CHAPTER IV

RESULTS AND DISCUSSION

In this study, an ink formula was investigated and the ink was printed on four

#/, nd cotton/polyester blend. In the first
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4.1 Viscosnt%' and Surface Tension of Inkjet Inks

L
The ink formulation in this study was kept constant at a ratio of pigment to binder

of 1:1 by weight based on total weight of the ink. Table 4.1 shows the viscosity and
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surface tension of the cyan, magenta, yellow, and black inks. The viscosity of the inkjet

inks was nearly the viscosity of water, which is 1.0 mPa s.

Table 4.1 Ink viscosities of cyan, magenta, yellow, and black inkjet inks

I 1.56 1.84
I-A . 1.88 2.39
I-S ; 1.96 2.30

o XA\
I-M 4 “, o KU \ ale 2.59
qz:f Jeskdy 43
I-U 3 ‘u'f,j‘l":‘*{ -'. 1.92 2.29
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I stands for the ink without binder; “— 2

ith A12 binder, I-S for the ink with
et "'-*"-"‘.:‘

S711 binder, I-M fortq);kw@mﬁi' and I-U for UA150 binder

y 7

From Table 4.1, we found that an addltlon of the binder at 1:1 ratio increased the

ink viscosity to aﬂ ungl{} %qﬁﬂn ﬁhwcﬁpqxﬂfﬁg ink without a binder.

The viscosity mcrement depends on thesviscosity of pigment base used, The viscosities of
the pigmeraq)ﬂ ;Lﬁﬁ Mrzu ucu,’lzgm ﬂcﬂ, adEILck were found
3.4, 3.3, 2.8, and 7.5, respectively. Therefore, the black ink was the most viscous,
whereas the yellow ink was the most fluid ink (see Table 4.1).

Figure 4.1 shows the reduction of viscosities of the inkjet ink when increasing

shear rate, therefore the pigmented inkjet ink behaved as the ‘non-newtonian fluid.
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However, the ink was close to the newtonian fluid because their viscosity changed a little.
The inkjet ink should be the newtonian fluid, which maintains a constant viscosity
regardless of shear rate. In other words, the best inkjet ink system does not become more
or less fluid as it is drawn from the reservoir, shot through the nozzle, or contacts the

substrate. [5]
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Figure 4.1 Dependence omiscosity of inkjet ink on shear rill [~

i ﬂwﬂ‘ﬁ%ﬂﬁ’mﬂm'ﬂﬁm s

(S711), and I ink (n'%| binder), respectlveoty)

Consxdenng surface tension of the inks in Table 4.2, the surface tensions of cyan,
magenta, yellow, and black inks for each binder were similar. This means that the inks
wet the printing substrate similarly. Water provides the highest surface tension on the

order of 72 mN m™'. When the water is used in an actual ink formulation, this value is
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reduced to 40-60 mN m™ by the other ink components, including colorants, polymers,

and additives.[5]

Table 4.2 Surface tensions of cyan, magenta, yellow, and black inkjet inks

Inks ol Surface Tension (mN m™)
'..\\ | /&m Yellow  Black
I 7% . 57 58

A ; 57 58

I-S Al \ 58 58

M ST 4\ 52 59 58

U 5 7 .‘ ‘ 57 58
I stands for the ink without binder, I-A for with A12 binder, I-S for the ink with
S711 binder, I-M for the ink with u ink with UA150 binder
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4.2 Effect of Mechanica%ta e on Ejections of Inks

roe s EPUELADENTWEDT. o e
for the prew ﬁ qknajem ﬂ'ﬁ ﬁﬁnﬂeﬂﬁ a?c"'ﬁ binder, while

UA150 is thé most fluid among four binders used. In addition, UA150 volatiles less and

S

is an alkaline soluble binder dispersed in anionic surfactant. The rest of the binders are

acidic binder.
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Table 4.3 Characteristics of four binders in an emulsion form

