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This paper discusses the processing steps involved in the printing of wool, i.e. preparation, printing, steaming,
washing-off and aftertreatment, and comments on the pitfalls to be encountered at each stage. Recent
developments in the preparation for printing (the most likely source of problems) are reviewed. The special styles
of discharge and resist are discussed, and newly developed resist printing processes described. The printing of
blends, print—batch {cold), and the numerous attempts to apply transfer printing fo wool are also reviewed.

INTRODUCTION

‘... the printing of wool is simpler than the printing of
cotton . . . was the comment on wool printing by Knecht
and Fothergill [1] in 1912. Few printers today would agree
with this statement, nor deoes it seem to be reflected in the
relative amounts of wool and cotton printed, according to
current statistics [2,3]. Indeed, it is customary to begin a
paper on wool printing with the comment that the
proportion of wool printed, relative to production, is
abysmally low in comparison to cotton. It is the opinion of
the author, however, that the reasons for this are
commercial rather than technical; factors such as basic
fabric cost, sampling costs and shorter run lengths all
combine to make printed wool an expensive product [4].
These factors, however, are not the subject of this paper,
which will consider the technical aspects, the ‘current
state of the art’, together with recent developments and
improvements in woo! printing, and will hopefully dispel
some of the myths associated with it.

PREPARATION FOR PRINTING

In any discussion related to wool printing there are few
topics that evoke so much confusion and worry as the
preparation for printing. And indeed, whereas a good
pretreatment of any textile fabric destined for printing is
generally considered desirable, in the case of wool it is
absolutely essential; it can never be emphasised strongly
enough that without efficient preparation of the goods
prior to printing, full colour vields, levelness, and
brightness will not be achieved. Although oxidative
bleaching can lead to a slight improvement, the resulting
print will still exhibit poor yields and skitteriness[5].
However, before discussing the methods currently avail-
able for preparation for printing, the processing steps
necessary before this should be considered. These are
described in considerable detail by Heiz[6], and are
chiefly setting, scouring and milling.

Setting

Depending on the quality of the goods, it is usually
necessary to relax and stabilise the fabric before scouring;
this is generally carried out by crabbing, either discon-
tinuously or continuously on the Konticrab {(Hemmer).

Alternatively open-width scouring may be used to impart
a degree of set to the fabric. The plain weave challis,
widely used as a print substrate, is a good example of the
kind of fabric which requires setting prior to scouring.

Scouring

The objective of scouring is to remove processing oils and
dirt, and {with many lightweight fabrics) size, where sizing
of the warp has been necessary. This can involve the use
of enzymes where starch-based sizes have been em-
ploved. Efficient scouring is of course essential for level
application of the subsequent preparation for printing.
Both continuous and batchwise scouring methods are
encountered.

Milling

Depending again on the quality of the goods, a light
milling is sometimes employed to impart the desired finish
to the fabric.

Worsted finishing techniques, together with the ma-
chinery involved have been discussed by Bearpark,
Marriott and Park([7]. Certain fabrics require special
handling in the preparation and finishing; single jersey is
one example [8], and at the time of writing is enjoying
something of a renaissance.

Chlorination

Chlorination is the traditional method of preparing wool
for printing and has been used for decades. Only in
isolated cases may it, or alternative preparation methods,
be dispensed with. A further aspect of chlorination (or
other oxidative procedures) that cannot be ignored in the
context of printing is the dimensional stability imparted to
the fabric. Whilst the topic of machine washability for
prints will be discussed later, it is nevertheless worth
noting here that a degree of dimensional stability is
important for retention of print definition (particularly with
fine-line designs) during wash-off of the printed goods;
any milling or distortion of the fabric surfaces must be
avoided. Although other oxidative processes, such as the
use of permonosulphuric acid [9], may be and have been
used to prepare wool for printing, these are currently of
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little significance and will not be discussed in this review,
which will confine itself to procedures based on chlorina-
tion.

The reaction of chlorine with the wool fibre is very
much pH dependent; under strongly acid conditions a
very rapid reaction takes place, accompanied by little
fibre yellowing; under alkaline conditions the reaction rate
is slower and the yellowing more significant. Chlorination
of wool for printing is normally carried out under acid
conditions, and in order to understand its effect the
chemical reactions involved should be considered.

The literature relating to the chemistry of wool
chlorination is vast, and is comprehensively reviewed in a
number of works[10-13]. Bell and Lewis[14] have
summarised the primary reactions, the most important of
which are outlined below.

In cystine oxidation the cystine residues are rapidly
oxidised to cysteic acid residues (Figure 1). In peptide
bond cleavage chiorine tends to cleave peptides and
proteins at the tyrosine residue (Figure 2). Acid chlori-
nation therefore performs two functions: it creates a
number of strengly anionic groups {such as R-503— and
R-COO-) and it breaks disulphide and peptide cross-
links, making the wool more readily accessible.
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These two factors, namely increased polarity and
accessibility, result in a fibre surface that is both highly
attractive to, and readily swollen by, water. Furthermore,
significant amounts of the anionic peptides at the wool
surface are water soluble, and wool protein material may
actually be dissolved from the surface; under extreme
chlorination conditions the outer scales of the fibre may
be completely removed. A detailed description of these
physical changes is given by Makinson [15].

Pre-chlorination therefore results in a fibre surface that
is much more hydrophilic [16]; the dye deposited at the
fibre surface after printing and drying, which would
normally be aggregated due to hydrophobic interaction, is
thus more readily able to dissolve in the water retained at
the fibre surface and become more disaggregated, leading
to a brighter print. Bell and Lewis [14] have studied and
described these effects, to which the difference in
‘printability’ between untreated and chlorinated wool is
partially attributed.

Wool chlorination for printing was traditionally carried
aut using a solution of sodium hypochlarite, the pH being
adjusted to 1.5-2.0 by continuously metering in hydro-
chioric or sulphuric acid. Although this was practised until
the end of the 1940s {17}, it is now seldom encountered.
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Chlorination with dichloroisocyanuric acid

The replacement of acid/hypochlorite chlorination by the
use of the sodium salt of dichloroisocyanuric acid,
commonly known as DCCA, represented a major ad-
vance in chlorination technology. This compound acts as
a chlorine donor, releasing a chlorinating species in a
controllable manner. The advantages of DCCA over the
previous acid/hypochlorite methods have been described
by Reincke [5,18]. Commercial examples of this product
include Basolan DC {BASF) and Fi-Clor Clearon {Chlor
Chem Ltd), both of which are scluble salts containing
60% available chlorine. Hydrolysis of this compound in
aqueous solution results in production of hypochlorous
acid (Figure 3). Hypochlorous acid is one of three reactive
species present in aqueous chlorinating solutions, i.e.
chlorine, hypochlorous acid and hypochlorite anions;
these all exist in equilibrium, the predominant species
depending on the pH of the solution [10].
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DCCA may be applied either batchwise or continously,
and both methods are encountered in practice. Full recipe
details and methods of application are outside the scope
of this paper, and are in any case fully described else-
where [19], but the application conditions are summarised
below.

The batchwise application of DCCA is the most
frequently encountered method, and may be carried out
on the winch, jig or jet machine. It is particularly
convenient for treating small batches of different qualities.
The main danger in chlorinating on the winch is the
introduction of running marks, particularly on the light-
weight challis types; these can show up during subsequent
printing. Chlorination is carried out at around pH 4.0—4 5,
which permits a controllable uptake of chlorine and at the
same time results in minimal yellowing. In most cases
chlorination is followed by bleaching, as a white ground is
favoured for printing.

