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@ Method and apparatus for patterning substrétes using gas streams.

The dye may be applied uniformly, or in a pattern,
preferably in the form of a spray. Liquid unfixed dye is applied to
a substrate for the purpose of patterning the substrate. One or
more streams of pressurized gas such as air are then directed
onto the substrate for the purpose of displacing some of the
unfixed dye where the streams impinge the substrate, thereby
causing a visually distinctive area on the substrate where the
relative dye concentration is reduced. Resulting products are
also disclosed.
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Description

METHOD AND APPARATUS FOR PATTERNING SUBSTRATES USING GAS STREAMS

This invention relates to an apparatus and process
for generating patterns on textile substrates car-
rying unfixed liquid dyes. More particularly, this
invention is directed to an apparatus and process for
pattern dyeing textile substrates wherein at least
one stream or jet of pressurized gas is directed at
the surface of a textile substrate to which has been
applied, by various means, an undried and unfixed
liquid dye.

In one preferred embodiment, a textile substrate
which has been dyed a uniform color using an
unfixed and undried liquid dye is subjected to one or
more jets of air at relatively close range.

In a second preferred embodiment, a textile
substrate carrying an unfixed and undried liquid dye,
which has been applied in a pattern configuration
using one or more fine sprays of dye propelled onto
the subsirate by a first set of gas jets, is subjected to
one or more jets of air from a second set of jets at
relatively close range. The mechanical action of the
impinging jets or streams from the second set of jets
on the unfixed dye is sufficient to displace or
remove, from the area of impact, dye which has not
been adsorbed onto the surface of the constituent
fibers, thereby removing or redistributing unfixed
dye and causing the area of impact to have a
significantly lower dye concentration in the area of
jet impingement. This area, upon fixing of the dye, is
therefore dyed a visually lighter or less saturated
shade of the dye than the surrounding non-impacted
area.

As used herein, the term liquid dye shall be used
to mean dyes, inks, or the like comprised of soluble
maiter in a solvent, as well as dyes or marking
materials comprised of insoluble maiter in a liquid
medium. The term substrate is intended to encom-
pass a wide range of textile constructions, such as
woven or knitted fabrics, and may include non-
woven constructions. Both flat and pile-like fabrics
have been successfully patterned using the teach-
ings herein, and are intended to be included in the
term textile substrate as well. Fabrics comprised of
varicus synthetic yarn types may be used including,
but not limited to, polyester, nylon, and acrylic yarns.
It is believed any yarn type or fabric construction
which allows some unfixed liquid dye to be redis-
tributed or removed by the action of an impinging
gas stream may be patterned using the teachings
herein. As used herein, the term "momentum flux” is
used to describe the relative concentration of
momentum of the air stream (i.e., the product of air
mass and air velocity) striking the substrate. By
using momentum flux as a parameter, various other
process variables such as gas pressure, gas stream
velocity at impact, and gas stream cross-sectional
area may be implicitly accommodated.

Many techniques are known to apply dye to a
textile substrate for the purpose of patterning the
surface of the substrate. Among the most common
is the direct application of dye of the desired colors
to a previously dyed or undyed substrate. This
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technique is known as direct printing. Perhaps the
most widely used direct printing technique is screen
printing, in which dye or ink is forced through a
specially prepared screen onto the substrate. The
screen has areas in which the mesh has been
blocked. These areas, which remain impervious to
the dye or ink, correspond to pattern areas on the
substrate in which no ink or dye is desired. Another
direct printing method is known as metered jet
printing, in which dye is selectively applied to an
untreated substrate surface by one or more streams
of dye which are positioned to strike the substrate
surface as the substrate moves through the dye
streams. The streams may be either continuously
flowing onto the substrate surface, or may be
intermittently initiated or interrupted in a variety of
ways in accordance with paitern data. This method,
which may afford some flexibility in pattern configu-
ration, often requires a complex arrangement of
valves and dye discharge devices which are costly
and may require careful or continuing adjustment.

A characteristic of either technique is the limita-
tion of shade flexibility generally afforded by such
techniques due to the practical need to use a
separate dye mix for each desired shade, and the
limited number of dye mixes usually available for
each substrate pass.

Another printing technique is resist printing,
wherein a resist chemical is first applied to a dyed or
undyed substrate in a specified area. The resist
chemical can contain a dye or pigment. After fixing
the resist, the substrate surface may be applied with
a dye which, due to the blocking effect of the resist,
does not affect the areas under the resist. Because
of the muitiple steps required, this process is more
costly than applying a single batch of dye directly to
the substrate. Furthermore, the control of color
intensity or shading must be accomplished through
the use of carefully formulated resist chemicals.
Generally, it is difficult to achieve even moderately
fine gradations of shading with this technique.

Discharge printing is yet another printing tech-
nique wherein a previously dyed or undyed substrate
is dyed overall with a background shade, after which
a chemical agent is applied to the substrate to
discharge or chemically reduce the color of the
background shade and eliminate, at least partially,
the background shade from that area of the
substrate. The background dye mix can contain dyes
resistant to reduction by the discharge agent. In
areas containing such dyes, the background color
will remain. In addition, the discharge mix can itself
contain dyes which are intended to replace or re-dye
areas from which the original background dye has
been chemically reduced. This technique requires
highly specialized and expensive dyes, and is
difficult to control if fine or uniform shade gradations
are to be reproduced dependably.

These methods all provide acceptable results
under some circumstances, but all share shortcom-
ings which have been overcome by embodiments of
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the invention disclosed herein. In particular, all the
above-mentioned techniques require carefully con-
trolled formuiations of dye and/or dye modification
agents to be effective, and further require that, for
each desired color shade, a separate formulation of
dye or dye modification agent be used, or that the
residence time of the dye modification agent be
carefully controlled. Each such formulation must be
made up in advance, and must be loaded into the
appropriate patterning equipment prior to the start
of the patterning operation. Once under way, desired
variations in the pattern or shading are limited to
those possible with the existing mix of dyes and/or
dye modification agents. In addition, all these
conventional techniques are ill-suited to generate
softly-defined patterns characterized by regular or
random-appearing dyed areas having diffuse, unob-
trusively blended perimeters and wide shade vari-
ations within the dyed areas.

The invention disclosed herein provides a method
for dyeing a textile substrate with a variety of shade
variations of a given background (which may be
comprised of one or more colors arranged in a
diffuse pattern), without the uncertainty associated
with resist or discharge printing techniques, and
without the inflexibility or complexity associated with
certain direct printing techniques. Specifically, the
invention provides a method in which a variety of
shade variations may be reproducibly generated on
a moving textile substrate by removing or redistri-
buting, in a controlled, selective manner, unfixed and
undried liquid dye from the substrate to produce
various color shades and patterns. The manner in
which the dye is placed initially on the subsirate
depends upon the nature of the final pattern desired.

In a first preferred embodiment, the unfixed liquid
dye is applied uniformly over the fabric to be
patterned, and is then removed or redistributed in its
unfixed state by the impingement of one or more jets
of air to form a pattern. This results in a pattern
limited to the various shades of the applied color, in
combination with the initial color of the substrate.

