CHAPTER 4

RESULTS AND DISCUSSION
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The properties of four types of pigment dispersion techniques are shown in Table

3-1.
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The chemical class of pigments as shown in Figure 4-1, phthalocyanine pigments

are the standard bright greenish blue shades. Transparency, brightness, tinting strength,

color purity and high degree of permanency are characteristics of the phthalocyanine

pigment class. Pigment Blue 15:4 is an ideal chroma for process color printing. Solvent

and heat stable, greener, less bronzing tendency of PBI 15:4 (beta crystal form) are

nt red 122 is a bright bluish-shade

red with high performanc degree wlar bonding.” Yellow shade

weaker than alpha crystal forn

can be composed usi 4 , “\}'ﬁ gment yellow 74 has a bright

yellow shade with superioghrig \ 8 and 138 are greenish-shade

yellow. Pigment Black 7 ig'thg t . ¢ \\\\-.L ent, which is composed of 90-

% 5:
P ooz
The pigments are dispersea-+

99% carbon.(as)

1 micrometer level. Median diameters of

the dispersion. wergtia_the range of 100

00 nm.-Surfac .w‘ rdification technique gave
i

e

blue and red pigmenmjispe O

S N/Lde 110 ()i

a smaller medlaﬂ]dlameter of yellow %nd carbon black Charactenstlc features of pigment
dlsper:%wu rlva ﬂ n imrﬂ m (’-1 ’] nﬂ ’]fa ﬁeohmque gave

the dispersed pigments with a high pH and viscosity. The surface modified pigments with

med@ diameter than others. The

sulfonate groups are stable over a wide pH range (3-10). The physical property data for
four sets of color pigments produced by various pigment dispersion techniques, are

appropriate for inkjet water-based applications.
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Figure 4-1 Chemical structures of pigments
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Four sets of pigmented inkjets inks with various pigment-to-binder ratios (1/0.5,
1/1, 1/2) were prepared. Therefore the tinting strength is high, the concentration of
pigment in the ink can be, or should be decreased to below 6%. The tinting or coloring
strencth increases with decreasing the particle size. The properties of organic solvent in

the ink formulation depend on the nat of the dispersed pigment particles. Generally

different concentrations ar rfactant, which concentrations

’ \\T\ e surfactant concentration is

\ d to tune the surface tension,

are from 0.1% to 1.5%.
1.5% or more. In such g
but were used as solven ave a lower solubility in water.
The surfactant always giv e addition of approximately 2.5%

urea to the ink formulation was found to sic _ ntly reduce the clogging problem of a

printhead. This addjfive-also-imp.aved the jeting characieristics of the ink. No other

poved z ‘

additives were used inBe ink formulation.“Table 4-1 sho L', the properties of pigmented

inkjet inks, thﬂkﬂﬁﬁsﬂ ij%wigw?ﬂrﬁﬂﬁ%d by varying the

plgment/blnder’gttos as 1/0.5, 1/1 and 1/2. The |nk with a pigment Udlng of 3.5% and

o ABAIN I AL AN s e e

viscosity and surface tension of the pigmented inkjet inks presented in Table 4-1.
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The properties namely viscosity and surface tension of ink used for the inkjet
printing are quite different from those used in the traditional textile printing system.
Various inkjet inks are characterized in terms of pH, surface tension and viscosity, as
these properties have a significant impact on tha printing quality through a droplet

formation, ink spreading and penetratiop.

4.1.1.1 Effect.of+P/B Rat suiface tension of the Pigmented Inkjet

Inks

Surface tgfisigh fielps fegulate \‘\ the concave meniscus to hold
ink in the system. Once; 5. bee sited onto the printing substrate, the
interaction of the surface yna' k and substrate plays a major role in

(RN I

how the final form ‘ fAtr D|

v,

concentration has Iittlﬁffe

tiat an increase in the binder

')
show i in Figure 4-2. Surface tension
i

data of all pﬁ\é{tjdﬁfﬁ %s g%r%dbwvaéj)u’s] ;ﬁm‘%\vbinder ratios are not

affected by the®@mount of binder used.

| ¢ _a W
Q W?ﬁcﬂtﬂ;@ mlu%ﬁ]@ m&’aa anﬂurface modified
q
pigment gave inks with high surface tension. Characteristic features of these techniques

are of high surface tension (>70 dynes/cm).“z’
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4.1.1.2 Effect of P/B Ratio on Viscosity of the Pigmented Inkjet Inks

The increasing binder content increases the viscosity as shown in Figure
4-3. From the viscosity analysis of all the pigmented inkjet inks prepared by the polymer

dispersion, surfactant dispersion, micro-encapsulation and surface modification, it was

