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Nanionic dyes fail to give satisfactory prints on carpets and
pile fabrics of hydrophobic fibres by the conventional
sublimation transfer print — STP process. The factors
influencing the poor penetration of dyes inte the body of
thick materials were exarnined and a novel STP method has
been develaped to colour thick materials using commercial
disperse dyes. The method gives satisfactory penetration

of dyes within a few seconds at 180—-210°C without affecting
the aesthetic appeal of the thick material.

INTRODUCTION

For the purpose of the sublimation transfer print — STP
process, textile materials can be divided under two headings:
viz. {i) flat two-dimensional cloth material, in which thickness
can be ignored, and (ii} thick materials, such as carpets and
pile fabrics, in which thickness is significant. For the latter,
penetration of dye into the body of the material is essential
to get satisfactory prints. Thus the STP process for thick
materials involves transfer of dye from the substrate (paper)
to the surface of the thick material and diffusion of dye from
the tips of the exposed fibre piles to their roots. This can take
place either through the fibre phase or, more conveniently
and rapidly, along the length of the fibre piles (Figure 1).
The amount of dye per unit area on the substrate has to be
higher to colour the thick material than that for flat materials.
Drastic conditions of time and temperature may be needed
to vapourize this large amount of dye from the paper, which
may impair the appeal of the thick materials. Diffusion of
dye in the fibre phase has to be rapid and affinity of dye
low, so that the dye vapour will penetrate well into the fibre
as well as into the body of the thick material. It has been
demonstrated that the rate of arrival (condensation) of dye
on the fibre surface is always higher than the rate of dye
transfer in the STP process which is controlled by slow
diffusion of dye in the fibre phase [1—41. Thus the dye
vapour is available for migration outside the fibre phase along
the length of carpet piles. Penetration of dye into the body
of thick material is, therefore, dependent on the vapour
pressure of the dye.

The carpet industry has not accepted the transfer printing
process under vacuum even though penetration of dye is
claimed to be deeper. The main objection to transfer printing
of carpets, among others, is that pile deformation can occur
in the thermoplastic state [5].

Thus, the aim of the present work was to study the STP
process on thick materials under a variety of conditions to
establish factors which will improve the penetration without
pile deformation, and to examine the influence of vapour
pressure of the dye on penetration.
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Figure 1 — Transfer of dye in vapour form from paper to
fabric and looped fibre piles in acarpet. [In the case of carpet,
the dye is sorbed at the surface (stage I) unless it is transpirated
through the body of the piles by hot gas (stage 11). Diffusion
of dye in the fibre is a very slow process]

EXPERIMENTAL

Commercial nonionic dyes (Table 1) and model compounds
(Table 2), purified by repeated crystallization and dispersed
with equal amounts of disodium bisnaphthalene sulphonate-
methane in a ball mill were deposited on a filter paper by
padding and drying. In a few experiments thin cotton voile
was used in place of the filter paper. The paper impregnated
with dye was cut to the desired size and a piece of nylon 6

TABLE1

Commercial Disperse Dyes (Ciba—Geigy)}*

1 C.1. Disperse Yellow 8  [Terasil Yellow GN)

2 C.I. Disperse Yellow 51 (Terasil Brilliant Yellow 4G)
3 C.IL Disperse Yellow 65 (Terasil Brilliant Yellow 3GL)
4 C.|, Disperse Red 1 (Cibacet Scarlet 2B)

5 C.I Disperse Red 11 (Terasil Brilliant Pink 4BN)
6 C.l. Disperse Red 18 {Cibacet Scarlet BR)

7 C.l. Disperse Red 56 {Terasil Scarlet B)

8 C.I. Disperse Violet 1 {Cibacet Violet 2R)

9 C.I. Disperse Violet 4:1 {Cibacet Violet B}
10 C.l. Disperse Blue 19 (Terasil Blue 2R}
11 {Cibacet Blue BR)

* Some are no longer in the commercial range as disperse dyes.



