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LOW TEMPERATURE PLASMA TREATMENTS OF TEXTILES
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Abstract: Textile finishing is the stage at which their final properties are imparted to fabrics, conferring them with one or many functional properties such
as shrink-resistance, water-resistance, softness, antibacterial, etc. At this stage of the textile chain is where a high number of chemicals are used, and
often highly polluted wastewaters may be produced, so considering the increasingly strict environmental legislation, low temperature glow discharge
plasmas (LTP) have emerged as an environmentally friendly technique for the finishing of textiles. Plasma processes need only small amounts of selected
chemicals (if any) and do not produce waste waters or chemical effluents, so the use of plasma processes in textile finishing can reduce its environmental
impact. Another advantage of plasma processes is modifying the textile fibre surfaces to a depth of nanometres without altering the bulk properties of the
fibres, such as mechanical properties, of relevance in textiles. In the present review work, an overview is given on some outstanding plasma treatments of
natural and synthetic fibres. For instance, the effects of plasmas (radiofrequency plasma, microwave post-discharge) on wool fibres and fabrics are shown
with respect to their wettability, shrink-resistance, softness and adhesion of polymers. In parallel, the effects of plasma on polyamide 6 fibres and fabrics
are shown related to their wettability, ageing properties, post-deposition of biopolymers and dyeability.

Obdelava tekstilnih materialov z nizkotemperaturno plazmo

Kjuéne besede: plazma, razelektritev, porazelektritev, kisik, funkcionalizacija, tekstil, volna, poliamid

Izvle€ek: Zadnja stopnja pri obdelavi tekstilnih materialov doloca njihove funkcionalne lastnosti, kamor sodijo na primer odpornost proti kréenju, prepust-
nost za vodne kapljice in paro, mehkost in morebitna bakteriostaticnost. V zadnji stopniji pri obdelavi tekstilij se obicajno uporablja obilo kemikalij. Poleg
tega so odpadne vode, ki so posledica spiranja kemikalij pogosto moéno onesnazene, zaradi Cesar se iS¢ejo alternativni postopki obdelave. Zaradi vedno
ostrejSih okoljskih predpisov se vedno bolj $iri uporaba okolju prijaznih tehnik, ki temeljijo na uporabi nizkotemperaturne plinske plazme. Pri plazemskih
procesih uporabimo zelo majhne koli¢ine kemikalij, pogosto pa njihova uporaba sploh ni potrebna, da bi dosegli dolocene funkcionalne lastnosti tekstilij.
Pri plazemskih tehnologijah tekstilij ni potrebno spirati z vodo, zaradi Sesar se bistveno zmanjsa onesnazevanje okolja. Druga pomembna prednost
plazemskih tehnologij je moznost modifikacije zgolj povréinske plasti debeline nekaj nanometrov, medtem ko ostanejo sicersnje lastnosti materiala ne-
spremenjene. V pri¢ujoéem preglednem &lanku podajamo pregled najpomembnejsin dosezkov na podrocju plazemske modifikacije naravnih in sinteticnin
vlaken. Najboljde lastnosti tekstilij dobimo z uporabo plazme, ki jo generiramo z radiofrekvencéno ali mikrovalovno razelektritvijo, pogosto pa namesto
plazme uporabimo porazelektritveni del. V prispevku podrobneje predstavimo vpliv plazemske obdelave na volnena viakna in tekstil. Prikazujemo spre-
membo omocdljivosti, odpornosti proti kréenju, spremembo mehkobe volnenega blaga in sposobnost povrSinske vezave polimerov. Prav tako prikazujemo
vplive plazemske obdelave na sinteniéna viakna in tekstilije izdelane iz poliamida PA-6, kjer poseben poudarek posve¢amo pojavu staranja viaken in
tekstila,j pa tudi naknadni depoziciji biopolimerov in barvanju.

surface influences the shrinkage behaviour of wool fabrics
during aqueous washing /3/.

