Proceedings

Dyeing and Printing Methods for the Coloration of
Carpet Yarns and Carpet Piece by Jet-impregnation Methods

T. L. DAWSON and
B. P. ROBERTS

Imperial Chemical Industries Ltd
Organics Division

Haxagon House

Blackley

Manchester M9 3DA
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date are outlined, and the equipment
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mentioned.
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Introduction

As with most ‘new’ techniques the
principles of present-day jet-coloration
methods can be found to have been
propounded many years ago. For
example, the use of jets of electro-
statically-charged ink droplets which
could be deflected to give any desired
character of pattern was first suggested
by Lord Kelvin in the last century.
Similarly the use of continuous jets of
dye-liquor, which are moved in a regular
manner relative to fabric passing beneath
the jets, has been embodied in a number
of patents throughout the 20th century.
The sophisticated application methods
that are now being discussed are therefore
the result of continual refinement, both
of the means of producing the streams of
dye-liquor and of the means of con-
trolling their application to the substrate.

During the last ten years several multi-
colour patterning processes have been
developed for carpets and exploited
commercially. In these processes streams
of dye-liquor (either in drop form or as
continuous jets) are deflected in a regular
manner by mechanical means before
falling on to the substrate passing
beneath. The carpet fibre can be a yarn
warp, hanks or carpet piece. When such
coloured yarn is tufted, a space-dyed
effect is obtained, whereas pieces may
show effects varying from a simple,
speckled design to abstract designs having
a definite repeat. Examples of such
processes are the ICI polychromatic dye-
ing technique and the Kiisters TAK and
multi-TAK processes for piece and the
Donisthorpe and OPI* yarn space-dyeing
systems, which have been reviewed
previously [1-3].

All the foregoing methods are limited
in the type of design effect they produce
and, more significantly, they cannot be
controlled to produce any original pre-
specified design. Thus the equipment
must first be used to produce its widest
range of pattern effect and only then can
selection be made from this by, for
example, the firm’s design department.
This is one of the basic differences
between the earlier jet-coloration
methods and the second-generation jet-

*Omnium de Prospective Industrielle, France

printing machines, quite apart from the
very great increase in sophistication in the
control mechanisms, all of which are
high-speed, electro-mechanical systems.
The first commercial carpet-printing
machine, based on the selective deflection
of individual dye jets, was the Elektro-
color of VEB Textima, Zittau, but this
was not used commercially outside
Eastern Germany. The Millitron machine
[4] (Milliken & Co., USA), has already
been installed by several licensees. The
Millitron machine utilizes continuous dye
streams which are deflected by air jets,
the ‘switching’ of which is effected by
electromagnetic  valves, operated on
command from a programmed magnetic
disc. Similar control mechanisms are
employed with the more recently
announced Chromotronic (P. Zimmer,
Austria) [5] and Multicromat (M. Mitter,
W. Germany) [6] machines, which
employ different jet/valve systems.

At present the latest jet-printing
machines for carpet are unlikely to
achieve very fine definition (say greater
than the equivalent of 16 jets/in) and
indeed this is adequate for most sub-
strates, particularly the heavier carpet
qualities to which this printing technique
is so suited. Fine definition, if it is
required, can probably be attained more
easily by using streams of droplets of
dye-liquor rather than coherent jets. This
principle has been under active investi-
gation during the last 10 years particu-
larly for graphic display systems rather
than for textile printing [7, 8]. Of the
high frequency, electrostatically-
deflected, multicolour, drop printing
systems the Hertz colour jet plotter [9]
and the ICI drop printer are representa-
tive.

Printing by jet techniques offers a
variety of advantages compared with con-
ventional carpet printing, viz.

(1) Compact coloration heads with an

output comparable to rotary-
screen machines.
(2) No screens to handle, thus

replacement costs for damaged or
worn screens are avoided.

(3) No physical pressure exerted on
the carpet pile — hence optimum
surface appearance.
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(4) Almost instantaneous pattern
change (but colour change-over
time similar to that in rotary-
screen printing).

(5) Large repeats possible without
resort to special techniques.

