CHAPTER II

THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Theoretical Background

2.1.1 Overview of Inkje
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Inkjet printingeis«¢ ntly pe@mendous growth. It is a non-

impact means of gene{

rapid succession, und

goting small droplets of ink in

ate. There are a number of
types of inkjet printing met o _: ne \\‘- the continuous jet method
and the impulse or drop-0 m : 3, o,\ only the latter is considered here.
In this method pressure on the inkis appliec a droplet when it is needed to form
A :)}l age and the printhead is

Y )

required to be as cloﬁ as pc ate sm?face so as to produce an

U INININYING

Ifkjet printing requures the use of mks which meet stnngent physical,

cromcAbrb b DURAR YA Yoo

required by the non-impact method of ink delivery. They have a remarkably simple

accurate image

composition consisting of a solvent, almost invariably water and a colorant together with

other additives for specific purposes. In contrast to most other printing inks, the

colorants used are mainly dyes because pigments, even when an extremely fine particle



size is used, have a tendency to block the nozzles. Initially, the dyes used in inkjet
printing were water soluble dyes selected from the range of the conventional dyes used
in textile application classes, notably from the acid, direct, or reactive dye application

classes, or from food dyes, this last group offering the particular advantage of clearly-

established non-toxicity.

A digital pri M foray atic \\ iles is an integration of four
components, namely the \q‘ and the color management
software. For each compone olog d suppliers exist. Based on

choices of level of technologies a it -- dz ftwo major types of system, namely the
.—-._../ .*L#.r -;

Continuous Inkjet (Gl#) and the Drop-on-Dem and (DC )D),“have emerged. The most

important features of thﬂnkje .
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2 .2.1 Continuous Inkaet (ClJ)
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at high pressure through a small nozzle, from 10 Wm to 100 lm in diameter. The

¢ eaﬂand the nozzles. In case of

emerging stream of ink breaks into small droplets. In the non-stimulated case, the jet
stream is allowed to spontaneously form droplets at a non-uniform rate due to the

surface tension of the liquid stream. However, this drop formation is usually forced by



stimulating the reservoir at high frequency by a piezo transducer. This causes the jet to

break up in a regular and controlled manner.[3]
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| X7 sélectively controlled so that
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images can be formedﬂlectrical defection of the drops@ the most frequently used

technique. A vﬂbuegjtfj $&|%§Wtﬂg}ﬂ>§y placing a charge
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subseque%tly pass through an electric field created by applying a high voltage between
a pair of electrode plates.
2.1.2.2 Drop-On-Demand
The basic concept of drop-on-demand or impulse inkjet printing

is to project a drop of ink from an orifice onto the substrate as shown in Figure 2-2. The



drop is emitted by means of binary pulse acting on a mechanism, which delivers the
energy to produce such drops. In use, a succession of such drops is ejected in
response to a succession of drive pulses. The drops are projected onto a substrate to

form a predetermined dot matrix. The ink is contained in a chamber: at rest, the forces of

cave meniscus. One end of the
é

chamber may in the form o mng as an orifice. Depending

hydrostatic pressure cause th

on the manufacturer o ' s ‘applicatior e opening may vary from

e T v m—

general vary in the re nge of 2-8 kHz. The "-:-,:'-3--'------'—--«--: sually ranges between 1

and 3ms”. Most of thg\ks used ology are @ter based and have dye as

the colorant. Tﬂ Gﬁsﬁrrgevrrﬁ m%bﬂm] cﬂ:tjo about 18 cP. [4]
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Inksupoty - Data pulse train
atmospheric pressure

Figure 2-2 Drop-on-demand printhead



2.1.3 Properties of Inkjet Inks

Inks for digital printing require a special control on parameters like

viscosity, conductivity, surface tension, chemical stability, physical stability, pH and

foam-free properties. Without the color chemistry base and in-formulation technology,

the particle size distribution requi ot possible. A further requirement
is an ideal combination of in
21341

“importance. A humectant

such as glycol is the prim . b affec \ yarameter. In an inkjet system,
the amount of humectant af ctt 'r/u .u, 3, of \\ ing caused by dye precipitation.

