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Abstract

Raw, bleached and bleached/mercerized cot-

ton fabrics were treated in air corona and in 

low-pressure water vapor plasma. �e surfac-

es of untreated and plasma treated cotton fab-

rics were investigated with X-ray photoelectron 

spectroscopy (XPS). Research results show that 

plasma selectively cleans non-cellulosic sub-

stances of cotton, oxygen concentration on the 

surface and binding of oxygen containing func-

tional groups to the surface is noticeable. �e 

oxidation of cotton surfaces is stronger when 

using corona plasma than when using low-pres-

sure plasma.

Keywords: cotton, cellulose, corona, low-pres-

sure plasma, XPS, X-ray photoelectron spec-

troscopy 

1 Introduction

Cotton is mainly composed of cellulose with 

some non-cellulosic components such as wax-

es, pectin and proteins. �e purpose of modi!-

cation of cotton !bers is to change their reac-

tivity, i.e. to make them suitable for dyeing or 

!nishing. (1, 2) Several techniques have ap-
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2.1 Material
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Table 1: Properties of cotton fabrics

Cotton 

)

S

peared to reach this goal but the main problem 

is a large consumption of water and chemicals. 

More environmentally friendlier is plasma tech-

nology. (3, 4) It is especially e"ective technique 

for modifying the surface properties of textiles 

without altering the interior part of the !ber. 

Plasma is generated by introduction of organic 

or inorganic substance, usually gas into electro-

magnetic !eld. Most of the plasma treatments 

of cotton using various gases were performed 

in laboratories in e"ort to increase hydrophi-

licity, hydrophobicity, #ame retardancy, nano-

silver adhesion, UV protection and bleaching 

of a raw material. (5-16) �e introduction of 

hydrophilic groups to the cotton can be made 

with plasma using oxygen, ambient air, ozone, 

argon and some other gases. (17, 18) A suit-

able method for determination of the function-

al groups on a material is X-ray Photoelectron 

spectroscopy (XPS), o$en called Electron spec-

troscopy for Chemical Analysis (ESCA). (19-

21) In the photoelectron spectrum, which repre-

sents the distribution of emitted photoelectrons 

as a function of their binding energy, peaks can 

be observed which are typical of elements from 

the sample surface up to 6 nm in depth. In lit-

erature one can !nd quotations of XPS analy-

sis of plasma modi!ed cotton substrates which 

were pre-prepared with various procedures pri-

or to plasma modi!cation (i.e. alkaline boil-

ing, scouring, laundering). But to study plasma 

modi!cation of cotton it is important to know 

about chemical changes of cotton samples that 

were not cleaned or otherwise pre-prepared. 

�e purpose of our study was to evaluate the 

surface changes of raw, bleached and bleached/

mercerized cotton fabrics before and a$er plas-

ma treatment. For a treatment of cotton sam-

ples air atmospheric corona plasma and low-

pressure RF water vapor plasma were used. �e 

results of this research can help us to determine 

if a use of plasma treatment can replace some of 

pretreatments and in that way reduce a use of 

water and chemicals. 

2 Experimental 

Raw, bleached and bleached/mercerized 100% 

cotton fabrics, supplied by Tekstina, Ajdovščina 

2.2 Obdelava tkanin s plazmo

-
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Table 2: Identi!cation of samples

S Raw untreated

S
C

S

C

C

2.3 Spektroskopija fotoelektronov, vzbujenih z rentgensko 
 svetlobo

-

-

-

-

-

-

-

-

-

-

were used. Properties of fabrics are described in 

Table 1. 

Cotton fabrics were treated in two di"erent 

plasma, i.e. atmospheric corona plasma with 

ambient air as a working gas, and low-pres-

sure RF plasma using water vapor as a work-

ing gas. �e methods of plasma treatments are 

described in detail in literature (12, 14, 22). �e 

samples investigated by XPS are marked ac-

cording to the treatments (Table 2).  

Information on the chemical composition and 

chemical bonds of surface atoms of cotton fab-

rics was obtained with XPS analysis. During 

the XPS analysis, a sample is illuminated with 

the monochromatic X-ray light in an XPS spec-

trometer and the energy of emitted photoelec-

trons from the sample surface is analyzed. In 

the photoelectron spectrum, which represents 

the distribution of emitted photoelectrons as a 

function of their binding energy, peaks can be 

observed which are typical of elements from the 

sample surface up to 6 nm in depth. �e anal-

ysis took place in an ultra-high vacuum, which 

was during the analysis approximately 10-7 Pa. 

�e analysis was performed in the XPS spec-

trometer produced by Physical Electronics Inc., 

model TFA XPS at the Department of Surface 

Engineering and Optoelectronics at the “Jožef 

Stefan” Institute (23). �e aluminium mono-

chromatized source of X-ray light with a pow-

er of 200 W was used. �e energy of an X-ray 

beam was 1486.6 eV, while the energy resolu-

tion during the analysis was approximately 0.7 

eV. �e analysis area was 0.4 mm in diameter 

and the signal during the XPS analysis came 

from the surface layer up to 6 nm in thickness. 

