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Abstract Atmospheric pressure plasma (APP)
treatment was applied as a pretreatment process to
enhance the deposition of printing paste in order to
improve the final colour properties of digital ink-jet
printed cotton fabrics. Three printing pastes contain-
ing natural polymers, i.e. (1) sodium alginate, (2)
chitosan and (3) sodium alginate-chitosan mixture,
were prepared separately. After APP treatment,
cotton fabric was padded with different printing
pastes prior to digital ink-jet printing. Experimental
results showed that APP pretreatment could increase
the colour yield of the digital ink-jet printed cotton
fabric significantly even after washing. In addition,
other properties such as colour fastness to crocking,
colour fastness to laundering, outline sharpness and
anti-bacterial properties were also improved when
compared with those of the control cotton fabric
printed without APP pretreatment. However, the
influence of printing paste on the colour properties
of the digital ink-jet printed cotton fabrics depended
very much on the composition of the printing paste.
The scanning electron microscope images evidenced
that the APP treatment could enhance the deposition
of printing paste on the cotton fabric surface as
proved qualitatively by both the contact angle and
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wetting time measurement as well as quantitatively
by both the X-ray photoelectron spectroscopy and
carboxyl group/nitrogen content analysis.
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Introduction

Application of digital ink-jet printing in textile areas
has increased recently because this technique offers
production benefits such as speed, flexibility, crea-
tivity in design patterns and cleanliness in production
for cotton products (Gupta 2001; van Parys 2002;
Tyler 2005). In the conventional printing of cotton
fabric, reactive dyes are applied along with alkali and
other chemicals in the form of a printing paste. Due
to the requirement of specific ink purity and conduc-
tivity for digital ink-jet printing (Le 1998; Aston et al.
1997; Schulz 2002; Zhou and Li 2002), none of the
conventional printing chemicals can be directly
incorporated into the ink formulation. As a result, a
printing paste should be prepared and applied to
cotton fabrics before conducting digital ink-jet
printing.

Currently, sodium alginate is an important thick-
ener commonly used for preparing the printing
paste for digital ink-jet printing due to its solubility
and excellent stability even after high-temperature
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fixation treatments (Tyler 2005). Similar to sodium
alginate, chitosan is also widely used as a novel
biomaterial which is biocompatible, biodegradable
and non-toxic (Qin 2004). Previous research has
reported that chitosan can be applied to textile
printing for improving colour yield, colour fastness
and anti-bacterial function (Qin 2004; Ye et al. 2005;
Lim and Hudson 2004; Jocic et al. 2005; Choi et al.
2005). Therefore, chitosan may be used as a chemical
for preparing the printing paste for digital ink-jet
printing of cotton fabric. The effectiveness of depos-
iting the printing paste on the fabric surface will
definitely affect the final colour properties of digital
ink-jet printed cotton fabric.

Recently, plasma treatment has proved to be an
effective pretreatment for improving the deposition
process by altering the surface properties of materials
without inducing much change in its bulk properties (De
Geyter et al. 2008; Kan and Yuen 2009; Morent et al.
2008; Zhang and Fang 2009). In our previous research
(Yuen and Kan 2007), it was confirmed that low-
temperature plasma treatment could enhance the print-
ing of cotton fabric using sodium alginate as the printing
paste. However, the low-temperature plasma system
used was operated in vacuum condition with yellowness
being induced in the plasma-treated fabric which is not
flexible enough to be integrated into the continuous and
open system normally used for fabric processing.

Nowadays, atmospheric pressure plasma (APP)
provides the requisite flexibility and possibility for
continuous and open process (Wang and Qiu 2007;
Shenton and Stevens 2001). The use of APP as a
pretreatment process for digital ink-jet printing of cotton
fabric and its effect on the colour properties of cotton
fabric deposited with different printing pastes, i.e.
sodium alginate, chitosan and sodium alginate-chitosan
mixture, have been studied in this paper. Analytical
methods such as scanning electron microscopy, X-ray
photoelectron spectroscopy and functional groups
determination have been used for characterising the
surface properties of the APP-treated cotton fabric.

Experimental
Fabric

Hundred percent singed, desized, scoured and
bleached plain weave cotton fabric of 136 g/m?* with
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50 ends/cm (yarn count: 15 tex) and 30 picks/cm
(yarn count: 15 tex) was used in this study.
Commercially pretreated cotton fabric used specifi-
cally for digital ink-jet printing with the same fabric
specifications was adopted as the control fabric (the
control fabric was pretreated with the printing paste
containing sodium alginate, sodium carbonate and
urea but the exact composition was not known due to
commercial reasons). The size of the fabric samples
was 20 cm x 20 cm. All samples were conditioned
at21 £ 1 °C with a relative humidity of 65 & 2% for
24 h before being used.

Plasma pretreatment

Plasma pretreatment of cotton fabric was carried out by
an atmospheric pressure plasma jet (APPJ) apparatus
(Surfx Technologies, USA). The APPJ produced a
stable discharge at atmospheric pressure with the radio
frequency of 13.56 MHz. The pretreatment was car-
ried out using a rectangular jet nozzle which covered an
active area of 254 mm x |1 mm. The nozzle was
mounted vertically above the fabric and the plasma
pretreatment was set up as shown in Fig. 1. The
distance between the nozzle and fabric surface was set
at 6 mm and the plasma pretreatment time was 3 s.
Helium with a flow rate of 15 1/min and oxygen with a
flow rate of 0.3 1/min were used as carrier and reactive
gases respectively. Five pieces of fabrics were pre-
treated with the plasma. After plasma pretreatment, the
fabrics were conditioned at 21 + 1 °C with a relative
humidity of 65 &+ 2% for 24 h before being used for
further processing.

Preparation of printing paste with sodium alginate

A stock sodium alginate was prepared by dissolving
50 g sodium alginate (Pfaltz and Bauer, USA) in

Helium - carrier gas

plasma

nozzle _PLASMA =

moving

I A
jet distance l l l l l ll _~substrate

Fig. 1 Schematic diagram of plasma pretreatment
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950 ml of deionised water. The amount of sodium
alginate used in the printing paste was measured
directly from the stock sodium alginate. The printing
paste was prepared by well mixing 150 g stock sodium
alginate, 8 g sodium bicarbonate (BDH, UK) and 10 g
urea (BDH, UK), together with deionised water,
making up a total weight of 400 g (Yuen et al. 2004).