Too much humectant would greatl - = !1' w of ink through a 10 LLm nozzle. The

efs_require a more viscous ink. This U‘ ecause, instead of high
LY

drop-on-demand prin

F)
e

pressure, the drop-on-cﬂ]an

g N eieng

2. 3 2 Specific Gravity:
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of the mass to be propelled (ink drop) for a velocity control, and to determine other

oustic \mve, usually produced by a

physical properties.



2.1.3.3 Surface Tension
Surface tension is one of the primary factors determining where
the actual drop will form in continuous inkjet printers. In drop-on-demand printers, it

helps to regulate control of the concave meniscus to hold ink in the system. Once the ink

)eraction of the surface dynamics
_j

ei ow of the dot will appear.

has been deposited onto the
of both ink and paper plays
2.1.34

The Bpti 21 Nt Uantitative evaluation of the

N

contrast of the ink agains medium
2.1.3.5 Did

The are also primarily important to the
continuous flow plottersstheink drops must be abie 10 2c an applied voltage that

Y S X

will determine where th@lrops are to be placed. In the H@z technology, drops are not

required to be pﬂt lua ET’TWWTW ﬂw ﬂuﬁelr way to the printing

medium, they pass through a high valtage field of proxnmately 2@ V. Because of
like chaiﬂj @eﬂ ai ;ueufmed &YNEJ:L@ME!L. The drops

intended to be part of the plate do not receive a charge. Therefore, when they go

through the high voltage field, there is no effect on their trajectory, and they become part

of a printed character.
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2.1.3.6 pH

The pH of the ink is critical for several reasons. First of all, the

solubility of the dye is greatly affected by pH. The hue of some dyes will change if they

go from a low to high pH value. There must be a correlation between the pH values of

the ink and of the printing media; otherwis ﬂ archival quality of the print may
deteriorate. For example, the ink is.as acidic ams, the resulting highly acidic

state will cause degradation offthe’paper anc \\n\ﬂ'\ 2d print. With a low pH ink,
therefore, it is advisable to ' '

Another reason i {'of the ink is that the orifice of some inkjet
A\

&

systems may be made of aterial gg. affected - If this is the case, the pH of
f; 'ar:; ¥
the ink should be close to neutral revent any corrosion.

2.1.3% : rstimulusVaiyges - ;
.ﬂ \.“
@hty control specification for col@d inkjet inks should include

e el ) PRI TTS NI g =

consistent from bq'ltch to batch. A colafimeter or sp?grophotometer take the values.
The Hu%ﬁflaalsqﬂaj/ mhggl m’l’a lI]dﬂ is'r aeﬂo lightness or
darkness of a color, a is related to redness (if a positive value is given) or greenness (ifa
negative is given), and b is related to yellowness (if a positive value is given) or blueness

(if a negative is given).
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Another widely used standard is promulgated by International

Commission on lllumination (Commission Internationale de [I'Eclairage: CIE), the

tristimulus values. This system measures color in the CIELAB coordinates L*,a*,b*. When

the results of the data are properly interpreted and used as a quality control tool, color

consistency of manufactured in

10 ganic pigments, alone or in

combination, may be sel i s ink. The pigment particles are sufficiently
. 3.5 ; }‘ ; . . . . .

small to permit free flow of the ink gh the inkjet printing device, especially at the

gjecting nozzles that.u ' ially have a diameter ranging from | ;, m to 50 llm The particle

size also has an influen@ onthep

the life of the mﬂaﬂrg pj WE] ﬁ%’rwy 1.1 ﬁﬁent the particles from

flocculation. It |sq'!||so desirable to use small pamcles for maximum color strength and
gloss. Tﬂ m’lﬁg ﬂ‘tj m ;merrl’; nﬂp’:] asﬂm Preferably,

the pigment particle size should range from 0.005 pllm to 5 Llm and, most preferably,

- abilE, which is critical throughout

from 0.005 tm to 10 Llm.[4]
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2.1.4.2 Dispersant
Dispersants are materials that can bind the pigment with one part
of a molecule, while the other is attracted to the vehicle. A dispersant typically coats the

pigment particles and then attracts a coatnng of the vehicle, which allows the coated

%d agglomeration of the pigment

as en@eric repulsion caused by the

particles to disperse easily in
particles are therefore mini

protective coverage.

nkjet printers is water-based inks.

hange inkjet systems or solvent
|

inks, which are primarily used in '- | inkjet applications. In water-based inks, the

o

liquid portion of the inkwhich is referred to as the vehicie isim stly comprised of water.
fi "-.

