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COMPOSITION FOR DROP ON DEMAND
FINISHING OF A TEXTILE ARTICLE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to finishing textiles
and more particularly to finishing of textiles by digital droplet
deposition using drop-on-demand inkjet (DoD) techniques. It
relates furthermore to finishing compositions specially
adapted to this purpose and methods of performing such
finishing.

[0003] 2. Description of the Related Art

[0004] The production of textiles traditionally takes place
in a number of distinct processes: the fibre production; spin-
ning of the fibres; the manufacture of cloth (for instance
woven or knitted fabrics, tufted material or felt and non-
woven materials); the upgrading of the cloth; and the produc-
tion or manufacture of end products. Textile upgrading is a
totality of operations which have the purpose of giving textile
the appearance and physical characteristics that are desired
by the user. Textile upgrading comprises of, among other
things, preparing, bleaching, optically whitening, colouring
(dyeing and/or printing)and finishing a textile article.

[0005] The conventional process for upgrading textile is
built up (see FIG. 1) of a number of part-processes or upgrad-
ing steps, i.e. pre-treating the textile article (also referred to as
the substrate), dyeing the substrate, coating the substrate,
finishing the substrate and the post-treatment of the substrate.
[0006] A known technique for printing textile is the so-
called template technique. Ink is applied to cut-out leaves or
elements, the templates, with which desired patterns such as
letters and symbols can be applied to the substrate. Another
known technique for printing textile is the so-called flatbed
press technique, wherein the printed image lies in one plane
with the parts of the print mould not forming a printing area.
An example hereof is a so-called offset print, wherein the
printing process takes place indirectly. During the printing the
print area is first transferred onto a rubber fabric tensioned
round a cylinder and from there onto the material for printing.
A further technique is screen-printing, wherein the substance
for applying is applied through openings in the print template
onto the textile for printing.

[0007] As is already indicated in FIG. 1, dyeing of the
substrate is another upgrading step. Dyeing is the application
of a coloured chemical substance in a full plane, and then
uniformly in one colour. Dyeing takes place at present by
immersing the textile article in a dye bath, whereby the textile
is impregnated with a coloured substance, visible on both
sides of the substrate.

[0008] One form of finishing is coating. Coating of a textile
involves the application of a thin layer to the textile to endow
it with particular functional properties such as to protect or
increase the durability of the substrate. The usual techniques
for applying a coating on solvent or water basis are the so-
called “knife-over-roller”, the “dip” and the “reverse roller”
screen coaters. A solution, suspension or dispersion of a poly-
mer substance in water is usually applied to the cloth and
excess coating is then scraped off with a doctor knife. For
such procedures to be effective, the coating formulation must
be in a highly viscous, pasty form. For many functionalities,
it is not possible to bring the formulation into such a viscous
state without adversely affecting the functionality. This may
be due to the fact that thickening agents are incompatible with
the functional chemical.
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[0009] A further procedure sometimes employed for fin-
ishing of the textile is the use of immersion or bath techniques
such as foularding. The textile is fully immersed in an aque-
ous solution containing the functional composition that is to
be applied. Subsequent repeated cycles of drying, fixation
and condensation are required to complete the operation. This
leads to considerable use of resources, in particular water and
energy. In general, the solutions, suspensions or dispersions
used for such techniques have low concentrations of the
desired functional composition

[0010] Each of the upgrading steps shown in FIG. 1 con-
sists of a number of operations. Various treatments with dif-
ferent types of chemicals are required, depending on the
nature of the substrate and desired end result.

[0011] For the upgrading steps of printing, dyeing and fin-
ishing four recurring steps can generally be distinguished
which often take place in the same sequence. These treat-
ments are referred to in the professional field as unit opera-
tions and include: impregnation (i.e. application or introduc-
tion of chemicals); reaction/fixing (i.e. binding chemicals to
the substrate); washing (i.e. removing excess chemicals and
auxiliary chemicals); and drying.

[0012] One drawback of the usual methods of upgrading is
that per upgrading step (dyeing, coating, finishing) a number
of cycles of unit operations have to be carried out to achieve
the desired result. Three or more cycles of unit operations are
often necessary for coating, which entails a relatively high
environmental impact, a long throughput time and relatively
high production costs. Four or more cycles of unit operations
are even required for dyeing. The traditional dyeing process
requires, for instance, the final operations of several rinses
(washing and soaping) for rinsing out excess chemicals, such
as thickening agent. Rinsing results in much use of water.
Following on from the rinses is a drying process, usually
consisting of a mechanical drying step using press-out rollers
and/or vacuum systems followed by athermal drying step, for
instance using tenter-frames.

[0013] It is moreover usual at this moment to carry out the
different upgrading steps of the textile in separate devices.
This means that for instance the dyeing is performed in a
number of dye baths specially suitable for the purpose, the
printing and coating are carried out in separate printing
devices and coating machines, while finishing is carried out
by yet another device. Because the different operations are
carried out individually in separate devices, the treating of the
textile requires a relatively large area, usually spread over
different room areas.

