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Abstract

Polyester knitted goods treated with atmospher-

ic corona plasma were investigated with X-ray 

photoelectron spectroscopy. �e surface compo-

sition and chemical bonding of surface atoms 

were analysed a�er the plasma treatment and 

subsequent ageing of samples. �e PET knitted 

goods were one-side treated in a corona air at-

mospheric plasma apparatus operating at 900 

W power of the generator, regulated with the 

number of passages set to 30 and 60. �e results 

of the study show that the oxygen concentration 

and the content of carbon-oxygen bonds on the 

sample surfaces a�er the corona plasma treat-

ment substantially increase (ratio O/C increas-

es from 0.31 to 0.53–0.61). �is demonstrates 

that the air corona plasma treatment induces a 

high concentration of oxygen containing func-

tional groups on the treated surface. �e one-

day ageing in Xenotest does not cause any sig-

ni�cant changes in the composition, while the 

one-month ageing of samples in Xenotest leads 

to considerable surface changes. �e oxygen 

concentration decreases dramatically, the ratio 

O/C namely falls from 0.54–0.61 to 0.13–0.16 

for the plasma-treated samples. -
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1 Introduction

�e purpose of the research was to investigate 

the chemical changes on the surface of polyes-

ter (PET) knitted goods with the X-ray photo-

electron spectroscopy (XPS) a�er the treatment 

with an atmospheric corona plasma. A further 

goal was to establish how the ageing of samples 

in!uences the stability of surface changes in-

duced with a plasma.  

Polyethylene terephthalate (PET) is a linear 

polyester comprised of organic substances with 

recurring ester groups (–COO–). Its character-

istics, such as excellent dimension stability, high 

crease resistance, good elasticity recovery, warm 

hand, quick drying, excellent resistance to light 

and heat, acids, alkali, some solvents, oil and 

fats, as well as its good strength and breaking 

elongation, have led into the massive polyester 

production, which has superseded the produc-

tion of other synthetic �bres [1]. PET has high 

UV-absorption capabilities for rays with λ = 

313 nm. Due to its compact structure and high 

crystallinity, PET is dyed with disperse dyes at 

high temperature at pressure. Dyeing is a phase 

within the production of PET products, which 

substantially increases its �nal price. �ere-

fore, scientists have been working on the sim-

pli�cation of PET dyeing for some time now. 

So far, the additives (i.e. carriers) are known 

which lower the glass transition temperature of 

�bres and hence enable PET dyeing with dis-

perse dyes at boiling temperature and CO
2
 dye-

ing at 31.3 °C when the movement of molecules 

increases dramatically at supercritical condi-

tions of CO
2
.

Currently, research on various functionali-

zations of PET surfaces is being conducted in 

order to increase the number of hydrophilic 

groups in PET and consequently, improve dyea-

bility. �e literature includes quite a few investi-

gations on the in!uence of di$erent plasmas on 

the PET surface, which cause PET hydrophila-

tion and substantially in!uence the dye absorp-

tion during PET dyeing [2–8]. �e X-ray pho-

toelectron spectroscopy (XPS or ESCA) is the 
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2. 2 Obdelava PET pletiva s korona plazmo
-

×

-

-

-

-

Table 1: Samples marked according to treatment they underwent

Figure 1: a) laboratory corona plasma apparatus, b) apparatus 

scheme

method employed to determine the contents of 

di$erent elements on the textile surface and ra-

tios among them. �is research presents how a 

corona plasma in!uences PET knitted goods, as 

well as the ageing in!uence on the changes on 

the plasma-treated PET knitted goods surface. 

Originating from the fact that the presence of 

various functional groups within the material 

surface considerably in!uences PET dyeability, 

the PET knitted goods were treated in a corona 

plasma and by means of the XPS analysis, the 

changes in the content of hydrophilic and hy-

drophobic functional groups in the surface lay-

er of untreated and plasma-treated PET knitted 

goods were established. 

2 Experimental

A�er the PET knitted goods were knitted at the 

company Zvezda Plc (Kranj), they were treat-

ed in water at room temperature and stabilized 

with warm air at speed 25 m/min and temper-

ature 170 °C. For the purpose of the research, 

thermostabilized warp-knit 100% PET knitted 

goods (below tp) were used with the following 

characteristics:

warp: 10 threads/cm, 50 dtex PET,

we�: 16 threads/cm, 167 dtex textured PET �l-

ament,

weight: 42.6 g/m2. 

Table 1 shows how samples were prepared and 

includes the samples investigated with XPS.
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2.3 Staranje PET pletiva v Xenotestu
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 knitted goods

�e PET knitted goods were one-side treated in 

a corona air atmospheric plasma in the Coro-

na-Plus CP-Lab MKII (Vetaphone, Denmark) 

plasma apparatus [9]. �e knitted goods sam-

ples, 270 × 500 mm in size, were placed onto 

the roll (i.e. an electrode roll covered with a sil-

icon coating), rotating at the minimum speed, 

i.e. 4 m/min. �e distance between the elec-

trodes was a 2-mm air gap. �e corona plasma 

was generated within the air gap between the 

electrode and the roller. �e power of the gener-

ator, which was 900 W, was regulated with the 

number of passages set to 30 and 60. 