Water to be used in theﬂ\akeup of & uld be as c@mlcally pure as possible. It

e ‘F‘lﬂﬁﬁﬂ'ﬁfﬁ%’WﬂT f “§° .

trace amounts. Tﬂg water should be d\gtllled or delon ed.

Humectants are added to inks for two purposes: first to retard the
evaporation of the ink in the printhead, and second to act as a dye solubilizer. Some
typical humectants, used either alone or in combination with one another, are diethylene

glycol, glycerol, and poly(ethylene glycol). These chemicals belong to a family called
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poly(hydric alcohols). If the ink undergoes evaporation, several conditions may occur.
The viscosity of the fluid may be increased, thus altering the parameters of the ink.
The proper choice of the grade and quantity of the humectant to be used

in the formulation is one of the biggest challenges facing the ink chemist. If the quantity

V/;&.;don the printed substrate, even on

o ——

‘ rea@elivery system may fail as a

result of orifice clogging: ing in. deterr )e percentage of humectant

added to the ink formulati {ow-maximizetion of the ink system so that neither

N

k are perfect media for the growth of

giv Once a colony of either organism-has/become established, it is
V. Y )

both bacteria and fu

a possible source of oﬁe clogging. m, a bactericide and/or a

e AN NS

2 4.6 Surfactants

19" aiﬂiﬁ“ﬂi&ﬂﬂ&!&ﬁ&l e

substrate to be printed. The printing speed of inkjet printers is currently limited by the

is pr

relatively slow rate at which ink penetrates the substrate. The addition of surfactants to
inkjet inks permits the ink to wet rapidly into a variety of substrates without introducing

potentially toxic and destabilizing additives. The drying time is reduced from about 70
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seconds required for non-surfactant containing inks to as little as 5 seconds for inks

containing surfactants. Moreover, the addition of surfactants permits inks suitable for

high speed printing without the necessity for the addition of relatively large quantities of

solvent, which may injure the ink stability, materials of construction of the ink cartridge,

either type of polymer. A cgnc on o ‘u‘,. - oL 0.1% to about 10.0% of the

N :
total ink composition is G E \ about 3.0% being preferred.

VA

2.1.5 Pigment
Developi@ inks

factor in the apﬁcﬁrﬁ q;aﬁti lﬂe%wrﬁ ;pi.ﬁgﬁg physical properties

suitable for dropmformatlon while bsmg capable of producing sharp, dense and

pomanh hhoed b bd bd s ADLAR Lhocsio v

the materials it contacts as well as meet all of the requirements of a specific inkjet printer

and %tuon properties is a critical

type. Rheology and conductivity requirements differ between drop-on-demand and

continuous inkjet printers. Ink colorants must have the proper affinity for the substrate
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and have good fastness properties under expected end-use conditions. Some additional

properties required for inkjet inks are:[5]

Steady ejection of a homogenous droplet reproducible in size,

speed and direction;

with temperature change;

Bigme s, hich have no affinity for fiber,
are fixed on to the textile with bin agents in the pattern required. This description is
perhaps oversimplifie }_’;ﬁi:'.:;.’-T.I.:-‘.-‘.T.'K-}i;.;';;i-;;;;'.-;.;;-.’.:'; part from dyes that are

absorbed into the fiber ﬂd fixed of reacti Ij s specific to the dye.

Ffﬁsﬂ ’arﬂ Ej'mwﬁ'ﬂaﬂl ﬂsi upon three equally

important components

QW’]MQMEW’I’MHMH

- binder and crosslinking agents;

- thickeners and auxiliary agents giving the required rheology.
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2.1.5.1 Pigment Dispersions

Most of the pigments used in textile printing are synthetic organic

materials, except for carbon black, titanium dioxide of the rutile and anatase types,

copper and aluminium alloys, and sometimes iron oxide and titanium dioxide coated

consideration.

