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The conventional printing of polyester materials with
disperse dyes and alginate thickeners has been studied.
The factors governing dye transfer were investigated
using isolated films of the thickener. Alginates block dye
transfer completely. Special geometrical conditions in the
thickener layer are postulated and substantiated to
explain the printing process (G model, d/Vratio). A major
factor is direct contact between dye and substrate.

The geometrical model explains only some of the facts.
At high concentrations of dye, structural changes (S
effect), also reported by other authaors, are observed in the
alginate fayer. These changes make it easier for the dye to
escape from inside the layer. Fixation accelerants are
especially useful for demonstrating the S effect.

The S concept is corroborated by kinetic observations
and by the evidence of a system of channels inside the
print film. Light microscopy, transmission electron
microscopy and scanning electron microscopy were used
to identify the film structures and Jocalise the dye.

INTRODUCTION

Several studies on the transfer of disperse dyes from a
support into a polyester substrate have recently
appeared [1-5]. All the authors found that thickeners hin-
der diffusion, and that suitable additives offset this hind-
rance. Plausible explanations were offered to account for
the phenomenon.

While most of the papers have dealt with transfer printing
and continuous thermofixation dyeing, we concentrated on
the factors determining the vield in conventional printing.
The differences between these modes of application lie not
in their fundamental nature, but more in their quantitative
aspects. When Hawkyard’'s paper [3] was published we
realised that we had asked ourselves similar questions,
used similar methods and, with a few exceptions, had
arrived at similar results; although we feel that our results
are more broadly based.

In this paper semi-guantitative evidence for the barrier
effect of the thickener is presented. Hindrance of dye trans-
fer is so complete that the guestion arises whether suc-
cessful printing is possible at all in bulk-scale working. An
answer was sought by considering the dye’s accessibility,
i.e. its geometrical situation in the printlayer (G model). For
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the sake of simplicity, the G model was not verified in a
strictly quantitative sense, but confirmed by an adequate
number of supporting arguments. In the course of these
experiments it was found that the G model alone is not
sufficient, but has to be modified by introducing a structure
effect (change of structure of the thickener). A particularly
instructive situation in this respect is presented by fixation
accelerants. Support for these ideas is presented, and is
also slightly modified as a result of microscopic investiga-
tions.

In these studies an alginate thickener was mainly used, a
type of thickener which is widely used in the printing of
polyester/cotton blends with a combination of disperse
and reactive dyes. The tests were carried out under dry
conditions, which is slightly at variance with the normal
practice in printing, but this seems acceptable because in
bulk working highly superheated, and hence highly unsatu-
rated, steam is used. The main difference between the two
methods is the slightly lower fixation rate under dry condi-
tions at a given temperature. This is not relevant to the
probiems dealt with in this paper.

Isolated Thickener Layers

A special feature of the study is the use of isolated thickener
films, which were either colourless or coloured, sometimes
containing a fixation accelerant. They are suitable means
for model experiments on dye accessibility and dye trans-
fer, and for studying the mechanical properties of the thick-
ener fayer.

Dyes

Several dyes were used, although a single one would prob-
ably have been enough. The choice was random; only dye 1
was chosen intentionally for the ease with which it transfers
from support to substrate.

Dependability of Results

Alginates are natural products, hence variations are to be
expected between different batches of the same commer-
cial quality. Reproducibility was good enough, however, to
prove the postulated correlations with a given alginate
sample. Only some of the tests carried out can be reported.
We have preferred to give those results that fit the model,
and this has meant neglecting somewhat the many incon-
sistencies that certainly exist in this field.

Terms and Parameters
! = thickness of the dried layer of print
paste, um
d = mean particle diameter of the dye
dispersion, um
Total dye = amount of dye originally available
in the support on the basis of an
area of 100 g polyester film, g
Absolute transfer = amount of dye uptake by 100 g
poiyester, g
Percentage yield = dye uptake referred to the original
amount present in the support
{% = absolute transfer/total dye)

Absolute transfer and percentage vield both refer to
amounts of dye, but these are not the only factors impor-
tantin the determination of colour depth; distribution of the
dye in a textile substrate is also important. However, such
problems are not discussed in the present paper.

In this paper the term transfer is used to denote the
transition of dye from the print paste layer to the adjacent
substrate, and is not limited to transfer printing.
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EXPERIMENTAL

Dyes

Since dye structures have little bearing on the problem,
only those for dyes 1 and 2, the dyes most used in this
paper, are given.

A S
C

O OH

o NH~<3—OSOZCH3

]| Aminopyrazole yellow [8]

v Terasil Yellow 2GW (CGY, C.1. Disperse Yellow 54)

v Terasil Brilliant Pink 4BN (CGY, C.I. Disperse Red 11)

" Terasil Red BL (CGY, C... Disperse Red 122)

Vi Terasil Brilliant Orange 2RL (CGY, C.l. Disperse
Orange 56}

2H5 . R

Red dye similar to

C.l. Disperse Orange 3
2H5

\

Violet dye

/4

Particle Size and Preparation

Particle size

The size distribution of the dispersions was determined by
light scattering using a Joyce—Loebl centrifuge. The sym-
bolsd.,, d., and d,, refer to the particle diameters in um so
that 16, 50 and 84% of the particles respectively are smaller
than d. Such data indicate the homogeneity of the disper-
sions,

Dye 71
This was a pure dye with a melting point (m.p.} of
163-154°C.