Preparation of printing paste with chitosan

Chitosan in solid form was supplied by Sigma Co.
(USA) and a stock chitosan solution was prepared by
dissolving 5 g of chitosan completely into 500 ml of
10% acetic acid with constant stirring. The stock
solution was then filtered to remove any suspended
impurities. The amount of chitosan used in the
printing paste was measured directly from the stock
chitosan solution. The printing paste containing
chitosan was prepared by well mixing 40 g stock
chitosan, 8 g sodium bicarbonate (BDH, UK) and
10 g urea (BDH, UK), together with deionised water
making up a total weight of 400 g (Choi et al. 2005).

Preparation of printing paste with sodium
alginate-chitosan mixture

Sodium alginate itself can achieve good printing
property, but its anti-bacterial property is not good
when compared with chitosan (Yuen et al. 2007).
Mixing of sodium alginate with chitosan may
enhance both printing property and anti-bacterial
function. The printing paste containing sodium algi-
nate and chitosan mixture was prepared by well
mixing 150 g stock sodium alginate, 10 g stock
chitosan, 8 g sodium bicarbonate (BDH, UK) and
10 g urea (BDH, UK), together with deionised water
making up a weight of 400 g.

Fabric pretreatment with printing paste

The well mixed printing paste was padded onto the
cotton fabric using a padding machine (T.K.HOMO
Mixer, Model: HV-M, Japan) with an even pressure
of 2.6 kg/m? and a constant padding speed of 2.5 rpm
until a pick-up of 80% was achieved. The treated
fabrics were dried in an oven at 80 °C and then
conditioned at 21 £ 1 °C with a relative humidity of
65 = 2% for 24 h before conducting digital ink-jet
printing.

Printing procedure

The digital ink-jet printer used was Mimaki Tx2-1600
(Mimaki Engineering Co., Ltd, Japan) with a piezo-
electric drop-on-demand print head. A commercially
available reactive ink of magenta colour with vinyl-
sulphone reacting system (Yuen et al. 2005) was used
without further purification. With the use of the built-in
software of the digital ink-jet printer, a square pattern
of size 100 mm x 100 mm was generated with a
resolution of 360 dpi for easy comparison. After
printing, the fabrics were air-dried and then treated
with superheated steam at 110 °C for 5 min for colour
fixation. The steamed fabric samples were finally
washed in a 10 g/l non-ionic detergent solution (Kier-
alon OL, BASF) until all the unreacted dyes and
chemicals were removed from the fabric surface.

Colour yield measurement

The printed fabrics were conditioned at 21 = 1 °C
and 65 £ 2% relative humidity before colour yield
measurement with a Macbeth Colour Eye 7000A
Spectrophotometer. The spectrophotometer was set to
exclude specular reflection and a large aperture (D65
and 10° observer). The fabric was folded two times to
ensure opacity and then measured twice in both the
warp and weft directions in order to obtain average
results. The colour yield expressed as a K/S value
with different wavelength ranging from 400 to
700 nm within the visible spectrum and measured
at 20 nm interval was calculated according to Eq. 1
and then summed up as K/S Sum value. The higher
the K/S Sum value, the more the dye-uptake will be,
resulting in better colour yield.

_ 2

where K = absorption coefficient (depending on the
concentration of the colorant); S = scattering coef-
ficient (caused by the dyed substrate); and R =
reflectance of the coloured sample.

In order to determine the durability of the printed
colour, the printed fabrics were washed twice with
simulated domestic washing according to the AATCC
Test method 135 under the condition of normal
washing cycle at 27 £ 3 °C followed by tumble
drying process. After each washing, the fabrics were
conditioned and the colour yield was measured.
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Surface morphology

The surface morphology of fabrics was investigated
by scanning electron microscope (SEM) (JEOL,
Model No: JSM-6335F, Japan) with a magnification
of 10,000x.

X-ray photoelectron spectroscopy (XPS) analysis

The chemical composition of fibre surface was
investigated by X-ray photoelectron spectrometer
(XPS; SKL-12, China) modified with a VG CLAM
4 multi-channel hemispherical analyser. X-ray source
was a dual anode source generated from VG (type
XR3E2) but with a non-monochromatic Mg Ko
radiation (1,253.6 eV) at 10 kV and 15 mA. The
analysis was carried out under an ultra high vacuum
(8 x 107® Pa). The peak positions relative to hydro-
carbon peak at 285.0 eV were corrected for charging
so that the relative intensities of C;¢ (285.0 eV) and
Oy; (533.0 eV) peaks could be determined.

Contact angle and wetting time measurement

A contact angle goniometer—Model 200-F1
(Rame-Hart, USA) was incorporated in an image
capturing system to measure the contact angle of
fabric samples. A micrometer syringe (GILMONT
instrument, Barnant Company, USA) was used for
placing a glycerol solution (86—88%) droplet of 5 pl
onto the fabric surface. The time required for the
droplet to be completely absorbed into the fabric
surface was taken as the wetting time. For each
specimen, 6 measurements were taken.

Determination of carboxyl group and nitrogen
content

In order to study the chemical effect of the printing
paste on the cotton fabric, the carboxyl group and
nitrogen content of the fabrics were evaluated. Since
the printed area contained the reactive dye, thus the
unprinted portion of the fabrics was examined so as to
eliminate the influence of the dye. The amount of
carboxyl group present in the fabric specimens was
determined by titration method (Fras et al. 2002). 1.0 g
air-dried sample was weighed and put into a 200 ml
glass-stopper flask. 100 ml of calcium acetate solution
(AR grade) were added. The flask was shaken
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overnight, and then the suspension of fibre was filtered.
50 ml of filtrate was pipetted into a beaker and the
murexide was added as a colour indicator. The pH
value of the filtrate was adjusted to 12 by the addition of
0.1 M sodium hydroxide solution. The decrease in
concentration of calcium acetate solution after con-
tacting with the fibres was determined by the titration
with 0.1 M EDTA solution as a titrant and the end point
was determined colorimetrically. The carboxyl group
content of the cellulose sample was obtained according
to Eq. 2 (Fras et al. 2002):

(Vo —Vp) x C x f x 1,000
m

COOH (mmol /kg) =
(2)

where V, is the consumption of titrating reagent
(EDTA) for the sample [ml], Vy, is the consumption
of titrating reagent (EDTA) for the blank value [ml],
C is the concentration of the titrating reagent [mol/l],
f is the factor of the titrating reagent (Bird et al.
1961), and m represents the weight of sample [g]. All
the values obtained were mean value of 4 parallel
measurements.

