CHAPTER IV

RESULTS AND DISCUSSION

kt@sed screen ink were evaluated

on several ink properties. 1 prépare '-m. 19 thiesame pigment dispersion and

In this thesis, water-

two binders, which wer ere printed on the cotton
fabric. After printing, quality in terms of color,

optical density, tone rep astnesss were studied.
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a. Inkjet Ink
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deformation. Conversely, viscosity is a precisely defined quantity, which relies on rigidly

4.1.1 The szc ';-

defined, measurable parameters. It still, however, is associated with the ability of a
material to resist a deformation or flow. In order to appreciate the flow or rheological
characteristics associated with a paint, one considers how a paint proceeds from

manufacture to a final dry film. Generally, a paint contains four generic components:
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polymers or resins, pigments, solvents, and a variety of additives. Each component has a

dramatic effect on the theology of the material at each stage of its life.**

Komasatitaya® deduced that S-711 binder, which has a hydrophilic

property and good mechanical stabili ,// smooth ejection of the inkjet ink on

e inkjet ink containing a 1: 2

pigment-to-binder ratio gaye.me 7 tihe Best.p __-1 qu . Hence, S-711 binder and

ration of pigment-to-bind

relatively constant viscosity ¥ be observed from the flow
curve and viscosity in Flglises 4-1 and 4-2, re ctxvely Flgure 4-2 shows that curves

v sy LI 120 SID St v

characteristies of shear thinning. The paﬁtlcle aggregation occurred in @.¢olloidal system,
then an in Qﬂ r] ﬁr\liflvj mmmmngﬂg’lavﬂz will result,
among other things, in reduction of amount of solvent immobilized by the particles, thus
lowering the apparent viscosity of the system. The apparent viscosity of a system that
thins on shearing is most susceptible to changes in the shear rate in the intermediate range

where there is a balance between randomness and alignment and between aggregation
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and dispersion.45 Nevertheless, the ink is still the Newtonian fluid, because their viscosity
is converted a little. The inkjet ink should be the Newtonian fluid, which preserves a

constant viscosity negligent of shear rate.

Tabled-1 Ink viscosities of cyan, i \ ack inkjet inks
Inks ‘ ;,. Pas)’
Cyan
Magenta
Yellow
Black

a=at 25 °C, spindle number 18 a d

, Brookfield DVIII Rheometer
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Figure 4-2 Dependence of viscosity of inkjet inks on shear rate at 25 °C
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b. Screen ink

The fume silica was added in the preparation of screen inks. The

increasing viscosity gives the non-linear viscosity behavior, since surface of fume silica is

ig polymeric binder, a particle-molecule

ﬁg a three-dimensional network

4-34

fully hydroxylated. When mixed wi
interaction occurred. This wil ‘
structure, which is often call: In comparison to the
forces within particles or drogen or ionic bonds, are
relatively weak: they ru subjected to shear over an

extended of time.*

Figures 4-4 t on ‘- 2 ecrements of viscosity of the screen ink
- ties of pseudoplastic behavior and
have a yield value. The yield refestin eI where a minimum shear stress
must be exceeded be ‘;T ~ Besides the ﬁ value depends on the
presence of forces betweg the part; ond va@acy forces or electrostatic

forces. The phenomenon ha §'been linked with the’assum: EI‘ on of a degree of structure in

the fluid,* in whi wuﬂlgmuﬂnﬁ ul l@a on, thus initial curve
N TN T T IV e

three-dimen§ional network structure and of molecular orientation, which resultants drop in

viscosity.
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Figure 4-3 Particle-molecule interaction
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From the result of rheology of inkjet and screen inks, we found that the
inkjet ink is water-like in consistency and characterized as Newtonian behavior. Screen

ink is paste-like (short and buttery) and characterized as pseudoplastic behavior. Screen

Figure 4-6 Cross section thﬁ)nh a screen and @substrate during screen printing

ﬂumwﬂmwmm
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behavior and .the effect of shear. The viscosity of a print past is usually changed by
shearing forces, both under the doctor blade and as it enters the fabric. When the paste
viscosity has been reduced and good contact with the fabric established, capillarity forces

are probably dominant.



