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Abstract

Ink jet printing for textiles relies omary of the sane
technologis as ink jet printing for paper. Qummercially

primary concern gied goods are clegrlsuperior to trarfgr
printed goods.

To be cost effective and capitalize on the latest print
technoloy advance it is advantageous for the textile

availabk ink jet pape printing technolog can be adapted to Printing industy to utilize printing technolog developed for

ink jet printing of textiles ifmodified textile dyes are used.

the paper printing industr In order to take advanta@f

Textile printing paste used in conventional textile screerink jet paperprinting technolog the colorantmust have

printing is incanpatible with ink jet delively technology.
Standard inkjet inks do nb hawe the corre¢ chamistry to
dye textiles and achieve required color and permanence.

We hawe developeda protoype textile printer utilizing
ink jet printing technolog Implementing the printer
requiredthe developnent ofmodified textile g/es to achieve
compatibility with ink jet technolog while retaining
required textile dying properties.

This paper revies the requirment of textile dyes for
ink jet printing, presents data on rooercially available

textile dyes pertinent to inlet printing, and discusses the

results of our printing expenents utilizingmodified textile
dyes.

Introduction

Market pressure and limitations in screen printing
technoloy are pushing the texélprinting industry to adopt
modern printingmethods. |k jet printing technology has

received significant attention as a possible successor

scre@ printing due to the abilit of ink jet to deliver liquid
dye to the substrateThe primary competition to inkjet for
on-demand printing of textiles is themal transfer. Themal

transfe has the significart advantage over ink jet in the area colorants  with

of reduced post processing tbalso has the undesirable
quality of delivering a poor hand toetliinished goods In a

fluid and chenical properties cmpatible with the delivery
mechanism and the substrate.

Unmodified canmercial textile ¢es suitabk for
printing of textiles are inqopatible with ink jet printing
technolog. Properties such as viscgsitsurface tension,
drying, crusting, particulates, and ahigal canpatibility are
issues Commercid ink jet inks suitable for inket printing
are chemically unsuited for printing of textile substrates.

It has been deonstrated that comercial textile ges
can be modified for canpatibility with ink jet printing
technolog [1,2]. This paper describes ourfferts to
develop amodified textile ¢e suitable fo use with themal
drop on demand ink jet printing technology.

Dye Chemistry

The primary goal when printing textiles is to achieve a
pemanent, pleasing coloration of the sub&ratithout
effecting the hand or pBical properties of thsubstrate.
fgemanent coloration of the substrate sutha the
coloration is lightfastwaterfast, and abrasion resistant is a
result of chenical canpatibility of the d/e and the substrate.
Substrates with differing chemical propertis require
fundamentaly  different  chemical
compositions No single ge will be campatible with and
appropriate for evgrtextile. Our investigation has focused

marketwhere qualig and hand of the finished product is of on dyes canpatible with cellulosic textiles such as cotton,

Recent Progressin Ink Jet Technologies ||

561 Chapter 8, Textile Printing



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

silk, and rgon. Most of the geswe haveinvestigatel are  merits [3,4,5,6,7]. Our protgpe printer utilizes
reactive dyes. commercially available drop on deand thema ink jet

The use of reactive ges with cellulosic substrates printheads. We have found tiéJ printhead to be very
requiresthe use of an activator to help progress thenited  forgiving in terms of colorant fluid properties and to be
reaction beteen the ge and the substrate. When screerresistant to chrical danagewhen jetting reactie ard acid
printing typically an alkaline activator is added to the print dyes We have noticed severe susceptilyilito minor
paste Longeviy of the printheads is a concanien using crusting which tends to interrupt drop generation
ink jet printing technolog to place the colorant. Ink jet
printhead hawe afinite lifespanwhich is relativey short Colorant Fluid Properties
when canpared to the rmaber d drops required to print a
typicd run of textiles Given the Iimited lifespan of inkjet ) o ) ) )
printheads it is desirable toaithe printheadto only deliver ~ OUr experments indicated the viscogitsurface tension, and
the concentraté colorantto the substrate. Bulk cicals ~ Particulate distribution to be thenost critical factors
which must be applied to all locations on the substrate caf€t€mining reliablejetting of a fluid. To provide abaseline
be applied prior to the printing process using an appropriateVe Measuredmultiple samples of irk jet inks from Canon
less expensie delivery mechanig. In our gstem we pre- gnd Hewlett Packardink jet cartridges, the results are listed
pad the cloth with an alkaline solution using a sprayer. in Table 1. _ _