[0014] It has been suggested in a number of publications
that a textile article may be printed using ink-jet printing
technology to produce a graphic image. Ink formulations
from the graphic (paper) printing sectors have generally been
used for this purpose, as such formulations are already
adapted for jet deposition. In particular, pigment particulate
sizes and the relatively low solids contents make such inks
most suitable for inkjet devices. Such formulations are not
however entirely suitable for application to all textiles, in
particular those where considerable absorbency is encoun-
tered. In the past, textile articles have been pretreated with a
coating onto which ink droplets may be applied using stan-
dard graphic printing techniques. A process is known from
U.S. Pat. No. 4,702,742 in which a conventional printing
device is used to print onto white cloth sheets. A further
process is suggested in German patent application No. DE
199 30 866 in which both ink and a fixing solution are applied
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to a textile using a conventional inkjet head. Known methods
are however only concerned with producing a graphic image
and the formulations used are unsuitable as coatings for fin-
ishing.

[0015] It has also been suggested in unpublished PCT
application Nos PCT/EP2004/010732 and PCT/EP2004/
010731 both filed on 22nd Sep. 2004, to use inkjet type
nozzles for the purpose of upgrading textile substrates. The
proposed method makes use of a device comprising a number
of'nozzles for applying one or more substances to the textile,
in addition to a conveyor for transporting the textile along the
nozzles. The nozzles are ordered in a number of successively
placed rows extending transversely of the transporting direc-
tion of the textile article. The textile article is guided along a
first row of nozzles where it may receive a first functional
layer. It may then be subsequently guided along second or
third rows of nozzles for receiving further functional layers.
Such a process may be referred to as digital droplet deposi-
tion.

[0016] The previously proposed method provides the
option of applying chemical substances in concentrated form
and with an exact dosage. The desired upgrading result can
thereby be achieved in only a single cycle of unit operations.
By applying the chemical substances in only one process run
using a number of rows of nozzles placed in series, the effi-
ciency per process run is increased considerably. Very uni-
form layers can also be applied due to the precision of dosage
and nozzle control that is possible. The relatively high con-
centration with which the chemical substances may be
applied furthermore makes interim drying almost unneces-
sary in many cases. The nozzles of the proposed device are
preferably static with the textile being guided along the
nozzles. This enables relatively high processing speeds and
very precise forming of patterns. A further advantage of digi-
tal droplet deposition, is that it provides the possibility of
on-demand delivery. In view of the small volumes of the
reservoirs associated with the nozzles, a product change can
also be realized within a very short time (less than two min-
utes). Subsequent sections of the same textile roll may thus be
subjected to different finishing procedures almost at random.
Smaller series of different textile articles can thus be pro-
cessed on a single upgrading device without complicated
change-over operations which can also have adverse environ-
mental and productivity impact.

[0017] It has also been suggested in unexamined patent
application No. JP61-152874 to Toray Industries, to impreg-
nate a textile sheet with a functional composition in the form
of dots. Various functional compositions are suggested
including antibiotics, moisture absorbents, water repellents,
antistatic agents, ultraviolet rays absorbents, infrared rays
absorbents, optical whitening agents, swelling agents, sol-
vents, saponifier, embrittlement agent, inorganic granules,
metal granules, magnetic material, flame retardants, resis-
tance, oxidants, reducing agents, perfumes, etc. The docu-
ment indicates that traditional photogravure roll and screen
print methods produce patterns of dots that may be too large,
while in spraying techniques, the dot size and quantity of
product deposited is difficult to control. The document pro-
poses impregnating a textile with a functional composition in
the form of dots, wherein a mean dot diameter is 30 to 500
microns and the occupied area ratio thereof is 3 to 95%.
Although the document suggests the use of inkjet printing
techniques, it identifies conventional inkjet devices as being
unsuitable, in particular due to the high viscosity of tradi-
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tional coating compositions. The document is concerned pri-
marily with maintaining an identifiable droplet structure and
preventing the droplets from running together. Furthermore,
the document provides examples regarding the use of solu-
tions but fails to address the problems of inkjet deposition of
dispersions or suspensions.

[0018] Inkjet printers of various types are generally known
for providing graphic images. Such printers may be desktop
inkjet printers such as used in the office or home and are
generally used for printing onto a particular type of paper
substrate (printer paper), using small droplets (<20 pL) of
water based inks containing colorants. Larger, industrial ink-
jetprinters also exist for printing graphic images or date/batch
codes onto products; these printers are typically printing onto
non-porous substrates using solvent based inks containing
colorants pigments. Such formulations are not however suit-
able for application to most textiles in particular due to lack of
colour fastness. In order to print onto textiles using inkjet
techniques, textile articles have in the past been pretreated
with a coating onto which ink droplets may be applied. For
upgrading purposes, most currently used coatings and finish-
ing compositions are unsuitable for deposition using inkjet
techniques. Industrial inkjet printers and nozzles that produce
large droplets are generally designed for use with solvent
based, coloured inks. Furthermore, the droplet volumes that
can be jetted are extremely low, in the order of 50 pL. and
mostly insufficient for textile finishing, where a significant
penetration into the fabric is necessary. Typical finishing for-
mulations are mostly water based and generally have particle
sizes that can cause clogging of the nozzles. Additional prob-
lems with foaming, spattering and encrustation have been
encountered. While indicating that conventional inkjet
devices are unsuitable for applying finishing compositions,
JP61-152874 fails to provide teaching regarding how this
could be improved.