Other techniques for applying the dye to the
substrate for subsequent removal or redistribution
using the novel techniques disclosed herein are
contemplated. Specifically, it is contemplated that a
variety of patterns and shade variations may be
reproducibly generated on a moving textile sub-
strate by first selectively applying and then subse-
quently removing or redistributing, in a controiled,
selective manner, the previously applied unfixed and
undried liquid dye from the subsirate to produce
various color shades and patterns. Accordingly, in
another preferred embodiment, the unfixed liquid

dye is applied in a pattern configuration, using one or

more streams or jets of gas (e.g., air) to generate a
fine spray of liquid dye droplets and, at the same
time, direct such spray onto selected areas of the
substrate surface. The unfixed liquid dye is then
further patierned by selective redistribution or
removal of the dye by the impingement of an
independent set of gas jets (e.g., air) in accordance
with the teachings herein to produce a novel effect.
This embodiment uses jets of gas to apply dye in a
paitern and then uses different jets of gas fo
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rearrange or remove, in a similar or a different
pattern, some of the dye so applied.

in practice, application of the background color by
padding or other means in which dye thoroughly
contacts all exposed fiber surfaces results in a
uniformly dyed surface in which removal of signifi-
cant quantities of the dye from such fiber surfaces
requires significantly more momentum flux using the
techniques and parameters of the instant invention
than is necessary for removal of dye which has been
topically applied, e.g., by means of jets of air as
disclosed herein.

In accordance with the invention, unfixed and
undried liquid dye on a substrate surface may be
removed or redistributed by one or more streams or
jets of pressurized gas directed at close range onto
selected areas of the substrate surface. For pur-
poses of discussion, air at substantially ambient
temperature will be assumed to be the gas of choice,
although other gases may be used as desired. By
controlling the various parameters associated with
the delivery of air onto the substrate, a variety of
shade variations may be produced, each shade
being represented by a given reduced quantity per
surface area of the liquid dye on the fabric surface.
Where only a relatively small amount of unfixed dye
has been removed over a given area by the
impinging air stream, the resulting shade will be
relatively close to the background color generated
by the fully concentrated dye. Removing a relatively
larger amount of dye from the area will result in a
more "diluted” color or tone being generated, as
viewed against the fully concentrated background
level of unfixed dye. The resulting color may be a
blend of the unfixed background dye color and the
color of the substrate prior to the application of the
unfixed dye. It is therefore possible to obtain
multi-color effects based upon the blending of the
underlying substrate color and various concentra-
tions of the unfixed dye. Of course, the application of
unfixed dye in multiple colors onto a background of
fixed dye (of one or more than one color) is also
contemplated.

As discussed above, in one embodiment, unfixed
and undried liquid dye on a substrate surface may be
applied by the use of an array of gas streams or jets
which generate a spray of dye droplets in the
direction of the substrate. The applied dye may then
be removed or redistributed by one or more
independent streams or jets of pressurized gas
directed at close range onto selected areas of the
substrate surface. It has been discovered that
patterns which are particularly visually attractive may
be produced by a two stage process in which the
background color of the substrate is applied in a
pattern configuration using a first array of gas jets
(e.g., air jets) to spray the substrate with dye
droplets (Stage 1), followed by rearrangement or
removal of the dye, using a second array of gas jets
(e.g., air jets) (Stage 2). The preferred gas for both
Stage 1 and Stage 2 patterning is air at ambient
temperature, although other gases may be used if
desired.

One particular advantage of using this back-
ground generating technique is that the general
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diffuse character of the patterns forming the back-
ground is matched by the diffuse character of the
patterning achieved by the dye rearrangement/
removal technique. A second particular advantage of
using this background generating technique is the
opportunity it presents to control both the color
application and color removal processes - which are
both dependent upon the control of gas jets
directed at the substrate surface - with a single
computer-driven process control system, making it
convenient to generate patterns in register using the
Stage 1 and Stage 2 processes running in tandem.

In the Stage 1 dye application technique of this
invention, one or more arrays of closely spaced
streams of liquid dye or ink are normally directed into
a collection trough; in a preferred embodiment, a
diverting surface or lip is used to intercept the
streams and channel the liquid dye into the collec-
tion frough. Each stream in a given array has
associated with it a source of pressurized fluid, for
example, air, which, on command, forms and directs
an atomizing stream or jet of air on a path which
brings the atomizing air stream into contact with the
streams of liquid dye or ink, whereby the streams of
ink or dye are transformed into a mist of variously
sized droplets of ink or dye which are propelled, by
the combined momentum of the liquid and air
streams, in the direction of the substrate fo be
marked. By interrupting the streams of atomizing air
in oscillatory fashion, thereby causing the air to
contact the liquid in bursis of extremely short
duration, and by superimposing upon such oscilla-
tory pulsations relatively longer-term patterning
instructions which control the number of such
pulsations to be executed by each individual atomiz-
ing air stream in each sequence of oscillations,
uniform reproduction of various solid color or
multi-hued patterns is possible.

By employing such controlled pulsations, as well
as by varying the distance over which the resulting
spray must travel to reach the substrate and/or
adjusting the physical position of the diverting
surface with respect to the liquid stream and air
stream sources, and with respect to the substrate, it
has been found that droplet size distribution and the
degree of droplet dispersion can be carefully
controlled, yielding intricate patterns possessing
great subtlety, delicacy, and variety which may be
produced with a high degree of repeatability. By
providing for the non-simultaneous actuation of
adjacent atomizing air streams along a given array, a
wide variety of side-to-side (i.e., across the width of
the substrate web) patterns may be produced. By
providing for multiple arrays, multiple color combina-
tions may be employed, or, if preferred, combina-
tions of dye and bleach or dye resist or other dye
modifying compositions may be used.

In this embodiment, the continuous stream of
liquid dye tends to produce some droplets which are
substantially larger than the fine mist ordinarily
associated with an atomization process such as is
employed herein. For purposes herein, the term
"microscopic fragmentation” shall be used to de-
scribe the process whereby the liquid dye is broken
up into a relatively fine mist, i.e., where droplet
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average diameter is generally substantially smaller
than about 0.1 or 0.2 millimeter. The term "macro-
scopic fragmentation” shall be used to describe the
process whereby the liquid dye is broken up into
droplets having an average diameter on the order of
about 0.1 or 0.2 millimeter, or larger. It is believed
that as the continuous stream of dye is interrupted
by the advancing siream of air, the dye stream is
atomized in the region of the stream direcily in line
with the advancing wave front of pressurized air,
which results in microscopic fragmentation of the
dye. That portion of the dye stream immediately
above or below this in-line region remains coherent,
but tends to become entrained in the periphery of
the passing air stream and tends to separate into
relatively large droplets and irregularly shaped
spatters of dye (i.e., it undergoes macroscopic
fragmentation) which are propelled toward the
substrate.

In the following discussion, air at ambient tem-
perature is assumed to be the gas of choice, with the
understanding that other gases may be used as
desired. By controlling the various parameters
associated with the delivery of dye and air onto the
substrate, a variety of shade variations may be
produced, each shade being represented by a given
reduced quantity per surface area of the liquid dye
on the fabric surface. Where only a relatively small
amount of unfixed dye has been removed over a
given area by the impinging air stream, the resulting
shade will be relatively close to the background
color generated by the fully concentrated dye.
Removing a relatively larger amount of dye from the
area will result in a more "diluted” color or tone being
generated, as viewed against the fully concentrated
background level of unfixed dye. The resulting color
may be a blend of the unfixed background dye color
and the color of the substrate prior to the application
of the unfixed dye. It is therefore possible to obtain a
wide variety of multi-color effects based upon the
blending of the underlying substrate color and
various concentrations of the unfixed dye.

