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Abstract

In the research, a woven polyester/cotton-Lycra 

(PET/CO-Lycra) fabric was treated with low 

pressure Ar/N
2
 (50% / 50%) plasma for two 

minutes at pressure 26.6 Pa. �e fabric was fur-

ther on coated with the lowest prescribed con-

centration of Ruco-Bac AgP (RbAg) to obtain 

antimicrobial properties. �e silver content on 

samples was evaluated with the ICP-MS analy-

sis. �e antimicrobial activities of RbAg-impreg-

nated, plasma-treated RbAg-impregnated, and 

once and ten times washed samples were in-

vestigated according to the ASTM Designation 

E 2149-01. �e e�ects on the mechanical pro- 

perties and morphological changes of untreated 

and plasma-treated samples were studied in the 

research. �e results show that the silver con-

tent present on plasma-treated RbAg-impreg-

nated samples is slightly higher in comparison 

to the untreated samples. �e results of bacte-

rial reduction of all RbAg-impregnated fabrics 

show growth inhibition to all four tested micro-

organisms. Once and ten times washed plasma-

treated RbAg-impregnated samples show better 

resistance to Escherichia Coli and Staphylococ-

cus Aureus, compared to the untreated, washed 
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samples. Plasma treatment has no in�uence on 

speci�c stress and elongation of yarns.

Keywords: Ar/N
2
 plasma, Ruco-Bac AgP, silver, 

antimicrobial e�ectiveness, SEM

1 Introduction

Antimicrobial textiles are widely used in medi-

cine, sports and leisure, outdoor, household and 

technical textiles. Woven polyester/cotton-Lycra 

(PET/CO-Lycra) fabrics are convenient for bed 

linen and mattress covers. 

!e surfaces of textile materials with low adhe-

sion properties to antimicrobial agents cannot 

provide good antimicrobial e�ectiveness. How-

ever, material surface adhesion properties can 

be e�ectively modi�ed by di�erent treatments. 

Plasma technologies can modify the surface 

without altering the bulk properties of a mate-

rial [1, 2]. Such technologies have a strong po-

tential to become a new, surface-engineering 

tool in the textile industry due to their low tem-

peratures and dry, environment-friendly na-

ture [2]. 

Plasma has been recently applied in the treat-

ment of living tissues [3–5], sterilization [6, 7], 

treatment of materials [8, 9], etching process-

es for nanoelectronics and surface treatment as 

well as in the growth of structures for nanote-

chnologies [10]. When plasma is applied to or-

ganic and other materials which cannot sustain 

high temperatures, it is essential to use non-

equilibrium, otherwise known as low-tempera-

ture or cold plasma [9]. In such a system, the 

energy of electrons can be controlled by an ex-

ternal �eld while maintaining the ion and gas 

temperatures close to the room temperature. 

Achieving non-equilibrium conditions is re- 

latively easy at low pressure where breakdown 

voltages are the lowest, since the operation is 

close to the minimum of the Paschen curve [11, 

12]. Under these conditions, relatively large var-

iations in the gap or thickness of the treated ma-

terial may be accommodated without any e�ect 

on plasma. On the other hand, operation at at-

mospheric pressure is far from the Paschen min-

imum and thus apart from a higher breakdown 

voltage; therefore, it is di"cult to achieve uni-

form glow discharges [13]. A stable operation of 
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glow discharges in helium and some rare gases is 

possible [14]; however, other mechanisms o�en 

prevail, which can cause damage to the material 

due to sparks, localized heating and arcs. While 

some applications like treating living cells [15] 

require atmospheric pressure, there is only one 

relatively stable wide-area system which ope- 

rates both in air and at atmospheric pressure 

[16]. Like most other systems involving massive 

�ow of helium, where the building of chambers 

for helium is as complex as building a vacuum 

chamber with di�erential pumping [17], low-

pressure plasma is still an option for the treat-

ment of materials such as textiles and polymers 

which may sustain being subjected to low pres-

sure [18, 19].