[0019] The technique described in detail in the above PCT
applications makes use of the continuous inkjet (henceforth
C1J) technique. According to this technique, droplets are con-
tinuously formed in the inkjet nozzles and are charged on
ejection. By using an electric field droplets may either be
directed to the substrate or into a gutter for recycling. Use of
C1J makes it possible to generate 64,000 to 125,000 droplets
per second per droplet jet. This large number of droplets and
a number of mutually adjacent heads over the whole width of
the textile results in relatively high productivity and quality of
the printed result. In view of the high deposition speed, a
production speed of the textile substrate of about 20 metres
per minute can be realized. Although CIJ is most suitable in
many cases, the cost per nozzle is generally very high. Fur-
thermore, the specifications of the fluids to be jetted are
sometimes very restrictive. They must be highly shear stable
and must usually be provided with conductivity agents such
as corrosive salts to enable them to carry the electrical charge.
There is thus a desire to use other less complex and costly
nozzles of the drop-on-demand (DoD) type.

[0020] Drop-on-demand inkjets devices are generally well
known from the desktop printing field. Such devices are in
principle relatively cheap although high prices may be
charged for commercial cartridges! Two main principles of
droplet formation are common: piezoelectric actuation,
whereby a droplet is formed by resonating the fluid using a
piezo-actuator; and thermal actuation (bubblejet), where a
droplet is ejected by local boiling of the fluid. Other methods
of droplet formation are known that may be considered to fall
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into the category of DoD, such as valvejet devices in which
miniature valves allow controlled passage of minute volumes
of fluid. The principle of operation is in all cases that the
droplet is formed in response to a signal. This is thus distin-
guished from the continuous CIJ devices in which droplets
are continuously produced.

[0021] Despite the advantages of the above proposed digi-
tal finishing procedures it has been found that most currently
used coatings and upgrading compositions are unsuitable for
deposition using inkjet techniques. Standard industrial inkjet
nozzles are generally adapted for use with solvent-based
reactive inks. Furthermore, the droplet volumes that can be
jetted are extremely low, in the order of 50 pL. and mostly
insufficient for textile coating, where a significant penetration
into the fabric is necessary. Typical coating formulations are
mostly water based and generally have larger particle sizes
that can cause clogging of the nozzles. Additional problems
with foaming, spattering and encrustation have been encoun-
tered. When working with large numbers of nozzles operating
at up to 30 KHz, reliability and fault free operation are of
prime importance.

BRIEF SUMMARY OF THE INVENTION

[0022] According to the present invention, there is pro-
posed a finishing composition for deposition by drop-on-
demand inkjet technique onto a textile substrate, the compo-
sition comprising a dispersion or emulsion of a functional
finishing agent in a vehicle, wherein the size of particles in the
dispersion or emulsion of the finishing composition is less
than 2 microns, preferably less than 1 micron, more prefer-
ably, less than 0.5 microns and not subject to flocculation or
sedimentation. By ensuring sufficient fineness of the par-
ticles, effective and reliable droplet deposition may proceed
without clogging. In the present context, the term particle is
intended to cover solid particles as present in dispersion and
also liquid or gel like phases, present e.g. in emulsions. It is
noted that 2 microns is an approximate limit for particle size.
Preferably, the maximum particle size will be less than 1
micron and for thermal inkjet may even need to be less than
0.5 microns. This value will also decrease as the percentage of
solids in the composition increases above 10% but will rise as
the nozzle diameter increases above 50 microns. It has been
found most significant that the composition is of a consistent
quality in this respect. Reference to particle size smaller than
a given diameter is thus intended to refer to the Do, diameter
or better. The composition should also not be subject to floc-
culation or sedimentation. This is intended to mean that the
composition does not form particles greater than the given
values during prolonged use or when the inkjet device is idle
during its normal use. It is understood that many composi-
tions may e.g. form sediment during prolonged storage but
that this may be overcome by appropriate mixing arrange-
ments.

[0023] In the context of the present invention, the term
“finishing” is understood to mean processes that use auxiliary
chemicals to change the functionality of a textile substrate
rather than merely providing it with a coloured design or
changing its visual appearance as is the case with conven-
tional inkjet printing use inks and dyes. These finishing tech-
niques are meant to improve the properties of and/or add
properties to the final product. In this context it is understood
to encompass both coating and impregnating and also to
include other physical treatments that upgrade the function-
ality of the substrate. A distinction will henceforth be made
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between colouring and finishing. Where necessary, finishing
may be understood to exclude treatments involving the depo-
sition of particles that are applied to the substrate only
because of their absorption properties between 400 and 700
nm.

[0024] The term “finishing composition” herein encom-
passes aqueous solutions, aqueous dispersions, organic solu-
tions, organic dispersions, curable liquid mixtures and molten
compounds that comprise an active component. According to
an important advantage of the invention, the composition may
be non-reactive with the substrate. In this manner, the com-
position may be applied to a greater diversity of substrates
than would otherwise be the case.

