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Final characteristics of polymers are the compromise between wanted surface and bulk properties. Important change
of the polymer use-value can be caused by modification of characteristics of its upper structural units (i.e. in region
under the surface deep some tens of nanometers). These changes — and modification — can be performed i. a. by
treatment with the “cold” plasma and moreover with low costs and minimum environmental impact. Modification of
polymer surface characteristics may proceed during functionalization, when plasma particles react with polymer surface
molecules and new chemical functional groups are formed on polymer surface. These chemical reactions can be
influenced with composition of atmosphere in the plasma reactor, e.g. application of oxygen plasma leads to polymer
surface energy and wettability increase. To evaluate the efficiency of this process, we studied connection of the ADBD
supply energy/voltage frequency and changes of the polymer surface chemical composition. ADBD was operated in the
filamentary regime. Experiments proved that growing supply voltage frequency that produced also reactor input energy
increase allowed both substantial reduction of treatment time and more effective modification.

PACS: 52.40.Hf, 52.77.-j , 81.65.-b
1. INTRODUCTION

Polymer surface properties like wettability and
adhesion can be modified without changing polymer bulk
properties by use of methods employing low temperature
(“cold”) plasma treatment. For survey of these methods
seee.g. [1].

Probably the easiest way to get the low temperature
plasma at atmospheric pressure is the application of an
atmospheric  dielectric  barrier discharge (ADBD).
ADBDs have proven to be applicable to various purposes;
in addition they are also scalable to very large systems.
The goal of in this paper described experiments is study
of connection between the discharge supply
energy/voltage frequency and changes of functional
groups at polyester fabric surface caused by modification.

2. EXPERIMENTAL

For experiments polyester fabric was used. Tested
fabric was cut in pieces 100x100 mm (fibre average
sectional  diameter about 300 um, mesh size
about 250%x250 um, textile thickness about 0.5 mm).
Before modification all test samples were properly
cleaned.

Experimental reactor (Fig. 1) consisted of two plane
iron electrodes put into open cylindrical vessel
(diameter 153 mm, height 146 mm). Both flat round
electrodes were 45 mm in diameter and 10 mm thick.
The barrier composed 83x83 mm and 3 mm thick glass
table stuck to the higher placed electrode. Distance
between electrodes was adjustable and during
all experiments was held at 9mm. All tests were
performed with samples placed on the lower electrode
connected to the ground during all experiments.

Tests were carried out in air at room conditions
(pressure about 1.00791 bar (756 Torr), temperature about

20 °C and humidity about 30%. To hold the composition
of the atmosphere (air) in reactor constant during
the measurements, air from the reactor was continually
exhausted with a compressor (air flow speed 0.04 m’s™).
ADBD was supplied either at [14.7kV, 50 Hz,
modification time 360 s, reactor input energy about
0.5 W] or [11.5kV, 2.5kHz, modification time 30s,
reactor input energy about 40 W]. Supply voltage values
were chosen to be maximum permissible values in regard
to supply voltage source characteristics and risk of ADBD
transition to spark or arc discharge. ADBD was operated
in the filamentary regime. Hydrophilicity was evaluated
by means of the drop test [2].
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Fig. 1. Cross-section of the reactor

Chemical composition of the fabric surface was
analyzed by X-ray photoelectron spectroscopy (XPS)
performed with Omicron Nanotechnology system
incorporating Al K, radiation (hv=1486.7¢eV) and
operating at 15 kV, 5.2 mA. The pressure in the chamber
was maintained at 2x10"° mbar. Spectra were acquired at
the take-off angle of 85° relatively to the sample surface
and all binding energies were given in reference to carbon
line (Cls) at 285 eV.
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3. RESULTS

Modification effectivity and aging

Modification effectivity (i.e. wettability changes) is
expressed by means of the area of feathering time
evolution (Fig.2). Tests were performed after
modification and on the 3rd, 7th and 20th day after
treatment. Sorption of modified PES fabric had improved
and hydrophilicity of all samples expressed by the area of
feathering time evolution had increased. Use of supply
voltage of higher frequency (2.5 kHz) reflected in
important increase of reactor input energy and it had also
manifested in rise of modification effectivity (about
100%) in comparison with the 50 Hz supply voltage.