The continuous application of DCCA involves the
processing routes outlined in Figure 4. Although not as
frequently encountered as the batchwise operation, this
method does have the advantage of open-width process-
ing. Dwell times in excess of 3min result in more
yellowing, but do not cause any tendering{19]. If the
set-up of the line is suitable, continuous open-width
bleaching may follow chlorination; however, even where
this is not possible, the goods may be transferred to a long
liquor machine for bleaching. In the latter case the loss in
time is more than offset by the speed of the pad—dwell
chlorination.

dwell in chute ———= rinse ——= antichlor
{2-5 min}

Pad ———=
(DCCA+
wetting agent)

Figure 4



Gaseous chlorination technology

Recent years have seen the introduction of an alternative
method of chlorination of piece goods in cpen width.
Kroy gaseous chlorination technology [20] was jointly
developed by Kroy Unshrinkable Wools [_td, of Canada,
and the International Wool Secretariat Development
Centre in llkley, UK. This technology, originally intro-
duced for the chlorination of wool tops, has been adapted
for the continuous chlorination of fabric as a preparation
process for printing [21]. The first prototype machine was
installed in a Bradford mill in 1983, and has been running
commercially for some time. At the time of writing, well
over 1 million metres of fabric have been successfully
processed.

Chlorine gas, supplied from cylinders of liquid chlorine,
and water are previously metered using a special injector
system. The amount of chlorine fed to the machine is
calculated on the basis of throughput and is manually
controlled directly from the chlorinator unit. The chlorine
gas dissolves in water resulting in a mixture of hypochlor-
ous and hydrochloric acid (Figure 5). This acid solution
(approx. pHZ2), to which a suitable wetting agent/anti-
foam combination is added, is sprayed onto the fabric in a
carefully designed reaction chamber, where the chlorinat-
ing species react rapidily with the wool. The design of the
reaction chamber, together with accurate control over the
chlorine feed, enables constant and reproducible process-
ing conditions to be maintained. Rinsing, antichlorination
and neutralisation take place in subsequent chambers,
and the fabric receives a final heavy squeeze prior to
leaving the machine, from which it may be taken directiy
to the dryer. Processing speeds for lightweight fabrics,
such as the wool challis, are of the order of 10~15 m/min,
and chlorine dosage is approximately 4% on weight of
wool (o.w.w.). Although considerably higher than that
applied in DCCA chlorination, this level of treatment
results in similar printability and physical properties.

Cla+Hy0 ———= HOC!+HCI
Figure 5

Results to date have been good, treatment is uniform
along and across the fabric, and reproducible print results
have been obtained. Whilst most of the fabric processed
has been the challis, many other fabrics of widely varying
weights and constructions have also been processed with
highly satisfactory results, Recent developments indicate
that, instead of processing dry fabric, a wet-on-wet
application may be viable, which of course will represent
considerable savings on intermediate drying.

It is perhaps worth mentioning that at the time of writing
an alternative gas chlorination system for wool tops has
been jointly developed by Schoeller Hardturm and
Fleissner [22]. It is also claimed that chlorination on this
system using sodium hypochlorite is possibie; this would
be of interest to companies that cannot work with chlorine
gas because of local environmental legislation. It seems
highly likely that this system could be adapted to process
piece goods, in the same way that the Kroy system was
adapted.

Polymer treatments
The use of shrink-resist resins provides an alternative, but

much less commonly used, approach to the problem of
preparation for printing. There are two polymer treatment
routes to consider, i.e. treatment of tops and treatment of
fabric.

Chlorine—Hercosett treatment of tops

Continuous chlorine—Hercosett systems for the shrink-
resist treatment of wool tops are well established and
operating in 36 plants throughout the world. Hercosett is
described as a water-soluble, cationic cross-linking poly-
amide—epichlorhydrin polymer, and the chemistry, mech-
anism and operation of the process have been reviewed
in detail by Lewis[23.24}. Residual azetidinium cations
impart to the treated wool an increased affinity for anionic
dyes, and this, together with the pre-chlorination (albeit at
areduced level), provides a good preparation for printing.
Furthermore, since considerably more processing takes
place before the top becomes a woven fabric, any
unevenness in treatment is blended out and a consistent,
level preparation is achieved.

This method of preparation for printing is encountered
only occasionally, notably in the printing of single jersey
fabrics, where machine washability is required. In the
absence of a reliable chlorination preparation it was
popular some years ago in the UK, but has now been
displaced by the cheaper straight chlorination procedures.

It should be noted that, due to the cationic nature of the
polymer, care should be exercised in washing-off the
printed goods to avoid staining of white grounds, since
the treated wool exhibits a high affinity for any loose
anionic dye in the wash liquor.

Fabric treatments

Over the past ten years synthetic polymers have been
developed which impart machine washability to wool
fabrics without the necessity for a pre-chlorination step. It
has been demonstrated that the water-soluble polymers
Nopcolan SHR3 (Henkel) and Synthappret BAP (BAY)
exhibit a high affinity for the more hydrophobic type of
dye, and that this property may be put to advantage by
using the treatment as a preparation for print-
ing[6,14,25,26]. It has been shown that a pad-
batch(cold)~wash-off procedure imparts a much softer
handle than the more usual pad-dry—heat-cure meth-
ods [27].

Advantages of the system over chlorination procedures
include reduced yellowing during steaming[25] and
easier removal of unfixed dye during washing-off [28]. On
the other hand, as no chlorination is involved, the fabric is
not so easily wet out, resulting in reduced penetration,
and steaming must be carried out under optimum
conditions. The system is restricted to the use of selected
milling acid and metal-complex dyes, poor vields being
obtained with reactive dyes and dyes of large molecular
size; this is not, however, seen as a major limitation.

Other methods of preparation for printing

Two other methods of preparing wool for printing have
been developed over the years, in order to avoid the need
for chlorination. Lewis [27] has described a process
known as sulphitolysis, which utilises sodium sulphate and
an anionic surfactant. Brady, Rivett and Stapleton [28,29]
have investigated the use of tetraethylene pentamine
(TEP) as a means of increasing colour yields when printing
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with selected milling or metal-complex dyes. At the time
of writing, neither of these methods is seen to be
commercially viable.

DIRECT PRINTING

Direct printing, or ‘print-on’, represents the most widely
used and most straightforward printing style on wool
today. Printing is carried out on the prepared goods; these
are often bleached where large areas of white ground are
to remain, and sometimes dyed to a pale background
shade, or even dyed to a medium shade and overprinted
with deep colours to obtain subtle shadow effects.

Machinery

Latest developments in textile printing machinery have
been reviewed elsewhere [31,32] and a detailed discus-
sion is outside the scope of the present review. The choice
of machine in wool printing is very much dependent upon
the design and run length.

Although rotary-screen printing is often encountered,
automatic flat-screen printing remains the most popular
method due to the shorter run lengths processed on wool.
The relative merits of flat- and rotary-screen printing have
been enumerated in several publications [33-35].

Dye selection and print recipes

Dyes for wool printing are usually selected according to
the following criteria:

{a) Price

(b) Strength of colour

(c) Coverage properties

(d) Solubility

(e} Build-up properties

() Washing-off properties

{g) Wet- and light-fastness properties.

All of these criteria are important to the printer or his
customer, and sometimes the satisfaction of one can be
achieved only at the expense of another. For example,
some very brilliant shades can only be attained by using
dyes with poor fastness properties.

Non-reactive dyes
The most widely used palettes of dyes are the milling acid
and metal-complex types; these are the ranges most
favoured by the wool printer for several reasons, perhaps
the most important of which is the possibility of achieving
most of the required print colours with two-component
dye mixtures [17] (for reasons that will be explained later).
The development of metal-complex dyes over the last
few decades has been reviewed by Beffa and Back [36]
and by Lewis[37]. The sulphonated 1:2 metal-complex

TABLE 1

dyes offer advantages of high tinctorial value, economy
and fastness, which coupled with their good sclubility
make them a highly suitable choice for the printer
requiring full if not particularly bright shades. The
requirement for bright colours is satisfied for the most part
by the milling acid dyes, many of which also possess good
fastness properties. A wool printer’s palette will comprise
both types, and the major dye manufacturers offer a
selection of these dyes as being particularly suitable for
wool printing; these are listed in detail elsewhere [38] but
in summary are taken from the following ranges:
—Acidol, Acidol M, Vialon Fast, Ortolan, Palatin Fast
(BASF)
—Supranol, Alizarin, Isolan S, K (BAY)
—Polar, Erionyl, Irgalan, Lanacron S, Lanaset (CGY)
—Amido, Lanaperl, Alphanol (HOE)
— Coomassie, Carbolan, Neutrichrome M, S (IC])
—Sandolan, Lanasyn, Lanasyn S (S).

