CHAPTER 2

THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Theoretical background

2.1.1 History of Ink

The active histé inkj | it 7 26\ ord Rayleigh in 1879 began
i i ‘ ‘ \\\ |chards in 1938, Winston in
1958, Sweet in 1964, an i _‘ fe: he many who have developed
certain principles related to “These principles have been further
incorpo.ated into p ';-_-,:;: El MM_._‘“ data onto media to form

an image in either alp@ume , and c%t at an extraordinary speed.

This process ﬁlﬂezj‘wfj'ﬁnxgrmﬁ pTﬂ?sdata on letterpress or

roll. Unlike tradltﬂnal printing procesges inkjet is relatlvely young. It |s also fast emerging
as a %Wl@yﬂﬂi mumr‘wg mﬂr]raﬁﬂlverse printing
applications within the industrial and office sections. Inkjet is a versatile, non-contact
printing technique, which has grown dramatically in popularity over the last ten years.
Broadly speaking inkjet technology divides into two distinctive techniques for generating

droplets namely, continuous inkjet printing (ClJ) and drop-on-demand printing (DOD).



ClJ is the fastest form and is highly demanding of the properties of an ink for successful
operation.

In contrast, DOD printing is characterized by the fact that droplets are only
produced when required for printing and, in genercl, droplets are produced by an

ejection mechanism rather than by destahbilizing a jet. Several methods are currently in

use to do this, including val se,'ple: ermal and hot-melt printer.m

Ink jet printing ol device with specific fluid control

parameters. Microscopi pressure from an orifice onto a

substrate. The size of an oriﬁc . 0 to about 100 um depending on the

technology used. ‘W:‘. to the type of printer

)

used. Some printers mtput in monochrome (black); sc@e have a three-color output,

using the pnﬂwéﬁ wMW|ﬂ dmaﬁand some printers use

the four-color technology, which incfudes inks in the primary subtraetive colors plus a
AWIANNIUANRTIINGIQE
black inkg |
Ink jet printer offers quiet operation, high speed, énd compatibility with various
substrates. The ink jet technology is one of the most fitting for use in the production of
color fidelity and fine detail, ink jet technology is the best current candidate for use as a

hard copy device.



Table 2-1: Comparison of non-impact printing

Printing technique | Image quality | Print speed | Plain paper | Running cost | Maintenance
Electrophotography A 7{? 7% O X
Silver halide 51’% X X X A
Thermal transfer X~A X A A *
Dye sublimation X X ﬂé
Ink jet O 0] O
Electrostatic rec. A X
X = bad = best
2.1.3 Inkjet Tec
Two basic forms of ink jetp: , e the majority of ink jet printers in the
marketplace today. Fe first is i 1s flow ink jet.téchnology, and the second is .
Ve X
the drop-on-demand ﬁimp : ay. owaer, both these forms can be

N T T

projected from %he orifice onto the Bnntlng medlum or to the novelty of the ink in its

sopioAbridnd SOl UAIAINYA Y

1. Continuous Inkjet
1.1 Binary deflection

1.2 Multiple deflection -



1.3 Hert

1.4 Microdot

2. Drop-on-demand Inkjet

2.1 Thermal (bubble jet)
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2. 1 .3.1 Continuous InKjet Printing &,

qmmnimumwmaﬂ

Continuous flow ink jet printing has attracted attention because of its
ability to produce color graphics at a relatively high resolution. The continuous flow
technology is based on the principle of continuous emission of ink from a high pressure

source through a capillary of between 10 and 15 um. Drops are generated at frequency



of 40-45 kHz. The drops travel at about 35 m/s. The ink stream undergoes a charge/no

charge condition by binary switching. In certain Hertz technology ink jet printers,

individual drops, which are formed when the main steam of ink separates, pass through

a high voltage field of approximately 2000 V. Uncharged drops pass through the high

voltage field and are deposited on to.the srbstrate to form part of an image. Unwanted
_

drops have a 200 V charge applied (o them. '@ese charged drops pass through
- 2 e
the high voltage, they ar?lﬂd by the 2000 V" electrode and are deflected into a

reservoir.

Rager s Tmage, Linx, Videoiet, Wil
Hettz ¢ , Stiver Seiko, Tanation
Arayl Seitexy

Figure 2-1 Continuous inkjet print head

A print medium is attached onto a rotation drum. The printhead
containing the nozzles moves a distance of approximately 0.2 mm per step. The

incremental step are regulated by a stepping motor. Depending on the speed of the



drum, the number of drops to fill a picture element will vary. With the generation of
multiple dots per pixel and the small orifice diameter (10 ptm), some continuous flow ink
jet printers can print up to 300 dpi. Continuous ink jet printers can be used for a variety
of applications: seismic data, business graphics, medical scans, demographic data, and

mapping charts.

nd' impulse ink jet printing is to
project a drop of ink fro ific ‘ ate. The drop is emitted by means of
binary pulse acting on a hani _ \ ome models), which delivers the

energy to produce such a dro. nu ¢ ccession of such drops is ejected in

respond to a succession.g ve pulse The drops are proleSted onto a substrate to form

X 2

a predetermined dot vgix. The

nozzle assethT ﬂrﬁj M? Wﬂ%fﬂﬂarﬂ ?se the ink to form a

concave memsc%ﬂs One end of the ghamber may e in the form (gi diaphragm, the
other e% (ﬁv’l @ q fﬂ] jlgunzj m’rlganﬂrgl)a Etl)duct and the

application, the opening may vary from about 40 um to about 100 um. An electrical

ed'in a chaa)er (either a reservoir or the

driving pulse acts on the chamber, causing the volume of ink to decrease, thus emitting
a drop of ink from the orifice at a relatively high velocity. The frequency at which the

drops are emitted varies greatly depending on the manufacturer of the system. However,
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operating frequencies in general vary in the range of 2-8 kHz. The velocity of the drops

usually ranges between 1 and 3 m/s. Most of the inks used in this technology are water

based and have dye as the colorant. The viscosity of these inks varies from about 1 cP

up to about 18 cP.