During the analysis, two types of XPS spectra 

were recorded. Firstly, a spectrum through a 

wide energy range was recorded. In this spec-

trum, the present elements were identi!ed and 

their concentrations were calculated by dividing 

the peak intensities with the relative sensitivity 

factors provided by the XPS spectrometer man-

ufacturer (24). �e attained results were nor-

malized to 100%. �e relative error at the calcu-

lation of surface composition is approximately 
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3.1 Sestava površine

-
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Table 3: �e chemical composition (C, O), O/C ratio concentrations 

and percentage of C1, C2, C3 and C4 in C 1s peaks presenting di"er-

ent chemical bonds of carbon atoms

C O O/C 

S

S
C

S

C

C

3.2 Kemijska vezava elementov na površini

-

20%, while the XPS method sensitivity is about 

0.5 at.%. Each sample was analyzed at two dif-

ferent places and the average composition was 

calculated. �e XPS method does not enable the 

analysis of hydrogen and helium. In addition 

to wide energy range spectra, high-energy res-

olution spectra of characteristic peaks of the el-

ements C 1s and O 1s were recorded through a 

narrow energy range. From the shape and bind-

ing energy of the peaks within these XPS spec-

tra, the chemical bonding of surface elements 

was inferred with the help of data from the lit-

erature. During the analysis, the samples were 

charging electrically, thus, a low-energy elec-

tron gun-neutralizer was used. �e XPS spectra 

were processed with so$ware MultiPak, version 

8.1. Prior to the spectra processing, spectra were 

shi$ed, so that within the spectrum of carbon C 

1s, the peak typical of the chemical bonds C–C/

C–H was at the binding energy 285.0 eV.

3 Results

From the wide energy range XPS spectra the 

surface composition was calculated and the re-

sults are presented in Table 3. �e O/C concen-

tration ratio of XPS analysis is very sensitive to 

surface changes so it was calculated and is pre-

sented in Figure 1. �e surface composition of 

cellulose which is the main component of a cot-

ton is 54.4 at% carbon and 45.5 at.% oxygen, 

and the O/C ratio 0.83. (25, 26)  

 

From the high-resolution XPS carbon C 1s spec-

tra, the existence of chemical bonds among the 

surface atoms can be inferred. Spectra C 1s 

(Fig. 2) are presented for a case of raw cotton 

fabric, namely for untreated, corona plasma 

and low-pressure plasma treated sample. With 

curve !tting procedure, the carbon spectrum C 

1s was decomposed into the peaks C1, C2, C3 

and C4.  From the binding energies of these 

peaks, the chemical bonds of atoms can be in-

ferred with a help of data from the literature (3, 

27, 28). �e C1 component at the binding ener-

gy 285.0 eV can be assigned to the bonds C–C/

C–H. �e C2 component at the binding energy 
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Figure 1: �e concentration ratio between O and C on the surfaces of 

cotton samples

Figure 2: High energy-resolution XPS spectrum C 1s obtained from 

the surface of raw cotton: (a) untreated, (b) corona plasma treated, 

(c) low-pressure plasma treated

286.6 eV is assigned to the bond C–O. �e C3 

component at the energy 288.0 eV is assigned 

to the bonds C=O in O–C–O, while the compo-

nent C4 at the binding energy 289.5 eV is as-

signed to the bonds O–C=O (carboxyl group). 

�e same procedure was done for XPS spectra 

C 1s of bleached and bleached/mercerized cot-

ton fabric samples. Relative concentrations of 

C1 – C4 are presented in Table 3 and Figure 3. 

4 Discussion

�e XPS spectra of raw cotton fabric are not 

similar to the XPS spectra of cellulose. (25, 26) 

�e surface of raw untreated cotton fabric con-

tains a high concentration of carbon and a low 

concentration of oxygen. �is is not character-

istic for cellulose. XPS spectrum C 1s of cellu-

lose also does not include C–C/C–H bonds 

(C1 peak in Figure 1). �e surface of raw cot-

ton is rich in C atoms (C–C/C–H bonds), what 

could indicate the presence of C–C/C–H bond 

rich substances, such as waxes, pectin and pro-

teins. �e samples a$er plasma treatment have 

a higher concentration of O/C ratio (the sam-

ples contain more of the oxygen and less of the 

carbon atoms). �e change of O/C ratio is high-

er on samples treated in corona plasma than on 

samples treated in low-pressure plasma (Table 

3). �e increase of O/C concentration ratio is 

expected since plasma interaction with cotton 

causes the surface oxidation. Changes of C-at-

om bonds a$er corona and low-pressure plas-

ma treatment are visible from Fig. 2 and Fig. 3: 

increase of C–O and C=O bonds (C2 and C3 

peak). Increase of C–O bonds is distinctive af-

ter corona plasma treatment (41 %) than af-
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4.1 Surova bombažna tkanina
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Figure 3: Relative concentration of carbon bonds on the surface of 

cotton samples 

ter low-pressure plasma treatment (23.9 %). It 

is similar for C=O bonds. A$er corona plasma 

treatment the bonds increase to 16.6 %, while 

they increase to 8.2 % a$er low-pressure plas-

ma treatments. With both plasma treatments 

formation of O–C=O bonds (C4 peak) is no-

ticeable. C 1s specter of plasma treated sam-

ples resembles to the spectra of cellulose, which 

could indicate that plasma selectively cleaned 

the non-cellulosic parts present on a surface of 

a raw untreated cotton fabric. 