1 Introduction

Wool is a natural fibre mainly constituted by keratins. Mor-

phologically, the fibres are formed by cortical and cuticu-
lar cells and cell membrane complex. Cuticular cells are
located in the outermost part of the fibre, surrounding the
cortical cells. The cuticle consists of a layer of flat scales
of approximately 1 pm thickness overlapping one another
like tiles on aroof (Fig. 1a), and forming a ratchet-like struc-
ture, which provokes a directional frictional effect /1/ which
has traditionally been considered the main responsible for
felting shrinkage of wool fabrics. Felting shrinkage is a proc-
ess which comprises compacting and entanglement of fi-
bres submitted to mechanical action, friction and pressure
in presence of heat and humidity, and accounts for the
undesirable and irreversible reduction of the area of the
fabrics. From the chemical point of view, the outermost
part of cuticle cells is of hydrophobic nature due to the
presence of the “Fatty Layer”, a thin layer of 18-methyl ei-
cosanoic acid (18-MEA) covalently bound via a thioester
linkage to the protein layer of cuticle /2/. It has recently
been shown that the presence of this fatty layer on the
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Polyamide 6 is a chemical fibre, also known as nylon 6 (H-
[NH-CsH10-CO1,-OH), is an aliphatic polyamide obtained
through polycondensation reaction of g~caprolactam. It is
characterized by recurring amide groups (-CONH-) in the
polymeric chain and amino and carboxylic end groups /4/.

Low temperature glow discharge plasmas (LTP) are con-
sidered as an emerging technigue in the achievement of
wool with shrink-resistant properties by environmentally
friendly methods /5/, as well as on the surface modifica-
tion of textile fibres in general, as they modify the fibre sur-
face to a depth of nanometers, without altering the bulk
properties of the fibre. Plasma processes need only small
amounts of selected chemicals and do not produce waste-
water or chemical effluents, so plasma is efficient, eco-
nomical, and can reduce the environmental impact caused
by the use of chemicals in the textile industry, traditionally
extensive in the consumption of water and chemicals. Plas-
ma is a partially ionized gas generated by an electrical dis-
charge, and consists of neutral particles (molecules, ex-
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Fig. 1:  Morphology of (a) wool and (b} polyamide 6
fibres.

cited atoms, free radicals and metastable particles),
charged particles (ions and electrons) and UV and V radia-
tion. Plasma chemistry takes place while the gas remains
at relatively low temperatures, close to room temperature
/8/. Due to these oxidative processes the wetting proper-
ties of the surface of fibres are improved, and therefore
the adhesion properties /7,8/. In the plasma discharge,
high density of species such as ions, electrons and UV
radiation in addition to the active atoms already mentioned,
can act on the fibre surface. Such ions disappear by re-
combination with electrons at the end of the discharge, as
well as UV and other excited species, so in the post-dis-
charge only stable atoms are present /9/.

Different kinds of plasmas have been extensively studied /
10-23/ and characterized /24-28/ for the synthesis of or-
dered nanostructures /20-33/, for the engineering of ma-
terials /34-37/ and for surface functionalisation /38-51/
for example.

in the present paper an overview is given on the effects of
plasma and post-discharge plasma treatments on natural
{(wool) and chemical fibres (polyamide 6), and its possible
combination with different chemical post-treatments for
obtaining textiles with different functionalities.

2 Experimental

2.1 Materials

Botany knitted merino wool fabric with a cover factor of
1.22 tex"/2mm™ was used throughout the work. Keratin
hair fibers were used as a model for the wool fiber on the
determination of contact angle due to their chemical and
morphological similarities /52/. Before treatment, fabrics
and fibers were washed with a solution of 2 g.L”? of the
non-ionic surfactant Cadetram 9M (Comp. Suministros
Cades S. A)), at 25°C for 15 min and then thoroughly rinsed
with deionized water and dried at ambient temperature.

PAG microfiber fabrics were used throughout this work and
washed with 2 g.L™" of surfactant solution (Nekanil LN) at
95°C for 45 min and then thoroughly rinsed with deion-
ized water and dried at ambient temperature.

PAB rods (Goodfellow Ltd, UK) of 2 mm diameter were
used for the determination of contact angle. Prior to any
treatment, they were cleaned by Soxhlet extraction with
benzene (Probus, Spain) and acetone (Merck, Germany).

2.2 Methods

A radio-frequency (RF) reactor (Fig. 2) operating at 13.56
MHz was employed /53/ using air, nitrogen or water va-
pour as plasma gases. The distance between the elec-
trodes was 8.5 cm, and the sample was hung equidistant
between the electrodes. During treatments, the pressure
and the incident power were kept constant at 100 Pa and
100 W, respectively. This power was uniformly distributed
on a 400 ¢cm? cathode surface.

