CHAPTER 3

EXPERIMENTAL

3.1 Materials

3.1.1.1 Palye yme: ater-based dispersion of pigment

and polymers from Dai 3Co., Ltd. Toyko, Japan.

Ingedlents of the polymer dispersion are organic pigment (9-

11%), polymerﬂuﬂ g Vl ﬂ)%]gﬁm \Elt:]‘lﬂ i) additives (<2%) and
AR AINIUNRIINYIANY
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3.1.1.2 Surfactant dispersion: water-based pigment from Fuji Pigment
Co., Ltd. Hyogo, Japan.
SP Bl 6447: C.I. Pigment Blue 15:3
SP M 9345: C.I. Pigment Red 122

ent Yellow 138

SP Y 4254: C.I. Pi

. Pigment Yellow#128

A UBFHENFHEAN T
Ingredients offmicro-encapstilated pigment die’ pigment (6-15%),
Tangnag

YRIANT) IEU N1

encapsufation polymer (5-14%), organic solvents (25%), additives @8%} and water (45-

64%)
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3.1.1.4 Surface modification: surface modified pigments from Cabot

Corporation, Massachusetts, USA.

Cyan (IJX 253) : C.I. Pigment Blue 15:4

Magenta (1JX 266) : C.I. Pigment Red 122

Pigment Yellow 74

3.1.2 Polymer bigflern@ typé/ias ised: NK binder A-12 (acrylic emulsion) from

Shin-Nakamura ChemicalCo #td. 1'*.'-:',-;!’-" 2

|

Physical data: pH 6.5 &,L" ,,-

&
i
[ PVAS o S W Vo S =

on-volatile 45% ¥

AUBSRENINBan g

Detailed information o%gmdt dispersion and binder is presented in Table 3-1.

ARIANNTUANTING 1A E
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Table 3-1 Properties of pigment dispersions and binder !

Chemical Color Index Chemical class Pigment Particle size pH Vis
of pigment Of pigment Conc. (nm) (mPa's)
(Cn (wt. %)

Polymer dispersion of

Cyan : S-7 C-17 PBI 15:4 Copper.P'hthancyanine 9.5 112 8.0 2.4
Magenta : S-7 M-12 PR 122 Quinacridone 9.7 113 8.0 2.7
Yellow : S-7 Y-20 PY 138 n 9.7 95 7.8 22
Black : S-7 K-5 PB ' 10.1 74 72 | 24

Surfactant dispersion of

Cyan : SP Bl 6447 | — . 111 9 3.4
Magenta : SP M 9345 P, Qui G. 122 8.5 35
Yellow : SP Y 4254 P M 83 8.7 2.8
Black : SP Bk 8769 P A ‘ 3 bl %4 86 7.8
Micro-encapsulation of ﬁ:’;,

Cyan : MCC-146-K60C Pgl5 ng; 43 111 93 40
Magenta : MCM-146-K59C PRI22 | i 139 136 9.1 46
Yellow : MCY-146-K61C PY 128 : : ot on 143 128 103 | 169
Black : MCB-146-K62C - grzepens 6 79 9.2 35

Surface modification of

Cyan : C (1JX 253C) P 1 m 91 6.9 2.1
Magenta : M (1JX 266D) ‘ER 122 Quinacridone 10.5 105 7.6 2.4
. 0o Qs
Yeuow:Y(ux273w tl 40 | ACEt ﬂ‘sf' 43' 137 6.4 23
1 *]
Black : Bk (CAB-O-JgT|200) PBK 7 arbon blac 199 128 79 | 43
¢ =
NK A-ﬁ ﬁ!ﬁq a o~ ‘ of al 5 4 I 6.5 >100
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3.1.3 Solvents:
3.1.3.1 Ethylene glycol (C,H,0,) from Merck, Darmstagt, Germany,
analytical grade, M = 62.07 g mol”’

3.1.3.2 Glycerin (C,H,0,) from Merck, Darmstagt, Germany,

......

N
Siam Chemicals & Resins Co.,

i¥ |

Thailand, 86-89 % hydrolySisy, Degree of polymerization 1000

FJ] u ﬂmgamﬂ;sn@m )ﬂ;]AQOjL NIPPON, Japan
QA A ARFRRHA G e

3.1.5.2 Cationic polymer: from Sanyo Chemical Industries, Ltd. Kyoto,

Japan
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10% Sunfix 555 (cationic acrylate polymer), whose structure is as

follows:
F o ) _
_—N_ﬁ N—(|:| T——CHQCHINH——
HH N /CH2
C
“n
Figure 3-1 G S f.catio ate polymer (Sunfix 555)
3.1.5.3 I Ghemical works, Ltd., Tokyo,

Japan

3,000,000 dalton units)

i |
3.1.6 Fabric: fou types of bleached fabrlc and without optical brightening agent

ﬂumwﬂmwmm
AR SITLE ST A e

current rﬁeasurement)