Reactive dyes

One tends to think of reactive dyes for wool printing only

where very high fastness standards are required, and there

has indeed been a trend in recent years towards the
printing of wool to machine-washable standards.

Lewis [39,40] has admirably reviewed the use of reactive

dyes in wool dyeing, but their use in wool printing is not

so well documented. Reactive dyes for wool printing are
selected from the ranges outlined in Table 1, which
comprise those marketed both for wool and cotton.

Apart from the obvious advantage of good all-round
fastness, which is of course the main reason for their
choice, reactive dyes also offer the additional advan-
tages [17,27] of:

(a) Better solubility than acid dyes; they can usually be
sprinkled directly into the print paste as solids without
the necessity of dye solvents

(b) Shorter steam fixation times are required, which is
particularly advantageous in continuous steaming.

Hoffstetter has pointed out[17] that reactive dye
printing does lead to certain problems, such as a tendency
to unlevelness in large blotches in certain shade areas.
This arises from the necessity of using a three-dye
combination, whereas with metal-complex and milling
acid dyes the same shade could be obtained with a single
dye, or two at the most. Depending on the quality of the
goods and pretreatment, selection is therefore of para-
mount importance in minimising this tendency. This
problem is presumably also compounded by the poorer
levelling and migration properties of reactive dyes [39]. As
mentioned earlier, reactive dyes will not give satisfactory
results with material prepared with the polymers Nop-
colan SHR3 and Synthappret BAP.

Some leading dye ranges of reactive dyes for wool

Dvye range Reactive group Manufacturer
Levafix E-A, P-A Monochlorodifluoropyrimidine BAY
{anasol a-Bromoacrylamide CGY
Remazol Sulphatoethylsulphone HOE
Procion P, H-E Monochlorotriazine ICI
Procilan E N-Methyltaurine ethyl sulphone ICI
Drimalan F, Drimarene R, K Monochloredifluoropyrimidine 5

162 JSDC Volume 104 April 1988



Pigments

The use of pigments is not generally encountered in wool
printing (except in special cases which will be discussed
later) because they cause considerable maodification of the
fabric handle. Although Brady and Hine[41] have
suggested that careful selection of binders and cross-
linking agents can minimise this effect, the pigment
printing of wool cannot be regarded as being of significant
importance.

Recipes

Detailed recipes for the printing of wool with both reactive

and non-reactive dyes are given elsewhere (17,27 33].

The following ingredients will typically be found in most

printing recipes:

(a) Thickener, most generally favoured being guar gum
derivatives (mixed sometimes with crystal qum or
starch ethers), the solids content depending on the
type of design to be printed (i.e. blotch, fine-line, etc,
all have different requirements)

(b) Urea, an essential ingredient in wool print pastes; it
aids solution of the dye in the print paste, acts as a
humectant, and promotes wool swelling and dye
penetration during steaming

(c) Dye solvent, e.g. thiodiethylene glycol or butyl
carbinol, often employed to facilitate solution of the
milling acid dyes

{d) Wetting agent, necessary if chlorination of the goods
has been less than optimum, and also for end uses
where complete penetration is required (e.g. scarves,
shawls); anti-frosting agents are sometimes also
employed

(e} Antifoam, generally necessary in machine printing

(i Acid, since wool is generally printed under acid
conditions, using either a non-volatile acid (e.g. citric
acid) or an acid donor (e.g. ammonium tartrate,
ammonium sulphate); the Remazol dyes are fixed
under neutral to slightly alkaline conditions, using
sodium acetate at approx. 40 g/kg

(g} Oxidising agent (sodium chlorate) is often added to
print pastes to counteract the reducing effect of the
wool on the dye; under the alkaline conditions
employed for printing with Remazol dyes, sodium
m-nitrobenzene sulphonate is effective.

Steaming

After printing and drying, the dye is deposited on the fibre
surface within a thickener film in a highly aggregated
form; a steaming operation is thus necessary to swell the
thickener film and dissolve the dye, swell the wool fibre to
allow penetration of the dye, and elevate the temperature
of the fibre to effect fixation of the dye. Typical steaming
times are 10--15min for reactive dyes and 30—45 min for
metal-complex and milling acid dyes.

Without a doubt, the most important condition during
saturated steam treatment is that there is sufficient
humidity present in the substrate; this must be uniform
and constant throughout the treatment to prevent differ-
ences in colour development. The mechanisms involved
in atmospheric steaming have been described in some
detail [42-44], and the reader is referred in particular to
Steam now[43], an excellent publication by Arioli.
However, at this point it is worth considering the various

factors which influence the efficiency of steaming of
printed wool goods.

As soon as the fabric enters the steaming chamber it is
heated quickly to 100°C, due to rapid condensation of the
stearn, with consequent liberation of the latent heat of
condensation (2.26kJ/g). It has been shown [45,46] that,
depending on the specific heat and initial moisture
content of the substrate, only about 200g of water are
deposited per 1000 g of textile (assuming the print paste
contains the appropriate humectants). It will immediately
be perceived that this represents a very low liquor ratio,
resulting in unfavourable conditions for dye fixation. If,
instead of saturated steam at 100°C, superheated steam at
110°C is used, this moisture uptake drops to 75g per
1000g, compounding the problem even further and
leading to reduced colour yields. It is thus vital to avoid
overheating the steam. Wool is particularly problematical
in that it has a much higher heat of absorption than almost
any other textile fibre, i.e. considerable heat is released
when the moisture is absorbed. Fell and Postle [47] have
shown that the moisture content of the wool before it
enters the steaming chamber plays an important role in
determining the temperature attained in the steamer due
to heat of absorption (Table 2). It is therefore clear that the
wool should be allowed to attain its natural regain content
before it enters the steamer. The reconditioning of several
thousand metres of overdryed wool is a formidable task; it
is clearly much better to ensure that the goods are not
overdryed in the first place. This can sometimes be a
problem on the dryers of modem printing machines
running at speed.

TABLE 2

Influence of moisture content on temperature
attained during steaming

Initial moisture Temperature attained {°C)

content (%) due to heat of absorption
0 125
25 115
5.0 107
100 102

The criteria for effective steaming may be summarised

as follows:

(a) The goods should always be at room temperature and
should have been allowed to condition

(b) The print paste should contain the necessary humec-
tants, e.g. urea, glycerine

{c) The steam supplied to the steaming chamber should
be truly saturated and should not have any residual
superheating

(d) The heat liberated by condensation and absorption
should be removed from the steaming chamber, so
that the steam is maintained in the desired condition
{this is especially important in the first part of the
steamer where the heat generated is at its maximum).

The last two criteria are functions of the steaming
equipment, and their implementation in festoon steamers
— the Stork HS-III Universal, and the Arioli Vaporliter-
motex — have been fully described by Schaub and
Reina [44,48,49]. Perhaps the most important feature of
these steamers is the humidifying system, based on the
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venturi injector principle; this maintains the correct
moisture content by injection of a fine water mist and
represents a far more economical method than using large
quantities of fresh steam. It is also a far safer method than
spray damping the goods before they enter the steamer.

Some printers still employ steamers of the star type (e.g.
Dupuis and Sanderson) in which the fabric is loaded onto
the star frame and steamed in an enclosed bell-shaped
chamber. Removal of the generated heat in this kind of
system is very difficult, particularly if the load is tightly
packed, and indeed some printers employ the trick of
pouring water into the bottom of the steamer to ensure
moist steam. The use of a dampened back-grey is
sometimes also encountered.

