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Abstract

In this study, bleached and mercerized cot-

ton fabric was treated with low-pressure plas-

ma; water vapor and CF
4
 were used as gas-

es. Some fabrics were treated with plasma and 

some were not; however, all of the fabrics were 

blank dyed. Twenty milligrams per liter of nano 

silver (30 nm and 80 nm in size) was added to 

the dyebath. A wash fastness test was conduct-

ed at 95°C in accordance with the ISO 105-C03 

standard. �e amount of silver adsorbed onto 

the fabric was analyzed by the ICP-MS meth-

od. �e analysis results revealed that the ad-

sorption of nanosilver increased on the surface 

of the cotton fabric a�er the plasma treatment 

while the nanosilver desorbed a�er ten wash 

cycles. �e amount of adsorbed silver that was 

30 nm in size was larger in comparison to the 

80 nm-sized silver; nevertheless, a�er the wash, 

desorption of the 30 nm-sized silver increased. 

Keywords: cotton, low-pressure plasma, water 

vapour, CF
4
, nanosilver particles
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1 Introduction

Plasma treatments and their e!ect on tex-

tile materials is still a subject of research. Plas-

ma treating textiles has many advantages over 

wet-chemical treatments; for instance, plas-

ma-induced treatments do not require water 

or chemicals, and thus provide economical and 

ecological bene"ts. [1] In comparison with wet-

treatment processes that have a deep penetra-

tion, reactions on the material’s surface occur 

at a depth of only a few nanometers in plasma 

treatments. [2] To treat textile materials, non-

equilibrium or cold plasma is used, where this 

is partially ionized gas. In plasma, electrons 

have a higher temperature than ions; there-

fore, reactions can be performed in cold plasma 

without inducing substrate degradation. Plas-

ma technology is versatile since it can be used 

in the treatment of textiles to make the textile 

more hydrophilic or hydrophobic, to increase its 

adhesion, or merely to clean or sterilize the tex-

tile. [3] �e gases that are used in plasma tech-

nology can have either an inorganic or organic 

origin. When using organic gases, e.g., C
2
F

6
, a 

product that is similar to a polymer deposits on 

the surface of the treated material. [4] Howev-

er, when using inorganic gases, e.g., O
2
, the in-

#uence of etching and substance removal can 

be seen on the material’s surface. [5] �e for-

mation of nanostructure surfaces is important, 

since the desired functionality of a newly treated 

surface can be achieved by increasing the sur-

face. [6] Nanostructuring the material surfaces 

of textile increases the adhesion of metal parti-

cles. �e use of nano particles has increased in 

recent years. Due to their extremely small di-

mensions, nano particles have special physical 

and chemical properties and biological activity. 

�us, nanosilver is used to achieve antimicrobi-

al and anti-in#ammatory properties, especial-

ly in medicine. [7–11] However, only good con-

ditions on the substrate’s surface can provide a 

qualitative deposition of particles. [12] �e sub-

strate’s surface can be prepared by using an ap-

propriate plasma system. [13–15] �e main 

reason for forming such structures is the incor-

poration of nanoparticles into the textile mate-

rial; in this way, the agglomeration of particles 

is reduced, their fastness to washing increases, 
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Figure 1: Diagram of plasma reactor
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Figure 2: Dyeing process for Cibacron S reactive dyes and a�ertreat-

ments

-

and so on. [16] It has been established in pre-

vious research that the addition of silver parti-

cles (80 nm in size) when blank dyeing bleached 

cotton fabric causes 35 mg/kg of the nano par-

ticles to be adsorbed onto the fabric. [17] �e 

attempts at functionalizing cotton with atmo-

spheric corona plasma showed an increase in 

the adsorptive capabilities of the cotton surface 

for nanosilver coatings. [18]

�e purpose of our research was to study the 

in#uence of water vapor or CF
4
 plasma treat-

ments on the adhesion level of nanosilver to 

bleached and mercerized cotton fabric. Untreat-

ed and plasma treated samples of fabric were 

compared. �e ISO-105-C03 wash fastness test 

was used to establish the desorption level of 

nanosilver particles silver a�er washing. 

2 Experimental

Bleached and mercerized cotton fabric in plane 

weave, which was made by Tekstina, Ajdovsci-

na, was used in the research. Samples with a 

size of 30 cm  30 cm were treated in a low-

pressure plasma reactor. �e diagram of the re-

actor is presented in Figure 1. An RF generator 

with a nominal power of 5 kW and a frequency 

of 27.12 MHz was used. As working gases, wa-

ter vapor and CF
4
 were used. A sample of cot-

ton fabric was put on a glass holder, which was 

mounted in the centre of the discharge chamber. 

A�er closing the chamber, 0.4-mbar pressure 

was achieved with a two-stage rotary pump and 

the functionalization of the cotton samples was 

started. All of the samples were treated with the 

plasma for 10 seconds and subsequently trans-

ported to a silica-gel desiccator.  

Untreated and plasma-treated samples were 

blank exhaust dyed in a Launder-o-meter ac-

cording to the dye producer’s instructions. [19] 

�e dyebath included 20 mg/l of 30 nm or 80 

nm silver particles (Ames Goldsmith Corp.). 