3.1.6.2 Silk fabric: plain weave, construction 82x85, 104 g/m2 (by current
measurement)

3.1.6.3 Polyester fabric: plain weave, construction 136x90, 130 g/m2 (by

current measurement)
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3.1.6.4 Cotton/polyester (35/65) blend fabric: plain weave, construction

54x60, 150 g/m2 (by current measurement)

3.2 Apparatus

3.2.1 Inkjet printer -.,f_ _ pigméAiye printed on textile: EPSON Stylus

Color 3000, Sei DS lagano, Japan

3.22 Vi BT \\\N\ Rheometer/TC500, Brookfield
- ¥ \\\\

3.2.5 Light scattering, ‘-l"‘gr e_,: USA

3.23

3.2.4 Zetasizer:

8.256 o;f i ..J‘ pus, Nireco Corporation,

Tokyo, dé@pan

327 ﬁauwﬂlgg W%;%’(WWMEO Tokyo, Japan
ézﬁ p] eter: ﬁ\ % ﬁﬁ(ﬁarChﬁcﬁ)ﬁoﬁ Bﬁbtnl USA

312.9 Drylng oven: 6-2 Fl, Rapid Labortex Corporation, Taiwan
3.2.10 Mechanical Homogenizer: T. K. ROBO MICS, Tokushu Kika Co., Ltd.,
Osaka, Japan

3.2.11 Machanical stirrer: RE 16, IKA-Labortechnix, Germany
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3.2.12 Spectrophotometer: Digital Swatchbook, X-Rite Incorporation, Michigan,

USA.

3.2.13 Crockmeter: AATCC Crockmeter, Atlas Electric Devices Corporation,

Chicago, USA

3.2.16 Padding i ( hByeing Machine Mfg., Osaka, Japan

3.3 Procedure

3.3.1 Effect of the t/Binder F 5t Ink Properties
Four sets of sated - inkje various pigment-to-binder ratios

were prepared. TheYpi d _& the different dispersion

7 - Y

technologies as follo | PO "t prepared by Dainichiseika
i

i¥

Co., in Japan; surfactant@iggersion prepared py Fuji Pigment Co., Ltd. in Japan; micro-

encapsulation ﬂ J;Jm%])o’nq nungjcye]nglsmcﬂ :]pﬂ ;d surface modification
»QRARINTUNNIINY1A Y

3.3.1.1 Preparation of Pigmented Inkjet Inks

The dispersed pigments, binder, solvent and additive are mixed

proportionally to get a uniform ink as shown in Table 3-1. The principal care is to tune the
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stable pH range of each material. The pigmented inkjet ink is stable under a pH range of
7 to 10. Each ink mixture was filtered through a very fine nylon mesh screen (400 mesh).

The properties of four types of pigment techniques are shown in the

Table 3-2.

Table 3-2: The inkjet ink formul

at the 1/0.5 pigment/binder

ﬂ dispersion of pigment and polymer
:._4

S ——
Pigment Dispersion Con € _| Magenta | Yellow Black
NK A-12 binder - 5 3.89 3.89 3.89
Cyan (S-7 C-17) 7K , . - ]
Magenta (S-7 M-12) 00074 £ 38 4 % 136.08 ; :
Yellow (S-7 Y-20) . | S ' . 36.08 ;
Black (S-7 K-5) 0 | 1 - . 34.65
Glycerin - ‘ﬂ 5 5 5
Ethylene glycol 1 . 'J,V# 7 10 10 10 10
Surfactant i 15 5 5
Water 40.03 40.03 41.46

TR =

1/0.5, 1/1 and 1,! (%solid). They are ghown in Table.3-3.

- ATIANDIAMINN IR

P/B ratio Pigment (%solid) | Binder (%solid)

1/0.5 3.5 1.75

17 3.5 3.5

1/2 3.5 7.0
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3.3.1.2 Characterization of Pigment Dispersions and Ink Properties

The pH, viscosity, surface tension and particle size of the inks were
measured in the present ink formulation for the inkjet printing.
- pH measured by pH meter

- Viscosity measured by Brookfield viscometer

4
i

Flow chart 3.1 Effeetof the Pigment/Binder ratio on Inkjet ink properties

FUEINENINEGINT
RAAI AT R RHHAE 1

3.3.2.1 Preparation of Pre-treatment Solution

a. Pre-treatment solution is prepared by adding poly(vinyl

alcohol) by weight in the rapidly stirred deionized water. The usual range of the ratio of
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poly(vinyl alcohol) to water is 10% by weight. The mixture is stirred for around 10 minutes
at room temperature, 10% alumina is prepared by the same way as that of 10% poly
(vinyl alcohol). The alumina dispersion is added and the mixture is stirred by a
mechanical homoginizer at a constant speed of 8,000 rpm for 30 minutes at room

temperature. The volume ratio of 10% paly(viny! alcohol) to 10% alumina is at around

1:4.

solution of poly(vinyl alcohel) andss ina at 1 dding. The treated fabrics are

dried at room temperatu

Srinting o th ent Fabrics
The pig v f-“’jm inted on the padded cotton fabrics by

kA
~a
2

EPSON Stylus "V"_“‘“‘“‘"‘“iﬁﬁ""~"'“"‘~-{- oven for 10 minudtes at

'FI pr
| Id
v i¥ |

150°C.

