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Abstract

post steaming, washing and drying to achiaeceptable

properties in the printed fabric. Other experts febngly
Littl e detailed information has been published on inkthat fabric printing must be like paper printing with post
formulations for ink jet printing on textile substrates. processing required. A number of variations betwihese

Requirements for coloration systems for textile printivil

two extremeshawe been proposed. The different opinions

be reviewed and approaches for achieving the desiredrise primarily due to the varying concepts of where in the
characteristics will be suggested. Coloration systbased textile manufacturingchainink jet printing will actually be

on polymerizable resins with solvedyes,two phaseinks

performed Thos who believe that ink jet printing will

with pigments and inks based on polymerizable dyes will beeplace current printing technologies in the textidustry
described. Sample coupons employing these experimentidd tha post processing will be readily acceptable. Those

systems were prepared on a TOK@ontinuousink jet

who feel that ink jet printing will be practiced by design

printer and properties of these experimental systems studios, apparel manufacturersdaretail establishments
textile substrates will be reportef(fastnes properties, argue for little or no post processing.

bending rigidity, etc.)

Finally, the deposited ink must have the necessary
fastnes properties and must not adversely affect the tactile
properties of the printed fabric.

As abass for the work reported in this paper, the

Introduction

It is generally accepted that ink jet printing will becomefollowing criteria were selected to gaithe developmenbf
an important technology in printing of textiles, particularly ink jet systems for textile printing:

in a demand activate manufacturig environment?
Hardware and software systems thatéhbeen developed
for printing on paper should be readily applicable to textile
printing if problems of speed and reliability can be sofved.
Ink formulations developed for paper, on the other
hand, are not acceptable for textile printing. Washfastness
and hand requirements for textiles will require quite
different properties in ink formulations from tleosn
currentink systems.The wide variety of fiber and fabric
types and the range of desired properties in textiles for
different applications will probably require development of
a number of different ink systemsrfead of the types of
ink jet printing engines.

Requirements for Ink Systems for Textiles

Viscosity < 10 cps

Surface tension > 40 mN/m

Post processing--thermal or UV only
Colorants--both dyes and pigments
Dry crockfastness > 4 (AATCC Tebt)
Wet crockfastness >3.5 (AATCC Téest)
Minimum change in fabric hand
Applicable to a wide range of fiber types
Water based or 100% curable

High colorant loading

Low cost

Polymerizable Ink Systems

One approach to development of low viscosity it

hawe the requiral properties on the printed fabric is to ink

There is no generally accepted set of ciitdéar ink

jet a mixture of monomers and oligomers that can be post

systens for ink jet printing of textiles. The requirements for polymerizal on the fabric. There are two major problems
uniform and consistetdrop formation place very stringent with this approach. First, the usual mix of mono and

restrictions on viscosity and surface tension af filid.
Other requirements of different print engines suclhigh

multifunctional reactants gives a highdyosslinkedsystem
with a dense, rigid polymer backbone (‘comb” type

temperatue resistanceconductivity and overall stability are polymel) 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 occursin the extent of post print processing that

Both of these problems were solved by adding a

will be acceptable. A number ofystens are being substantial quantity of a reactive diluent, viradetate to
develope based on standard dyeing processes currentlihe polymerizing systerhThis diluent gave longeflexible
used in textile coloration. These systems require differenthain segments between the crosslinks of the palynd
dye classes for different fiber types and typically requirealso lowered the viscosity.
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In preliminay screening of formulations for printing, A secom approab to control of the structure of the
films were castfrom candidate formulations on glass plates,polymer on the fabric has been to use archansfe agent
cured and testal for mechanical properties. The very earlyto extend chain segments between branch points. The
portion of the stress-strain curve (<10% extension) isextreme ca® in this method of control is the thiol-ene UV
especially important for textile hand properties. initiated polymerization.In this polymerization the initiated

Basel on these screening studies a formulation basedre reacs immediately with a thiol which subsequently
on an oligomeric polyurethane was selected for further reacts with another ene. The polymer produced is essentially
evaluation. The actual formulation of eth final an alternating copolymer and ethproperties can be

polymerizable system on a weight per cent basis was: controlled by selection of the appropriate diene and thiol.