Squeze

- v
FR BBV VET I RS Gocneriom czea n e
Q ‘
printhc;id to p’r'(])dé:e qgjro |e‘t% Thefmain techniques employed cammercially include
piezo impulse, thermal jet, valve jet and hot melt. The versatility of @D printing is not as
broad as CIJ printing. There are a number of reason including speed, throw distance
and ink performance. Speed is many times slower than ClJ and is dependent on the

technique used. Throw distance, a term used to describe the distance the drop can be

propelled without deterioration to brint quality, is much smaller, approximately a
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millimetre or so compared with over one centimetre with CIJ printing. Although print

quality can be superb with some systems ink performance limits the use to printing

mainly on absorbent materials

Piezo impulse inkjet is one of the simplest forms of DOD and censists of a

printhead with open nozzles and chan roplets of ink within the capillary channels

are ejected by the action of I. In the case of thermal inkjet or

bubble jet as it is comm the pie is replaced by a heater element
located on the wall o ‘ \\’\ ater Is activated by an electrical

signal, delivering energ , crea ‘ \ n\-._ ich grows rapidly causing a

is loGated at the nozzle which seals the

droplet of ink to be disp
In valve j

ink in the capillary channels. The "' der pressure and when the valve is

B
f

opened via an elect ‘: roperated sofenoid a farge dropi ";‘ ink is ejected.

V.

e

Hot-meﬂystems, dubbed phase-change mtems, have been applied to

most systems a’%gﬁmlﬁ%%:WHuﬂw ﬂcﬁ]binaﬁon with a piezo

crystal. Ink is heated within the printhéad to a tempesature above thegmelting point of the
ink, typically between 100 and 1§0 ICuand when?n elec?r'lclzal pt@e %]applied to the

piezo crystal the wall of the capillary channel deforms to displace a droplet from an open

nozzle.
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2.1.4 Ink System for Inkjet Printing

The inkjet printing system is becoming popular in the market. There are two
varieties of ink in the conventional inkjet ink system. One is water-soluble dye-based ink

and the other is pigmented ink.” Theses are summerised below as shown in Figure 2-3.

Anionic Dyes

Cationic Dyes

Aqueous Dispersion

Inks [

Aqueous Dispersion

P- ent-bhaced | | Inenluble + + o
‘g ﬂ.b’L‘(_{.___lﬁlﬂL‘.nll' I-ﬁ_-

o

Al';‘ olvent/Oil dispersions
i

ﬂUEI’JVlEWlﬁWH’]ﬂ‘i

Figure 23 Ink system used for injet
ART1ANN I UNNINYIAY

The first generation of inkjet ink is composed of water-soluble dye. The most

serious drawback of this ink is lack of waterfastness on plain paper. Another problem is

the difficulties to improve lightfastness from ink composition. Of course water soluble or

dispersable lightstabilizers can be used, but these additives slightly protect lightfastness
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of the dye because when it is printed the relative concentration of these additives

changes on the paper. Most current printers contain dye-based systems and the

majority of ink systems are aqueous. The dyes are mainly water soluble and anionically

charged.

Color pigmented inks, once designed and implemented in a printing system, the

inks must do their job. Pigm re popular due to their enhanced
durability of such ink s ug nent-baseekinks could become more important

for the production of digitali \\\\ size, stable dispersions, functional

\\\
\

addressed. The optimization of co ppigamut dranspat ency, UV resistance, hue must be
" _:-‘L" .-—;4 "

made for the intended use t -W

preparation of their Gispersions-and-th : i nuie ‘ t provides little benefit to

binders, wetting agents \- to be printed upon with dot

spread, bleed and fil pronn’__ 'n the specific application being

#

election of pigments and both the

achieve a fine particlempersion with a durable binder if l@ pigment particles flocculate

on drying or tfﬁ ﬂrﬂa&a ﬂ Efﬂﬁdwﬁ”ﬁlcﬂﬁ gamut will result.
Qqﬁf]nﬁ\inﬂim URIAINYIAY

When inkjet printers were first introduced almost all the inks were dye-based.

Today pigments have many inherent advantages over dyes as inkjet colorants. In
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printing applications that require permanence properties, such as waterfastness,
lightfastness, and rub resistance, pigmented colorants are preferred.