The vise0s aK|e S 7 ount of polymer in ink and
viscosity of dispersed pigg hlgh viscosity also gave high
viscosity ink. As shoWn ' \. ity of pigments dispersed by
polymer dispersion, surfagtan .-; 100, migro-e Y psulation and surface modification

et

are magenta, black, yellow, :d_;a-r::-:.e \is, respectively. Figure 4-3 shows the

pigments with high Wseosity vaiue
y._

ﬂﬂﬂ?ﬂﬂﬂiﬂﬁl’]ﬂ‘i
qmmﬂimum'mmaa



71

"UOEOYIPOW SOBHNG (P) PUE UOeINSdeoUS-0IDI (0) ‘Uoisieds|p Juejoeuns (q) ‘uoisiedsip

JawA|od (B) :se1Bojouyos) uoisiadsip Juaseyip Ag pasedaid syul 1ePul pajuswbid ay) Jo AJSO00SIA UO Oljel Jepuigauswbid Jo 1083 ¢-p ainbi4

ol

3oe|g MOJIBA eluabep uekn 3oe|g Boq ejuabep uekn
1 1 1 ] m.F L al a_ ] m.F
3 - 3 —" __ C - e
0e/L ﬂ -5z
0'UL —— €
ol Aﬁlﬂ - gt
- S
S
Syul jofjul uopeoy) SHul uﬁoﬁ_:n?eo_s jo Aysoosip () S
L . T N, A !..lu.. - ., .. | esall Y
: ; RS ..#.‘ - :
joe|g MO|[BA 4 h oe|g ﬂ ;o__wQIﬂ_ ejuabepy uekp
L . 1 i a 1 1 gl
0/ e 2
o'Vl —m— - g%¢ oVl —m— - G¢
S0/l —e— i G0/l —a— -
@
st :
$H1Ul J9bjUI UOISISdSIP JUBIORMINS JO AYSOOSIA () s eyu iUl 1objul uoisiadsip 1ewkiod Jo AUSOOSIA (B)  sequ -




12

4.1.2 The Stability of the Pigmented Inkjet Ink

4.1.2.1 Effect of P/B Ratio on pH Stability

The pH of the inkjet ink is critical for several reasons. The hue of some

colorants will change if they go from I 0 H value. There must be a correlation
- otherwise, the archival quality

of the print may be d ontrolling pH of the ink is that the

orifice of some inkjet at is affected by pH. In other

words, the orifice diame ' ged because the solution pH

affects its shape stability.

Figures 4-4 0 47 \ Ability of various pigmented inkjet inks

after being stored at_roc . . or me tion again, the pigmented

Vi X
inkjet inks were prepﬁi nologies at the pigment/binder

ratios of 1/0.5F/T ﬂ EJ fJ V’l EJ VI%J

After two mont age, the ropemesﬂ the pngmented inkjet inks

e B B P B AN B o

inkjet inks gave the acceptable results because the pH values after 60 days storage is

still in the control range (7-10).



(a) Polyester polymer dispersion (P/B=1/0.5)
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Figure 4-4 The pH stability of pigmented inkjet inks made from polymer

dispersion with various P/B ratios: (a) 1/0.5, (b) 1/1 and (c)1/2
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(a) Surfactant Dispersion (P/B=1/0.5)
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Figure 4-5 The pH stability of pigmented inkjet inks made from surfactant
dispersion with various P/B ratios: (a) 1/0.5, (b) 1/1 and (c)1/2
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(a) Micro-encapsulation (P/B=1/0.5)
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Figure 4-6 The pH stability of pigmented inkjet inks made from
Micro-encapsulation with various P/B ratios: (a) 1/0.5, (b) 1/1 and (c)1/2




(a) Surface modification (1/0.5)
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Figure 4-7 The pH stability of pigmented inkjet inks made from surface

modification with various P/B ratios: (a) 1/0.5, (b) 1/1 and (c)1/2
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Considering ink properties of inkjet inks prepared from surface
modification of the pigment in Figure 4-7, pH at all P/B ratios increased. The pH
controlling materials are very small particles, so they can be absorbed into the small
pores of the surface modified pigments. The pH values (8-9) arc basic.

The pigment particles reagha stable state by an absorption on its surface

i i j “Micro-€ ' on techniques containing color
| P \\\
pigments with the ca urface modification constitutes

pigments with sulfonic )N i The carboxylic moiety shows

improved stability in a range of -- Jover the > sulienic group.

4.1.2.2 .u' ect C , S ”i lity

A ’?l]/'ﬂ ?Mleﬂml
o BRI RN G e v

two-month storage in the ambient condition. The changes of viscosity after the storage

were summarized in Table 4-2.