Dye 2
Attempts to produce large and small cube-like particles by
crystallisation were unsuccessfui. After recrystallisation
from ethyl cellosolve, two parts of the dye {m.p. 178-180°C)
were ground with one part Reax (sulphite waste liquor
product) for different lengths of time. The following pro-
ducts were obtained:
‘fine’:  d;=0.26 um {d,,=0.15 um, d,, =0.40 um)
‘coarse’: d,=1.77 um (d,,=0.82 um, d,, =3.18 um)

Dye 3

The dye was dissolved in dimethylformamide (DMF). The
solution was spotted onto waterto give an unstable crystal-
line modification [8]. Heating in water in the presence of
Eriopon AT (CGY] formed stabler modifications [8] of
uniform shape and fairly uniform size.

Transformation at 80°C: lozenge-shaped crystals
de, =182 um (d,,=1.29 um, d, =2.44 pum}

Transformation at 90°C: prismatic crystals
d,,=234 um (d,,=1.60 um, d,,=2.94 um)

These crystals were used without further treatment.

Dyes 4 and 5
Commercial products.

Dye 6

A commercial product from which most of the diluent was
removed by centrifuging, m.p. 221-225°C, d,,=1.20 um
(d,e=0.6 um, d, =2.1 um).

Dye 7
An undiluted commercial dye.




Thickeners

The thickeners tested are shown in Figure 2. They are
commercial products and were used without any prior
treatment. As they are mostly of natural origin, reproduci-
bility is somewhat less than normal.

Fixation Accelerants
The commercial fixation accelerants used are listed in
Table 5.

Paper Support

Filter paper (Whatman No.3) was immersed in a 0.4% solu-
tion of a dye in ethyl acetate, then dried in air. The result
was a homogeneous impregnation of the paper with the
dve.

Print Pastes and Thickener Films

Four kinds of paste were used: {a) colourless, one thick-
ener, (b) colourless, mixtures of two thickeners, (¢} colour-
less, mixture of a thickener and a fixation accelerant and {d)
coloured, one thickener and one dye. The pastes were
made up in the normal way, frequently using Manutex RS
{Alginate Industries) {e.g. 25 g/kg). The thickener was
allowed to swell in water for 24 h before the additives were
stirred in. The amounts used depended on the intended
film thickness and on the dye concentration.

The layers of thickener films were prepared by coating
the paste either on glass or — for quantitative tests with
coloured print pastes — straight on a polyester acceptor film
by hand with a hand coater {(Erichson). Wetting is critical
here, i.e. the support has to be completely free from grease.
The layers were left to dry in air. No signs of sedimentation
were observed. The layers were manually separated from
the glass.

Thin layers (1-2 um) pose a few problems. We applied
wet coatings 50 pm thick with a 2-4% solids content, which
gave layers only 1—2 um thick after the water had evapo-
rated. Much depended on the homogeneity of the print
paste, and ailso on the planarity of the support. Cracking
easily occurs during drying, particularly in the presence of
ionic dispersants, and also at high dye concentrations.

Layer thickness was measured mechanically using a
Tesa instrument, which gave maximum values. The thick-
ness of the layers coated onto polyester film was found by
measuring before and after layer removal, and taking the
difference.

In bulk working the dye concentration is given as grams
of commercial dye per kilogram of print paste. Commercial
brands often have a dye content of 33%, whereas our prep-
arations were more concentrated. To facilitate translation
into bulk-working terms, the amounts of dye were mostly
converted into & nominal 33% commercial quality. In this
system our print pastes contained 2.5, 5, 25 and 50 g/kg.
Note, however, that there is no proportionality between the

TABLE 1

Examples of Dye Concentration in Print Paste and Dried
Print Layer (Assuming a Commercial Product Containing
33% Dye)

Amount of Amount of
commercial Amount of Amount of pure dye
dye per kg alginate per kg solids per kg per 100 g
print paste (g) print paste {g) print paste (g} dried paste (g}
25 25 27.5 3.0
5.0 25 30 5.5
25 25 50 16.5
50 25 75 22.0

dye concentration in a print paste before and after drying
{first and last columns of Table 1).

Acceptor Film
A 50 um poiyester film (Melinex, ICl) was used throughout.

Dye Transfer Tests

The test apparatus, illustrated in Figure 1, was similar to
that of Jones and Leung [6]. Both top and bottom plates
were heated to the desired temperature (=1°C). The three-
tier sandwich was wrapped in aluminium foil. Unlike Haw-
kyard, we experienced no trouble with creasing. The wrap-
ping prevented dye from escaping at the sides. No dye was
deposited on the aluminium foil.

PET Acceptor film

Test layer

| Starting layer (filter paper)

™~

Aluminium foil

Figure 1 — Test apparatus, for checking the G model and
investigating the effect of varying dye concentration: the
dye was in the test layer, the filter paper being omitted;
temperature =200°C

The standard conditions for qualitative tests with dye 1
were 300 s at 180°C. In equilibrium tests with dye 2 the
temperature was 200°C and the maximum exposure time
was increased to 18-50 min. After heating, the layer of
thickener was often bonded to the acceptor film, but was
easily scraped off or wiped off with a damp cloth. An alter-
native test technique was to use only a two-tier sandwich,
the dye starting from the thickener layer.

These standard conditions are based not so much on
commercial printing procedures as on scientific considera-
tions. In exploratory trials with the readily transferable dye
1, 180°C and 300 s effectively brought out the differences in
permeability between films. Dye 2 required a higher temp-
erature (200°C). This dye was used to determine equilib-
rium data to prove the model. Longer times were required
here.

Analyses

To determine the total dye (total amount of dye available to
100 g polyester) a piece of the dried coated polyester film
was cut off, and the layer of coloured thickener separated
from the film with a little water in an ultrasonic apparatus.
The polyester was then rinsed very briefly with cold DMF.
The two liquids were combined, diluted with DMF contain-
ing 2% glacial acetic acid and determined colorimetrically.
The {colourless) polyester film was washed with water,
dried and weighed. The amount of dye was calculated per
100 g polyester.

