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Abstract post steaming, washing and drying to achieve acceptable
properties in the printed fabric. Other experts feel strongly
Little detailed information has been published on inkthat fabric printing must be like paper printing with no post
formulations for ink jet printing on textile substrates. processing required. A number of variations between these
Requirements for coloration systems for textile printing willtwo extremes have been proposed. The different opinions
be reviewed and approaches for achieving the desireatise primarily due to the varying concepts of where in the
characteristics will be suggested. Coloration systems baséextile manufacturing chain ink jet printing will actually be
on polymerizable resins with solvent dyes, two phase inkperformed. Those who believe that ink jet printing will
with pigments and inks based on polymerizable dyes will beeplace current printing technologies in the textile industry
described. Sample coupons employing these experimentidel that post processing will be readily acceptable. Those
systems were prepared on a TOXOT continuous ink jetvho feel that ink jet printing will be practiced by design
printer and properties of these experimental systems ostudios, apparel manufacturers and retail establishments
textile substrates will be reported (fastness propertiesrgue for little or no post processing.
bending rigidity, etc.) Finally, the deposited ink must have the necessary
fastness properties and must not adversely affect the tactile
Introduction properties of the printed fabric.
As a basis for the work reported in this paper, the
It is generally accepted that ink jet printing will becomefollowing criteria were selected to guide the development of
an important technology in printing of textiles, particularly ink jet systems for textile printing:

in a demand activated manufacturing environmént. Viscosity < 10 cps
Hardware and software systems that have been developed Surface tension > 40 mN/m
for printing on paper should be readily applicable to textile Post processing--thermal or UV only
printing if problems of speed and reliability can be sofved. Colorants--both dyes and pigments
Ink formulations developed for paper, on the other Dry crockfastness > 4 (AATCC Tebt)
hand, are not acceptable for textile printing. Washfastness Wet crockfastness >3.5 (AATCC Téest)
and hand requirements for textiles will require quite Minimum change in fabric hand
different properties in ink formulations from those in Applicable to a wide range of fiber types
current ink systems. The wide variety of fiber and fabric Water based or 100% curable
types and the range of desired properties in textiles for High colorant loading
different applications will probably require development of Low cost
a number of different ink systems for each of the types of
ink jet printing engines. Polymerizable Ink Systems
Requirements for Ink Systems for Textiles One approach to development of low viscosity inks that

have the required properties on the printed fabric is to ink

There is no generally accepted set of criteria for inket a mixture of monomers and oligomers that can be post
systems for ink jet printing of textiles. The requirements fopolymerized on the fabric. There are two major problems
uniform and consistent drop formation place very stringentvith this approach. First, the usual mix of mono and
restrictions on viscosity and surface tension of the fluidmultifunctional reactants gives a highly crosslinked system
Other requirements of different print engines such as higlvith a dense, rigid polymer backbone (‘comb” type
temperature resistance, conductivity and overall stability arpolymer) that produces a stiff cured polymer and an
very difficult properties to achieve. unacceptable fabric hand. Second, even with the use of the

It is probable that inks based on both dyes andisual monomers and oligomers, the viscosity of a 100%
pigments will be required. The greatest divergence ofeactive system is often too high for good jetting.
opinion occurs in the extent of post print processing that Both of these problems were solved by adding a
will be acceptable. A number of systems are beingubstantial quantity of a reactive diluent, vinyl acetate, to
developed based on standard dyeing processes currenthe polymerizing systefThis diluent gave longer, flexible
used in textile coloration. These systems require differenthain segments between the crosslinks of the polymer and
dye classes for different fiber types and typically requirealso lowered the viscosity.
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In preliminary screening of formulations for printing, A second approach to control of the structure of the
films were cast from candidate formulations on glass plate@olymer on the fabric has been to use a chain transfer agent
cured and tested for mechanical properties. The very eartp extend chain segments between branch points. The
portion of the stress-strain curve (<10% extension) igxtreme case in this method of control is the thiol-ene UV
especially important for textile hand properties. initiated polymerization. In this polymerization the initiated

Based on these screening studies a formulation basemhe reacts immediately with a thiol which subsequently
on an oligomeric polyurethane was selected for furthereacts with another ene. The polymer produced is essentially
evaluation. The actual formulation of the final an alternating copolymer and the properties can be

polymerizable system on a weight per cent basis was: controlled by selection of the appropriate diene and thiol.
This system has given some excellent film properties and

