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Abstract: This article describes the novel posgbdf the polyester (polyethylene terephthalatefface modification by
plasma treatment. Moreover, this modified polyestarld be component for the composite materialh(\luigaluronic acid)
used in the wound healing. In this study, the erpantal methods: FT-IR spectroscopy, the contagteameasurement, X-
ray photoelectron spectroscopy and scanning efectricroscopy were used for the surface modifiedyegmibr

characterisation.
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Introduction

The polyester (PET) nonwoven fabrics have wide tspeof
possible applications due to their excellent chah@aad mechanic
properties compare to otheynthetic polymers [1]. Presently,
polyester fibers and nonwoven fabrics, as synthétimaterials, ai
used for many medical (stents) [2,3], moleculatdgjg application
or tissue engineering (scaffolds) [2,4,5]. Oftee tsurfac
modifications & PET are necessary for further utilisat
Therefore, the plasma pteeatment and finishing of PET becot
more and more popular as possibility of surface ifivadion [6,7-
9]. The plasma treatment modifications of the PEiffages ar
frequent in order to improving wettabilityd] or water-repellen
improvement [11]. Consequently, the treatment gasdsvery ofte
functional water compatible group binding, such@®OH, -OH, -
NH, [7-9,12-21], or Ti@ Mo0s [22]. Moreover, the amine (-N#H
groups arevery important for chemical reactions with proteor
surface interactions with cells [1]. The synthdtiomaterials, suc
as poly(tetrafluoroethylene), modified by NHvere used fc
peptide immobilization [23]. Some surface modifion:
experiments @ only focused on the plasma surface modific
without following physicakhemical treatment and these pla
pretreated surfaces are directly used for bioche@mieactiol
(PEGylation) [1], molecular biology application [28] ol
biosensors (thin metal layers on PET [26]).

This paper is focused to the plasma treatment alowing
novel surface modification of polyester for furtheiomedices
applications.

Experimental

Materials

The polyester (nonwoven fabric of polyethylene fibtbalate-
PET, the area density;s140 g-m?) was obtained from Inote
Ltd. This polyester was pteeated in plasma with process
gasses: argon (Linde Gas, a.s., purity nhumber arid) nitroge|
(Linde Gas, a.s., purity number 3.1.). The modif@inples c
polyester were exposed (24 h) in allylamine @HCH-CH,-NH,,
standard purity 99,5 %, Sigma Aldrich) after meatment in th
plasma. The pretreated samples weréibyin left) on ambient a
after plasma treatment and before allyamine vagdeposition. Th
n-heptan (viscosity:rj (20 °C) = 0,409 mPa-s, densityp
(20°C)=684 kg*nt and surface energg (20 °C)=20,4 mN-m;
Sigma Aldrich) and de-ionized water (viscosity(20 °C)=
1, 002 mPa-s, densityp (20 °C)=998 kg-n¥ and surfac
energy: <~ (20°C)=72,8 mN-m") were used for the contact an
measurement.

Polyester Modification Processing

The PET samples were pre-treated in the tiewperature pulse
DC discharge plasma at 40 kHz (Plasma system “FEMD@ner
electronic GmbH+Co. KG). The processing gases wszd argol
and nitrogen. The time of plasma treatment 30(hes,generatc
power 100 W and processing gasses flow 98-rom* were the
processing conditions. The preated PET samples were expc
for 24 h in the allylamine vapour (abbreviationsafmples: PET-
Ar-allylamine and PET-Mallylamine). The hypothesis
allylamine bonding to plasma ptesatment monomer of PET ¢
be seen in Figure 1 (this hypothesis is deepeustsd by means
XPS measurement in 3rd section Results and distyssi
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Figure 1.The presumed reaction of the allylamine bondin§ &l
monomer.

Apparatus and Methods

The infrared spectra were taken using Shimadzu FB8E1
(ATR method with SeZn crystal). The spectral resofu of the
instrument was 4 cm'in all spectra determinations.

Washburn method [27] in a modification proposedtsy Kriiss
company for the apparatus Krik42 Tensiometer was used
determine water contact angle for virgin and plasmgified PET
The material was in the form of a namven fabric. This approa
is based on observing penetration of the liquia itite porou
structure of polymeric material. Firstly, so calleapillary constar
has to be determined with a liquid where zero thact angle wit
the solid is expected. The capillary constant valoe
(2,32+0,09)TO® cn? was determined for heptane. Then, ti
measurement with desired liquid is performed andvipusly
acquired capillary constant is used for charazaéion of the soli
material structure. The dependence of the liquidsnsguare vers
time is observed as

2 _ cosé- 22- o-C
wm o= -t
n

wherem is the mass of liquid penetrating into the materjanean:
the dynamic viscosity of the liquigy denotes the density of t
liquid, cr signifies the surface free tension ofe thiquid, c
corresponds to the capillary constant and <9 iscthact angl
between the testing liquid and tested solid mdtefiae contac
angle measurement was performed with a holder &abpy Kriiss
for the Soption method. Circles with a diameter 12 mm wert
out from the tested PET nonwoven fabrics and placsidle the
holder. Three values of the contact angle wereageel to obtai
one representative value.

The XPS analysis of PET fibers was carried outhw
spectrometer (EA 125, DAR 400, Omicron) at ama)-energy ¢
1253.6 eV (MgK,) in the constant pass energy mode (15 eV).
operational pressure was approximately P&. The binding ener
of N® can be seen in Figure 2.