AU INENINYINS

QAVANLAM AT LN NE, e,

bending length and wet/dry crockfastness.
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a. Color Measurement
After printing, color values of the printed fabrics: cyan,
magenta, yellow, black, red, green and blue were measured by spectrophotometer (X-

Rite Digial Swatchbook). The testing condition by Gretag Mecbeth Spectrolino was the

measurement geometry 45°/ 0°, inants D 65, A/10, D 50. The 2° observer was

used based on CIE 1931.

(2 dimension) as shown in 2] olor values were calculated as
a color volume. The cglbr ¥ ‘was_calculate “Using the color gamut volume

program provided by th alcula I" is shown in Appendix B.

ﬂ‘L!EJ’JVIHVIﬁWEJ’]ﬂ‘i
ammmmumawmaﬂ
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Figure 3-2 The xy color spa e bé — matching functions of the Standard
(i AN 2,

Observer.

!B - D

b Air permeabuhty

AU L ITECTTYaF - A—
~q W’Tﬁ IR Ty

permeabnty tester. The air permeability of individual specimens was calculated using
data read directly from the test instrument in the S| unit as cm’/slcm’. The air

permeability of the printed fabrics was evaluated based on ASTM D 737-96 test method.
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c. Stiffness

A stiffness tester (cantilever test) was used for testing the
printed colors of cyan, magenta, yellow, black, red, green and blue. The stiffness of the
printed fabrics was measured in the termc of the bending length. The stiffaess test

method was based on ASTM D13885 Syl6

astness of the printed fabrics:
cyan, magenta, yellowgfbl: —gre i 6, were measured by AATCC
\‘.
ares, both dry and wet, with water

were given. The AATCC cfockmeteqmeihod was ‘-. on AATCC 8-1969 test method.

cS were -' alyzed for the morphology in

°“'“?TTT$J ﬁﬁfﬁ%‘fwmm

The dgpth of ink penetrahon was erved with cross-
sectlo%ﬁ\a amiﬂrcimnm llq nﬂr:])ra)ﬂphed by Image

Analyzer and investigated to characterize the ink absorption of the fabrics.
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Mixing

'

Padding on cotton fabrics

Drying at room temperature

NI/ /

1ng on i

e ‘i“""r'ooi- "'4?:‘3*_2 and

S

///@\\\\\
B\

Flow chart 2 Effect of the PlgmenUBlnder ratio on fabric printing
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3.3.3.1 Preparation of Pre-treatment Solution

a. The mixed solution of 10% poly(viny!l alcohol) and 10% alumina

were made as those in Section 3.3.2.1
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b. 10% Sunfix 555 solution was prepared by adding sunfix 555 in
deionized water with a constant stirring rate for 30 minutes at room temperature. The

usual range of acrylic sunfix 555-to-water ratio is 10% by weight.

c. 3% poly(ethylene joxide) solution was prepared by adding poly

(ethylene oxide) rapidly in t c st _ ter. The usual range of adding poly

(ethylene oxide)-to-wate ' ure was stirred for around 45

minutes at room tempera

cotton/polyester (35/65). Each f,..‘ﬁ‘ ------ as pre-treated by the mixed solution of
10%W po'y(\nnyl a' ‘&!l..‘n’--lluﬂ".—lili--ll.bﬁ--:} ......... :;.--‘l »‘ and 10%W poly(ethy'ene

II ||-|I
oxide). ']

ﬂ%ﬁf?ﬂﬂﬂﬂﬂﬂﬂﬂ@pﬂam pigment/binder

ratio of the best prlntabmty of pigment dispersiongechnique. The l ment/binder ratio,
whmhﬂows the@qj’nljw Hmfgrg nﬂ 3@ E\!Ls selected for

further use.
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3.3.3.3 Evaluation of the Printed Fabrics

Finally, evaluations of the printed fabrics were made as shown in

Section 3.3.2.2

Mixing of pre-treatment solution
(10% polyfvinyl'alcohdend 10% alumina,
SN/
0%

50 lene oxide)

X .AY rO0rL

()4

\7 "'_: 'l
By _ Of the'best
J L

¢ printability of pigment dispersion
4 :

AEMEAENT
RPN TUAN

Ty

C, 10 min

Evaluation of color value, air permeability,

stiffness and wet/dry crockfastness

Flow chart 3.3 Effect of ink dispersion on the four types of fabric
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