Modification effect time stability and reduction
(aging), i.e. stability of acquired surface changes is an
important aspect for practical application of plasma
methods. Aging process of DBD treated polyester fabric
surface consists in its hydrophilicity reduction and
recovery of textile hydrophobicity, both in times after
treatment, due to transformation of created hydrophilous
functional groups on the surface of fabric. Transformation
is caused by chemical reactions of appropriate functional
groups with air components. During aging backwards
changes of dipoles orientation into their primary position
might be also expected. Speed of these changes can be
connected with characteristics of the surrounding, e.g.
moisture content in air (higher moisture content in air is
connected with faster reduction of the hydrophilicity
degree).
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Fig. 2. Hydrophilicity of the fabric expressed by the area
of feathering time evolution

We tested the modification effect time stability by
measurements of hydrophilicity changes expressed by
means of the wetting area time evolution in different
times after modification (see Fig. 2). Modified fibres were
stocked in darkness in air at atmospheric pressure and
room temperature between tests. In case of 50 Hz voltage

supply frequency hydrophilicity remained almost stable in
the first twenty days after treatment. In case of 2.5 kHz
voltage supply the recovery of hydrophobicity started to
proceed immediately; hydrophilicity reduction was about
25% after 6 days and about 40% after 20 days.

Chemical analysis

The decrease of water-absorption time can be attributed to
increased roughness of the fiber surfaces due to plasma
etching and introduction of more polar groups due to
plasma chemical modification. To ascertain polyester
fabric chemical changes caused by modification, we
provided ESCA tests. Results of ESCA tests of untreated
and treated fabric are summarized in Tables 1 and 2.

Table 1. Relative chemical composition
and atomic ratios determined by ESCA tests

Sample Cl[%] | O[%] o/C
2.5kHz; 11.5kV; | 64.98 |33.63 0.517466
30s
50Hz; 14.7kV; | 65.02 |34.02 0.523163
360 s
unmodified 75.01 |24.15 0.321974

Table 2. Atomic percentage
of the different chemical groups on polyester fabric

Sample C-C, |C- C-O0 C= |C=0,
H charged O |OH

2.5kHz; 46.40 |26.01 17.79 |9.81 0

11,5kV;30s

50 Hz; 66.48 |[11.19 14.74 |7.59 0

14.7 kV;

360 s

unmodified 75.83 |11.21 7.39 5.57 0

After modification the O/C value has increased
1.62 times in case of 50 Hz voltage supply and 1.61 times
in case of 2.5 kHz voltage supply. These values are lower
than those referred in [3], obtained by modification with
the atmospheric pressure plasma jet (APPJ). It is obvious
that rise of supply voltage frequency (and reactor input
power) allows significant reduction of treatment time.

ESCA scans proved increase of number of methylene
carbons singly bonded to oxygen. The carbon radicals,
formed by the abstraction of hydrogen atoms from the
polymer chains recombine with oxygen atoms generated
by the electron impact dissociation [4]. This process
results in formation of the oxygen-containing polar
groups on the fabric surface.

4. SUMMARY
We studied connection of the atmospheric dielectric
barrier discharge (ADBD) supply energy/voltage

frequency (50 Hz and 2.5 kHz respectively) and changes
of the polymer surface chemical composition during
functionalization, when plasma particles react with
polymer surface molecules and new chemical functional
groups are formed on polymer surface. ADBD was
operated in air at room conditions in the filamentary
regime. Effectivity of the modification process was
determined with hydrophilicity measurements and ESCA
scans.
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Test indicated, that growing supply voltage frequency REFERENCES
(and coexistent reactor input energy increase) allowed
substantial reduction of treatment time. In case of 50 Hz
voltage supply frequency hydrophilicity remained almost
stable in the first twenty days after treatment. In case of
2.5 kHz voltage supply the recovery of hydrophobicity
started to proceed immediately; about hydrophilicity
reduction was about 25% after 6 days and 40% after 20
days.
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MOINPUKALNS ITOJIAMEPHOI'O MATEPUAJIA ATMOC®EPHBIM TU3JIEKTPUYECKUM
BAPBEPHBIM PA3PSI/IOM PA3JIMYHOMU ITUTAIOINEN YACTOTBI