A final point to mention with regard to steaming is the
yellowing of chlorinated fabrics during the steaming
process. Bell and Lewis [14] have shown that chlerinated
wool yellows at approximately twice the rate of untreated
wool. Although it would seem an obvious solution to
minimise steaming times, this is not a practical proposition
as the vellowness index of the steamed wool reaches a
maximum after about 15-20 min, and even reactive dyes
must be steamed for 15min. As mentioned previously,
goods prepared by non-chlorination methods behave
more or less as untreated wool, and are significantly less
prone to yellowing during steaming.

Washing and aftertreatment

The general problems in washing printed goods have

been dealt with in some detail by Winkler [50] and

Hoffstetter [51], and apply equally to wool as they do to

other fibres. The aim of washing-off is to remove

thickeners, chemicals and unfixed dye, and to attain the
desired level of wet fastness. This has to be achieved
without detriment to the goods (e.g. surface felting) and
without staining of unprinted or pale coloured areas.

There are several factors that influence the efficiency of

washing-off and the wet fasiness attained:

(a) The washing process must be appropriate to the class
of dye used; thus prints with milling acid and
metal-complex dyes are washed at about 40°C, while
reactive dyes must be washed at 80°C

(b) The washing-off properties of the thickener must be
satisfactory; incompletely removed thickener will give
rise to fastness problems

{c) The dye concentration used and the amount of print
paste applied to the fabric must not exceed a given
maximum, established by conducting preliminary
trials; exceeding this maximum will result in very little
increase in depth of shade but will greatly increase the
amount of unfixed dye to be removed by washing

{d) The use of optimum steaming conditions ensures a
high degree of fixation and leaves a minimum of
unfixed dye to be washed out.

Since printed wool has usually been pre-chlorinated, or
pretreated with shrink-resist polymers, surface felting
during washing is generally not a problem. Wool prints
are washed both on winches (either singly or several in
series) and on open-width washing ranges, and some-
times using a combination of both methods. The winch
offers the advantage of the extended washing times
required for wool, together with a certain amount of
mechanical action. If the open-width washer is used
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several passes are often necessary to compensate for the
relatively short dwell time. As high a liquor ratio as
possible is advisable to prevent backstaining during
washing. The use of auxiliaries with affinity for any
unfixed dye in the washing liquor helps to prevent staining
of white grounds and results in improved fastness
properties {52,53].

Interest during recent years in machine-washable wool
prints has placed greater demands on performance
standards. Reactive dyes are those which first come to
mind when considering colour fastness of such fabrics, but
it must be emphasised that in order to realise the full
fastness properties of these dyes washing must be carried
out at 80°C in the presence of ammonia. It has been
demonstrated that a marked deterioration in wet fastness
is observed if a maximum washing temperature of only
60°C is employed [27].

For prints with non-reactive dyes, with normal fastness
requirements, washing may be carried out at 30-40°C in
the presence of a washing-off auxiliary. However, it has
been shown [17,28] that good colour fastness of machine-
washable fabrics may be attained with a wide range of
these dyes, provided that washing is carried out at
50-60°C in the presence of ammonia and appropriate
auxiliary, and that the goods are aftertreated with a
cationic dye fixing agent.

The use of cationic aftertreatments is a way to improve
the wet fastness properties dramatically, in particular the
perspiration fastness of a print. Since these products
function by forming a large insoluble complex with small
amounts of unfixed anionic dye, they should only be
employed after a thorough wash, otherwise a marked
deterioration in rub fastness occurs. These products,
mostly based on condensates of formaldehyde and
dicyandiamide, have been widely used in the cotton
industry for some time [51]. Recent years have seen the
introduction of the so-called ‘second generation’ pro-
ducts, e.g. Basolan F (BASF) and Lanasan MW (S), which
are more highly cationic than the earlier products [54].
Reincke [55] has discussed the use of Basolan F, which is
described as a polyquaternary amine; possible disadvan-
tages in the use of this type of product are soiling, and
cross-staining of white or pale grounds due to the
mordant effect of the highly cationic polymer. Staining
from other dyes in the print can be avoided by careful dye
selection [28], while unpublished work by the author has
shown that very severe washing conditions have to be
employed before there is a real danger of cross-staining
from other articles in a domestic wash. At the time of
writing it is too early to say whether this latter will lead to
consumer ¢complaints

DISCHARGE PRINTING

Classical discharge printing is a widely practiced printing
style, often forming up to 50% of a factory’s wool printing
production. Although modern printing techniques have
enabled some of the designs to be achieved by direct
printing routes, it is a style which is constantly in demand
despite its many drawbacks and problems.

Discharge printing involves printing a pre-dyed fabric
with a reducing agent which destroys the dyeing; by
including in the print paste a dye that is resistant to the
discharge agent the ground shade is simultanecusly
destroyed and replaced by the ‘illuminating’ colour in the



printed areas. Production of intricate patterns, usually on
strongly contrasting grounds with great clarity, sharpness
and fit have become the hallmarks of this style, which is
produced only with great difficulty, if at all, by direct
printing methods.

Woefully little has been published during the last
decade on the discharge printing of wool (or for that
matter silk), reflecting perhaps the difficulties involved in
this process. The current state of the art has been
described by Koch [56], Bell et al. [57], Hoffstetter [17],
and Berry and Ferguson [58], and is summarised in the
following sections.

Ground shades

Discharge printing involves the actual chemical destruc-
tion of the original dye in the printed areas. The ground
shade dyes are invariably azo dyes, and their discharge-
ability ratings according to the Colour Index system
should be not less than 4-5. The selection of these dyes
does not generally present a problem, many acid,
metal-complex and reactive dyes being dischargeable to
white [38]. However, Koch [56] points out the importance
of carrying out preliminary tests under works conditions,
since in a three-dye combination not all the components
will be reduced at the same rate; the most readily reduced
components are discharged first. Thus under unfavour-
able conditions a less readily reduced component will be
inadequately discharged, even if it is only present in smalt
quantities.

Discharge agents
A number of reducing agents are available, and are given
in Table 3. Most commonly used for the discharge
printing of wool are the formaldehyde sulphoxylates. The
mode of action of these compounds had been investi-
gated in depth [59-62] and a simplified reaction scheme
for the decompaosition has been given [58] (Figure 6).
Sodium formaldehyde sulphoxylate[63] is a water-
soluble, easy-to-handle product, giving good white

H,0

CH;OH.SO;Na ——= HCHO+HS0,+Na* ——== HSO3+2H.

Sodium
formaldehyde
sulphoxylate

ArN=NAr'+4H- —= ArNH;+Ar'NH;

Figure 6

TABLE 3

discharges; however, it develops its full redox potential in
the alkaline pH range [56], and unless great care is exer-
cised excessive fibre damage and shrinkage occurs. For
this reason it is rarely used on its own and pH adjustment
results in reduced stability.

Calcium formaldehyde sulphoxylate [64] is water in-
soluble, and although stable can lead to problems of
screen blockage and unsatisfactory penetration of the
discharge. A recent development by BASF is the
production of the insoluble calcium formaldehyde sul-
phoxylate as a 30% dispersion. Greater stability, fewer
problems with haloing, less fibre damage and less
shrinkage than with the sodium salt are claimed. The
calcium salt is quite often used in combination with the
sodium salt.

Zinc formaldehyde sulphoxylate [65] functions in the
weakly acid pH range, and fibre damage/shrinkage is less
of a problem. However, although widely used, there can
be problems in washing out the cleavage products of
some reduced dyes, leading to after-yellowing of the
discharge on exposure to light and air. [t is more
aggressive towards the illuminating colours than is the
sodium salt.

BASF has reported [66] the possiblity of using a
magnesium formaldehyde sulphoxylate, which was
claimed to overcome all the problems outlined above. Of
particular interest was the discovery that it was not
necessary to prepare the magnesium salt as such, but
simply to mix sodium formaldehyde sulphoxylate with a
water-soluble magnesium salt, such as magnesium sul-
phate, in stoichiometric quantities in the print paste.
However, commercial use of this type of system has not
been reported.