58

The ink must penetrate quickly into the substrate and not leave any of the
colorant at its surface. In as much as rheology of both inks is very distinction, the
penetration and wetting on the substrate is different and their impact to print quality too.
Penetration of a liquid flowing under its oW capillary pressure in a horizontal capillary

W

can be described by Lucas-Washbum e

@.1)

where

i e ad

Q=penetratio 1S ,. Y

]
r = pore radius 2 —r;. 7

|
0= contac}angle
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From Equation (4.1), it found that penetration might be reduced or increased when
increasing or reducing the liquid viscosity, respectively. Therefore, penetration was

believed to be operative during printing, determining the sharpness or density of printed

4.1.ZTheSurfaceTq on-of Inkjet _/('-4

Table 4-2 Surface tenslo //¢// ‘\\\\
- /// A

mark.

ck inkjet inks

on (mN m™)

Cyan \
Magenta

Yellow

Black 41.28

o i

From Ta 4-2 the surface tension of cyarﬁnagenta, yellow and black

inks were sumlaﬂl—ﬁ;m WWHW Water provides the

highest surface tefigion, which is 72 mN m™ . This value 1s reduced to 40-60 mN m™ by

mm@ﬂ%ﬁﬁﬂﬁ%ﬁ%ﬁ@%%ﬂﬁﬂﬂ
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4.1.3 The Stability of the Pigmented Inkjet Ink

Inkjet ink comprising pigments needs to be milled and filtered to much

finer tolerances than for the conventional screen or the roller printing. Inkjet inks must be

formulated with precise viscosi urface tension, specific electrical

long shelf life without settling

o —
or mould growth.”> Chemical#stBI.6f an i dispersien is the assurance given that

\*:..,,_\
pility refers to a system that

N

occur in the inks as shown in

conductivity and temperatur

no agglomeration or pa

has observable settling.

As shown ig f 1-3 weeks, little increase in

viscosity was observed becais

Figure 4-8. Consequently, the pig s were corroborated to be steady, as

measured every week that f tgmperature at around 25 to

30°C. The steady staie 7 nen-interaction behavior or

environmental stability. @cause S-711binder 1s a non-ionicﬂ)lymer dispersion, whereas

o o i ) 2 gy P i d i

dispersion in the ifik system could not b& possible to occur

QWWﬂ\ﬂﬂimﬂJWﬁﬂEﬂﬁﬂ
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Figure 4-8 The particle size stability of the pigmented inkjet inks
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Interpreting the results in Figure 4-9, it is evident that flow behavior of all
pigmented inkjet inks is Newtonian in nature. This reveals that the ink maintains a

constant viscosity regardless of shear rate. The flocculated state may be build up in ink at
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The initial particle size of pigment dispersion of cyan, magenta, yellow,
black and S-711 binder in this study were 98, 177, 200, 132 and 161 nm, respectively.

These particle sizes in a central range of 80-300 nm are a mean value, which is
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acceptable as most particle size of any materials in the ink. Hence, both fine pigment

dispersion and binder have the same range of the particle size. Therefore, the ejections of

C,M, Y, K inks with S-711 binder were very good, because there was no discontinuous

-,
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Sa chookul et al.** concluded that the printed cotton fabric pretreated with

poly(ethylene oxide) (PEO) yielded the better air permeability and stiffness. Thus, PEO

was used in this experiment.
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qualities. Figure 4-11 indicates that increasing printing time is an effective parameter on
optical density (OD) value, and the optimum OD value was three-time printing on the

same area, because four-time printing gave the same .OD value as three-time printing.