J. Pichal, J. Slama

KoHeuHble CBOMCTBA MOJIMMEPOB SBISIOTCS KOMIIPOMHCCOM MEXIy JKEJaeMBIMH IOBEPXHOCTHBIMHU M TI'TyOMHHBIMH
xapakrepuctukamu. CyInIecTBEHHOE HM3MEHEHHE IOTPEOMTENLCKIX CBOMCTB MOIMMEPOB MOXET OBITh BBI3BAHO
MouprKayeil XapakTepUCTHK €ro NPHIIOBEPXHOCTHBIX CTPYKTYPHBIX CIIOEB (T.€. Ha TIIyOMHE HECKOJBKHUX JECCATKOB
HAHOMETPOB IOBEPXHOCTHOrO cios). Takas Momum@uKamus MOXeT OBITh peaJu30BaHa C IIOMOIIBIO OOIyYeHUS
«XOJIONHOM» IUTa3MOW 0€3 [IONMOJHMUTENBHBIX 3aTpaT W MHUHHMAIbHOTO BIMSHUS Ha OKPYKAIOIIYI0 Cpemdy.
Moau¢pukanuss MOBEPXHOCTHBIX XapaKTEPUCTHK MOJIMMEpPA MOXKET MPOUCXOJUTh BO BpeMs 00pabOTKH, Korzaa
KOMIIOHEHTHI I1a3MbI B3aUMOAEHCTBYIOT C MOJIEKYJIaMHU IIOBEPXHOCTH MOJIMMEpa, PU 3TOM Ha IOBEPXHOCTH MOJIUMeEpa
00pa3yloTcsl HOBbIE XUMHYECKUE IPYIIBL. ITH XUMHUYECKHE PEaKLMK MOT'YT 3aBUCETh OT COCTaBa ra3a B INIa3MEHHOM
peaktope. Hampumep, npuMeHeHHE KHUCJIOPOJHOW IIa3Mbl NPHUBOJUT K YBEJIWYEHUIO INPOYHOCTH IOBEPXHOCTH
MojMuMepa M ee cMauuBaeMocTH. UroObl oueHHTh 3()(HEKTHMBHOCTH NAHHOTO MpoOLEcca, H3ydanach 3aBHCHMOCTh
HM3MEHEHHS XMMHUYECKOT0 COCTaBa MOBEPXHOCTH ITOJIMMEpa OT IapaMeTPOB aTMOC(EPHOTO JUIIEKTPHUECKOTO ra30BOT0
paspsna (ADBD). DkcriepuMeHTHI MOATBEPAMIIM, YTO YBEIMUYECHUE MHUTAIOIIEH YacTOTHI paspsaa, a TakKe BXOIHOU
SHEPTHH peakTopa TPHBOAWT K  CYIIECTBEHHOMY COKPAIEHHIO BpeMEHH oOiydeHus u Oomee >hdekTuBHON
MOIU(UKAIIHH.

MOINPIKALNIA IMMOJIMEPHOI'O MATEPIAJTY ATMOC®EPHUM JNIEJJEKTPUYHUM BAP'€EPHUM
PO3PSIJIOM PI3HOI )KUBHJIBHOI YACTOTH

J. Pichal, J. Slama

KiHIeBi BIACTUBOCTI MOJIMEPIB € KOMIIPOMICOM MK OakaHMMH MOBEPXHEBUMH 1 TIMOMHHUMHU XapaKTEPUCTHKAMH.
IcroTHa 3MiHa CHOXKMBYMX BJIACTMBOCTEH MOJIMEpiB MOXKe OyTH BHKIMKaHAa MOIU(]IKALIEI0 XapaKTEPUCTHK HOro
MIPUIIOBEPXHEBUX CTPYKTYPHHUX LIapiB (TOOTO HA INIMOMHI IEKUIBKOX AECSATKIB HAHOMETPIB IOBEpXHEBOTO mapy). Taka
Moudikaris Moxke OyTH peasli3oBaHa 3a JOMOMOTOI0 ONPOMIHEHHS «XOJIOIHOIO» IUIa3Molo 0e3 0JaTKOBHX BUTpAT i
MiHIMaJIbHOTO BIUIMBY Ha HaBKOJIMIIHE cepefoBHine. Monudikaiis MOoBEpXHEBUX XapaKTEPUCTHK MOJIMEpy MOXKe
BimOyBaTHCS i 9ac 0OpOOKH, KOJM KOMIOHEHTH TUTa3MH B3a€MOIIIOThH 3 MOJIEKYJIaMH IOBEPXHI MOIIMEpPY, IIPH IbOMY
Ha TMOBEPXHI IOJIIMEPY yTBOPIOIOTHCSA HOBI XiMiuHi Tpymu. Lli XiMiuHI peakilii MOXYTh 3aJIe)KaTH BiJ CKJIaxy Trazy B
I1a3MOBOMY peakTopi. Hampukimaz, 3acTocyBaHHS KHCHEBOI IUIa3MHU MPHU3BOAWUTE 1O 30LIBIICHHS MIIHOCTI MOBEPXHI
mosimepy 1 ii 3MouyBanocTi. 11106 OmiHUTH eQEeKTHBHICTH JaHOTO MPOIECY, BUBYANIACS 3aJICKHICTh 3MIHH XiMIYHOTO
CKJIagy TIOBEpXHI IONIMEpy BiJ MapaMmeTpiB aTMOC(PEepHOro IieNeKTPUYHOTO TazoBoro pospsany (ADBD).
ExcriepuMeHTH MiATBEPIMIIN, IO 30UIbIICHHS JKUBHIBHOI YacTOTH pO3psdy, a TaKoX BXIJHOI eHepril peakTopa
NPU3BOJUTH 10 iICTOTHOT'O CKOPOYEHHSI Yacy ONpOMiHEeHHs 1 Olnbil edexkTiBHOT Moaudikarii.
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