Where multiple colors are desired, the prompt
application of a second liquid dye, as by spraying or
other non-smearing means, o a substrate surface
still wet from an initial application of dye results in the
second color coating on the surface being relatively
easy to remove using the teachings herein. It is
believed that a substantial amount of the first or
base layer of applied dye is adsorbed onto the fiber
surfaces and becomes relatively securely attached
thereto, even though unfixed. Subsequent applica-
tions of dye must look to areas of the fiber surface
not yet occupied by a component of the first dye to
find an adsorption site, or, finding no adsorption site,
must occupy the interstitial voids between adjacent
fibers or yarns. This results in the second dye having
a relatively low and/or weak adsorption level, and
permits substantial quantities of the second dye to
be more readily removed or redistributed in accord-
ance with the teachings described herein.

A special advantage of this invention is that the
chosen shade variations may be modified while the
substrate is being patterned - no prior preparation in
the nature of formulating special dyes or other
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chemicals, or loading the patterning device with
such dyes or chemicals, is required. Additionally, the
process may be implemented using the computer
controlled apparatus disclosed herein. As aided by
such computer controlled apparatus, the invention
may provide the following practical advantages:

(1) shade and pattern changes may be made
at any time during the patterning process;

(2) variations in both shade and pattern may
be made in carefully controlled and repeatable
increments;

(3) computer generated patterns may be
easily stored for reuse at any time;

(4) complex patterns involving pattern
changes across the full width or iength of the
substrate may be easily accomplished, and may
be reproduced on demand,;

(5) where a sprayed-on background pattern
as taught herein is used, the air jets used to
redistribute or remove the unfixed dye may be
directed in registration with the background
paitern, since both air jet patterning processes
may be computer controlled and may be
performed at fixed positions along the sub-
strate path.

Further features and advantages of this invention
will be made evident by the foliowing detailed
description, when read in conjunction with the
accompanying drawings, in which:

Figure 1 is a schematic elevation view of one
embodiment of an apparatus as disclosed
herein for removing or redistributing dye in a
pattern configuration, as adapted for use pri-
marily with relatively non-porous substrates;

Figure 2 is a schematic elevation view of a
second embodiment of an apparatus as dis-
closed herein for removing or redistributing dye
in a pattern configuration, as adapted for use
primarily with relatively porous substrates;

Figure 3 schematically depicts the jet array
100 of Figures 1 and 7, wherein the jet is
directed against a backing member;

Figure 4 schematically depicts the jet array
100 of Figures 2 and 8, wherein the jet
penetrates the substrate and no directly oppos-
ing backing member is used;

Figure 5 is a frontal view of a jet array for use
in the apparatus of Figures 1-4;

Figure 6 is a sectional view, taken along line
VI-Vi, of the array of Figure 5;

Figure 7 schematically depicts an elevation
view of an apparatus embodying the invention
which may be used to generate a patterned
background on a non-porous substrate which is
further patterned by dye redistribution or remo-
val;

Figure 8 schematically depicts the apparatus
of Figure 7 adapied for use with a porous
substrate;

Figure 9 shows, in schematic form, a dye
spray generator array of the type depicted at
300 in Figures 7 and 8, and the associated dye
and gas handling apparatus;

Figure 10 depicts, in a cross section taken
along a vertical plane perpendicular to the
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longitudinal axis of array 300 and bisecting a
dye pipe 330, a side view of the spray generator
of Figure 9;

Figure 11 depicts a plan view of a portion of
the array 300 shown in Figure 9, as seen along
tine XI-XI of Figure 10;

Figure 12 depicts a section view of & portion
of a spray generator illustrating one position of
dye nozzle 332 of Figure 10, as seen along line
Xli-XIi of Figure 11;

Figure 13 is a view similar to Figure 12,
showing nozzle 332 in a different position;

Figure 14 depicts a portion of the array 300 as
seen along lines XiV-XIV of Figure 12;

Figure 15 is a section view, taken along line
XV-XV of Figure 14;

Figure 16 is a section view taken along line
XVI-XVI of Figure 15, depicting the *V"-shaped
notches useful in aligning the intersecting gas
and dye streams;

Figure 17 is a photomicrograph (0.38x) of a
»control” fabric for Examples 1-3;

Figures 18 and 19 are photomicrographs
(0.38x and 1.9x, respectively) of the patterned
fabric of Example 1;

Figures 20 and 21 are photomicrographs
(0.38x and 1.9x, respectively) of the patterned
fabric of Example 2;

Figures 22 and 23 are photomicrographs
(0.38x and 1.9x, respectively) of the patterned
fabric of Example 3;

Figure 24 is a photomicrograph (1.15X)
showing the face of the patterned knitted fabric
of Example 4;

Figure 25 is a photomicrograph (10X) show-
ing, in cross-section, the fabric of Example 4;
and

Figure 26 is a plot showing the effect of
increasing momentum flux on percentage of
liquid dye removed.

Depicted in Figures 1 and 3 and Figures 2 and 4,
respectively, are alternative apparatus configura-
tions for treating textile substrates in which the
substrate is uniformly dyed and in which (1) the gas
jets are intended to be reflected from the textile
structure and the underlying backing member
almost exclusively (Figures 1 and 3), and {2) the gas
jets are intended primarily to pass through the
substrate, but with some of the gas being reflected
by the yarns comprising the fabric substrate
(Figures 2 and 14). As shown in Figures 1 and 2,
textile substrate 12 in continuous web form is
directed from supply roll 10 through conventional
dye bath 18 where a liquid dye is applied to the
subsirate web. In the embodiment depicted, bath 18
is comprised of four rolls: a driven roll 20, roli 22,
which is at least partially submerged in a liquid dye
contained in dye trough 28, and opposed driven rolls
2426, which form a nip of adjustable dimension.
Rolls 24,26 may serve two functions: (1) to pull the
web through the bath and (2) to squeeze a desired
portion of liquid dye from the substrate. The latter
function is desirable under normal circumstances to
remove excess dye for the purpose of subsequent
re-use, as well as to minimize the energy necessary
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to dry and fix the dye on the substrate. Nip rolls 24,26
also serve to adjust the moisture content of the
substrate to vary the effects produced by the
impinging jet used to pattern the substrate in
accordance with the teachings herein. Of course,
other dye bath roll configurations may be used.

Following application of liquid dye to the substirate
12, the web is directed over one or more rolls
positioned generally opposite impinging jet array
100. In the embodiments shown in the Figures, jet
array 100 is comprised of a series of parallel, closely
spaced tubes 110 (Figure 6) of relatively small
diameter directed at the surface of substrate 12.
Each tube is connected to a respective flexible
conduit 112 through which pressurized gas is
supplied. The outlets of tubes 110 are arranged at a
uniform distance from the surface of substrate 12
within array alignment plate 122, shown in cross-
section in Figure 6, which holds individual tubes 110
in rigid alignment as discussed hereinbelow.