Table 4-2 The changes of viscosity after 60-day storage at room temperature

78

Pigmented Viscosity (mPa s) at 25 %, spindle # 31
Inkjet 1/0.5* 1H* 1/2*
inks Freshly After Freshly After Freshly After
prepared | 60-day | prepared 60-day | prepared ! 60-day
storage storage Storage
Polymer dispersion of o
Cyan = _‘\\ ' , /Y ‘ 4 2.8 3.2
Magenta e S p— 7 2.9 3.5
Yellow F—— MRQ 2.7 3
Black F o / 7“\\ 29 3.1
Surfactant dispersion of ' '\ \\
Cyan A , 2.6 3.2
Magenta l ‘ﬁ ‘\V‘-\ 2.7 3.2
Yellow % “&‘ 2.7 3.3
Black & 3.2 3.9
Micro-encapsulation of
Cyan 2.9 3.1
Magenta 3.1 3.6
Yellow 4.5 4.1
Black & 3 4.5 372 4.2 4.4 5.4
Surface modificati
U

Cyan 1.7 1.9 A 2 2.2 2.6
Mage 1 X 3.1
Yellow 1.8 1.8 1.9 2:1 2.2 2.7
Black 1.8 1.9 1.9 2.3 25 3.1

* = Pigment/Binder ratio
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Table 4-2 and Figure 4-8 show g comparison of viscosity of all pigmented
inkjet inks by various pigment/binder ratios. The 1/2 P/B ratio ink has a greater effect than
the other ratios in raising the viscosity after about two months of storage under ambient
condition. It was found that binder's viscosity increase in ink formulation has an inhibitory

effect on stability of viscosity. Th \iscesity of inkjet inks formulated with polymer

dispersion, surfactant dispersic ification technologies at all P/B ratios

was stable. On the ot inks with micro-encapsulated
pigment was inferior in |ty of inks were found. As the
encapsulation polymer uncti ."w ey may work as a flocculant in low
pigment/binder ratio n
adsorbed on pigment particlés. C he adsorption equilibrium, the quantity of

polymer at 1/0.5 and 1/1 ratlo icient to cover the surface of pigment

particle completely. quentty, incr ’?'“’:# exhibits a slightly higher

viscosity. In theory, o rmcould increase the viscosity to i@ease particle size. A general

conclusion froﬂf% 8 &Jnﬂrﬁmwjﬂﬂ ﬂ% stabilizing additives to

effectlvely stabmze the ink viscosity, @in this study there are no othemadditives were used
in the foqnulatnons@rﬂ stab ﬁvﬁu ll ﬁ r] ’g ﬂ El r] a El

The observed flow behavior of all pigmentéd inkjet inks is Newtonian in
nature. Figures 4-9 and 4-10 represent the rheological behavior of the polymer dispersion
pigmented inkjet ink as prepared and after two-month storage . This indicates that the

inkjet ink systems maintain a constant viscosity regardless of the type and shear rate.



(a) Shear stress and shear rate (1/0.5)
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Figure 4-9 Shear stress and shear rate of the pigmented inkjet inks made from

polymer dispersion (with various P/B ratios: (a) 1/0.5, (b) 1/1 and (c) 1/2). All are

measured right after preparation.
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(a) Shear stress and shear rate (1/0.5) after 60 days storage
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Figure 4-10 Shear stress vs shear rate of the pigmented inkjet inks made from
polymer dispersion (with various P/B ratios: (a) 1/0.5, (b) 1/1 and (c) 1/2) after

60-day storage at ambient temperature
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4.2 Effect of the Pigment/Binder Ratio on the Print Evaluation

One type of cotton fabric was used to study the effect of the pigment/binder ratio

on printed fabrics. Cotton fabrics were pre-treated by the mixed solution of poly(vinyl

alcohol) and alumina. The pigmented inkjet inks were printed on the pre-treated cotton

For the progeeding measurements of Co! lor gam if+a ste~dard color space in
N Y]

amut %‘n the experiments. The color

Figure 3.1 is used to ﬁerv

e AN 1N

The eff&t of pigment/binder ‘{atlo on color behavior of the pnnted fabrics were
evalud%w;laggﬂﬂsimpu wd’] gm&;'\anﬁ &Laagram

It is well known that dye-based inkjet ink has a large color space, high brightness
and high transparency, while the pigmented inkjet ink has disadvantages in these
properties. To overcome these short coming, a pigmented dispersion has been

developed for next generation inkjet ink, from which a significant improvement can be
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achieved from the existing inks. As mentioned before, all pigmented inkjet inks with 1/2

P/B ratio yielded a smaller color space on the printed fabric as shown in Figure 4-11.