The disadvantage fodyes is the postprocessing  Viscosiy was measured using an Qedld capillary
required to fix the yies to tle substrate The reactive dyes ~ Viscameter at 23° C. Surface tensiwas measure usinga
we have investigated reqeimpog print steaning process.  Sufface Tensianat 21 (Fisher) ringnethal a 23°C. pH
The steaing processwells the fibers and aesthedyeto ~ Wasmeasured using anTA Orion pH meter. A sanple of
migrate into and bondith the fibers. The additionatime, ~ ©ach inkwas spread evenlonto a filter membrane as a
cog of capital equiment, andmanipulation required in the Substrate and the colowas measured usinga UV/VIS
steaning process are significant disadvanggempared to ~ SPectrophotometer (Perkin-Elmer) at 10° observer.

themal transferwhere a shpler pog print hed pressing A variey of canmercially available texti dyes were
process is required. selecte for evaluation, the umodified attributes of theyes

) as received from the manufacturer are listed in Table 2.
Drop Generation Technology

Previous papershave described ffierent types of ink jet
drop generation technologies and discussed their relative

Table 1 Typical Ink Jet Ink Fluid Properties

Ink Characterizations Viscosity Surface Particle Size Particle Size pH
Tension Mean Deviation
cps dyne/cm microns microns

Deionized Water 0.93 72 5.02
Canon Bubble Jet Black 1.12 45.1 1.92 0.17 9.00
HP ThinkJet Black 1.01 40.0 5.76 0.71 7.60
HP Desk Jet Black 1.48 46.0 2.16 0.21 8.30
HP Desk Jet Cyan 451 35.1 7.17
HP Desk Jet Magenta 4.87 335 7.16
HP Desk Jet Yellow 5.22 33.6 7.24
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Table 2 Unmodified Textile Dye Fluid Properties

Ink Characterizations Viscosity Surface Particle Size Particle Size pH
Tension Mean Deviation
cps dyne/cm  microns microns

H Series FR Turquoise 2.07 55.5 2.08 0.15 4.40
H Series FR Yellow 2.10 51.5 4.70
Ciba Geigy FR Magenta 1.29 40.0 2.32 0.21 7.40
BASF FR Black 1.38 355 2.09 0.19 4.30
Crompton & Knowles FR Turquoise 1.00 35.0 2.56 0.12 5.50
Crompton & Knowles FR Brilliant Red 1.02 38.5 1.64 0.14 4.60
Keystone Acid Blue 1.84 63.5 2.01 0.24 7.10
Keystone Acid Yellow 1.01 55.2 1.03 0.11 7.30
Keystone Acid Magenta 1.01 70.0 1.87 0.14 6.90
Keystone Acid Tertrazine 1.21 65.0 1.47 0.11 6.70
Keystone Acid Pink 0.99 72.0 1.06 0.12 6.70
Cibacron Fiber Reactive Turquoise 0.93 51.0 6.22
Cibacron Fiber Reactive Yellow 1.25 55.0 7.40
Cibacron Fiber Reactive Red 0.96 41.4 5.00 7.20
Cibacron Fiber Reactive Gray 0.93 44.1 2.00 6.46
Zeneca ProJet Fast Magenta 0.83 71.8 5.00 7.10
Zeneca ProJet Fast Cyan 0.92 70.8 filtered to < 1.0 8.40
Zeneca ProJet Fast Yellow 0.97 68.0 filtered to < 1.0 8.70
Zeneca ProJet Fast Black 0.81 73.3 filtered to < 1.0 8.10
Zeneca ProJet Fast Magenta at 5% 0.91 71.2 filtered to < 1.0 7.10
Zeneca ProJet Fast Cyan at 6% 0.92 72.0 filtered to < 1.0 7.50
Zeneca ProJet Fast Yellow at 4% 0.91 71.8 filtered to < 1.0 6.96
Zeneca ProJet Fast Magenta at 70% 1.02 65.5 filtered to < 1.0 7.65
Zeneca ProJet Fast Cyan at 70% 1.04 71.2 filtered to < 1.0 8.50
Zeneca ProJet Fast Yellow at 70% 1.04 63.0 filtered to < 1.0 8.40