Nitrogen content of fabrics was determined by
Kjeldahl method. 2 g of fabric was weighed and then
placed in a Kjeldahl digestion flask containing 0.7 g
mercury oxide, 15 g potassium sulphate and 25 ml
concentrated sulphuric acid. After a thorough digestion
of the fabric samples, the mixture was diluted with
200 ml of deionised water followed by reaction with
25 ml potassium sulphide solution (40 g/l). The mix-
ture was then neutralized with 90 ml of concentrated
sodium hydroxide solution (450 g/l) immediately
before distillation. The generated ammonia was
obtained from a collecting flask which contained
exactly 50 ml of 0.05 N sulphuric acid. This solution
was then titrated with 0.05 N sodium hydroxide
solution. The nitrogen contents were calculated
according to Eq. 3:

Nitrogen content (%)
A — B)N x 0.01401
_ [ ) CX x 100 (3)

where A is the volume of standard NaOH solution
(ml); B is the volume of standard NaOH required to
neutralise sulphuric acid in the collecting flask (ml);
N is the normality of the NaOH solution; C is the
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weight of the sample used in grams and 0.01401 is
the milliequivalent weight of nitrogen.

Colour fastness tests

The colour fastness of the digital ink-jet printed
fabrics was assessed by the AATCC Test Method 61
(colour fastness to laundering) and AATCC Test
Method 8 (colour fastness to crocking).

Outline sharpness measurement

In order to compare the outline sharpness of the
prints, the width of the printed pattern in both the
warp and weft directions was measured using an
optical light microscope (Nikon Optiplot-pol, USA)
with a magnification of 400.

Anti-bacterial effect

The anti-bacterial effects of the digital ink-jet printed
fabrics were quantitatively evaluated by the AATCC
Test Method 100. The quantitative anti-bacterial
evaluation was given by Eq. 4:

R (%) = [@} x 100 (4)

where R = percentage reduction; A = number of
bacteria recovered from the inoculated treated test
specimen swatches in a jar incubated over the desired
contact period, and B = number of bacteria recov-
ered from the inoculated treated test specimen
swatches in the jar immediately after inoculation.

Results and discussion
Colour yield measurement

Table 1 shows that colour yield of different digital ink-
jet printed fabric samples. In the case of fabrics
pretreated with plasma, their K/S Sum values were
higher than those of the corresponding fabrics without
plasma pretreatment. The K/S Sum values obtained were
in the following order: SA-plasma > SA/Ch-plasma >
SA > Ch-plasma > Control > SA/Ch > Ch.

In the case of printing paste with sodium alginate,
urea was used to swell cotton fibres during the

Table 1 K/S sum values of digital ink-jet printed cotton
fabrics

Sample® Non-ionic  One simulated Two simulated
detergent  domestic domestic cycles
washing®  washing cycle

Control 90.3 81.3 73.1

SA 95.7 94.2 94.0

SA-plasma 117.4 116.2 116.0

SA/Ch 89.3 88.5 88.0

SA/Ch-plasma  99.8 98.8 98.5

Ch 81.5 80.7 80.3

Ch-plasma 93.9 93.0 92.8

? The following notations are adopted in labelling different
fabric samples: control commercially available fabric with
unknown printing paste content, SA fabric padded with printing
paste of sodium alginate, SA-plasma fabric pretreated with
plasma followed by padding with printing paste of sodium
alginate, SA/Ch fabric padded with printing paste of sodium
alginate and chitosan mixture, SA/Ch-plasma fabric pretreated
with plasma followed by padding with printing paste of sodium
alginate and chitosan mixture, Ch fabric padded with printing
paste of chitosan, and Ch-plasma fabric pretreated with plasma
followed by padding with printing paste of chitosan

b “Non-ionic detergent washing” fabric samples referred to
the printed fabrics washed with non-ionic detergent right after
digital ink-jet printing

superheated steaming process so that the dye could
penetrate into the fibres rapidly (Achwal 2002; Chen
et al. 2002). Urea acted like a moisture-absorbing
agent in the printing paste to increase moisture regain
during steaming, thereby accelerating the migration
of dyes from the printing paste to the cotton fibres
leading to the increased colour yield (Achwal 2002;
Chen et al. 2002). On the other hand, pretreatment
with plasma using oxygen gas could increase the
amount of hydrophilic groups such as -C=0, C=0,
O-C-0 and O—-C=0 on the cellulosic fibre surface
(Morent et al. 2008; Wong et al. 1999; Inbakumar
et al. 2010; Lam et al. 2011). The increased amount
of hydrophilic groups could further enhance dye
absorption and increase colour yield finally.

For the printing paste containing sodium alginate-
chitosan mixture (SA/Ch), about 98.9% of the final
colour yield was achieved when compared with the
control fabric as shown in Table 1. The slightly
reduced colour yield of SA/Ch fabric samples might
be due to the neutralisation effect caused by mixing
the chitosan solution with sodium bicarbonate in the
printing paste (Yuen et al. 2007). The neutralisation
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effect might reduce the amount of sodium bicarbon-
ate present in the printing paste and generate a
neutralisation product, i.e. water. Therefore, the
decreased amount of sodium bicarbonate might
reduce the fixation of reactive dyes inside the fibre
while the increased amount of water might impose
the risk of reactive dye hydrolysis, thereby reducing
the colour yield. On the other hand, the application of
plasma pretreatment would etch the cotton fibre
surface resulting in the formation of cracks (Wong
et al. 1999; Inbakumar et al. 2010). After depositing
the printing paste, the cracks so formed were filled up
with the printing paste. This would bring more dyes
into close contact with the fibre during the dye
fixation process and thus increase dye uptake. In
addition, hydrophilic groups formed on the fibre
surface after oxygen plasma pretreatment (Wong
et al. 1999; Inbakumar et al. 2010) would also
enhance the spread of the printing paste so that more
dye would be brought into close contact with the fibre
leading to an increase in colour yield.

