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Abstract: A review on surface modification of different polymers by treatment in oxygen plasma is presented. The following polymers were studied: 
polyethyleneterephthalate (PET), polyethersulphone (PES), polyphenylenesulfide (PPS), Nylon 6 polyamide (PA6), polytetrafluoroethylene (PTFE), poly
styrene (PS), polypropylene (PP) and cellulose (ink-jet paper and textile). The polymer samples were treated for 3 s in oxygen plasma (glow region) at a 
pressure of 75 Pa. Plasma was created by RF generator operating at a frequency of 13.56 MHz and a power of 200 W. The chemical changes of the 
surface of the samples after the plasma treatment were monitored by using X-ray photoelectron spectroscopy (XPS). The results showed that oxygen 
plasma treatment is an effective tool for surface modification. On all polymer surfaces increased concentrating of oxygen was detected resulting in 
formation of several new oxygen-containing functional groups. Groups like C-O, C=O and O=C-O were observed. The concentration of the groups which 
were produced at the same treatment procedure depended on polymer type. The only exception was polymer PTFE where practically no chemical 
changes were observed. 

XPS preiskave modifikacije povrsine razlicnih polimerov s 
kisikovo plazmo 

Kjucne besede: polimer; PES; PET; PPS; PS; PP; PA6; PTFE; celuloza; kisik; plazma; funkcionalizacija; aktivacija povrsine; modifikacija povrsine, XPS 

Izvlecek: Podan je pregled plazemske modifikacije povrsine razlicnih polimerov. V raziskavah so bili uporabljeni naslednji polimeri: polietilentereftalat 
(PET), polietersulfon (PES), polifenilensulfid (PPS), Nylon 6 poliamid (PA6), politetrafluoroetilen (PTFE), polistiren (PS), polipropilen (PP) in celuloza (ink-jet 
papir in tkanina). Vzorce polimerov smo obdelovali v kisikovi plazmi 3 s pri tlaku 75 Pa. Plazmo smo generirali z radiofrekvencnim generatorjem pri 
frekvenci 13.56 MHz in moGi 200 W. Spremembe v kemijski sestavi povrsine po obdelavi v plazmi smo spremljali z metodo XPS. Rezultati so pokazali, da 
je kisikova plazma ucinkovita za modifikacijo povrsinskih lastnosti polimernih materialov. Ugotovili smo, da se je na povrsini vzorcev mocno povecala 
koncentracija kisika, kar je imelo za posledico nastanek razlicnih kisikovih funkcionalnih skupin na povrsini kot so C-O, C=O in O=C-O. Koncentracija 
posameznih funkcionalnih sku pin pri enakih pogojih obdelave polimerov je bila razlicna za razlicne tipe polimerov. Edina izjema je bil polimer PTFE, kjer 
nismo opazili nobenih sprememb na njegovi povrsini po obdelavi v plazmi. 

1 Introduction 

Polymer materials are known for their very poor adhesion 
properties and wettability. Therefore, they must be modi
fied before printing, painting, coating, for improving bio
compatibility etc. One of the most promising methods for 
modifying the surface properties of polymer materials is 
plasma treatment. Plasma treatment is ecologically suita
ble method and it is replacing the traditional wet chemical 
techniques, which can involve harmful chemicals. By treat
ment in plasma of different gases we can achieve a wide 
range of surface wettability, from moderate hydrophilicity 
to significant hydrophobicity. The hydrophobicity can be 
achieved by a treatment in plasma created in halogens while 
for achieving the hydrophilicity of the surface it is the best 
to use oxygen plasma. In some applications especially bi
ological, when we want to coat the substrate with proteins 
or DNA for example, nitrogen or ammonia plasma is more 
desirable than oxygen plasma /1 /. It should be noted that 
plasma treatment does not produce one unique function
ality on a polymer surface. Typically, a distribution of sev
eral different functional groups is produced. Some of the 
functional groups may be important and some may actual
ly be detrimental. Thus it is desirable to determine which 
of the functional group is important for a given application 

and to attempt to shift the distribution in favour of a specif
ic functionality by changing the plasma gas or other plas
ma parameters /2/. In oxygen plasma different functional 
groups like C-O, C=O, O=C-O or even more exotic groups 
can be produced on the surface /2/ ,/3/. 

In the literature there are reported different treatment times 
used for surface modification of polymers ranging from 
milliseconds /4/ ,/5/ to several minutes /6/. At millisec
onds of treatment it is difficult to talk about surface func
tionalization, since the first thing that appears at the poly
mer surface is just removing of contaminants which may 
also lead to improved wettability. With further treatment time 
insertion of oxygen/nitrogen atoms at active sites on the 
polymer surface appears leading to the formation of vari
ous functional groups that change the surface wettability. 
With prolonged treatment time excessive change scission 
may appear leading to a layer of low-molecular-weight frag
ments on the surface /3/. 

The main drawback of plasma treated surface is ageing. 
Functional groups formed on the plasma treated surface 
are not stable with time, as the surface tends to recover to 
its untreated state. Thus the surface is loosing its hydrophilic 
character and becoming hydrophobic. There are two proc
esses which are usually responsible for surface ageing: 
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