Reaction schemes for the other reducing agents,
thiourea dioxide and tin salt, have been given by
Koch[56] and Berry and Ferguson (58] (Figure 7).
Thiourea dioxide appears to be an attractive alternative to
the formaldehyde sulphoxylate [67,68], but is rarely used
due to its very low solubility (37 g/1 at 20°C).

Tin salt is not often encountered in wool discharge
printing. Its lower redox potential permits the use of a
wider range of illuminating dyes, but at the same time
limits the number of ground shades which are discharge-
able. After-browning of white discharges is also a
problem. Effluent disposal and corrosion of the steamer
due to production of hydrochloric acid (Figure 7) are
further problems to be reckoned with.

Reducing agents for use in discharge printing

Some
C.I. Reducing Agent Chemical type commercial producis
2 Sodium formaldehyde sulphoxylate Rongalit C (BASF)
Formosul (BOC)
6 Zinc formaldehyde sulphoxylate Decrolin (BASF)
Arostit ZET (S)
12 Calcium formaldehyde sulphoxylate Rongalit H (BASF)
11 Thiourea dioxide Reducing Agent F (Degussa)

Tin (IT) chloride (tin salt)

(formerly Manofast)
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Tin (1)
chloride

Figure 7

INluminating dyes

The real problem in discharge printing lies in the selection
of dyes for coloured discharge which are resistant to the
reducing agent. The already short list is shrinking all the
time as manufacturers delete uneconomical colours from
their ranges. It is usually necessary to resort to dyes of
poor wet and light fastness, particularly where brilliant
shades, so characteristic of this printing style, are
demanded. Dyes suitable for coloured discharge are given
elsewhere [17,38,69], but the classical selection is based
on C.I. Direct Yellow 28, C.I. Acid Red 52, C.1. Direct
Blue 106 and C.I. Basic Blue 3. A few metal-complex
dyes are discharge resistant and allow prints of rather
better fastness to be produced.

The use of pigments is sometimes encountered, and
although advances in binder techology mean that a
relatively soft handle can be obtained, this approach is
nevertheless limited to the printing of small motifs or
outlines. The pigment must of course be resistant to the
reducing agent.

Bell and Lewis [14] and Hoffstetter [17] have reported
the use of solubilised vat dyes. Although not particularly
deep or brilliant, nor indeed even offering a full shade
gamut, these dyes do possess good fastness properties.
Unfortunately, strong oxidising conditions are required for
liberation of the leuco vat dye and for subsequent
oxidation of this to the insoluble vat pigment, and these
conditions can affect the ground shade.

Printing and fixation

Recipes for the discharge printing of wool are numerous
and diverse. They are in most cases based on printers’
own know-how and experience, local works conditions
and effluent regulations. Detailed recipes from the major
dye manufacturers are given elsewhere [17,38,69], but
that quoted in Table 4 may be regarded as fairly typical.
The sodium m-nitrobenzene sulphonate is used to
prevent unwanted reduction of the illuminating dye.
Although it is not necessary for all illuminating colours, its
use can in certain cases have a profound effect on the
storage stability of the print paste, and consequent
reproducibility of the colour yields [57,69].

Steaming is carried out for 10-20 min at 100-102°C (or
sometimes for two separate passages through the steam-
ey), air-free steam being essential. The criteria for effective
steaming discussed previously are even more important
here since the discharge process is exothermic. Spray
damping before the goods enter the steamer should be
carried out only with extreme caution, otherwise haloing
{i.e. bleeding of the reducing agent, leading to a white rim
around the printed area) will occur.
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Washing-off is carred out under mild conditions as the
dyes used for coloured discharge generally possess poor
wet fastness properties.

TABLE 4

Typical paste recipe for discharge printing on wool

Component Amount (g)
Dye x
Urea 30-50
Thiodiethylene glycol 30-50
Reducing agent 30-180
Thickening 500
Sodium m-nitrobenzene sulphonate 20
Ammonium chloride 20
Zinc oxide 50
Water to 1000
RESIST PRINTING

The end results of discharge printing and resist printing
are similar, but the processing route is different; the resist
agent is printed and fixed on the white fabric and prevents
the fixation of the ground shade, which is applied by an
appropriate dyeing or printing technique. A coloured
resist is obtained by including in the print paste an
illuminating dye that is able to fix in the presence of the
resist agent. Resist techniques fall into two classes:
(a) Reactive resist followed by piece dyeing, usually from
long liquors
{b) Mechanical/chemical resist, where the resist agent is
printed and the ground shade applied by wet-on-wet
printing with a blank screen.

Many attempts have been made over the years to
produce multicoloured effects on wool and polyamide
fibres, with varying degrees of success. An effective
process for producing such effects would clearly be of
interest in providing an alternative to discharge printing,
which, as will be clear from the preceding section, is
fraught with problems.

Chemical resist processes

Over the years several methods have been suggested for
rendering wool non-dyeable with acid dyes, acetylation
with acetic anhydride, dimethylaniline catalyst and sul-
phuric acid being one of the earliest[70,71]. Sulphation
with concentrated sulphuric acid [72], resist treatments
with tannic acid {73,74], application of formaldehyde—
naphtholsulphonic acid condensates [75] and grafting of
anionic monomers [76,77] have also been proposed. To
date none of these techniques has been adopted in
practice.

A more practical proposition is the use of a reactive
resist agent resembling a colourless reactive dye. One
such product was Sandospace R {S}[78], a highly reactive
water-soluble anionic product, believed to have the
structure shown in Figure 8. Bell and Lewis[14] have
described the reaction scheme by which this compound
could react with amino groups in the wool to produce the
species shown in Figure 9. The resist thus arises from both
blocking of reactive amino sites on the fibre and by
anionic repulsion.
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The use of this product for producing resist effects on
wool and polyamide became quite well established [79—
81] and also found some application in the printing of
wool garments [82]. It has been shown [82,83] that when
Sandospace R is applied to wool by padding or long
liquor dyeing, treatment levels corresponding to weight
gains of 10-12% result in a resist effect of about 80—-90%
when the goods are dyed to a 2% shade. At pale depths a
complete white resist is obtained. The more recently
introduced Sandospace S [84] is cheaper but less reactive
than Sandospace R (which has now been withdrawn), and
cannot be fixed adequately to wool to achieve the weight
gains necessary for effective resists [83].

Sulphamic acid resist printing

Most of the techniques described thus far suffer from one
main drawback, namely the inability to achieve a perfect
white resist except in pale depths of ground shade.
Although tone-on-tone effects can be quite acceptable for
certain end uses, e.g. dyeing of carpet yamns, the objective
as far as the printer is concerned is to find an alternative to
discharge printing, where grounds are nearly always dyed
to a full shade. These drawbacks have led to the
development of a more effective resist system for wool.

The use of sulphamic acid as an anionic dye resist agent
was patented in 1955 by Sandoz [85] but generated little
interest. Other workers have since reported the dye resist
effectiveness of this chemical when applied by padding
techniques [86,87]. Its use in printing was first described
by Bell et al. [57], who reported preliminary laboratory
findings. It was found that resist was most effective
towards reactive dyes, which probably explains why the
early Sandoz patent came to nought, since it pre-dated
the introduction of wool reactive dyes.

Elliot et al. [86] have suggested that the most probable
reactive sites on the wool for the sulphamic acid are basic
amino groups, hydroxyl groups and the cystine linkage,
according to the reaction schemes outlined in Figure 10.