As for the printing paste with chitosan alone, it
was noted that the Ch fabric sample without plasma
pretreatment achieved about 90% of colour yield
when compared with the control fabric. This might be
due to the neutralisation effect that occurred during
the mixing of chitosan solution with sodium bicar-
bonate (Yuen et al. 2007). Since 40 g of stock
chitosan was used, thus more acetic acid was required
in the printing paste. The increased quantity of acetic
acid would help increase the relative acidity of the
printing paste. It was believed that acetic acid would
react with the sodium bicarbonate thereby reducing
the amount of sodium bicarbonate present in the
printing paste for reactive dye fixation. After com-
paring the colour yield of SA/Ch and Ch fabric

(a)

Fig. 2 a Untreated fabric; b plasma pre-treated fabric

@ Springer

samples, it was concluded that neutralisation effect
did occur causing a drop in both colour yield values.
However, neutralisation effect imposed on SA/Ch
fabric sample was smaller when compared with the
Ch sample because they contained different amounts
of acetic acid. Meanwhile, the reactive dyes of
vinylsulphone type had a tendency to deactivate in
the presence of urea. Under the superheated steaming
condition, thermal decomposition of urea might occur
to form biuret and ammonia followed by the conver-
sion of the reactive vinylsulphone into inactive
aminoethylsuphone leading to a reduction in colour
yield.

Table 1 also shows the colour yield of digital ink-
jet printed cotton fabrics subject to different washing
treatment. As for the control fabric, the colour yield
decreased progressively with simulated domestic
washing cycles but there was no significant change
in the colour yield for other samples after two
consecutive simulated domestic washing cycles.
Therefore, it was confirmed that the printing paste
used in this study could achieve a good stability and
durability of colour. Hence, the colour fastness to
both crocking and laundering would be improved.

Scanning electron microscopy (SEM)

Figures 2, 3, 4 and 5 show the fibre surfaces of
different fabric samples. Figure 2a shows the SEM
image of the untreated cotton fabric with wrinkle
texture, although smooth fibre surface was observed.
Figure 2b shows the SEM image of the plasma
pretreated cotton fibre surface. After plasma pretreat-
ment, cracks and grooves were observed along the
fibre axis particularly in the wrinkle portion making
the fibre surface become roughened. The change in
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Fig. 5 a Ch fabric; b Ch-plasma fabric; ¢ Ch-plasma fabric after two washing cycles

cotton fibre surface appearance was properly due to the
localised ablation of the surface layer by oxygen
plasma causing a surface damage. The presence of
cracks and grooves on the fibre surface indicated the
predominant etching effect of oxygen plasma on the
fibre surface. The differential etching of crystalline and
amorphous regions might be the cause of the roughness
resulting in the development of cracks and grooves
found along the fibre axis (Wong et al. 1999).

Figure 3a shows the SEM image of cotton fibre
surface padded only with sodium alginate printing
paste but without plasma pretreatment. It was

observed that the printing paste clearly adhered to
the fibre surface like a film. At the same time, the
fibre surface was much rougher than that of the
untreated fabric. Figure 3b shows the surface of
plasma pretreated cotton fibre padded only with
sodium alginate printing paste. The cracks formed on
the fibre surface after plasma pretreatment were filled
up completely with the printing paste. In addition, the
formation of cracks on the fibre surface would
increase the surface area and facilitate more dye to
approach the fibre surface increasing thereby the
colour yield.
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As for the treatment with sodium alginate-chitosan
mixture printing paste shown in Fig. 4a, a rough and
clod surface was noted. The formation of rough and
clod surface was due to the mixing of sodium alginate
and chitosan on the fibre surface. With regards to the
plasma-pretreated sample shown in Fig. 4b, the
sodium alginate-chitosan mixture printing paste was
distributed evenly along the fibre axis to form clods.

Figure 5a shows the surface appearance of cotton
fabric treated with chitosan printing paste only (Ch).
When compared, the wrinkled texture present in the
untreated cotton fibre surface as shown in Fig. 2a was
diminished probably due to the deposition of chitosan
resulting in a more uniform surface texture. However,
a clod surface texture was noted after plasma
pretreatment as shown in Fig. 5b. As the plasma
pretreatment with oxygen could introduce more
hydrophilic functional groups to the fibre surface,
thus more chitosan could adhere to the fibre surface.
When comparing Fig. 4a with Fig. 5a and Fig. 4b
with Fig. 5b, it was observed that more printing paste
was deposited on the fibre surface with the help of
plasma pretreatment.

After one simulated domestic washing cycle, the
surface of fabric samples was examined again. It was
noted that both the SA and SA-plasma fabric samples
had similar surface morphology as shown in Fig. 2a,
b, respectively. This means that the printing paste
could be removed completely from the fibre surface
during washing. As for the fabric samples containing
chitosan with and without plasma pretreatment, some
clod structures were still observed after two washing
cycles as shown in Fig. 5c. When compared, the
plasma-pretreated fabric sample had more clods than
the one without plasma pretreatment. In the non-
plasma-pretreated cotton fabric, there were no car-
boxyl groups and probably only a few aldehyde
groups present on the surface of sample. They were
most likely present as impurities/contaminants (Fras
et al. 2005). This suggested that chitosan deposition
on the non-plasma-pretreated cotton fabric was
predominantly driven by physical interactions such
as Van der Waals’ forces or hydrogen bonding. After
plasma pretreatment, aldehyde and carboxyl groups
would be introduced to the cotton fibre. As a result,
the interaction between chitosan and cotton fibre
might be due to the combination of electrostatic and
electrodynamic interactions (ionic and covalent
bonds) with the additional hydrogen bonding (Fras
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Zemljic et al. 2009). In addition, a large amount of
water imbibed into the plasma-pretreated cotton
fabric may imply that there was an increase in
accessibility for chitosan to deposit at the fibrous
materials (Fras Zemljic et al. 2009). Nevertheless, the
fabric samples treated with chitosan, i.e. SA/Ch, SA/
Ch-plasma, Ch and Ch-plasma, still retained some
chitosan on the fibre surface after simulating domes-
tic washing. The retention of chitosan would assist in
maintaining the colour yield and also exhibited anti-
bacterial function to the cotton fabric.