(6) Minimum wastage (instantaneous
pattern fit on start-up or on
pattern change-over).

(7) Can be economic for short runs,
sc back-up stocks of printed
carpet can be reduced.

Despite these potential advantages for
jet-application methods, it must be
admitted that compared with established
carpet-printing techniques they require a
higher capital investment, which renders
them less economically viable for the
production of lower quality carpets [10].
These machines are indeed complex, but
only experience will show whether main-
tenance (both mechanical and electronic)
proves any more difficult than that
required for screen-printing machines.

Machinery

The OPI Space and Yarn Dyeing Process
The OPI process is an entirely new
method of dyeing yarns continuously at
high speed [11]. The novelty of the
process lies in the use of compressed
air-cells to impregnate and then squeeze
the yarn uniformly prior to the dye being
fixed by steaming.

In the OPI process (the machinery for
which is manufactured under licence by
Callebault de Blicquy) individual yarns
are passed at high speed (up to 1000
m/min) through impregnation cells and
then through a compressed air-cell where
pheumatic expression of excess liquor
takes place (see Figure 1). When the yarn,
impregnated with liquor, passes through
the expression cell it first meets a
counter-current of compressed  air,
escaping at high speed through the first

lmpregnation
Celf

nozzle. The shock-wave produced by this
rapid flow has two effects:

(a) On the surface, removal of excess
liquor driven back by the air-flow.
(b) Inside the yarn, a squeezing effect
which ensures regular and
uniform penetration of the liquor.

The diameter of the nozzle is selected so
that the yarn barely touches the sides,
thus expression is obtained solely by the
action of compressed air and is therefore
uniform. It has been found, for example,
that yarns dyed on this equipment can be
used for plain-coloured carpets if
required. A machine running with eight
ends of yarn gives an output, on a typical
carpet yarn, of up to 200 kg/h.

Dyeing carpet fibre in yarn form is of
prime interest to the woven-carpet trade,
since this offers a means of overcoming
the costly hank winding—scouring—
dyeing—rewinding process. It could, how-
ever, be an alternative to loose-stock
dyeing for the tufted-carpet trade.

OPl have also developed a space-
dyeing process which utilizes the same
type of expression cell. The impregnation
section is similar to a polychromatic
dyeing unit and the impregnated yarns
are then subjected to the compressed air
squeezing effect in the expression cell
only, which is of simple construction.

The OPI process is licensed to
selected customers and its use has so far
not been very widespread. Interest in the
UK centres mainly round its use for
continuous dyeing, whilst abroad the
space-dyeing application is of greater
appeal.

The Millitron Process

The Millitron machine can be compared
with a rotary-screen printer in that the
carpet is continuously carried by an
endless blanket under a series of colour-
applications each of which provides one
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Figure 1 — The OFI process
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colour to the overall pattern. Unlike the
horizontal arrangement in screen-printing
machines, however, the carpet is carried
down an inclined endless belt under a
series of jet-bars, each of which applies
one colour of the design to the carpet.
Jets of dye-liquor are applied in ‘spurts’
from the individually-controiled outlets
(of 30—100 pm diameter, 10 per in across
the full width of the carpet) as the carpet
passes beneath, so as to form a regular
pattern. This pattern is stored on a
magnetic disc, the operation of which is
synchronized with the motor drive of the
endless belt via a reference control unit.
The electronic puises from the magnetic
disc control individual electromagnetic
valves which in turn control jets of air
blowing at right angles to the liquor jets
(see Figure 2). Prototype machines are
now being built with 16 jetsfin, to
improve fine-line definition further, but
these are at present intended for
upholstery and fine-pile fabrics

The dye-liquor, which is of relatively
low viscosity (1—4 P), is kept in constant
circulation by a pump. In the ‘no-print’
position the jet of dye is deflected by the
jet of compressed air into a ‘gutter’ and
recycled. When the electromagnetic valve
is in the ‘no-print’ position (i.e. not
energized and therefore held down by the
spring), air passes to the air-jet outlet and
deflects the dye-liquor, If the valve is
energized it moves upwards, seals-off the
airline to the control jet and the air
escapes to the atmosphere. Thus the jet
of liquor is no longer deflected and falls
onto the carpet surface. The speed of
operation of the electromagnetic valve
determines the minimum quantity of
dye-liquor that can be applied to the
carpet, and for maximum flexibility (e.g.
for printing heavy shags as well as low-
level loop, lightweight carpet) it is
necessary to vary the time for which the
jet of dye is directed onto the carpet
surface.