A flowing post-discharge (PD) reactor (Fig. 3) was used
/54/, composed of a pyrex cylinder of 15 ¢cm of internal
diameter (i.d.) and 20 cm height separated 70 c¢cm from

CGras

A4 Electrodes

Vacuum

Fig. 2. Schematic description of the stainless steel
reaction chamber
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the plasma source by a 5 mm i.d. quartz tube. The dis-
charges were generated by a 2.45 GHz microwave source
using 60 W of incident power. The discharge tube is sealed
to a bent quartz tube of 15 mm i.d. which is connected to
the post-discharge reactor. The gas flow rate was set con-
stant at 1 L.min"™" and the pressure in the reactor was 533
Pa (4 Torr). The samples were hung vertically in the center
of the reactor.

{iSrowave
source

Pumping Svstem

Fig. 8. Scheme of the pyrex post-discharge reaction
chamber

Optical emission spectroscopy and catalytic probes was
used to characterize post-discharges as described in /55/.
Contact angles, X-ray photoelectron spectroscopy, scan-
ning electron microscopy and shrink-resistance methods
were carried out as described in /53, 56/.

3 Results and discussion

In the course of different works, we have compared the
effects of plasma and post-discharges (PD) on the proper-
ties of wool and polyamide 6 fibres and fabrics.

3.1. Effects of plasma on wool

One of the main features characterizing wettability of un-
treated (UT) wool fibres is their different receding adhe-
sion tension as a function of scale direction (Fig. 4a), at-
tributed to chemical differences between the frontal and
the dorsal of the scales (Fig. 5). After both RF plasma and
PD (Figs. 4 b and c) with oxygen-containing gases, this
feature is no longer present due to increased chemical
homogeneity of the cuticle scales. The surface of the fi-
bres becomes hydrophilic, with higher advancing adhe-
sion tension (F/L) values.

Previous studies /57/ had shown that a direct N2 plasma
treatment produced a decrease of around 58° in the con-
tact angle of keratin fibres after 2 min, and thus an impor-
tant increase in the wettability, while 15 min of N2 PD re-
sulted in a decrease of 42° /55/. Consequently, both post-
discharge plasmas and direct plasmas are efficient for pro-
ducing hydrophilic wool surfaces, although slightly longer
treatment times are required for achieving similar hy-
drophilicity with PD than with direct discharges.
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Fig. 4: Adhesion tension wetting hysteresis cycles of
UT (a), H20 RF plasma treated (b) and N2-23%
O2 PD treated (c) keratin fibres in water.

When the plasma is generated by an oxidative gas, such
as air, oxygen or water vapour, the wool fibre surface is
oxidized progressively by forming C-OH, C=0, HOC=0
groups, and promoting an ablation effect of the fatty layer.
Also, the cystine residues of wool are oxidized to cysteic
acid residues increasing the anionic groups on the wool
fibre surface /52, 54, 58/.

It has been shown that the effects produced by plasma
and PD treatments on the surface are mainly due to the
neutral atoms of the discharges /54/, as detected by op-
tical emission spectroscopy. The use of catalytic probes
for O detection during PD treatment of wool /59/ revealed
that the etching process of the fatty layer, which takes place
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Fig. 5: Schematic representation of the chemical
homogeneisation of the dorsal and frontal of
the wool cuticle scales by the action of plasma

at the early stages of treatment, represents a great source
of consumption of atoms.

Several publications have shown the shrink-resistance ef-
fect promoted by plasma on wool fabrics. Comparison (Fig.
6) of the shrink-resistance effect of direct and post-dis-
charge N2 plasma on wool fabrics /55/ revealed the equiv-
alent effectiveness of both treatments, although to achieve
equivalent shrinkage reduction percentages, longer treat-
ment times have to be applied with post-discharge plas-
ma. The slightly longer times required to achieve similar
shrinkage reduction percentages (as well as similar con-
tact angles) on Nz PD treated wool can be explained by
the fact that only N atoms are present, while in direct plas-
mas, the added effect of ions and UV radiation has to be
considered.
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Fig. 6.  Comparison of the shrinkage reduction attained
by direct plasma treatment or by post-discharge
plasma.