As shown in more detail in Figures 5 and 6, tubes
110 are arranged in a linear array with minimal
spacing between adjacent tubes. One side of each
tube 110 is positioned within an individual "Vv”
shaped notch or groove along the lip of an alignment
plate 122 which is fastened securely to array bar 134.
Opposite plate 122 is positioned pressure plate 124,
which contacts the side of each tube 110 protruding
from the confines of each "V* shaped notch or
groove in alignment plate 122. The action of pressure
plate 124 and adjusting bolt 126 urging tubes 110
shugly into their respective notches in alignment
plate 122 allows for rigid, repeatable alignment of the
outlets of tubes 110 above the surface of substrate
12.

As depicted in Figure 6, each tube 110 is bent to
facilitate side-by-side tube arrangement having
minimal adjacent tube spacing measured along the
axis of alignment plate 122. Tubes 110 each pass
through a drilled passage in support plate 128,
which, as shown, is attached to alignment plate 122
via attachment bolts 130. The drilled passages of
Figures 5 and 6 are depicted in a three hole,
quasi-sinusoidal configuration; of course, other
configurations may be used. For ease of fabrication,
assembly, and maintenance, alignment plate 122,
pressure plate 124, and support plate 128 may each
be configured in relatively short, abutting sections
which are attached to array bar 134 extending
across the width of substrate 12. As depicted, array
bar 134 is adjustably attached to articulated linkage
140, whereby the array may be adjustably positioned
with respect to substrate 12 for patterning, changing
substrates, cleaning of the array, etc.

Tubes 110 are each attached to individual con-
duits 112 through which is supplied pressurized gas
of the desired kind. As discussed earlier, air at
ambient temperature is preferred, but other gases
may be used if desired. In a preferred embodiment,
each conduit 112 is associated with an individual
valve, not shown, which is electrically or pneumati-
cally controlled by externally supplied patterning
information, thereby allowing the pressurized gas to
flow through any individual conduit 112 and associ-
ated tube 110 and onto the substrate 12 only in
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response to pattern information. The individual
valves and perhaps the source of pattern information
{which may be a read-only memory associated with
an appropriate computer) may be located in housing
70, as shown in Figures 1 and 2. To facilitate
positioning the array close to the substrate for
patterning but away from the substrate for mainten-
ance, changing substrates, etc., housing 70, to
which is attached array 100, may be mounted on
sliding carriage 72.

Looking now in detail at the apparatus of Figures 1
and 3, substrate 12, which may have a pile face, as
depicted, or which may be a flat fabric, is directed
through an approximate 90° wrap angle around
single support roll 30. In a preferred embodiment,
roli 30 is smooth and solid, but a foraminous or
contoured roll surface may be employed if special
patterning effects are desired. Wrap angles other
than 90° may be used as desired. However, it is
preferred that the substrate to be patterned in this
configuration be in contact with the support roll 30 at
the point where the jets contact the substrate. This
minimizes any tendency of the substrate to oscillate
or flap in response to the jet impingement. It also
assures maximum reflection of gas and liquid dye
from the fabric surface and underlying support
surface where the principal mechanism of dye
removal is intended to be dye droplets ejected from
the face of the substrate. This is the mechanism of
choice where the substrate construction used is
relatively impervious to the gas jets of the kind
contemplated herein, as, for example, where back-
coated substrates are used, but may be employed,
using a solid backing roll, for any type fabric to
produce a characteristic effect.

Depending upon the fabric construction, the gas
jet may penetrate the substrate only to a depth of a
fraction of a yarn diameter, or may penetrate the
substrate until encountering an impenetrable barrier
such as a back coating or the surface of the backing
roll. The jet is then redirected outwardly from the
barrier and substrate. In all cases, the impact of the
jet on the substrate causes redistribution of the
liquid dye held by the substrate in the area of impact.
Specifically, the liquid dye is "squeezed” from the
substrate within the area of impact and accumulates
as a drop or globule on the substrate surface, and is
ultimately ejected by the momentum of the out-
wardly redirected jet. Catch basin 92 may be used to
collect and, if desired, recycle liquid dye ejected
from the substrate.

The alternative apparatus configuration of
Figures 2 and 4 is generally more suited to
substrates which the gas jets will penetrate readily,
and for which a principal dye removal mechanism will
be via dye droplets blown entirely through the
substrate and leaving the substrate from the back of
the fabric. As shown in detail in Figure 4, the
substrate is positioned opposite jet array 100 via a
pair of spaced rolls 34,36 which leave the fabric
unsupported, except for web tension, in the region
of jet impact. This unimpeded path through the
substrate, when used with an appropriately chosen
substrate construction (i.e., one which is readily
penetrated by gas jets of the kind contemplated
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herein) results in a substantial part of the impinging
gas passing through the substrate, pushing or
carrying droplets of liquid dye with it in the direction
of catch basin 96. Because some dye dropiets also
emerge from the face of subsiraie 12 due to
reflective interactions with the individual yarns
comprising substrate 12, a second catch basin 94
placed below the face of the substrate may be
employed. If recycling of the dye is desired, caich
basins 94,96 may be associated with dye recycling
filters, pumps, etc., not shown.

in the embodiment of Figures 1 and 3, as well as
the embodiment of Figures 2 and 4, the angle at
which the gas jets are directed at the substrate (the
impingement angle) may be adjusted over a wide
range. It has been found that, although significant
effects may be observed at any angle which aflows
the gas streams to impinge the fabric, a preferred
impingement angle lies within the range of 0°to 60°,
as measured from the perpendicular of the substrate
at the region of impact, and as indicated by the angle
in Figure 3. The measurement of the impingement
angle in the embodiment of Figure 4 is similar.
Impingement angles within the range of about 25° to
about 45°, and particularly within the range of about
30° to about 40°, are especially preferred. While the
preferred relative direction of substrate travel is as
indicated in the Figures (i.e., jets directed against
the direction of substrate travel), operation in the
reverse direction may be desirable under some
circumstances. When patterning a pile fabric, it has
also been found generally advantageous, although
not necessary, to orient the pile so that the action of
the jets tends to lay the pile down further in the same
direction, rather than raising the pile.

Figures 1 and 2 both depict a treatment zone 50
following the gas jet patterning station described
hereinabove. It is contemplated that treatment zone
50 may be used for drying and fixing the pattern dyed
substrate immediately following the patterning step
and prior to storage of the pattern dyed fabric on
take-up roll 60. As depicted, driven rolls 52,54 are
used to assist in drawing the substrate web through
patterning station and treatment zone 50 and onto
take-up roll 80. If desired, of course, the patterned
fabric containing unfixed liquid dye may be sub-
jected to other treatments prior to drying and/or
fixing.

The generation of uniform background shades
upon which patterns may be imparted by jet array
100 may be achieved using the dye bath arrange-
ment depicted at 18 in Figures 1 and 2, or by other
appropriate means known in the art. It is contem-
plated that a wide variety of novel and visually
attractive patterns may also be generated by jet
array 100 acting upon a substrate which is non-uni-
formly dyed or, in particular, which is dyed in a
pattern configuration immediately prior to exposure
to jet array 100. Any technique for the pattern-wise
application of dye to substrates may be used, so
long as the pattern dyed substrate contains unfixed
dye capable of being redistributed or removed by
the action of an impinging stream of gas of the
nature contemplated herein.