(a) Color gamut of Polymer dispersion (PVA+Alumina)

0.6

ARIAINTU NI INEIRE

Figure 4-11 Color gamut of the pigmented inkjet inks at different P/B ratios
prepared by different dispersion technologies: (a) Polymer dispersion,

(b) Surfactnt dispersion, (c) Micro-encapsulation and (d) Surface modification



(c) Color gamut of Micro-encappsulation (PVA+Alumina)
0.6
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Figure 4-1 1(continued) Color gamut of the pigmented inkjet inks at different P/B

0.1

ratios prepared by different dispersion technologies: (a) Polymer dispersion,

(b) Surfactnt dispersion,(c) Micro-encapsulation and (d) Surface modification
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Table 4-3 The gamut volume of inkjet inks with the different pigment dispersions

P/B ratio |Polymer dispersion [Surfactant dispersion| Micro-encapsulation | Surface modification

1/0.5 8959 8910 7518 8923
11.0 9104 9335 7576 9286
1/2.0 9421 9908 7767 9635

The color gamut volume of pigment dispersion technologies on
mented inkjet inks with 1/2 ratio

has more volume than t S We! ant \ ihat._ink viscosity in relation to its

penetration play a vit t volume of inks.

ary pressure in a horizontal

Penetration o

capillary is described by th

it (4.1)

W“efeﬁﬁ“zrﬁ“%w%*ﬁmn‘s

pore radius

Qﬂﬂﬁﬂﬂ‘im UNIAINYAY

0 = contact angle

M = liquid viscosity
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This equation shows that the high viscosity ink is infiltrated in the fabric slowly, so

the ink is held on the top of the fabric. The more ink holdout, the higher the ink color

gamut is found.

4.2.2 Air permeability

Air permeability is"thevability of 2 to@h a fabnc The most common
:4/ hat |

permeability of fabric g ' i or wind. Obviously, wherever

openings between the yar arns are large, a good deal of
air will pass through th were printed on the treated
cotton fabrics as shown Figure _’ : rmea ‘-.%' f the fabric as measured by the
air permeability tester from Shi P/B ratio and pigment dispersion
techniques. —__

. ..f' ¢

As shown in FI " re 4- ( re > in binder has little effect on

"””"eab"'ﬁﬁ?ﬁﬁffﬁ ekl ?’P‘lﬁ r O

flowing through (high air permeabil ‘g/) is dependent primarily on |ts thickness, porosity,

conto b sob bl ob cebbeb e BN
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Figure 4-12 Air permes o) igmentec et inks at different P/B ratios
prepared by different disp;
4.2.3 Stiffness
The effect of Pig nder ratio G ogérties of cotton fabrics are
.,y_; —: " ‘
given in Figure 4-13, whe asufed. Stiffness is the ability of a

|

!

material to resist deformat)hThe higher bending length value means the higher stiffness

of the fabric. In @u g gam ij yte] ? ﬂ'\ﬂ;} Hjull stiffness is thus the
oo QR PR AHHTR B o

(CD) and machine direction (MD) are also measured. The term cross-machine direction is
used to refer to the direction analogous to coursewise or filling direction in knitted or
woven fabrics, respectively. Although all pigment/binder ratios of pigmented inkjet inks

give the printed fabrics with acceptable hand. As for all of the printed cotton fabrics, the
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stiffness of the cross-machine direction is lower than those of the machine direction,
because the density of filaments of the MD direction is higher than those of the CD

direction (140x70 warp x filling).

(a) Stiffness (CD) of cotton fabrics treated with PVA+alumina

CMS
5
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4 -
3 Eli10
2 - =4

120
1 4
0 Not Printed

s treated with PVA+alumina
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CJwos
4
2 Bl 11.0
2 120
1 il

Not Printed
0 -
PoIMr dis. Suctant dis. Micro-encap. Surface mod.

ChL N aqmtu‘wﬁm 1Y
9
Figure 4-13 Bending length of the pigmented inkjet inks prepared by the different

dispersion technologies for: (a) cross-machine direction (CD), and (b) machine direction

(MD)
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4.2.4 Crockfastness

Printed fabric properties of interest in the study were dry & wet crockfastness
m=asured by a crockmeter, since seme fabrics lose color through crocking, or rubbing

against another fabric. Some fabrics crock when dry, some when wet, and some when

somewhat poorer CROCKfastness,_especially the Gry Cre tness is higher than the wet

AULININTNEINS
RIANITIUNRINEAY
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(a) Dry crockfastness of cotton fabrics treated with PVA+alumina
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Polymer dis S ol M i Surface mod.
: d
Figure 4-14 Crockoes “T prepared by the different

| U
dispersion technologies :#a)-dry crockfastnessyand (b) wet crockfastness

AUEINENINEINT
YRART TR VA R R s

dispersuon, surfactant dispersion, micro-encapsulation and surface modification are the
promising systems for uses in inkjet textile printing. Increasing binder concentrations for
pigment hardly affect the ink surface tension, but increased the ink viscosity. Enhanced

stability of the pigmented inkjet inks could be achieved by some additives of the inkjet
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inks. The pigmented inkjet inks produced with various pigment/binder ratios gave an

acceptable printed fabric performance. Table 4-4 summarizes the best result of

pigment/binder ratio for print evaluation.