To imprint the required patterns onto
the magnetic control disc one must use a
Sci-tex-type pattern control system,
which has been established for some years
where electronic pattern control is
required in place of the Jacquard
mechanism on Kknitting machines. The
patterns to be copied are scanned by a
TV-type camera and broken down inte
electronic pulses which are then stored on
tape and finally transposed, after check-
ing, onto magnetic discs. Various design
centres already have these machines
which are in general too expensive for
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Figure 2 — The Millitron process

individual printers to consider buying.
Stork, Boxmeer, Tootals (Manchester)
and others have such units and may
produce pattern tapes on commission,
when the necessary re-programming has
been agreed with Milliken.

The Chromotronic Process
The machine used for this process can be
compared with a flat-screen printing
machine in that the carpet is moved
intermittently and printing is carried out
by a print head traversing the carpet from
side-to-side whilst it is held stationary on
the transport belt. During the traverse,
needle valve jets held in a bank in the
print head are made to open individually
at the appropriate instant to place ‘shots’
of dye-liquor in predetermined positions,
in order to build up one colour of the
pattern. Each successive colour is then
applied by further traversing print heads
in a manner analogous to screen printing.
Unlike the Millitron process, the
electromagnetic control of the flow of
dye-liquor is intermittent, by means of a
high-speed needle valve operated either
from magnetic disc storage information
or from a photoelectric scanner running
across a photonegative in synchronism
with the printing head traversing the
carpet {Figure 3). Good pattern defini-
tion is achieved by having, for example, a
matrix of 400 jets in a print head which
traverses a 20-in band of carpet, thus a
resolution equivalent to that given by 20
jets per inch can be achieved. By
programming, this definition may be
reduced to 10 jets per inch with a
consequent increase in production speed.
The same definition as the Millitron

Fixed
colour
bar

Air lines from
pattern control device |

Carpet (maybe
pre-wet)

machine (ca 1750 jets/colour) could in
fact be achieved with a Chromotronic
machine with a print head 1 yd wide and
with 360 jets/head. For the linear carpet
production speed to be the same (say 10
yd/min), however, the valves have to
operate at least 4 to 5 times faster in
order to achieve the same definition in
the direction in which the jets traverse
the carpet.

In practice valve open times are very
short, owing to the time required for
sequential programming of the valve
operation in the firing programme and
also because this represents a means,
other than liquor pressure, of varying the
volume of liguor to suit the type of
carpet being processed. Valve opening
times on the Millitron machine are in the
range 5—25 ms, with maximum
frequencies of about 200 Hz, with
correspondingly shorter firing times (at a
higher pressure) for the Chromotronic
machine (equivalent to a maximum

Dry carpet
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frequency of 1000 printing operations —
raster points — per second).

Other Jet-printing Processes

Mitter have announced that they are also
developing a programmed jet-printing
system — the Multichromat process. At
the moment information is limited,
although 1like the Chromotronic
technique, a special needle-valve
mechanism is employed. There is also a
jet-printing system, manufactured by
Tybar Engineering in Australia — the
Titan process.

Charged Drop Printing Machines

If droplets of print-liquor are formed in a
continuous stream from an orifice and are
given a charge at the instant of formation,
they will be deflected if they pass
between two plates across which a voltage
is applied. The greater the relative differ-
ence in the charge on the drops and the
plate voltage, the greater will be the
deflection. If a substrate now moves at
right angles to the deflection direction,
two-dimensional figures can be produced.
In the no-print position the stream of
droplets is caught in a gutter and recycled
to the feed tank containing the liquor
(Figure 4).