XPS surface chemical analysis

Table 2 shows the elemental composition of both the
untreated and plasma-pretreated samples as well as
the O/C peak ratios, which are important for reflect-
ing the degree of surface modification. The increase
in O/C ratio of the sample after oxygen plasma
treatment was significant. The decrease in C;; and
increase in O;¢ revealed that some of the carbon
bonds present on the fabric surface had been broken
by plasma pretreatment. Carbon radicals formed by
the abstraction of hydrogen atoms from the polymer
chains might then combine with oxygen atoms
generated in plasma gas or air by means of electron
impact dissociation (Wang et al. 2005), thereby
forming the oxygen-containing polar groups such as
—C=0, C=0, O—C-0O and O—-C=0 on the cellulosic
fibre surface (Morent et al. 2008; Wong et al. 1999;
Inbakumar et al. 2010). Hence, the cotton fibre
surface may be activated by oxygen plasma, thereby
promoting higher wettability and potential adhesion
between the printing paste and the plasma pretreated
cotton surface.

Surface contact angle and wetting time analysis

Table 3 shows the results of surface contact angle and
wetting time of both the untreated and plasma-

Table 2 Surface elemental analysis and atomic ratios

Sample Element Atomic ratio
concentration (O/C)
(%)
C Is 0] Is

Untreated cotton fabric 66.28 33.72 0.51
Plasma-pretreated cotton fabric 54.65 45.35 0.83
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Table 3 Surface contact angle and wetting time of untreated
and plasma-pretreated cotton fabric (measured within 5% tol-
erance limit)

Sample Untreated cotton Plasma-pretreated

fabric cotton fabric
Contact angle (°) ‘ ‘
98 58
Wetting time (s) 6.3 4.5

pretreated cotton. Lower contact angle value and
shorter wetting time were obtained for plasma-pre-
treated fabric when compared with the untreated
fabric. The change in contact angles and wetting times
of the oxygen plasma-treated fabrics may be explained
by the alteration of morphology and chemical compo-
sition of the surface of the plasma-pretreated fabric.
This indicated that there was an increase in the surface
energy of oxygen plasma-pretreated fabric when
compared with the untreated fabric. Changes in surface
morphology might also lead to wettability change. It
was believed that plasma oxidation reactions would
generate oxygen-containing hydrophilic functional
groups, such as -C=0, C=0, O-C-0 and O-C=0,
attached to the polymer surface (Morent et al. 2008;
Wong et al. 1999; Inbakumar et al. 2010; Sun and

Stylios 2005). Therefore, the reduced contact angle and
increased wettability of the plasma-pretreated sample
might be attributed to oxygen-containing surfaces
induced by oxygen plasma treatment. As a result, the
adhesion between the printing paste and cotton fibre
surfaces would be enhanced (Shahidi et al. 2010;
Shateri Khalil-Abad et al. 2009; Fras Zemljic et al.
2009).

Carboxyl group and nitrogen content

Generally speaking, carboxyl group (~COOH) cannot
not be detected in the pure and undamaged cotton
because there is only hydroxyl group (—OH) available
in the cellulose. However, the presence of carboxyl
group may implicate some chemical changes occurred
to cotton fabric samples. Table 4 shows the amount of
carboxyl group present in different cotton fabric
samples. It was expected that all the cotton fabric
samples might contain undetectable amount of car-
boxyl groups but actually it was not the real case. In
the untreated cotton fabric, trace amount of carboxyl
group was detected because the cotton fabric was
oxidized after various pretreatment processes such as
singeing, desizing, scouring and bleaching.

Some carboxyl groups were detected for both the
control and SA fabrics but after simulated domestic

Table 4 Carboxyl group and nitrogen content of digital ink-jet printed cotton fabric

Sample Non-ionic detergent washing” One simulated domestic washing Two simulated domestic washing
cycle cycles
Carboxyl group Nitrogen Carboxyl group Nitrogen Carboxyl group Nitrogen
(mmol/kg) content (%) (mmol/kg) content (%) (mmol/kg) content (%)
Untreated” 8.20 ND 8.20 ND 8.20 ND
Control® 12.17 0.2 11.73 ND 11.72 ND
SA 13.39 0.2 11.72 ND 11.70 ND
SA-plasma  14.06 0.5 13.36 ND 13.35 n.d.
SA/Ch 12.78 4.9 12.14 39 12.10 3.1
SA/Ch- 13.41 6.3 12.74 5.0 12.70 4.0
plasma
Ch 12.16 194 12.14 15.5 12.00 12.4
Ch-plasma  13.38 25.3 13.32 20.2 13.30 16.2

ND non-detectable

4 “Non-ionic detergent washing” fabric samples referred to the printed fabrics washed with non-ionic detergent right after digital

ink-jet printing

P “Untreated” fabric sample referred to the cotton fabric without plasma pretreatment

¢ Commercially available fabric with unknown printing paste content
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washing cycles, the amount of carboxyl group detected
was reduced to a steady level. Although sodium
alginate residues, which contain some carboxyl
groups, were completely removed, carboxyl group
was still detected because the cotton fabrics used had
been subjected to various pretreatment processes such
as desizing, scouring and bleaching prior to padding of
printing paste (Fras Zemljic et al. 2008). Similar
observation was noted for all the sodium alginate
containing samples. It was also seen that the
SA-plasma treated fabric sample had a higher amount
of carboxyl group when compared with the SA fabric
sample.