[0025] Furthermore, the term “textile” is intended to
encompass all forms of textile article, including woven tex-
tiles, knitted textiles and non-woven textiles. The term is
intended to exclude fibrous articles having two-dimensional
rigidity such as carpets, paper and cardboard. These fibrous
articles, although sometimes referred to as textiles, are inter-
nally linked in such a way that they maintain a substantially
fixed two-dimensional form. Even though they may be flex-
ible in a third dimension they are not generally free to stretch
or distort within the plane of the fibre layer, as is inherent in a
true textile. Preferably the textile substrate is more than 100
meters in length and may be provided on a roll having a width
of greater than 1 meter. Preferred textiles comprise cotton
and/or other treated cellulosic fibres and also polyesters,
polyamides, polyacrylnitril and acetates and triacetates or
blends thereof.

[0026] According to a preferred embodiment for use with
most common finishing agents, the vehicle is distilled, de-
mineralized and/or de-ionized water, preferably present at
between 60 and 90 wt % in the jetted composition.

[0027] According to the present invention there may also be
provided a co-solvent. Suitable co-solvents include 2-pyrroli-
done and isopropyl alcohol (IPA) present at from 0 to 5 wt %.
The co-solvent can be used to improve the solubility of the
finishing agent and/or its compatibility with other agents.
Incompatibility between materials is a common formulation
issue.

[0028] According to an important aspect of the present
invention, considerably greater quantities of residual solids
may be deposited according to the present composition. The
finishing composition may comprise a total of residual solids
in the jetted composition of more than 5 wt %, preferably
more than 10 wt % and most preferably more than 15 wt %.
This leads to considerably less energy use in drying and
allows greater operational speed. Particularly in the case of
piezo actuation, up to 20% residual solids may be jetted. In
this example, the particular case of UV cure formulations is
excluded, as with these formulations effectively 100%
residual solids may remain on curing.

[0029] According to a yet further feature of the invention,
the finishing composition may further comprise a humectant,
preferably present at from 10 to 35 wt % in the jetted com-
position. The humectant may usually be in the form of a low
volatility, high boiling point liquid that helps prevent crusting
of'the nozzle when the jets are not active. Suitable humectants
for water based systems include polyhydric alcohols, glycols,
polyethylene glycol, polypropylene glycol, glycerol and
n-methyl pyrrolidone (NMP). Although with certain formu-
lations it may appear that more than 5% humectant is being
used, it is in fact the case that the same material may also be
present as a viscosity modifier.
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[0030] The finishing composition may also comprise a vis-
cosity control agent, preferably present at from 2 to 15 wt %
in the jetted composition. The viscosity control agent is an
important ingredient for increasing reliability and quality as it
controls the droplet formation and break up process. This
material may also act as an active functional finishing com-
ponent and provide some of the end user properties. Gener-
ally, high molecular weight polymers in solution should be
avoided as their elasticity makes achieving jet break up dif-
ficult. Preferably a viscosity of 2-15 centipoise is desired for
piezo-actuation while for thermal-actuation the viscosity may
be 1-4 centipoise, as measured at the normal operating tem-
perature of the nozzle.

[0031] The finishing composition may further also com-
prise a wetting agent, preferably present at from 0.01 to 0.3 wt
% in the jetted composition. The wetting agent may reduce
foaming and may also lower surface tension and improve
wetting of the nozzle and textile. Exemplary wetting agents
include Surfynol 104E™, Dynol 604™ available from Air
Products. Preferably, the surface tension ofthe composition is
between 28 and 50 dynes/cm. If the surface tension is too
high, the composition will not wet the internals of the print
head properly and will leave air pockets, which will prevent
reliable deposition. If the surface tension of the fluid is too
low, the meniscus will not form properly in the print head
nozzle and fluid will spontaneously flow onto the print head
faceplate (known as faceplate wetting), which will also pre-
vent reliable jetting.

[0032] Moreover, the finishing composition may also com-
prise a biocide, preferably present at up to 0.5 wt % in the
jetted composition. Biocide may be used to prevent bacteria
growing in the composition—this may not be required if other
components of the composition are sufficiently concentrated
to kill bacteria. Exemplary biocides include 1,2-benzisothia-
zolin-3-one and Proxel GXL™ available from Zeneca Spe-
cialties.

[0033] For use in solvent based systems a degassing agents
may be included at up to 0.3 wt % in the jetted composition.
This can serve to either scavenge or release dissolved gas
from the fluid vehicle. Dissolved gas limits the maximum
reliable firing frequency by creating air bubbles in the print
head during operation. Suitable degassing agents include
cyclohexanone oxime and Surtfynol DF75™ from Air Prod-
ucts.

[0034] The finishing composition may further comprise a
pH modifier, preferably present at up to 1 wt % in the jetted
composition. The pH modifier may be used to maintain a pH
at which the solids of the composition are stably dispersed,
typically this is pH>7, so most modifiers are alkaline. The pH
modifier may also be used to affect the chemistry of the
interaction between the composition/active agent and the tex-
tile itself. Ammonia, morpholine, diethanolamine, triethano-
lamine and acetic acid are suitable pH modifiers. Generally, it
is desirable from an inkjet perspective to use relatively neutral
solutions to reduce corrosion in the print heads. Where the
chemistry dictates the need for e.g. highly alkaline solutions,
ceramic (piezo) print heads may be used.