A simpler form of multicolour printer
is illustrated by the Hertz colour jet
plotter, developed at the Lund Institute
of Technology, Sweden [9]. Droplets of
ink are projected from three jet systems,
which either allow the drop to be
deflected and hit the substrate (paper
mounted on a rotating drum) or, if
undeflected, to be recycled, according to
the electronic signals received. These
signals are synchronized with the revolv-
ing drum and the jet carriage, which is
advanced on a worm screw so that the
paper is scanned line by line to build up

Pressurized dye tanks

supporting needle =
valves and colour
jets

{intermittent movement)

Figure 3 — The Chromotronic process
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Figure 4 — Principle of the drop-printer

the final pattern. The revolving drum
system represents a convenient means for
laboratory investigation of any type of
jet-printing system and has, in fact, been
used for such studies with the Chromo-
tronic system.

A considerably more sophisticated
piece of equipment, which is under
development, is the ICI drop printer,
whigh is directed towards fine-definition
textile printing. Present design specifi-
cation is aimed towards a resolution of
100 lines/in. This is achieved as follows:

At the instant of leaving the jet
orifice the droplets are given a charge
which can be accurately controlied to
any one of 16 levels. Depending on
the charge given, the drops are either
recirculated (no-print position) or are
deflected electrostatically to a pre-
determined position over a width of 4
mm (the jets are spaced 4 mm apart
across the printing width). The design
concept for the jets is a modular one,
with the print-head configuration in a
fan array, where different colour-
print bars are all focussed on to one
line across the substrate, thus mini-
mizing registration problems. Figure 5
shows this arrangement in a
laboratory-scale printer.

At the print rates envisaged with
this type of drop printer and opera-
ting at the specified definition, there
are 16 million printing sites/m? —
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Figure 5 — The ICI laboratory drop-printer

instructions to be given by the com-
puter. This necessitates data-transfer
rates of 64 Megabits/s when printing
with a maximum of 15 colours. By
comparison, the present jet printers
operating on carpet substrates, owing
to their lower print speeds and better
pattern definitions, can be operated
with data-processing rates of about
0.1 Megabit/s. Jet printers can be
operated from magnetic discs or
tapes, the former being essential for
drop printers. With both printers,
computer-oriented electronic control
systems are required to manipulate
this data.

Pattern Generation for Jet Printers
Although outside the main scope of this
discussion, it is interesting to note the
facilities for pattern generation and modi-
fication that are available to designers
when working with electronically-
controlied patterning systems.

In the very simplest system it is
necessary to prepare a pattern on squared
paper in the conventional manner and
then to read off the colours visually and
feed them, in sequence, into the com-
puter by manual operation of a keyboard,
coded for the appropriate colours. In
more sophisticated systems, the pattern,
which may be the designer’s paper
pattern or an existing pattern printed on
any substrate, is placed in a pattern
scanner which can scan the design,
recognize up to 12 individual colours and
feed the data directly to the computer.
The design thus stored in the computer
may then be viewed in colour, on a

display console, where, with an electronic
stylus, alterations may be made and fed
into the computer. Many additional facili-
ties are available, for example:

(1) Various colourways can be
reproduced and examined by
suitable adjustment of controls
which allow each colour in the
pattern to be varied at will. Two
colourways may also be compared
side-by-side on the display.

(2) The pattern repeat can be set and
the ‘drop’ and ‘mirror-image’
patterns produced automatically.
The patterns may also be rotated
about their centre as required.

(3) Having indicated the colour to be
used in a specific area, this colour
can be inserted automatically in
all the corresponding areas of the
design. Similarly, outline contours
of any thickness can be added
round any part of the design, and
overlaps of any desired degree can
be recorded.

(4) The area of each colour can be
calculated, which may assist in
print-paste make-up and costings
at a later date.

When the design is finally accepted
the data can be transferred to tape or to
magnetic disc, and for record purposes
the pattern may also be photographed in
the various colourways selected.

Systems of the above type are the
Sci-tex Response System 200, the Elatex
Patroscan 4015 and the Titan DDM
system.



The record of patterns on the magnet
disc, obtained as above, cannot be used
directly in the various jet-printing systems

as they need converting into the
operating code appropriate to each
machine.