After simulated domestic washing cycles, the SA/
Ch fabric samples retained more carboxyl groups
than the SA fabric sample because the use of acetic
acid for dissolving the chitosan will cause acid
hydrolysis to the cotton fibre leading to the formation
of carboxyl group inside the fibre. When compared,
the SA/Ch-plasma fabric sample obtained more
carboxyl group than the SA/Ch fabric sample.
Although no sodium alginate was used to prepare
the Ch and Ch-plasma printing paste, a larger amount
of carboxyl group was still found due to the acid
hydrolysis of cotton. In Table 4, it was obvious that
plasma pretreatment with oxygen could introduce
more carboxyl groups to the fabric when compared
with the untreated fabric (Morent et al. 2008; Wong
et al. 1999; Inbakumar et al. 2010; Lam et al. 2011).

Pure cotton fibres are mainly composed of cellu-
lose or carbohydrates containing undetectable amount
of nitrogen. Hence, the nitrogen content found in
cotton fabric can be used as a reference to indicate the
presence of chitosan in the cotton fabric samples. In
the case of the control, SA and SA-plasma fabric
samples, only a tiny amount of nitrogen content was
found in them before the non-ionic detergent washing
process. However, the nitrogen content decreased to
an undetectable level after one simulated domestic
washing cycle. The existence of nitrogen content may
be contributed by (1) the urea residues present in the
printing paste and (2) the decomposition products of
urea to form biuret and ammonia, which could be
easily removed by the subsequent washing process.
As for the fabric samples containing chitosan, a
higher nitrogen content was observed. Although there
was a gradual decrease in the nitrogen content during
the washing process, a certain amount of nitrogen
content was still detected. The existence of nitrogen
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content was contributed mainly by the presence of
chitosan in the fibre. When compared with the SA/Ch
fabric sample, it was obvious that the Ch fabric
sample contained more chitosan particles which were
employed to prepare the printing paste for producing
the Ch fabric sample. In the case of the SA/Ch-
plasma and Ch-plasma fabric samples, plasma pre-
treatment could further increase the chitosan adsorp-
tion because the deposition of chitosan on the non-
plasma-pretreated cotton fabric was predominantly
driven by physical interactions such as Van der
Waals’ forces or hydrogen bonding. After plasma
pretreatment, both aldehyde and carboxyl groups
would be generated inside the cotton fibre to enhance
the interaction between chitosan and cotton fibres due
to the electrostatic and electrodynamic interactions
(ionic and covalent bonds) associated with the
additional hydrogen bonding (Fras Zemljic et al.
2009).

Colour fastness tests

Table 5 shows the results of colour fastness to
crocking and laundering. All the fabric samples
pretreated with different printing paste showed good
colour fastness to dry and wet crocking when
compared with the control fabric. As for the fabric
sample pretreated with different printing paste, their
colour fastness to laundering was confirmed to be at
an acceptable level as the overall results of colour

Table 5 Results of colour fastness to crocking and laundering

Fabric samples  Crocking Laundering
Dry Wet Colour change  Staining®

Control 3-4 3 4 4

SA 4 34 4-5 4-5
SA-plasma 4-5 4 4-5 4-5
SA/Ch 45 4 4-5 4-5
SA/Ch-plasma 5 4-5 4-5 4-5

Ch 4-5 4 4-5 4-5
Ch-plasma 4-5 45 4-5 4-5

* Fibres in the multi-fibre fabric included six fibres namely
wool, acrylic, polyester, nylon, cotton and acetate. The number
indicates the grey scale rating in which the higher the grey
scale rating, the better the colour fastness will be, i.e. 5 is the
best rating while 1 is the worst rating. The staining result
reports the worst rating in the fibre among the six fibres in
multi-fibre fabric
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change and staining were around 4-5 which was
slightly better than the control fabric. The improved
grey scale rating indicated that the printing paste used
could facilitate better penetration of reactive dye
during the digital ink-jet printing process so that
sufficient colour fastness could be obtained with no
significant bleeding of reactive dye being observed.

The improvement in grey scale rating might be due to
the presence of primary amino groups contained in
chitosan. Most probably after the amino groups depos-
ited in the fibres, they might create a cationic surface
which would attract more reactive dye anions with
opposite charges (Chiou et al. 2004). Although the
hydrolysed reactive dyes might attach to the chitosan
molecules without fixation, yet they could still be easily
removed by repeated laundering. The improved colour
fastness indicated that reactive dyes of the printing ink
adhered more firmly to the fabric. Cracks and grooves
generated by plasma pretreatment would enhance the
adhesion of the printing paste at the fibre surface. At the
same time, the hydrophilic groups induced by plasma
pretreatment could chemically improve the deposition
of printing paste on the fibre surface. More printing paste
coated on the fibre surface would result in more reactive
dyes being taken-up during the digital ink-jet printing
process, thereby greatly improving the grey scale rating
of colour fastness.

Outline sharpness measurement

Outline sharpness of the digital ink-jet printed pattern
was measured by the optical analysis method. The
measurement was conducted in both the warp and
weft directions with the results being shown in
Table 6. Obviously, digital ink-jet printed patterns in
the warp direction were wider than those in the weft
direction for both the control and plasma-pretreated
fabrics. This might be due to the differential wicking
effect caused by the warp and weft yarns. Patterns
printed on the plasma-pretreated cotton fabrics were
narrower than those of the untreated fabric in both the
warp and weft directions. This could be attributed to
the reduced spread of reactive inks caused by the
strong fibre and dye attraction, i.e. formation of
covalent bonds between hydroxyl groups of fibre and
reactive dye present in the printing ink. This indicated
that plasma pretreatment could enhance the outline
sharpness of ink-jet prints. In addition, when chitosan
was added in the printing paste, the patterns became

Table 6 Outline sharpness of digital ink-jet printed fabrics
with different printing paste conditions (measured within 5%
tolerance limit)

Sample Sharpness with different printing paste
Warp (mm)?* Weft (mm)*

Control 102 102

SA 101.5 101
SA-plasma 101 100.5

SA/Ch 101 100.5
SA/Ch-plasma 100.5 100

Ch 101 100.5
Ch-plasma 100.5 100

? Widths of printed patterns were measured in mm in both
warp and weft directions

narrower. The phenomenon might be due to the
introduction of cationic groups (-NH3;™) present in
chitosan resulting in a strong ionic attraction between
cationic cotton and anionic reactive inks.

