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ABSTRACT

This study is about environmentally safe pre-treatment for wool fabrics to improve their printability with acid dyes. Knitted wool
fabrics treated with argon and air atmospheric plasma were evaluated in terms of printability. Printing was carried out with two different
receipts under different steaming conditions. The surfaces of untreated and plasma treated wool fabrics were analyzed by SEM to
compare the morphological changes. Hairiness of the fabric was investigated under light microscope. The results showed that
atmospheric plasma treatment improved the hydrophility of the fiber and enhanced the adhesion and penetration of printing paste to the
surface with decreasing hairiness. Increased penetration of printing paste and reduced hairiness caused higher color yield even at lower
steaming durations without wetting agent. Air and argon plasma treated fabrics, especially at higher exposure durations, showed higher
light fastnesses. Adversely, same samples showed a decrease in wet and dry rubbing fastnesses which were probably caused from the
deeper shade of the fabric.
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OZET

Bu calismada, yiinlii kumaglarin asit boyarmaddeleri ile basilabilirligini saglamak igin ¢evre agisindan giivenli bir islem olan
plazma ile 6n islem yapilmistir. Orme yiinli kumaslar, argon ve hava atmosferik plazma ile islem gérmiis ve basilabilirligi agisindan
degerlendirilmistir. Baski islemi iki farkl recete ile farkli buharlama kosullarinda degerlendirilmistir. Islemsiz ve plazma islemli yiinlii
kumaslar, morfolojik degisimleri kiyaslamak i¢in SEM ile analiz edilmistir. Sonuglar, atmosferik plazma isleminin lifin hidrofilitesini
gelistirdigi, baski patinin daha az tiiylii yiizeye adhezyonu ve penetrasyonunu kuvvetlendirdigini gostermistir. Baski patinin artan
penetrasyonu ve azalan tiiyliiliigii, daha diisiik buharlama siirelerinde dahi 1slatict olmaksizin daha yiiksek renk verimine yol agmistir.
Hava ve argon plazma islemli kumaslar 6zellikle uzun siireli islem kosullarinda daha yiiksek 1s1k hasligi degerleri vermistir.

Anahtar Kelimeler: Atmosferik plazma, Hava plazma, Argon plazma, Yiizey modifikasyonu, Yiin.
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1. INTRODUCTION

The surface morphology of wool plays
an important role in wool processing.
Morphologically, wool fiber consists of
cuticle and cortical cells linked to one
another by the cell membrane complex
(CMC). The cuticle cells are located on
the outermost part of the fiber
surrounding the cortical cells forming a
layer of flat scales overlapping one

another. They are formed by epicuticle
and exocuticle (A- and B- layers). The
epicuticle surrounds each cuticle cell
of the wool fiber. It consists of an
outermost fatty acid monolayer (F-
layer) (~25% by mass) and a protein
matrix (~75% by mass) (1). The wool
fiber exhibits hydrophobic properties
due to the presence of F-layer (2). The
presence of scales on a wool fiber
surface also introduces a number of

problems such as felting and a surface
barrier to dyestuffs in dyeing and
printing of wool.

In wool dyeing, this problem can be
solved by wusing suitable dyeing
auxiliaries and dyestuffs. On the other
hand, there are few topics that take
interest for the preparation in wool
printing. Indeed, a good pre-treatment
of wool fabric is absolutely essential
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prior to printing to obtain full color
yields, levelness and brightness.
However, that kind of processes can
generate a number of polluting agents
(acidic or alkaline wastewaters and
high content of AOX, etc.). With the
increasing importance of ecological
and economical restrictions imposed
on the textile industry, development of

environmentally friendly and
economical processes has become
important. In this view, plasma

treatment offers a solution as an
alternative method for the textile
industry (3).