4.3 Comparison of Pigment Dispersion - Technique on the Properties of the Printed

Cotton Fabrics

The four differ/ \ ymer dispersion, surfactant

w re studied for print qualities.

tde 1/2pi ’\\\0\ ratio printed on treated cotton’

; 3 L .-m
fabrics was investigated. ffable 4-4 4 Ind cates that most of the best print qualities are

T

dispersion, micro-encaps

In this case, the ink containi

resulted from the ink containing der ratio.

Table 4-4 Effect of piﬁ\en d fabri x;] printed by various pigment
I

dispersion inkjet inks ¢a

Crockfastness

Wet

0 1/2.0

Surfactant dispersion 1/0.5 1/2.0 11.0 1/2.0 1/2.0 1/2.0
Micro-encapsulation 1/2.0 1/2.0 1/0.5 1/0.5 1/2.0 1/2.0
Surface modification 1/0.5 1/2.0 1/0.5 1/0.5 1/2.0 1/2.0
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4.3.1 Color Gamut and Color Gamut Volume

Color gamut and volume are the important colorimetric parameter. The four
pigmented inks were printed on the treated cotton fabrics and the color gamut and its

volume was evaluated as shown in Figure 4-15.

°VA+Alumina

0.6 -

0.5 4

0.4

cm d urfactant dis cemodi.

]

ry
Ii

i¥ |

Figure 4-15 Color gamut o.t the pigmented mkjet inks with 1/2 ratio by different dispersion

el ﬂ‘iJEl’WlEWI?W 81173
QW’]Mﬂ‘ﬁUNMTAﬂEﬂﬂH

F ure 4-15 shows that the pigmented inkjet inks made from surfactant dispersion
gave a wider color gamut, Table 4-3 shows higher color gamut volume than the inkjet inks

prepared with the other pigment dispersion techniques.



94

The inks formulated with surfactant dispersions showed the higher gamut volume

compared with inks using the dispersion with other dispersions as already mentioned in

Table 4-3.

Aggregations on drying and fixing have a great effect on the purity of spectra and

chroma. The ink made by pigment dispersion with surfactant prevented the aggregation

The amounts of fabr \P ted with the inks made from

surfactant dispersion and surfacE-fmod “were higher than those from polymer

S b

dispersion, and migfe-encapsulation. The inks formulat om surface modifiction
1) L}
A

yielded the highest a ';Io.. did not gontain any external polymer

d'sp“a"““‘wwﬁvmmw JINT
ammmmumfmmaﬂ
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Alr permeability of four different P/B ratios dispersed by four techniques.

cc/cm2/sec

2

1 W05

0 J B0

is. . f ]
1 Surfactant dis ro-encap Surface mod o120
2
Figure 4-16 Air permeab{ ati ispersed by four dispersion techniques

4.3.3 Stiffness

The increment of be e increase of bending length of the

printed fabric after priftin infed cotton fabrics with the

)

inks made from the s ll e est increment of the bending

!

length, and the micro-eniCapsulated inkjet inks gave the highest increment of the

bending |ength@1étgnrecnonsﬂ n?l\u &nJ‘ :t]»er words. the increased of
sunesy W ) *&ﬂv@ﬁl&%&ﬁ AT s

and the increase of stiffness of the printed fabric with micro-encapsulation technique

showed the maximum increase.



_— (a) The increment of stiffness (CD) test at different P/B ratios
0.6
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(b) The i fierent P/B ratios
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Figure 4-17 The chan@ of stiffness caused By the P/ﬂratios in different pigment
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high increment of bending length, or gave more stiffness of the printed fabrics. The

micro-encapsulated pigments had the highest amount of polymer, so the printed fabric

with this pigment increases the bending length when compared with the bending length

of the fabric before printing.
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4.3.4 Crockfastness

Figure 4-14 shows the crockfastness of pigmented inkjet inks prepared by the
different dispersion technologies printed on the pre-treated cotton fabrics. The inks (4

inks) made from surfactant dispersion show higher dry and wet crockfastness than other

inks from other dispersion technig : articles of the latter inks (12 inks)
largely remain on the surfe ne limited Ak spreading. The image can readily be