Pigmented inks are normally prepared in a two-step process. In the first step, a
mixture of pigment and water is milled or otherwise mechanically sheared in the

presence of a dispersant or stabiliz uring this step, the clumps of as-received

pigment particles are brok ﬁy particles. The primary particles

—
ies and.are thereby stabilized against re-

aggregation and/or settin ' oncentrate ‘.\ produced is then diluted in a
second step to a workin k by ad| ion of co-solvents, called humectants, and
ially available pigmented inks
produced by this method g ly: res LS| erage particle sizes in the range of 100-

200 nm, with particle size dist f} 5 offen ding to greater than 400 nm. The first

requirement of a |£, nted Nk 1St \- persion is stable over a
reasonable range of temveratures and times. m

The mﬁ duf\jefa %&} %Wﬁ ﬁuﬂtﬁlustered particles and

keep them 1ﬁermane é ﬁla%d frofm ﬁ%hﬂ o’tD]e’éj ﬁ aEl sD]eraﬂJule particles are
assomatqd in the form of clusters due to their high surface force @gh free energy per

mass unit). The size of primary or individual particles is generally sufficiently small and

thus appropriate for its utilisation in industrial process.(S)
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2.1.5.1 Fine Particle Dispersion of Pigment

The level of dispersion required in inkjet system is determined from the
fluidity of ink on the device, and from the storage stability on the market. The fluidity of

the ink to optimize the inkjet device is to have the low viscosity and to show a Newtonian

flow at the required pigment ¢ ,\ ion 5 quired level of storage stability of the

he surface of the pigment is

particles aggregated is broken

size by external friction force and

(3) Sta_Eization of the pigment particles 'chieved by an adsorption of

ﬂ nHFrENSNTINg

e principle of finely dlspersekplgment partl is to keep the
dlspers%ﬂ:e] ta Qn‘jumsurmflfa nﬂ r]nﬁ ﬂﬁerence of the
specific density between pigment and vehicle, and adsofption of the dispersing agent

on the surface of the pigment to decrease the excess surface energy.
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For dispersing the pigment particles to a required level, for these
reasons, it is necessary to select the suitable pigment, dispersing apparatus, and
dispersing agent.

Stability of adsorption depends cn the selection of the dispersing cgent,

optimum amount of dispersant, ionic rep Isive force effect, steric hindrance effect and
stabilization of the dissociate d s \ ntroili @added salts, ions, impurities inside
and ;rom outside. Theseg ydrostatic, and electrostatic
radius of the particle ln |sper310n is, the process of

dispersion stabilization 4@isp tabilizatio e of two basic mechanisms,

steric stabilization or chg

Hydrodynamic,

ec¢trostatic radius

Electrostatic,
ionic repulsive force,

steric hindrance

Figure 2-4 Stability of adsorption(s)
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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 flocculation. Charge stabilization is the common method of

achieving stable dispersions in water-based systems. It involves the adsorption of an

2152 hy \ Mated Ink

The tech ‘ :‘i‘n'ﬂ em progressed very rapidly in these
e B [+ )4y -

AT \
several years, but the col 5 do :.r“.é roceed, that fi this decade. There are many
a2 ‘

pigment dispersion technologie :‘**‘7“%7»}.‘ oagulation problem of inkjet ink, such
as, polymer diSpersibRr—ouHactant-—CHoRporiorm—ticion encapsulation and surface
poly P iy " p

.
modification. These tetﬂologies ave been developed mrs' e next generation inkjet ink,

o NN IINMN S
RN INYAY

The targeted inkjet ink must satisfy all of the following three

performances; reliability, print performance, and print durability. Therefore, we have
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devised a water-based polymer emulsion containing a water insoluble dye or pigment to

satisfy the above performances as shown in Figure 2-5.

Water insoluble dye or pigment

er matrix

7

print reliability. Since additi Hoh ‘_ c e helating agents, humectants and
J_;.,'.- i |

buffers are added to inkjet in -r lymer: ion must be stable to these additives.

Generally, hv-— 1 ste ' : * known to stabilize polymer

emulsions. The stericam stabilized emulsion is known to m relatively insensitive to inkjet

‘o o/
additives. Theﬂoﬂﬁlﬁ%«%rﬂj%ﬁsw E}@]aﬂ %igned to be stabilized
Y
by a %hﬁteric effect and a re£onably electrostatic effect. Mofeover, dispersion

TS g Anga

stability frelies on particle size and distribution. Average partic%e] diameter was

controlled to be around 100-200 nm and largest particle diameter below 400 nm.®
The inkjet colorant made from polymer emulsion containting water

soluble dye or pigment exhibits outstanding dispersion stability, excellent heat stability,

fine particle size, high compatibility with ink components, low viscosity and controllable
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surface tension and satisfy all properties to use for inkjet colorant. Pigment-containing

emulsion colorant shows good rub resistance compared with the conventional pigment

dispersions, which can be applicable to highly durable purposes.

b. Surfactant dis

{é_

of structures providing both water-

hating, “hydrophobic”, ' \\\\\ ‘ haracteristics built into the

same molecule. These hydrof the water molecules at the
surface and give the wg hy 0 w | ‘\n‘ ies. Attached to the organic
hydrophobe is the hydrophile- 080 -’"; ¢ '& ‘often a polyether or acid salt.

Recently a W ies have been reported on the stability
of aqueous suspen &ff‘_'*ﬁ*“-:-'---~-;\' actants, which described

that a small amount o.murfactan narkedly affects the @ﬂlity of suspension. On the

other hand, trﬂeﬂtﬁi ﬁ%ﬂ%{“ﬂw aﬂ 7ptisation of sols and

dispersions has een extensively investigated both experimentally apdstheoretically. The
ﬂocculﬂrﬁ ’lﬁﬂsﬂ j SM)HH ’] fA/ Y g!/;lﬁvrgﬂlon mechanism

of surfactants. Adsorption of a second layer of surfactant molecules due to Van der

Waals attraction force between the hydrocarbon chains is then possible with the ionized

groups of the second layer oriented towards solutions. Therefore, when particles have a
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twofold layer, they attain a highly negative charge which causes repulsion between the
particles and consequently stabilization of the suspension results.”