Rapid drying, crusting, and particulate aggretiomere the
primary sources of printing failurewhen printing with
unmodified dyes In one expernent a ten cc saple of
Hewlett-Packardblad ink jet ink was left in an open top
containe at roan temperature. After sixmonths the HP ink
was still liquid and had lost appraxiately fifty percent
weight After one yea the ink had finalf dried into a soft
sticky tar like substance. The ummodified textile gres all
tendedto dry rapidly, ten cc dried cmpletely in a fev days,
leaving a hard gstalline residue All of the dyes of interest
were aqueous based and returnesolationsafter drying by
addition of water and agitation.

Many of the umodified textile ¢yes would jet for a
shot periad as received fron the manufacturer. All of the
unmodified dyeswould eventuall stgp printing after a short
time with crusting of the nozzle orificbeing the primary
failure mode Even while jetting continuous! crusting
would fom around the nozel eventualy leading to
plugging of the nozzle.
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Modification of selected caomercial textile ges using
surfactants, hmectants, solubilizers, drbiocides suchas
suggested in [1], resulted in the properties in Table 3.
Each of the des listed inTable 3 yieldedsatisfactoy jetting
performance. The multiple formulations of eactdye were
primarily attempts to produce an acceptable color.

Addition of humectants increased theyirg times for
all of the dyes from days to months but also resulted in
dilution of the dye with a loss of color saturation and a slight
color shift. The modified dyes eventuayl exhibited dying
and crusting probhes similar to the umodified dyes if left
sitting at roen temperature in an uncapped printheatihe
dye would eventualy dry around and inside the nozzle
requiring externd washirg with water to revive the
printhead Contactwith the modified dyes did not sea to
impact the longevity of the printhead.
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Table 3 Modified Textile Dye Fluid Properties

Ink Characterizations Viscosity
cps
ProJet Magenta 42 5.79
ProJet Magenta 46 3.79
ProJet Magenta 50 6.26
Cibacron Red 61 5.66
ProJet Cyan 43 2.15
ProJet Cyan 47 3.96
ProJet Cyan 51 4.75
Cibacron Turquoise 58 4.49
ProJet Yellow 44 6.57
ProJet Yellow 52 6.65
Cibacron Yellow 59 6.27
Cibacron Yellow 60 6.81
ProJet Black 45 5.64
ProJet Black 49 4.99
ProJet Black 53 6.26
Cibacron Gray 62 5.92
Cibacron Gray 63 5.57

Surface pH
Tension
dyne/cm

53.5 8.74
38.5 9.00
45.5 8.80
41.0 7.90
58.5 8.80
40.0 8.80
41.5 8.70
40.0 7.50
51.0 9.10
47.5 9.00
42.0 7.70
42.0 8.10
53.0 9.04
47.0 9.00
43.0 9.00
42.0 7.60
42.0 7.10

Resolution and Print Quality

Addition of surfactants are required to control surface
tension and insure proper transport dyfes throuch the

Ink Characterizations

HP Desk Jet Black
HP Desk Jet Cyan
HP Desk Jet Magenta
HP Desk Jet Yellow

H Series FR Turquoise

H Series FR Yellow

Ciba Geigy FR Magenta

BASF FR Black

Crompton & Knowles FR Turquoise
Crompton & Knowles FR Brilliant Red
Keystone Acid Blue

Keystone Acid Yellow

Keystone Acid Magenta

Keystone Acid Tertrazine

Keystone Acid Pink

Dominate
wavelength

479.00
481.00
555.00
577.00

486.00
576.00
509.00
630.00
486.00
554.00
481.00
577.00
591.00
584.00
555.00
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printhead Surface tension also effects ffwation of drops
and satellites. Surface tension, visggsiind substrate
treatment effed the penetration andvicking of dyes into
the substrate.