Experimental Results
THE OPI PROCESS

Viscosity and Pressure Variations

In order to examine the effect of process
variables in the laboratory, carpet yarn
was impregnated with pad liquor in a
small trough and then passed through a
plastic T-piece, with a jet of compressed
air being blown in from the side arm of
the T-piece. The diameter of the end part
of the tube from which the yarn emerged
was of slightly larger diameter than that
of the yarn being processed — a 2-mm
tube end was used for spun Timbrelle
(ICI) yarn (type 212; 2.0/2).

In practice the air pressure is such
that the yarn emerging from such a unit
has a liquor pick-up of 15—-25% and, at
this level, evaporation losses prevent an
accurate determination of the pick-up by
the conventional weighing procedure. In
order to measure the pick-up, the yarn,
plus the dye-liquor that it had picked up,
was put into water and exhaust-dyed by
conventional means, the resultant colour
measured  spectrophotometrically and
compared with a set of dyeings of known

depth. Reproducibility of pick-up was
found to be good.

Initially the effect of varying the yarn
speed and the air pressure were examined
and the results obtained are shown in
Figure 6.

From the graph, variations in pick-up
with speed seem to be very small indeed
and in fact once the speed of the varn has
exceeded about 7 m/min there seems to
be no variation at all. This is borne out by
OPI’'s own experiments [7], although the
pick-up might be expected to increase
slightly with an extremely short contact
time (i.e. yarn speed 600—700 m/min).

However, it can be seen that air
pressure is a critical factor especially up
to 3 atm., which is the usual working
pressures for the OPlI method. Small
variations in air pressure give rise to a
considerable amount of unlevelness and,
since it is claimed that OPl-dyed yarns
can be used to produce plain carpets, it is
clear that air-pressure control is a most
important factor in this technigue.

The way in which viscosity affects the
pick-up can be seen from Figure 7, where
a small increase in viscosity over that of
water has a substantial effect up to about
20-30 cP, after which the effect of
raising the viscosity further is minimal.

However, it seems that viscosity can
affect fibre penetration and it became
apparent from cross-sectional photo-
graphs that liquors of relatively high
viscosity, when used in this technique,
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Figure 6 — OFI coloration of spun nylon carpet yarn
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Figure 7 — Variation in pick-up with
viscosity

can give rise to incomplete diffusion into
the fibre, and considerably lower fibre
penetration was obtained when liquors of
greater viscosity than 400 cP were used.
Thus, coupled with the pick-up and
viscosity data, it seems that there are
both upper and lower limits for OPI
liquor viscosity. Typical viscosities of OP1
dye-liquors (without added thickeners)
are over 20 ¢P. Since they are so concen-
trated, it seems that thickener will be
very seldom required if at all.

Other auxiliaries, such as wetting
agents, had little effect on the degree of
expression, but, surprisingly, antifrosting
agents, although not affecting the pick-
up, did seem to increase the frostiness,
which seemed to be due to foaming in the
expression cell. Addition of antifoaming
agents, such as Silcolapse 5006 (ICI) to
the liquor reduced frostiness. However,
the inherently low pick-up obtained with
this technique meant that large quantities
of antifoam had to be used giving rise to
considerable expense. Moreover, the
emulsion was sometimes unstable (and
hence ineffective) over long periods. The
answer seems to be to have as low as
possible a pick-up, since the less liquid
there is present, the less foam produced
and the less frosty the yarn.

Dye Selection

The fact that very low pick-up levels are
used in the OPI process does mean that
unusually high concentrations of dye are
required (100 g/l at 25°C is typical).
Fortunately there are sufficient dyes with
this type of solubility to produce a
reasonable colour gamut, although the
effective solubility of these and other
acid dyes can be increased by replacing
the acid in the recipe by a combination of
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ammonia and ammonium sulphate which
gives an alkaline solution at 25°C (pH
8-9), hence better solubility of the acid
dyes, dropping to about pH 4 in the
steamer due to evolution of ammonia and
decomposition of ammonium sulphate.
Solubilizing agents are also useful, e.g.
thiodiglycol or butyl cellosolve.