Because of the relatively low dielectric constant of all the common
organic solvants, the electrostatic stabilization mechanism is not effective. Instead, we

must rely upon the so-called “steric stabilization” mechanism. This type of stabilization

is generated via the absorptic or ¢ attaat, resin or polymer onto the surface
of the pigment particle appreach. each other, and the layers of
adsorbed material start t gffe vely. repe eéch other. Steric stabilization
can only occur when t Soluble in the continuous phase. In
polymer solution theo Theta Solvent Conditions” is
required.“m

When 1 #?;%f; dersion with low molecular weight
surfactant, the ;— ind loweiing the interfacial

tension, making panme deagglomeratation more favorable. The surfactant also

e N T A

efficiency.

QW’]ﬁﬂﬂimﬂﬁ’]’JﬂmﬁH
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c. Micro-encapsulation

Recent improvements of print qualities of inkjet printing are

remarkable, and achieved the photo quality. Inkjet printirg has been prominent in color

printing of consumer use. For industria

application, inkjet printing is used for graphics,

BeCAulaihki t printing is non-contact printing, it

can be thus applicable f iouS Substa ce

W
ENNY

as colorants for inkjet inks,
ater-resistance. For industrial

sumer use, carbon blacks are

also used. . -

the dispersions of pigments are
required to be ;ﬁ: . The dispersion should
be stable for more thaﬂne year, and particle size of disp r;' sions should be smaller than

Ll aveﬂ%@%ﬁmﬁ“wmﬂ‘i

Pig ments arel"dlspersed mu(ater with dnswsants in general
RDAINIWENINEINY
procedutes, but such dispersions are not always sufficie ispersibility and
dispersion stability. In the process to develop the pigments which are suitable for water-
borne systems, we have found that micro-encapsulation technique is excellent to modify

the surfaces of pigments for water-borne systems. These dispersions were very excellent
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in dispersibility and dispersion stability. Moreover the dispersions showed excellent

. & 1
resistance to water-soluble organic solvents.”"”

encapsulation polymer water base

Solid pigments

0 |. of 2-butanone

\17 /

Conc. dispersion

Figure 2-6 Preparation of micro-encapsulation
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d. Surface modification

Surface-modified pigments have been developed for industrial
inkjet us2."® Requirements (printer compatibility, print performance, and ink stability)

and major concerns will be presented with respect to colorants (dyes and pigments).

Inks containing currently-used. in rial ink d conventional pigments, surface

d
modified pigments are v from co |gments and offer significant

N
-

N

king ‘or limited in some property
se they perform better than
“conventional pigments”. iorial pi are defined as pigments that are
stabilized by adsorption of dispersing @ ant or polymer). The dispersant is in a
dynamic equilibriu ;fﬁ:‘} also desorbing off .2
| T
pigment going onto thﬂuspending iquid as shown in Figlre 2-7.
‘o o/
f UH IV TR o e =
U
polymirq difﬁersl]ané gér‘\efilly have“ow surface teasion and high wiscosity. Ideally the
ll r] q H;l aﬂw@ g‘! ink formulator

pigmentidispersion would have properties much like

the flexibility to adjust the surface tension and viscosity to the desired level.
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Pigment

saitels Pigment

particle

‘used in traditional printing ink,
is generally not used in industri it systems du to deficiencies which include ink
stability, non-uniform jetting :Pnf’ ctert _‘ y in drop size, large changes in
viscosity, foaming ‘)‘: “ e cloggin: I-I." he nozzle or in the printer.

Inks with conventionarmgments can work in an industriﬂrinter. but usually for a very

e, {1 NENTNEINT
SV MBIV i T A

technolo!y that enables to chemically attach a wide variety of functional groups to the
surface of pigments.m’ A new technology that modifies the surface of pigments without
adsorption, but with the attachment of chemical groups as shown in Figure 2-8. This
technology involves the controlled chemical bonding to specific types and amounts of

functional groups to pigment.
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Carbon black or organic pigme ) 3\ Cufage modified pigment

=

Irdaction Using earbon black by Cabot Co.

IR

\\ oieties to be chemically

\. N equilibrium with the suspension

bonded to the black pig

; . -
liquid, and they do not behave ("{--m

ents. The technology involves the

controlled chemical D affiounts of functional groups

\Z Y]

bonded on the surfac - ay ‘xtended recently to organic,
t )

color pigmentstT using thigsmethod.

U 93
qu g\’ligcmleﬂom Epﬁoﬂ :f]ere] pgducts rely on charged

o8y ) PR VIR B o

electrostatic stabilization. As a result this new pigment dispersion set does not contain

any internal dispersant.
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Surface modification chemistry, when color pigment surfaces are

modified with ionic groups, stable pigment dispersions with favorable physical

characteristic can be achieved for aqueous inkjet ink.

2.1.6 Textile Printing

The pigments use { m synthetic organic materials,
except for carbon black. yithese. syntf pigments, the price, the

fastness properties, the Filli d-the ng pov H the many products are all

& (14)

Azo pigments it or yellow, orange and red

Naphthalene, perylenetetracs ; . for very fast and brillant

aCld anthra | ;v-\-v—--u-hvrnlnl:l-uln— ----- ;” s red anu I|Olet Co‘ours

~ -
quinacridone ;I‘ U}

prﬂ“ﬁﬁﬁe‘wa\w%’ e

Halogenqed products

Textile inkjet printing for proofing systems and short run productions can shorten
the total textile print production time scale, with consequently considerable savings. For
the future this technique will gain much more interest for textile printing because of

" 15)
improved systems.(
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In traditional screen printing the investment costs for the machinery are high
whereas the running costs are low. In inkjet printing this is just the opposite: low
investment and high running costs. The costs for one meter squared (mz) textile printed
traditionally are going down with longer run lengths. In inkjet costs are nearly the same

point where the costs for traditional and

for shorter and longer run lengths.