& 5

important:

racarboxylic acid, anthraquinone,
dioxazine and quinactidone pigment s, L
» Y

alo Yanirﬁderivatives.
AT

surfactants. The&!ngments are treateg until they have been reduced to the optimum
part|cle1;w t:l @loﬂn g m&m:]lg uﬂ r]ea EGL enough, the
prints are dull and gray: a particle size of less than the wavelength of visible light,

however, results in a loss of covering power and color intensity.
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2.1.5.2 Binder System
The binder film in a pigmented print is a three-dimensional
structure, the third dimension of which is of rather less importance than the other two.

The binder which is a film forming substance made up of long-chain macromolecules,

7 % produces a three-dimensionally

\\
AR

s. The degree of crosslinking

when applied to the textile toge
linked network.

able fixing process, which

bringing about either self-

should be limited, to pre ac _ 1€ gules \ oming too rigidly bonded, thus
: L]
preserving some extensibility. T ': int eriteria, which ensure that the pigment

R A

WIth‘n the Crosshnke L_.u\-n-:-lull-p-v.PA weat ahid-tical -';‘A' are elasticity, COheSion
L

vdro ysis&s little thermoplasticity as

possible and aﬁﬂﬁﬂrﬂgﬁaﬁ'ﬁfﬂﬂﬁ% solvents. The binder

used are all addltﬂn polymers, prefer%bly copolymers such as the structure in Figure 2-3

ARIANN I UANINYIA Y

) "'[CHg'—?H—CHZ—?H—CH-‘)—(';H—CHZ—?H],,—
(lZO ?0 (';O CN
OC4Hg OC4Hg  OC4Hg

F)
s

and adhesion to the sﬂstrate,

Figure 2-3 Copolymer binder
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The technique used is that of emulsion co-polymerization, which
leads to a product containing 40-45% binder dispersed in water. These dispersion
binders look like milk, are comparatively readily produced, and can be easily

transported for use. Moreover, they have the advantage of high concentrations of active

4

binding substances, together because they contain no organic

J
s isiies, DRrnAINE UBsn | -Wding film (softness, elasticity,

plasticity, solvent stability, astness nders can be tailor-made by
choosing suitable base pr: Sical ated monomers are used, such as

vinyl chloride, dichloroet ic dci I‘. ylic acid, acrylamide, acrylonitrile,

These are addeFT)w Ej‘naﬂjvl Wrﬁnuw Ejicjmlso have the capacity

to accumulate mymomers. As a resultgof this reaction, macromolecules in ? chain form
are procﬂeﬂﬂir@cﬂﬂ g.gk.uw t:l Qmmﬂn’l @pﬂorﬁonation of
two radicals, or by chain transfer to a monomer or to another macromolecule to give
branching. The addition of regulating substances can influence, if necessary, the length
of the polymer chain, in order to give the required properties to the end product or to

prevent premature crosslinking. The size of dispersed polymer particles is determined
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for the most part by the type and amount of surfactant present during polymerization,
and in the case of mechanically stable dispersion the binder particle is in the region of
120-300 nm.

While the prmts are being dried, a film is formed from the

dispersed binder. Its formation “ ‘ tages: flocculation (or coagulation)

, water and surfactants are
removed from the binder ’ A G __. porati he dispersed solid coagulates
to form a gel like layer o i ‘ s ] lich have only poor solidity and
adhesive properties. If t i all stable, more redispersible, dispersion
binders are used, these coagulal : n be brought back to their original form
by rubbing them wit ’ -

o

@ring he sec se, the gel @‘ticles flow together to form a

continuous fi flmﬁwu\ﬂ ﬁn,ﬂ Ejrw fwmaﬂbﬁmrmea depends upon

chemical consﬂtﬂuon but for pigment printing it lﬂsually around °C. The speed at
which th t% W ’-]1 ﬁ q;[;]. i m M mgf])’g yz]‘ﬂz’-]l?@(ﬂl acrylate), for

instance, can form a film at 0°C, whereas the more polar polyacrylonitrile is a very poor

film former even at high temperature. For pigment printing, such a film would require to
be softened by copolymerization with, for example, butyl acrylate, in a ratio of butly

acrylate: acrylonitrile in the range 3:1 to 5:1. The higher the ratio, the softer the film
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becomes, but at the sane time it becomes more thermoplastic and develops poorer
fastness to dry cleaning.
Binder systems for w/o pigment printing have been based on the

reaction products of polyols with saturated and unsaturated mono- and di-carboxilic

f urea- or melamine-formaldehyde

condensates. More recen w on butadiene have been

added to improve the d

acids, combined with the hydro

Dyes, mainly'aci u rants for inkjet inks, but they
are usually inferior in light-fastness and wate sistance. So, especially for industrial

: 5-;_;- blacks are also used.