�e advantage of the low-pressure plasma me- 

thod is that it is a well-controlled and reproduci-

ble technique [2]. �e objectives of some plasma 

surface modi�cations are adhesion promotion, 

enhanced surface wettability, and enhanced 

dyeability [20, 21]. Surface modi�cation with 

plasma treatment has been achieved in di�e- 

rent ways, e.g. with gases such as air, oxygen, ni-

trogen, argon and helium [2]. An improvement 

of wettability with the introduction of hydroxyl 

(–OH), carboxyl (–COOH), carbonyl (>C=O) 

or amino (–NH
2
) groups when treated with air, 

oxygen, argon, nitrogen or NH
3
 plasma was ob-

served [1–2, 20–32]. An enhancement of �bre 

dyeability a�er the treatment with oxygen, air, 

nitrogen, argon, SF
6
 or acrylate plasma was re-

ported as well [2, 23, 25]. Adhesion intensi�ca-

tion, which is a very important property of syn-

thetic �bres, can be obtained by treating �bres 

with air, oxygen, nitrogen, argon or acrylate 

plasma [1–2, 28–29, 33–36]. Researchers have 

also proved an increase of the surface-free ener-

gy of synthetic and cellulosic �bres a�er plasma 

treatments [1–2, 28–29, 33–36].

According to the above described properties, the 

purpose of our research was to use low-pressure 

Ar/N
2
 plasma to provide better adhesive surface 

properties of the PET/CO-Lycra fabric and con-

sequently, a better application of commercial 

antimicrobial �nishing, the activity of which 

depends on the action of Ag+ ions. �e main 

purpose of our research was to reduce the con-

centration of antimicrobial �nishing in terms of 

the amount of silver in the padding bath, while 



160 Obdelava tkanine poliester/bombaž-Lycra s plazmo Ar/N2 

Tekstilec, 2009, letn. 52, št. 7–9, str. 157–170 

still producing a treated material with the de-

sired antimicrobial properties. 

2 Experimental

A woven blended PET/CO-Lycra fabric with the 

mass 292 g/m2, thickness 2.12 mm, warp den-

sity 42 threads/cm of polyester !laments (33.3 

tex), we" density 13.5 threads/cm of cotton 

open-end yarn (33.3 tex) and 4.5 threads/cm  

of cotton/lycra core yarn (41.7 tex) obtained 

from IBI (Kranj, Slovenia) was used for the re-

search.

For the examination of the antimicrobial activ-

ity, Ruco-Bac AgP (RbAg) produced by Rudolf 

Chemie was used [37]. #is commercial, an-

ion active dispersion is composed of inorganic 

salts and surfactants, which ful!ls the Öko-Tex 

Standard. Two concentrations of RbAg were 

used, i.e. 2 g/l and 1 g/l, the former being the 

lowest concentration prescribed by the produ- 

cer of Ruco-Bac AgP.

 

A capacitively coupled plasma (CCP) reactor 

used for the treatments of PET/CO-Lycra sam-

ples was designed to operate at the frequency 

13.56 MHz in a highly asymmetric mode. #e 

idea was to reduce the energies of ions that fall 

on the ground electrode. #erefore, the dam-

age caused by the ion bombardment is minimal 

and the gas temperature is close to the room 

temperature. #is system was previously used 

for the treatment of polymers [18], hemp [38] 

and non-woven, recycled wool material [19] 

and also for the treatment of seeds [39, 40] in 

order to improve germination. 

#e low-temperature RF discharge at 13.56 MHz  

is generated using the Dressler Caesar 1010 RF 

power supply in combination with the Vari-

omatch matching network. For the treatment 

of woven blended PET/CO-Lycra samples, a 

cylindrical chamber made of stainless steel of 

370 mm in diameter and 500 mm in length was 

used. #e central electrode of 14 mm in dia- 

meter represented the powered electrode, while 

the chamber wall represented the ground elec-

4

3

2 1

Figure 1: Schematic representation of the plasma set-up. 