The greatest divergence i 7 i bost print processing that will

be acceptable. A num s.arek x\. eloped based on standard dyeing

processes currently us j ‘coloration. \ stems require different dye

classes for different fiber typ ! quire post steaming, washing and drying

to achieve acceptable properti 35_51,;:‘_ bric. Other experts feel strongly that

fabric printing mus r.:;—-"“— aper pr ocessing requirement. A
¥ R

number of variations y!w
‘o o/
onins e (A RAY RGP B G o rarscur
4y

chain inkjet printing will actually be pﬁrf,ormed. Those who believe thaf inkjet printing will
AR TN I AN A 8l

replace @urrent printing technologies in the textile industry feel that post processing will

Tl
een these two extremes have & een proposed. The different

be readily acceptable. Those who feel that inkjet printing will be practiced by design
studios, apparel manufacturers and retail establishments argue for litttle or no post

" (17)
processing.
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2.1.7 Textile Fiber and Their Properties

The substrate to be printed must be chemically and dimensionally stable at the

printing temperature. Fabric structure is an important feature which determines not only ..

the amount of shrinking induced at hig

Textile fibers have be | or the last 4,000 or 5,000 years. The

fibers most commonly us . Many man-made fibers were

produced in the first half ¢ at time onward tremendous

advances have been m y, primarily modifications of the

parent fibers to provid bination for specific end uses.
- 73
Of the many natural fi hose th videly used are wool, cotton, flax,

and silk. There are 19 famlll w ! ibers and many type modifications,

variants, or second Hitd-gener ation e
y.

.|I
1l ]
L

Natural Fibers. Man-Made Fibers
ﬁL&J&l PA] EJWI‘? N Edceldehnd rraceta
otton s Acrylic
ammmzu R I N:l
Jute Aramid Olefin
Mohair Azlon Polyester
Silk Glass Rayon
Wool Lastrile Saran
Metallic Spandex

Modacrylic Vinal

Novoloid Vinyon



29

2.1.7.1 Natural Fibers

a. Silk

Silk, a protein fiber. The protein is extruded from two spinnerets,

one on each side of the caterpillar, as a pair of continuous filaments between 3000 and

4000 m in length, joined together b

Silkeis"thevery fird stranaoffiber and universally accepted as a
luxury fiber. Silk has 10t possessed by any other
bsorptlon lively suppleness,

fiber: dry tactile hand, n

draping qualities and hig

Physical Strueitire -

= er. Itis a solid fiber, smooth
\7 Y}

but irregular in diametel I along S re “ ngular in cross section with

rounded corneﬁllﬁﬁﬁ ﬂ ﬁ ﬁ %{W/gﬁﬁmh 'j
AR B shen SAURIINIAY

Silk fibroin contains CHON in polypeptide chain. Silk has reactive
amino (NH,) and carboxyl (COOH) groups. There are some amorphous areas between

the crystalline areas.
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Durability Properties

Silk is a strong fiber with a tenacity ranging from 3.5-5.0 g/d dry.

It loses some strength when it is wet.

Comfort Propertie

Silk has'g " ) bsorp Y p moisture regain of 11 percent and
- . J

it is hygroscopic. This maREe IR abrics nwmmer in skin contact apparel.

L NNNENS

Silk is a poor conductofor | d raw silk sumngs are comfortably

\\ N\

warm. The weight of a fab#iC g at . 3 ' o |ty sheer fabrics, possible with

filament silk, will be coo are \ s
soft and is thus not irritating to e S \

ftﬂ"{ 4.-:» ,

,f.'f;."' ..t:!* ,

| be warm. Silk is smooth and

L= woore Propefies ———J i
'y;' l;"' ‘
Silk fibe , ey swell a bit when wet but the

molecular cha'ﬁ ﬁﬁﬁlwﬂﬁﬁwwi‘fﬁﬁk if washed but this is

the result of yarmstructure not fiber cgntent
q wr] a ﬂﬂkim .u Mre d‘g l]a&lar] a H thness of the
fiber. Silk is harmed less by strong alkalis. Dry cleaning is usually recommended for silk
garments because of the yarn structure or non-fast colors.
Silk is resistant to dilute acids and to organic acids. Silk is

sensitive to sunlight, which causes white silk to yellow silk and all silk lose strength.
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b. Cotton

Cotton is the most widely used of the textile fibers. Cotton has a

combination properties of durability, low cost, easy washability, and comfort. The cotton

fiber is a single cell structure taken from the cotton plant as a seed hair. The parallel

fibers from slipping past each other, t

ontributing to the strength of the yarns when

they are twisted together during s

solor. The fiber is a single cell,
which, during growth, ollow cylindrical tube over one
thousand times as long & " depends on the staple length,

the number of the convolutions, 2 of the fiber.

I!E

e . Pin
Chemical Com) and Molecular Arrangement

AU s

fabrics it is galpercent cellulose. ‘Lnke all cellulose fibers cotton contains carbon,

hydrogq m‘l@ ﬂ\m ‘ifu uu(l)a nﬂ 'lﬁ EJs 2,000-12,000

glucose residues per molecule. The molecular chain is a spiral form.
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Durability Properties

Cotton is a medium strength fiber having a breaking tenacity of

3.5-4.0 g/d. It is stronger yarns because there are more points of contact between the

fibers when they are twisted together. Cotton can <tand rough handling during laundry.