Unlike paper printing, where minimizing colorant
migration into the substrate is desired, textprinting
requires significart penetratio of the dse into the substrate
to insure durable coloration.A dye penetration of fifteen to
twenty five percen of the depth of the substratell usually
resut in a acceptal# imagewhen vieved fran the printed
side ony. Low penetration geing resultsn unsatisfactory
performane in tems of durabiliy and colorfastness.
Dependent on theeight of the substrateultiple drops per
pixel are required to insersaturatio and full substrate
penetration. Full saturation of the substitii®ud the use
of multiple drops usua}l results mn significart lateral
wicking therely reducing the effective resolutioof the
image.

Color

When searching for a textileyd color sésuitabk for use in

a four color printewe foundthe manufactures of textile
dyes to bemostly unavare of the need foproces color
textile dyes. Wewere tpically unabk to receivefrom the
manufactures atrue cyanor magenta. Modifications to the
dyes to enhancgetting qualities resulted in furtheolor
shifts. Color properties founmodified and modified dyes
are listed inTable 4. Modified gles are denotedith an
asterisk (*).

Table 4 Colorant Color Properties

Purity IlllumC lllum C lllum C L* a* b*

obs 10 obs 10 Obs 10

X y Y
0.18 0.2881 0.2956 18.82 50.48 0.18 -7.61
0.70 0.1581 0.2198 23.31 55.39 -29.46 -42.55
0.48 0.3322 0.2061 21.56 53.56 54.96 -29.36
0.77 0.4654 0.4589 62.23 83.04 5.97 81.66
0.44 0.1766 0.2631 17.11 48.40 -32.30 -24.87
0.82 0.4724 0.4729 63.53 83.72 3.82 92.24
0.42 0.3987 0.2508 18.49 50.08 50.67 -7.25

0.07

0.59 0.2221 0.2867 49.72 7590 -28.96 -21.92
0.30 0.3347 0.2362 21.17 53.14 39.80 -19.17
0.45 0.1828 0.2449 27.76 59.67 -27.56 -34.24
0.60 0.4421 0.4300 68.00 86.00 8.18 64.18
0.92 0.3006 0.2339 4577 73.40 37.48 -30.31
0.64 0.4755 0.4177 62.08 82.96 22.94 67.59
0.17 0.3227 0.2745 49.98 76.06 2585 -12.87
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Cibacron FR Turquoise 484.00 0.46 0.2077 0.2739 4389 72.15 -30.28 -26.87
Cibacron FR Yellow 580.00 0.88 0.4858 0.4702 66.57 85.29 8.85 99.20
Cibacron FR Red 542.00 0.37 0.3545 0.2478 24.83 56.91 43.11 -14.31
Cibacron FR Gray 482.00 0.25 0.2664 0.2917 21.86 53.88 -6.27  -11.16
Zeneca ProJet Fast Magenta 499.00 0.46 0.4483 0.2716 10.24 38.27 45.08 3.63
Zeneca ProJet Fast Cyan 483.00 0.59 0.1839 0.2565 29.36 61.10 -32.14 -31.09
Zeneca ProJet Fast Yellow 577.00 0.66 0.4302 0.4542 78.08 90.82 -4.08 73.13
Zeneca ProJet Fast Black

