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Plasma-Assisted Titanium Dioxide Wrinkle Resistant
Treatment of Cotton Fabric

C. W. Kan

Abstract—Titanium dioxide (TiO,) has been found feasible
for improving the wrinkle resistant of cotton fabric. In this
paper, plasma treatment was used as a pretreatment process to
enhance the application of TiO, in wrinkle resistant treatment of
cotton fabric. The relationship between plasma pretreatment
process parameters including (i) treatment speed, (ii) oxygen
flow rate; and (iii) jet distance were studied through orthogonal
array testing strategy (OATS). Based on the OATS, the
optimum condition for plasma pretreatment of cotton fabric
before 0.2% TiO, treatment could be obtained and also their
relative importance can be found. The optimum condition was:
(i) treatment speed = 15 mm/s; (ii) oxygen flow rate = 0.3 L/min.
and (iii) jet distance = 5 mm and the order of importance was
oxygen flow rate followed by jet distance and treatment speed.

Index Terms—Wrinkle resistant, titanium dioxide, plasma,
cotton fabric.

I. INTRODUCTION

In previous studies [1]-[4], titanium dioxide (TiO,) were
found to have efficiency for improving wrinkle resistant
property of cotton fabrics and enhancing the final
performance with minimized side effects [1]-[4]. However,
there is lack of study regarding the effect of TiO, itself on
wrinkle resistant property of cotton fabric. The interaction
between TiO, and cotton is mainly appeared in fibre surface.
Thus, the fibre structure such as roughness would play an
important role for TiO, to be functionalized. In this study,
plasma treatment will be used for changing the roughness of
cotton fabric surface. The changes in roughness of cotton
fabric surface caused by plasma pre-treatment facilitate the
attachment of TiO, particles on the fabric surface. [5]-[8]. In
the plasma, the highly energetic active species produced in
plasma cause etching effect to alter surface characteristics of
cotton fabric [9]. The plasma treatment incorporates a large
variety of chemically active functional groups and it roughens
the material surface [6], [10]-[13]. Since plasma treatment
process parameters are inter-related, effects of process
parameters such as treatment speed, oxygen flow rate and jet
distance are studied through orthogonal array testing strategy
(OATS). Based on the results of OATS, the optimum
condition for plasma pretreatment of cotton fabric before
TiO, treatment could be obtained and also their relative
importance can be found.
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Il. EXPERIMENTAL

A. Materials

100% semi-bleached twill cotton fabric of size 30 cm <30
cm was used. TiO, particles with average diameter of 2pum
were used.

B. Plasma Pretreatment

Plasma pretreatment of cotton fabric wa s carried out by an
atmospheric pressure plasma jet (Surfx Technologies, USA).
The atmospheric pressure plasma jet can generate stable
discharge with radio frequency of 13.56MHz. Helium and
oxygen were used as carrier and reactive gases, respectively.
In order to determine optimum plasma pre-treatment
conditions, an orthogonal array testing strategy (OATS)
technique was used. Three variables: (i) treatment time
(expressed as treatment speed), (ii) oxygen flow rate and (iii)
jet distance, were studied and three levels were set for each
variable. Details of the experimental arrangements were
summarized in Table I. Fig. 1 shows the set-up for plasma
treatment.

TABLE I: EXPERIMENTAL ARRANGEMENT

Test Treatment speed Oxygen flow rate Jet distance
run (mm/s) (L/min) (mm)
1 30 0.1 1
2 30 0.2 3
3 30 0.3 5
4 15 0.1 3
5 15 0.2 5
6 15 0.3 1
7 5 0.1 5
8 5 0.2 1
9 5 0.3 3
Helium - carrier gas
RF POWGI" Oxygen - reactive gas
]
plasma | S/ E
nozzle PLASMA S
moving

jet distance ~substrate

Fig. 1. Schematic diagram of plasma treatment.