W-NH:+NH;S03H ——— W—-NH-S0:H+ NH;
W-0OH+NH.S503H ——= W-0-S03H+NH;
W-S5-S—-W+NH,S03H ——= W-S-NH,;+W-5-S0+H

Figure 10

The reactions between sulphamic acid and wool, and
optimum reaction conditions, have been studied in some
depth [88,89]. For maximum uptake of sulphamic acid

urea is essential in the pretreatment liquor/print paste,
confirming the results of Lewis et al. [87], and the fabric
should be cured for 4-5min at 150-160°C. Under these
conditions a maximum uptake of 8.5% bound sulphamic
acid is achieved. No further uptake is achieved by
increasing either the curing time or the temperature.
Omission of the urea results in a drop in bound sulphamic
acid to 5% . Cameron et al. [88] showed that about 1% of
the bound sulphamic acid was accommodated on the
cystine linkages, 0.6-1.5% on basic amino groups and,
by difference, about 5.9-6.8% had reacted with alcoholic
amino acids. The reactions are complex, with no one
reaction going to completion under the conditions
employed.

The recipes used for printing are very similar, a typical
white resist print paste being quoted in Table 5.

TABLE 5

Typical white resist paste for wool printing

Component Amount (g)
Sulphamic acid 150-200
Urea 150-200
Thickener 301 Extra RF 12% {Griinau) 500
Alcopol 660 {Allied Colloids) 2
Antifoam 1
Water to 1000

A coloured resist is achieved by including an illuminat-
ing dye in the print paste; only reactive dyes selected from
the Lanasol, Drimalan F, and Drimarene R and K ranges
fix covalently to the fibre under these conditions. These
dyes may be added directly to the white resist paste as
solids.

Fixation is now of course a two-stage process, involving
dry heat fixation for 4-5min at 150-160°C to fix the
sulphamic acid, followed by steaming for 30min at
100-102°C to fix the illuminating dye. Fixation of the
reactive dye is lower than would be expected in direct
printing, being adversely affected by the print paste pH,
which does, however, increase during baking and
steaming (pH as printed=2.4, after baking=4.5, after
steaming=>5.2 [57]).

The steaming and baking steps are not interchangeable,
hydrelysis of the sulphamic acid occurring if steaming is
carried out first, although solutions of sulphamic acid at
room temperature are very stable [90]. Steaming of the
sulphamated wool does result in a small but significant
deleterious effect on the level of resist [89], but this cannot
be avoided.

Thorough washing-off, including an ammonia wash at
70°C, is necessary to remove unfixed dye and prevent
cross-staining of unprinted areas during subsequent
dyeing.

QOverdyeing is carried out from long liquor with reactive
dyes. An almost perfect resist is obtained with selected
dyes from the Lanasol, Drimalan F, Cibacron F (CGY),
Procilan E, Procion H-E, Verofix, Acidol (reactive types
only) (BASF) and Remazol ranges [38].

Since reactive dyes are used both for the coloured resist
and for the ground shade dyeing, fastness properties of
the prints are good. There is a certain amount of fibre
damage, but this is not as great as that occurring in
discharge printing.

JSDC Volume 104 April 1988 167




At the time of writing, the first commercial production
has been carried out with the sulphamic acid resist
process and it appears to be a promising alternative to
discharge printing.

Mechanical/chemical resist processes

Mechanical resist printing techniques have been practised
for many years, in fact about 3500 years! The classical
batik style of wax resist printing is thought to date back to
the Egyptian civilisations of 1500 BC [58). However, the
discussion of such styles, unique though they are and
practised by only a very few specialist printers, is outside
the scope of the present review (though their use on
wool/cotton blends has been described [91]).

More recently resist techniques based on the use of
active carbon have been proposed [92,93]. Sakacka [92]
has given a method for white resist to acid dyes, using
Unistone DW, which contains both active carbon as the
resist agent, and a white filler which prevents staining of
surface fibre with the active carbon. The use of a polymer
containing quaternary ammonium groups (Unistone
2400} is also described.

Matsumin High Zitt FR and FRC, from Matsui Shikiso
Chemical Co., Kyoto, Japan, are cationic in character and
described as polyamine resins, the FR being used for
white resist and the FRC for coloured resist. The process
involves printing the white or coloured resist then
applying the ground shade by wet-on-wet overprinting
with a blank screen. Selected levelling acid dyes are
recommended for the coloured resist, and milling acid
and 1:2 metal-complex dyes for the overprint. After
drying and steaming the goods are simply washed and the
ion pair complex formed by the cationic resin; the anionic
dye is broken down and removed, leaving a white or
coloured resist. Unfortunately, due to the high solids
content of the product, severe problems were encoun-
tered with screen blockage, and the process was really
only suitable for hand printing.

Thiotan WS

A more promising development has been the introduction
of the Thiotan WS process from Sandoz[17,94]. This
product too is based on a mechanical reserving action and
is also believed to possess some cationic properties.
Wet-on-wet printing is again involved and the process is
aimed at overcoming some of the problems associated
with the earlier Japanese processes.

Thiotan WS incorporates a thickener, and is employed
at about 600-750 g/kg in a white resist and 600 g/kg in
coloured resist. A typical recipe for white resist contains
simply Thiotan WS, urea and antifoam. The recipe for
coloured resist contains in addition dye, Lyocol BC and
citric acid. Some minor variations may be necessary
depending on the working conditions. The recommended
selection of dyes for the coloured resist is composed
largely of Sandolan N, Milling N, Brilliant N and Fast P
types, together with one or two Sandolan E types (all S),
i.e. the wet and light fastness properties can be expected
in general to be superior to those offered by classical
discharge prints. The overprinting is carried out with a
conventional weol print paste, using mostly selected
Lanasyn S (S) and Sandolan Milling N types, which are
known to be reserved by the Thiotan. Steaming and
washing-off complete the process, the dye used for the

168 JSDC Volume 104 April 1988

ground shade being washed out with the Thiotan.

The process certainly has a high degree of simplicity
and some novel effects are obtainable, such as the
reserving of several overprinting colours printed alongside
each other. Excessive mechanical handling of the printed
goods must be avoided to prevent dusting and flaking
because of the high solids content of the print paste.
However, at the time of writing, the first commercial runs
are underway and it is presumed that processing
problems will eventually be overcome,

WOOL BLENDS

Blends of wool with other fibres are often encountered

amongst printed goods, for several reasons:

{a) Production of a cheaper article by introduction of a
synthetic fibre

{b) Imparting a wool-like handle and appearance to a
synthetic fibre by introducing small amounts of wool

(c} Introduction of a synthetic fibre on technical grounds
(e.g. to impart improved wearing properties)

(d) Production of highly exclusive articles by blending
wool with the so-called ‘noble fibres’, silk and
cashmere

(e) Production of traditional blends such as half wool
unions with cellulosic fibres, which have been avail-
able for many years.

Where the other fibre possesses similar dyeing proper-
ties to wool, e.g. silk and cashmere, problems are not
usually encountered, the blends being treated as 100%
wool. This is likewise the case where small amounts of a
synthetic fibre with similar dyeing properties have been
introduced. For example, it is not uncommon to find
blends with 5-10% polyamide, particularly in the challis
types, in discharge printed goods, the object being to
compensate for the loss in strength in the wool occuring
during the discharge printing process[17]. This review,
however, will concern itself with the more frequently
encountered blends, the most important of which are
wool/polyester and wool/cotton and, to a lesser extent,
wool/acrylic.

Wool/polyester

Although it was predicted that wool/polyester blends
would become increasingly important during the
19805 [95] this does not seem to have been the case.
However, there is still some 2 million metres printed
annually in West Germany alone, and it can prove very
troublesome to process. The blend ratios can vary
enormously, from 5% to 45% wool. The lower levels of
wool are usually added for improved handle and
appearance, and the blend is printed as polyester with
disperse dyes, often by transfer printing. However, any
blend containing upwards of 20-25% wool must be
considered as two distinct fibre types, otherwise poor
coverage of the wool will occur, giving an undesirable
skittery appearance {52,53].

