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ABSTRACT

Low temperature plasma (LTP) technology is an emerging area and is being explored widely
for surface modification of thermally sensitive substrates, like textiles and polymers. Plasma
is known to modify only the surface of the material while retaining its bulk properties. LTP
generated at atmospheric pressure is advantageous as it can be integrated in-line with other
industrial processes used in the textile industry. However, atmospheric pressure plasma
technology has certain limitations, such as long treatment times, use of high energy and use
of expensive helium gas as a carrier. Among the various parameters used in plasma
technology, pulse duration is an important parameter. However, most of the studies reported
in the literature pertain to use of continuous-wave (CW) plasma for processing of textile. In
this study, effect of plasma pulse duration has been investigated in an attempt to address
some of the issues that limit the commercialization of plasma technology in textile

processing.

The efficacy of using pulse plasma over continuous-wave (CW) plasma was evaluated for
hydrophobic functionalization of cellulosic substrate using dodecyl acrylate (DA) and lauryl
alcohol (LA), C12 alkyl precursors. In-situ treatment was carried out in DA/helium plasma at
the atmospheric pressure and the comparison was made in terms of power consumption, drop
absorbency time and water contact angle. Parameters, such as power, duration of pulse (duty
cycle), reaction time and monomer concentration affected the hydrophobic treatment of the
fabric. Although, plasma treatment at a low power density of 0.38 W/cc using both pulse and
continuous-wave mode, could result in similar levels of hydrophobicity of the viscose fabric,

the power consumption was found to be significantly lower at about 1/3™ in the case of pulse



plasma treatment compared to CW plasma, thereby making it more energy efficient.

However, the total reaction times at these conditions were high at about 2.5 min.

In order to address the long reaction times, hydrophobic functionalization of viscose fabric
was carried out using He/DA using high power densities pulse plasmas. The effects of power
densities and pulse durations on total reaction time and consumed energy were investigated.
The use of high power densities modulated at low duty cycles (i.e. low pulse durations)
resulted in rapid and effective functionalization with low energy consumption. In comparison
to reactions carried out at low power density (i.e. 0.38 W/cc), reactions carried out at high
power densities modulated at low duty cycles could yield similar degree of functionalization
by utilizing only 117% more energy while reducing the total reaction time to about 1/8'". The
hydrophobically modified viscose fabric was durable to solvent washings and exhibited drop
absorbency time of > 60 min and water contact angle > 150°. FE-SEM analysis revealed that
plasma modulated at low duty cycles (~ 0.1) using both low and high power densities led to
uniform deposition of polymerized material and minimal fragmentation of monomer

molecules.

The effect of precursor structure on power and reaction time required for effective
functionalization of the fabric was elucidated by comparing reactions of LA with DA. LA, a
non-reactive precursor, required significantly higher time and energy to achieve the same
level of functionalization when compared with DA. Similar to DA, the effect of pulse
duration was observed to significantly influence both the energy and the reaction time in the

case of LA as well.
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Surface functionalization of viscose fabric was performed by in-situ plasma reaction with
precursors, DA and LA, under atmospheric pressure using different carrier gases, such as
helium (He), argon (Ar), nitrogen (N2) and carbon dioxide (CO;). Effect of plasma
parameters, such as power density, duty cycle (DC) and reaction time on hydrophobicity of
the viscose was elucidated. Using the correct combination of pulse duration and other process
parameters, all the gases could be used for carrying out in-sifu plasma reactions on cellulose.
Reactions with DA could be completed within a short span of 10 - 15 s in He and Ar plasmas
at low power density of 6.61 W/cc, while it was able to yield similar results in longer total
reaction time of 30 s using significantly higher power density of 19.84 W/cc in nitrogen
plasma. Interestingly, even CO> at high power and low pulse duration could be used for the
reaction, though only subdued degree of hydrophobicity could be achieved. Similarly, LA
could also be successfully reacted to cellulose to impart hydrophobicity using nitrogen
plasma in pulsed mode. Surface chemical changes in the fabrics after plasma treatment were

evaluated using FE - SEM, ATR - FTIR, XPS, ToF - SIMS and NMR techniques.
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