Post-application of finishing products on the surface of woo!
after plasma treatment has been the object of different stud-
ies, and its interest lays in the wide number of textile finish-
es which would benefit from increased adhesion product-
fibre, or the possibility of employing lower quantities of
chemicals. One of the critical points in plasma treatment
of wool is the improvement of handle of the fabrics, which
is harsher after the plasma treatment. Given the ageing in
wettability observed /60/, it is advisable to carry out such
post-treatments as soon as possible after plasma.

Through the application of acid chlorides on UT and RF
plasma treated wool it was shown that the presence of the
fatty-layer on the surface of UT wool exerts a strong influ-
ence on the post-deposition of products /3/. After the ox-
idation and partial elimination of the fatty-layer through a
plasma treatment, post-application of acid chlorides of dif-
ferent chain length revealed a clear relationship between
wettability and shrink-resistance (Fig. 7). The higher the
wettability, the better the shrink-resistance. In addition,
handle evaluation showed, as expected, that the longer
the chain length, the better the softness perceived.
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Fig. 7:  Relationship between advancing contact angle
{Oaav) and area shrinkage as a function of the
number of carbons theoretically present on the
surface, playing the role of fatty-layer.

The application of conventional cationic softeners on RF
plasma treated wool fabrics reverts in high shrinkage val-
ues /60/. The application of certain cationic or polar polysi-
loxane softeners on H>O RF plasma-treated wool improves
the handle of the fabrics and the deposition of the soften-
er while conserving an acceptable shrink-resistance /56/.
A possible mechanism of interaction between the different
polysiloxane groups and the surface of untreated (UT) and
LTP-treated wool was proposed, as shown in Fig.8.

3.2. Effects of plasma on polyamide 6

Contrarily to wool, untreated polyamide 6 (PAB) is a chem-
ical fibre of hydrophilic nature (see Table 1). As can be
seen, when air and nitrogen were used as RF plasma gas-
es, animportant increase in the hydrophilicity of polyamide
surface was achieved, with very similar advancing contact
angle values /61/. The treatment with water vapor plasma
was the most effective to generate highly hydrophilic PA6
surfaces, reducing the advancing contact angle to 34.7°.

The ageing process of RF plasma treated PA6 was stud-
ied by means of contact angle /61/ as a function of stor-
age time after treatment.

Figure 9 shows an increase in hydrophobicity of the plas-
ma treated PAB as a function of the time elapsed after plas-
ma treatment, indicating that the concentration of hy-
drophilic groups on the surface decreases, which could
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i Plasma

Fig. 8: SEM images and proposed mechanism of
interaction between wool (UT - up, and H20
plasma treated - down) and a cationic
polysiloxane.

Table 1. Advancing (®aq) contact angle and contact angle
hysteresis (A®) of PA6 UT and treated for 2 min in plasma
or PD of different gases

Treatment Baav £2.2°(9) AD (®)
Untreated 71.4 55.8
Air RF plasma 534 46.2
N, RF plasma 49.7 41.3
N, post-discharge 43.3 30.1
H,0O plasma 34.7 26.1
O, post-discharge 45.8 28.4

be due to migrarion or reorientation of these groups to-
wards the bulk phase of PA6 during their storage in air
environment. This point was confirmed by immersion of
the aged samples in water /81 /, which revealed a partial
recovery of the wetting properties, or even complete re-
covery in PAB treated in oxidizing plasma gases.

Relevant topographical modifications (in general undesir-
able for textile finishing purposes), are only achieved in
relatively aggressive conditions, such as oxygen treatments
for long times in both RF plasmas or post-discharges (Fig.
10).

Post-application of finishing products on PAB can be aimed
to different effects, such as improving dye exhaustion or
increasing colour intensity (K/S) of dyeings. Chitosan is a
polycationic biopolymer which has been applied to fabrics
to confer antibacterial properties. In this case, its applica-
tion was studied to enhance efficiency of dyeings.
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Fig. 9:  Evolution of advancing water contact angle as
a function of time elapsed after the treatment.

Fig. 10: Scanning Electron Micrographs of PA6 (a)
Untreated, (b) 5 min O RF plasma and (c) 15
min Oz post-discharge treated.

Contact angle results (Fig. 11) showed improved adhesion
of chitosan on the surface of HoO RF plasma-treated PAG.