Number of time for prmting

ﬂﬂﬂ?ﬂﬁ]‘ﬂ‘iﬂﬂ”ﬂ‘i

Figure 4-11 The relation betwegn optical density (OD) and namber of time for

mwmnﬁmumw EINE
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Figure 4-12 Color /gamu ey chromaticities Goordinates of inkjet with the
F = \

different time-printing on ‘5 ed’ eated cotton fabric (IJ1 = one-pass

=
e

printing and [J3.= trip

(7
Table 4-3 Color gamut mu

. U
Inkjet _ ¢ =9 /
- Nonf(SR bR 1 N VI I VIBI 6 B
e Treated
- One-pass printing 5667
- Triple-pass printing 6330
Screen

e Nontreated 5498
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" 4.2.1 Color

The measurement of color gamut, a standard color space, in Figure 3-1 is

used to calculate the scope of color gamut from the experiments. The color gamut is

usually presented in a CIE x-y chromatic " The color gamut imaginably should

fix interiorly the color space. : “the inkjet and screen inks were
L —

calculated for the saturati . Table '*m- he color saturation of inkjet

and screen inks on the p cate \\\. fabric, respectively.

olors from inkjet ink were almost

equivalence to those of scrgén i faetors are tesponsible for this result. First, the

pretreatment reagent had be !’ D ept ink before the excessive

spreading of the inkjet ink wa diplace ™ T photographs in Figure 4-13, show
= ST

that the pretreatment reagent was-depc sit “ + ace of fabric. An importantly

secondary factor was s'g)’, peat printing ¢ cfedsed the amount of inkjet

ink on the fabrics. The merlay gave the similar OD eq ce to the ink printed by

- UG INYNTNING
RN IUNRINYIAY
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Table 4-4 The color saturation of inkjet ink and screen ink

Type Suv

Inkjet

* Nontreated (One-pass pri 5390 3718 402

e Treated 7
- One-pass printi i 578 581 417
. Tysas i s 550 N0 588 582 426
- Triple-pass printi 4,98 ' v 643 591 583 439

Screen | 2

¢ Nontreated

6.21 492  3.65

Z = X

The cotto@ fabnc surface rendered less porosity by applying the

pretreatment reaﬂt %ml%ﬁ W§ wmﬂ %rmpt the absorption

of the fluid inks. cordmgly, the pigments were hogded on the lay@of pretreatment
sgent e il I ensdode o W 4 Aol e ik was
increased l:ly repeated printing, but it did not gave the color saturation value more than
those of the screen ink, resulting in a high ink penetration. The penetration causes hue
shift, smaller color gamut and saturation reduction, but the color gamut did not decrease

as shown in Figure 4-12 and Table 4-3, due to efficient pretreatment reagent. The ink
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penetration relates with the rheologic properties, as shown in Equation (4.1). However,

the absorption and the reflectance properties of the ink films may affect hue and chroma.

AUEINENINYINS
RN TUAMINAY
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Figure 4-13 The SEM photographs of the nontreated and pretreated cotton fabrics

(x 1000): (a) nontreated cotton fabric, (b) pretreated cotton fabric
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Figure 4-14 The photomicrographs showing the depth of ink penetration of inkjet and
screen inks (x 10): (a) cross-section of printed cotton fabric by inkjet ink

(b) cross-section of printed cotton fabric by screen ink
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From Equation (4.1), if liquid viscosity 1 is low a gave high penetration
depth of ink should be observed than those of screen ink, as shown in Figure 4-14. This

is, the depth of the ink penetration could be taken the amount of the ink situated on the

also the fabric. While the seré K redeived less "‘:‘ nact of spectral power reflectance of
the fabric, consequently; as lower than that of the

screen ink.

The spectfal impinge on the CIE XYZ

tristimulus value, because CIE be computed according to their
definitions, provided that the the of specimen, R(A), 1s known. For
example, X can be ;'—— — ,;'-"

e KI S, XA, RM) “4.2)

ﬂumwﬂmwmm

~ The CIE XYZ tristimulus{ X, Y and Z, gan be further transformed into xyz
YWIANNIUNNIINEIQE

chromaticity coordinated values.