Binder

Property S711 Al2 M302 UA150

% Nonvolatile (%) 48.5 45 47 29.7

Viscosity (mPa s) 1000-150 " ’/00 500 300 79

pH of dispersion ﬂ 5.5 9.3
é

W‘ nonionic anionic

Dispersion type - nonioni

4.2.1 Ejections of o the Emulsion Form of

Binders (27
The prepared pigmented nks, W xth, h binder were loaded in Epson
inkjet printer and then printed. The }aﬁ?- he printing was the nozzle checking in
e

order to check nght-ejectlon of eachjjﬁje i

TS o

I-A ink (A12 ), I-M ink (1\502

The ejections of C,4MEsY, and K inks with S711 binder named I-S ink were very

s e o) WL T L e e e o
et T C S T TV T e

The four-col@r inks did not obstruct the flow of the inks through the print nozzle. The fair
ejections were the printing of I-A inks as shown in Figure 4.2 (b). Figure 4.2 (c) is the
nozzle checking of I-M inks, in which poor ejections of the C, M, and Y inks and a fair
ejection of the black ink were observed. However, the color evenness of the printed

fabrics was fairly good although the printed magenta color was not so good. The worst
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ejections were those of I-U inks as shown in Figure 4.2 (d), the binder of which hampered

significantly all C, M, Y, and K nozzles.

yre—

Figure 4.2 Nozzle checking of ejections on printing (a) I-S inks (S711)

(b) I-A inks (A12) (c) I-M inks (M302), and (d) I-U inks (UA150)
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Figure 4.2 (c) shows the misdirection lines due to the misdirection of ejection of
ink droplets. The misdirection might be caused by the improper surface tension of the ink

as shown in Figure 4.3.[17]

11

%'-_..

- e e e e

he inkjet ink

T

Figure 4.3 Surface tengion and Girection OF ¢ 06 [ (=] is for the ink) [17]

3 3
e TN
ﬂ‘t wﬂ‘a“aﬂﬂ@lﬁj’&l dptake 5@}@@5@ of the binders

were measured to investigate the relation of ejection characteristics on inherent properties

of emulsions and print qualities. Mechanical stability of the emulsions were shown in

Table 4.4.
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Table 4.4 Mechanical stability of the emulsion forms of the binders

Emulsion Appearance of emulsion Solid residue (%)
after stirring

S711 pale white liquid 0.02

Al12 pale white liquid 0.12

M302 0.10

UA150 many coa, ion particles 1.28

the weakest mechanical stabj das ? ionic emulsions, has the strongest
stability among these emulsi ; i ions of A12 and M302 have the
intermediate stability. Ink ejgction ‘mech: ' iezoelectricity generated the ink
droplets by vibrations of piezo _ lu 5 e weak mechanical stability of

UA150 dispersion might be the em.'rséd pigment or-binder flocculation during printing

it was poor caused by the

the vxscoswﬂ/alue of the binder itself. In

other words, the ﬁmmwngﬁ ﬁles to obtain a good

(binder) vehicle-pigment dlspersmn

PSR YS RS BT o

property of polymers is important to moisture content of the dried film. The film of S711

inherent properties of the gnders,

was found to have a water uptake 84%, whereas the UA150 film gave a low water uptake
of 17%. In other words, hydrophobic and hydrophobic properties of polymers influence

their water uptake. The more hydrophilic polymers, in general, can take high amount of
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water than the hydrophobic polymers. Likewise, the monomer composition also
influences the water uptake.[21] The S711 contains rather higher amount of the hydroxyl
group as shown in Figure A-1 of Appendix A. We possibly state that the S711 has the
higher hydrophilicity than those of Al2, and M302. We found the urethane
functionalities of the NH, C=0, and COO functional groups in Figure A-2 of Appendix

A.

Table 4.5 Water uptake by wei
—

Binder m \\ “ cr uptake (%)

S711

Al12
M302
UA150 17
As a consequence, S having the hydrophilic property is

ater as a major solvent of

Y )

>0 emulsion causes a phase

compatible very well

the inks. In contrast,
separation, which easily lead; to binder coagulatlon
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4.3 Physncaﬁopertles of Free-Fllm’ of the Bmd.:ss
4.3.1 Yellowmg, Hand Stiffness, and Abrasion Resistance of Free-Film of the
Binders
Yellowing, hand stiffness, and abrasion resistance of free-film of four binders:

S711, A12, M302, and UA150 were observed as shown in Table 4.6. The clear film of
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A12 binder had become yellowing after several days. Films of S711 and UA150 binders

became stiff hand when touching, whereas films of A12 and M302 binders became soft
hand. Abrasion resistance of the S711 film was weaker than the films of other binders.
The hand stiffness was found that it is related to both film modulus and glass transition'
temperature.