The presence of chitosan on the surface of the fibres in-
creased colour intensity of the dyeings (Fig. 12), with re-
spect to those only treated with plasma. This is most prob-
ably due to the good interaction of the sulfonic groups of
the acid dyestuff studied with the amine groups of the chi-
tosan biopolymer deposited on the surface of polyamide 6
fibres.
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Fig. 11: Advancing contact angle of UT and H>0 RF
plasma treated PAG post-treated with chitosan.
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Fig. 12: K/Scorr Of PAB fabric treated different times in
H-0 plasma (a) and post-treated with chitosan
(1.25 g/l}) (b) in dyeings with acid dyestuff.

4 Conclusions

Consumers increasingly demand for fabrics with improved
properties, and are also more environmentally conscious.
In this context plasma treatment of fibers and fabrics pro-
vides an alternative technology which allows complying with
both requirements.

As reviewed in the paper, plasma and post-discharge treat-
ments improve wool and PAS wettability, reduce shrink-
resistance of wool, and the etching of the fatty-layer on the
surface of wool allows control over the wetting properties
in the post-application of different finishing products (such
as softeners). The ageing of wetting properties is a param-
eter to control in the post-application of finishing products.
The application of a biopolymer on PA6 fabrics has been
enhanced by plasma treatments, and it promotes higher
colour intensity in dyeing with acid dyes.

Acknowledgments

The authors acknowledge the support of Departament
d'Educacio i Universitats of Generalitat de Catalunya for
the post-doc feliowship of CC.

References

/1/ M. Feughelman, "Mechanical Properties and Structure of Alpha-
Keratin Fibres: Wool, Human Hair and Related Fibres”, Universi-
ty New South Wales Press, Sydney 1997.

/2/ A.P.Negri, H. J. Cornell, D. E. Rivett "A model for the surface of
keratin fibers” Textile Res. J., Vol. 63, pp. 109-115, 1993.

/3/ C.Canal, P.Erra, R.Molina, E.Bertran “Regulation of surface hy-
drophilicity of plasma treated wool fabrics” Textile Res. J. Vol.77,
ng8, pp.559-564, 2007,

/4/ J. Gacén “Fibras de Poliamida” Universitat Politécnica de Cat-
alunya, Terrassa, 1986.

/5/ IPPC Reference Document on Best Available Techniques for the
Textile Industry European Comission, Seville, 2003.

/6/ A. Grill, “Cold Plasma in Materials Fabrication, From Fundamen-
tals to Applications”, IEEE Press, New York 1993.

/7/ I. M. Zuchairah, M. T. Pailthorpe, S. K. David, “Effect of Glow
Discharge Polymer Treatments on the Shrinkage Behavior and
Physical Properties of Wool Fabric"Textile Res. J, Vol. 67, pp.
69-74, 1997.

/8/ P. Erra, R. Molina, D. Jocic, M.R. Julia, A. Cuesta, J.M.D. Tas-
con, “Shrinkage Properties of Wool Treated with Low Tempera-
ture Plasma and Chitosan Biopolymer” Textile Res. J., Vol. 69,
pp. 811-815, 1999.

/9/ A. Ricard, “Présentation physique des plasmas hors equilibre”
in “Applications Innovantes des Plasmas Hors Equilibre”, Ed.
Ecrin, Paris, 2004.

/10/  1.B. Denysenko, et al. “Nanopowder management and control
of plasma parameters in electronegative SiH4 plasmas” J. Appl.
Phys., Vol.94, No. 9, pp.6097-6107, 2003.

/117 K.N. Ostrikov, M.Y. Yu, S.V. Viadimirov et al. “On the realization
of the current-driven dust ion-acoustic instability”, Phys. Plas-
mas Vol. 6, pp.737-740, 1999.

/12/  Ostrikov KN, Yu MY, Azarenkov NA, “Nonlinear effects of ioniza-
tion on surface waves on a plasma-metal interface”, J. Appl. Phys.
Vol. 84, No. 8, p.p. 4176-4179, 1998.

/13/ K.N. Ostrikov, M.Y. Yu, “lon-acoustic surface waves on a dielec-
tric-dusty plasma interface” IEEE Transactions on Plasma Sci-
ence Vol. 26, no.1, pp. 100-103, 1998.