It is usually necessary to pre-chlorinate (adjusting the
level of chlorination for the proporfion of wool in the
blend) and print with a mixture of disperse angd anionic
dyes (either reactive, milling acid or metal-complex) and
most of the major dyestuff manufacturers recommend
matched pairs of dyes for this purpose[38], either as
ready-made mixtures or as separate dyes. Fixation is



usually a two-stage process involving atmospheric steam-
ing to fix the anionic dye on the wool, followed by
high-temperature steaming at 175-180°C to fix the
disperse dye on the polyester. However, surprisingly, in
the light of the previous discussion on steaming, success-
ful results have been achieved by reversing these stages
when reactive dyes were used for the wool com-
ponent [3896]. The main problem in the printing of
wool/polyester arises from the unfixed disperse dye, both
in staining of the ground during washing-off and in wet
fastness of the print, due to the small disperse dye
molecules remaining trapped in the wool. Careful
selection of auxiliaries in washing-off can lead to dramatic
improvements [53,96].

QOver the years there have been several interesting
variations proposed for the printing of wool/polyester
blends and it is worth mentioning some of these.

It was demonstrated by Hoechst [97—99] that sodium
formate brought about fixation of selected reactive dyes
on wool and cellulosic fibres under high-temperature
steam conditions (175°C). The absence of free alkali
meant that wool yellowing and fibre damage were kept to
a minimum. Thus mixtures of disperse (Samaron) and
reactive (Remazol) dyes were fixed in a one-stage
steaming process. It was necessary for the wool
component of the blend to be chlorinated, and if the wool
content exceeded 30% it was necessary to carry out an
atmospheric steaming before high-temperature steaming.
Washing-off was to be carried out as always with care to
avoid staining of grounds.

The Procilene PC dyes were developed by ICI for the
printing of polyester/cellulosic blends. These are mixtures
of Procion T, phosphonic acid-containing reactive dyes,
and Dispersol PC disperse dyes, which are designed to
hydrolyse to water-soluble carboxylate derivatives during
washing-off under strongly alkaline conditions [100),
thereby alleviating staining problems associated with the
use of conventional disperse dyes. Efforts were made to
adapt this system to the printing of woal/polyester
blends [101-104]. However, since very low levels of
fixation (approx 30%) of the Procion T dyes were
obtained on wool[14], and since the severe wash-off
conditions could not be employed on wool, there was
little advantage in using the system.

Although the range has now been withdrawn, the
Procinyl reactive—disperse dyes from ICI were shown by
Brady and Cookson[105] to give satisfactory results
when printed onto 60:40 wool/polyester from a conven-
tional print paste.

Finally mention should be made of a navel printing
method for wool/polyester blends. So-called burn-out or
devorée techniques are practiced on a number of fibre
blends {106}, the principle being to print a chemical/
auxiliary which destroys one component of the blend in
the printed areas. The effect is achieved on wool/
polyester by printing with sodium hydroxide, followed by
pressure steaming for 15min at 120°C. The wool
component is destroyed and removed during subsequent
washing-off [107,108].

Wool/cotton

The so-called ‘half-wool” union, namely a 55:45 blend of
wool and cotton is currently enjoying a resurgence of
interest which is thought to be due in part to recent

developments in the shrink-resist finishing of such
blends[109]. A comprehensive review of available and
currently used methods for dyeing and finishing wool/
cotton blends has been published by Cookson [110].

Although chlorination is often used as a preparation for
printing, it must be carried out under carefully controlled
conditions; overchlorinated goods will suffer some impair-
ment of handle under the printing conditions employed. A
good preparation for printing can also be achieved with
polymer fabric pretreatments(110], as described pre-
viously, and indeed this is the method currently in use
with a major manufacturer of printed wool/cotton fabric.

Prior to the introduction of reactive dyes, wool/cotton
unions were printed with direct or acid dyes[109,111],
with the accompanying problems of back-staining during
washing-off and the necessity of a cationic aftertreatment
to attain even moderate fastness. The direct printing of the
blend is now more readily accomplished with reactive
dyes, difluoromonochloropyrimidine, vinylsulphone and
monochlorotriazine types all being suitable [17,110,111].
The dyes are printed from an alkaline paste with the
minimum amount of sodium bicarbonate necessary for
fixation of the dye on the cotton component of the blend
(usually about 10-20g/kg). It is, however, essential to
carry out preliminary tests on the material because if the
wool/cotton is not an intimate blend, but composed of a
cotton warp and wool weft, severe damage to the wool
will occur. It is also recommended that the fabric pH
should always be checked, an acid pH leading to partial
neutralisation of the alkali and a decreased level of
fixation.

Discharge printing of wool/cotton blends is currently
very popular; this is nearly always camied out on
pad-batch-dyed reactive grounds (vinyl sulphone or
dichlorotriazine types). Sodium formaldehyde sulphoxy-
late is used in preference to the zinc salt for optimum
discharge on both the wool and the cotton [109,111], and
coloured discharge is carried out with selected vat dyes in
the presence of sodium and/or potassium carbonate at
about 40g/kg. This is a strong alkaline printing paste
which can only be tolerated because of the presence of
the cotton. It can therefore be applied only to intimate
blends and not to the cotton warp/woollen weft type of
construction.

Wool/acrylic

A certain amount of interest had been shown in
wool/acrylic blends, possibly because they are a means of
producing a cheaper article using a synthetic fibre with a
wool-like handle. However, it is the most difficult blend to
print, demanding the use of incompatible dyes — an acid
dye for the wool and a basic dye for the acrylic. A novel
approach has been reported by Robert [112] in which the
material is first treated with Sandospace R (S) {approx.
5-10% o.w.w.) either in a long liquor exhaustion process
or by a pad--dry—steam-wash-off process. The pretreated
material is then printed as 100% polyacyylic with selected
basic dyes, the criterion for selection being light fastness;
prints of acceptable wet fastness are obtained.

COLD PRINT- BATCH

In the early 1970s the International Wool Secretariat
(IWS} developed a new method for printing wool that
required neither pre-chlorination nor steaming to fix the
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dyes [113-115]. It was developed from earlier experience
with the pad-batch (cold) dyeing method and was based
on the use of sodium bisulphite and high levels of urea to
accelerate the cold fixation of highly reactive dyes of the
dichlorotriazine (Procion MX, ICI}[116] and difluoro-
monochloropyrimidine (Drimalan F, Drimarene R, K,
Verofix, Levafix E-A) types.

Primarily designed for wool piece goods, the method
involved printing, interleaving wet with polyethylene foil
and batching for up to 24 h. Fixation levels of about 80%
were achieved[114]. Steaming was not necessary, the
process being completed by an ammonia wash to remove
unfixed dye. Problems such as marking-off of the wet
print and insufficient moisture take-up leading to poor
fixation (this occurred particularly on lightweight fabrics)
prevented the method from becoming commercially
adopted, except by a few hand printers.

The process, however, was later adapted to the printing
of wool knitwear [117-121], either in garment or panel
form, and as such has enjoyed a certain amount of
success, the handling techniques being much simpler than
those required for batching wet piece goods. The
gamments are printed on a former and batching carried out
by gradually building up a stack of garments separated
from each other by a polyethylene film. After batching,
the goods are washed-off in a side-paddle machine. This
operation requires that the garments be given a shrink-
resist treatment prior to printing, otherwise felting and loss
of print definition occur. Either chlorination or a chlorine—
Hercosett process is adopted, and in either case fixation of
the dye is enhanced. Full details of the garment printing
method are given elsewhere {117].

TRANSFER PRINTING
There is little doubt that in the history of textile printing no
process has fired the imagination so much as the advent of
heat transfer printing in the late 1960s to early 1970s, first
introduced by Filatures Prouvost Masurel[122]. Heat
transfer printing, based on the property of certain disperse
dyes to sublime from a printed paper at temperatures of
180-220°C, was the very essence of simplicity and it is no
wonder that it was regarded as something of a philoso-
pher's stone. However, it did not attain the levels of
production predicted in the 1960s, but has levelled off to
occupy a small share of the textile printing market (2].
A survey of the literature published during the 1970s
will reveal the enormous amount of research that went
into attempts to adapt this technique to the printing of
fibres other than polyester, mostly cotton, polyester/
cotton, and acrylic. These attempts in general did not
enjoy any long-term success and it is not intended to
review them here.
Considerable efforts have also been devoted to
adapting the technique to wool, IWS and CSIRO having
been particularly active in this field. The particular
problems associated with the transfer printing of wool are:
{a) The anionic dyes used for the dyeing and printing of
woaol are not sublimable, and thus not suitable for
transfer printing

(b} Untreated wool has no affinity for the disperse dyes
used in transfer printing.