Table 4.6 Yellowing, hand stiffness ion resistance of the free-film of binders

Binder Yellowing: . . ] Abrasion resistance

S711 low
Al2 medium
M302 medium
UA150 high
4.3.2 Young’s Modulus,/Glass Frans ; perature, and Hardness of Free-
Film of the Binders
Table 4.7 Young’s Moduniiis; g1ass ;,5‘;:-,-,;--—'» Emp ) and hardness of the free-
film of binders | -
ol o
e A UETIEN I Ry
U
| (MPa) | ‘ ; (K v
Al2 0.8 283 4B
M302 04 280 4B
UA150 44 370 B

4B stands for hardness scale of 4B, B for hardness scale of B

* obtained by DSC technique
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Table 4.’} shows Young’s modulus, glass transition temperature, and hardness of
the free-film of the binders. The free-film of S711 and UA150, which gave stiff hand, had
the higher modulus and higher glass transition temperature than the soft film of A12 and
M302 binders. However, S711 film showed the low abrasion registance and low hardness
(4B) whereas UA150 showed the high abrasion resistance and high hardness (B). The

r#e/hzd the elastic modulus more than the

films of all acrylate polymers; , an and the S711 film had the highest

film of UA150 binder, which is a p

modulus among these gro perature, Tg, of the UA150

and S711 film might yiel of A12 and M302 binders.

NN
Ty is affected by polymer s hﬁgof the chain repeat units on
Tg are closely related to int i hess, and symmetry. Probably,

chain resulting from the prese £.be 1Ky side groups, the branching and

crosslinking. The higher concentsa{i_ﬁfg'ff ha 1 enc sin a branched polymer increases the

free volume and thus lowgrs the T, whereas cross| g lowers free volume and raises

N a
the T,. As the degree of c;lsslinking is increased, the material becomes harder and give

oo @B 21 TNE T
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4.4.1 Wicking Test and Dynamic Permeability Test
The fabrics: cotton, polyester, cotton/polyester blend, and silk fabrics were tested

for the ink absorption by wicking test and dynamic permeability test. The wicking test is
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a static absorptioh for 3 sec set by this experiment, whereas the dynamic permeability test
is a dynamic absorption when the contact time was 2 msec.

Table 4.8 shows that the polyester fiber could not absorb the water-based inkjet
ink, whereas the cotton and silk fibers could absorb more than polyester fiber. The

cotton/polyester blend fabric shows the higher absorption than 100%cotton fabric due to

the loose structure of the cotton/poly: Wmc

Table 4.8 Ink absorption of thedab . 1c ir ...
Fabric / ructure k \ Length of absorption (cm)
/’/IB AW\
Cotton 2.2
Silk 2.0
Cotton/polyester blend 3.0
Polyester 0.7
*for UA 150 ink
Table 4.9 Ink absorption ahe fabrics by dynamic permeability test®
ﬁmﬂﬂ VIHW‘?WH'TTT‘?“M
(cm cm

Cotton/polyester blend 0.0040

Polyester 0.0027

2 for UA 150 ink
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Table 4.9 shows the highest absorption of the cotton fabric, whereas the polyester

fabric shows the less absorption. Tables 4.8 and 4.9 indicate that the cotton and silk

fabrics absorbed the ink easily, whereas the polyester fabric absorbed the ink poorly.

Table 4.10 Water swelling property of textile fibers [23]

Fiber Volume Swelling in Water (%)

Cotton

Polyester

i "'.—"'-"I"“-‘:""l

water molecules and tqg\xmlﬁmﬂes of'l the 1 the natural animal and

vegetable fibers have p ct water. The cellulose

b
molecule such as molec1ge of cotton fiber contalns three hydroxyl groups for each

glucose residue, thﬂ %@ %Bﬁ;&hﬂfﬁlw @r’}f}@ps of fiber and water.