To determine the amount of untransferred dye, the same
procedure was followed at the end of a transfer experiment.
The cleaned coloured piece of polyester film thus obtained
was also used to determine the amount of dye transferred.
For this purpose the film was extracted in DMF (containing
2% glacial acetic acid) at not higher than 130°C, the liquid
diluted, determined colorimetrically and the amount of dye
was calculated per 100 g polyester.
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These analyses can be checked in two ways. Firstly, the
total dye should be calculable from the weight of the coated
sample and the amount of dye calculated in the print paste;
secondly, it should match the sum of transferred and
untransferred dye.

Ethyl Acetate Extractions (E test)

Pieces of coated polyester fiim were cut off and immersed
in ethyl acetate at 20°C. The paste layer separated from the
colourless polyester film and was extracted until no more
dye came out. The soiution was determined cclorimetri-
cally, and the extracted dye calculated per 100 g polyester
film.

Picture

Starting Test
paper layer

Acceptor PET

Figure 2 —Transfer of dye 1 through 15 different test layers;
300 s at 180°C; 0 — before test, 1-5 — after test

Picture 1: Manutex RS, 9 um
Manutex F, 12 um
Lamitex L, 9 um
Cecalginate TBV—R 30 pm
Solvitose C5, 17 wm
Solvitose MVS, 30 um
Gelatin, 8 ym
Cellophane, 19 pm

Picture 2: Carbopol 846, 8 um
Polyprint CHP 54, 11 um

Picture 3: Methocel 71500, 15 um
Hydroxypropylmethylcellulose, 17 pm

Picture 4: Vibatex S, 30 um

Picture 5: Filter paper, 190 um
Cotton fabric, 260 um
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The extraction kinetics were studied at room temperature
using a DyeOmeter to plot the desorption curves.

Microscopy

The replica techniques employed are well known as such,
butsome are new in the textile printing field and are discus-
sed later.

BARRIER EFFECT OF THICKENER LAYERS
The main purpose of this section is a discussion of how
easily a dye can migrate through thickener.

Colourless Thickener Films

Isolated layers of thickener were prepared from colourless
print pastes and used to form a sandwich as shown in
Figure 1. The dye is present as fine particles on the paper,
from where it moves through the thickener layer and into
the polyester film. The dye used was dye 1, the temperature
180°C and the exposure time 300 s. The results are given
schematically in Figure 2. The dye concentrations are indi-
cated by the intensity ofthe shading, a white square signify-
ing the total absence of dye.

From Figure 2 it can be seen that tested materials differed
enormously in permeability. The intentionally thick ‘layers’
of filter paper and cotton fabric {picture 5) proved no obsta-
cle whatsoever; the dye covered the large distance to the
polyester almost entirely. Conversely, all alginate layers
formed a totally impenetrable barrier {picture 1), as did
Solvitose C5 and MVS (Scholten’s), gelatin and cellophane.
The lipophilised celluloses Methocel and hydroxypropyl-
methylcellulose have affinity for the dye, they dissolve it.
Vibatex S (CGY) (poly{vinyl alcohol)) was fairly permeable.
Unlike Hawkyard [3], we found Soivitose C5 totally
impermeable. We did not follow up this discrepancy but
suspect that in Hawkyard's experiments, carried out using
coloured layers, the structure of the Solvitose was dis-
turbed by the dye, and this made his paste layer permeable
(S effect).

The fact that the layers shown in pictures 14 are not of
uniform thickness is bound up with the vagaries of their
preparation {(viscosity). Notwithstanding this, the main dif-
ferences between the various media can clearly be seen.

Polyester as a Test Layer
When polyester films were used for the centre tier of the
sandwich and alsc for the acceptor tier, the results shown in

TABLE 2

Permeability of Polyester Films

Thickness of polyester Picture No.
test layer (um) (Figure 2}
7 4
14 4
21 3
28 3
TABLE 3
Permeability of Mixed Films
Constitution of Thickness Picture No.
layer {(um) (Figure 2)
Manutex RS 9 1
3 parts Manutex RS + 15 2
1 part Vibatex S
1 part Manutex RS + 18 4
3 parts Vibatex S
Vibatex S 17 4




Table 2 were obtained. Thus, the dye leaves its initial site,
penetrates into the centre tier and, provided this is not too
thick, into the acceptor film. Test layers with high dye affin-
ity and sufficient thickness ‘swallow’ the dye.

Mixed films

Mixed layers can be prepared by blending thickener solu-
tions together. The results of experiments reported in
Table 3 show that adding permeable Vibatex to imperme-
able Manutex makes the latter permeable.

It shouid be noted that all results reported so far are not
equilibria but rather momentary states in a kinetic process.
However, the blocking effect of the pure alginate layer is so
complete that in this case the results can also be regarded
as equilibria or at least pseudo-equilibria.

Coloured Thickener Films
The experiments described above establish the barrier
action of uncoloured alginate layers. It was of interest,
therefare, to study coloured alginate films, i.e. to find out
whether the dye can escape from such layers at all.
Preparing isolated films of coloured thickener paste
poses ho extra problems. The tests (Figure 3) differed from
those illustrated in Figure 2 in that the samples comprised
only two tiers: coloured alginate layer — polyester film.
Each kilogram of print paste contained 60 g Manutex RS
and 25 g commercial dye; the layer was 15 um thick for dye
4 and 10 um for dye 5.

Starting
paper

Acceptor PET Alginate Acceptor PET

etc.