[0035] The finishing composition may also further com-
prise a corrosion inhibitor, preferably present at up to 0.2 wt
% in the jetted composition. The corrosion inhibitor may be
used to prevent unwanted ions present in the fluid (usually as
impurities coming from the active components) from causing
corrosion of the printer.

Feb. 19, 2009

[0036] According to a still further aspect of the present
invention, the finishing agent may be chosen for its ability to
withstand shear without degradation. In particular it should
be stable to shear up to at least 10%/s. Inkjet deposition is a
high shear technique and so material that is not stable to high
shear may decompose and block the print head nozzle and
may also cease to provide the desired application or end user
properties on the substrate. While the present invention is
directed to finishing compositions for DoD, it is nevertheless
considered that the composition would also be suitable for
other jet deposition techniques where similar conditions of
pressure, shear and nozzle diameter are encountered such as
valve-jet type devices.

[0037] According to an alternative embodiment of the
invention, the finishing composition may be based on a UV
curable organic diluent, preferably present at between 75 and
95 wt % in the jetted composition. Such UV curing compo-
sitions are quick to cure, extremely durable and are ideal as
carriers for certain agents. Particular to UV curing composi-
tions is that substantially the total of the deposited material
remains on the substrate. A solvent may however sometimes
be added to reduce viscosity although generally this is not
preferred. For UV cure finishing composition a photo-initia-
tor may preferably be present at between 3 and 20 wt % in the
jetted composition.

[0038] The finishing agent may be any appropriate agent
that can endow a functional property to a textile substrate. In
particular it may be selected from the group consisting of
anti-static, anti-microbial, anti-viral, anti-fungal, medicinal,
anti-pilling, non-crease, flame-retardant, water-repellant,
UV-protective, deodorant, wear-resistant, slip-resistant, slip
enhancing, grip enhancing, stain-resistant, oil resistant, adhe-
sive, stiffening, softening, elasticity-enhancing, pigment-
binding, conducting, semi-conducting, photo-sensitive,
photo-voltaic and light-emitting agents.

[0039] For use with drugs or medicinal or biologically
active agents a carrier may be used and the agent may be jetted
at low temperatures e.g. below 40° C. Appropriate carriers
include cyclodextrines, fullerenes, aza-crown ethers and also
polylactic acid (PLA). These carriers are ideally suited for
attachment both to the textile fibres and to the agent. A review
of'these carriers is to be found in an article by Breteler et al. in
Autex Research Journal, Vol. 2 No 4 entitled Textile Slow
Release Systems with Medical Application, the contents of
which are hereby incorporated by reference in their entirety.
Alternate carriers, particularly for use with nano-particles,
may be sol gel systems.

[0040] The invention also relates to a method of finishing a
textile comprising: providing a continuous supply of a textile
substrate; providing an array of drop-on-demand inkjet
nozzles; supplying to the nozzles a finishing composition
according to any of the preceding claims; selectively dispens-
ing the composition from the nozzles in a series of droplets to
deposit a predetermined distribution of droplets onto the sub-
strate.

[0041] According to a feature of the method, the droplets
may be dispensed from the nozzles at velocities between 5
and 15 m/s. The droplets may also be formed at frequencies of
up to 30 KHz.

[0042] Preferably the nozzles are of the piezo-electric type.
Such nozzles are considerably cheaper than CIJ nozzles and
are less sensitive to the physical characteristics of the com-
position used. In particular, since greater viscosity and per-
centages of solids can be used, higher concentrations of active
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components may be jetted. Furthermore, for sensitive agents,
less shear is encountered and by using ceramic heads, other-
wise corrosive products may be handled.

[0043] Alternatively, thermal print heads may be employed
in cases where exposure to high temperature is not at issue or
is otherwise desirable. It is also considered that valve-jet
devices in which microscopic valves are periodically opened
and closed could provide similar functionality when used
with similar compositions as defined herein.

[0044] Also preferable is that more than 30 g/m* of wet
composition is deposited on the substrate, more preferably
around 50 g/m>.

[0045] The invention further relates to a textile article pro-
vided with a finish comprising the finishing composition as
defined above or finished according to the method of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Further advantages, features and details of the
present invention will be elucidated on the basis of the fol-
lowing description of a preferred embodiment thereof.
[0047] Reference is made in the description to the annexed
figures, in which:

[0048] FIG. 1 shows a schematic block diagram of a con-
ventional process for upgrading a substrate;

[0049] FIG. 2 shows a view in perspective of a textile
upgrader that may be employed in an embodiment of the
invention;

[0050] FIG. 3 is a schematic side view of the textile
upgrader of FIG. 2;

[0051] FIG. 4 is a schematic front view of the textile
upgrader of FIG. 2;

[0052] FIG. 5 is a cut-away schematic view of the textile
upgrader of FIG. 2;

[0053] FIG. 6 is a schematic representation of a preferred
sequence for performing the different treatment steps for
upgrading;