The water attract on protein fiber such as silk fiber depends onghydrogen bonding
between th% ﬂgﬁmiem]usm;lguuﬂlg @oﬂnd silk fibers

having the hydrophilic property can absorb the ink, which contain water as its major

solvent.
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4.5 Ink Penetrations of Printed Fabrics

Ink penetrations of the printed, nontreated fabrics of cotton, silk, polyester, and
cotton/polyester blend fabrics were observed in terms of the depth of the ink penetration.
We found the deep penetration of the ink into the polyester fabric (about 100%) and there

was less ink adheres on polyester ﬁb\x\w e cotton, silk, and cotton/polyester

blend fabrics showed the mk of ap y 40-50%. The reason might be

that the hydrophobic fiber : 5 i m high surface tension water-

4.8, 4.9, and 4.10. ﬁgﬂaﬁrﬁ Wmmspwﬁﬁ ﬁgi:ester fabric might be

the easy flow of loW viscosity inkjet 1nk The polyester has a high w1ckmg property,
s s QH HFT B 143 8 o i
through the fabnc quickly.[22] The retention of ink in the printed fabric was affected by
the alignment of the spaces between fibers. The polyester fiber was circular fiber, which
were close-packed and the vacancies of the close-packed fibers were filled with the ink

as shown in Figure 4.5 (a).[11]



(b)

Figure 4.4 Photomicrographs of cross-section of the printed fabrics (x10): (a) cotton

fabric, (b) polyester fabrics, (c) cotton/polyester blend fabric, and (d) silk fabric

49
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(d)

Figure 4.4 Photomicrographs of cross-section of the printed fabrics (x10): (a) cotton

fabric, (b) polyester fabrics, (c) cotton/polyester blend fabric, and (d) silk fabric



51

Figure 4.5 Models of ink ab,

(a) cross-section model of hydroph&&‘éfﬁii ' @gitﬁdinal view of hydrophobic fiber,
Ll el

(¢) cross-section model 31" hydrophlhc ﬁbér,

and_“n?dmal view of hydrophilic

fiber ( l:l is for the ﬁb fabnc

7)
Figure 4.5 ﬁ,@d ﬁf ﬁ% %o&a}ﬁﬂ ﬁ?dw m ﬁ%‘i fabrics, which were

~made from the pho%micrographs. For t¢he printing on the hydrophgbjc fiber, the fiber
could not a@aﬂhﬂ@cﬁ@iﬁ&um’ag&] EJA':}}@! EJth the ink (see
Figure 4.5 (a), (b), and Appendix A). On the contrary, the hydrophilic fiber could absorb
the aqueous vehicle of the ink. When the ink was dried, there were the solids of pigments
and binders were densely deposited around the fiber of the top surface of fabric (see

Figure 4.5 (c), and (d)). The ink absorption model in Figure 4.5 affects the stiffness of the
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printed fabrics, which shall be discussed in Section 4.6.
4.6 Effect of Inkjet Inks on Stiffness of Printed Fabrics

The four nontreated fabric types: cotton, polyester, cotton/polyester blend, and

Relative bending length 4.1)
fabric
. .
Table 4.11 Bending lengtg)f non-p
= .~
A ) LU 2191 “Pansisgiagnen)
. I W F 1 1T fF v
Fabric types 4J Non-pEinted fabric Printed fabric
e —— '
{

ANFUURY i
Cotton g 2.7 2.1 2.9 2.3
L 2.1 3.6 23 45
Polyester 21 1.7 3 27
Cotton/polyester blend 23 2.4 2.8 27

MD stand for machine direction, and CD for cross-machine direction
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The relative bending length (Eq. 4.1) indicates the increase of bending length of

the printed fabric after printing by which the bending length of the printed fabric was

compared with the bending length of non-printed fabric.

1.8

L6 1.59
= -
- \\W/
= J
= 1.4 4
2 ~
T
=
S 121

1.