A�er dyeing and a�er the treatments, the sam-

ples were also treated with 10 g/l of Tubicoat 

PU 80 (Bezema) and dried at 130°C. Figure 2 

presents the dyeing process and the a�er treat-

ments. 

A�er dyeing and the a�er treatments, the wash 

fastness of the samples was tested. �e samples 

were washed in a Launder-o-meter. One wash 
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Table 1: �e quantity (ppm) of silver on cotton (B) samples
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water vapour

water vapour
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in a Launder-O-Meter provides an accelerat-

ed washing treatment that corresponds to "ve 

home washings. �e samples were washed re-

petitively 10 times at 95°C in a solution of 

5 g/l of SDC standard detergent and 2 g/l of  

Na
2
CO

3
 (where 10 globules were added). �e 

duration of the washing cycles was 30 min. Af-

ter every wash cycle, the samples were rinsed 

twice in distilled water and then for 10 min-

utes under a tap water, which was followed by 

squeezing and air drying. �e quantity of silver 

nanoparticles on the cotton samples was mea-

sured with an ICP-MS analysis. [20]

3 Results and discussion

�e results are shown in Table 1 for the ICP-MS 

analysis of the silver nanoparticles on the un-

treated and plasma treated cotton samples. 

Table 1 shows that the plasma treatment has 

a great impact on the adsorption of nanosil-

ver onto cotton fabrics. Treating the cotton with 

water vapour and CF
4 

plasma changes its sur-

face, where adsorption of the nanosilver in-

creases in comparison to the untreated cotton; 

in one case (when 80 nm silver was used on 

the CF
4
 plasma treated cotton), it increased by 

100% (from 13 ppm to 26 ppm). �e plasma-

treated cotton surface, which shows morpho-

logical changes [21], is more favorable for the 

physical adsorption of nanoparticles. Regarding 

their volume, nanoparticles have a large sur-

face since they have a great ability to travel. By 

decreasing the size of a particle, its surface dis-

tribution rate increases. [22] Silver nanoparti-

cles with a size of 30 nm adsorb onto the cotton 

surface at a higher concentration than particles 

with a size of 80 nm. A�er ten wash cycles (i.e., 
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50 domestic wash cycles) at 95°C, the concen-

tration of silver on the cotton samples decreas-

es. �e concentration of 30 nm nanosilver de-

creases by 48% (from 50 ppm to 26 ppm) a�er 

ten wash cycles when using water vapor plas-

ma, while the nanosilver content decreases by 

34% (from 54 ppm to 36 ppm) a�er ten wash 

cycles for cotton that was treated with CF
4 
plas-

ma. �e drop in the concentration of silver on 

the cotton a�er ten wash cycles is also observed 

with the 80 nm silver. Cotton that is treated 

with water vapor plasma loses 41% (from 17 

ppm to 10 ppm); however, cotton treated with 

CF
4 
plasma loses 15% (from 26 ppm to 22 ppm) 

of the nanosilver. A�er a 10-second treatment 

with CF
4
 plasma, the surface of the bleached 

and mercerized cotton is more liable to the ad-

sorption of nanosilver than the surface that was 

functionalized with the water-vapour plasma. 

A�er the CF
4
 plasma treatment, an analysis of 

the changes in the surface morphology of the 

bleached and mercerized cotton was conducted 

with a scanning electron microscope. [23] �e 

surface changes due to the plasma show incred-

ible homogeneity and thus, it can be assumed 

that it will play an important role in the future 

use of nanotechnology.

4 Conclusions

Cotton surfaces that are treated with water va-

pour or CF
4
 plasma are more susceptible to 

adhesion of silver nanoparticles due to mor-

phological changes of the cotton’s surface. �e re-

duction in the silver concentration on the cotton 

a�er ten wash cycles is also noticeable; it occurs 

with both types of plasma and both sizes of na-

nosilver. However, desorption of the nanosilver 

is higher when using water-vapour plasma. �e 

results show that the physical forces between the 

silver nanoparticles and the CF
4
 plasma-treat-

ed cotton surfaces are stronger than the physical 

or weak chemical forces between the nanopar-

ticulate silver and the water-vapour plasma-

treated cotton surfaces. It is known that the CF
4
 

plasma-treated surface acquires a hydrophobic 

character. [24] When using metal nanoparti-

cles, hydrophobic interactions are preferential. 

Under humid conditions, and especially in the 

dyeing bath, oxidation of the silver nanoparti-
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cles occurs, wrapping them with a silver oxide 

layer from which Ag + ions are slowly released. 

�e surface of the textile material that contains 

anionic functional groups becomes attractive to 

the cations. A detailed analysis of the chang-

es to the textile’s surface is necessary and an 

XPS analysis is also recommended. Interweav-

ing of the hydrophobic and hydrophilic interac-

tions at the adhesion of the nanosilver particles 

to textile surfaces is observed. A comparison of 

the di!erent sizes of nanosilver particles clear-

ly shows that the adsorption as well as the de-

sorption of 30 nm silver particles are more in-

tensive than the adsorption and the desorption 

of 80 nm silver nanoparticles.
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