[0054] FIG.71isaschematic representation of an alternative
preferred sequence for performing the upgrading steps;
[0055] FIG. 8 is a schematic representation of a further
preferred sequence for performing the upgrading steps;
[0056] FIG.9 shows aschematic view ofa portion of woven
textile coated according to the invention;

[0057] FIG.10is a cross section through the textile of FIG.
9 along the line 10-10; and

[0058] FIG. 11 shows a similar view to FIG. 10 through a
coated textile in which smaller droplets have been used.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0059] The following is a description of certain embodi-
ments of the invention, given by way of example only and
with reference to the drawings. Referring FIGS. 2-5 show a
textile upgrader 1 for performing the invention. The upgrader
1 is substantially as suggested in unpublished PCT applica-
tion Nos PCT/EP2004/010732 and PCT/EP2004/010731 but
uses drop on demand (DoD) finishing nozzles instead of
continuous inkjet (CIJ) nozzles. Textile upgrader 1 is built up
of'an endless conveyor belt 2 driven using electric motors (not
shown). On conveyor belt 2 can be affixed a textile article T
for transport in the direction of arrow P1 along a housing 3 in
which the textile undergoes a number of operations. Finally,
the textile may be released and discharged in the direction of
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arrow P2. A large number of nozzles are arranged in housing
3. The nozzles are arranged on successively placed parallel
beams 14. A first row 4, a second row 5, a third row 6 and so
on are thus formed. The number of rows is variable (indicated
in FIG. 5 with a dotted line) and depends among other factors
on the desired number of operations. The number of nozzles
per row is also variable and depends among other things on
the desired resolution of the designs to be applied to the
textile. In the illustrated embodiment, the effective width of
the beams is about 1 m, and the beams are provided with 8
fixedly disposed inkjet heads 12, each having about 2550
nozzles of around 35 um. Each of the nozzles can generate a
stream of droplets of ink, dye or finishing composition.
[0060] In FIG. 5 is indicated with dotted lines that the
different heads 12 are connected (electrically or wirelessly)
by means of a network 15 to a central control unit 16, which
comprises for instance a micro-controller or a computer. The
drive of the conveyor belt 2 is also connected to the control
unit via network 15'. The control unit can now actuate the
drive and the individual nozzles as required.

[0061] Also arranged per row of nozzles 4-11 is a double
reservoir in which the finishing composition or dye to be
applied is stored. The first row of nozzles 4 is provided with
reservoirs 14a, 145, the second row 5 is provided with reser-
voirs 15a, 1556, the third row 6 is provided with reservoirs 16a,
165 and so on. The appropriate substance is arranged in at
least one of the two reservoirs of a row.

[0062] The different reservoirs are filled with appropriate
substances and the nozzles disposed in different rows are
directed such that the textile article undergoes the correct
treatment. In the situation shown in FIG. 6, reservoir 14a of
the first row 4 contains cyan-coloured ink, reservoir 15a of the
second row 5 contains magenta-coloured ink, reservoir 16a of
the third row 6 contains yellow-coloured ink and reservoir
17a of the fourth row 7 contains black coloured ink. The
textile article is provided in rows 4-7 with patterns in a dye-
ing/printing treatment using CIJ nozzles of 50 microns. The
reservoirs of the three subsequent rows 8-10 contain one or
more finishing compositions according to the present inven-
tion, with which the treated textile can be coated in three
passages using DoD thermal inkjet nozzles of 35 microns.
The reservoir of the eighth row 11 contains a further finishing
composition with which the printed and coated textile can be
finished. In this case, the nozzles are DoD thermal inkjets
having openings of 30 microns. In this embodiment the textile
article T is preferably treated at the position of the fifth to the
eighth row with infrared radiation coming from light sources
13 in order to influence the coating and/or the finishing.
[0063] FIG. 7 shows another situation in which the textile
undergoes another treatment sequence. The textile article T is
first of all dyed by guiding the textile along the first row 4 and
second row 5 of nozzles. These rows 4, 5 have nozzles of 70
microns and apply a relatively smooth coloured coating onto
the textile. In the third to fifth rows 6-8 the dyed textile is then
coated as above, whereafter the final finishing step is carried
out in the sixth and seventh rows 9,10.

[0064] In the embodiment shown in FIG. 8, the textile
article s first of all guided along the first row 4 of nozzles. The
nozzles in row 4 are of about 70 microns and provide a smooth
full background colour to the textile over the full width. The
textile article is subsequently guided along the second row 5
and third row 6 by means of the conveyor belt, wherein
patterns are printed onto the prepared surface. Good defini-
tion can be achieved in the printing steps at rows 5 and 6 using
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fine nozzles of between 30 and 50 microns. The textile is then
guided along the fourth to sixth rows 7-9 to coat the dyed and
printed textile in three passages, whereafter a final finishing
treatment step is performed in the seventh and eighth rows
10,11.

[0065] It is possible to treat different successively trans-
ported textile articles or sections of the textile article in dif-
ferent ways, in some cases even without the transport of the
textile therein having to be interrupted. It is for instance
possible by means of computer control of nozzles to provide
successively supplied textile articles with designs and fin-
ishes which differ in each case. It is also possible to have
different substances applied to the textile through an appro-
priate choice of the reservoirs. The first reservoirs 14a, 15a,
164 are for instance used in each case for a first type of textile,
while the second reservoirs 145, 155,165 are used for another
type of textile.