Figure 4.6 Relative bending lgng are for machine

direction (MD), and cross-machi e&@oa spectively)
A g i

e lowest relative bending

length, and the printed poDester fabric had the

words, the mcreasFTfﬁfgj ﬁrﬂwﬁfwﬁdﬁﬂﬁmm increase and the

increase of stiffnessiof printed polyester showed the maximum increase

B TR0 B B

length, in other words, more ink penetration tended to give more stiffness of the printed

highest relative bending length. In other

fabric. The 100% ink penetration of the printed polyester fabric and the larger solid of the
dry ink inside the fabric after drying might affect the high stiffness of the printed

polyester fabric (see Figure 4.5 (a), and (b)). Whereas, the 40-50% ink penetration of
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more hydrophilic fabrics: cotton, silk, and cotton/polyester blend fabrics showed the

lower stiffness because there was no large piece of the dry ink inside the fabrics (see

Figure 4.5 (c), and (d)).

4.7 Effect of Different Binders of Ink on Stiffness of Printed Fabric

\l//

Four types of binder: A12,M302, S71// A150 were applied in the four ink

formula: I-A (A12), I-M (:% "
on the four types of the nofitr //

711), and I'U(UA150). These inks were printed
: Gotton, polyester, cotton/polyester blend, and

silk fabrics. The bending len ated fabrics tested with these inks were shown in

Figure 4.7. )’ _“
4
3.5
~ 3 1
:§-’ 2.5 - ‘-. -
Eﬂ 5 | % %%
= / - / :
'g 1.5 4 | % %
A 1A "'. éé /
0 | ,,/, ¥ //%% .y ’
O"I 7 T 7. N .l U

l dbO N
Cotton/polyester
blend

Fabric Type
Figure 4.7 Bending lenght of four printed fabrics with four inks (Ill, [, F, and B8

are for I-M (M302), I-A (A12), I-S (S711), and I-U ink (UA150), respectively).
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The stiﬁ‘ness of printed fabrics was measured using the bending length
measurement. Figure 4.7 shows that the bending lengths of the printed polyester fabric
were different by the four different binders, whereas the printed cotton, cotton/polyester
blend, and silk fabrics did not show a significant difference by changing the type of ink

binders.

It is found that the bending lenﬁ‘“ ,’ inted polyester fabric depended mainly

o
I ght be that the large solid dry ink

on the Young’s modulus of Vm.}\
dulu binder of the ink. As shown in

e
b4

inside the polyester fabric ¢

Table 4.7, Section 4.3, th I ich st OWe the lowest elastic modulus, gave
the lowest bending length of Eﬁug to its stiff chains (see Figure
Y

lend fabrics, most of the ink

and there wasﬂ)t a large solid phase of the

dry ink (see Flmﬁ;ﬁﬁﬁwgweﬁtﬂﬁﬂﬂ? of these fabrics did

not show the clear erence between the different binders. Since the limited amount of
¢ o Q/

binders of TR 16368 | ordke| 6 preyent 9 dbiiiion B nozzie n this

9

study, the conclusion might be different when more amount of the binder were

localized on the top of thd-gl faBric s

investigated. In other words, 4% binder of the inkjet ink in this formulation might give

the less effect on the stiffness of the printed fabrics.
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4.8 Effect of Different Binders on Crockfastness of Nontreated Fabrics

Table 4.12 shows the dry crockfastness of the four inks: I-A ink (A12 binder), I-
M ink (M302 binder), I-S ink (S711 binder), and I-U ink (UA150 binder) printed on the

four types of nontreated fabrics.

Table 4.12 Dry and wet crockfastness o: the @dem for the nontreated fabrics
——

7 kb G e

cotton C /-/// - \‘\;\?\'J‘ ester blen si
- v/ \\\\\ -
I-U 3-4 afs s — o 34 3-4
IS 3 AAN 34
I-A 3
I-M 3-4
Tnk " e Iye: .blend silk
I-U 2-3
-8 f“" | o t 3

AUEINENINYTND
I-A 3 3 2 2-3

o ARINNFUNMNIBIRY

5 stand for excellent, 4 for good, 3 for fair, 2 for poor, 1 for very poor , I-U for the ink

contained UA150 binder, I-S for the ink contained S711 binder, I-A for the ink contained

A12 binder, and I-M for the ink contained M302 binder
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The I-S ink shows the lower dry crockfastness than those of other inks of about