For inkjet ink apphcatloﬁthe .

dispersibility anﬁﬁ ﬂ ﬁnﬁ é]eﬂ %&W i] }i ﬁ %ble for more than one

year, and partncl&.lslze of dispersions should be smaller than 100 nm in average to be

compardth FAINTHUALIBYNG B s

in general procedures, but such dispersions are not always sufficient in dispersibility and

rmequired to be excellent in

dispersion stability.[6]
The main objective of pigment dispersion is to separate clustered

particles and keep them permanently isolated from each other.[7] As a general rule,
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particles are associated in the form of clusters due to their high surface force (high free
energy per mass unit). The size of primary or individual particles is generally sufficiently
small and thus appropriate for its utilization in industrial process.[8]

The level of dispersion required in inkjet system is determined from the

fluidity of ink on the device, an : '%ility on the market. The fluidity of

ink is the same as the aqueous

The principle y' s yment particle is to keep the

on the surface of the pigment to decrease the excess surface &
—  aaa 3
f '

reasons, it is ﬁﬁﬁﬁeﬂ Erﬂ fwﬁq ﬂnﬁsmg apparatus, and

AN AIAUNAI NI e

optimum amount of dispersant, ionic repulsive force effect, steric hindrance effect and

particles to@ required level, for these

stabilization of the dissociated state by controlling the added salts, ions, impurities inside
and from outside. These factors affect the sizes of the hydrostatic, and electrostatic

radius of the particle in the vehicle. As important as dispersion is, the process of



22

dispersion stabilization, dispersion stabilization is by one of two basic mechanisms,

steric stabilization or charge stabilization.

Steric stabilization is usually dominant in solvent-based systems and is

achieved through the adsorption of solvated resin onto the pigment surface thereby

producing a steric barrier to flo blllzatuon is the common method of

achieving stable dispersio nvolves the adsorption of an

ionized species (usual face. Pigment particles with

ist flocculation.[9]

D\

" techniques to overcome the

similar electrical charges v yel each-othe
There arg
coagulation problem of inkje ubh asi yolyme persion, surfactant dispersion,

microencapsulation and surface M

hese techniques have been developed
for the next generatio ign ;u;m t improvement over the
existing inks.

ﬂﬂﬂ’?ﬂﬁ“ﬂ“ﬁ"ﬁ“ﬂ’m’i

Microencapsulation techmc& is descnbebby structure of
microe%;ﬂ;liaigq\ﬂm HM:]\::J maﬂﬂ@ (E-lpolymer layer
containing the pigment particles.lEncapsuIation polymers were synthesized using
automated polymerization reaction apparatus. Dispersions were prepared by means of

paint shaker or beads mill. General procedure was as follows:[6]



23

- Pigment encapsulation polymer (solution of 2-butanone),

base (usually sodium hydroxide), and deionized water were

pre-mixed.

- The mixture was dispersed by means of dispersing

er o \'\ washed several times by

spulse the filter cake. Coarse particle
- _sizes were eliminat d from the dispersion by centrifugation.
2.1.6.2 ace Mod

ﬂ uﬁﬁ ﬂ ET?T'%{WEF]W%S manufactured for

incorporation in alamts plastics, and‘other organlc media are treated with organic
reagents% Hdg a ﬂrz;]ejrgu ;llmm ‘-Lgpmﬂlaﬂnodlf cations
may be used for a variety of reasons that include improvement of the dispersion of the
minerals in organic media and modification of the rheology of mineral dispersion. The

surface modification dispersion technique is the technique related to chemical bonding
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and the number of functional groups of the surface of the pigment. The various surface

modifying reactions and interactions are such as

Modification by adsorption of acids, bases, salts and neutral

compounds.