The elongation of cotton is low, 3 percent, and it has low elasticity, making it a rigid fiber.

\ -contact fabrics because of
its absorbency and its g@od / Heiaethic ‘ ity. It is lacking in any surface

characteristics which mightgbefirritating 9 the tton has a moisture regain of 7

' (i 'd-
percent. When cotton beComes wet, the fit swell and become somewhat plastic-like
4 g « 44

P—

(plasticized). This property mak s it possibt give a smooth, flat finish to cotton fabrics

when they are irone ' 7 - .f'l

{l

ﬂuﬂ‘lf'ﬁﬁ‘ﬂﬁw g1N3

Cotton flbers‘are stable. They do shorten a bit when wet but on
drymgﬂew lﬁ ﬂﬂim urma Q nu:la Hhe result of any
property of the fibers but rather is a result of the finishing process of the faoric.

Cotton is harmed by acids. It is not greatly harmed by alkalis.
Cotion can be washed with strong detergents and under proper conditions it will

withstand chlorine bleaches. Cotton is resistant to organic solvents so that it can be
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safely dry-cleaned. Cotton is attacked by fungi especially in starched fabrics. Cotton
oxidizes in sunlight, which causes white and pastel cottons to yellow and all cotton to

degrade.

2.1.7.2 Man-Made fibers

%~
—

\1\\,

’\\

%
)

synthesized much had been
learned about high polym ners Many of the problem of
production had been 1\ luster and strength, spinning
methods, making of tow i of staple. Polyester is made by

reacting an acid with an alcohO —Fhe fibers arc melt spun by a process that is very

similar to that us~deto- make n n. The polyester fibe rstafe hot drawn to orient the

\7 Y )

molecules and make 15 nifica \ r stréngth and elongation, and especially

S vl 117) () g

of the splnneretqole modifications |n‘the Cross- sectlon shape are possmle S

Qﬁ?ﬂﬁﬂimmﬂﬂﬂﬂqﬂﬂ

Physical Properties

Polyester fibers are produced in many types of filament yarns,
staple fibers and tow. Filaments are high tenacity or regular, bright or delustered, white

or solution dyed. Staple fibers are available in deniers from 1.5 to 10 and are delustered.
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They may be regular or low-pilling or high tenacity. A variety of cross-section shapes are
produced: round, trilobal, octalobal, oval, hollow, voided, hexalobal, and pentalobal (star

shape).

and Molecular Structure

Chemical Com .\~ Si

tured fibers in which the fiber

2esed.of at least 85 percent by weight

»\\‘r\ b HOOC-C,H,-COOH)-Federal

A

\ O

forming substance is an
of an ester of dihydric
Trade Commission.
two kinds of terephthalate
D fon were spun from polyethylene
terephthalate (abbrevuated as j}' r‘f]" ' nning solutions may be homopolymers

or copolymers. ; Stymers— l rength swaple fibers used

rpets Polyester fibers have st 3ight molecular chains that are

primarily in knits anc

packed closeﬂou\ﬂa@ WEPVT% »w \Er}/‘g‘ﬂ ?rogen bonds.
AR ﬂﬂﬂgmmﬂq? NYNY

The strength and abrasion resistance of polyesters are quite high,
and the wet strength is comparable to the dry strength. The high strength is developed
by hot drawing or stretching to develop crystallinity and also by increasing the molecular

weight.
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Comfort Properties

Absorbency is quiet low for the polyesters, ranging from 0.4 to

0.8 percent moisture regain. Fabrics are resistant to waterborne stains and are quick

drying. Polyester upholstery fabrics have more stability in humid weather than nylon,

which has a higher moisture regain. Polyesters are more electrostatic than the other

fibers in the heat-sensitive gro acteristic of fibers that have low

absorbency. Static is a de

edisadvan gw is attracted to the surface of
/ 0 e\\‘\n“‘\ﬁ\ eat.

fabrics and it is difficul

>covery and refers to the extent
and manner of recovery from dei —Polyester fibers are generally resistant to

acids and can ._-_" o/gen bleaches. This is very

()

important because theﬂrg ] 1 .‘JJ is in blends with cotton for

i !
durable press.ﬁeﬁﬁﬁ%o ﬂlﬁcﬁk ﬂcyi) ﬁnl%ht damage.
!
| o ¢ a Q/
& V) 6 leiokeadb HA1IVIEITE )
9
A blend is an intimate mixture of fibers of different composition,
length, diameter, or color spun together into a yarn. A mixture is a fabric that has yarn of

one fiber content in the warp and yarn of different fiber contents in the filing. A

combination yarn has two unlike fiber strands twisted together as a ply. Blends, mixtures,
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and combinations give properties to fabrics that are different from those obtained with

. (23
one fiber only. )

L 9)
Blending is done for several reasons:

1. To obtain cross-dyed =ffects or create new color effects such

as heather, when fibers with unlike dye affinity are blended
:--,_‘_L-. and finishing efficiency for

elf-blends of natural fibers to

L
. or fabric appearance.
pensive fibers can be extended by
e plentiful fibers.

< - ormance. This is perhaps

1 "
| | .
J the most important reason forBlending. In end uses where

ﬂ u El 53% Wﬁ qlmolyester blended with

cotton or Provide strength and resistanagto abrasion, while

ARTANT IR NEa E

the cot
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2.1.8 The Textile Testing

The two groups that have developed the most widely used textile testing
methods are the American Association of Textile Chemists and Colorists (AATCC) and

the American Society for Testing and Materials (ASTM).