MILLITRON
PROCESSES
In order to simulate these processes, a
pressurized container was used to feed
dye-liquor to distributor tubes fitted with
rows of jets (carburettor jets were used,
having diameters of 30, 50 and 100 um).
Carpet samples were carried beneath
these jets at any desired speed by placing
them on the transport blanket of a
rotary-screen printing machine running
5—10 mm below the jets (Figures 8 and
9).

AND CHROMOTRONIC

Flow Through the Jets — Effect of
Viscosity and Pressure Variations

In view of the different operating
pressures and liquor viscosities said to be
used in the two processes (30—80 um jet
sizes, 150--400 cP viscosity, 10-50
Ib/in®> pressure) these extremes were
covered in the experimental conditions
used. The effect of varying the liquor
viscosity on the flow rate of liquor
through the jet (which affects pick-up
and pile penetration) was determined
using three different sizes of jet nozzle.
Theoretically, if the dyeliquor has
Newtonian flow properties, the flow rate
should be proportional to the fourth
power of the nozzle radius and inversely
proportional to the viscosity. However, as
the shear applied to the liquor increases it
is clear (Figure 10) that neither of these
relationships holds, the reason being that
as the flow through the jet increases and
the size of the jet nozzle decreases, there
is a marked increase in shear on the
liguid, which therefore decreases in
viscosity owing to its pseudo-plastic
rheology. Similar experiments in which
the pressure was varied gave the results
shown in -Figure 11. It is clear that,
although the flow rate does not increase
proportionally to the applied pressure,
machines in which the pressure can be
accurately controlled to various pre-
determined levels should prove versatile
in controlling liquor pick-up on the
widely different qualities of carpet to be
printed. It should also be noted that with
a higher pressure and smaller size of jet it
is possible to achieve similar flow rates as
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Figure 9 — Jet bar of the laboratory jet printer

with the reverse combination, but that
the high-pressure small-jet system is
potentially less sensitive to variations in
viscosity.

Printing Experiments on Carpet

From the above data it was possible to
calculate the pick-up to be expected
when dry carpet of known weight was
passed under the jets at a particular
speed, on the basis that each jet would be
required to fumnish dye-liquor to print a

line 0.1 in (2.5 mm) wide. Using these
conditions, samples of carpet (for most
experiments this was a cut pile, heat-set,
spun nylon construction of 700 g/m? and
a pile height of 6 mm) were printed in
order to test various thickening agents,
antifrosting agents and dye combinations
at about 300% pick-up.

All the above experiments were
carried out on dry carpet, but in practice,
at least on the Millitron machine, wetted
carpet is often used. Pre-wetting is:
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Figure 10 — Effect of viscosity on rate of
flow through a jet

employed to produce an overall ground
colour or to improve pile penetration on
heavier carpet or both. Experiments
confirmed that pre-wetting did improve
pile penetration, but not without loss of
print definition, irrespective of the rela-
tive viscosity of the padding liquor and
the liquor applied by the jets (Table 1).
This loss of definition, aithough unavoid-
able, varied considerably from one
quality of carpet to another and could be
minimized by careful selection of wetting
and antifrosting agents and by careful
selection of the thickening agent. Some
loss of definition occurs during steaming
owing to reduction in liquor viscosity at
elevated temperatures. Certain thickening
agents, such as Xanthan gums, are parti-
cularly good in retaining their thickening
power under these conditions. However,
they have highly pseudo-plastic rheology
and if pile penetration immediately after
jet impregnation is poor, the print paste
tends to stay on the surface of the carpet.
This leads to poor colour penetration into
the pile and may paradoxically also give
poor definition, as a result of excessive
foaming (from the antifrosting agent
present) unless a suitable antifoaming
agent is added to the liquor.