This systen has given some excellent film properties and

Aliphatic urethane diacrylate 24 shows considerable promise apolymerizabé systen 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 Recem 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 insolubdknding dyes and pigments to the fitmurface Insteal of
and do not dye the fiber but theyeaolubk in the ink and  polymerization after ink jetting, new smalarticle polymer
in the organc polyme layer that forms on the fiber surface latices containiig up to 50% solids in water can be
during curing. No attempt was made in this wdxk deposited on textile substrates by ink gnd thermally
maximize colorant concentration but levelseixcessof 1%  cured on the fabric A number of these latices eanow
by weight were easily incorporated in the ink. Final availabke with particle sizes under 1 micron. Polymer

properties of the formulation are given below: structures in these latices camaried over wide ranges to
give the desired properties on the substrate.
Viscosity 3.6¢p A number of latices containn modified acrylic,
Surface tension 25 mN/m acrylonitrile-butadiene copolymenitrile-butadier copoly-
Conductivity 800 S/cm mer and modified butadiene copolymer were obthiaed
T, (cured film) -5C screend using the cured film properties. Based on the

screenig studies three latices (one modified butadiene
The surfa@ tensi;n was somewhat lower than desired copolymer and 2 modified acryligolymers)were selected
but not unexpected for a totally orgasystem Subsequent for further study. Inks were prepared by simplgjusting
testsindicated that the formulation could be successfully the solidscontentto obtain the desired viscosity and adding
jetted. either dyes or pigments to the dilutethtex. The
The final formulation was tested by prirgircotton  formulationswere evaluated as described above to ensure
print cloth (10.5 mg/cA) with an TOXOT Jamin& 1000 that the proper viscosity, surface tension,. étad been
S4 continuous ink jet printer. The system was cured for 8btained for good drop formation.
seconds in mArgus”™ 7000 series UV curing unit. There Printed specimens were prepared with the TOXOT
wasno postprocessig of the fabrics other than UV curing. printer on cotton, cotton/polyester blend, and fallaricsto
The ink deposition after curing was 4.9% weight of  determire if arange 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
experimenth formulation compared to a typical rotary concentrationsresn 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, the formation characteristics and print quality were also made.
difference in properties before and after prigtiait least Results of evaluations of some of tagsinted samplesare
suggest that the ink jet printed fabric shdweomparable shown in Tables2-4. Table 2 shows the very strong effect
properties to the conventionally printed fabric. on properties of 100% cotton fabrickthree differentresin
compositions(15% resin and 4% pigment) applied at 5%
total weight pick-up. Resin Eiery similar in composition

Table 1. Properties of Ink Jet Printed Fabrics to resinscurrently 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 Regmidtedsamples
Pick-up 4.9% 5.9% are similar to values obtained on the rotacyeenprinted
Bending Rigidity 17% increase | 31% increase sampleshown in Table 1. Both of the fine particle resins
Flexural Rigidity 12% increase 81% increase give better crockfastness and Resin 2 gives less change in
Dry Crock 5 45 hand The® resultssuggest 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.

Recent Progressin Ink Jet Technologies|l 367 Chapter 6, Ink and Media



Recent Progressin Ink Jet Technologies|| Copyright 1999, IS&T

Table 2. Effect of Resins on Printed Fabric Properties. promisirg approab for development of a low-cost ink