X1z “.3)
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TX+Y+Z (4.4)

Z Z=l—x-y (4.5)

Furtherm / : was wider than that of the
inkjet ink, but the greer; DC -/ o1l scre irower than the inkjet ink, as

\ "

Figure 4-15. However, theg€olor o had a lower value than the

shown in Figure 4-15. Figred 4 e same color result with

inkjet ink, as shown in Ta that the controlling of screen

printing is mistake such as €olo "t’” }é ?- k formula that had fume silica
‘9"':

+Orn

additive. Fume silica, in a ge e screen ink, the ink flow was

not smooth during :;, Block the screen mesh. These

ry

) | 0
g, and gave a poat.color reproduction.

ﬂ‘L!EJ’JTIEWI?WEJ’ﬂ‘i
awwmn‘smumw JabH

problems influenced the ;! lor patc prin
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Figure 4-15 Color'g ates of the inkjet and

the screen inks
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Figure 4-16 Color gamut in CIE a*b* coordinates of the inkjet and the screen inks
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Figure 4-17 Relatiomshij itness (L)

4.2.2 Stiffness LA

The inc: v‘ il gure 4-16 indicates the
l l'l'

!
effect of treatment and dir ctlon of fiber structure on bending length effect. The stiffness

is the ability of a ﬂ %1 E}q ﬁW?Wme can indicate the

stiffness of fabncs The high bending lgngth value means the hlgher ess of fabric.

in e coblof oGN] 1 b e o Qlﬂ&'lﬁuﬂe iyt

resist elongatmn
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It is more customary to express the flexural of the printed fabric in terms of

stiffness by the following equation:

@6

G
where G = flexural rigidity, m unit area, mg cm; ¢ = bending
J
length, cm. Table 4-5 shows the zersi ilt'of bending length to stiffness. One can
find that the higher the b \\
Table 4-5 The bending leng \\\ bric by inkjet and screen ink
, ‘ \\\ Stiffness (mg cm)
Color
1J3 Screen
C 407.59 507.28
M 410.52 532.21
b 4 3.68 320.00 804.85
A I RS

QW’]Mﬂ‘iﬁUﬂJW]'JVIEI']aE
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(IJ1=one-pass printing and 1J3= two-pass printing)

The pretreatment reagent (PEO) did not affect the stiffness value, hence, the

bending length depends on the ink. Figure 4-19 indicates the increment of bending length
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The pretreatment reagent (PEO) did not affect the stiffness value, hence,
the bending length depends on the ink. Figure 4-19 indicates the increment of bending

length on MD of the printed cotton fabric after printing with inkjet and screen inks. The

W/tnk was lower the printed cotton fabric
Z.
T——

of inkjet gave the higher

stiffness value of printed cotton fabric

by screen ink.

It can be ex

(] ’
amount of inkjet ink on the cg ,/1 which was ensurated with the amount of

screen ink. Furthermore, thg ave the high increment of
bending length or gave more 8tiffficss / \? bric because of the higher modulus
of the binder in inkjet inks. M ‘ his s 4] measure of the stiffness of the

material. As shown in Table 4 t ] S-711 binder gave a modulus

range of between 700 > E .;-;79,1“ defined as semi-rigid with some
'I‘h.ese tWO i " i.irlgt’?};f\:‘.’_@ﬁ=
V l = "

Table 4-6 Modulus, glasﬂansmon temperature (Tg) of the me film of two binders
‘a

LY
‘ lat AT
Bmden‘qﬂl HH a llﬂ;ﬁg ”E‘ IMo«ﬂuus (MPa),25°C

ﬂwaﬁnﬁmnmwmaﬁ

The glass transition temperatures, Tgs, of the BR-700 and S-711 binder

were lower than the temperature of application, which gave the film behavior as elastic
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and viscous deformation. This indicates that these binders had similar properties,
although the former is somewhat lower in glass transition temperature. Tg is affected by

polymer structure. It is related, including intermolecular forces, chain stiffness and

or free volume and raises the

Tg, therefore, degree of crest ih '_‘ \\\\\" ~ becomes hardness.”’

