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The construction and operation of the
Tootal ‘DewPrint’ machine are described.
This machine fs suitable for printing,

by migration transfer, fabrics composed
of all types of fibres. The method
employed is based on the Fuastran
process of Dawson International.

Introduction

During the past 4-5 years the textile
trade has seen a phenomenal growth in
the amount of fabric printed by the
sublimation transfer route, particularly in
Western Europe, the Middle East, Japan
and North and South America.

Well over 90% of sublimation transfer
printing is carried out on 100% polyester
fabrics of a variety of types and weights.
However, only about 8% of all printed
polyester is produced by this route, so
there is still considerable growth potential
for this method of printing, with all its
attractions and advantages.

A serious limitation in sublimation
transfer printing lies in the fact that, for
various reasons, fabrics other than poly-
ester have proved to be unsuitable for this
method of printing. For instance, the wet
fastness of sublimable disperse dyes on
most types of nylen does not meet the
standards set by the textile trade. As far
as acrylic fabrics are concerned, it is
difficult to obtain satisfactory build-up of
colour using disperse dyes, partly because
of low substantivity and partly because of
the tendency of some acrylic fabrics to
yellow at the high printing temperature.

With fabrics composed of natural

fibres such as cotton or wool, or regener-
ated fibres such as viscose rayon, it has
proved to be difficult so far to produce
satisfactory prints using a sublimation
transfer route, although many attempts
have been, and are still being, made.

In fact, during the past 3-4 years,
much effort has been directed towards
the development of alternative methods
of transfer printing, with a view to
including not merely those fabrics made
wholly, or mainly, from polyester fibre,
but the whole range of textile fibres and
fabrics.

One of these alternative methods,
which has reccived a great deal of atten-
tion, is the system known as ‘migration
transfer printing’ or ‘wet transfer print-
ing’, and it is a description of this system
which forms the basis of the present
paper.

The principle of wet transfer printing
of textile fabrics has been known and
practised for several years and a great deal
of development work has been carried
out by a number of companies, notably
by Dawson International of Kinross,
Scotland. Many companies have pub-
lished patents dealing with the wet trans-
fer printing of most types of fabrics.
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Construction and Operation of the Dew-
Print Machine
Tootal Ltd, working closely with Trans-
prints, appreciated the potential of the
above developments, and realised the
importance of establishing in detail the
criteria which need to be met in the
efficient operation of a wet transfer
printing process. They have now designed
and manufactured a suitable machine for
the continuous printing of fabrics by this
means, viz. the DewPrint machine.

The wet transfer process, in general,
comprises the following three stages:

(1) Printing the required design on a
selected grade of paper, using
specially chosen dyes dispersed in
a suitable paper-printing medium.
The dyes used are those approp-
riate to the fabrics being printed
and include acid, basic and reac-
tive dyes.

(2) Impregnating the fabric (nylon,
wool, acrylic, cotton, etc.) with
an aqueous solution containing a
dye-fixation catalyst and a thick-
ener, the latter acting as a dye-
migration controller and
film-stabilizer.

(3) Bringing the printed paper and
the impregnated fabric together
by applying pressure, and keeping
them in this state under pressure
for a period which may vary from
a few seconds to several minutes,
while maintaining the paper and
fabric in a moist condition at a
temperature of at least 100°C.
Under these conditions, the dyes
on the printed paper are almost
completely transferred to the
fabric and, provided sufficient
contact time is allowed, are fixed
in the same operation, as illus-
trated in Figure 1.

One of the essential requirements of
the dye-transfer operation is the need for
the application of substantial pressure to
the fabric/paper combination. Appar-
ently, the pressure required to achieve
satisfactory dye transfer from paper to
fabric is much higher than that required
during vapour-phase transfer printing and
is of the order of 51b in?, or even higher.