The American Association of *] f |sts and Colorists is composed of
n

e chemists, others working in

—

persons from the textile

varying segments of thgte> ' e/ \ ducatersy The Association establishes
testing methods, large \\ \ sting, and maintains an active
educational program implen & @- ’ d regional meetings, and a

#l--i
monthly journal, the AATCG'Re e /,‘;

Tests established by rff’,:‘ erica ."_ ‘ for Testing and Materials are more
2225
- : S RS . (30)
specifically focuse C fapric construction.

] X

Iy f ]

2.1.8.1 ColopMeasurement @/

Pl EJ’J?’IEWI‘?WEJ’]T]‘?

AR AATOIHNAT R T b= o

systems that have been devised to classify colors. However, the Munsell, Ostwald and
CIELAB systems are three most widely used color order systems. The CIE (Commission
International I'E'clairage) tristimulus value system was formulated in 1931 and is not

based on the perceived color of the object but on the principle that the stimulus of color
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is dependent on the interaction are proper combination of a light source, an object, and
a standard observer. The CIE tristimulus values are the mathematical values X, Y and Z
(31)

that represent the spectrum of the primary colors red, green and blue respectively.

From these XYZ values, the CIE constructed the xyY Chromaticity Diagram to define the

Air perm i | L bifityof 2 s through a fabric. Obviously,
where openings betwee .- : . 1yarns are large, a good deal of
air will pass through the A ' > compact yarns are packed tightly

into fabrics with little air space-tetw! ==--; the flow of air through the fabric is

:,w

diminished.*

1% Y]

Some Bnishe
decrease air Wﬁﬁ ? Wﬁﬁ%{wﬂﬁ ﬁeﬁnghuy. Fabrics may be

coated with an&\er material that clc&ses up lnterstlces in the fabnc To make garments

it er oo e ol AN S e

a fabric with low air permeability (such as closely woven nylon) may be combined with

& “J g of thermoplastic fabrics

materials of low thermal conductivity (such as polyester or acrylic fiberfill or with pile

fabrics) that trap air close to the body.
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The most commonly permeability of fabrics to gases measured is that to
air or wind. The ability of a fabric to resist air (low air permeability) or have air freely
flowing through it (high air permeability) is dependent primarily on its thickness, porosity,
construction, geometry, type and amnount of finish and coating and similar factors.

Generally, the fabrics are ranked from | st,to highest permeability in amount of cubic

feet of air that passes through ' > M ic. Air permeability prediction and
-ﬁ
measurement is more C ch as nonwoven fabrics than

it is for less permeable s . % oen related and correlated with

numerous other fabric \ ave usually been made in an

attempt to relate them t tile

CJ
=R

\ be discussed in detail later in

this chapter.

I‘_ l :‘?;itl [
5

9, ,,., —_—
ﬁ ﬁ‘ff’? NEM W’E‘]ﬂ 'ﬁ?t possible to make a

flexible yarn from an inflexible fiber. Moreover, the way in which flb are combined in
the yalﬂvﬁ’l @iﬂlj mg m ’1 grnaﬂ@ éEbl/arns in which
fibers have less freedom of movement, will be less flexible. The most flexible yarn of all
should be the ones in which the filament fibers are combined with little or no twist. The
least flexible yarns should be those in which the fibers are bonded together by an

adhesive or fused by heat or chemical means. An excellent example of this principle can
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be seen after a heavily sized fabric with a water-soluble sizing has been laundered. The
fabric after laundered will be much softer and more flexible when the sizing that has held
the fibers together has been removed.

Stiffness is the ability of mcterial to resist deformation. In the case of a

yarn subjected to a tensile force or pull} gtiffness is the ability to resist elongation. The

units for stiffness are grams px ‘ elopgation.

ﬁ

Average. sii the ‘t|ff SS C aterial from its original state to

breaking point. It is the o unit breaking strain and thus

increase in strain. Avegage Stifi e general character of a material

indicates the average sftress \ \\ ibility of the material per unit

with regard to the stiffness @ llty

The flexural of fabrics relates to their overall

mechanical integri ; .:d‘ studies have focused

nding stiffness and the measufer

on the mechanics of ent and prediction of fabric

ﬂuﬂ’mﬂm'ﬁwmn‘i
ammmgu YANINYIAY

The colorfastness of fabrics to a variety of substances and conditions

can be measured by the use of wide variety of specific testing methods and machinery.
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Some fabrics lose color through crocking, or rubbing against another fabric. Some
fabrics crock when dry, some when wet, and some when both dry and wet. ™

A laboratory device called a crockmeter, that can be used for testing for
crocking, works on the same principle as the home test, by rubbing a white fabric

sample across the fabric to be tested

The color pig inks_Used inwide format applications have been
applied to some of th manding ‘@ppli 7 which inkjet has ever been

challenged. Work presented Sincestheir intr i ) 1996, the design is complex and

the optimization is difficult to achieve-but wi achieved the result is dramatic. Color
ot T g e l..." o

pigmented inks s* - any sign = I::‘”;[: from several printer
)
suppliers which give perties which meet many of '.“I eeds of the fine art and art
oo BBV PG v otron e
Y (34)
based qand i merjat-b%f,eﬁm%. I!"aieJ (ﬁh;] n’ljo Vtglcg\lolﬁiyﬁd ner and Bermel
studied these ultrafine pigmented inks having average particle sizes of an order of
magnitude smaller than other commercially available pigmented inkjet inks. In verifying
claims that very small particle size pigmented inks would exhibit poorer lightfastness,

inkjet printing inks have been realized based on selected fine grade pigment

preparations. The choice between pigmented and dyed inks depends on the desired
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print-out profile such as color gamut, transparency, color strength and fastness
properties. Hauser and Buhler presented that aqueous, low viscosity, stable pigment
concentrates were suitable for further formulating.(35)