X

he 0 olymer binder. On the contrary,

the combination betweer, e SPErs in pigment dispersion and the polymer

To conclude the pigment _E.'ﬁ;— nique on the printed fabric, we can point

out a suitable dispe sion technique for & particular pr t,-,, of the printed fabrics as

-

R

shown in Table 4-5. | 1l

iF |

AUt Inenineng
RN IUNRINYIAY
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Table 4-5 Effect of pigment dispersion technique on properties evaluated from the

printed fabrics

Property evaluated Dispersion technique
Color gamut Surfactant dispersion
Air permeability Surface modification
Stiffness (CD) ~ Surfactant dispersion

Stiffness ( \_‘:::‘ \‘Lr// ¥ Polymer dispersion
Dry crockne .tant dispersion
ﬂlk\ dispersion

’\\"

Very interestingly, |gments produced most of the

elded the better stiffness on the

Four types of fabricgs,cotton, silk, polyester and cotton/polyester blend were pre-

treated with t@ uegjof’arenﬂ nzﬂ ﬂn’lnsjrsed in 10% poly(viny!
s @7 § SRRV VE e oo

paddmg method. After that, the untreated and pre-treated fabrics were printed using the
1/2 ratio of P/B containing inks by many polymer dispersion techniques. At the initial

stage of printing, the nozzle was checked in order to examine the right-ejection of each
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individual cyan, magenta, yellow and black nozzle. These pigmented inkjet inks show the
smooth and continuous lines indicating the best ink ejection and printability.
Finally, the printed fabrics were evaluated for color value, air permeability,

bending length and wet&dry crockfastness as those in Section 4.2

4.4.1 Color Gamut and Color ’l

The printed colg
untreated and pre-treated.i >sfwere 1 . | REC" gamut was presented in a
CIE x-y chromaticity diagg

calculated the gamut volugie Was shg vy
b s,

AETRIIA I

ﬂ'lJEl’WIEWI‘ﬁWEI’]ﬂ’i
QW’]Mﬂ‘iﬁUﬂJWl’mmaﬂ



, (a) Color gamut of Cotton fabrics
\
-
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Figure 4-18 Color gamut of the pigmented inkjet inks made from polymer

dispersion with the different pre-treatment on different fabrics: (a) Cotton

(b) Silk fabrics, (c) Polyester and (d) Blend fabrics..

100
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(c) Color gamut of Polyester fabrics
: _0 0.1 . _ | A‘ : 0.6
—— Nor . \ Sanfix555
ﬂ‘L!EJ'J ﬂ?ﬂtﬂﬂ‘i
Q RIMNTUNNINE a2

Figure 4-18 (continued) Color gamut of the pigmented inkjet inks made from
polymer dispersion with the different pre-treatment on different fabrics:

(a) Cotton, (b) Silk fabrics, (c) Polyester and (d) Blend fabrics..
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Table 4-6 The gamut volume of inkjet inks printed on different fabrics with pre-treatment

reagents

Fabric Pre-treatment Gamut volume

Cotton Untreated 7306

PVA + Alumina 8547

e 8019

5767

Silk ated 4286

lufhing 6584

6405

x 555 _ 6905

Polyester trea ' 7510

6911

#PEO- _ 8000

11124

Blend Jrtrea 3134

728
5407

! I 6600

With thﬂJnJe prlnt,ea;:l fabric n? ” EJ’(] n jnd Table 4-6, the color
o AN R PR v o

the untreated fabrics. Basically for a good quality inkjet print, print through is not only a

function of droplet penetration, but also of the light scattering property of the substrate
used. The textiles printing has shown that when the ink has been jetted on fabric with a

pick-up sufficiently high to achieve adequate penetration, there is a pronounced
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tendency for the ink to wick laterally along the individual yarns of the fabric. Control of the
ink spread may be achieved, either by pre-coating the fabric with particulate products
that increase the surface area for liquor adsorption or by mechanical action that renders
the capillaries ineffective.”” The pre-treatment exhibited higher color values because the

pre-treatment reagent had been acce on the fabric before excessive spreading of

the inkjet inks and high swelli mparable with the fibrous material

in retention of the ink. Th ent on fak '. pefore printing is still necessary to

\§ »\:\'- increase the availability of

prevent the entry of ink i ca
i

e The amount of the

surface area for the d intc fabnc
n the amount of the pigment on

the surface of the untre i Heroid [ erformance of the pre-treated

ObVIOUSI ’ = \72va Eravats r.‘.‘iﬂ.\-l-h—-u-nn;--_J-::J an aqueous d|s ers|0n Of
V