The reason for this higher pressure is
the need to establish and maintain a
substantially continuous film of moisture
between the paper containing the dyes
and the fabric being printed. The
mechanism of dye transfer from paper to

186  JSDC May 1977

Paper
Ink film

Wetted textile

CO

000ee

:’”’H§56

RO Heat
<3 .‘ O and
SRV O O pressure

Simultaneous
O migration
and fixation
% OO
Separation

Sl X XX X X X J JOIOK®

Figure 1 — Transfer of dye from paper to textile material

fabric consists of initial solution of dye in
the water film, followed by migration
through the film to the fabric surface and
finally absorption and fixation of dye in
the fabric, all of which take place under
the combined effects of moisture, temp-
erature, pressure and time of contact.
Since most fabrics exhibit a somewhat
irregular surface contour, some degree of
pressure is necessary in order to flatten
the fabric surface and bring it into close
contact with the transfer paper contain-
ing the dve. Such a degree of contact is
not necessary with vapour-phase transfer
printing, because the dye is volatilized
from the transfer paper by means of the
heated cylinder or hotplate, and the dye

vapour is able to diffuse through any
small air gap separating the fabric and
transfer paper. On the other hand, in a
wet transfer process the dye (which is
non-volatile) can only transfer via a film
of water bridging any gap between the
fabric and the transfer paper.

Clearly, if such a bridging film is
established and maintained over the
whole area of contact of fabric and paper,
then transfer of dye will be very much
faster than if such a film exists merely
between the paper and the “peaks’ of the
fabric contour. In the latter case, there is
evidence that such dye as does transfer
tends to remain on the peaks, thus giving
rise to a speckled printed effect, in



addition to a slow rate of dye transfer.

Having established the reasons for the
substantially higher pressure requirement
in a wet transfer printing process, it
should be pointed out that such high
pressures are easily attainable in many
types of static garment press. However,
difficulties arise in providing such high
pressure with currently available
machinery when it is desired to make the
process continuous, i.e. to print by wet
transfer on to a continuously moving
fabric.

So-called ‘blanket’ calenders are suit-
able for sublimation transfer printing
processes where relatively low pressure of
the order of %—1 1bin? are required.
Such machines in their present form
usually have a heated cylinder round
which the transfer paper and fabric are
passed continuously one on top of the
other, the two webs being held together,
and in contact with the cylinder, by
means of a continuous belt, or blanket,
which is guided around a major portion
of the circumference of the cylinder, with
the fabric and paper beneath it. The
cylinder is usually of a size to permit
running speeds of 6—15 yd/min with the
appropriate contact time for vapour-
phase transfer printing (20—30 s). How-
ever, such machines are seen to have two
main disadvantages when they are con-
sidered for use in a wet transfer printing
process.

Firstly, the conventional blanket is
usually of a needle-punched, Nomex fibre

construction, designed to withstand
temperatures up to 220°C or higher. This
type of blanket is not suitable for wet
transfer printing because, being porous, it
would allow the wet fabric to dry out
during its passage round the heated
cylinder, thereby inhibiting dye transfer
and subsequent dye fixation, both of
which require a high moisture retention
in the fabric during the whole of the
transfer operation. Secondly, the
maximum pressure capable of being
applied to the paper/fabric combination
by tensioning the blanket is far too low

for wet transfer printing,
Many attempts have been made

during the past few years to use existing
transfer calenders, usually after modific-
ation in order to handle wet fabrics. So
far as is known, such attempts have
achieved little practical success, presum-
ably for one or more of the following
reasons:

(a) The fabric could not be main-
tained in a wet condition for a
sufficient length of time to
achieve good transfer of dye.

(b) The pressure capable of being
applied to the fabric/paper sand-
wich was insufficient to achieve
good transfer of dye and a good
print ‘mark’.

(¢) The running speed of the machine
was too low for it to be econ-
omically viable. (It is understood
that modifications are now being

made to an existing transfer
calender of the shoe type to
overcome this difficulty.)

In an attempt to overcome these
problems, the DewPrint machine has
been designed and manufactured within
the Tootal group. This machine is illus-
trated diagrammatically in Figure 2.

After passing through the impreg-
nation mangle, where the appropriate
solution is applied, the wet cloth passes
to the transfer printing unit, which con-
sists of a typical blanket calender with a
steam-heated c¢ylinder and a water-
impervious blanket or belt of high tensile
strength.