Air permeability is_i, ab ‘ of it to pass through a fabric. Obviously,

where openings betwe ™ ate large, a good deal of air

___________ 4 £5 L Yyaril oy

will pass through the fab e ur (low air permeability) or

i

have air freely flowing throh]gh it (high air permeablllty) is dependent essentially on its

s 4 %m TIETLE -
TR T

nontreated fcotton fabric, respectively. The pretreatment reagent did not affect air
permeability because the aqueous polymer, PEO, the density of the deposits is not high
enough but due to the nature of the fabric structure, the deposits contribute to the

construction of the inter-fiber spaces as shown in Figure 4-13. Therefore, the fabric
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treated with the aqueous PEO polymer gave the better result of the air permeability. The

air permeability depends on the characterization of ink that deposited on the cotton fabric.

=
o N
1 ! .

Air permeability (cc cm2s%)
o N & O o

EEL T
Figure 4-20 Effect o troatmé Q) ot air permeability

Y]

]
AULININTNEINS
PRI TUUMINYAE
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Figure 4-21 The ¢ if permeability of the inkjet ink and the screen ink

As shown in ent that printed cotton fabric with

inkjet ink increases somewhat he s ough a printed fabric, whereas,
the printed cotton fabiic with-sereen-ini-decre he air | : cability. Some inkjet ink
was penetrated into the f@ric 1ber J ink@calized on the top of cotton

fabric surface (see Fi ure 4922(a)). The screenfirk deﬁlted on the cotton fabric formed

a smoother ink Fﬁ} ﬂh’a‘a r ﬂnj w ’Alﬂ @ covered the spaces
betweenﬁm ﬁﬁiﬁﬁwwm ﬁWE\lu—T é’ 4To conclude,

the screenfink decreases the air permeability of the printed cotton fabric due to that the
thicker ink layer covered over the surface of cotton fabric. The thick ink layer of deposits

and encloses the fibers and filling the fiber interstices.
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Figure 4-2 Photomicrographs of the surfaces of the printed cotton fabric (x10):

(a) Inkjet ink, (b) Screen ink
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4.2.4 Crockfastness

The printed fabric property of interest in the study was dry/wet

crockfastness measured by a crockmeter, e some fabric lose color through crocking

or rubbing against another fabric.

Table 4-7 sho wet erock "“"r“m_ inkjet and screen inks, which

were printed on the treate

Table 4-7 Dry and wet crg

Inks

Inkjetink | 4 | 23

Screen Ink

5y e
e 1°°%FT Prap R EWP‘?‘WE Qlik)
R AINIUNAINYIAE

Table 4-7 shows that the dry/wet crockfastness of the printed cotton with
screen ink was worse than the inkjet ink. The high crockfastness of the printed cotton
with the inkjet ink was caused by the low ink pick-up on the surface of cotton fabric, as

some inkjet ink penetrating into the fabric as shown in Figure 4-22.
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However, the ink pick-up of the surface of the printed cotton with screen
ink was higher because more ink was adhered on the surface of the printed cotton, as

evidenced by a large solid phase of dry ink shown in Figure 4-22 (b). The high amount of

the ink adhered on the surface of the : was an attribute of the lower level of
crockfastness. Furthermore, wher nk filn urface is rubbed, the ink film is
but also to the fiber, which

was the determinate for thre

As shown 1n Bi§ :\ \ 13 e damage of fiber is worsen
in the wet crockfastness thandhefdry ¢ i fag \ he ‘\ 1lm gives a lower Tg value
because water is a plasticize es the film flexibility due to an
increase in the polymer’s free it "'.!'t,.. ore E bow room’ for increased long-
range segmental motion of the --#é ,L ( 8 Besides, the modulus is lowered,
thus the film strength -; sed and the film flexibilitv-eould be increased. As per this