/14/ K.N. Ostrikov, M.Y. Yu, H. Sugai, “Standing surface waves in a
dust-containated large-area planar plasma source” J. Appl. Phys
Vol. 86, no. 5, pp. 2425-2430, 1998

/15/  K.N. Ostrikov, M.Y. Yu, H. Sugai “Charging and trapping of mac-
roparticles in near-electrode regions of fluorocarbon plasmas
with negative ions” Phys. Plasmas Vol. 8(7), pp. 3490-3497,
2001.

249



Informacije MIDEM 38(2008)4, str. 244-251

C. Canal:
LOW Temperature Plasma Treatments of Textiles

/16/

/17/

/18/

/19/

/20/

/21/

122/

/23/

/24/

/25/

/26/

/21/

/28/

/29/

/30/

/317

/32/

/33/

/34/

/35/

250

K.N. Ostrikov, S. Yu, M.Y. Yu “Power transfer and mode transi-
tions in low-frequency inductively coupled plasmas” J. Appl. Phys.
Vol. 88, no. 5, pp. 2268-2271, 2000.

G. Arnoult, R.P. Cardoso, T. Belmonte, G. Henrion “Flow transi-
tion in a small scale microwave plasma jet at atmospheric pres-
sure” Appl. Phys Letters Vol. 93, no. 19, art. no. 191507, 2008.

T. Belmonte, R.P. Cardoso, G. Henrion, F. Kosior "Gollisional-
radiative modelling of a helium microwave plasma in a resonant
cavity” J. Phys. D: Appl. Phys., Vol. 40, no. 23, pp. 7343-73586,
2007.

M.K. Sunkara, S. Sharma, R. Miranda, et al. “Bulk synthesis of
silicon nanowires using a low-temperature vapor-liguid-solid
method” Appl. Phys Lett. Vol. 79, no. 10, pp. 15646-1548, 2001.

S. Vaddiraju, A. Mohite, A. Chin, et al. “Mechanisms of 1D crys-
tal growth in reactive vapor transport: Indium nitride nanowires”
Nano Lett. Vol. 5, no. 8, pp. 1625-1631, 2005.

K.C. Krogman, T. Druffel, M.K. Sunkara “Anti-reflective optical
coatings incorporating nanoparticles” Nanotechnol. Vol 16, no.
7, pp. S338-8343, 2005.

J. Thangala, S. Vaddiraju, R. Bogale, et al. “Large-scale, hot-
filament-assisted synthesis of tungsten oxide and related transi-
tion metal oxide nanowires” Small Vol. 3, no. 5, pp. 890-896,
2007.

H. Chandrasekaran, G.U. Sumanasekara, M.K. Sunkara “Ra-
tionalization of nanowire synthesis using low-melting point met-
als”J. Phys. Chem. B Vol. 110, no. 37, pp. 18351-18357, 2006.

M. Mozetic, et al. “An iron catalytic probe for determination of
the O-atom density in an Ar/O-2 afterglow” Plasma Chem. Plas-
ma Process, Vol. 26, no. 2, pp. 103-117, 2006.

M. Mogzetic, U. Cvelbar, A. Vesel, et al. "A diagnostic method for
real-time measurements of the density of nitrogen atoms in the
postglow of an Ar-N-2 discharge using a catalytic probe" J. Appl.
Phys Vol. 97, no. 10, art. no. 103308, 2005.

U. Cvelbar, M. Mozetic, I. Poberaj, et al. “Characterization of
hydrogen plasma with a fiber optics catalytic probe” Thin Solid
films Vol. 475, no. 1-2, pp. 12-16, 2005,

A. Drenik, et al. “Catalytic probes with nanostructured surface
for gas/discharge diagnostics: a study of a probe signal behav-
iour” J. Phys D: Appl. Phys Vol. 41, no. 11, pp. 115201, 2008.

D. Vujosevic, et al. “Optical emission spectroscopy characteri-
zation of oxygen plasma during degradation of Escherichia col-
if.” J. Appl. Phys. Vol. 101, no. 10, art. no. 103305-7, 2007.

I. Levchenko, et al. “Nanostructures of various dimensionalities
from plasma and neutral fluxes” J. Phys D: Appl. Phys., Vol 40,
no. 8, pp. 2308-2319, 2007.

E. Tam, et al. “Deterministic shape control in plasma-aided nan-
otip assembly” J. Appl. Phys. Vol. 100, no. 3, art. no. 036104,
2006.