The process and apparatus disclosed herein has
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been used to pattern or color a variety of commer-
cially available textile substrates, and has resulted in
many visually distinctive effects. The foilowing
illustrative examples are intended to be representa-
tive only, and are not intended to be limiting in any
way. Examples 1 through 3 demonstrate the embodi-
ment of the invention wherein dyeing of the
substrate was achieved using the embodiment of
the patterning apparatus and process depicted in
Figure 3.

EXAMPLE 1

A tufted acrylic substrate of approximately 14
ounces per finished square yard, 19 stitches per inch
and 25 tuft lines per inch was first padded with a
conventional basic and disperse red dye solution.
The wet pick up of the dye solution was about 60
percent based on the weight of the substrate. The
web of acrylic substrate was then passed through
the treating zone of the apparatus at about 10 linear
yards per minute wherein a plurality of orifices (0.023
inch inside diameter and 25 orifices per linear inch
across the web) impacted patterned air at approxi-
mately 50 pounds per square inch gauge (p.s.i.g.)
supply pressure. The orifices were placed approxi-
mately 0.1 inch from the face of the substrate, at an
impingement angle of approximately 35°. Here,
selective removal of dye solution occurred in the
form of a diagonal pattern comprising lines of varying
widths on the face of the substrate. The substrate
was then conventionally steamed, washed and dried.
The resulting substrate is depicted in the photo-
micrographs of Figures 8 and 9 (0.38x and 1.9x,
respectively). A depiction of a substrate treated as in
Example 1, but not passed through the treating zone
of the apparatus is shown in the photomicrograph
(0.38x) of Figure 17. The patterned substrate of
Figures 18 and 19 is clear and exhibits high visual
contrast as compared with the untreated areas of
the substrate, shown in Figure 17.

EXAMPLE 2

The procedure of Example 1 was repeated in all
respects except the supply pressure was decreased
to 30 p.s.i.g. The photomicrographs of Figures 20
and 21 (0.38x and 1.9x, respectively) show dim-
inished contrast as compared with the patterned
substrate of Example 1.

EXAMPLE 3

The procedure of Example 1 was repeated in all
respecis except the distance the orifices were
located from the face of the substrate was changed
to approximately 0.2 inch. As may be seen from the
photomicrographs of Figures 22 and 23 (0.38x and
1.9x, respectively), increasing the orifice-to-sub-
strate distance significantly degraded contrast as
compared with the product of Figures 8 and 9, and
Figures 10 and 11.
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Depicted in Figures 7 and 8, respectively, are
alternative apparatus configurations for treating
textile substrates in which a first set of gas jets (at
300} are used to apply a spray of liquid dye onto the
substrate (Stage 1), and a second set of gas jets (at
100) are used to pattern the substrate by removing
or rearranging the sprayed-on dye (Stage 2). In the
apparatus configuration of Figure 7, the gas jets 100
are intended to be reflected from the textile
structure and the underlying backing member
almost exclusively (as shown in Figure 3), while in
Figure 8 the gas jets 100 are intended primarily to
pass through the substrate, but with some of the gas
being reflected by the yarns comprising the fabric
substrate (as shown in Figure 4).

As configured, the apparatus of Figures 7 and 8
provide for either continuous pad dyeing, via the
conventional pad dyeing arrangement depicted at
180 and comprised of driven roll 164, dye bath 178,
and opposed driven hip rolls 168,170, or the gas
jet-generated spray dyeing, via the arrangement
depicted at 300, which arrangement is discussed in
more detail below. The user may elect, by appropri-
ately configuring the path of the substrate web
within the apparatus, to generate a solid background
via the pad dyeing arrangement or generate a solid
or patterned background using the spray dyeing
arrangement.

Figures 7 and 8 show, diagrammatically, an overall
side elevation view of apparatus suitable for patter-
ning a web of moving substrate material using the
Stage 1 and Stage 2 patterning processes in
tandem. The embodiment shown in Figure 7 employs
a backing member positioned directly opposite the
dye redistribution/removal array 100, as generally
shown in Figures 7 and 3. This configuration is
generally preferred if a relatively gas-impervious
substrate is used, but may be used with other
substrates as well. Where the gas jet from array 100
is intended to pass through the substrate, the
substrate support arrangement generally shown in
Figures 8 and 4 may be substituted.

Substrate 12 is supplied from any suitable source,
e.g., roll 10, and is drawn over roll 150 and under roll
152 and valve house 250 to roll 156 which rotates in
bearings fixed to platform 216. Substrate 12 is then
directed into the interior of rolling frame 218, which is
supported on wheels 212 and which may be moved
along track 214 to adjust the distance between
frame 218 and valve house 250, and, correspond-
ingly, between arrays 300 and the surface of
substrate 12. This permits easy and immediate
observation of the effects of changing the spacing
between valve house 250 (and the associated arrays
300 of spray generators) and the face of substrate
12. Substrate 12 is directed around roll group 230
and rolls 234,236 and through driven nip rolls
188,190, and is then presented, in a preferred
embodiment, in a substantially vertical orientation to
the multiple arrays 300 of spray generators mounted
on the face of valve house 250. As shown in
Figures 7 and 8, in a preferred embodiment, the
substrate 12 may be separated from an appropriate
backing member 220, which may be comprised of
plastic or other dye-impervious material, by spacers
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222,224 positioned along the top and bottom edges
of backing member 220 above and below the level of
the spray generator arrays 300, thereby assuring no
contact between the back of substrate 12 and the
backing member 220. This prevents unwanied
smearing on the back of the fabric and prevents
excessive saturation or accumulation of dye visible
on the face of the fabric. In a particularly preferred
embodiment, lower spacer 222 may be in the form of
a trough-like collector which can serve to collect the
sprayed liquid dye which may pass through sub-
strate 12 and collect on backing member 220.
Substrate 12 is then directed over backing roll 192
and over tension-generating roll 194, which may
have a surface covered with rubber or the like and
which may be overdriven to assure that substrate 12
is relatively taut in the region adjacent to arrays 300.
As shown, substraie 12 may then be guided to an
appropriate dye fixation means 50 or other post
treatment processor. If desired, photoelectric cells
may be used to determine the elevation of the
catenary formed by substrate 12 between rolis 194
and 196, and thereby adjust the speed of the drive
motor(s) associated with nip rolls 188,190 and roll
194.

Figures 9 through 16 collectively illustrate a
preferred embodiment of the spray generator of the
type depicted at 300 in Figures 7 and 8. Figure 10
depicts a partial cross-section view along a vertical
plane perpendicular to the longitudinal axis of array
300. The elongate array 300 is comprised of a
plurality of individual spray generators, each com-
prised of a dye pipe 330 and nozzle 332 through
which a liquid dye, ink, or other marking material may
be pumped, and a dispersing aperture 340 and
associated surround 342, through which a relatively
high pressure dispersing fluid, for example, air or
other gas, may be propelled. For purpose of
discussion herein, air at room temperature shall be
assumed to be the dispersion fluid. The individual
spray generators are mounted in alignment, with an
adjacent spacing appropriate to the degree of
definition desired. It is believed adjacent lateral
spacings of between about 0.2 inch and 1.0 inch,
measured from the centerlines of adjacent disper-
sing apertures 340 along array 300, may be used with
good results. Spacings outside this range may be
used if, for example, minimal overlap between
adjacent spray patterns on the substrate is desired.

