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Abstract: This article describes the novel possibility of the polyester (polyethylene terephthalate) surface modification by 
plasma treatment. Moreover, this modified polyester could be component for the composite material (with hyaluronic acid) 
used in the wound healing. In this study, the experimental methods: FT-IR spectroscopy, the contact angle measurement, X-
ray photoelectron spectroscopy and scanning electron microscopy were used for the surface modified polyester 
characterisation. 
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Introduction  

The polyester (PET) nonwoven fabrics have wide spectra of 
possible applications due to their excellent chemical and mechanical 
properties compare to other synthetic polymers [1]. Presently, the 
polyester fibers and nonwoven fabrics, as synthetic biomaterials, are 
used for many medical (stents) [2,3], molecular biology applications 
or tissue engineering (scaffolds) [2,4,5]. Often, the surface 
modifications of PET are necessary for further utilisation. 
Therefore, the plasma pre-treatment and finishing of PET becomes 
more and more popular as possibility of surface modification [6,7-
9]. The plasma treatment modifications of the PET surfaces are 
frequent in order to improving wettability [10] or water- repellent 
improvement [11]. Consequently, the treatment goals are very often 
functional water compatible group binding, such as -COOH, -OH, -
NH2 [7-9,12-21], or Ti02/ Mo03 [22]. Moreover, the amine (-NH2) 
groups are very important for chemical reactions with proteins or 
surface interactions with cells [1]. The synthetic biomaterials, such 
as poly(tetrafluoroethylene), modified by NH2 were used for 
peptide immobilization [23]. Some surface modifications 
experiments are only focused on the plasma surface modification 
without following physical-chemical treatment and these plasma 
pretreated surfaces are directly used for biochemical reaction 
(PEGylation) [1], molecular biology application [24,25] or 
biosensors (thin metal layers on PET [26]). 

This paper is focused to the plasma treatment and following 
novel surface modification of polyester for further biomedical 
applications. 

Experimental 

Materials 
The polyester (nonwoven fabric of polyethylene terephthalate- 

PET, the area density: sm=140 g-m‘2) was obtained from Inotex, 
Ltd. This polyester was pre-treated in plasma with processing 
gasses: argon (Linde Gas, a.s., purity number 3.1.) and nitrogen 
(Linde Gas, a.s., purity number 3.1.). The modified samples of 
polyester were exposed (24 h) in allylamine (H2C=CH-CH2-NH2, 
standard purity 99,5 %, Sigma Aldrich) after pre-treatment in the 
plasma. The pretreated samples were by (1 min left) on ambient air 
after plasma treatment and before allyamine vapour deposition. The 
n-heptan (viscosity: rj (20 °C) = 0,409 mPa-s, density: p 
(20°C)=684 kg*m'3 and surface energy: a (20 °C)=20,4 mN-m'1, 
Sigma Aldrich) and de-ionized water (viscosity: 77 (20 °C)= 
1, 002 mPa-s, density: p (20 °C)=998 kg-m"3 and surface 
energy: <7 (20°C)=72,8 mN-m“1) were used for the contact angle 
measurement. 

Polyester Modification Processing 
The PET samples were pre-treated in the low-temperature pulsed 

DC discharge plasma at 40 kHz (Plasma system “FEMTO”, Diener 
electronic GmbH+Co. KG). The processing gases were used argon 
and nitrogen. The time of plasma treatment 300 s, the generator 
power 100 W and processing gasses flow 90 cm3-min1 were the 
processing conditions. The pre-treated PET samples were exposed 
for 24 h in the allylamine vapour (abbreviation of samples: PET- 
Ar-allylamine and PET-N2-allylamine). The hypothesis of 
allylamine bonding to plasma pre-treatment monomer of PET can 
be seen in Figure 1 (this hypothesis is deeper discussed by means of 
XPS measurement in 3rd section Results and discussion). 



Figure 1. The presumed reaction of the allylamine bonding to PET 
monomer. 

Apparatus and Methods 
The infrared spectra were taken using Shimadzu FTÏR- 8201 

(ATR method with SeZn crystal). The spectral resolution of the 
instrument was 4 cm“1 in all spectra determinations. 

Washburn method [27] in a modification proposed by the Kriiss 
company for the apparatus Krüss K12 Tensiometer was used to 
determine water contact angle for virgin and plasma-modified PET. 
The material was in the form of a non-woven fabric. This approach 
is based on observing penetration of the liquid into the porous 
structure of polymeric material. Firstly, so called capillary constant 
has to be determined with a liquid where zero the contact angle with 
the solid is expected. The capillary constant value c- 
(2,32±0,09)T0"5 cm5 was determined for n-heptane. Then, the 
measurement with desired liquid is performed and previously 
acquired capillary constant is used for characterization of the solid 
material structure. The dependence of the liquid mass square versus 
time is observed as 

Figure 2. The binding energy ofNls.

Results and Discussion 

The infrared spectrum of allylamine (Figure 3) shows the 
characteristic stretching vibration of amine (asymmetric 3373 cm“1 
and symmetric 3294 cm“1) and the vibration 3200 cm"1 is the 
overtone of NH2 bending vibration at 1650 cm“1. The vibration at 
3080 cm"1 corresponds to the hydrogen asymmetric stretching of 
CH=CH2. The stretching vibration of C-H can be seen at 2980, 
2916, and 2854 cm"1. The bending vibration of amine corresponds 
to 1650 cm'1 and overlaps the weak vibration of C=C stretching. 
The vibration at 1420 cm"1 is C-H bending. The peaks at 997, 914, 
and 825 cm'1 can be assigned to the “out of plane” hydrogen 
wagging [28]. 