�e surface composition of bleached cotton fab-

ric is very di"erent from the surface composi-

tion of raw cotton. �e surface of bleached cot-

ton fabric is pre-oxidized. �e C 1s specter of 

bleached cotton is similar to C 1s specter of cel-

lulose. Prior to plasma treatment (corona or 

low-pressure) bleached sample contains a large 

amount of oxygen (34.3 at%, Table 3). Besides 

a smaller portion of C–C/C–H bonds (31.6 %) 

and C=O bonds (11.8 %), it contains mostly of 

C–O bonds (C2 peak, 56.7 %). A$er a treat-

ment with corona plasma the content of oxygen 

increases from 34.3 at% to 44.5 at%, while the 

treatment in low-pressure plasma increases ox-

ygen to 36.8 at%. A$er both plasma treatments 

the content of C–O (C2 peak) remains the same 

(~55 %) and some changes are present also: 

content of C=O bonds increases (C3 peak) and 

appearance of O–C=O bonds is noticeable (C4 

peak). Increase of bonds is distinctive a$er co-

rona plasma treatment than a$er low-pressure 

plasma treatment. Content of C–C/C–H bonds 

decreases (C1 peak) a$er both plasma treat-

ments. 

�e surface of bleached/mercerized cotton fab-

ric is very di"erent than the surface of raw 

cotton fabric, but is similar to the surface of 

bleached cotton fabric. From Fig. 3 and Table 

3 it is evident that the surface of untreated sam-

ple contains mostly C–O and C=O bonds, and 

smaller amount of C–C/C–H bonds. A$er plas-

ma treatment the oxygen content on surface in-

creases (increase of O/C ratio, Fig. 1). Increase 

of O/C ratio is distinctive a$er corona plasma 

treatment, where the oxygen concentration in-

S Sc S p p p 

)

, O–C–O) 
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4.2 Beljena bombažna tkanina
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4.3 Beljena/mercerizirana bombažna tkanina
-
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creases to 45.3 at%, while increases to 37.5 at% 

a$er low-pressure plasma treatment. Due to ox-

idation process in plasma, the content of C–C/

C–H bonds (C1 peak) deceases and the change 

is more noticeable for bleached/mercerized cot-

ton than for a bleached cotton fabric. Concen-

tration of C–O bonds is increased in the case of 

corona plasma treatment, from 47.6 % to 69.3 

%, while it remains almost equal for low-pres-

sure plasma treatment (47.8 %). A$er both 

plasma treatments the content of C=O bonds 

(C3 peak) increases and appearance of O–C=O 

bonds is noticeable. �ese changes are more dis-

tinct a$er low-pressure plasma treatment than 

a$er corona plasma treatment.  

5 Conclusion

�e samples of raw, bleached and bleached/

mercerized fabrics were treated in atmospheric 

air corona plasma and low-pressure water va-

por plasma. XPS method was used to evaluate 

the surface chemical changes of samples. Com-

paring to cellulose, it is clear that the surface 

of raw untreated cotton (S) has higher concen-

tration of C and C–C/H–H bonds and a low-

er concentration of O, which can be contribut-

ed to the presence of non-cellulosic substances 

such as waxes, proteins and pectin. �e sur-

faces of bleached (B) and bleached/mercerized 

(M) cotton fabrics are alike but very di"erent 

from S. B and M are pre-oxidized and therefore 

more similar to cellulose. �e surfaces of coro-

na and low-pressure plasma treated cotton fab-

rics are oxygen reach, which can be contributed 

to oxidation process in plasma. Increase of ox-

ygen atoms is more noticeable on corona plas-

ma treated samples (Sc, Bc and Mc), which can 

be contributed to longer treatment time than in 

low-pressure plasma. �e concentration of oxy-

gen on Sc and Sp is higher than on B or M. �is 

means that by using plasma technology some 

of the technological processes of pretreatment 

of cotton fabrics before dyeing can be avoided. 

Plasma treated raw cotton fabric absorbs the 

same or more of dyestu" as untreated bleached 

or bleached/mercerized cotton fabric, which 

was demonstrated in previous researches. (11, 

13, 14) �e surfaces of plasma treated bleached 

and bleached/mercerized cotton fabrics (Bc, 

Bp, Mc and Mp) are richer in oxygen content, 
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where the oxidation is weaker in low-pressure 

plasma then in corona plasma. Appearance of 

new O–C=O bonds is noticeable on the surfaces 

of all plasma treated samples, where low-pres-

sure plasma has a greater in#uence. 

Both plasma systems used for this research are 

di"erent; one operates at atmospheric and other 

at low pressure. �at is why it is impossible to 

achieve the same treatment conditions. So it is 

logical to consider there will be di"erent chem-

ical changes for all three cotton fabrics. �e se-

lection of plasma system and its parameters de-

pend on the next technological process which 

will be performed on the treated material. 
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