As depicted in Figure 9, further associated with
each generator is an electronically controlled valve
260 which is interposed in the pressurized air lines
264 and 266 which serve to supply the apertures 340
with pressurized air from manifold 270, which in turn
is suitably connected, via regulator 276 and filter 274,
to a source 272 of pressurized air. Valves 260 are, in
a preferred embodiment, of the electrically actuated
pneumatic type such as those distributed by the Lee
Company of Westbrook, Connecticut. Associated
with each dye pipe 330 is dye supply line 288 which
extends from dye manifold 280, which is fed, via
pressurizing pump 284 and filter 286 and associated
conduits, from dye reservoir 282. Dye conduits 292
and 294 supply reservoir 282 with excess dye from
manifold 280 and captured dye expelied by nozzles
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332 (Figure 10) into containment trough 362, thus
forming, in a preferred embodiment, a recirculating
dye system.

As shown in Figure 16, elongated array frame 310
is constructed with a series of parallel "V*-shaped
notches or grooves 302, 304, spaced along its
length, in precisely opposed pairs along the top and
bottom of frame 310 at intervals corresponding to
the desired lateral spacing between adjacent dye
pipes 330 and air conduits 314. Air conduits 314 may
then be placed within "V"-shaped grooves 304
directly opposite corresponding dye pipes 330, and
attached to respective air lines 266 (Figure 10). By
aligning grooves 302, intended to accommodate dye
pipes 330, and corresponding grooves 304, intended
to accommodate air conduits 314, the intersecting
alignment of the corresponding dye and air streams
necessary for maximum dye stream fragmentation
may be more easily controlled. As shown in Figure
15, dye pipe positioning plate 370 and air conduit
positioning plate 320, respectively secured to frame
310 via laterally spaced bolis 380 and 385, maintain
dye pipes 330 and air conduits 314 within their
respective "V"-shaped grooves. Due to the self-cen-
tering nature of the "V"-shaped grooves 302, 304 (as
compared with other possible groove cross-section
shapes), no additional stream alignment technique is
needed, provided grooves 302 and 304 have been
placed directly opposite one another. The array 300,
comprising frame 310 and positioning plates
370,320, is suitably attached, via rigid member 290
and mounting bolts 384, to the front face 252 of valve
house 200 (Figure 10).

While the angle between dye pipes 330 and air
conduits 314 is depicted as approximately thirty
degrees, this merely represents one preferred
embodiment. Angles less than and greater than that
shown may be advantageously employed under
some conditions, so long as the resulting press-
urized dye stream is not sent on a trajectory from
nozzle 332 which, in the absence of an interacting
burst or stream of air, results in continuous contact
with the substrate. Air conduit 314 is fitted with a
tapered coupling so that air at pressures of 60
p.s.i.g. or more may be transferred to replaceable
port aperture 340 from supply line 266 (of which two
are depicted in Figure 10, to indicate a suggested
arrangement for accommodating closely adjacent
lines 266), which in turn is connected to valves 260
via fittings 254 in front wall 252 of valve house 250. In
one embodiment, air valves 260 are situated in close
proximity to fittings 254, and may be arranged on a
pneumatic circuit board analogous to an electronic
circuit board. Such pneumatic circuit board or "valve
card” may be equipped with suitable mating fittings
so that a valve card carrying a plurality of individual
air valves for individually controlling a corresponding
plurality of individual spray generators may be
merely plugged into corresponding fittings 254
mounted on the inside of front wall 252. In such
embodiment, a suitable number of valves 260 may be
individually mounted on one such a valve card, with
multiple valve cards mounted in adjacent fashion to
provide control along the length of the entire array
300.
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Associated with aperture 340 is shroud or sur-
round 342, through which nozzle 332 may extend via
surround port 344. Surround 342 tends to maintain
the high velocity of the dispersing medium jet
formed by aperture 340 and to focus the jet in the
direction of the substirate. Operation without sur-
round 342 or a similar confining enclosure resulis in
a process which generates an undesirable cloud or
mist of dye which is difficult to control in terms of
placement, degree of mixing of adjacent sprays, etc.

Nozzle 332, supplied with slightly pressurized dye
via dye supply line 288 and dye supply manifold 280,
is associated with pipe 330 which fits within
"V"-shaped groove 302. The relative position of
nozzle 330 within surround 342 may be changed, as
is shown in Figures 12 and 13, by moving pipe 330
within groove 302 and locking pipe 330 in the desired
position by means of set screw 380 and the clamping
action of positioning plate 370. This adjustment has
been found to alter the character of the spray by
changing the radial distance from the axis of the air
jet, and therefore the character (e.g., velocity,
pressure, etc.) of the region within the air jet at
which the dye is ejected from the protected confines
of nozzle 332. Although it is contemplated that
nozzle 332 may be located substantially above the
axis of aperture 340, it is preferred that nozzle 332 be
positioned within surround 342. In a preferred
embodiment, the tip of nozzle 332 is positioned at
most a short radial distance from the axis of aperture
340 so that, whenever the air stream associated with
aperture 340 is actuated, the liquid emanating from
nozzle 332 is immediately acted upon by the jet and
does not have the opportunity to form a defined,
coherent sitream except during interruptions in the
flow of air from aperture 340.

Perpendicular to the longitudinal axis of dye
nozzle 332 and, in the embodiment shown in the
Figures, generally situated opposite aperture 340
and parallel to array 300, is a diverting lip or surface
360. Surface 360 is mounted so that dye exiting from
nozzle 332 will, in the absence of a disturbing air
stream from aperture 340, form a stream which
travels in a trajectory which terminates on diverting
surface 360 and flows into an associated contain-
ment trough 362, as shown in Figure 10. From trough
362, the dye may be pumped, via dye basin 364 and
conduit 294, either back to dye reservoir 282 for
re-use or to a suitable waste receptacle. In the
preferred embodiment shown, surface 360 may be
mounted inside trough 362 to extend upwardly
therefrom, and is preferably mounted via a suitable
adjusting means so that the degree to which surface
360 extends into or beyond the path of the dye
stream, as well as the relative spacing and alignment
of the surface 360 with respect to nozzles 332 and
surrounds 342 in array 300, may be adjusted. It is
contemplated that surface 360 may be relatively rigid
or, alternatively, may be a relatively thin, flexible
blade which is given rigidity by clamping each end of
the blade and applying suitable tension along the
length of the blade.

Where the dye stream is squarely impacted by the
air stream, microscopic fragmentation takes place,
and a relatively fine mist is generated and propelled
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in the direction of the substrate. A portion of such
mist usually strikes diverting surface 360 and
coalesces there as liquid dye. As the air stream
reaches the region of the diverting surface, a portion
of the air siream tends to impinge on the inside of
the surface and tends to push any dye which may be
there, either as a result of coalescing mist or of
having been the target of the uninterrupted dye
stream, away from the area of impingement. Some
dye is pushed downwardly into the collection trough
362, but some is pushed upwardly, toward the edge
of diverting surface 360, and is ultimately pushed
over the edge and is carried by the air stream toward
the substrate, in the form of larger droplets and
irregularly shaped spatters (i.e., the product of
macroscopic fragmentation).