1 – RF power supply and matching network, 2 – home-made voltage 
transformer, 3 – chamber with electrodes and sample holder, 4 – Ar 
and N

2
 %ask.

2

2.4 Protimikrobno apretiranje

Table 1: Sample marks and agent concentrations used in the re-
search.

U – untreated; P – plasma-treated.



161Obdelava tkanine poliester/bombaž-Lycra s plazmo Ar/N2 

Tekstilec, 2009, letn. 52, št. 7–9, str. 157–170 

2.5 Analiza ICP-MS

ni električni naboj in oddajajo svetlobo karakterističnih valovnih 

2.6 Protimikrobna učinkovitost

razvita za ocenitev odpornosti neizluženih protibakterijsko ob

jah: Staphylococcus Aureus Escherichia Coli

Streptococcus Faecalis Pseudomonas Ae-

ruginosa

R
B – A

B

2.7 Pralne obstojnosti

2.8 Pretržna sila in raztezek

σ
F

T
t
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trode. At the bottom of the chamber and clear 

of the sidewalls, there was a "at platform where 

woven blended PET/CO-Lycra samples were 

placed. A schematic representation of the plas-

ma set-up is shown in Figure 1.

#e samples were treated with low-pressure 

plasma at the following conditions: Ar/N
2
 plas-

ma of the mixture 50% argon and 50% nitro-

gen for two minutes at the power 100 W and 

pressure 26.6 Pa. #e plasma treatments of fab-

rics were conducted at the Institute of Physics 

Zemun, Belgrade, Serbia.

 

#e fabrics of 10 g in mass were impregna- 

ted with RbAg with the pad-dry method. In the 

$rst stage, the fabrics were wetted with water at 

room temperature with the wet pick-up of 75% 

and dried up at 130 °C. In the second stage, the 

fabrics were impregnated with the mixture of a 

soil release and hydrophilic agent (Sevatex SRH) 

and antimicrobial agent in slightly acidic me-

dia (0.5 g/l of 80% solution of acetic acid (Flu-

ka)) at room temperature with the wet pick-up 

of 56%.  A'erwards, the fabrics were dried up 

at 160 °C. #e marks of samples and concentra-

tions of agents used in the research are present-

ed in Table 1. #e fabrics were impregnated two 

months a'er being plasma-treated. 

A quantitative analysis of silver was performed 

on the RbAg-impregnated samples and on the 

washed RbAg-impregnated samples using the 

ICP-MS method based on the plasma e*ect. 

#e latter is formed when argon passes through 

the radiofrequency $eld in which gas particles 

become partly electrically discharged and emit 

light of characteristic wavelengths. #e analy-

sis was conducted by a certi$ed laboratory. For 

each sample, three measurements were made 

and the Ag concentration was given as the 

mean value.

#e untreated reference sample, the RbAg-im-

pregnated samples and the washed RbAg-im-

pregnated samples were tested for bacterial re-

duction according to the ASTM Designation E 

2149-01 [41]. #is test method was designed for 
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2.9 SEM

 

2 pri 

3.1 ICP-MS analiza

Table 2: Silver content on treated samples.

W0 – unwashed; W1 – single-washed; W10 – ten times washed.

3.2 Protimikrobna učinkovitost

the resistance evaluation of non-leaching an-

tibacterial-treated specimens to the growth of 

microbes under dynamic contact conditions. 

!e test method was conducted for four di"er-

ent bacteria, i.e. Staphylococcus Aureus (ATCC 

25923), Escherichia Coli (ATCC 25922), Strep-

tococcus Faecalis (ATCC 29912) and Pseu-

domonas Aeruginosa (ATCC 27853). !e ana- 

lysis was performed by a certi#ed laboratory. 