A number of pressure rollers are
provided around the circumference of the
heated cylinder, so as to apply pressure to
the fabric/paper sandwich in addition to
the pressure afforded by the tension of
the blanket. These pressure rollers, the
axes of which are parallel to that of the
heated cylinder, are adapted to be indi-
vidually displaceable, radial displacement
of the pressure rollers being achieved by
individually controllable air cylinders.

The combined pressure of the blanket
and the pressure rollers is sufficient to
flatten the contours of the wet fabric and
to maintain the transfer paper and fabric
in intimate contact, with a substantially
continuous aqueous film between them.

The technique of using pressure
rollers, or other adjustable pressure
applicators, is based on the observation

Schematic key

1. Fabric un-wind

2. Impregnation mangle
3. Transfer paper un-wind
4. Bowl cleaning device
5. Main transfer cylinder

Figure 2 - The DewPrint machine

9. Wash-off nip
10. Plaiter

6. Pressure acting rollers
7. Transter paper re-wind
8. Tensionless washer
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that, whilst a comparatively high pressure
is required to produce the necessary
degree of fabric flattening to achieve
good surface conformity with the transfer
paper, a relatively low pressure is suf-
ficient to maintain the fabric in this
flattened state. Thus, provided that the
initial fabric flattening can be achieved by
a pressure roller, the recovery forces
operating within the deformed fabric are
comparatively weak and can be easily
overcome by the relatively low pressure
provided by the blanket tension, as illus-
trated in Figure 3.

Use of a number of rollers enables a
graded pressure system to be employed.
For example, such a pressure system may
be arranged to commence with a rela-
tively low roller pressure, increasing in
stages to relatively high pressures, as
required. This system is in effect a
method of conirolling the rate of release
of dye from the transfer paper, so as not
to release dye faster than the particular
fabric can absorb it, which would lead to
colour bleeding or ‘flushing’. Thus, in the
early stages of the transfer operation,
befare the wet fabric has attained its
maximum temperature, the roller
pressures can be comparatively low, but,
as the fabric heats up and becomes more
receptive to dye, subsequent pressures are
increased accordingly.

Another advantage of a graded roller
pressure system is that it compensates for
the slight reduction in moisture content
within the wet fabric resulting from
absorption of moisture by the transfer
paper.

Since the range and magnitude of
pressures applicable by means of the
pressure rollers can be varied between
wide limits, the machine is suitable for a
wide range of fabric types. However, in
the early stage of the transfer operation
the pressure exerted by the leading
pressure rollers should not exceed that of
the mangle used to impregnate the fabric
prior to transfer printing. Otherwise,
there would be a serious risk of impreg-
nating solution being expressed during
the passage of the wet fabric beneath the
leading pressure rollers, resulting in severe
pattern smudging and contamination of
the machinery.

Having established the principles
upon which the machine is designed and
operated, it is useful to consider other
technical aspects, which are essential in
the production of satisfactory printed
fabrics.

The first aspect to be considered is
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the nature and make-up of the padding
solution applied to the fabric before
printing. This is a subject which has been
examined in some detail and has led to
the formulation of padding solutions suit-
able for a variety of fabrics. The actual
recipe will obviously depend on the type
of fibre, e.g. whether it is nylon, acrylic or
cotton. A typical padding solution con-
tains:

(a) A thickener, the effect of which is
to strengthen and stabilize the
film of moisture between the
fabric and the transfer paper, as
well as preserving a sharp outline
in the printed pattern.

(b) An assistant to facilitate rapid
transfer of dye and fixation on
the fabric; it usually consists of a
buffer chosen so as to provide the
optimum pH for dye — fabric
interaction.

(c) A dye carrier (if desired), one of
the functions of which is to activ-
ate the surface of the fibres in the
fabric being printed, thus render-
ing them more receptive to dye
absorption.

Thus, the impregnating solution consists
essentially of a normal printing recipe,
minus the dye, which is on the paper.