EXAMPLE 1
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saving relates not only to the primary chemicals but also to the
additives, such as salts, with which the substrate is pre-treated
in the digital process in order to facilitate the action, fixation
and/or reactivity of the primary chemicals. It is expected that
a saving of 66% can also be made on these additives. Finally,
waste water production and the contamination impact of the
waste water can be reduced by more than 90%.

[0070] Although the above example relates to a flame retar-
dant coating, similar process parameters may be used for
most conventional textile coatings.

EXAMPLE 2

[0071] In asecond proposed exemplary coating procedure
according to the present invention, an 1,800 meter long and
1.6 meter wide textile substrate of bleached and dried cotton
with a weight of 100 grams per square meter of substrate is
subjected to coating with a water repellent coating. The coat-
ing is performed in a single process run.

[0072] In accordance with the above, the flame retardant

[0066] A flame retardant composition Man 10 was pre- composition would be prepared and deposited as given in the
pared as given in the specification shown in Table 1. specification shown in Table 3.
TABLE 1 TABLE 3
Percentage By Percentage
Materials Man 10 Weight (%) Example 3 By Weight (%)
Fire-Retardant agent ~ Flammentin KRE 50 UV curable organic  Dipropylene glycol diacrylate 29.70
40% solution diluent (DPGDA)
Binder PVP K30 (25% in 20 UV curable organic  Propoxylated (2) neopentyl glycol 54.80-56.80
water) (ISP) diluent diacrylate (SR9003 from Sartomer)
Humectant Glycerol (Aldrich) 29.6 UV curable cross Dipentaerythritol hexaacrylate 3.00
Surfactant 10% Zonyl FSA 0.3 linking agent (DPHA)
(Dupont) Photoinitiators Irgacure 369:1700:819 1:1:1 (all 8.50
Biocide Proxel GXL (ISP) 0.1 from Ciba)
Water repellent Fluoralkylacrylate 2.00-4.00
agent
[0067] The physical properties of the formulation are
shown in Table 2. . . .
[0073] The physical properties of the formulation are
TABLE 2 shown in Table 4.
Property Man 10 TABLE 4
Filtration (200 g) 1.0 micron easily Flame Retardant Properties
Appearance Pale yellow, clear.
Low foam. Viscosity (cP) 10
Viscosity at 25° C., cP 7.99 PH Not applicable
Surface Tension, dynes/cm 31.3 Surface tension (dynes/cm) 35
Conductivity, mS/cm 4.90 Particle size (um) 0.22
Solids (%) 50%
[0068] Formulation Man 10 was loaded into a Trident o
Ultrajet II™ 32/96 (faceplate has 32 channels, 3 nozzles per [0074] The formulation is jetted through DoD nozzles of 50

channel) and the formulation primed relatively easily. The jet
break up and droplet formation at different drop size settings
for formulation Man 10 were captured using a VisionJet
Optica™ system, which captures images of drop formation
during the jetting process. At a pulse width of 17 us (the
standard setting for this print head) two droplets formed (a
main drop and satellite), whilst at a pulse width of 20 us, one
droplet formed (the satellite and main drop merge).

[0069] The above example illustrates how, in addition to
reduced energy consumption, substantially less chemicals are
required. With current production techniques about 150
grams of wet substances (chemicals) may be needed per
square meter. In digital printing, owing to more precise dis-
pensing and less absorption in the textile, the quantity of
chemical substances to be applied can be reduced to less than
50 grams of wet substance per square meter. It is hereby
possible to make a saving of about 66% in the chemicals. The

microns at room temperature, at a rate of 10 g/m2. The selec-
tion of these parameters allow the depth of penetration of the
water repellent to be controlled such that the droplet comes to
lie on the surface of the textile.

[0075] After jetting the textile article is cured by exposure
to UV-light. The resultant layer has a weight of approximately
10 g/m?2.

[0076] FIG.9 shows aschematic view ofa portion of woven
textile 100 on which four pixels 102 of a water repellent
coating material have been deposited. A formulation based on
Example 1 using Bayguard™ as the active ingredient is con-
sidered appropriate. The textile 100 comprises fibres 104
arranged in a mesh with mesh openings 106 between the
fibres 104. The fibre spacing is approximately 40 microns and
the pixels 102 each have a diameter of approximately 100
microns. As can be seen from FIG. 9, each pixel 102 effec-
tively covers at least four complete openings 106. Addition-
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ally, it can be seen that the pixels 102 do not form a completely
closed coating in that a pore 108 is formed between adjacent
pixels 102.

[0077] FIG. 10 is a cross section through the textile 100 of
FIG. 9 along the line 10-10. It can be seen that the pixels 102
are generally located on the surface of the textile, spanning
the openings 106 between adjacent fibres 104. Because of the
viscous nature of the coating substance, each pixel 102 par-
tially maintains its shape and although the pixels 102 flow
together in the overlap region, the individual pixels are still
discernable. It can furthermore be seen that the coating sub-
stance forming the pixel 102 partially envelopes the fibres 104
on the coated surface to form a good bond therewith. The
viscosity of the coating substance is chosen to ensure the
correct degree of impregnation of the material.