The pigment/binder ratio, coating, and silica type of major formulation

(36)

parameters on the properties of a model ting system was studied by Adair.” Three

important image properties ing ink capacity, CMYK densities,

and adhesion of the d vas found to be very important in

size as possible pigments in

N

determining the coating

consistent with coatin strains is recommended. There

is a tradeoff among pigment-oil absorbance, and

pigment/binder ratio.

A new emulsion colorantean solve | oblem about limitation of pigmented ink
oo

T ————————————— A {
on clear color and AR g 's 2 water-based polymer

]
emulsion containing amater insoluble dye or pigment. sutsumi et al.” presented that

s SR B APy o oo oo

color, waterfastness, and rub resistzf\ce propertiesaThe emulsion-lzased ink would be a
AWIANNIU NN IVIEI )8 8
technolagical breakthrough to improve the durability of an aqueous inkjet system.
The advantages of the oil-based pigmentary inks in the Xaar printhead were
studied by Schofield. When compared with conventional water-based inkjet inks, the

inks provide better performance including high lightfastness, absence of cockle on

paper substrates and a rapid dry time, which facilitated higher printing speeds. The
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color gamut accessible using a trichromatic ink system is, to some extent, dependent

upon the lightfastness required.(m)

The compromises involved were discussed, and
reference is made available for certain high chroma pigments that are only suitable for

use in non-aqueous ink systems. Enhancement of the color gamut, particularly in the

secondary color regions, by application @fja six ink set was then discussed. Finally, the

capability of printhead, and the it of s 1k terms of durability on non-porous
substrates such as film ssjwere m;
Tanaka et al. \\\-\ nd application to inkjet inks of

by
water-borne dispersion psulg pic s, as follows;

1. The dispersion L entl in dispersibility with median diameter of
around 100 nm.

2. The dispersions were ar under ambient conditions.

3. The inks ny- xcettent .;Jr" organic solvents.

4. The inks formﬂated from these dispersions srm/ed good print qualities and

¢ a .Y
agearo@HIRERTFN 1N T
U
QTWﬁ_o‘ﬁméc% ﬁd%:ts ufei]inﬁdy_s]tr"j i%ﬁip}irﬁkﬁ developed by

Johnsonfland Bok. The products are very compatible with common ink components and
have a wide formulation latitude."™ Yu and Gottberg in Cabot Corperation studied the
surface modification technology, from which the pigment surface could be modified by

attaching functional groups used to impart the desired physiochemical properties for the

systems. The color pigment dispersion set has high surface tension (>70 dynes/cm),
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low viscosity (< 3 mPa s at 10 % solid), small particle size, and reliable long term
stability, while providing an unprecedented formulation latitude and retaining the
inherent permanance properties of the color pigments.(m

The physical properties of some pigment-based inks were studied wherein the

commercially available specially treated iand modified surface as well as unmodified dry

pigments were used in theyfol nulations.” Bas#k d Dante found that the pigment
particles adsorbed a ner ins on their surface. As pigment
particles approach each , dgorbed |ayers rmingle, they lose a degree of

37)
freedom.

Kwan pres ire_of, resin/bi employed, which was shown to
affect the lightfastness oran botht /€ pigment. Polymers bearing UV
light absorbers as the pend Ul as-w styrene containing polymers, are shown

to destabilize the colorants ﬁggﬁ’rﬁ Zkjet printing market is approaching a
- e

receptor-less {V-' lor protection _1:_'"‘.1[- may prove to be vital in

realization of such recmtor-less applications. ™ 'm

The iﬂf%ﬁo‘?a %q E;w&'l %WH ﬂiﬂ%ﬁmultachauenges of the

emerging markets such as packa iﬁ'g textile anddarge format. Keflet*® described that
TN AN Y

printing #extiles requires much larger quantities of ink or more concentrated inks to yield

the desired colorant levels or color depth throughout a fabric. A larger color gamut is

required to equalize the traditional screen printing with multiple color inks. Work reported

a digital inkjet pigment textile printing, which offers both opportunities and challenges

when compared to the traditional screen-printing. The application of colorant to textiles
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by inkjet printing is very different from screen-printing, and the ink-fabric interactions
produce different results. Inkjet pigment printing provides a very different set of printing
and end use characteristics in the printed textile compared with traditional pigment
printing techniques.(‘"” Tian and Tincher explored the application of small particle size

polymer latex systems in inkjet printing,anytextile substrates. Pigments are incorporated

\l/

in the latex to give colored,| ! selecting microlatex and nanolatex

polymer resins is set conductivity and viscosity of

selected latices are mea equirements of the printer. The

printed substrates are astness, hand stiffness, comfort

and microstructure. T are optimized and used to

develop a pigmented '. and Yang presented very fine

article latices prepared by micra-emulsic erization of acrylate monomer and

containing very ,;; gre ispersed _—.!:“ which are a promising
.,I

system for use in inkje _printing of textiles.

in this case uﬂl %E; 630%%%;% i fpdFroven.”
RIAINTIUNNIINYIAY

e use of a gaed hydrogen bonding additive,
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