The next stage to consider is the
transfer of dye within the transfer
calender. The wet impregnated fabric and
the transfer paper are held together
between the heated cylinder and the
water-impervious blanket, and are sub-
jected to the combined pressures exerted
by the blanket tension and the pressure
rollers. The temperature of the heated
cylinder, whilst not being unduly critical,
nevertheless has some bearing on the
quality of the print obtained. It should be

sufficiently high to produce a rapid rise in
the temperature of the wet fabric to
100°C or a little higher, but not so high
as to result in appreciable drying of the
fabric.

The boiling point of the padding
solution is about 102°C, and a further
rise in b.p. is caused by the pressure
exerted by the impervious blanket. This
pressure is about 4--51b in?,s0 the wet
fabric within the DewPrint machine
system will reach a temperature of ca
108°C before boiling commences. Hence,
in theory, this would be the ideal cylinder
temperature for all fabrics, and would
correspond to a steam pressure of about 5
Ib in* within the heated cylinder. In
practice, however, a higher steam pressure
is used for most fabrics, in order to
ensure rapid heating of the wet fabric to
dyeing temperature within the machine.
Obviously, the heavier the fabric the
greater will be the steam pressure
required during continuous running.

During the period in which a wide
variety of fabric weights and types has
been printed on the DewPrint machine,
the only occasion on which it was neces-
sary to use a cylinder steam pressure of
more than 25 b in? was with a heavy
acrylic fur fabric. Nearly all fabrics have
been satisfactorily processed with steam
pressures between 10 and 15 1b in®,and
only lightweight fabrics, such as cotton
poplin and nylon warpknits, have
required a steam pressure as low as 7 lb
in ? in order to obviate premature drying
of the fabric.

When using the DewPrint machine,
with the recommended padding solutions,
it has not been found necessary to give
any subsequent dye-fixation treatment to
fabrics composed of nylon, acrylic fibre,
wool or cotton. It appears that, with
these fabrics, the dyes are fixed virtually



instantaneously.

The running speed of the transfer
calender will obviously depend upon the
type and weight of fabric being printed,
as well as on the diameter of the heated
cylinder. The machine illustrated in
Figure 2 has a 60-in diameter cylinder
with an 84-in face, and the running speed
ranges from about 5 yd/min for a heavy
acrylic fur fabric to about 20 yd/min for
a cotton print cloth.

All wet-transfer printed fabrics pro-
duced so far have required backwashing
in order to remove thickener, catalyst,
etc., together with a small amount of
unfixed dye. Backwashing can be carried
out in conventional open soapers or rope
soapers if desired. However, a specially
designed J-box washer is available as an
optional extra with the DewPrint
machine, as illustrated in Figure 2. The
type of backwash required will depend on
the type of fabric being printed and
whether or not it is necessary to apply a
syntan or other dye-fixation product.

With all the prints produced with the
DewPrint machine, the fastness properties

have been satisfactory in all respects,
being exactly comparable with those of
similar fabrics printed by conventional
routes,

DISCUSSION

Dr R. E. Derby: Why would the use of a
re-usable dyc support rather than paper
be impracticable?

Mr Wild: A re-usable dye support would
be impracticable for several reasons:

{a) The use of lightweight materials
other than paper, such as Melinex,
PVC, polyurethanes, etc., would
almost certainly involve greater
difficulties during initial printing,
in addition to the increased initial
cost.

(b) The removal of initial printing
faults and the rejoining of the
material would be more difficult.

(c) The re-use of the spent design

support would involve first of all
a complicated system of coliec-
tion and recovery from all over
the world, to a limited number of
printing centres.

Secondly, the spent material
would have to be cleared of resid-
ual dyes and ink binders and
re-prepared in a suitable form for
re-printing. Such a procedure
would almost certainly result in
costs substantially greater than
the present cost of the paper base.

(d) The use of more durable design
supports such as steel sheet would
obviously involve astronomical
freight charges, in addition to all
the other disadvantages.

[n short the prospects of utilizing a
re-usable design support to replace trans-
fer paper are virtually nil, except possibly
with an ‘in house’ operation where a
textile printer prints his own transfer
paper, for subsequent transferring in his
own plant.
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