Aliphatic urethane diacrylate 24 shows considerable promise as a polymerizable system for
Tetraethylene glycol diacrylate 8 ink jet printing of textiles.
Vinyl Acetate 48
LiClO, (conductivity adjustment) 2 Two Phase Ink Systems
UV initiator 3
Acetone 15 Recent developments in emulsion polymerization

provide another approach to delivery of low viscosity fluids
Solvent and/or disperse dyes were selected as coloraritstextile substrates by ink jet with appropriate properties for
for the ink jet system. These dye classes are water insolubkénding dyes and pigments to the fiber surface. Instead of
and do not dye the fiber but they are soluble in the ink andolymerization after ink jetting, new small particle polymer
in the organic polymer layer that forms on the fiber surfacéatices containing up to 50% solids in water can be
during curing. No attempt was made in this work todeposited on textile substrates by ink jet and thermally
maximize colorant concentration but levels in excess of 1%ured on the fabric A number of these latices are now
by weight were easily incorporated in the ink. Finalavailable with particle sizes under 1 micron. Polymer

properties of the formulation are given below: structures in these latices can be varied over wide ranges to
give the desired properties on the substrate.
Viscosity 3.6¢cp A number of latices containing modified acrylic,
Surface tension 25 mN/m acrylonitrile-butadiene copolymer, nitrile-butadiene copoly-
Conductivity 800 S/cm mer and modified butadiene copolymer were obtained and
T, (cured film) -5C screened using the cured film properties. Based on the

screening studies, three latices (one modified butadiene
The surface tension was somewhat lower than desirezbpolymer and 2 modified acrylic polymers) were selected
but not unexpected for a totally organic system. Subsequefdr further study. Inks were prepared by simply adjusting
tests indicated that the formulation could be successfullthe solids content to obtain the desired viscosity and adding
jetted. either dyes or pigments to the diluted latex. The
The final formulation was tested by printing cotton formulations were evaluated as described above to ensure
print cloth (10.5 mg/cA) with an TOXOT Jamin& 1000 that the proper viscosity, surface tension, etc. had been
S4 continuous ink jet printer. The system was cured for 8btained for good drop formation.
seconds in an Argls 7000 series UV curing unit. There Printed specimens were prepared with the TOXOT
was no post processing of the fabrics other than UV curingrinter on cotton, cotton/polyester blend, and silk fabrics to
The ink deposition after curing was 4.9% on weight ofdetermine if a range of substrates could be printed with the
fabric. same formulation. Samples were prepared with a number of
Some properties of the fabric printed with thedifferent pigments and with ranges of pigment
experimental formulation compared to a typical rotaryconcentrations, resin to pigment ratios and weight per cent
screen printed fabric are shown in Table 1. Although theick-up of ink on the fabrics. Observations of drop
fabric weights and the pick-ups were not identical, thdormation characteristics and print quality were also made.
difference in properties before and after printing at leasResults of evaluations of some of these printed samples are
suggest that the ink jet printed fabric showed comparablshown in Tables 2-4. Table 2 shows the very strong effect
properties to the conventionally printed fabric. on properties of 100% cotton fabrics of three different resin
compositions (15% resin and 4% pigment) applied at 5%
total weight pick-up. Resin 1 is very similar in composition

Table 1. Properties of Ink Jet Printed Fabrics to resins currently used in rotary screen printing of fabrics.
Property Experimental Rotary The other two are experimental resins with very fine particle
Screen sizes. Note that the properties of the Resin 1 printed samples
Pick-up 4.9% 5.9% are similar to values obtained on the rotary screen printed
Bending Rigidity 17% increase 31% increagse Sample shown in Table 1. Both of the fine particle resins
Flexural Rigidity 12% increase 81% increase 0ive better crockfastness and Resin 2 gives less change in
Dry Crock 5 4.5 hand. These results suggest that a resin-pigment printing
Wet Crock 5 35 system based on small particle latices can be delivered by

an ink jet printer and give very acceptable fabric properties.
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Table 2. Effect of Resins on Printed Fabric Properties. promising approach for development of a low-cost ink

Property Resin1l | Resin2| Resin3 system for ink jet printing of fabrics.
Bending Rig. +31% +15% +36% ) o
Flexural Rig. | +41% + 6% +40% Polymerizable Dyes for Ink Jet Printing
Dry Crock 4 5 5 o o _
Wet Crock 3 4 35 Dye based systems for ink jet printing of textiles that

will not require post processing present a very difficult

Table 3 shows the results of printing of Resin 1 orchallenge. Most fabric (_lees must diffuse into the_ fiber
100% cotton fabrics at a higher resin solids level (20%) angtructure to achieve sufficient permanence to washing and
a higher pigment level (6%) at an overall 5% solids pick-upfubbing. This is usually achieved by steaming or by heating
These were the highest levels of this resin-pigment systedf high temperature. There is usually sufficient dye
that could be consistently jetted on the TOXOT printerf@maining on the fiber surface to require post washing and
Results for hand characteristics are similar to those in Tab@Ying. Dyes for cotton and other cellulose based fibers
2 which suggests that the total resin pick-up is the majopresent special problems. Most of the dyes capable of being
factor in the increase in fabric stiffness. Some reduction i§MpPloyed in printing of cotton (reactive, vat, sulfur, azoic)
dry and wet crockfastness has occurred with the increase §gduire a chemical reaction to “fix” the dye permanently on
pigment to resin ratio. There does not appear to be arf{}e fabric. Th_ese reactions are never 100% corr_lplete and
consistent effect of the type of pigment on the printed fabrigherefore require extensive washing to remove unfixed dye.