!e bacterial reduction (R) was evaluated ac-

cording to Equation 1, where A is CFU per mil-

lilitre for the $ask containing the treated sub-

strate a%er 1 hour contact time and B is CFU 

per millilitre for the $ask to determine A before 

the addition of the treated substrate (time ‘0’) 

[41]. 

 

RbAg-impregnated samples were subjected to a 

single wash cycle and ten wash cycles at 60 °C in 

the Launder-ometer according to the ISO 105-

C03 standard [42]. At the end of each wash cy-

cle, the washed samples were rinsed thorough-

ly under tap water and were allowed to dry at 

room temperature.

!e tensile stress of untreated and plasma-

treated yarns, which were previously unrave- 

lled from the fabrics, was measured on the In-

stron 6022 dynamometer according to the SIST 

ISO 2062:1997 standard [43]. !e method was 

modi#ed in the gauge length, which was 100 

mm. !e speci#c breaking load was calculated 

with Equation 2, where F is tensile stress (cN) 

and Tt is linear density of a yarn (dtex).  

!e speci#c stress σ (cN/dtex) and elongation 

ε (%) of yarns are the mean value of ten mea- 

surements of breaking load and elongation in 

warp (polyester) and we% (cotton, cotton-lycra) 

direction. Before the testing, the samples were 

conditioned as prescribed by ISO 139.

!e microscopic evaluation of the morpholo- 

gical changes occurring a%er the plasma treat-

ment of the PET/CO-Lycra sample was under-

taken with the JEOL JSM 6060 LV scanning 

electron microscope. Prior to the observation, 

all samples were covered with carbon and an 
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Au/Pd (90% / 10%) alloy in an about 10 nm 

thick layer. �e electron accelerating tension 

was 10 kV, the working distance was 20 mm 

Table 3: R (%) of RbAg-treated and of washed fabrics.

Wash

cycles Staphylococcus 

aureus

Escherichia coli Streptococcus 

aeruginosa

–a –a

–a –a –a –a

–a –a –a

–a –a

–a –a –a

–a

–a –a

–a –a –a

–a

a  no reduction of bacteria

and the analyzed area was 32 × 32 μm2 in size 

at 8,000× magni$cation.

3 Results and discussion

�e quantitative analysis of silver was per-

formed on the RbAg-impregnated, plasma-

treated RbAg-impregnated and once and ten 

times washed RbAg-impregnated samples using 

the ICP MS method. �e results of the quanti-

tative analysis of the silver content on the im-

pregnated samples are presented in Table 2.

�e samples impregnated with 2 g/l of RbAg 

show a higher silver content than the samples 

impregnated with 1 g/l of RbAg. �e amount 

of silver on the plasma-treated samples is ap-

proximately 4% higher than on the untreated  

E. coli

S. aureus
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krat nižjo koncentracijo srebra na blagu dosegli enako bakterijsko 

redukcijo na E. coli

blagu znižuje po pralnih ciklusih za približno polovico, vendar pa 

stotno bakterijsko redukcijo na E. coli

3.3 Pretržna sila in raztezek

samples. Such results were expected, since the 

fabric surface was treated with Ar/N
2
 plasma 

two months before the impregnation. If draw-

ing a comparison between the plasma-treated 

and the untreated samples, the amount of silver 

a!er one wash cycle reduces to about on a third 

of the value and a!er the tenth wash cycles to  

about on a quarter. 

"e antimicrobial activity of the untreated, 

plasma-treated, RbAg-impregnated, plasma-

treated RbAg-impregnated and once and ten 

times washed RbAg-impregnated fabrics was 

determined according to the ASTM Designa-

tion E 2149-01 method [41]. "e results in Ta-

ble 3 are presented as bacterial reduction, i.e. 

R (%).