Figure 3 — Transfer of dye from paper or coloured alginate
fiim to polyester film; each run 300 s at 180°C, carried out
using dyes 4 and 5: 0 — before test, 1, 2, 3 — after first,
second, third runs

The control test with coloured paper instead of coloured
alginate {on the left of Figure 3) shows that these dyes pass
readily to the acceptor film, transfer being almost com-
plete. These same dyes behave quite differently when start-
ing from an alginate layer. In the first run only a small
fraction (about 1%) of the dye moved across. The same
layer was then reused for runs 2 onwards, each time with a
new acceptor film. Dye escaped only during the first run.
This means that only a small fraction is available for trans-
port, andis probably located in the surface region, while the
bulk is locked in.

Similarly, when such layers are immersed in cold ethyl
acetate, only very small amounts of dye are released.

GEOMETRIC MODEL {G MODEL)

Despite the impermeability of the alginate, printing is poss-
ible. The question is, how? The results described in the
previous section suggest that the crucial point might be the
accessibility of the dye in the paste layer. If that is so the
riddle might be solved by geometrical reasoning. There-
fore, the following model is postulated, which amplifies
Hawkyard's |3| ideas: the only dye particles that are color-
istically effective are those in direct contact with the fibre
surface. Given enough time, such particles are transferred
completely into the fibre. Dye particles not in contact with
fibre stay locked in the paste and are lost.

.'.i WASSOOSERHHH T HH
I i i v

Figure 4 - G model variants; different particle size (d},
coneentration (c) and layer thickness (1)

Figure 4 shows that there are three main criteria
involved: particle diameter (d), thickness (/) of print paste
layer and dye concentration (c} in this layer. Assuming that
only particles in contact with fibre are transferred, simple
reasoning yields the predictions listed in Table 4.

TABLE 4

G Model Predictions for Dye Transfer

Dye transfer

Relative Comparison
Variable Absolute (% vyield) in Figure 4
Layer .
) < = >
thickness | with IV
Particl ;
article < Il with |
size
Concentration < < = Il with 1l
KEY:
< increase
= independent
> decrease

Table 4 shows the effect on absolute and relative amount
of dye transferred in relation to increasing layer thickness,
particle size or concentration, as given in the column ‘Dye
transfer’. Experiments to verify the G model are described
in the next section and limits to the model are examined in
the following one, but first some comments are relevant.
— The G model considers only dye accessibility and ignores

all kinetic factors. The predictions relate to the maximum

yields attainable in long-term serial tests which, in our

case, lasted for 18-50 min at 200°C (Figure 5).

— The G model should be valid, irrespective of dye constitu-
tion.

— The quotient d// is of particular interest. When particle
size increases to equal the layer thickness (d//=1), the
yield should attain 100% because then all particies are in
contact with the substrate surface.

— The G model is supported by the E test (cold extraction of
the paste layer with ethyl acetate). If dye accessibility is
really the crucial point, the simple relation £=27T is
expected, where £ =extraction level, and 7 =maximum
transfer, because extraction occurs on two sides and
transfer anly on one side. But this relationship only holds
if the layers are sufficiently thick, and if the modifying
factors as described in the sections on variation of dye

JSDC Volume 99 December 1983 367




concentration and fixation accelerants can be ruled out.
— Trends in yield and absolute amount transferred are
enough to verify the predictions in Table 4. Conse-
quently, only a few points were determined and con-
nected by straight lines in Figures 6, 9, 10 and 13.

EXPERIMENTAL CHECKING OF THE G MODEL

The test programme comprised 18 experiments with dye 2.
Dye transfer was investigated as a function of layer thick-
ness/ {three levels), dye concentration ¢ (three levels) and
particle diameter d (two levels). These 3x3x2 = 18tests are
plotted in Figures 6, 9 and 13 with d,/ and ¢ respectively as

100
80
c = 25 g/kg

e 60
@
-

a0}

20

&~ c = 5g/kg
1 2 3 4 s 6 7
Time, min 2

Figure 5 — Transfer kinetics with a fine dispersion of dye 2;
thickness of the coloured film 5 wm, concentration: g
dye/kg print paste

05} (a) { 05 (b
o
g oaf 04l
E-)
£ 03 03t
§ c =256 g/kg
fol
g 02 0.2
Q
2 ¢ = 25 g/kg
< o1} ———— 0.1
N — S —
—_— 25 —_— 125
1 5 10 1 5 10
100} (c) 100} (d)
80 8o} ¢ =25 g/kg
= 6o 60}
he]
]
> c = 5 grkg
a0} 40
20 25 20
5
26 35
1 5 10 1 5 10

Film thickness, pm Film thickness, ym
Figure 6 — Maximum values of absolute amount transferred
{g dye/100 g polyester) and percentage yrelds versus film
thickness, {1); print paste — 2.5-5-25 g dye 2 (33%) per kg
paste; (a) and (c/ coarse dispersion, (b) and (d) fine disper-
sion
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abscissa. Instead of the sandwiches used for the previous
tests, here the coloured print paste was coated straight
onto the polyester acceptor film, dried and thermofixed.

The dye concentrations are given in grams per kilogram
print paste in line with conventional practice; in addition
the 67% of dye 2 was regarded as a hypothetical commer-
cial product with a 33% dye content. The content of thick-
ener (Manutex RS) was invariably 25 g/kg print paste.

Figure 5 shows two examples of test series in which time
was increased to determine maximum possibie transfer
values. The transfer and yield values in this section and the
next are based on such test series.

Variation in Layer Thickness

In Figure 6 dye transfer is plotted against the thickness / of
the paste layer. The G model prediction (first row of
Table 4) is corroborated because all percentage vields
decrease with increasing layer thickness. The absolute
amount of dye transferred also confirms the model
because here five curves are fairly horizontal. Only the
curve for the fine preparation at high concentration con-
tradicts the model {this behaviour is exptained in the next
section).