Property Resin1 | Resin2 | Resin 3 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 basedsystems for ink jet printing of textiles that

will not require post processing present a very difficult

Table 3 showsthe resultsof printing of Resin 1 on challenge Most fabric d_y(_es must diffuse into the_fiber
100% cotton fabrics at a higheesh solidslevel (20%) and ~ Structue to achieve sufficient permanence to washing and
ahighe pigment level (6%) at an overall 5% solids pick-up.ubbing. This is usually achieved by steaming yphbating
These were the highest levels of thésin-pigmentsystem @t high temperature. There is usually sufficient dye
that could be consistently jetteon the TOXOT printer. ~ 'émaining on the fiber surface to require post washing and
Resuls for hand characteristics are similar to those in Tablélrying. Dyes for cotton and other cellulobesel fibers
2 which suggests that the total resin pick-ughis major ~ Presemspeciproblems. Most of the dyes capable of being
factor in the increase in fabric stiffness. Some reduction i§Mployel in printing of cotton (reactive, vat, sulfur, azoic)
dry and wet crockfastness has occurred with the increase ifiequire a chemical reaction to “fix” the dye permanently on
pigmentto resn ratio. There does not appear to be anythe fabric. These reactions are never 100% complete
consistent effect of the type of pigmant the printed fabric therefore require extensive washing to remove unfixed dye.

properties. It is unlikely that new dyes will besynthesized
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 approab to developmenbf colorants for this application.
Bending Rig. | +36% +11% +22% 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 Qellvereq by ink jet
Wet Crock 35 4 4 and permanently fixed on ehsurfae of fibers without

requiring a post washing and drying step.

Initially studies have beerdirected toward incor-
porating a carbon-carbon double bond in the styucture
sothatthe dye can either be homopolymerized on the fabric
or copolymerize with other components by UV or thermal
iniatiation. Dyes for ink jet have been prepalgdreaction
of dyes containing amine groups witteryloyl chloride’®
fvith dyes containing the amine gmin a portion of the
molecule that is not involekin color production (Reactive
Yellow 3, for example), the double bibncan be
incorporated with very little effect on the propertiesttod
dye Confirmatin of the structures of the modified dyes
was obtained from the usual spectroscopic characterization
techniques.

Reactive dyes modified as described above were
incorporated in a polymerizable resin system very similar to
the one described above. Samples of 100% cotton fabrics
were printed on the TOXOT printer with the polymerizable
dye and resin system and curedWy initiation. Properties
of the printed fabrics are given in Table 5. The
improvementin crockfastnesetween uncured (3-3.5) and

Table 4shows results of printing Resin 2 (15%) with a
bladk pigment (4%) on three different fabrics at a 5%
weight pick-up. The very strong influemof fabric type on
chang in propertiesof the printed fabric was not expected.
Whether this is a function of resicomposition fabric
weave structure, or some other phenomena will requir
further study.

In terms of print quality, it was noted that at very high
solids levels, drop formation becararratic and contrd of
drop placement was lost. This lindtehe solids levels to
20% resin and 6% pigment in the inkwiasnoted thatthe
smaller particle size latices gabette drop formationand
contrd at the higher solids levels. Smaller particle size
pigments should also imprewerformane and perhaps,
allow higher pigment loading.

Table 4. Effect of Resin-Pigment Printing on 3 Fabrics.
Properties Cotton | Cotton/PES Silk
Bending Rig. | +15% +226% +71%

Flexural Rig. | +6% +241% +95% cured samples (5-4.5) strongly suggest that the modified
Dry Crock S 5 5 dyes were actually chemically incorporated inte tired
Wet Crock 4 3.5 4 resin structure.

Operationof the ink jet printer with these two phase Taple 5. Fabric Properties Printed with Modified Dyes.

systemsdid 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 evaporatidntlee wate and Flexural Rigidity +42% +38%
plugging of the recycle line. The use of a humectant to Dry Crock 5 5
redue the rate of evaporation should help alleviate this Wet Crock 45 45

problem in continuous ink jet printers.
Based on these preliminary studieesin-pigment

. ! . ; g Other properties such atightfastness were also
systens using smal particle latices are an interesting and

measurd to ensure that the modification reaction had not
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adversey} affecta the performance of the dyes. Values of 5 contribution to the future success of the texséihd related
and 4.5 after 60 hours of exposure of the printed fabrias  industries.
standard UV exposure unit gave assurance that the dyes had
acceptable fastness properties after reaction. Acknowledgements
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