"e results show excellent resistance of all 

RbAg-impregnated samples to the tested bac-

teria. All RbAg-impregnated samples show 

a reduction of bacteria higher than 60%. "e 

#rst wash cycle destroys the antimicrobial ac-

tivity of the RbAg-impregnated samples. Only 

the P-2RbAg sample retains some e$ectiveness 

against E. coli (R = 51%). A!er ten wash cy-

cles, the P-2RbAg retains its activity to S. au-

reus (R = 43%). "e dependence of antimicro-

bial activity on the concentration of silver is 

evident. "e amount of silver on the P-2RbAg 

sample remains also a!er ten wash cycles 2.7 

± 0.5 mg/kg of silver; however, the sample does 

not reach the prescribed antimicrobial activity 

of the prescribed limit of 60%. In general, the 

washed P-2RbAg samples display a better anti-

microbial e$ect (Table 3).

"e results of antimicrobial activity and con-

centration of silver on the samples show higher 

adhesion of the antimicrobial agent on the plas-

ma-treated fabric. A better e$ect would be ob-

tained if the impregnation with RbAg followed 

directly a!er the plasma treatment. 

"e in'uence of the silver-based commercial 

antimicrobial #nishing applied to cotton fab-

ric was studied by Tomšič and Simončič [44]. 

3 g/l of iSys AG (CHT) and 15 g/l of iSys MTX 

(CHT) was applied to the fabric using the pad-

dry-cure method. In comparison to our re-

search, we achieved the same bacterial reduc-

tion on E. coli with a #ve times lower silver 

Figure 2: Speci#c stress (cN/dtex) of untreated and plasma-treated 

yarns.

Figure 3: Elongation (%) of untreated and plasma-treated yarns. 
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3.4 SEM

content on the fabrics. In both researches, a�er 

the �rst and tenth wash cycles, the silver content 

on the fabrics decreased by about half the value; 

however, with Tomšič and Simončič, there was 

no bacterial reduction on the impregnated fab-

ric a�er the tenth wash cycle. In our research, 

we achieved a 23% bacterial reduction a�er ten 

wash cycles on E. coli despite using a lower con-

centration of RbAg.       

Figure 4: SEM micrographs of untreated cotton (a) and plasma-treated cotton (b).

Figure 5: SEM micrographs of untreated polyester (c) and plasma-treated polyester (d).

!e results of the speci�c stress (cN/dtex) of the 

untreated and plasma-treated yarns are de- 

monstrated in Figure 2.

!e results of elongation (%) of the untreat-

ed and plasma-treated yarns are shown in Fig-

ure 3.

!e results of the speci�c stress (cf. Figure 2) and 

elongation (cf. Figure 3) between the untreated 

and plasma-treated yarns show negligibly small 
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di�erences. A two-minute low-pressure plasma 

treatment of a very voluminous PET/CO-Lycra 

fabric did not destroy the mechanical properties 

of the fabric. 

!e SEM images of the untreated and plasma-

treated samples are shown in Figure 4 and Fig-

ure 5.

Considering that the fabric is voluminous and 

that the exposure time of the plasma treatment 

lasted only two minutes, the SEM images of 

both plasma-treated polyester (PET) and plas-

ma-treated cotton (CO) "bres do not show any 

detectable morphological di�erences. 

Jung, Ward and Benerito [30] established no 

visible surface changes a#er a long-time expo-

sure of cotton "bres to argon plasma (up to 90 

minutes), which was con"rmed by the SEM im-

ages. At the same time, an increase in the hy-

drophilicity of the cotton "bres shows that the 

surface-dependent properties of "bres changed 

dramatically. Moreover, Wakida et al [32] es-

tablished that no physical damage was caused 

to the PET "bre surface when the "bres were 

treated with low-temperature plasma of heli-

um/argon or acetone/argon under atmosphe- 

ric pressure for 10 to 180 seconds.

Despite the CO and PET surfaces a#er the plas-

ma treatment not showing evident di�erence, 

the surface properties of both parts changed, 

which is evident from the results of silver con-

tent of the plasma-treated samples. 

4 Conclusions

!e purpose of this research was to provide bet-

ter adhesive properties of the PET/CO-Lycra 

fabric to the durable hygienic "nish Ruco-Bac 

AgP a#er the Ar/N
2
 plasma treatment. 