Selection of Thickening Agent

Most of this work was carried out with a
modified locust bean gum thickener,
Indalca PA1 (Hercules Powder), which
has relative long flow characteristics. This
type of thickener seems to be easily
forced down the pile purely by the force
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Figure 11 — Effect of pressure and viscosity
TABLE 1

Effect of Pre-wetting on Penetration

on rate of flow through

Treatment
No Pre-Wet Pre-Wet (Water) Pre-Wet (250650 cP)
Jet Size Pile Definition Pile Pile
(um) Penetration (line width) Penetration Definition Penetration Definition
(%) (mm) (%) (mm) (%) (mm)
100 50 4 100 6 100 5
50 30 2.5 40 4 70 4
{but (Fuzzy
blurred) edges)
30 20 2 60 2.5

Overprinting of cut pile nylon (6 mm pile)
Speed: 9 m/min

Overprint liquor viscosity: 300 cP

Jet pressure: 10 1bfin®

Pre-wetting: padding at 60% pick-up.

of application and in some cases,
especially with low-weight carpets, the
jets of liquor can run between tufts and
hit the carpet backing, causing the tufts
to be coloured at the bottom and top, but
not in the middle. This produces a rather
unusual sandwich effect where the carpet
is frosty not only at the top, but in the
centre as well.

Short thickeners of the Xanthan gum
type, e.g. Kelzan (Kelco), were thus
examined since, although the static
viscosity of the short thickener might be
greater than the Indalca PAIL, the shear
produced by forcing the liquor along the
pipes and especially through the jets
causes it to become more mobile. Once
the liquor hits the carpet it thickens again
and effectively stays where it first lands.

The outcome of this is threefold,
firstly liquer remains at the top of the
pile and considerably reduces the frosti-
ness without any antifrost agent present,

secondly, there is no sandwich effect,
since the increase in viscosity seems to
prevent the liquor from running down the
pile before the pile has been completely
coloured, and thirdly, sideways bleeding
of colours is greatly reduced. If these
short thickeners have a disadvantage
other than price it could be that when
using low air pressures (i.e. < 10 1b/in*)
there is insufficient pressure to generate
the shear required before the liquor will
start to flow through the jet. This
problem was most apparent with the
30-um jets and hence might be thought to
be applicable to the Chromotronic
process. If a normal working pressure of
30 1b/in? is used this problem may never
arise and although the working pressure
of the Millitron process may be only 10
1b/in? the size of the jet is believed to be
large enough to allow the flow to start
since the 100-um jets used in the simula-
tion were never affected in this way and
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50-um jets were affected only

occasionally.

Dye Selection

The choice of dye would seem to be of
prime importance, especially as far as
compatibility is concerned since, with the
longer thickeners, penetration is partly
achieved by capillary action down the
tuft. Thus these longer thickeners tend to
enhance incompatibility and produce a
kind of chromatographic effect. For
instance, the two Nylomine Yellows
A—4R and B—-2G (C.1. Acid Yellows 199
and 19) and the two Nylomine Blues
A—G and B-B {C.I. Acid Blues 25 and
41) are all rapid-fixing dyes, and are
excellent for printing, but it can be seen
that some combinations of these dyes
appear to be unsuitable (Figure 12).
Much will depend on the quality of
carpet to be printed, the thickeners being
used and the steaming conditions, how-
ever, for it is known that such apparently
incompatible mixtures have been used
successfully in practice.

Another point which became
apparent during this work is the effect
that some dyes can have on the viscosity
of the liquor, since viscosity plays a most
important part in jet coloration by its
effect on rate of flow, pile penetration
and pattern definition. The marked effect
which some dyes can have on the visco-
sity of the liquor varies from one dye to
another and also with the particular dye
combination, as can be seen from the
results shown in Table 2.

TABLE 2

Nylomine Yellow A-4R 1 g™
Nylomine Blue A—G 4 gt
1000+
Nylomine Yellow A—4R 1 g™
Nylomine Blue B—3G 4 g™
€ 750f-f-mmmm o mmm— oo oonoaa
°
=
z Viscosity of blank paste
=2 and of dye-liquor after
> 5004 addition of 20 gI'™* of
Butyl Cellosolve
2504 Blank paste  Indalca PATI 8.0gl
Citric acid 5.0 g™
Material PA—S! 5.0g™
Silcolapse 50062 0.5gl™
Y 1 T T T
0 ] 2 3 4