reason, the ink film is noa

ﬂ‘HEJ’JVIEJVI’iWEJ’]ﬂ’i
ammmmumwmaa
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Figure 4-28 The SEM photographs of crockfastness test of the printed cotton fabrics with

inkjet and screen inks: (a) dry crockfastness of the inkjet ink (b) wet crockfastness of the

inkjet ink (¢) dry crockfastness of the screen ink (b) wet crockfastness of the screen ink
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4.2.5 Tone reproduction and density

Tone reproduction is the relationship between the level of gray

(brightness) on the original and in the reproduction. Tone reproduction is probably the

most crucial aspect since this af uction appears ‘muddy’ or ‘dirty’

or ‘too bright’.

The requi ‘ on can best be expressed in terms that are
easy to measure density,, i ie original and the density
of the prints resulting, a he process.59 Figure 4-24
shows the tone reproducti y in the original and print)

of inkjet and screen printin

Tone reprod cotton, fabric printed by inkjet

and screen ink, are ‘(3 . 3¢ J- 100 % original of the
screen ink were higher tlﬂl the density of the inkjet ink, sincﬂxe inkjet ink has the lower

£, QJ
ink viscosity thaﬂcﬁ 84—3 ﬁﬂm,w iﬁﬂnﬂﬁtrates better into the

fabric fiber, whilélthe screen ink pengtrates much less This ﬂuldlty and penetration
ores QA BTN G B
more the 111k holdout, the higher the ink density and saturation. The yellow color inkjet
ink has a higher ink viscosity, thus the ink produces smaller sized droplets to give less ink

on the fabric surface. The optical density of the yellow color inkjet ink is therefore lower.
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4.3 Comparison between Screen Printing and Inkjet Printing

To conclude, the comparison between the screen printing and the inkjet printing

in terms of ink characteristic, processing sequence and properties evaluated were studied,

as shown in Tables 4-8 To 4-10, respective
= \\\ ”//

One should bear in mind the sz on and two binders (BR-700

and S-711) of the acrylic fami 1 'ts. Two inks were composed

of the pigment-to-binder ; : 1N ‘\ required for a good print
quality for the two met atically different.” Besides, if we compare the

production time and cost it o process, the inkjet printing needs

less printing time and cost b stencil making procedure, it is a

closed ink printing, and less w: n Table 4-9.

Finally, it is very i te th jét, printing gives most of the

LY
iy 0f substantial cost cuts in

U

stencil makeup with a far-reachlng elimination of collection risk. The efficiency of screen

printing can be ﬂ %dﬂ;fé W‘W ﬁgw ﬁ@ﬁﬂ ‘yj'tem for time saving

because a short yaﬂage is used and theghorter makergady procedure re printing can
¢ =

o8 WIANNIEUHATINETRE

desired properties. Heneé, in
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Table 4-8 Comparison of ink characteristic for screen and inkjet printings

Ink characteristic Screen printing Inkjet printing

Viscosity high low (water-like)

Binder acrylic family

Pigment dispersion type same

Pigment/Binder ratio / 3 - B2

Pre-treatment used
Post-treatment used
Table 4-9 Production sequengés required: and ,‘ jet printings on cotton fabric
Production stages Inkjet printing
Pattern selection needed
Engraving data acquisitio ¢ 7 "Y' | needed

"
Screen engraving E I not needed

Samplin " needed &/ needed

e U E AN NN T

RIAINTU 1MINYa Y
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Table 4-10 Selection of printing process in relation to print quality of the treated, printed

cotton fabric

Property evaluated Printing process

number of passes one pass), inkjet (three passes)

color gamu | é inkjet printing
, —

jet printing

Kjet printing

et printing

tone reproducti ‘ 1T nkjet printing and screen printing

AULINENTNEN
AR TUUMINE
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