Zeneca ProJet Fast Magenta at 5% 560.00 0.33 0.3185 0.2418 36.61 66.98 38.02 -23.06
Zeneca ProJet Fast Cyan at 6% 486.00 0.28 0.2520 0.2967 69.99 86.99 -19.64 -16.71
Zeneca ProJet Fast Yellow at 4% 564.00 0.11 0.3433 0.3670 96.61 98.67 -6.41 23.88
Zeneca ProJet Fast Magenta at 70% 504.00 0.50 0.4300 0.2540 18.96 50.64 58.36 -2.66
Zeneca ProJet FastCyan at 70% 482.00 0.62 0.1757 0.2385 2540 57.46 -28.02 -35.92
Zeneca ProJet Fast Yellow at 70% 575.00 0.60 0.4228 0.4444 77.67 90.63 -3.40 66.91
* ProJet Magenta 42 55.34 62.83 -8.71
* ProJet Magenta 46 55.43 63.61 -6.74
* ProJet Magenta 50 64.90 51.38 -15.96
* Cibacron Red 61 57.24 55.67 -8.18
* ProJet Cyan 43 65.18 -30.90 -32.52
* ProJet Cyan 47 67.92 -31.45 -35.09
* ProJet Cyan 51 66.51 -31.35 -35.75
* Cibacron Turquoise 58 69.55 -33.05 -29.22
* ProJet Yellow 44 92.90 1.63 66.31
* ProJet Yellow 52 96.15 -3.91 59.87
* Cibacron Yellow 59 93.73  -10.07 80.65
* Cibacron Yellow 60 91.58 -9.64 81.54
* ProJet Black 45 46.11 2.60 -13.80
* ProJet Black 49 39.49 435 -12.19
* ProJet Black 53 51.35 3.94 -12.41
* Cibacron Gray 62 57.05 -450 -10.78
* Cibacron Gray 63 40.25 -2.76 -8.94
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Figure 1 Colorant xyY Distribution

The color of each yk was measured using a UV/VIS
spectrophotmeter (PerkirElmer) at 10° observer. A
sanple of each ye was spread evenl onto a filter
membrane acting as a substrate andieasured. The
distribution of colors is plotted in Figure 1.

Dye Performance

With proper pre and post treant ink jet printedtextiles
can be of shilar quality and durabiliy as screa printed
goods Screen printing usugll over saturates the cloth
resulting in sigrficant washout & excessdye during post
treatment. With inkjet printing thered atrade off betwveen
image quality anddurability. More d/e on the substrataill
result in amore durablemage butwill generally resut in
increasedwicking and reduction ofniage resolution. In
most casesvhen using inket printing the minimum amount
of dye is applied to achieve the desired durapiind very
little dye is washed out during post processing.
Pretreating the substratgith an alkal mixture and
allowing it to dry befor printing results in the bestmage
quality and ¢/e perfomance. Printingvhile the pretreament
is still wet results in excessiwricking andimage quality
degradation. The pretreated clotimust ke used within a
short window after dying to achieve best resultsIf the
pretreated cloth is aleed to sit for too log the
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pretreatent looses effectiveness and the percentdgiye
bonded with the cloth is significantly reduced.

Post treatent consists of steang the printedmaterial.
The steaiing process is a critical gidn detemining the
quality of the final output. A longer steang time allovs
more of the dye to bondwith the substrate resulting in a
more durableragewith lesswash out andnore saturated
colors A longer steming time has the negative effect of
providing amoist enviromment inwhich the ge continusto
migrate andwick in the substrate resulting in bef image
detail Our experiment indicak a fifteen to wenty five
minute steaming in an unpressurized ste®r yields good
results.

Conclusions

Drop on denand themal ink jet printheads can be used to
reliably jet textile dres if the ges ae modified to med the
fluid propery requiranents of the printheadsTextile dyes
can be modified to be compatible with TIJ printing
technoloy and still retain satisfactgrdyeing properties. At
this time achieving a satisfactprprocess colo s& with
commercially available textile ges is difficult. Achieving a
dark black seems to be particularly difficult.

Unmodified textile g/es tend to dr quickly leaving a
hard crust residue. This diying and residue amparticularly
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detrimental to printer perfenance. Modifing the dyes to
reduce evaporation is essential.

The limited longeviy of themal ink jet printheads
necessitates application of theyed activator in a
pretreatent process. The substrate shalilbe allowed to
dry before printing. Excessivewicking and mage
degradation occurs if the substrate is printed wet.

The reactive ges described in thipape require post
proces steaning to se the d/es. The steaing process is
one of themost critical stepsn detemining the final quality
of the printed goodToo little steming resultsin insufficient
dye reaction and excessivgedvashout Too much steaming
resultsin dye migration andwicking resulting in poormage
quality.
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