TABLE 2

Dyes and their Properties in STP Process for Nylon Carpet at 200°C

Dye Formula Mol. M.p. Vp
No* wt {°C
S—N
1 Cﬁ/} 356 263  0.542
o] NHOCO
2 Cg;ij’oc”’ 422 226 0693
f—sor{ Y,
O  NH;
3 @iﬁ OCH, 28 242 7.7
C**ITIH
4 {}N Nl N 261 247 433
O NHCH,
6 999 266 224  60.3
O  NHCH,
O NH,
7 [ 252 199 725
O  NHCH,
o] t?u-qi
/ e
8 LI 238 271 204
I ‘r’
H,OH
1 om{ N@ \C’Hj 314 167 614

€ H,OCH
12 o Howend a7 328 01

Melting point: m.p. {°C) uncorrected

Vapour pressure: Vp (mm Hag) at 200°C

% Penetration rate: SIOpe of linear plots in anure 6 (sec’®)
Penetration Coefficient = Square of rate {sac™)

*(The Dye No. corresponds to those in ref. 1}

Dyes 7, 11 and 12 melt before the transfer and hence their vapour
prassure values may not be reliable,

pile carpet material with jute backing was placed on top of it.
The assembly, in turn, was placed on a hot plate and main-
tained at the desired temperature *1 °C. The back of the
carpet was covered with perforated stainless steel plates to
give a load of 2—256 g/cmz. The data collected using this
technique is presented in Table 3 and in Figures 3--6.

Cotton voile pieces impregnated with dye were placedon
the carpet materials, which were secured in a brass holder
{Figure 2). The holder had a perforated false bottom and top
plates with tubes for allowing hot air in and out. The inlet
tube can be connected to a copper drum which is placed in
an air-thermostat maintained at the desired temperature.
Aspirator bottles were used in series to replace known
volumes of air in desired lengths of time from the copper
drum through the carpet material. The air was either forced
or sucked depending on whether the inlet line was connected
through the aspirator bottles to the vacuum line or to the
compressed air. The hot air passed successively through the
voile (one or multi layers), the face of the carpet, the carpet
backing and out of the carpet carrying with it the dye vapour
by the transpiration process {6].

} (mm Hg X 107%) Rate

Penetration (%)
Coeff,
(%} (rate?)

0.130 0.0168

0.130 0.0168

0417 0.174

0.80 064

1.476 2.179

1.133 1.284

0.950 0.903

0.90 0.081

Evaluation

Penetration Rating
A strand of looped pile was pulled out from the carpet and
mounted on a cardboard holder to measure the length of
coloured spots in a given length (ca 12—125 ¢m) of the
mounted sliver strand. There were about 6—7 spots in each
length and at least three strand lengths (20—21 spots} in each
sample were taken for measurements. Penetration rating is
given by the following expression:

Penetration (%) = Length of coloured spots X 100

Strand length

and the average of penetration (%) for all the strand lengths.

About 20-25% of the sliver strand length was exposed
in the surface of the carpet pile and was easily accessible to
the dye vapour without any penetration process. On the other
hand, 10—15% of the strand length formed the back of the
carpet and, for practical purposes, need not be coloured,
Thus, the carpet material may be said to be fully penetrated
even when only 85-90% of the sliver strand length was
coloured,
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3. Copper tubing for preheating
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air/atmosphere)

5. Air outlet

6. Thermometer

7. Carpet holder (brass) with perforated false bottom
8. Hot air inlet (connected to (5))

8. Outlet (to suction/open)
10. Carpet (facing hot air inlet)
11. Dye-substrate (cotton voile)
12. Supporting ring for carpet substrate assembly
13, False bottom plate

compressed

Figure 2 — Apparatus for transpiration of dye from cotton
voile into the body of carpet by the flow of hot gas

RESULTS AND DISCUSS{ON

The influence of load on the carpet on the penetration of
dye was studied using C.I. Disperse Yellow 8 and varying the
number of SS plates of desired weights. The rate of penetra-
tion, as represented by the relationship of penetration (%)
with the sq. root of heating time (Figure 3), was not influenced
by the load once the contact between the surface of filter
paper and the tips of the fibre piles was effected. Overloading
crushed the piles and permanently set them in a crushed
form,

In a set of experiments, the dye transfer process was
repeated a number of times using pieces of filter paper after
every minute. There was very little improvement in penetration
(%) by repeated transfer process of short durations (Figure 4).
In these experiments, a few dyes were taken on glazed paper
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TABLE 3

Penetration (%) of Dye at Constant Vapour Pressure (Vplin
One Hour

V, = mm Hg X 1072 (Dyes from Table 2)

Dye No. °C Penetration (%)
| N I Mean
205 39.2 39.2 39.2 392
175 376 41.2 404 39.7
165 42.4 424 464 43.7
160 42.8 424 448 433
145 472 416 44.0 43.3

NS00 W=

I—I1l Mean of seven spot lengths for each strand.
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Figure 3 — Effect of load on carpet on the penetration of
dye at 200°C

in the manner similar to that used in the conventional transfer
print process using the following ink:

Dye (pigment) 5 parts
Ethyl cellulose 5 parts
(Ethocel E7
Dow Chem.)
Ethylmethyl

ketone 90 parts.