C. TiO,Pad-Dry-Cure Treatment
After plasma pretreatment, the cotton fabrics were dipped



International Journal of Chemical Engineering and Applications, Vol. 5, No. 3, June 2014

and padded with 0.2% TiO, (dispersed in 10% Matexil
DN-VL dispersing agent) until wet pick up of 70% was
achieved at room temperature. The specimens were then dried
at 100<€ for 5 minutes and cured at 150<€ for 2 minutes.
Finally, the fabrics were conditioned at 211 <C and 6542%
relative humidity for 24 hours before evaluation.

D. Conventional Wrinkle Resistant Treatment

One cotton fabric, for control purpose, was padded with
5% commercial self-catalyzing  crosslinking  agent
(Dimethylol dihydroxyethyleneurea, DMDHEU) until a
pick-up of 70% was achieved at room temperature. Then the
padded fabric was dried completely at 100<€ and was cured
subsequently at 150<€ for 2 minutes. Finally, the fabrics were
conditioned at 21+ <C and 6542% relative humidity for 24
hours before evaluation. 24 hours before any further
treatment.

E. Wrinkle Resistant Evaluation

The wrinkle resistant property of cotton fabric was
evaluated using wrinkle recovery angle (WRA) according to
AATCC Test Method 66-2008.

I1l. RESULTS AND DISCUSSION

A. Optimum Condition for Plasma Pretreatment

Table Il shows the WRA results of plasma pretreated
cotton fabric followed by 0.2% TiO, treatment. It was noted
that WRAs of the cotton fabrics varies depending on the
plasma pretreatment process parameters. Based on the OATS,
the optimum condition for the plasma pretreatment is 15mm/s
speed, 0.3L/min oxygen flow rate and 5mm jet distance.
Table 1l also shows that oxygen flow rate was the most
dominant factor for effectiveness of the plasma treatment,
followed by jet substrate distance and then by treatment
speed.

In this study, it is noted that plasma pretreatment could
enhance wrinkle resistant property with the use of 0.2% TiO,.
This phenomenon could be explained by the etching effect on
the fabric surface caused by plasma pretreatment which
provides a new pathway for the finishing agent to enter into
the fibre resulting in increasing the WRA. The presence of
TiO, particles in the fibre restricts the molecular movement of
cellulose.

Table 1l shows that plasma pretreatment at 15mm/s
treatment speed demonstrated the best balance between
enhancement of WRA and minimization of fiber damage,
irrespective of the concentration of TiO, in the subsequent
treatment as shown in Fig. 2. This speed of plasma treatment
provides enough time for the substrate to interact with active
species produced in plasma gases. When the treatment speed
was set at 5mm/s, the concentration of active species in the
plasma accumulating on the surface of the cotton fiber will be
increased. Once the concentration of the active species
increased to a critical level, the interaction between the active
plasma species and the cotton fiber surface would be saturated.
As a result, the effect is not good when compared with
15mm/s. In case of treatment speed of 30mm/s, the cotton
fabric is moving in the fastest speed which means the
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treatment time is the shortest. When the plasma generates the
active species, it should have sufficient for the actives species
to interact with the cotton fiber. If the treatment time is too
short, the surface reaction due to the active species in plasma
would be minimized. Hence, treatment speed of 30mm/s
gives the least effect in plasma treatment.

TABLE Il: OPTIMIZATION OF PLASMA PRE-TREATED OF COTTON FABRIC
FOLLOWED BY 0.2% T10, TREATMENT

Test  Treatmentspeed  Oxygen flowrate  Jet distance
run (mml/s) (L/min) (mm) WRA (9
1 30 0.1 1 80.9
2 30 0.2 3 83.2
3 30 0.3 5 91.3
4 15 0.1 3 86.6
5 15 0.2 5 88.3
6 15 0.3 1 88.3
7 5 0.1 5 84.5
8 5 0.2 1 87.1
9 5 0.3 3 86.7
Oxygen flow Jet
Treatment speed rate distance
! 2554 252.0 256.3
> 263.2 258.6 256.5
Y11 258.3 266.3 264.1
Dominating Level 15mm/s 0.3L/min 5mm
parameters
Difference 7.8 14.3 7.8
265
3 260 |
==
5 10 15 20 25 30
Treatment speed (mm/s)

Fig. 2. The effect of treatment speed in plasma pretreatment on the results of
WRA.