The spectrum of pure polyester fibers can be seen in Figure 4(a). 
The absorption at 3420 cm“1 is overtone of stretching vibration 
(C=0) at 1710 cm'1 for the ester group. The stretching vibration (C-
H) of benzene ring occurs at 3030 cm'1. The saturated aliphatic 
hydrocarbon occurs at 2954 and 2916 cm'1 as the asymmetric and 
symmetric stretching vibration of C-H. The strong carbonyl 
absorption can be 

Figure 3. The infrared spectrum of allylamine.

 

where m is the mass of liquid penetrating into the material, rj means 
the dynamic viscosity of the liquid, p denotes the density of the 
liquid, cr signifies the surface free tension of the liquid, c 
corresponds to the capillary constant and <9 is the contact angle 
between the testing liquid and tested solid material. The contact 
angle measurement was performed with a holder supplied by Kriiss 
for the Sorption method. Circles with a diameter 12 mm were cut 
out from the tested PET nonwoven fabrics and placed inside the 
holder. Three values of the contact angle were averaged to obtain 
one representative value. 

The XPS analysis of PET fibers was carried out with 
spectrometer (EA 125, DAR 400, Omicron) at an X-ray energy of 
1253.6 eV (Mg Ka) in the constant pass energy mode (15 eV). The 
operational pressure was approximately 10'6 Pa. The binding energy 
of Nls can be seen in Figure 2. 

The morphologies of the untreated and treated PET fibers were 
observed by scanning electron microscopy (TESCAN 
VEGA/LMU). 



seen at 1710 cm-1. The absorption at 1547 and 1516 cm'1 is C-H 
bending vibration of benzene ring. The bending vibration (H-C-H) 
of the ethylene group occurs at 1462 cm-1. The absorption at 1350 
cm"1 is wagging (C-H) for ethylene glycol. Likewise, the 
absorptions at 1240 cm'1 and at 1090 cm'1 correspond with the 
asymmetric stretching vibration of C-O-C and the stretching 
vibration of O-C. The absorption at 1014 cm'1 is bending C-H 
vibration in plane and the absorption at 720 cm'1 is rocking 
vibration of CH2. The PET- 

Figure 4. The infrared spectra of polyesters; (a) the pure polyester, 
(b) PET-Ar-allylamine, and (c) PET-N2-allylamine. 

Ar-Allylamine and PET-N2-Allylamine samples are shown in 
Figures 4(b) and 4(c). The absorptions at 3373 cm'1 and at 3294 
cm"1 are asymmetric and symmetric stretching vibration for amine 
group and the absorption at 1650 cm"1 is NH2 bending vibration 
[28]. These infrared spectra can be interpreted as an achievement of 
the allylamine chemical bonding on the surface of PET fibers. 

The contact angle values of deionised water at various samples 
are summarised in Table 1. The insignificant difference of values 
for the water contact angle can be observed on argon or nitrogen 
plasma-treated sample compared to the virgin sample. Significantly 
higher water contact angle value was observed for the plasma-
treated sample followed by allylamine grafting. The chemical 
nature of the allylamine non-polar carbohydrate chain plays 
important role in this case. Moreover, the SEM images show 
relatively strong wrinkling of fibres surface which leads to the 
contact angle value increase. 

The surface composition of the pure and modified PET obtained 
from XPS is summarized in Table 2. As can be seen, the percentage 
representation of analyzed elements (C, 
O, N) is different in both modified samples of PET. The amount of 
nitrogen is increasing for the sample PET-Ar- Allylamine while the 
content of carbon is decreasing (see pure sample in Table 2). On the 
other hand, the nitrogen percentage is increasing for sample PET-
N2-Allylamine in connection with the decrease of oxygen content. 
The assumption of allylamine bonding in two possibilities (Figure 
1) can be voiced due to this percentage differences: (a) the 
allylamine was grafted via carbon in case argon plasma pre-
treatment, (b) the allylamine was incorporated via carbonyl oxygen 
from carboxylic group in case of the nitrogen plasma pretreatment. 
Thus, these results are in agreement with FT-IR results if allows for 
the proportions of peaks for NH2 to C-O- C or C=0. 

The surface morphology changes between virgin and treated 
polyester fibers can be seen in the Figure 5. The obvious difference 
between untreated polyester (Figure 5(a)) and pre-treated polyester 
by the Ar or N2 plasma (Figure 5(b) or 5(c)) is observable on the 
sample surfaces. The 

Table 2. The surface composition of the pure and modified PET (in 
percentage) 

Table 1. The water contact angles with standard deviation



Figure 5. The SEM images of PET fibers; (a) untreated PET, (b) 
PET-Ar plasma, and (c) PET-N2 plasma. 

Figure 6. The SEM images of PET fibers; (a) PET-N2-allyamine and 
(b) PET-Ar-allylamine. 

plasma (Ar or N2) pre-treated polyesters exposed in allylamine 
(Figure 6(a) and 6(b)) have relatively wrinkled surface in 
comparison to the pure PET fibers. On the other hand, some 
wrinkling of surface can be seen in pre-treated samples only (Figure 
5(b) or 5(c)) which is in agreement with publication by Krump et al.
[29]. 

Conclusion 

In this research, PET fibres are plasma pre-treated and 
consequently grafted by allyamine. The presented results obtained 
from FT-IR and XPS measurements validate this possibility. 
Through XPS analysis, it is shown that the argon 

plasma pre-treatment lead to grafting via carbon and nitrogen 
plasma pre-treatment via oxygen. However, this assumption should 
be deeper explored by other methods (such as Tg-glass transition 
temperature measured by DSC or DTA method, neither EPR could 
show-up some radicals decay). These studies will be submitted by 
authors as results in next publications. The SEM images can explain 
increasing contact angle for both modified samples, because the 
surfaces after treatment are very furrowed. 
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