There was no difference between the two substrates/dye
formulations as far as penetration (%) was concerned (Figure
4), Furthermore, it was observed that a five-fold increase in
the concentration of dye on the substrate did not increase
the penetration to any extent.

50

Penetration, %

Penetration, %

Figure 4 — Penetration of dye in carpet material from filter
paper substrate and from standard glazed paper used in
commercial transfer printing

! Fitter paper—(Disperse dye):Left side of figure

Il. Glazed paper—(STP ink): Right side of figure

The rate curves for a few commercial dyes {Table 1) and
for purified dyes of known constitutions {Table 2) in disperse
form are shown in Figures & and 6, respectively. The apparent
rate of penetration of dye into the carpet was calculated
from the slopes of the linear portion of the plots in Figure 6.
This suggests that penetration kinetics may be similar to
diffusion process kinetics. Therefore, the slopes of percentage
penetration/sq. root of time were termed as rate of penetra-
tion and their squares as apparent coefficient of penetration.
It was found that the (slope)? showed a significant relation-
ship with the vapour pressure of the dye except for Dye
No. 4 (the vapour pressure data of Dye No. 4 are doubtful).
The apparent penetration coefficient, i.e. square of the rate
of penetration, was correlated with the vapour of the dye at
200°C in Figure 7 (for dyes which do not melt at 200°C).
Two dyes had very low vapour pressures, which were not
sufficient to cover the exposed (tips) fibre and, therefore,
failed to show any penetration even after a considerable
time of heating.

To verify the hypothesis, that the vapour pressure
governs the penetration (%), the transfer of five dyes was
carried out at temperatures when their vapour pressures were
the same (mm Hg X 1073). This temperature varies from dye
to dye and in this particular case was from 145° to 205°C.
The time given for the transfer was one hour. The results
were tabulated {Table 3) and clearly demonstrated that the
extent of penetration of the dye was similar, even though the
transfers were carried out at different temperatures,

The vapour pressure of the dye can be increased only by
increasing the temperature, but the transfer cannot be carried
out at very high temperatures because they are detrimental
to the appearance of the carpet. Even though the vapour
pressure of a dye at a given temperature cannot be increased,
the rate of vapourization can be easily increased by carrying
away the dye vapour by blowing it away with hot gases, i.e.
by the transpiration process [6]. The directional flow of hot
gases {air) carrying dye vapour from the tips of the fibre piles
to their roots and out from the back of the carpet material
improved penetration so much that even commercial disperse
dyes of high sublimation fastness penetrated the carpet

80— V-B
= 604
=4
8
g ad o
A P-4BN
20
0 | | | [
500 1000 1500 2000
Time, s
75 V-B
a Y_-gN
=
s 50— B-2R
2 P-4BN
g ©
s 25
0 l | | | l
10 20 . 30 40 50
Time?, s

Figure 5 — Penetration of dye at 200° C with time and square
root of time (Commercial dyes from Table 1 from filter
paper substrate)
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Figure 6 — Penetration (%) of purified dyes with time and
square root of heating time at 200°C (Dyes from Table 2 on
filter paper substrate)
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Figure 7 — Penetration property of dyes in relation to their
vapour pressure at 200°C {Dyes from Table 2)

almost completely (85—90%) within 2030 s at 190-200°C.
All types of carpet materials containing polyester and nylon
were fully coloured without any crushing of the material.
Heating under similar conditions, but without the directional
flow of air (i.e. by thermofixation process), produced only a
marginal improvement in penetration {Figure 8).