Table 6 shows that all the SA, SA/Ch and Ch
printing pastes had better outline sharpness than the
control fabric, although the difference was rather
small. Among different printing pastes, the Ch and
SA/Ch samples achieved better outline sharpness
than the SA sample. Since plasma pretreatment could
enhance the adhesion of film coating, thus more SA,
SA/Ch and Ch printing pastes could be placed
effectively on the fibre surface as shown in Figs. 3a,
4a and 5a. The deposited printing paste could retain
the printed pattern in correct position resulting in
good outline sharpness.

Anti-bacterial effect

AATCC Test Method 100 was used to determine
anti-bacterial property of digital ink-jet printed fab-
rics pretreated with different printing pastes. Table 7
shows the concentration of Staphylococcus aureus
bacteria determined from the fabrics with different
printing pastes for 0 h and 48 h respectively.

The results shown in Table 7 indicated that chito-
san had a good anti-bacterial effect as all the bacteria
could be completely killed by the chitosan present in
the pretreated cotton fabric. Sodium alginate used
alone to pretreat the SA and SA-plasma samples could
reduce bacteria to the extent of greater than 70%, but
its performance was not as good as chitosan. When
compared, the control fabric did not exhibit any anti-
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Table 7 Anti-bacterial evaluation of digital ink-jet printed
fabrics pretreated with different printing paste (measured
within 5% tolerance limit)

Sample Bacteria concentration
0Oh 48 h % of bacterial

removal
(—ve)/increase
(+ve)

Control 130 x 108 230 x 10°  +1724

SA 1.95 x 108 566 x 107 —70.97

SA-plasma 240 x 108 695 x 107 —71.04

SA/Ch 244 x 108 0 —100

SA/Ch-plasma 2.72 x 108 0 —100

Ch 933 x 10" 0 —100

Ch-plasma 8.10 x 107 0 —100

bacterial effect as reflected by the large growth of
bacteria. Although plasma pretreatment could
enhance the deposition of SA/Ch and Ch printing
paste, as shown in Figs. 4a and 5a, yet it did not have
any significant anti-bacterial effect on the digital ink-
jet printed fabric. On one hand, chitosan itself could
achieve significant anti-bacterial properties, but on the
other hand, it could provide other functional effects
like colour-related properties. Although chitosan
exhibits excellent anti-bacterial property when used
in the printing paste, it was not necessary to use 100%
chitosan because small amount of chitosan could
demonstrate similar effect as 100% chitosan (Shin
et al. 2001; Fras Zemljic et al. 2009). As a result, the
use of sodium alginate-chitosan mixture could pro-
vide the same anti-bacterial effect with the best
printing properties.

Conclusion

The surface of cotton fabric was modified physically
and chemically by plasma treatment leading to a
better deposition of digital ink-jet printing paste
containing (1) sodium alginate, (2) chitosan and (3)
sodium alginate-chitosan mixture on the fabric sur-
face. After digital ink-jet printing process, the colour
yield of the printed cotton fabric samples was
measured using K/S Sum value. It was revealed that
the SA printing paste had the best colour yield with or
without plasma pretreatment. In terms of other colour-
related properties such as colour fastness and outline
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sharpness, the SA printing paste was not the best one
while the SA/Ch and Ch printing pastes achieved
better result. SA/Ch not only provided the desirable
colour fastness and outline sharpness but it also
achieved the colour yield similar to the control fabric.
100% chitosan present in the printing paste could
provide excellent anti-bacterial properties for the
digital ink-jet printed fabric. On the other hand,
sodium alginate alone could also reduce the growth of
bacteria but the effect was not significant. When
sodium alginate-chitosan mixture was used in the
printing paste, similar anti-bacterial effect and better
printing properties could be achieved when compared
with 100% chitosan. SEM images showed that cracks
were formed along the fibre axis and at fibre surface as
a result of plasma pretreatment. The cracks were filled
up with the printing paste in order to help increase the
dye uptake of fabric. On the other hand, plasma
pretreatment could generate hydrophilic groups at the
cotton fibre surface, thereby enhancing the deposition
of printing paste to improve colour yield.

Acknowledgments The work described in this paper was
supported by a grant obtained from the Research Grants
Council of The Hong Kong Special Administrative Region,
China (Project No. PolyU 5192/08E) and a research grant
obtained from The Hong Kong Polytechnic University.

References

Achwal WB (2002) Textile chemical principles of digital
textile printing (DTP). Colourage 49(12):33-34

Aston SO, Provost JR, Masselink H (1997) Jet printing with
reactive dyes. J Soc Dyers Colour 109(4):147-152

Bird EW, Weber J, Cox CP, Chen TC (1961) Determination of
calcium and magnesium in milk by EDTA titration.
J Dairy Sci 44:1036-1046

Chen W, Wang G, Bai Y (2002) Best for wool fabric print-
ing—digital inkjet. Text Asia 33(12):37-39

Chiou MS, Ho PY, Li HY (2004) Adsorption of anionic dyes in
acid solutions using chemically cross-linked bead. Dyes
Pigm 60(1):69-84

Choi PSR, Yuen CWM, Ku SKA, Kan CW (2005) Digital ink-
jet printing for chitosan-treated cotton fabric. Fibers
Polym 6(3):229-234

De Geyter N, Morent R, Leys C (2008) Pressure dependence of
helium DBD plasma penetration into textile layers. IEEE
Trans Plasma Sci 36(4):1308-1309

Fras Zemljic L, Persin Z, Stenius P, Stana Kleinschek K (2008)
Carboxyl groups in pre-treated regenerated cellulose
fibres. Cellulose 15:681-690

Fras Zemljic L, Persin Z, Stenius P (2009) Improvement of
chitosan adsorption onto cellulosic fabrics by plasma
treatment. Biomacromolecules 10:1181-1187



Cellulose (2011) 18:827-839

839

Fras L, Stana Kleinschek K, Ribitsch V, Sfiligoj-Smole M, Kreze
T (2002) Quantitative determination of carboxyl groups in
cellulose by complexometric titration. Lenzinger Berichte
81:80-88