When actuated, valves 260 associated with air
supply lines 266 prevent air from passing through
port aperture 340. As a result, ink is permitted to
stream from nozzle 332 to diverting surface 360
without interruption, as shown in Figure 10, where it
is dissipated and collected in containment trough
362 and drip basin 364 and, ultimately, pumped back
to dye supply manifold 282 in pressurized form or
discarded.

Figures 12 and 13 depict the dye applicator in
operation where pulses of air, generated by the rapid
actuation and deactuation of valves 260, are being
supplied to aperiure 340. Pressurized air entering
conduit 314 and passing through aperture 340 forms
a jet which interacts with dye which is continuously
supplied from the tip of nozzle 332. The resulting
spray of dye droplets is directed onto the surface of
substrate 12. In the embodiment shown in Figure 12,
the tip of nozzle 332 is positioned within the region
occupied by the jet, so that the dye is acted upon by
the jet immediately upon its exit from nozzle 332.
This position tends to suppress the formation of the
relatively larger spatters, flecks, and blotches asso-
ciated with macroscopic fragmentation, and tends to
encourage the fine mist formation associated with
microscopic fragmentation.

As a result of the interaction of the stream of
relatively low pressure dye (iypically about 0.2 to
about 4 p.s.i.g.) with the stream or jet of relatively
high pressure air (typically about 5 to about 60
p.s.i.g.) within or in front of surround 342, the stream
of dye is dramatically disrupted, and is usually
atomized to some degree. In a preferred embodi-
ment, the ratio of dispersing material pressure (e.g.,
air) to marking material pressure (e.g., dye) will
generally fall within a range of about 5 to about 60,
but may fall outside this range under certain
conditions. For example, if high viscosity marking
materials are used, higher than usual dispersing
material pressures may be desirable, causing the
above ratio fo exceed 60.

A variety of droplet sizes and mist is produced,
which are generally propelled in the direction of the
surface of moving substrate web 12. Web 12 may be
positioned typically from about two to about twelve
inches from the tips of nozzles 332. By varying
factors such as the respective pressures of the dye
and air streams, the viscosity of the dye, and the
degree to which nozzle 332 protrudes through
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surround port 344 and intrudes into the air stream
flowing from aperture 340, a wide variety of visually
attractive commercial products may be generated in
a reproducible manner. :

Other factors which may be varied to change the
visual effect produced include the degree to which
the diverting surface 360 is made to extend into the
area in which the dye spray is generated, the
distance between nozzle 332 and diverting surface
360, and the distance beiween nozzle 332 and
substrate 12.

The adjacent spacing of the individual nozzles 332
and apertures 340 comprising the plurality of spray
generators spaced along the longitudinal axis of
array 300 is generally fixed for a given apparatus in
order to maintain proper alignment. This spacing is
preferably such that, for a given nozzle-to-substrate
distance, the spray patterns from immediately
adjacent spray generators have substantially over-
lapping trajectories, allowing for the overlapping and
mixing of the spray patterns throughout a significant
percentage of the spray path between nozzles 132
and the surface of substrate 10, as depicted in
Figure 14. In a preferred embodiment, the included
angle of the spray pattern may be on the order of
about 25 to about 50 degrees, the adjacent spacing
may be about 0.3 to about 0.6 inch, and the
nozzle-to-substrate distance may be from about four
to about eight inches. Under such conditions, the
overlap and mixing of sprays generated not only
from immediately adjacent nozzles 332, but from
nozzles 332 spaced two or more nozzie spacings
away, has been observed. It is believed such
substantial mixing and overlapping of the individual
spray patterns while the dye sprays are moving
toward the substrate contributes greatly to the
blending and diffusion which characterizes the
diffuse character of patterns generated by this
process. '

In a preferred embodiment, the valves 260
controlling the flow of air to aperture 340 are
actuated by means of computer control, which
permits each of the individual dye sireams to be
selectively interrupted in response to externally
supplied pattern data, thereby providing the capa-
bility of reproducing complex side-to-side patterns
extending across the width of substrate 12. This
computer control may be associated with the
computer control used in the Stage 2 dye removal/
rearrangement patterning operation which follows
this patterning operation. Computer control may
also be used to accommodate variations in dye
pick-up or dye deposition requirements among
different types of substrates, as well as variations in
the speed of the substrate as it is drawn through the
apparatus. This may be achieved in a manner similar
to that disclosed in U.S. Patent Nos. 3,894,413;
3,969,779; or 4,033,154, or by other appropriate
means.

Following application of liquid dye to the substrate
12, the web is directed over one or more rolls
positioned opposite impinging jet array 100. In the
embodiments shown in Figures 7 and 8, jet array 100
is as described hereinabove in connection with the
embodiments set forth in Figures 1 through 6.
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Dyes or other marking materials having a wide
variety of flow characteristics may be used with the
Stage 1 dyeing technique described herein; gener-
ally speaking, higher viscosity liquids tend to
increase the degree of macroscopic fragmentation
which occurs, while lower viscosity liquids tend to
increase the degree of observed microscopic frag-
mentation. Various thickeners, thixotropic or pseu-
doplastic agents, surface tension modifiers, and the
like have been used with interesting results. For
example, use of agents such as guar gum which
cause the liquid dye io become "stringy” causes the
resulting pattern of dye on the substrate to contain a
random line segment pattern element which some-
what resembles portions of a spider web, and which
contains blobs or nodes of dye positioned at various
intervals along the length of the line segments.

Figures 7 and 8 both depict a treatment zone 50
following the gas jet patterning station described
hereinabove. It is contemplated that treatment zone
50 may be used for drying and fixing the paitern dyed
substrate, as appropriate, immediately following the
patterning step and prior to storage of the pattern
dyed fabric on take-up roll 60. The nature of this
treatment zone is dependent upon the composition
of the subsirate. As depicted, driven rolls 52,54 are
used to assist in drawing the substrate web through
the patterning station and treatment zone 50 and
onto take-up roll 60. If desired, of course, the
patterned fabric containing unfixed liquid dye may be
subjected to other treatments prior to drying and/or
fixing.

The process and apparatus disclosed herein has
been used to pattern or color a variety of commer-
cially available textile substrates, and has resulted in
many visually distinctive effects. The following
illustrative example is intended to demonstrate the
embodiment of the invention wherein the substrate
was dyed using the apparatus and process of
Figures 7 and 9 through 16, and is not intended to be
limiting in any way.