0.5 unit of crockfastness level, because the I-S ink contained the low abrasive resistance
of S711 binder (see Table 4.6). When the properties of the binder films were considered
as shown in Table 4.6, Section 4.3, the film of S711 binder showed the lowest abrasion

resistance, whereas the films of A12, and M302 binder showed the medium abrasion

resistance and the film of UA150 bin

d ﬁthe most abrasion resistance. However,

the I-U ink, which contained th A150), did not show the higher
crockfastness more than 7 . It probably means that
polyurethane binder adhe t polyester fiber. The good
adhesion of polyurethane bi howed the high level of wet

crockfastness (see Table 4.12). : ‘ 1 4 (good), whereas the other

Table 4.12 shows that I#U j et crockfastness on all types of

fabric, except the polyester fabrie?%&v’c}", rockfastness of the polyester was level 4,
&) ;

whereas cotton, silk, and cotton blends tabrics were lev: » OI') to 2-3 (pOOI' to fair).

For the acrylate based 1ng I-S, I-A, and T- yﬂave better adhesion on the

:)tton cotton/polﬁ ﬁ,@ W EJ ﬁ.%d\w ,;1 ﬁ ﬁnk . s i TS
awnmnm URIINYIA Y

4.8.1 Claockfastness of Fabrics Types
Four nontreated fabrics: cotton, polyester, cotton/polyester blend, and silk were

printed with the four inks: I-A (A12 binder), I-M (M302 binder), I-S (S711 binder), and
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I-U (UA150 binder). The results of crockfastness show that each type of fabric exhibited

nearly at the same level for all binders.
Table 4.12 shows that the crockfastness of the printed polyester fabric was better
than other fabrics. The high crockfastness of the printed polyester fabric was caused by

the low ink pick-up of the surface of fabric.[13] Figure 4.8 (a) shows that there was the

ﬂie, because almost 100% of the ink

less ink adhered on the surface of

penetrated into the fabric as de
—

the surfaces of cotton, silk, (

more ink adhered on the su

he contrary, the ink pick-up of

amount of the ink adhered o
of crockfastness. Besides t ; g;f ink pick-up, the damage of the fiber of
fabric after crocking also afi . »
“made from its filament yarns, which stovide ex _ trength, high abrasion resistance

and better crockfastness) y ‘both ‘dr “and ckfastness of the printed

polyester fabric, from -“L of the above-mentioned

i
properties. J

AUEINENINYINg
AN ITUNNINGAY



(b)

Figure 4.8 Photomicrographs of the printed, nontreated fabrics: (a) polyester fabric,

(b) cotton fabric, (c) cotton/polyester blend fabric, and (d) silk fabric (x 10)

)



(d)

Figure 4.8 Photomicrographs of the printed, nontreated fabrics (x 10): (a) polyester

fabric, (b) cotton fabric, (c) cotton/polyester blend fabric, and (d) silk fabric

60
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)
Figure 4.9 Photomicrographs of the printed polyester fabrics (x10): (a) after crocking,

(b

(b) before crocking
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For wet crockfastness, the cotton/polyester blend fabric showed the lowest level.
Figure 4.10 shows that the cotton/polyester blend fabric was seriously marred after the
wet crocking test. The fiber of spun yarn was damaged and the ink was transferred to the

crock cloth. [15]

Figure 4.10 Photomicrographs of the printed cotton/polyester blend fabric (x6):

(a) before wet crocking, (b) after wet crocking



63
4.9 Effect of Pigmented Inkjet Printing on the Pretreated Cotton Fabric

4.9.1 Whiteness of the Pretreated Cotton Fabric
Cotton fabrics were pretreated with aluminum oxide dispersed in poly(vinyl
alcohol) solution by 100% pick-up ratio of padding. Table 4.13 shows the whiteness of

the nontreated cotton fabric (the whi

;¢ /otton fabric before pretreatment) and

whiteness of the pretreated 1teness of cotton fabnc after

pretréatment).