Plasma treatment is a physical method
used for surface modification, as it
affects the surface both physically and
chemically which is generated when a
gas at low or atmospheric pressure
and near ambient temperature is
exposed to an electromagnetic field.
The chemistry of the plasma takes
place in non-equilibrium conditions (4).
Temperature of the plasma is relatively
low so the activating species in plasma
will easily lose their energy once they
have reacted with the polymer
material. As a result, the penetration of
the plasma into the polymer materials
is on the surface that the interior of the
material is only slightly affected.
Plasma treatment can be used as an
effective technique for modifying the
surface properties of wool fabric
without altering the interior part of the
fiber, as the plasma species can
penetrate only to a depth of about
1000 A° (5-7).

According to the applied pressure,
plasmas can be classified as low
pressure and atmospheric pressure
plasmas. Both plasmas can be used
for surface cleaning, surface activation,
surface etching, crosslinking, chain
scission, oxidation, grafting, and
depositing materials. Generally similar
effects are obtained with them but
atmospheric plasma has many
advantages when compared with
vacuum plasma. Vacuum systems are
time, place and energy consuming
processes, and material properties
(thickness, size) are highly dependent
on size of device and process is not
continuous. On the other hand,
atmospheric pressure plasma can be
generated under atmospheric
conditions and requires no vacuum
systems with continuous and open
perimeter fabric flow (8).

In general, the main advantages of
plasma technology are the extremely
short treatment time and low
application temperature along with the
fact that plasma is regarded as an
environmentally friendly process (6-9).

Plasma treatment of wool modifies
only the cuticle surface of the fibers,
without altering the material bulk
properties. New hydrophilic groups
such as —OH, -C=0, and -COOH are
formed on the surface as a result of
the hydrocarbon chain oxidation.
Besides these, the fatty acid chain
length is reduced, surface wettability,
dyeability, fiber cohesion, and shrink
resistance improve. The oxidation
process also promotes cystine
oxidation in the exocuticle, converting
it into cysteic acid and thus reducing
the number of crosslinkages in the
fiber surface (5-8, 10-12). As a result,
plasma treatment modifies the
endocuticle and the interscale cell
membrane complex, removes the layer
of covalently bound fatty acids and
partially destroys the epicuticle.

In this study, wool knitted fabrics were
treated with air and argon atmospheric
plasma and printed with two different
receipts. Color yields, color fastness
values, and surface topographies were
investigated.

2. EXPERIMENTAL

100 % Wool knitted fabrics with an
area weight of 251 g/m? were used.
The interlock fabric was made of 22
Ne yarns. The knitting density was =11
courses/cm and = 12 wales/cm.

2.1 Atmospheric plasma treatment

In this study, uniform glow discharge
plasma system operating under
atmospheric condition was used (13).
The distance between the electrodes
was 0.2 cm. The samples were placed
between the electrodes. In all
treatments, air and argon were used
as process gas under the power of 50,
100, 130 Watts; with different time
intervals of 20, 40 and 60 seconds.

One of the most important points of
wool plasma processing is the speed.
When argon is used as process gas,
the speed can be low like 0,5 m/min
but if air is used, wool fabric starts to
carbonize especially at higher powers.
We assume that this can be due to the
highly oxidizing effect of oxygen in the
air. On the other hand, argon does not
cause such kind of tendency because
of the nature of noble gasses.

2.2 Printing

After the treatment with atmospheric
plasma, the fabric was printed with an
acid dyestuff named Lanaset Blue 2RA
according to receipt given by
Huntsman. The fabrics divided into two

groups. In the first group wetting agent
was not used.

Table 1. The receipt of printing paste

Dye 1049
Urea 5049
Lyop!'int AP 3g
(wetting agent)

Glyecin A 5049
Amonium tartarate 60 g
Thickener (Guar) 550 g
Water 2774
Total 1000 g

Printing paste was applied to wool
fabrics using the flat-screen printing
technique with Johannes Zimmer MDK
printing desk. Drying was carried out
by Rapid Laboratory Type Dryer at
100° C for 2 minutes. Fixation was
performed by steaming for different
time intervals such as 20, 25 and 30
minutes at 102° C in a high-
temperature steamer (Mathis,
Switzerland). The printed fabrics were
washed to remove the thickener and
any unfixed dye as follows: 5 minutes
rinsing with cold water, 3 minutes at
30° C in 2 g/l of soap solution, 5
minutes at 50° C in 2 g/l of soap
solution, 5 minutes rinsing with cold
water. Then the fabric was squeezed
and dried at room temperature.