olymenzahon

2nts offer great freedom to the

g

- c."l-l'l.l--l'll'A‘ll‘lll'll_,"l'A'l‘U"L‘-A cotHE :‘,‘ C d proprietary teChnO|Ogy

V. Py )

to modify the pigmemsurfac -

st oo B ST ST o

colorants has byan using its proprietary dlazomum‘chemlst (Flg re 2-4) to generate
plgme% u’lﬁ\ﬁ n jsw ;J wc’] g/mcg :tlra ﬂtlons of these

precursors yield products with both unique and useful properties.

g0 ctiona groups. A wide variety of
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R
2HN—®/ + 2 HX + NaNO,

ln,o

N—N—@ + NaX + 2H,0

Figure ' w: nw n chemistry

The're ive : a chemical “hook” in order to do
secondary and tertiary surfa e reactive group introduces the

desired properties. T VL J‘-l! 5 that are not compatible

with diazonium chemistry. There are many vanants to this @vem:stry, dependent on the

t,eatmem@@um VT TR VRS s, st
Y Wﬁﬂ'ﬂﬂﬁ“mﬂw ¢ Ny o

. Diazonium

Reaction

Pigment

Figure 2-5 Secondary surface chemistry
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A preferred reactive precursor group attached, using water
based diazonium chemistry is the aminophenyl sulfoethylsulfato group (APSES). This
reactive moiety is often used as the active portion of reactive dyes for textile

applications. Using APSES as an electrophilic base, it is possible to attach a variety of

”j&)olorant. The nucleophile type and

nucleophilic materials to the su

. l‘_
level can be varied based uirer entm@wiﬁc application. Dispersions
from this class of materi ' i dis \ vements in water fastness,

smear resistance, rub resi d media opertles

Silk is a natural pro tein fib reted by the moth larva Bombyx mori,
better known as the common silkworm, The silk is formed by4he polymerization of amino

*-J

acids with the generalﬁrmu S D m%‘ms of peptide links (-CO-

NH-) to give Imﬁcﬂw Er ﬁqﬂ y(ma%(wr{]upi ﬁ ‘nagflament fiber of high

luster and strengm and is highly valueg asa prestlge fiber.[12]

o Vs Bl i LRIV AR e e s
to withstand competition from synthetic fibers in many high-quality textile applications
because of its excellent dyeing characteristics, high moisture and absorbency, and
heat-preserving property. It has one major drawback that it does not blend easily with

other fibers.[13]
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Physical Properties

Silk fibers are strong, with moderate degrees of recovery from

deformation. Silk fibers are moderately stiff and exhibit good to excellence resiliency and

recovery from deformation, depending on temperature and humidity conditions. Silk has

a specific gravity of 1.25 to 1.30 anc U . regain of 11% under standard

conditions. Silk is soluble i s § ents such as aqueous lithium
‘exhibits good heat insulating
properties and is little a ad by Heat up to 17 ‘Silk has moderate electrical

resistivity and tend to buildfup Static charges.
Chemical Propetties /.~
F; i d-p‘

Silk is slowly att r"‘= 3
B IR

but is damaged readily by basic

SOIUtIOﬂS Strong o r)u lsﬁel_,lllu“ll.ll-’k‘llAIIlUlﬁinililn d l'apldly dlSCO'Or and

l

ittle e@t except under extreme

o S ﬁﬁﬂ"l%ﬂ IR |3 N1 S

rapidly in sunlught

o W'L@\ﬂ,ﬂiﬁu UAINYIA d

Appearance : The smooth, translucent surface of silk gives it a high

i

e

dissolve silk, whereasmeducing ag

luster, while the triangular shape of the fiber provides highlights that cause silk fabrics to

sparkle.
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Comfort : The hand of silk is usually considered to be the most pleasant
of all of the fibers. It is often described as smooth, crisp, soft, and dry. The pleasant
hand comes about through a combination of smooth surface, fineness of fiber, and

ability to absorb moisture. The smooth, fine yarns do not trap air well and the protein

with the fiber will cause some
damage. Silk fabrics have good ‘1@? f‘n- st nd usually will not shrink or
stretch. The resiliency of the fi ber »._ . will not wrinkle readily. Silk is damaged
by high temperature -': . rellowing =57