[0078] FIG. 11 shows a similar view to FIG. 10 taken
through a textile 100 in which smaller droplets 110 of a
coating substance have been applied. The droplets 110 are of
a similar size to the mesh opening 106 and tend to pass into
and even through the openings. The resultant effect is less
homogenous than in the case of FIG. 10. It may be used to
introduce a finishing composition into the substrate rather
than provide a surface finish.

[0079] While the above examples illustrate preferred
embodiments of the present invention it is noted that various
other arrangements may also be considered which fall within
the spirit and scope of the present invention as defined by the
appended claims.

What is claimed is:

1. A finishing composition for deposition by drop-on-de-
mand inkjet technique onto a textile substrate, the composi-
tion comprising a dispersion or emulsion of a functional
finishing agent in a vehicle, wherein the size of particles in the
dispersion or emulsion of the finishing composition is less
than 2 microns, preferably less than 1 micron, more prefer-
ably, less than 0.5 microns and not subject to flocculation or
sedimentation.

2. The finishing composition according to claim 1, further
comprising a wetting agent, preferably present at from 0.01 to
0.3 wt % in the jetted composition.

3. The finishing composition according to any preceding
claim wherein the surface tension of the composition on
deposition is between 28 and 50 dynes/cm.

4. The finishing composition according to any preceding
claim, wherein for piezo-actuation the composition has a
viscosity of 2-15 centipoise and for thermal-actuation the
viscosity is 1-4 centipoise, as measured at the normal oper-
ating temperature of the nozzle.

5. The finishing composition according to any preceding
claim, wherein the total of residual solids in the jetted com-
position is more than 5 wt %, preferably more than 10 wt %
and most preferably more than 15 wt %.

6. The finishing composition according to any preceding
claim, wherein the vehicle is water, preferably present at
between 60 and 90 wt % in the jetted composition.

7. The finishing composition according to any preceding
claim, further comprising a co-solvent, preferably present at
up to 20 wt % in the jetted composition

8. The finishing composition according to any preceding
claim, further comprising a humectant, preferably present at
from 10 to 35 wt % in the jetted composition.

9. The finishing composition according to any preceding
claim, further comprising a viscosity control agent, prefer-
ably present at from 2 to 15 wt % in the jetted composition.
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10. The finishing composition according to any preceding
claim, further comprising a biocide, preferably present at up
to 0.5 wt % in the jetted composition.

11. The finishing composition according to any preceding
claim, further comprising a pH modifier, preferably present at
up to 1 wt % in the jetted composition.

12. The finishing composition according to any preceding
claim, further comprising a corrosion inhibitor, preferably
present at up to 0.2 wt % in the jetted composition.

13. The finishing composition according to any of claims 1
to 4, wherein the vehicle is a UV curable organic diluent,
preferably present at between 75 and 95 wt % in the jetted
composition.

14. The finishing composition according to claim 13, fur-
ther comprising a photo-initiator preferably present at
between 3 and 20 wt % in the jetted composition.

15. The finishing composition according to any preceding
claim, wherein the finishing agent is stable to shear up to at
least 10°/s.

16. The finishing composition according to any preceding
claim, wherein the finishing agent is selected from the group
consisting of anti-static, anti-microbial, anti-viral, anti-fun-
gal, medicinal, anti-pilling, non-crease, flame-retardant,
water-repellant, UV-protective, deodorant, wear-resistant,
slip-resistant, slip enhancing, grip enhancing, stain-resistant,
oil resistant, adhesive, stiffening, softening, elasticity-en-
hancing, pigment-binding, conducting, semi-conducting,
photo-sensitive, photo-voltaic and light-emitting agents.

17. The finishing composition according to any preceding
claim, wherein the finishing agent comprises nano-particles
carried by a sol-gel.

18. A method of finishing a textile comprising:

providing a substantially continuous supply of a textile

substrate;

providing an array of drop-on-demand inkjet nozzles;

supplying to the nozzles a finishing composition according

to any of the preceding claims;

selectively dispensing the composition from the nozzles in

a series of droplets to deposit a predetermined distribu-
tion of droplets onto the substrate.

19. The method according to claim 18, whereby the drop-
lets are dispensed from the nozzles at velocities between than
5m/sand 15 m/s.

20. The method according to claim 18 or claim 19, whereby
the droplets are formed at a frequency of greater than 10 KHz,
preferably greater than 20 KHz.

21. The method according to any of claims 18 to 20,
wherein the nozzles are of the piezo-electric type and droplets
are formed by piezo-electric excitation.

22. The method according to any of claims 18 to 20,
wherein the nozzles are of the thermal inkjet type and droplets
are formed by localized vaporisation.

23. The method according to any of claims 18 to 20,
wherein the nozzles are of the valve-jet type and droplets are
formed by periodically opening a valve.

24. The method according to any of claims 18 to 23,
wherein more than 30 g/m* of wet composition is deposited
on the substrate, preferably more then 50 g/m?.

25. A textile article provided with a finish comprising the
finishing composition according to any of claims 1 to 17 or
finished according to the method of claims 18 to 24.
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