�e corona plasma treatment was performed at 

the Department of Textile Engineering, Facul-

ty of Technology and Metallurgy, University of 

Belgrade. �e reactor with the corona plasma is 

illustrated in Figure 1. 

�e photo-ageing of thermostabilized PET knit-

ted goods was conducted in the Xenotest Al-

pha (Atlas) apparatus with a xenon arc lamp. 

�e samples were illuminated according to the 

SIST EN ISO 105-B02: 1999/A1:2002 standard 

[10]. �e illumination took place at the con-

stant power 42 W/m2 for 1 day and for 30 days 

corresponding to a 10- or 300-day, respective-

ly, exposure to natural daylight. �e chemical 

changes on the PET knitted goods surface were 

determined with an XPS analysis.

�e PET knitted goods were investigated with 

the XPS method. With this method, the infor-

mation on the surface chemical composition 

and chemical bonds of surface atoms can be ob-

tained from the XPS spectra. �e results on the 

application of the XPS method for investigating 

the PET samples treated with a plasma have 

been published in the literature [5, 11–14]. 

During the XPS analysis, a sample is illumi-

nated with the monochromatic X-ray light in 

an XPS spectrometer and the energy of emit-

ted photoelectrons from the sample surface is 

analysed. In the photoelectron spectrum, which 

represents the distribution of emitted photo-
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3.1 Sestava površine

Figure 2: XPS spectra of PET knitted goods

Table 2: �e chemical composition (C, O, N, Si) in at %, ratio of concentrations of O/C, N/C and percentage of 

C1, C2, C3 and C4 in C 1s peaks presenting di$erent chemical bonds of carbon atoms 

-

electrons as a function of their binding energy, 

peaks can be observed which are typical of el-

ements from the sample surface up to 6 nm in 

depth. �e analysis took place in an ultra-high 

vacuum, which was during the analysis approx-

imately 10–7 Pa. �e analysis was performed 

in the XPS spectrometer produced by Physi-

cal Electronics Inc., model TFA XPS at the De-

partment of Surface Engineering and Optoe-

lectronics at the “Jožef Stefan” Institute [15]. 

�e Al monochromatized source of X-ray light 

with the power of 200 W was used. �e energy 

of an X-ray beam was 1486.6 eV, while the en-

ergy resolution was during the analysis approx-

imately 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 thick-

ness. During the analysis, two types of XPS spec-

tra 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 [16]. �e attained results were nor-

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

culation of surface composition is approximately 

20%, while the XPS method sensitivity is about 

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

ferent places and the average composition was 

O/C
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3.2 Kemijska vezava elementov na površini
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Figure 3: High-resolution XPS spectra C 1s obtained with surface analyses of:

a) initially thermostabilized PET knitted goods (tp),

b) initially thermostabilized PET knitted goods aged for 1 day with illumination in Xenotest,

c) tp treated in corona plasma, 30 cycles,

d) tp treated in corona plasma, 30 cycles and aged for 1 day with illumination in Xenotest,

e) tp treated in corona plasma, 60 cycles,

f) tp treated in corona plasma, 60 cycles and aged for 1 day with illumination in Xenotest

calculated. �e XPS method does not enable the 

analysis of hydrogen and helium. In addition to 

the 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 
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Figure 4: High energy-resolution XPS spectra C 1s obtained with sur-

face analyses of:

a) initially thermostabilized PET knitted goods (tp) aged for 1 month 

with illumination in Xenotest,

b) tp treated in corona plasma, 30 cycles and aged for 1 month with 

illumination in Xenotest,

c) tp treated in corona plasma, 60 cycles and aged for 1 month with 

illumination in Xenotest

-

-

-

-

-

-

-

was inferred with the help of data from the lit-

erature. During the analysis, the samples were 

charging electrically, thus, a low-energy electron 

gun-neutralizer was used. �e XPS spectra were 

processed with the so�ware MultiPak, version 

8.1. Prior to the spectra processing, the spectra 

were shi�ed, so that within the spectrum of car-

bon C 1s, the peak typical of the chemical bonds 

C–C/C–H was at the binding energy 285.0 eV.

3 Results and discussion

Figure 2 shows the wide energy range XPS spec-

tra, obtained on some of the analysed samples 

before and a�er the plasma treatment. 

�e peaks C 1s, O 1s, N 1s, Si 2p and Si 2s are 

present in the spectra. From the intensity of 

these peaks, the surface compositions of PET 

knitted goods before the plasma treatment, af-

ter the plasma treatment and a�er the ageing of 

samples in Xenotest are shown in Table 2. �e 

ratio of concentrations of O/C and N/C, and the 

percentage of C1, C2, C3 and C4 components in 

the C 1s spectrum are present as well.