Cotton voile as the substrate and hot air suction through
the carpet gave brilliant uniform colouring of any depth
throughout the carpet within 60 s at 180—200°C. Mixed
colours were obtained by using two dyes on two layers of a
voile substrate and, with correct selection of three primary
colours, any hue or colour can be easily produced in any
depth without crushing the carpet, or causing it to loose its
fresh appearance or handle in the process. This printing
method is superior to vacuum transfer printing methods
since it does not allow any pressure to develop on the carpet
pite at elevated temperatures and the pile is not crushed at all.

100
\' TR TR TR TR
= 80F TH | TH
§ oo St
5 404
S
= 201
- Yellow Red Bvlue Mixture
Figure 8A — ! Transfer 200°C/1 min
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Dyes from Table 1 on filter paper
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Figure 8 — Two-stage dye—transfer—penetration process with
thermofixation and transpiration process.

Stage | The carpet is heated in contact with
paper to deposit the dye on the surface
of fibre piles in the carpet

Stage 1/ The carpet is then further heated in hot air,

like that in the conventional thermofixation
process (TH), or hot air is passed through
the carpet (from tips to root) as in the
transpiration process (TR)

Griffiths and Jones [7] have described a technique using
continuous air flow through the substrate (paper with ink] in
contact with fabric, and have shown that several layers of
polyester fabric can be simultaneously transfer printed by
increasing the pressure difference (vacuum} of air. The
distance of penetration increases with increasing pressure dif-
ference, but the amount of dye absorbed becomes very small
after 8—10 layers. At low differential pressure readings, with
jittle air flow, the profile is very similar to that obtained when
there is no pressure difference under static conditions. As the
pressure difference is increased, penetration into the package
becomes more marked. However, there is also a more rapid
depletion of the dyes’ supply from the ink layer and conse-
quent reduction in the dye concentration in the layers closest
to the transfer paper. It is possible that the temperature of
higher layer members is much less than that necessary to
achieve dye sorption so that dye condensation without
diffusion occurs. In the presentwork, it was observed that the
temperature of gas leaving the carpet back was the same as
that entering the carpet surface and the entire thickness of
the carpet was evenly coloured without any signs of depletion
of dye on the surface of piles. Other results of the present
work {e.g. Figure 8) are in agreement with the work of
Griffiths and Jones on layers of fabrics. |t may be mentioned
that the dye molecules diffused rapidly into the fibres at
180—210°C. In a later stage, however, resublimation can take
place [8].

The transfer process consists of distinct phases. First, the
dye has to be transferred from the paper/voile into the vapour
state by sublimation. The vapour is then deposited on the
surface of the fibre. By reducing the gas pressure in a transfer
printing system, the mean free path of the dye molecules in
vapour will increase and the vapour may remain saturated
over a wider gap between the paper and the fabric which
improves the dye penetration. The deposition step, is thus
influenced favourably by vacuum in the system. The second
phase consists of diffusion of dye molecules into the fibres,
a process which is affected by the dye concentration in the
boundary layer of the fibre and the temperature [1]. Usually
the rate of arrival of dye vapour is higher than the rate of



diffusion in any fibre at 180—200°C [4]). The dye {vapour)
from the tips (surface) is therefore easily swept away by the
carrier gas and is driven inta the carpet where it is adsorbed
(Figure 1). The process can be carried out in one or two
stages. In a two-stage process, the dye is first transferred to
the tips of the fibre piles in the carpet and hot gas is forced
through to obtain uniform penetration. Heating without
directional flow of gases fails to significantly improve the
penetration (Figure 8). In a one-stage process the dye may be
taken up on a porous substrate and hot gas is sucked (forced)
through the substrate, the carpet and out of the back of the
carpet to complete the transfer—penetration phases in a single
transpiration step. These two processes give satisfactory
colouring of carpet-like materials within a very short time of
heating without damaging the carpets in any way.

CONCLUSION

The sublimation transfer print process has been examined for
use on thick materials usingmodel compounds and commercial
disperse dyes on filter paper and cotton voile as substrates.
Penetration of the dye in the body of the carpet-like material
was not influenced by the load on the carpet—paper assembly,
concentration of dye, formulation of dye, repetition of the

transfer process of short duration, heating after transfer and
temperature. The penetration was found to be 2 function of
vapour pressure of the dye and was significantly improved by
the transpiration process, i.e. if hot gas was sucked or pushed
from high to low dye concentration. Transfer and transpiration
of dye can be combined by using cotton voile {or any other
porous substrate) as a dye-substrate,
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