properties. It is unlikely that new dyes will be synthesized
specifically for ink jet printing of textiles. However,
Table 3. Printed Fabric Properties for Three Pigments. ~ Selective modification of existing dyes is a possible
Properties Red Blue Yellow approach to development of colorants for t_hls application.
Bending Rig. +36% +11% 220 The work reported here has been directed toward
Flexural Rig. +18% +21% 4% modification of existing reactive dyes to incorporate
Dry Crock 45 45 45 reactive groups that_ are capable of being dellv_ered by_lnk jet
Wet Crock 35 2 2 and permanently fixed on the surface of fibers without

requiring a post washing and drying step.
o . , Initially studies have been directed toward incor-
blac-li-ab:enfefwrt]Ozglso/r)esourltstr?:egngﬁ;?grsn?S;QSriglsSﬁ) \;V'tgo/aoorating a carbon-carbon double bond in the dye structure

CK pig ? . . so that the dye can either be homopolymerized on the fabric
weight p_|ck-up. The very strong |nfluen<_:e of fabric type on r copolymerized with other components by UV or thermal
change in properties of the printed f_abnc was not eXpeCt.eﬁﬁiatiation. Dyes for ink jet have been prepared by reaction
vvyer]a?\}gerstsgz:s'[ulrz aorfug(():rtrl%n o?;erreSIﬂeﬁgmgzzm\?v“i Igblrjlicrof dyes containing amine groups with acryloyl chlofitle.

' P MM Gvith dyes containing the amine group in a portion of the

furtrﬁrtzt#gg.of print quality, it was noted that at very highmolecule that is not involved in color production (Reactive
. 7! . ellow 3, for example), the double bond can be
3?ggspl|z\$lﬁ{eﬂm£r[ggtm?h?se?i?nrﬂi dertrhaetlcstzjal?(;js Clgcgl(; : ?l\ﬁcorporated with very little effect on the properties of the
20% resin and 6% pigmeht in the ink. It was noted that the” - Con_ﬂrmatlon of the structures of th_e modified _dye_s
smaller particle size latices gave better drop formation an a?] qbtamed from the usual spectroscopic characterization
chniques.

control at the higher solids levels. Smaller particle size Reactive dyes modified as described above were

g:ﬁ)r\?veﬁitshgrorI?n:rﬁ(l)oggﬁlrove performance and, Ioerhaloﬁ1c0rporated in a polymerizable resin system very similar to
gnerpig 9- the one described above. Samples of 100% cotton fabrics

were printed on the TOXOT printer with the polymerizable

Table 4. Effect of Resin-Pigment Printing on 3 Fabrics. dye and resin system and cured by UV initiation. Properties

Properties Cotton | Cotton/PES Silk of the printed fabrics are given in Table 5. The
Bending Rig. | +15% +226% +71% improvement in crockfastness between uncured (3-3.5) and
Flexural Rig. +6% +241% +95% cured samples (5-4.5) strongly suggest that the modified

Dry Crock S S S dyes were actually chemically incorporated into the cured
Wet Crock 4 3.5 4 resin structure.

Operation of the ink jet printer with these two phaseraple 5. Fabric Properties Printed with Modified Dyes.

systems did present some problems. Nozzle plugging was Property Modified | Modified
not a problem but the vacuum used to draw unused drops Blue Yellow
into the recycle line caused evaporation of the water and Flexural Rigidity +420, +38%
plugging of the recycle line. The use of a humectant to Dry Crock 5 5
reduce the rate of evaporation should help alleviate this Wet Crock 45 45

problem in continuous ink jet printers.
Based on these preliminary studies, resin-pigment Other

. ; ) . : properties such as lightfastness were also
systems using small particle latices are an interesting ar}ﬂeasured t

o ensure that the modification reaction had not
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adversely affected the performance of the dyes. Values ofthe numerous companies that have supported the work by
and 4.5 after 60 hours of exposure of the printed fabrics in supplying samples and expertise but who have requested to
standard UV exposure unit gave assurance that the dyes hagnain anonymous.
acceptable fastness properties after reaction.
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