100} {1 100
L
80+ 80}
1
1
= gof 80t
] (a) (b)
]
>. .
40} a0} 2
2
20¢ 20}
5 10 15 20 25 01 02 03 04

Reciprocal film thickness, um™'

Film thickness, ym
Figure 7 — Transfer yield versus film thickness, |, and versus
I”" with dye 3; 1 — coarse dispersion, 2 — fine dispersion

A similar study was carried out with two fairly coarse
preparations of dye 3 {d.,=1.82 um and 2.34 um) at the
level 16.6 g pure dye per kg print paste (=50 g/kg calcu-
lated as 33% commercial dye) (Figure 7). Here too the per-
centage vield decreases with increasing thickness of the
paste layer. It can be described by the expression

absoclute amounttransferred

P ield=
ercentage yield =100x Tayer thickness

absolute amounttransferred

=1
00 total dye

Since, according to the G model, absolute amount transfer-
red is not dependent on thickness of paste layer, a relation
percentage yield =constant// would be expected. Fig-
ure 7{b) confirms this. The same relation was found with
the E test (extraction with ethyl acetate, Figure 8); this indi-
cates that no substantial sedimentation occurs during dry-
ing.



100

80

60

Yield, %

40

20

0.1 Q0.2 0.3 04

Reciprocal film thickness, pm ™'

Figure 8 — Yield of ethyl acetate extraction of dye 3 versus
reciprocal film thickness, |

Particle Size Variation
Violet dye 2 was available in two forms:

dy, =0.26 um
d,, =177 um

fine’

‘coarse’
The absolute and relative transfer results are plotted for
different paste layer thicknesses and dye concentrations in
Figure 9(a) and (b). Low concentrations give upward slop-
ing lines, as required by the G model {second row of Table
4). In contrast to the G model, high concentrations (25 g/l)

500 (a) 100 {b)
o ; e
8 80 ]
3 100} m—— ] *
5 50 =2 sot
2 s % -
g ]
= > -
g 10t 40t 4
3
@
8 5
< 20

1 2 1 2
Particle size, pm Particle size, ym
Figure 9 — Absolute amount transferred (mg dye/100 g
polyester) and percentage yield versus particle size of dye
2: film thickness: x— 1 um, A—5 um, O—10 wn, concentra-
tion: dotted line = 2.5 g dye/kg print paste, broken line -5 g
dyelkg print paste, unbroken line —25 g dye/kg print paste

100

80

B0+

Yield, %

40 / .

20

Particle size, pm

Figure 10 - Yield of ethy! acetate extraction of dye 2 versus
particle size (high concentrations — descending lines omit-
ted) ffor key see Figure 9)

give downward sloping lines, which are only shown in
Figure 9(a). An explanation of this behaviour is givenin the
next section. At low concentrations the absclute amount
transferred was very low; a logarithmic scale had, there-
fore, 1o be used.

Figure 10 shows that dependence on particle size is also
found in the extraction of the thickener film with ethyl
acetate. Here again high concentrations give downward
sloping lines (omitted from Figure 10}).

Transfer as a Function of d//

The G model postulates that particles surrounded by algi-
nate are not available for transfer; only accessible dye par-
ticles can pass across to a substrate. Therefore d//, the ratio
of particle size to layer thickness, should be a critical vari-
able. For small values of d//, implying that a high propor-
tion of the particles present are enveloped by alginate, not
much transfer can be expected; when d// is close to 1, all
dye particles are in contact with the polyester, and the yieid
should be of the order of 100%. The G model also requires
that the results of all tests with different particle sizes,
different layer thicknesses and even with different dyes lie
on a commaon curve.

This proved rather difficult to verify, since for convincing
results dispersions have to have uniform particle size, and
particles have to be spherical. Fairly convincing results
were obtained with dye 3 (Figure 11), which gave a yield of
100% at d/f =0.75. As expected, curve 2 (ethyl acetate
extraction) slopes upwards almost twice as steeply as
curve 1 because the solvent has access to both sides of the
layer.

100

80

60}

Yield, %

40} ’
20} //

02 04 06 08 10
Ratio d/l

Figure 17 —Percentage yield versus d/\ratio for dye 3; curve
7 —transfer alginate — polyester (one-sided contact), curve
2 — ethyl acetate extraction {two-sided extraction)

The possible practical bearing of the ratio d// can be
illustrated by examining fabric cross-sections. In Figure 12
a surface print was produced using a blackened acrylate
print paste (Carbopol 846). It can be seen that the thickness
of the layer varies from place to place. The ratio d// and
hence the yield conditions also vary with it.

Figure 12 — Surface print on polyester fabric with a black
pigmented acrylate paste
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VARIATION OF DYE CONCENTRATION (S EFFECT)

While variations in layer thickness and particle size confirm
the G model, this is not always true for variation in dye
concentration. The behaviour shown in the third row of
Table 4 was checked by plotting the 18 tests with dye 2
versus dye concentration (Figure 13). Dye concentration
has so far been measured as the amount of dye in the wet
paste. In contrast, the dye concentration of the dried print
layer is now used, in other words ¢ =pure dye/{alginate +
pure dye+solid diluents}. The values calculated in this way
are c=3.14 - 6.0 — 22.1 g dye per 100 g dry paste layer.