!e concentrations of silver present on the 

RbAg-impregnated samples show that silver ad-

sorbs better on plasma-treated samples in com-

parison to the untreated samples. Although 

the SEM analysis does not show any detect-

able changes of the surface morphology of the 

plasma-treated cotton and polyester "bres at 

8,000× magni"cation, the plasma-treated sam-

ples do show better adhesive properties to silver.

!e P-2RbAg sample shows a higher silver con-

E. coli

nju na S. aureus

2

2  
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tent a!er the "rst and the tenth wash cycle as 

well. It can be concluded that this behaviour is 

connected with the generally better bacterial re-

duction of the plasma-treated washed samples. 

#e P-2RbAg sample retains a!er the "rst wash 

cycle some activity to E. coli (R = 51%) and af-

ter the tenth wash cycles, activity to S. aureus 

(R = 43%). #ese results, although not excel-

lent (R>60%), show the possibilities of using the  

Ar/N
2
 plasma as a pre-treatment media for 

achieving better adhesive properties of PET/

CO-Lycra fabrics. #e plasma treatment of fab-

rics was conducted two months before the im-

pregnation with the antimicrobial agent. Expe-

riences show that the surface activity springing 

from the new functional groups, which orig-

inate in plasma application, reduces in time. 

Nevertheless, an increase in the surface area 

caused by surface etching and changed mor-

phology remain unchanged.

#e results of this research also show that the 

low-pressure Ar/N
2
 (50%/50%) plasma treat-

ment does not a$ect the mechanical properties 

of the treated material.    

5 Acknowledgements

#e research received grants from the Eure-

ka E!4043 project and P2-0213 ARRS research 

programme. 



168 Obdelava tkanine poliester/bombaž-Lycra s plazmo Ar/N2 

Tekstilec, 2009, letn. 52, št. 7–9, str. 157–170 

Plasma Chemistry and 

Plasma Processing

Indian Journal of Fibre & Textile Rese-

arch  

Journal of Polymer Research

Journal of Serbian Chemical 

Society

Materials 

Science Forum 494

Surface & Coa-

tings Technology

Textile Research Journal

Journal of Materials 

Processing Technology

Surface & Coatings Technology

Turkish Journal of Che-

mistry

in Textile Research Journal

Surface & Coatings Technology



169Obdelava tkanine poliester/bombaž-Lycra s plazmo Ar/N2 

Tekstilec, 2009, letn. 52, št. 7–9, str. 157–170 

Applied Surface Science

Surface & Coatings Technology

 Textile Research 

Journal

extile Chemist and Colorist & American Dyestuff 

Reporter, 2000, vol. 32 (4), p. 55–60.

Textile Research Journal

Nuclear Instruments & Methods in Physics Research Secti-

on b-Beam Interactions with Materials and Atoms, 2003, vol. 

208, p. 281–286.

Surface & Coatings Technology

Coatings on PET Films by Sputtering. Vacuum, 2000, vol. 59 

(2–3), p. 479–483.

KGK – Kautschuk Gummi 

Kunststoffe

Fibers & Textiles in Eastern Europe

Plasma Processes and 

Polymers (Berlin: Wiley-VCH)



170 Obdelava tkanine poliester/bombaž-Lycra s plazmo Ar/N2 

Tekstilec, 2009, letn. 52, št. 7–9, str. 157–170 

Seed Science and Te-

chnology

Standardna testna metoda za 

določanje antimikrobne aktivnosti imobiliziranih antimikrobnih 

sredstev pri dinamičnih kontaktnih pogojih. (Standard test me-

thod for determining the antimicrobial activity of immobilized 

antimicrobial agents under dynamic contact conditions).

Textiles – Test for colour fastness

Tekstilije – Preje z navitkov – Določanje pretržne sile in pre-

tržnega raztezka na posameznih odsekih preje

Carbohydrate Polymers