Table 4.13 Whiteness of the ne

z!, . .‘- n abl'lC
Fabric II ﬂ“\ Whiteness

Nontreated
w":
i’ln 1”: s

Pretreated 12

From Table 4.13,~the-pretreated-fabr 1IC sho’ sigher whiteness value than

'gm@t which gives a fair hiding

power. Figures 4. ﬁmu ﬁ( ?W@aﬂ Wﬁﬁ‘ﬁ(ﬁwa‘wd and pretreated

cotton fabric.

RV T B S s

pretreated co?ton fabric. The pretreatment reagent was deposited on the surface of fabric

nontreated fabric, becausegu.m

and bridged across the fibers. Consequently, this reagent covered and blocked the cavities

between fibers and could then retard the absorption of the inks.
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Fighire 4. 12°SEM of the-prefreated ¢otton fabric (x 1;:200)

4.9.2 Colox Satunﬁon lahd Cmckfastnesmf I’reereaﬁed and Nomtreated Fabric
The pretreated and the nontreated cotton fabrics were pnnted with I-A inks. The
print colors of cyan, magenta, yellow, red, green, and blue on the pretreated and the

nontreated fabrics were measured. Then the saturation of colors, S,, was evaluated.
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Table 4.14 shows the color saturation of the nontreated cotton fabrics and pretreated

cotton fabrics.

Table 4.14 The color saturation of nontreated and pretreated cotton fabrics

Color saturation, Syy
Color %increase
Pretreated
Cyan 0
Magenta 12
Yellow ¥
Red 12
Green 0‘8,5:\.- . 8
J‘l e ¥
Blue f:, :” ' 12
JI:A .r"ldr hYe L
u_;-__ T
Table 4.14 shows that%% J of pritited. colors of the pretreated fabrics

was higher than the priated colors of

pretreated fabrics as found that the cyan color

showed the largesﬁwﬁﬂtﬂ ﬂﬁlw E)Jme the least increase of

saturation.

e FAPIRIRIHIAA TR Y s

reagent acted as the ink acceptor on the fabric before excessive spreading of the ink.[24]

saturation between nontreaﬂd fabrics and

The SEM photographs in Figure 4.12 show that the pretreatment reagent was deposited
on the surface of fabric and bridges across fibers. Figure 4.13 (a) to (b) shows a cross-

section of the printed, pretreated cotton fabric and nontreated cotton fabric, respectively.
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This pretreatment reagent blocked the vacancies between fibers and could retard the

absorption of the inks. Consequently, the pigments were deposited on the layer of
pretreatment when the ink gradually penetrated into the fabric and made the ink penetrate
less than those of the nontreated fabric (see Figure 4.13). Unlike the pretreated fabric, the

inks penetrated into the nontreated fabric because of the wicking property of the fibrous

pigment on the surface o surface of the nontreated

fabric, consequently, the ic was higher than that of

the nontreated fabric. Ve surface is smoother with
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Figure 4.13 Photomicrographs of the depth of ink penetration of the pretreated, and the
nontreated cotton fabric (x 10): (a) cross-section of pretreated cotton fabric, and

(b) cross-section of nontreated cotton fabric
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and the nontreated cotton fabric (x 10):

o

Figure 4.14 Photomicrographs of the pretreated

and (b) top view of nontreated cotton fabric

b

(2) top view of pretreated cotton fabric
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Table 4.15 shows dry and wet crockfastness of the nontreated and the pretreated

cotton fabrics printed with I-A inks.

Table 4.15 Crockfastness of the nontreated and pretreated cotton fabrics

Dry/wet crockfastness

Yellow Black
4-5/3-4 3-4/1-2

Fabric Magenta
Non-treatment 3-4/3

Pretreatment 3/2-3 2-3/1-2
5 stand for excellent, 4 for ge poor

Both the dry and wetfcrotidfasthess < AR, brics were not better than
nontreated fabrics. The cause of lowe ¢ [RCSSIWe : aimed as that the inks deposit over
the pretreatment layer, whereih B of the ‘prefreatment reagent, poly(vinyl
alcohol), had poor waterfastness!” Figuie 4,15+ hat the printed, pretreated fabric

gave more color staining on the e nontreated fabric.
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(b)

Figure 4.15 Photomicrographs of the crock cloth (x9): (a) crock cloth of the pretreated

cotton fabric, and (b) crock cloth of the nontreated cotton fabric
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