o5t (@ 05} (b 10p
=]
g 04 04}
<
=]
8 03 1 03 Su ]
w
c
g
e o2} 0.2}
]
[=]
8
4 o1t ) o1t LU
10 20 10 20
10c} (o) 1100 (d) .
’o"" - l"“
8o £ 1 sof A
4 : o7
" I
o l"l" l"
s sof 4 eof f .
T L it ;
] Hi ;
> H X ’:'
a0t I 41 aof ' :
l"".
l’l’
¥
20} A"/ 1 20f :
(\_’_d'
0 20 100 10 20 100

Concentration, g/t00 g Concentration, g/100g
figure 13 — Absolute amount transferred (g dye/100 g
polyester) and percentage yield versus concentration of
dye 2; concentration — g dye/100 g dried printing film; (a)
and (c) coarse dispersion, (b} and (d) fine dispersion: x —
Tunm, A—5um, O— 10 um

For the coarse sampie the G model is largely correct. The
absolute amount transferred is quite closely proportional
to the concentration ¢ (rather than being dependent on the
thickness of the paste layer). The percentage yield is only
slightly influenced by concentration {if attention is confined
to the well defined 5 um and 10 um layers).

For the fine sample the model loses its validity; both
absolute transfer and percentage vield increase to unex-
pected values, especially with high concentration com-
bined with high layer thickness. This points to a structural
(S) effect which enables the dye to move out from inside the
layer. Each disperse dye particle presumably produces an
interference which impairs the formation of ordered algi-
nate structures. The number of these interferences is more
important than their size, for only the fine sample shows the
S effect under the conditions of these experiments. A
tabyrinth forms and, at high concentrations, a system of
channels. At very high concentrations —in the extreme case
without thickener — the yields presumably approach 100%,
and the concept of an S effect loses its meaning (dotted
lines in Figure 13).
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The behaviour of Solvitose Cb mentioned in the section
on the barrier effect of thickener layers could well be based
on such an S effect; pure Solvitose layers were tested
which proved impermeable to dye 1. In contrast, Hawk-
yard's layers contained dye and were permeable.

The S effect concept is supported by extraction tests,
carried out with isolated coloured layers. Figure 14 shows
the results for dye 6. In test 1 the print paste contained
3.3 g/kg dye, of which about 20% was extractable. In test 2
the paste contained 16.7 g/kg dye, of which — despite the
layer being' thicker — 80% was extractable. A branched
labyrinth is obviously formed in test 2. The dye requires
more time to diffuse, i.e. its rate constant is slightly
reduced, and its half-extraction time (t,,) slightly increased.

The E test responded more markedly to an increase in
congentration than did the heat-transfer test, suggesting
that accessibility is not always identical for transfer and
extraction.

100

80

=2}
(=)

Extraction, %

S
o

20

1 2 3 4 5 6 7
Time, min "2

Figure 14 —Effect of dye 6 concentration on the yield of ethy/!

acetate extraction, note the better extraction of the alginate

film with the higher dye concentration (S effect) curve 1 —

3.3 g dye pigment/kg print paste, film thickness 5 um curve
2 —16.7 g dye/kg print paste, film thickness 8 um

FIXATION ACCELERANTS

The G model and the S effect explain why printing is poss-
ible despite the barrier effect of alginate. In buik-scale print-
ing fixation accelerants are often used, but their mode of
action has not been sufficiently clarified and the question is
how and where they act, either:

~ Inside the polyester substrate (carrier action), or

— Inside the thickener layer?

Are Fixation Accelerants Carriers?

The current definition of a carrier is that it penetrates into
the substrate and plasticises it. Twelve commercial fixation
accelerants were tested to see whether they penetrated into
polyester under given application conditions (Table 5).

Experimental
Small pieces (about 175 mg) of polyester film were spotted
or covered with 100 mg accelerant, wrapped in aluminium
foil, then heated at 150°C far 300 s in the test apparatus
(Figure 1). The pieces were washed with water, rubbed dry
and weighed.

Results

Of the twelve fixation accelerants in Tabie 5, eleven were
absorbed to only a very slight extent by polyester. This is
readily understood because, as far as is known, fixation
accelerants are ethylene oxide condensation compounds
of fatty alcohols and fatty acids — substances without much
substantivity for polyester. The only exception, Levegal PT



TABLE 5

Sorption of Fixation Accelerants by Polyester Films (300 s, 150°C})

Weight of film (mg}

Sorption

Product Constitution Before test After test (%)
Digoral 2020 (Diamalt) 'Synthetic oil’ 175.8 176.1 +0.2
Irgasol P (CGY) Stearyl alcohol/ethylene oxide 178.1 178.5 +0.2

mixture
Levegal PT (BAY) a-Cresotic acid methyl ester 171.4 187.7 +9.5
Levegal S (BAY) Polyglycol derivative 174.4 173.9 -0.3
Luprintan ATP {BASF) 174.8 181.1 +3.6,
Luprintan HDF (BASF) ‘Fatty acid derivative’ 176.3 174.9 -0.8
Lyoprint EV {CGY)* Alkyl polyglycol ether 180.1 180.4 +0.2
Matexil PN-HT (ICl) Fatty acid/ethylene oxide 175.4 176.5 +0.6
condensate

Printogen HD (S) Poly(ethylene glycol) ether 179.1 179.9 +04
Rapidoprint F2 (CHT) T 172.6 174.1 +0.9
Rapidoprint RE (CHT) 176.3 179.3 +1.7
Samaronfixierer HT (HOE) Alkyl/aryl hydroxyethylate mixture 180.4 181.8 +0.8
Without addition 175.1 175.1 0
Urea H,NCONH, 176.7 177.7 +0.6
invalon OP {CGY) a-Phenylphenol 176.1 193.7 +10.0
Invalon TC (CGY} Trichlorobenzene 168.6 186.1 +10.4

*Lyoprint EV is commercially available as an emulsifier, but has aiso been found to act as a fixation accelerant

tChemische Fabrik Tibingen

with 9.5% uptake, is an aromatic compound with the con-
stitution of a carrier. The control substances, Invalon OP
and Invalon TC, were tested to make certain that carriers
actually do penetrate into the substrate under the test con-
ditions used.