In addition, oxygen flow rate affects the amount of oxygen
to be supplied for the plasma treatment. Generally speaking,
the higher the oxygen flow rate, the more will be the oxygen
supplied for the plasma treatment. In this study, the increase
in oxygen flow rate speeds up the production of active species
which enhances surface modification of fabrics as shown in
Fig. 3. High oxygen flow rate (0.3L/min.) carries more
concentrated active species causing a severe sputtering or
etching effect that alters the fabric surface characteristics.
When plasma pretreated fabrics are subjected to TiO,
treatment, TiO, particles fill up the roughened cotton fiber
surface which restricts molecular movement of cellulose.
Hence, oxygen flow rate is the dominating factor in enhancing
the effectiveness of plasma pre-treatment for improved WRA
of cotton fabrics. The results show that 0.3L/min oxygen flow
rate is the best condition for plasma pre-treatment.
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Fig. 3. The effect of oxygen flow rate in plasma pretreatment on the results of
WRA.

In case of jet distance, it is necessary to select a suitable jet
distance in order to achieve the best plasma effect. In this
study, when the distance between the plasma jet nozzle and
the substrate surface was far enough, i.e. 5mm, plasma species
from the nozzle effectively flow over the fabric surface,
demonstrating that it was the best treatment for enhancing the
WRA of the fabric (Fig. 4). However, when the distance
between the plasma jet nozzle was too small, the flow of
oxygen gas from the nozzle was almost blocked by the fabric
and the oxygen gas could only be bounced off the surface and
flew out in a more parallel to the fabric surface direction,
which greatly recued the effectiveness of the treatment [5].
On the hand, when the distance was too long, the velocity and
the activity of the active species in the plasma jet greatly
decreased when reaching the surface of the fabric and thus
was not effective either [5]. In addition, when the jet distance
was too long, the active species in plasma would collide with
the surrounding air molecule and hence reduced their
reactivity.
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Fig. 4. The effect of jet distance in plasma pretreatment on the results of
WRA.

B. Comparison of WRA

Table 11l provides WRA values of cotton fabrics treated
under different conditions. Although plasma pre-treatment
itself could enhance wrinkle resistant property of cotton fiber,
further addition of TiO, could achieve a better result. TiO,
could fill up the plasma induced roughened fiber surface
which restricts molecular movement of the cellulose during
the wrinkling process. In addition, a conventional wrinkle
resistant treatment using crosslinking agent of DMDHEU was
applied to the cotton fiber. Although the DMDHEU treatment
could significantly improve the wrinkle resistant property of

cotton fiber, the result is not good when compared with
plasma and plasma-TiO, treatments.

TABLE IIl: WRA VALUES OF COTTON FABRICS TREATED UNDER DIFFERENT

CONDITIONS
Sample Treatment  Oxygen  Jet-to-substrate ~ WRA
speed flowrate  distance (mm) 9
(mml/s) (L/min.)
Untreated 0 0 74.6
Conventional 92.3
wrinkle resistant
treatment with
DMDHEU
Plasma pretreated 15 0.3 5 101.4
only
Plasma-pretreated 15 0.3 5 107.5
and 0.2% TiO»

post-treated
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IV. CONCLUSION

In this paper, optimization of plasma pretreatment for
enhancing wrinkle resistant property of cotton fibre was
investigated with the OATS. The process parameters were
taking into consideration, the optimum condition was: 1)
treatment speed = 15 mm/s; 2) oxygen flow rate = 0.3 L/min.
and 3) jet distance = 5 mm. The order of importance was
oxygen flow rate followed by jet distance and treatment speed.
It was found that plasma pretreatment alone can improve the
wrinkle-resistant property of cotton fabric. Although single
plasma pretreatment could improve wrinkle resistant property
when compared with conventional DMDHEU treated cotton
fabric, post-treatment with 0.2% TiO, could further enhance
wrinkle resistant property.
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