The morphologies of the ustited and treated PET fibers w
observed by scanning electron microscopy (TES!
VEGA/LMU).
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Figure 2. The binding energy ofN

Results and Discussic

The infrared spectrum of allylamine (Figure 3) shkothe
characteristic stretching vibration of amine (asyetrin 3373 cm*
and symmetric 3294 cry and the vibration 3200 crh'is the
overtone of NH bending vibration at 1650 ch*The vibration at
3080 cm* corresponds to the hydrogen asymmetric stretchir
CH=CH,. The stretching vibration of C-H can be seen 8029
2916, and 2854 crh"The bending vibration of amine corresponds
to 1650 cnt and overlaps the weak vibration of C=C stretch
The vibration at 1420 crhis C-H bending. The peaks at 997, 914,
and 825 cri can be assigned to the “out of plane” hydra
wagging [28].

The spectrum of pure polyester fibers can be se&igure 4(a).
The absorption at 3420 cinfs overtone of stretching vibratic
(C=0) at 1710 crhfor the ester group. The stretching vibration (C-
H) of benzene ring occurs at 3030 tnThe saturated aliphatic
hydrocarbon occurs at 2954 and 2916' @s' the asymmetric and
symmetric stretching vibration of B: The strong carbon
absorption can be
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Figure 3. The infrared spectrum of allylam



seen at 1710 cfn The absorption at 1547 and 1516 cis'CH
bending vibration of benzene ring. The bendingatibn (H-CH)
of the ethylene group occurs at 1462'cifihe absorption at 13!
cm™ is wagging (CH) for ethylene glycol. Likewise, tt
absorptions at 1240 chmand at 1090 crh'correspond with th
asymmetric stretching vibration of C-O-and the stretchir
vibration of O-C. The absorption at 1014 tis bending CH
vibration in plane and the absorption at 720 *cim' rocking

vibration of CH. The PET-
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Figure 4. The infrared spectra dflgesters; (a) the pure polyes
(b) PET-Ar-allylamine, and (c) PETzMllylamine.

Table 1. The water contact angles with standardtien

Ar-Allylamine and PET-M-Allylamine samples are shown
Figures 4(b) and 4(c). The absorptions at 3373 and at 3294
cm' are asymmetric and symmetric stretching vibrafor amine
group and the absorption at 1650 tnis' NH, bending vibration
[28]. These infrared spectra can be interpretexhagchievement of
the allylamine chemical bonding on the surface®T Rbers.

The contact angle values of deionised wateragsibus sample
are summarised in Table 1. The insignificant differe of values
for the water contact angle can be observed omabgmitrogen
plasmatreated sample compared to the virgin sample. fRignily
higher water contact angle value was observed Her flasma-
treated sample followed by allylamine grafting. Thiemical
nature of the allylamine ngmelar carbohydrate chain ple
important role in this case. Moreover, the SEM igsmaghow
relatively strong wrinkling of fibres surface whidbads to the
contact angle value increase.

The surface composition of the pure and modified BEtained
from XPS is summarized in Table 2. As can be sbermpercentag
representation of analyzed elements (C,

0O, N) is different in both modified samples of PHhe amount ¢

nitrogen is increasing for the sample PET-Allylamine while the

content of carbon is decreasing (see pure samplatite 2). On the
other hand, the nitrogen percentage is increasingdmple PET-
Nz-Allylamine in connection with the decrease of cemgrontent.
The assumption of allylamine bonding in two podiies (Figure

1) can be voiced due to this percentage differen(as the

allylamine was grafted via carbon in case argorsmia pre-
treatment, (b) the allylamine was incorperhtia carbonyl oxyge

from carboxylic group in case of the nitrogen plagmnetreatment.
Thus, these results are in agreement with FT-IRitse allows for

the proportions of peaks for Nitb C-O- C or C=0.

The surface morphology changes between wirgind treate
polyester fibers can be seen in the Figure 5. Twoas difference
between untreated polyester (Figure 5(a)) andrpeged polyeste
by the Ar or N plasma (Figure 5(b) or 5(c)) is observable on
sample surfaces. The

Table 2. The surfae composition of the pure and modified PE
percentage)

Sample Cls Ols Nls
Pure PES 84,6%2,5 15,40,3 0
PES-Arallylamine  78,1+1,8 16,5£0,6  54:0,09
PES-No-allylamine 84,342, 10,8+0,4 5=0,1

Sample Pure PES PES-N, plasma

PLES-Ar plasma PRES-Ar-Allylamine  PES-N.-Allylamine

Contact angle

=2 3
{degrees) 66=2 6543

66+ 87+1 85:2
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Figure 5. The SEM images of PET fibers; (a) unt@dPET, (k
PET-Ar plasma, and (c) PETzIdlasma.
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Figure b. 1ne SEM Images of FE | TIDErs; () Pikxianyamine ac
(b) PET-Ar-allylamine.
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plasma (Ar or N pretreated polyesters exposed in allylar
(Figure 6(a) and 6(b)) have relatively wrinkled faoge ir
comparison to the pure PET fibers. On the otherdhaom:
wrinkling of surface can be seen in pre-treatades only (Figui
5(b) or 5(c)) which is in agreement with publicatioy Krumpet al.
[29].

Conclusion

In this research, PET fibres are plasma tpated an
consequently grafted by allyamine. The presenteditee obtaine
from FT-IR and XPS measurents validate this possibilit
Through XPS analysis, it is shown that the argon

plasma prereatment lead to grafting via carbon and nitrc
plasma prereatment via oxygen. However, this assumption Isl
be deeper explored by other methods (such aslaBg-dgransitio
temperature measured by DSC or DTA method, neiR& couli
showup some radicals decay). These studies will be gtdzhby
authors as results in next publications. The SEBg®s can exple
increasing contact angle for both modified pbs, because t
surfaces after treatment are very furrowed.
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