Time, h

An ethoxylate antifrosting agent ([Cl)

2. A silicone antifoaming agent (ICI}

Figure 12 — Effect of dyes on the viscosity of a print paste

These results showed that C.I. Acid
Blue 40, and particularly C.I. Acid Blue
25, increase liquor viscosity. These dyes
were investigated further, and it was
found that this increase occurred over a
period of 3to 4 hours. In practice this

Effect of Dye Selection and Combination on Liquor Viscosity

Nylomine Dye Mixture C.I. Acid

Yellow B—2G  Yellow 19
4:1 Yellow D-G Yellow 151
Yellow:Blue Yellow A-G Yellow 135
Yellow A—4R  Yellow 199

Average viscosity

Yellow B—2G  Yellow 19
1:4 Yellow DG Yellow 151
Yellow:Blue Yellow A—-G Yellow 135
Yellow A—4R  Yellow 199

Average viscosity

could lead to a gradual loss of pile
penetration and/or colour yield during
production. The solution is to employ a
non-gelling product (e.g. C.I. Acid Blue
41 or 127) or to add a solvent, such as
butyl cellsolve, which prevents gelling.

Liquor Viscosity, cP (Brookfield LV viscometer,

Spindle 2, 60 rev/min)

+ Blue A—G +Blue B-B + Blue C—B + Blue B-3G

(Blue 23) (Blue 41)  (Blue 127)
368 430 360
402 620 520
450 390 330
470 400 600
422 460 452
568 670 390
1004 580 490
1268 370 380
6440% 340 420
2368 490 470

Viscosity of blank paste (13 g/l Indalca PA11) = 430 cP

*Too viscous to run through jets
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(Blue 40)
426
426
480
440
443

672
670
840
760
737



The conditions used to fix dyes after
jet application are similar to those
employed in conventional carpet printing.
Dves are therefore selected on a similar
basis, namely rapid and efficient fixation
characteristics under conditions where
the print-liquor pick-up is 200—300% and
the pH is 2—4. However, the rate of
fixation of acid dyes decreases as the
amount of dye fixed increases and this
can affect the penetration of the colour
into the pile when printing conditions are
such that pile penetration of the applied
liquor into the pile is incomplete. Thus,
for example, when trials were carried out
on a laboratory-scale Chromotronic
machine (by courtesy of P. Zimmer) pale
colours showed consistently lower
penetration than did medium and heavy
colours (see Table 3). However, in the
Chromotronic process it is relatively easy
to adjust the jet pressure on individual
colour heads so that this difficulty can be
eliminated.

Conclusions

It is clear that choice of dye is extremely
critical for all jet-coloration techniques.
In the case of the OPI technique, high
solubility is the main criterion, and with
the Millitron and Chromotronic machines
compatibility is the controlling factor. It
is likely that colour selection will tend
towards using a trichromatic mixture,
more comparable with continuous-dyeing
techniques.

Since viscosity also plays such an
important roll in all three techniques,
careful attention must be paid to thick-
ener rheology. It would seem that the
shorter the thickener the better. How-
ever, synthetic thickeners, supposedly
ideal from a pseudo-plastic point of view,
do not seem to be suitable since they are
extremely sensitive to electrolytes and
addition of dye'causes an unacceptable
reduction in viscosity.

TABLE 3
Chromotronic Process — Kufstein Laboratory Machine. Effect of Jet Pressure on
Penetration
Pile Penetration (%)
Carpet Jet Pale Colour Heavy Colour
Type Pressure  (0.25g/1) (2.5g/)
(Ib/in?)
1/10th Gauge 15 15 20
Low Level Loop 22.5 30 80
(pile height, 3/16 in) 30 80 100
37.5 90 100
45 100 100
5/32nd Gauge 15 25 30
Textured Loop Pile 22.5 30 40
(pile height, 1/4 in) 30 50 70
37.5 60 80
45 80 100
5/32nd Gauge 22.5 30 30
Cut Pile 30 60 60
(pile height, 3/16 in) 37.5 80 80
45 90 90
60 100 100
All the jet techniques give some References
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