Most of the methods that have been developed are
aimed at overcoming these problems. Some of the more
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important techniques adopted are described below.

Wet or migration transfer printing
The concept of wet or ‘migration’ transfer printing was
introduced by Dawson International in the late 1960s and
was the subject of several patents and publications [123—
126]. It was based on the use of transfer papers printed
with Lanasol reactive dyes (a-bromoacrylamido), which
were brought into contact with the substrate pre-padded
with a thickened acid liquor. Through the application of
heat and pressure, transfer {or ‘migration’) and fixation of
the dyes took place and a wash-off completed the
process. The original Fastran process was based on the
printing of garments, and radio-frequency heating was
employed to enable a stack of garments to be printed
simultaneotssly.
Dawson extended the wet transfer concept to the
continuous printing of piece goods on the Arcamatic
calendar {S A Monk}; collaboration between Transprints
and Tootal resulted in the development of the Dewprint
machine, a more specialised form of calendar(127,128].
The general principles of the process remained the same:
(@) The use of Lanasol reactive dyes in the form of
Aquatran W papers

(b) Continuous pre-padding of the goods with a
thickened liquor

(c) Contact between goods and paper for 30-60s at
106°C with application of pressure

(d) Washing-off to remove unfixed dye.

Optimum effects were achieved by working with
pre-chlorinated wool and the more highly reactive
dyes [129-131] but wet transfer printing of piece goods
on a fully commercial basis was never realised, possibly
because the machinery was too complex.

However, at the time of writing, the printing of
garments using the original Fastran process is enjoying
some success in the USA under the auspices of
Migratrans [132].

Sublimation transfer printing

The wocl fibre has no affinity for the disperse dyes used in
conventional transfer printing. Sublimation transfer tech-
niques developed for wool are therefore based on
modification of the fibre, modification of the dye, or a
combination of both.

Bell and Lewis [133--135] have described a method for
increasing the affinity of wool for diserse dyes by
pre-impregnation with simple polar compounds such as
urea, thiodiglycol or lactic acid, followed by drying;
printing was carried out with standard transfer papers.
Wet fastness was generally very poor but was slightly
improved by using Sublinyl transfer papers (designed to
give prints of improved wet-fastness on nylon) especially
if the prints were subsequently steamed. However, the
levels of these compounds required (approx. 20%) and
the fibre vellowing occurring during transfer printing
made this an impractical proposition.

Brady and Cookson have reported that certain acrylic
polymers applied by padding and drying enhance the
uptake of sublimable dyes. The fastness properties of the
prints were greatly improved by using low molecular
weight dyes containing reactive groups. The use of
surfactants and steaming after printing greatly enhanced



the dye vyield and fastness[136]. The use of reactive
disperse dyes containing ‘masked’ isocyanate groups has
also been reported [137].

The most promising approach, however, was the
Keratrans process, jointly developed by the IWS and
CSIRO. This combined a pretreatment with moderate
levels of an anionic surfactant [136) and a chromium salt
with the use of specially synthesised sublimable metallis-
able disperse dyes, and has been the subject of a number
of publications [138-141]. The dyes possessed the gen-
eral structure shown in Figure 11 and were available from
Croda Colours as the Sublichrome range.

R OH HO\C N
e e
COOH

Yellows/oranges Oranges
R OH HO R O
e o
Reds Blues

Figure 11

The optimum pretreatment comprised a padding and
drying operation with 5% Alcopol O 60 {sodium di-
iso-octylsulphosuccinate, Allied Colloids), 5% urea, 2%
lactic acid, 0.75% chromic chloride hexahydrate. The
surfactant imparts an affinity for disperse dyes to the fibre
surface; chromic chloride promotes the formation of the
chromium~dye complex during transfer printing; lactic
acid is essential for pad liquor stability. Transfer printing is
carried out for 30s at 195-200°C. Because the metal-
compiex dye is formed only on the fibre surface, steaming
for 30min at 100°C is necessary for full colour develop-
ment and wash fastness (the urea plays an important part
in this step). The metal-dye complexes formed during the
process have been characterised [142] and shown to be
predominantly 1:2 complexes, with only traces of the 1:1
complex present.

The main drawbacks to the Keratrans process on 100%
wool were the restricted shade gamut (which was, after
all, that of a metal-complex dye range) and the necessity
for a separate steaming step. Bell et al. [567] have
described the application of the technique to wool-rich
wool/polyester blends using mixtures of the Sublichrome
dyes and standard sublimable disperse dyes. A much
improved shade range of good fastness was obtained but
steaming was still necessary (though conditions were not
so critical). Moreover, a brief hot water wash was now
necessary, since the pretreatment chemicals were not
completely absorbed as they are in the case of 100%
wool, Although a number of large-scale industrial trials
were carried out, both on 100% wool and on wool/
polyester, the technique never gained commercial accept-
ance, probably for the same reason that most transfer
printing systems for cotton, polyacrylic, etc. have failed.
Compared with the transfer printing of polyester it was
too complex.

Rusznak [143] has described the use of tertiary and
quatemary organic bases and salts to cleave the wool
disulphide bridges, thereby opening up the structure of

the wool, making it more receptive to sublimable disperse
dyes. Wool and wool/polyester blends were treated with
very low levels of the Transfercat, together with a small
amount of surfactant, in benzyl alcohol by a padding and
drying technique; transfer printing proceeded in the usual
way. The 45:55 wool/polyester was found to be a
particularly suitable substrate, giving full, bright, sharp
prints with good wet fastness.

Hydrophobic wool

Perhaps the most fundamental approach to making wool
transfer printable is to render it more hydrophobic, i.e. to
impart to it polyester-like properties by incorporating
bulky aromatic residues. Pretreatment of cotton with
benzoyl chloride as a preparation for transfer printing
formed the basis of the Shikibo-Uni process{144,145],
and the dyeability of acylated cottons has been studied by
Baumann and Korte [146] and by Einsele et al. {147,148],
both of whom concluded that aromatic substituents were
required to give disperse dye affinity and adequate
fastness. Lewis and Pailthorpe [149] demonstrated that,
by treating wool with benzoic anhydride from N,N-
dimethylformamide, machine washability, heat settability
and outstanding dyeability using disperse dyes couid be
achieved, the major practical drawback being the neces-
sity to treat from a non-aqueous medium. These workers
have also studied the application of reactive hydrophobes
from an aqueous medium with some promising
results [83,150]. In particular, long liquor treatment with
6-anilino-2,4-dichloro-s-triazine (ANEX) imparted to the
wool an affinity for disperse dyes equivalent to that of
benzoylated wool of similar weight gain (approx.
12-13%). Shrink resistance of the benzolylated wool,
however, was vastly superior.

CONCLUDING COMMENTS

This paper has given some indication of the techniques
involved in wool printing, and of technology intrcduced
during recent years which could go some way towards
solving some of the classical problems. The Kroy
preparation route will surely dispel some of the un-
certainty associated with this aspect of wool printing. The
newly developed resist printing techniques may, in some
applications, replace classical discharge printing, though it
is the author’s opinion that this beautiful printing style will
never be completely replaced, despite its shortcomings.
On the other hand, machine washability in wool prints
would seem to be a likely trend for the future as today’s
consumer demands the easy-care approach. Indeed, at
the time of writing, machine-washable wool prints are to
be seen in certain well known retail outlets.

* * *

The author would like to thank Prof. D M Lewis for the
many stimulating discussions held during past years.
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