Fras L, Johansson LS, Stenius P, Laine J, Stana-Kleinschek K,
Ribitsch V (2005) Analysis of the oxidation of cellulose
fibres by titration and XPS. Colloids Surf A Physicochem
Eng Asp 260:101-108

Gupta S (2001) Ink-jet printing—a revolutionary ecofriendly
technique for textile printing. Indian J Fibre Text Res
26(1&2):156-161

Inbakumar S, Morent R, De Geyter N, Desmet T, Anukaliani
A, Dubruel P, Leys C (2010) Chemical and physical
analysis of cotton fabrics plasma-treated with a low
pressure DC glow discharge. Cellulose 17:417-426

Jocic D, Vilchez S, Topalovic T, Navarro A, Jovancic P, Julia
MR, Erra P (2005) Chitosan/acid dye interactions in wool
dyeing system. Carbohydr Polym 60(1):51-59

Kan CW, Yuen CWM (2009) Influence of plasma gas on the
quality-related properties of wool fabric. IEEE Trans
Plasma Sci 37(5):653-658

Lam YL, Kan CW, Yuen CWM (2011) Physical and chemical
analysis of plasma-treated cotton fabric subjected to
wrinkle-resistant finishing. Cellulose (accepted)

Le HP (1998) Progress and trends in ink-jet printing technol-
ogy—part 2. J Imaging Sci Technol 41(1):49-62

Lim SH, Hudson SM (2004) Application of a fibre-reactive
chitosan derivative to cotton fabric as an antimicrobial
textile finish. Carbohydr Polym 56(2):227-234

Morent R, De Geyter N, Verschuren J, Clerck K, Kiekens P,
Leys C (2008) Non-thermal plasma treatment of textiles.
Surf Coat Technol 202:3427-3449

Qin Y (2004) Novel antimicrobial fibres. Text Mag 31(2):14-17

Schulz G (2002) Textile chemistry of digital printing. Melliand
Texilberichte/Int Text Rep (Eng Ed) 83(3):E30-E32

Shahidi S, Rashidi A, Ghoranneviss M, Anvari A, Rahimi MK,
Bameni Moghaddam M, Wiener J (2010) Investigation of
metal absorption and antibacterial activity on cotton fabric
modified by low temperature plasma. Cellulose
17:627-634

Shateri Khalil-Abad M, Yazdanshenas ME, Nateghi MR
(2009) Effect of cationization on adsorption of silver
nanoparticles on cotton surfaces and its antibacterial
activity. Cellulose 16:1147-1157

Shenton MJ, Stevens GC (2001) Surface modification of
polymer surfaces: atmospheric plasma versus vacuum
plasma treatments. J Phys D Appl Phys 34:2761-2768

Shin Y, Yoo DI, Jang J (2001) Molecular weight effect on
antimicrobial activity of chitosan treated cotton fabrics.
J Appl Polym Sci 80:2495-2501

Sun D, Stylios GK (2005) Investigating the plasma modifica-
tion of natural fiber fabrics-the effect on fabric surface and
mechanical properties. Text Res J 75:639-644

Tyler DJ (2005) Textile digital printing technologies. Text
Progr 37(4):1-64

van Parys M (2002) The future of printing will be digital.
Melliand Textilberichte/Int Text Rep (Eng Ed) 83(6):E96

Wang CX, Qiu YP (2007) Two sided modification of wool
fabrics by atmospheric pressure plasma jet: influence of
processing parameters on plasma penetration. Surf Coat
Technol 201:6273-6277

Wang CX, Liu Y, Xu HL, Ren Y, Qiu YP (2005) Influence of
atmospheric pressure plasma treatment time on penetra-
tion depth of surface modification into fabric. Surf Coat
Technol 254(8):2499-2505

Wong KK, Tao XM, Yuen CWM, Yeung KW (1999) Low tem-
perature plasma treatment of linen. Text Res J 69:846-855

Ye W, Leung MF, Xin J, Kwong TL, Lee DKL, Li P (2005)
Novel core-shell particles with poly (n-butyl acrylate)
cores and chitosan shells as an antibacterial coating for
textile. Polymer 46(3):10538-10543

Yuen CWM, Kan CW (2007) A study of the properties of ink-
jet printed cotton fabric following low-temperature
plasma treatment. Color Technol 123:96-100

Yuen CWM, Ku SKA, Choi PS, Kan CW (2004) The effect of
the pretreatment print paste contents on colour yield of an
ink-jet printed cotton fabric. Fibers Polym 5(2):117-121

Yuen CWM, Ku SKA, Choi PSR, Kan CW, Tsang SY (2005)
Determining functional groups of commercially available
ink-jet printing reactive dyes using infrared spectroscopy.
Res J Text Appar 9(2):26-38

Yuen CWM, Ku SKA, Kan CW, Choi PS (2007) Enhancing
textile ink-jet printing with chitosan. Color Technol
123:267-270

Zhang C, Fang K (2009) Surface modification of polyester
fabrics for ink-jet printing with atmospheric-pressure air/
Ar plasma. Surf Coat Technol 203:2058-2063

Zhou X, Li Y (2002) Inkjet printing: the easy way to produce
textile sample. Int Text Bull 48(3):64-66

@ Springer



	Using atmospheric pressure plasma for enhancing the deposition of printing paste on cotton fabric for digital ink-jet printing
	Abstract
	Introduction
	Experimental
	Fabric
	Plasma pretreatment
	Preparation of printing paste with sodium alginate
	Preparation of printing paste with chitosan
	Preparation of printing paste with sodium alginate-chitosan mixture
	Fabric pretreatment with printing paste
	Printing procedure
	Colour yield measurement
	Surface morphology
	X-ray photoelectron spectroscopy (XPS) analysis
	Contact angle and wetting time measurement
	Determination of carboxyl group and nitrogen content
	Colour fastness tests
	Outline sharpness measurement
	Anti-bacterial effect

	Results and discussion
	Colour yield measurement
	Scanning electron microscopy (SEM)
	XPS surface chemical analysis
	Surface contact angle and wetting time analysis
	Carboxyl group and nitrogen content
	Colour fastness tests
	Outline sharpness measurement
	Anti-bacterial effect

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