2.3 Characterization of samples

Color intensities of the dyed fabrics
were measured by using a HunterLab
ColorQuest Il spectrophotometer over
the wavelength range of 390-700 nm.
In a typical test, reflectance values (R)
were measured and relative color
strength (K/S) values were then
established according to the following
Kubelka—Munk equation: K/S = [(1-R)
2/2R], where K and S are the
absorption and scattering coefficients,
respectively.

Hairiness of the atmospheric plasma

treated and printed fabrics was
pictured by wusing a Motic light
microscope.

The washing, light and rubbing

fastness properties were evaluated
using standard methods (15-17).

For surface observation, the changes
in the fabric surface were evaluated by
using scanning electron microscopy
(SEM). SEM observations were made
with Phillips XL-30S FEG scanning
electron microscope.
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3. RESULTS AND DISCUSSION
3.1 Printing

Printing was carried out with two
different receipts less than three
different steaming times. In Figure 1
and 2, the K/S values of plasma
treated and untreated fabrics printed
with and without wetting agents.

It can be seen from the K/S values
that, atmospheric plasma treatment
has positive effect on the printability of
wool fabrics.

We assume that there are mainly two
reasons for this; firstly, atmospheric
plasma treatment increases wettability
of wool fabric which increases
penetration of any material like printing
paste (11, 18, 19, 22) . Secondly, it
decreased the fiber fuzziness as could
be seen from Figure 3.

As known, fabric fuzziness refers to
the severity of hairiness of a fabric
caused by untangled fiber ends
protruding from the surface. After
atmospheric plasma treatment, height
and density of protruding fiber ends
decrease and surface became more
compact which is desirable for the
fabrics to be printed. This is probably
caused from the etching action of the
atmospheric plasma treatment which
makes surface fibers more fragile and
increases surface friction coefficient
from 0,3056 to 0,3697 (14, 20) These
increments also affect the fiber-fiber
interaction and make fibers more
difficult to protrude from the fabric
surface. In other words, increased
inter-fiber friction reduces fuzziness of
the fabric. With the decreased fabric
fuzziness, multi-directional scattering
of light decreases. In other words, the
color of the fabric seems deeper
(Figure 4).

As could be seen from K/S values that
higher K/S values could be obtained
even at lowest plasma exposure time
with  the lowest steaming time,
regardless of the plasma type. K/S
values increased gradually with the
increasing steaming time which can be
seen clearly from the results. On the
other hand, both air and argon plasma
caused higher K/S values with the
intensifying exposure time.

As we stated in our previous study,
atmospheric plasma activated the
surface by forming new hydrophilic
groups (11). If the exposure time
increased, plasma etching effect and
partial degradation of fatty layer
became more dominant  which
increased the dye penetration during
printing.

Air Plasma

KIS

L LLLLIEN

Without wetting agent With wetting agent

Steaming Time

@ Untreated

D20sec. Air Plasma
@40 sec. Air Plasma
060 sec Air Plasma

Figure 1. K/S values of untreated and air plasma treated fabrics

Argon Plasma

KIS

20 min. 25 min. 30 min. 20 min. 25 min. 30 min.

Without wetting agent With wetting agent

Steaming Time

@ Untreated

DO20sec. Argon Plasma
[@40sec. Argon Plasma
B60sec. Argon Plasma

Figure 2. K/S values of untreated and argon plasma treated fabrics

a b

Cc

Figure 4. a) Untreated b) 60 sec. air and c) 60 sec. argon plasma treated and printed fabrics
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Table 3. Light fastness values