Picture Starting Test Acceptor PET
paper film
0
1
2
3

Figure 15 — Transfer of dye 1 through alginate test films
charged with fixation accelerants, using Cecalginate TBY
for 300 s at 180°C; 0 — before test, 1-3 — after test

Picture 1: without fixation accelerant

Picture 2: fixation accelerant added

Picture 3: with highly efficient fixation accelerant

As can be seen from Table 5, in two cases a reduction in
weight occurred during heating. The explanation is pre-
sumably that oligomers escaped from the polyester film. It
is also of interest that urea was not absorbed by the polyes-
ter film.

Transfer through Thickener Films Charged with Fixation
Accelerant
As fixation accelerants are not carriers their mode of action
is to be looked for not in the fibre, but in the thickener fayer.
To verify this, model films of alginate/fixation accelerant
were prepared, using the substances listed in Table 5. The
mixture ratio was one part solid alginate to one part com-
mercial accelerant. The permeability of these layers was
studied by means of the sandwich test (Figure 15).
Figure 15 shows that an addition of fixation accelerant
promoted transfer, i.e. the alginate became permeable and

Rapidoprint RE Starting

paper

Test
layer

Acceptor PET

10 g/kg

25 g/kg

50 g/kg

Figure 16 — Transfer of dye 1 through Cecalginate films
charged with various amounts of the accelerant Rapido-
print RE, concentration g Rapidoprint RE/kg print paste
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its barrier effect weakened, increased intensity of shading
indicating increased accelerant action. Urea was totally
ineffectual (picture 1), but the true fixation accelerants were
more effective (pictures 2 and 3). Proper rankings for the
individual fixation accelerants are not given here because
the layers used were not all of standard thickness. in addi-
tion, test conditions (type of alginate, dye, testing time,
temperature} might also conceivably affect the resuit.
Furthermore, different rankings would be obtained by
measuring the accelerant in terms of quantity of commer-
cial product or active ingredient, or in price units.

How the concentration affects layer permeability is
shown in Figure 16, which shows that there is an optimum
amount of fixation accelerant. In our example it is about
25 g/kg. At higher concentrations the dye would increas-
ingly be held back in the thickener layer.

The fixation accelerant evidently operates by forming a
network of liquid-filled channels in the alginate matrix. Dye
transfer is effected via the fixation accelerant ‘solvent’, not
via a vapour phase.

Extraction of Fixation Accelerant from Model Thickener
Films

Colourless alginate films containing fixation accelerant are
often, but not always, opaque. This is a sign that the layer
consists of two phases with different refractive indices and
numerous small interfaces. Photomicrographs of such
print pastes and model films give the impression of a starry
sky, even if, unlike the case illustrated in Hawkyard's
paper [3], the print paste contains no dye.

With such fine mutual penetration of the alginate and
accelerant, a coherent labyrinth may be formed from which
the fixation accelerant can readily be extracted, leaving
behind an alginate skeleton {Table 6).

TABLE 6

Extraction of Fixation Accelerant from Alginate Films with
Cold Ethyl Acetate {3—5 min)

Weight of
film after
Weight of extraction (mg)
film before
Addition extraction {mg) Obs. Calc.
Rapidoprint RE 28.5 15.0 16.1
Luprintan ATP 44.3 26.3 250

For each layer sample an expected value can be calcu-
lated from the amount of accelerant added. The experimen-
tal values come very close to those predicted theoretically.
This means that the fixation accelerant was extracted

Figure 17 —Scanning electron micrographs of alginate fiims

fmagnification 2400 x)

fa) Film without fixation accelerant washed with cold
ethy! acetate

(b} Film charged with Rapidoprint RE, extracted with cold
ethyl acetate
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almost completely. The minor inconsistencies are attribut-
able partly to those proportions of accelerant trapped, and
partly to hygroscopic effects.

Extracted layers are brittle and opaque, and paper-like in
appearance. Scanning electron microscopy reveals a
spongy structure (Figure 17(b)). For comparison,
uncharged alginate layers were treated with ethyl acetate;
they stayed transparent, with a fairly smooth, compact sur-
face (Figure 17(a)).

Transfer through Extracted Layers of Thickener

It was hoped that a deeper insight could be gained by

comparing dye transfer through:

(a) Alginate charged with fixation accelerant {pores filled)

(b} Alginate after extraction of the fixation accelerant
(paores empty).

Case (a) corresponds to the tests described earlier in this
section; the dye diffuses along the channels filled with
fixation accelerant. Case (b), however, does not occur in
practice; here the dye has to be transferred through a sys-
tem of air-filled pores.

Dyes 1 and 7 and the accelerant Rapidoprint RE (CHT)
were used. To obtain informative effects, the test times
were shortened and the temperature was adapted to the
dye. The results are illustrated in Figure 18. The test dyes
are fairly volatile. Under the chosen conditions they are
capable of passing through extracted films, the alginate
itself remaining absolutely colourless. A system of filled
channels is the better transfer medium, but has a tendency
to store the dye.

Starting Test
paper layer

Acceptor PET

Dye
(15 s, 180°C)

Dye Vil
(180 s, 200°0)

Figure 18 — Transfer through non-extracted and extracted
alginate fiflms (short-period tests)

Film — Cecalginate TBV—IR, charged with Rapidoprint RE
{ratio 6.3:5)

ch — transfer through charged test layer

ex — transfer through extracted test layer

FURTHER CONSIDERATIONS

In the main the results reported confirm the proposed
maodel, but inconsistencies were also encountered. It is
difficult to produce dispersions of spherical particles of
uniform size as demanded by the model. Unless the parti-
cles are spherical or cube-shaped, there is uncertainty
about the choice of radius, and the dispersions sometimes
tend to aggregate in the print paste.