X )

poly(vinyl alcohol) anﬁlumina, gave the best result of &r performance, whereas the

silk, polyesteﬁ%ﬁﬁrwﬂﬂ éﬁ’w maﬂ:ﬁ«h sunfix 555 (cationic

acrylate polymer gave the best colar value. The reason might be the pre-treatment
reagentq cﬁ)’.l @ q njngu g n:;l’;nm Eﬂlrl @ EJ the molecular
structure, the interaction between the cations from pre-treatment reagent and the anions
from pigment dispersion gave the good fixing and a higher color value. Poly(ethylene
oxide) is a neutral polymer, having neither cations nor anions, so the color value of

printed fabric padded with PEO was, of course, poor. The last pre-treatment reagent is
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poly(vinyl alcohol) and alumina mixed solution flattened the fibers increasing the surface
area of the substrate and reducing the amount of open inter-fiber spaces available.

The polyester fabric, pre-treated with the cationic polymer, gave the highest
gamut volume as shown in Table 4-6, the polyester fabric is hydrophobic, it did not

absorb water. The formation of a thin_polymer film over the surface of the substrate

prevents the entry of liquid to the illaries! ch the polymer film's swelling rate is

higher than the ink absorption

4.4.2 Air permea

The air permeabil fabrics of cotton, silk, polyester

and cotton/polyestér blend fabri " The air permeability of the non-printed

fabric was not differeht from that of the printed bricsy €2 jthe air permeability value

depends on the pre—tr ment reag able 4-7.
i

AW

AULININTNEINS
RN TUANINAY
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Table 4-7 Dependence of pre-treatment reagent on air permeability of four types of

fabric.
Type of Fabric Pre-treatment reagent
Untreated” | PVA+Alumina PEO Sunfix 555
Cotton ~ M/ 10.37 9.88
) - ‘ j
Silk , oo ' q., 28.86 16.43
Polyester 7/ l \{i\ 55.42 38.11
Cotton/Polyester S0 \\ 48.92 46.21
rsr \\
® There is no difference of aigipe, ea ?‘f; ore and after printing
s { "".--_'- 4
Table 4-7 shows that the pre-trea with the solution of PVA mixed with
alumina decreases THe-si-permeabiliy-o-the-iabHe=However, the treated fabrics with

poly(ethylene oxide) ’r&ase the ability of air to pass throtigh a printed fabric.

ﬂumwamwmm

443 Stl ness

?]W'lﬂﬂﬂ‘im UA1AINYA

The four untreated fabrics of cotton, silk, polyester, and cctton/polyester blend
were each treated with PVA+Alumina, PEO, and Sunfix555. Each treated fabric was
printed with the inkjet inks made from polymer dispersion. The inks did not affect the

stiffness value. The bending length also depends on the pre-treatment reagent of the
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fabric. The bending lengths of the treated fabrics were investigated, which results on both

CD and MD are shown in Tables 4-8 and 4-9.

Table 4-8 Effect of pre-treatrient reagents on bending length values at CD before

printing.
Type of Fabric : :&:“ I f 2 eatment reagent
—
—% r—w‘ PEO Sunfix 555
Cotton ///&‘X\\ 1.54 22
Silk / \\ 194 1.66
Polyester 2.84 311
Cotton/Polyester 3.39 4.06
Table 4-9 Effect ;,w—' values at MD before

g
PR TTETT WA

Untreat&i

PVA+Algmina PEORW Sunfix 555

4 Cotton 228 2.78
Silk 2.34 2.91 2.66 2.83
Polyester 1.44 2.96 2.88 3.44

Cotton/Polyester 1.83 3.29 3.64 4.55
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Tables 4-8 and 4-9 show that the bending lengths of the printed cotton and silk

fabrics, each treated with PVA+Alumina, PEO and Sunfix 555 did not show a significant

difference. On the other hand, polyester and cotton/polyester blend fabrics could not

- -absorb the polymers in the pre-trcatment reagents, as a result of the increased bending

length compared with the untreated fa

‘ }}. inted fabrics without treatment and

Orics re -treated with PEO and Sunfix
12 \ inted fabrics, pre-treated with
PVA+alumina of about 1 unit of . The high crockfastness of the printed

fabrics with PEO was & Y the low inl e $urface of the fabric, whereas

yl . lr'
the crockfastness of thé p 55 ,J tributed a good fixing by an

interaction beﬁen the catignic acgja%o%ﬂér anélar}]onﬁ o) %ment Good adhesion of

the printed fabfi¢, pre—treated with PEO and Sunfux 555, showed the high level of dry
cociBit | é’Nﬂ‘iﬂJ UN1INYAY

As expected, the printed fabrics render a lower wet crockfastness as a direct
attribute from their pretreatment reagents of a hydrophilic nature, which is relatively water

soluble.
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(a) Dry crockfastness of the different pre-treament on different fabrics

4 F i | | | _p—

B Cotton
W sik

B Potyester

W Biend

B Cotton

B sik

0 poyyester

B Biend

L]
Cﬁ*ﬁfﬁ%ﬁ vrzrw%’w JUr o

crockfastness, a% (b) wet crockfastngss

The printed polyester fabrics for each pre-treatment show the highest
crockfastness than other printed fabrics, because the low ink hold out at the surface of
the fabric owing to more inkjet ink penetrating into the fabric as shown in Figure 4-20.