K. Ostrikov, A.B. Murphy “Plasma-aided nanofabrication: where
is the cutting edge?” J. Phys. D-Appl. Phys, Vol. 40, no. 8, pp.
2223-2241, 2007.

Denysenko 1B, et al. “Inductively coupled Ar/CH4/H-2 plasmas
for low-temperature deposition of ordered carbon nanostruc-
tures” J. Appl. Phys., Vol. 95, no. 5, pp. 2713-2724, 2004.

U. Cvelbar, K. Ostrikov, M. Mozetic " Reactive oxygen plasma-
enabled synthesis of nanostructured CdO: tailoring nanostruc-
tures through plasma-surface interactions” Nanotechnology, Vol.
19, no. 40, art. no. 405605, 2008.

Z.Vratnica, et al. "Degradation of bacteria by weakly ionized highly
dissociated radio-frequency oxygen plasma” IEEE Trans. Plas-
ma Sci., Vol. 36, no. 4, pp. 1300-1301, 2008.

U. Cvelbar, K. Ostrikov “Deterministic Surface Growth of Single-
Crystaliine Iron Oxide Nanostructures in Nonequilibrium Plas-
ma” Crystal Growth & Design, Vol. 8, no. 12, pp. 4347-4349,
2008.

/38/

/37/

/38/

/39/

/40/

/41/

/42/

/43/

/44/

/45/

/46/

/47/

/48/

/49/

/50/

/51/

/582/

/53/

/54/

/585/

U. Cvelbar, B. Markoli, |. Poberaj, A. Zalar, L. Kosec, S. Spaic "For-
mation of functional groups on graphite during oxygen plasma treat-
ment” Appl. Surf. Sci., Vol. 253, no. 4, pp. 1861-1865, 2006.

N. Krstulovic, . Labazan, S. Milosevic, U. Cvelbar, A. Vesel, M.
Mozetic “Optical emission spectroscopy characterization of ox-
ygen plasma during treatment of a PET foil” J. Phys D- Appl.
Phys., Vol. 39, pp. 3799-3804.

U. Cvelbar, et al. "Oxygen plasma functionalization of poly(p-phe-
nilene sulphide) " Appl. Surf. Sci., Vol. 253, no. 21, pp. 8669-
8673, 2007.

T. Belmonte, C.D. Pintassilgo, T. Czerwiec, et. Al. "Oxygen plas-
ma surface interaction in treatments of polyolefines” Surface
Coat. Tech., Vol. 200, no. 1-4, pp. 26-30, 2005.

M. Mozetic, et al. A method for the rapid synthesis of large quan-
tities of metal oxide nanowires at low temperatures ” Adv. Mat.,
Vol. 17, pp. 2138-2142, 2005.

Z.Q. Cheng, et al. "Long-range ordering of oxygen-vacancy
planes in alpha-Fe203 nanowires and nanobelts"Chem. Mat.,
Vol. 20, no. 9, pp. 3224-3228, 2008.

U. Cvelbar, Z.Q. Chen, M.K. Sunkara, et al. "Spontaneous
Growth of Superstructure alpha-Fe203 Nanowire and Nanobelt
Arrays in Reactive Oxygen Plasma”, Small, Vol. 4, no. 10, pp.
1616-1614, 2008.

U. Cvelbar, M. Mozetic "Behaviour of oxygen atoms near the
surface of nanostructured Nb205” J. Phys. D: Appl. Phys, Vol.
40, no. 8, pp. 2300-2303, 2007.

U. Cvelbar, M. Mozetic, M. Klanjsek-Gunde, "Selective oxygen
plasma etching of coatings” IEEE Transactions Plasma Sci., Vol.
33, no. 2, pp. 236-237, 2005.

T. Vrlinic, et al. "Rapid surface functionalization of
poly(ethersulphone) foils using a highly reactive oxygen-plasma
treatment ” Surf. Int. Anal., Vol. 39, no. 6, pp. 476-481, 2007.

U. Cvelbar, M. Mozetic, D. Babic, et al. "Influence of effective
pumping speed on oxygen atom density in a plasma post-glow
reactor” Vacuum, Vol. 80, no. 8, pp. 804-907, 2006.

|. Levchenko, K. Ostrikov, M. Keidar, et al. "Modes of nanotube
growth in plasmas and reasons for single-walled structure” J.
Phys. D: Appl. Phys, Vol. 41, no. 13, 132004, 2008.