EXAMPLE 4

An eleven ounce per square yard warp knit, 100
percent polyester, pile upholstery fabric having a
3/32 inch pile height, was first conventionally padded
1o 80 percent of weight of the dry fabric with a light
brown disperse dye solution. The fabric was then
immediately passed through a spray dye application
treatment similar to that depicted in Figures 9
through 16, where a vertical stripe pattern of
burgundy, light blue and green disperse dye solution
was overdyed at approximately 60 percent wet pick
up, based on the weight of the dry fabric, using the
spray dye application technique disclosed above.
Dye flowing at the rate of 28 grams/minute per jet
was sprayed onto the subsirate through nozzles
having an inside diameter of 0.019 inch and a
jet-to-jet lateral spacing along the array of 0.4 inch.
Air jet supply pressure was 42 p.s.i.g., and air jet
aperture inside diameter was 0.040 inch. Substrate
speed was five yards per minute, and substrate-to-
jet spacing was approximately 5.25 inches.
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The fabric was then passed through the dye
rearrangement/removal ireatment, similar to that
depicted in Figures 3 and 7, comprised of a plurality
of air orifices mounted in a linear array having a
lateral spacing of 25 orifices/inch and spaced 1/32
inch from the face of fabric, where air at 35 p.s.i.g.
supply pressure removed dye in pattern form. The
fabric was then conventionally thermosol dyed at
380°F. for three minutes, washed, and dried. The
resultant pattern is depicted in Figure 24 (1.15X).
The areas impacted by the dye rearranging/remov-
ing air jets are shown as the lighter, leaf-shaped
areas of Figure 24. Figure 25 (10X) shows the fabric
in cross section. The right side of Figure 25 depicts
an area of the resultant fabric that was overdyed in
the spray dye treatment zone only. The left side of
Figure 25 depicts an area of the resultant fabric
corresponding to a leaf-shaped area, which was
overdyed in the spray dye treaiment zone and where
some of the dye was subsequently removed by the
action of the rearranging/removing jets. Yarns on
this left side therefore carry a lower concentration of
the sprayed dye than do yarns on the right side. The
right and left sides therefore exhibit different colors,
due to the different relative concentrations of the
(same) dye which resides on each side.

Many factors influence the degree to which liquid
dye may be displaced or removed from a substrate in
accordance with the teachings of this invention. For
example, gas stream velocity, relative substrate
speed, and orifice-to-substrate spacing have been
found to influence appreciably the extent to which
the impinging gas stream has sufficient energy to
move or entrain a visually significant quantity of dye.
The graph of Figure 26 attempts to approximate the
functional relationship between momentum fiux and
the percent of liquid dye removed from a dye-wet
substrate of the type contemplated in the examples,
for the case of a single jet. In the graph of Figure 26,
it may be seen that increasing the momentum flux as
by increasing gas stream velocity or decreasing the
substrate-to-jet spacing, generally results in in-
creased dye removal.

It should be understood that variations and
modifications to the above teachings may be made
without departing from the substance of the inven-
tion as described.

Claims

1. A method for patterning the surface of a
textile substrate, comprising the steps of:

(a) applying a quantity of liquid dye to
said substrate;

(b) contacting said substrate with a
plurality of pressurized gas sireams, said
streams being directed at said dye on said
surface with sufficient energy to displace
and remove a quantity of said liquid dye on
said substrate surface in the area impinged
upon by said streams; and,

(c) drying and fixing said liquid dye
remaining on said substrate surface.

2. The method of Claim 1 wherein said liquid
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dye is applied by spraying said substrate with
droplets of liquid dye.

3. The method of Claims 1 or 2 which further
comprises moving said substrate along a path
which includes said plurality of gas streams,
wherein said plurality of gas streams are
positioned across said path, and wherein said
gas streams are interrupted individually in
accordance with pattern information.

4. The method of Claim 3 wherein portions of
said gas streams impinging upon said substrate
penetrate completely said substirate and expe!
liquid dye from areas of said substrate surface
directly opposite the area of penetration.

5. The method of Claim 3 wherein portions of
said gas streams impinging upon said substrate
are reflected by said substrate and are thereby
redirected outwardly from said substrate sur-
face, carrying therewith liquid dye from said
substrate surface impinged upon by said
streams.

6. An apparatus for generating a dyed pattern
on amoving substrate web comprising:

(a) dye applicator means for applying
unfixed liquid dye to said web surface;

(b) dye displacement means for imping-
ing selected areas of said dye-carrying
web surface with a plurality of individual
streams of pressurized gas, thereby dis-
placing at least some unfixed liquid dye in
said areas of impingement;

(c) transport means for transporting said
web along a path which includes, in
sequence, said dye applicator means and
said dye displacement means.

7. The apparatus of Claim 6 wherein said
applicator means comprises a nozzie for dis-
charging at least one stream of said dye along a
trajectory which avoids said web surface, and a
gas discharge port, directed at said web, said
nozzle and said port being respectively associ-
ated with a supply of dye and pressurized gas,
said port and said nozzle being oriented to
produce respective streams which at least
partially intersect and which, in the region of
intersection, produce a finely divided spray of
said dye which is propelied in the direction of
said web surface, and further comprising gas
valve means interposed between said nozzle
and said gas supply, said valve means being
capable of alternately initiating and restricting
the flow of gas to said nozzle in accordance
with externally supplied pattern information.

8. The apparatus of Claim 7 wherein said dye
displacement means is comprised of a plurality
of stream-forming nozzles positioned in spaced
relation across said web path, and is further
comprised of valve means associaied with each
of said nozzles, said valve means having pattern
information input means, whereby said valve
means may be selectively actuated, and the
individual gas streams thereby interrupted, in
response to pattern information.

9. The apparatus of Claim 7 wherein said dye
displacement means further includes a backing
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member, aligned with and positioned opposite
from said nozzles, which member supports said
substrate in the area wherein said streams
impinge said substrate. ’

10. The apparatus of Claim 9 wherein said
backing member is a solid roll around which
said substrate is drawn.

11. The apparatus of Claim 7 wherein said dye
displacement means further includes a backing
member positioned generally opposite from but
unaligned with said nozzles, said member
exclusively contacting said substrate in areas
adjacent to said area of impingement.

12. A patterned textile fabric comprised of pile
yarns extending from a substrate, each pile yarn
being comprised of a distal portion and a
proximal portion, said pile yarns being selec-
tively dyed to form a pattern, said pattern being
comprised of afirst group of adjacent pile yarns
wherein the distal portion of each pile yarn
carries a dye at a first relative concentration,
said pattern being further comprised of a
second group of adjacent pile yarns, distinct
from said first group, wherein the distal portion
of each pile yarn carries said dye at a second
relative concentration, and wherein said first
and said second relative concentrations result
in a visually distinctive difference in color
between said yarns in said first group and said
yarns in said second group. The resuiting
product is also disclosed.

13. A patterned textile fabric comprised of pile
yarns extending from a substrate, each pile yarn
being comprised of a distal portion and a
proximal portion, said pile yarns being selec-
tively dyed to form a pattern, said pattern being
comprised of a first group of adjacent pile yarns
wherein the proximal portion of each pile yarn
carries a first dye, and wherein the distal portion
of each pile yarn carries a second dye at a first
relative concentration, said pattern being fur-
ther comprised of a second group of adjacent
pile yarns, distinct from said first group, wherein
the proximal portion of each pile yarn carries a
third dye, and wherein the distal portion of each
pile yarn carries said second dye at a second
relative concentration, the distal portion of said
yarns in said first group and the distal portions
of said yarns in said second group exhibiting a
visually distinctive difference in color.
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