The more the amount of ink on the surface, the lower the crockfastness level.



109

.

iy
<02
7
£

AUYANYNTNYNS

Figure 4-20 O%cal photograph of o1he printed fabrlcs without pretreatment (a) cotton

~AHIRSNIAYBINEIAAY
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4.4.5 Morphology of the Fabrics

As mentioned in Section 4.4.4, the four fabrics treated with the three pre-

treatment reagents were subject to morphology analysis by scanning electron

microscrope as shown in Figures 4-21 to 4-24.

Figure 4-21 SEM of cotton fabrics with three pre-treatment reagents: (a) without

treatment, (b) PVA+alumina, (c) PEO, and (d) Sunfix 555 (x1000)
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Like all cellulose fibers, cotton contains carbon, hydrogen, and oxygen atom and

reactive hydroxyl (OH) groups. The molecular chains are in a spiral form as shown in

Figure 4-21 (a).

Figure 4-22 SEM of silk fabrics with three pre-treatfent reagents: (&)Awithout treatment,

(b) PVA€alumina, (c) PEO, and (d) Sunfix 555 (x1000)

Silk is a natural continuous filament fiber. It is a solid fiber, smooth but irregular in
diameter along its shaft as shown in Figure 4-22 (a). Silk fibroin contains CHON in

polypeptide chains.
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Figure 4-23 SEM of polyester. fabrics wit}ﬁﬂg‘ree pre-treatment reagents: (a) without
e LT

A | £
treatment, (b) PVA+‘@WW&§@@§0)

i 4

Polyesfen i§lmadd By réacting lah Acte with lafy dI€ohal\Flgments are high tenacity

or regular as shown in Figure 4-23 (a)
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.. 4 J'!P-.
Figure 4-24 SEM of otion/pelyesierbiehc-abics-witi-thies r?re—treatment reagents: (a)
w i -

without treatment, (b) PVA+alumina, (€) PEO, and (d) Sunfix555 (x1000)

Figures 4-21 to 4-24 show that the pre-treatments increase the available surface
area of the substrate, so the amountof'the pigmenton‘the strface of pre-treated fabric
was more than the amount of the pigment on the untreated fabric, therefore the color

performance, color gamut and color volume of the pre-treated fabric was better than the

untreated fabric.
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Figures 4-21 (b) to 4-24 (b) show that the pre-treatment on the fabrics could lead
to the formulation of film over the surface of the substrate covering the spaces between
fibers and blocking of the inter-fiber spaces with large particles. The cationic pigment

(PVA and aluniina mixed solution) decrease the air permeability on the different fabrics

The aqueous po! ne oxide)wthe d ensity of the deposits is not as
high, but due to the vn ‘ 7 &t > ‘ ¢ deposits contribute to the
constriction of the inter fi ‘ { ‘ ‘ ' 1 Figures 4 -21 (c) to 4-24 (c). Therefore,
the fabric treated with a ‘ ‘ ar.gal est t of the air permeability.

Figures 4-21 (d) ' ati acrylate polymer (Sunfix 555)

treated on fabric flattened the TS [ ,,é' e surface area of the substrate and

reducing the amourit A iheeponinloriborehacotavainnla
V' |-‘" ‘

i) j
To Coﬁﬂ%WtW%Jw Hdslpﬁ dsrabric printing with the

pigmented inkjet inks made from thegoolymer dispegsion, we can pomout a suitable pre-

oty B NVAPU AL AN LR e v
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Table 4-10: Effect of four pre-treated fabrics printed by the pigmented inkjet inks

Type of Color gamut Air stiffness crockfastness

fabric permeability CD MD Dry Wet
Cotton PVA+alumina PEO PEO |untreated| Sunfix | untreated
Silk Sunfix 555 PEO untreated |untreated| Sunfix | untreated

Polyester Sunfix 555 PEO PEO |untreated| Sunfix PVA
Blend Sunfix 555 E( untreated| PEO | untreated

AULININTNEINS
RN IUNRINYIAY
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