CHAPTER III

EXPERIMENTAL

3.1 Materials and Chemicals

3.1.1 Pigment dispersion fi A i Colo r Ltd., Himeji, Hyogo, Japan
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c¢. YELLOW 11138A: C.I. Pigment Yellow 155

Density, 1.4 g/cm?
Percent volatile by weight, 80%

Chemical class: Diazo
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d. BLACK 11136A: C.I. Pigment 7 (Carbon black)

Specific gravity, 1.8-1.85

Percent volatile by weight, 76.8%
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amura Chemical Co.,
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Acr*hc emulsion, pH 5 non-volatlle 48.5%,
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3.3 Other Chemicals

a. Diethylene glycol (C4H;¢03) from Fluka Chemie AG CH-9471

Buchs, Switzerland

Analytical grade, M = 106.12 g mol
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b. Glycerol (C3HgO3) from Merck, Darmstadt, Germany
Analytical grade, M = 92.10 g mol™

¢. Fumed silica (SiO,) from Degussa A.G., Frankfurt, Germany

d. Pol s \\ \\ al Works, Lid,,

3.1.4 Fabricthdterials L
7 o

Scoured 'I tton fabric: plam'y constru n 140x75,
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3.2.1 Epson Stylus 3000 Inkjet Printer, Seiko Epson Corporation, Tokyo,

Japan

3.2.2 Cantilever Stiffness Tester: Shirley Developmented Limited, England

3.2.3  Air permeability tester: Shirley, England
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3.2.4 Crockmeter: A.A.T.C.C. Crockmeter, ATLAS Electric Device

Corporation, USA

3.2.5 Image analyzer: LUZEX F, PM 10-AD, Olympus, Nireco

3.2.6
er/ TC500, MA, USA

b. 3C4-14/6R Brookfield, USA
3.2.7 5400, Joel, Japan
328
32.9 Drying'gve I Rapi afion, Taiwan

17 4

3.2.10 pHmete '§| : neorporated USA
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3.2.13 Mechanical stirrer: RE16, IKA-Labortechnix, Germany

3.2.14 Dynamic Mechanical Analyzer (DMA): 7e, Perkin Elmer, USA



3.3 Procedure

3.3.1 Preparation of Fabric

\ € tton Fabric

water and dried at ambie e dry ¢ ¢ was ironed to gain a flat

. 4 A L ’H“
and smooth surface. ‘

th soap, then cleansed with

stirred by a magnetic stirrer af'50,°C til it lear solution. The formulation

of poly(ethylene oxide) solution ¥
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cotton faﬁncs were dried in an oven at 80 °C for 10 minutes.

3.3.1.3 Backing of Fabric

The pretreated cotton fabric in Section 3.3.1.2 was cut into an A4 size.

It was taped with a two-sided sticky tape onto a smooth, flat surface, such as a plastic
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film as a backing material. The backing material should have a uniform thickness for

inkjet printing.

3.3.1.4 Nontreated Cotton Fabric

his experiment is shown in
Table 3-1. The binder-to-plgmeélit mifio was fiked at 2 to 1. Diethylene glycol,
glycerine, S-711 binder, e added sequentially in
deionized water wi ’;_ :ﬂ solution was added to

T
e ink was e

the ink to adjust the so}mlon pH to around 9. filtered through a filter

having 0.5 mwﬁ %ﬂw %’Wﬁﬂzﬂ .smated to prevent

clogging of the ptinted head.

PMIAN TN NN ING I
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Table 3-1 Recipe for the pigmented inkjet ink

Concentration (wt %)

Composition
Cyan Magenta Yellow Black

Pigment (Cyan)

Pigment (Magenta)

Pigment (Yellow) - -
Pigment (Black) - 4
Diethylene glycol 10 10
Glycerine 15 5
Binder 16.49 16.49
Water 54.5 54.5

3.3.2.2 Aqueo

The rSofk ’ e Sitbwn in Table 3-2. The

i T

binder-to-pigment ratic“was fixed at 2 to 1. BR-700 b ider, fume silica, pigment

oo, S By o

beaker.