�e concentration ratio O/C and N/C was cal-

culated and demonstrated in Table 2. 

At this point, it should be mentioned that the 

theoretical composition of PET polymer (con-

sidering only oxygen and carbon, since the XPS 

method is not sensitive to hydrogen) contains 

71.4 at.% of carbon and 28.6 at.% of oxygen, 

thus the expected ratio of O/C is 0.40.

Figure 3 shows high-resolution XPS carbon 

spectra C 1s from the analysed samples prior to 

the ageing, a�er the corona plasma treatment 

and a�er a one-day ageing in Xenotest. 
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Figure 4 demonstrates the C 1s spectra of sam-

ples a�er a month of ageing in Xenotest.

From the high-resolution carbon C 1s spectra, 

the existence of chemical bonds among the sur-

face atoms can be inferred. With a curve �tting 

procedure, the carbon spectrum C 1s was de-

composed into the peaks C1, C2, C3 and C4 (cf. 

Figures 3 and 4). From the binding energies of 

these peaks, the chemical bonds of atoms can be 

inferred with the help of data from the litera-

ture [10–15]. �e C1 component at the binding 

energy 285.0 eV can be assigned to the bonds 

C–C/C–H. �e C2 component at the binding 

energy 286.6 eV is assigned to the bond C–O or 

C–N, respectively. �e C3 component at the en-

ergy 288.0 eV is assigned to the bonds C=O in 

O–C–O, while the component C3 at the bind-

ing energy 289.5 eV is assigned to the bonds O-

C=O (carboxyl group). Table 2 shows the rela-

tive concentration of components C1, C2, C3 

and C4, established in the spectra C 1s.

4 Conclusion

�e surface investigation of nine PET knitted 

goods samples with the XPS method leads to 

the conclusion that:

the composition and chemical bonding of a. 

surface elements of the initially thermosta-

bilized knitted goods T1 are partly similar to 

the pure PET polymer. �e di$erence lies in 

sample T1 containing a larger content of C–

C/C–H bonds as expected for pure PET pol-

ymer, which is attributed to the thin surface 

layer on the knitted goods surface. �e origin 

of this layer is probably related to the ther-

mostabilisation process. �e ratio O/C is 0.31 

and is due to the increased content of bonds 

C–C/C–H lower than the theoretical ratio 

O/C for the PET polymer, which is 0.40.

the one-day ageing of the initially ther-b. 

mostabilized knitted goods T1-1d in Xenote-

st does not cause any signi�cant changes in 

the composition (ratio O/C slightly increas-

es to 0.33).

on both samples a�er the corona plasma treat-c. 

ment (T1C for 30 and T2C for 60 cycles), the 

oxygen concentration substantially increases 

(ratio O/C increases from 0.31 to 0.53–0.61) 

and the content of C–C/C–H bonds decreas-
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es. �is is a consequence of the corona plasma 

interaction causing the surface activation and 

functionalization. �e samples are a�er the 

corona plasma treatment T1C (30 cycles) and 

T2C (60 cycles) rather similar to each other 

according to the content of chemical bonds. 

�e di$erence is in a slightly higher oxygen 

concentration and lower relative content of 

C–C/C–H bonds on sample T1C treated for 

30 cycles than on sample T2C. Both samples 

contain nitrogen (3–4 at.%) a�er the corona 

plasma treatment.

the one-day ageing of plasma-treated samples d. 

causes the surface concentration of oxygen to 

lower (ratio O/C drops from 0.61 to 0.56 for 

T1C-1d, and from 0.54 to 0.52 for T2C-1d) 

as well as of nitrogen, which points to a slight 

surface deactivation. �e one-day ageing af-

ter the plasma treatment increases mostly the 

relative content of C–O bonds with respect to 

other carbon atom bonds.

the one-month ageing of all samples in e. 

Xenotest leads to considerable surface chang-

es. �e surface composition becomes similar 

on all samples, i.e. on the sample which was 

not plasma-treated (T1-1m), as well as on 

both plasma-treated samples (T1C-1m and 

T2C-1m). Furthermore, the oxygen concen-

tration decreases dramatically, the ratio O/C 

falls from 0.54–0.61 to 0.13–0.16 for the plas-

ma-treated samples. �is shows that the treat-

ment in Xenotest causes surface deactivation 

and loss of oxygen-based functional groups, 

from which it can be concluded that the sur-

faces are rich in carbon (the content of C–C/

C–H bonds increases substantially at the ex-

pense of C-oxygen bonds) and are expected 

to be rather inert. During the treatment of 

PET knitted goods in Xenotest, it comes to 

the cross-linking of free radicals on the knit-

ted goods surface and to the surface carboni-

sation, which is due to the light absorption of 

the UV-spectrum energy. It is interesting that 

a similar result is obtained on the plasma-un-

treated thermostabilized sample as well.
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