Z. Vratnica, D. Vujosevic, U. Cvelbar, et al. "Degradation of bac-
teria by weakly ionized highly dissociated radio-frequency oxy-
gen plasma” IEEE Trans. Plasma Sci., Vol. 36, no. 4, pp. 130-
1301, 2008.

U. Cvelbar, B. Markoli, |. Poberaj, A. Zalar, L. Kosec, S. Spaic”
Formation of functional groups on graphite during oxygen plas-
ma treatment” Appl. Surf. Sci., Vol. 253, no. 4, pp. 1861-1865,
2006.

N. Krstulovic, |. Labazan, S. Milosevic, U. Cvelbar, A. Vesel, M.
Mozetic "Optical emission spectroscopy characterization of ox-
ygen plasma during treatment of a PET foil” J. Phys., D: Appl.
Phys,. Vol. 39, pp. 3799-3804, 2006.

U. Cvelbar, D. Vujosevic, Z. Vratnica, M. Mozetic "The influence
of substrate material on bacteria sterilization in an oxygen plas-
ma glow discharge” J. Phys. D: Appl. Phys., Vol. 39, pp. 3487-
3493, 2006.

R. Molina, P. Jovancic, D. Jocic, E. Bertran, P. Erra, “Surface
characterization of keratin fibres treated by water vapour plas-
ma” Surf. Interface Anal., Vol. 35, pp. 128-135, 2003.

G. Viera, J. Costa, F. J. Compte, E. Garcia-Sanz, J. L. Andujar,
E.Bertran, “Accurate electrical measurements for in situ diag-
nosis of RF discharges in plasma CVD processes” Vacuum, Vol.
53, pp. 1-5, 1999.

C.Canal, F.Gaboriau, R.Molina, P.Erra, A.Ricard, “Role of the
active species of plasmas involved in the modification of textile
materials”, Plasma Process. Polym. Vol. 4, pp. 445-454, 2007.
C.Canal, R.Molina, P.Erra, A.Ricard “Effects of N post-discharge
plasma treatments on wool fabrics” Eur. Phys. J. Applied Phys.
Vol. 36, pp. 35-41, 2006.



C. Canal:
LOW Temperature Plasma Treatments of Textiles

Informacije MIDEM 38(2008)4, str. 244-251

/56/

/57/

/58/

/59/

/60/

C.Canal, R.Molina, E.Bertran, P.Erra “Polysiloxane softener coat-
ings on plasma-treated wool: study of the surface interactions”
Macromol. Mater. Eng., Vol. 292 no. 7, p.p. 817-824, 2007

R.Molina, P.Jovancic, F.Comelles, E.Bertran, P.Erra “Shrink-re-
sistance and wetting properties of keratin fibres treated by glow
discharge” J. Adhesion Sci. Technol., Vol. 16, pp.1469-1485,
2002.

C.W. Kan, K. Chan, C.W.M. Yuen, M.H. Miao, “Low tempera-
ture Plasma on Wool substrates: The Effect of the Nature of the
Gas” Textile Res. J., Vol.69, pp. 407-416,1999.

C. Canal, F. Gaboriau, A. Ricard, M. Mozetic, U. Cvelbar, A.
Drenik, “Density of O-atoms in an afterglow reactor during treat-
ment of wool”, Plasma Chem. Plasma Process., Vol. 27 no. 4,
pp. 404-413, 2007.

C.Canal, R.Molina, A.Navarro, E.Bertran, P.Erra “Effects of low

temperature plasma on wool and wool/nylon blend dyed fab-
rics” Fibers Polym. Vol. 9 no. 3, pp.293-300, 2008.

/81/

Prispelo (Arrived): 17.09.2008

C.Canal, R.Molina, E.Bertran, P.Erra “Wettability, ageing and
recovery process of plasma treated polyamide 6” J. Adhesion
Sci.Technol., Vol.13, pp. 1077-1089, 2004.

Cristina Canal
Pharmacy and Pharmaceutical Technology Dpt.,

Faculty of Pharmacy, University of Barcelona (UB),

Avda. Joan XXIll s/n, 08028 Barcelona, Spain.
E-mail: cristinacanal@ub.edu

Sprejeto (Accepted): 15.12.2008

251