IR R'Z=ilie1111178 P Y

ong @er with good resistance to

Durabilitm . Silk
s T TN IR o

The sensitivity of‘gnk to perspiration |s¢of greater concern Silk has a %ry tenacity of 2.8 g

o ATOALIAUNAINGAY

2.1.8 CIELAB Color Space

The general use of chromaticity diagrams has ~ been  made largely

obsolete by the advent of the CIE color spaces: CIELAB and CIELUV. These spaces
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extend tristimulus colorimetry to three-dimensional spaces with dimensions that

approximately correlate with the perceived lightness, chroma, and hue of a stimulus.

This is accomplished by incorporating features to account for chromatic adaptation and

nonlinear visual responses. The main aim in development of these spaces was to

The CIE 1976 Color L. ; ated CIELAB, is defined by

Equations (2-1) through S ||zed to the white that are

(2-1)
) (22)
J
200[(Y 1/3 (Z 113] (2_3)

ﬂugjqus’]ﬂi (2-4)
A9 89N TRIEH WEI']ﬁ ) &

where

X,Y and Z the tristimulus values

X,,Y,,and Z, = the tristimulus values of the reference white
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L* = lightness
a* = redness-greenness
b* = yellowness-blueness

chroma

color space.

2.1.9 Textile Print
Digital printi /many as a key to reviving the
competitive edge of the textile -:"‘- | ; Digital printing has the potential to
shorten the Iead-tlm ...--;-._..-.-_.-_-.--.."..7.-...; ............. I ur __-n ductlon of samples, and

Y

st._mwe leading digital printing

technology for ﬁﬂtﬁﬁ Wgﬁ%wmtﬁ% applications are in

proofing and sanﬂle production. To a%rueve this objectnve sngmflcant improvements are

—_— RARSDTALIBAINUAR Sl

Print quality in inkjet printing is strongly dependent on the interactions

reduce production Iot&e and |

between the ink and the media. In inkjet printing on paper, the significance of ink-media
interactions is well recognized and has been extensively researched. Inkjet printing on

textiles, however, is a different matter. While the impact on print quality of the fibrous
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structure of textiles is no surprise, a true understanding of ink-fabric interactions and
their effects on print quality remains a wide open field for both academic and industrial
research.

Print quality issues in digital printing of textiles fall into several main

categories:1)appearance-relate' 5L clug o definition, text quality, resolution,

image noise, optical density o= ws; 2) color-related issues
including color gamut, €0 ‘ . \‘»\\5\ ; 3) permanence issues

sability issues including the
W)
\\ print quality issues are common

to both conventional and di inting nigues. i er, digital printing introduces

a number of problems of |ts n-:f-_

M jaggies (digital artifacts in edges),
——_.. >

banding (lines of missifg_color), and satellites {extra drop: vi {ink). Clearly, for digital
.

printing of textiles to @vance. 510

e ﬂuﬂawﬂﬂswawni
. ARIAN TN INYAY

The relationship between polymer structure and ink properties was studied using

° ‘men@ in print quality must be

a multidisciplinary approach. Waterborne styrene acrylic polymers, varying in
composition and structure, were used to prepare pigment dispersions and inks. The

rheology profiles of the pigment dispersions were measured using an oscillatory
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viscometer. Polymer solubility parameters were calculated with a molecular modeling
program and correlated with the pigment dispersion’s rheology and quality
characteristics. It was found that oxygen content and molecular weight were the most

important factors in pigment dispersion quality and performance for the polymer studied.

)tex systems in inkjet printing on

textile substrates. Pigments are incorp : @ive colored inks. The routine

p. Particle sizes, surface

tension, conductivity and ‘se | measured and adjusted to

meet the requirements ates are evaluated in four

aspects, colorfastness, ha ructure. The type of resin and

ink formulation are optimized and : i 3 pigmented CMYK ink system.[17]
= _/L ,,#J =

formulator due to restriﬂ) in Size amﬂhe need for highly reliable

jetting. The jet-i ﬁ utﬂlejuw 8ﬂ€ Wrﬂﬁ ﬂﬁtreatment to achieve

satisfactory levels of fastness to washing. As a further consequence‘yn-f ixed dye may
have toa H:J @Qﬂj m ;Mm ’] ’aa nﬂ;tl@ EJn may have to
be altered from substrate to substrate to achieve sufficient levels of fixation. Resin-
pigment printing represents a special challenge for inkjet printing due to the fact that
neither resin nor pigment is soluble in water or organic solvents. These two phase

systems are subject to problems with high viscosity, particle size instability,
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agglomeration, shear instability and phase separation. Despite these problems, resin-
pigment systems can be formulated, which meet requirements for delivery by inkjet
engines and give very acceptable properties on printed fabrics.