AN TN ING I



Table 3-2 Recipe for the pigmented screen ink
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Concentration (wt %)

Composition
Cyan Magenta Yellow Black

Pigment (Cyan) - -
Pigment (Magenta) - -
Pigment (Yellow) 10 -
Pigment (Black) 7 : 10
Binder r 4 20 20
Fume silica ; 3.13 2.19
Catalyst (NK faster 0.21 0.21
Water 66.72 67.66

3.3.3 Printing

‘Vi‘
3331 @iet Pt
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cotton fabric usxﬂ& a modified Epson yrmter The pnnter was cahbrated according to

o V) B B B

Photoshop program without any color matching function and resolution of 1,440 dpi.

To obtain an optical density (the maximum value) of the prints, triple printing at the

same area was carried out. After printing, they were dried in an oven at 100-120 °C

for 10 minutes.
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3.3.3.2 Screen Printing Sequence

The nontreated cotton fabric in Section 3.3.14 was printed by screen
printing. The pigmented inks of cyan, magenta, yellow, and black inks were printed

sequentially. After printing, they were heated to dry and to fix the ink film at

100-120 °C for 10 minutes.

_ 1\ ared for their the viscosity,
Brookfield DVIII Programmable Ri ﬁ m e number 18 at the temperature of

25 £ 0.2 °C with many shear rate ) L e shear rates was from 50 to 250

The vis‘gsity of the pigmented screen s was measured by

Brookfield visﬁnﬁ ﬁ%lm ﬁ wamﬂ ﬁapter and spindle

number 14. The aleasured value at 25£ 0.2 °C under vanous rates o 4, 8, 20, and
0 R ol AETVENR Tttt m@ a

3.3.4.2 Surface Tension

The pigmented inkjet inks were measured for their surface tension by a

ring method in the K8 surface tensiometer.



3.3.4.3 Particle Size

The pigmented inkjet inks were measured for particle size using the

Laser Zeta Potentiometer ELS-8000.

Binder

The glass young’s modulus of the

binder films were measured, zer (DMA), to explain the

relationship of film property'a on fabric.

3.3.5 Characteri

3335, ,9 ptical Microscopy

y_— i"‘

The ii of il ed ih a cross-section printed

cotton fabric using an gp‘&cal rmcroscop e depth of ink penetration was

gt B bk U gm YT o o e coton
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3.3.5.2 Stiffness

The stiffnesses of the nontreated and pretreated cotton fabric were
measured in the terms of the bending length. After printing, the printed colors on the

pretreated cotton fabrics: cyan, magenta, yellow, green, blue, red, and black were
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measured for the bending length by a stiffness tester (a cantilever type). The stiffness

was evaluated based on ASTM D 1388-96 test method.

3.3.5.3 Crockfastness of the Printed Cotton Fabric

The non > o printed cettonifabric were measured for
air permeability by an ermeability of individual

specimens was calculated the test instrument in the

3

SI unit as ecm’ s test method was based on

ASTM D 737-96 tes neth

3.3.5. | ']
YT EIWVE] P ad ptcgphed b

scanning electrofi inicroscopic technique (Joel JSM-6400).
. € a W
YRIAANAUNATINETIRE
9
Color values of the printed cotton fabric: cyan, magenta, yellow, green,

blue, red, and black were measured by a spectrophotometer (Gretag Macbeth

Spectrolino). The Gretag Macbeth Spectrolino has a measurement geometry 45°/0°,
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by illuminants D65. The 2° observer was used based on CIE 1931. The color value

was measured i terms of CIE-L*a*b* and xyz color space.

The x and y color value were created as a color gamut (2 dimension) as

shown in Figure 3-2. The L*, a* and b* were calculated to give a color volume. The

color volume was calculated usin  colop’ gdmgut volume program provided by

Canon Inc.”

T TR% ot value ‘were calculated to yield the

color saturation, S,

G.1)

where
Uy, V', are

u’, v’ are the u’, g 1agram which 1} lculated from x, y color values as

ollows: ﬂ‘L!EJ’WIEWI?WEJ’ﬂ‘i
QW\&WW?WTW JIRY ©

Vv = 9y/(-2x+12y+3) 3.3)
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Figure 3-2 The xy color space based on th hing function of the standard

observer. s 7 : X' ]
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