aftertreatment conditions for each class of
dyes must then be provided, even though these can very
often differ. Depending on the nature of the substrate
and the demands placed on it, pigment printing can be
very suitable for such materials. A typical example of this
is the printing of polyester/cellulosic fibre blends.

As far as the substrate construction is concerned, a
wide field of applications is open to pigment printing. It
is practised on batiste and terry towelling, on voile and
on awning fabrics and is also becoming increasingly
important for knitgoods.

Special formulations are available for coated fabrics
and for flocked material. Nonwovens can also be print-
bonded, either with pigmented print pastes or by the
applicatian of pigment-free printing binders.

Pigment printing is of no importance, however, for
threads and yarns and for staple fibre or slubbing that is
tater to be spun, since the unavoidable adhesion of the
tibres by the binder would have a particularly adverse
effect on subsequent processing.

Pretreatment and Finishing

Thorough pretreatment of the fabric is just as necessary
for pigment printing as it is for printing with other classes
of dyes and decisive for its success. Since the pigment is
fixed to the fibre surface by the binder, this surface has to
be cleared befare the print is applied, so as to provide the
best possible conditions for good fastness properties.
Although pigment printing can also be carried out on
loomstate fabrics, the binder film then adheres to the film
of size and not to the fibre and the fastness of the print is
unlikely therefore to be any better than the ‘fastness’ of
the size film.

In the finishing of pigment-printed fabrics, it is import-
ant that the combination of finishing agents used is
compatible with the pigment print under mutually suit-
able fixation conditions. In the case of cellulosic fibres, for
example, aggressive crosslinkers can cause fibre damage
in the printed areas owing to the reduction they cause in
the degree of polymerisation of the fibre being intensified
by the additive effect with the crosslinkers in the print
paste. Under unfavourable pH conditions, the combined
action of both types of crosslinkers can produce a fishy
odour. Finally, unsuitable softeners can produce a greasy
effect which lowers the rubbing fastness.

Printing Processes
Direct printing is the main field of application for pig-
ments. Improvements in all its aspects have led to a
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marked increase in this process in recent years, helped
considerably by its good economics.

All the usual printing methods can be employed. roller
printing, hand screen printing, mechanised flat screen
printing and rotary screen printing. In this last method of
printing, the latest developments have made it possible to
use fine screens and thickenings with structural viscosity.

The procedure is extremely simple. After the fabric has
been printed and dried, it is heated for several minutes at
temperatures of 130-160°C. Drying and fixation can also
be carried out in one operation. In this treatment, the
printed fabric must actually attain the temperature of
130-160°C, which is only possible after the evaporation
of water and solvents. After fixation, the goods are, in
principle, ready for making-up and washing-off is not
necessary.

Direct printing can also be used to produce special
effects that are not obtainable by other means, e.g. matt
white and matt coloured prints using white pigments of
high hiding power, or prints with metal powders (bronze
printing). In combination printing with other classes of
dyes it is possible, for example, to produce sharply
defined black outlines with black pigments and alkali-
fixing binders alongside vat or reactive dyes, without the
need for an additional intermediate fixation process for
the pigment binder.

Discharge and resist printing can also be carried out
advantageously with the pigment system. The binder
dispersions used for this purpose are stable to electro-
lytes and will thus withstand the addition of discharge
and resisting agents. This method is very suitable for the
production of coloured discharges on direct or naph-
thol-dyed grounds and for coloured resist prints under
aniline black, azoic fast colour salts and reactive dyes.

There are also a number of special pigment printing
procedures that are less concerned with pigment
coloration than with the effects obtainable by the appli-
cation of high mol.wt binders, e.g. lacquer prints, formed
from raised, coloured glossy binder films, which are best
achieved by stencil printing. Transparent prints serve as a
further example; in these, the light scatter at the surface
of the fibres is markedly reduced by embedding them in a
suitable binder, thus producing a transparent effect in
the printed area.

In one type of embossed printing, a pile fabric is
pattern printed with a high concentration of binder, dried
and then calendered. In the printed areas, the pile
remains stuck down to the base fabric and as it cannot
be raised again by brushing this produces an interesting
three-dimensional effect. A similar effect is obtained in
an opposite manner by a well-established special pro-
cess, flock printing. This consists of pattern printing the
binder to give an adhesive layer in which to secure the
1-3 mm long flock, applied by either mechanical or
electrostatic methods.

Three dimensional print effects, e.g. embroidery imita-
tions, can also be produced by the application of special
pastes. These contain blowing agents, which cause
them to expand when subjected to elevated tempera-
tures after printing and drying.

In print-bonding, nonwovens are stabilised by print-
ing them with a binder in the form of a pattern. However,
unlike the fuli-cover application of a binder by impreg-
natton, foaming or spraying, the material remains more
permeable to air and moisture.

Transfer pigment printing processes are also feasible.
Mixtures of pigments and thermoplastic binders are first
printed on suitable base materials, e.g. paper and then
transferred to the textile fabric either continuously (on
hot calenders) or discontinuously (on a hot press).
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OUTLOOK

The progress made by pigment printing in the last 50
years will certainly not be repeated on the same scale in
the future.

The indisputable advantages of this process, from
both the economic and ecological aspects will, however,
guarantee that it always occupies an important position
in textile printing and ensure continuation of the techni-
cal development.

Since the most recent development phase, which led
to the introduction of synthetic thickening agents and
thus consolidated solvent-free pigment printing, devel-
opment has centred on the use of air as a thickening
medium (printing of pigmented foam), and on the
formulation of a binder system which will crosslink at
low temperatures. The results of these endeavours could
point the way to the pigment printing of the future.
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