Pigmented polymer latices with sub-micron particle size appear to be a

promising and cost eﬁectiv@,
pr

%nting of a wide variety of textile
4

substrates. Very fine pa@ are@emulsion polymerization of
acrylate monomers and / nely grou ‘

"
promising system for use in.

dispersed pigments are a

ric printing is expected to be

could be successfully: . Bending rigidity, air perm: eability/and fastness properties

X J

were obtained on all prirﬂd samples. with glﬁs transition temperatures of

10t0-20 degrﬁ uﬁﬁwgwwﬁtﬁﬂeﬁd dry crockfastness

properties. Surpr&ngly high solids I%vels can be gxccessfully ink@ed. Increase in
viscosity%ﬂrgoa tﬁ mitg mgjsm:lg fnzl!’d]oa)rglation. The use
of a good hydrogen bonding, additive, in this case urea, reduces viscosity and
decreases the clogging problem in the continuous inkjet recycle line. Good hand and
crocking properties were obtained on silk fabrics in a wide range of fabric styles and

weights. Inks containing up to 20% solids with resin to pigment ratios of 2.5 or greater
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gave acceptable printed fabric performance. Resins with Tg value near —15 degrees C
would appear to be best for a good balance between hand and crockfastness for use in
silk fabric printing. It is anticipated that latices with mixed particle sizes may be capable

of giving lower viscosities at higher solid levels. The performance of the printing

formulation might also be impr smaller particle size pigments or

pigments with a different pa

Establishment / etwee \ treatment and the digital

printing quality can be he-use of dig mage analysis and optical

in terms of color—relatedl sus and appearse clated @ues. Results show that the

digital textile prﬂ Tl \H s‘:w H\ﬂnﬁw ﬂrﬂTﬁ Ttreatment The print

quality was not sEmﬁcant affected by fabric structyf and hydropWIty of the fabric
surfacesq‘ ﬂpﬂraﬂnnajgwcumglgllrﬂ ::-rla@liel\ics of digital
printing substrates. The print quality of digitally printed cotton fabrics with the optimum
pretreatment was as good as that of the high quality photo paper. This indicates that

quality digital printing onto textile fabrics is achievable.[19]
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The application demonstrates the automated print quality analysis to research
and development of digital printing of textile fabrics. Print quality (PQ) analyses were
performed using an automated print quality analysis system to quantify quality attributes

including line width, image noise, optical density, tone reproduction and CIELAB color.

correlation between the observed
,.-“‘..“.‘l—-

print quality and the wic i %tructure. As for the main

observations, it can be

Wicking tests were also condu

1). The subjective : ity-of in et printec on fabrics was as good as
printed plain paper.
2). A technique using | ission lighti 9 arrangement was developed to
observe the fabric structures mor early. - chnique was shown to allow the fabric
structure to be disting - v'.r.:.m’.’.:..:;.:::-;;;;;::;::;;;;:;:~: ----------- _,.» e of the fabric.
i

3) Several imp&nt print que nclud& line quality, image noise,

e o G YT W I o

analysis system. %e results clearly show the effi ca of using autorajted print quality
P ARIANNTUININGNY

4) The effects of several key fabric properties on print quality were studied.
These include fabric structure, yarn size, yarn type, and pre-treatment. The test results
suggest that the most significant fabric variables be fabric structure, yarn size, and the

hydrophilic/hydrophobic nature of the fabric.
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5) An image processing technique to enhance the signal-to-noise ratio in textile
print quality analysis has been demonstrated. The technique uses a simple averaging
method and is found to be very effective for analyzing print quality in fabrics having a

repetitive structure. [15]
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