. 20sec. 40 sec. 60 sec
Steaming 20sec. Air Argon 40 sec. Air Argon 60 sec Air Argon
Time Untreated Plasma Plasma Plasma Plasma Plasma Plasma
Without 20 min. 5 5 5 5-6 5-6 6 6
wetting 25 min. 5 5 5 5-6 5-6 6 6
agent 30 min. 5 5-6 5-6 5-6 5-6 6 6
With 20 min. 5 5 5 5-6 5-6 6 6
wetting 25 min. 5 5 5 5-6 5-6 6 6
agent 30 min. 5 5-6 5-6 6 6 6 6
Table 4. Rubbing fastness values
20sec. 40 sec. 60 sec.
Steaming 20sec. Air | AY9ON | gosec. air | A9ON | g0 sec air | ArdON
Time Untreated Plasma asma Plasma asma Plasma asma
wet dry wet dry wet (dry |wet |dry wet (dry |wet |dry
Without 20 min. 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5
wetting 25 min. 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5
agent 30 min. 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 34 4 3-4 4
With 20 min. 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5
Wetting 25 min. 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5
agent 30 min. 4 4-5 4 4-5 4 4-5 4 4-5 4 4-5 3-4 4 3-4 4

\
AccY SpotMagn Det WD ————— 5ym '\ AccV  SpotMagn  Det

AccY SpotMagn Det WD ——— 5um

3.00kv 3.0 5000x SE 4.8 IYTE-MAM

a) Untreated

3.00kv 3.0 5000x SE

b) 130 W 60 sec. air-plasma treated

300kv.3.0 5000x 'SE 53 IYTE-MAM

c) 130 W 60 sec. argon-plasma treated

Figure 5. a) Untreated b) 130 W 60 sec. air and c) 130 W60 sec. argon plasma treated fabric

Wetting agent had positive effect on
the printability of untreated and treated
wool fabrics. Although wetting agent
increased, the penetration of printing
pat, atmospheric plasma treatment
was more effective as could be seen
from the results. In many cases
wetting agent would not be required if
plasma treatment was carried out.

If we take into consideration the
plasma type, argon plasma seems
more effective than air plasma. This is
probably caused from higher etching
affect of noble gases (21).

3.2 Color Fastness

In the case of colorfastness to
washing, all samples showed the value
of staining value between “4” and “5”.

Although washing fastnesses were
similar, especially 40 and 60 seconds,
air and argon plasma treated fabrics
had higher light fastness regardless of
the wetting agent.

In Table 3 and 4, light and rubbing
fastness values were given. There are
no significant changes in terms of
rubbing fastnesses. Light fastness
showed higher values when compared
with untreated one which can be due
to the higher K/S values of plasma
treated fabrics.

3.3 SEM Analysis

As could be seen from Figure 5, both
air and argon atmospheric plasma
treatments had an etching effect on
the wool fiber surface. Argon plasma

was more effective than air plasma this
was probably caused higher etching
tendency of noble gases (21).

4. CONCLUSION

In the printing process of wool fabrics,
a good pretreatment is absolutely
essential to obtain full color yields,
levelness and brightness. However,
that kind of processes can generate a
number of polluting agents (acidic or
alkaline wastewaters and high content
of AOX, etc.). In this view, atmospheric
plasma treatment offers a solution as
an alternative method for the wool
printing with the advantages of
extremely short treatment time and low
application temperature without any
chemical and water consumption.
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As shown in the K/S results,
atmospheric plasma had a positive
effect on the printability of wool fabrics.
Color vyield increased gradually with
the exposure and steaming time.
Better results could be obtained by
plasma treatment without wetting
agent, at lower steaming times.

Although washing fastnesses values
were similar, air and argon plasma

treated fabrics showed higher light
fastness regardless of the wetting
agent especially treated at 40 and 60
seconds.

On the whole, we can deduce that
atmospheric plasma treatment is a
successful  pretreatment for the
printability of wool fabrics. Also, the
type of process gas is of significance
in order to obtain better results. From

our results we observed that
atmospheric argon plasma had
dominant etching effect in comparison
to air plasma which could be seen
from SEM images and K/S results
clearly.
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Bu arastirma, Bilim Kurulumuz tarafindan incelendikten sonra, oylama ile saptanan iki hakemin gériisiine sunulmustur. Her iki hakem

yaptiklar: incelemeler sonucunda arastirmanin bilimselligi ve sunumu olarak “Hakem Onayli Arastirma” vasfiyla yayimlanabilecegine

karar vermislerdir.
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