Layers

It is not easy to produce uniform thin layers {<1 um} and to
measure their thickness. In addition, we found that the dye
in the layers is not always as evenly dispersed as in Fig-
ure 19. Apart from occasional sedimentation, the dye
sometimes built up on the evaporating side (Figure 20).

Figure 19~ T.e.m. cross-section of thickener film consistent
with G mode/ (fairly uniform dye particle distribution)

Figure 20 — Cross-section through an alginate film; the
coarse sample of dye 2 is aggregated and unevenly distri-
buted (photomicrograph, light microscopy, magnification
350 %)

Enclosure of Particles

In the case of dye 3 a dispersion of regular rectangular
crystals was sometimes used. The replica showed a largely
horizontal orientation in the paste layer/glass interface.
These crystals were mostly enveloped by thickener (Fig-
ure 21(a)), but some were not completely covered and
could escape during transfer tests or ethyl acetate extrac-
tion, leaving cavities or, with very thin layers, larger holes
(Figure 21(b}).

Figure 21 - T.e.m. of dye 2 in the alginate/glass inferface
{magnification 2500 x}

{a) Region with intact, focally very thin alginate skin

{b) Region with lacally pierced alginate skin

Micrococoons

A similar but far more extreme phenomenon was encoun-
tered with very thin alginate layers (1-2 um) and dye 2.
When the dye is extracted with ethyl acetate it leaves
behind an alginate skeleton that can be studied directly by
transmission electron microscopy (t.e.m.) Stereoscopic
pictures were taken. They revealed cocoon-like structures
with extremely small exit holes (schematic drawing in Fig-
ure 22}, Findings like these indicate that there could be
geometrically different forms of dye transfer. Observations
that alginate layers deform slightly at 200°C point in the
same direction. We have no evidence, however, that the
layers burst.

Figure 22 — Schematic cross-section through a ‘micraco-
coon’

Micro Preparation Technique

Only a few examples of our studies are given in this paper.
Dye distribution in model films was studied by light mic-
roscopy and by t.e.m. For the former the films were used
either as such, or they were embedded in Araldite’ F and
cross-sections cut (Figure 20). For te.m. the very thin
layers were directly shadowed using platinum and carbon
following extraction of the dye (Figure 22}); the thickener
films were embedded in Araldite, cutand a replica prepared
using the tylose/platinum/carbon technique. It was advan-
tageous here not to extract the dye, but instead to puil it out
from the cross-section surface with the tylose film (Fig-
ure 19) to which it adheres. For thickener fiim/glass or thic-
kener film/polyester interface studies, the thickener was
separated from its support, extracted with ethyl acetate,
and a platinum/carbon replica prepared (Figure 21).

CONCLUSIONS

Alginate thickeners can envelop the disperse dye particles
and thus prevent them passing to the polyester substrate.
Conventicnal printing is possible only as a result of modify-
ing factors which can be summed up as accessibility.

G Model

Geometry has been recognised as a major factor. Only dye
particles in direct contact with the substrate are transferred.
The crucial criterion is therefore d//, the ratio of particle
diameter (d) to the thickness (/) of the print paste layer. Asd
increases towards /, the maximum possible yieid becomes
closer to 100%. Coarse particles thus give a higheryield for
a given layer thickness (a textile printing paradox).

S Effect

The geometrical principle operates only at low dye con-
centrations. With increasing dye concentration an addi-
tional effect comes more and more into play: the yields
increase unexpectedly because the alginate layer alters its
structure and becomes permeable so that deeper-lying dye
fractions can also move out. At these concentrations fine,
not coarse, dyes give the highest yields. Such behaviour,
which is at variance with the G model, blurs the picture,
making accurate predictions rather difficult.

Fixation Accelerants

These are not carriers, but disturb the structure of the thick-
ener. In asponge-like alginate matrix the fixation accelerant
forms a system of channels through which the dye can
diffuse to the substrate.

Dye Diluents

The effect of dye diluents was not studied separately and is
not easy to predict. Though it seems quite probable that
dye diluents will prevent dye transfer by encapsulating the
dye particles. The opposite effect — interference with the
alginate structure — is also conceivable.

Methods

A combination of quite different methods was essential to
obtain the results: preparing isolated colourless and col-
oured thickener films, confirming accessibility by extrac-
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tion with ethyl acetate, checking the models by kinetic tests,
photomicrographs and electron photomicrographs.

Barrier Effect of Alginate

Schlaeppi [7), the first worker to use layers of colourless
thickener, noticed that alginates completely block dye
transfer. He suggested locally overprinting transfer print-
ing papers with alginate thickeners (masking) as a meansto
produce coloured patterns. Similarly, transfer printing
paper has been coated with alginate on the back to prevent
‘ghosting’ [9].

Mechanical Properties of Thickener Layers

Isolated colourless or coloured thickener layers are easy to
prepare, and thus offer a simple way to test mechanical
properties. Marked differences were found in mic-
rohomogeneity, tendency to shrink, elasticity, hardness
and brittleness.

We are indebted to Mr S Glitsch for the microscopic
studies (preparation of cross-sections, replica technique
and both light microscopy and t.e.m. pictures} and interpre-
tation of the resuits. Qur thanks are due to Mr A Schaub for
stimulating discussions, and to Mr G Cameron for transiat-
ing this paper into English.
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