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OnucaHbl reHepaTopbl 3/1eKTPOHHO-MYYKOBOW MaasMbl U FME6PUAHON N1asMbl, NpegHasHaYeHHble 418
Mogudukaumm (61M0)NoAMMEpPHBIX MaTepuasioB, UCMO/b3yeMbiX B MeguuuHe. MpueBogaTca gaHHble
0 Mop¢$0N0rMm NOBEPXHOCTU, XMMUYECKOW CTPYKTYpe U 6MON0rMyecko akTMBHOCTU MoAUGULMPOBaH-

HbIX NOJINMEPOB.

Described are the generators of electron-beam plasma and hybrid plasma intended for the
modification of (bio)polymeric materials used in medicine. Data on surface morphology,
chemical structure and biological activity of modified polymers are presented.

BBEAEHUE

K xoH1y 20-TO BeKka pa3JMYHbIe THIIBI HU3KOTEM-
nepaTypHou maasmMmel (HTII) cTanu HaxogUTh CBOe
paKTH4YecKoe IpUMeHeHHe He TOIbKO [1JIS MHOIO-
YHCIeHHBIX IPOU3BOACTBEHHBIX TeXHOMOTUM [1],
HO U B COBEpIIEHHO HOBBIX MHHOBAI[MOHHKIX 06Ja-
CTSIX, TAKUX KaK IJIa3MeHHas MegUIMHA. [1o mmpo-
rao3am VDI Technologiezentrum GmbH, Evaluierung
Plasmatechnik (r. Jioccensnopd, FepMmaHus), UMEeHHO
3Ta cdepa 6yzmeT Harboee epCcrIeKTUBHOL IS Pas-
paboTKu ¥ BHeApeHHUS IIJIa3MeHHO-CTHMYJIHPOBAH-
HBIX IIPOLeccoB. MeguIIMHCKUe HpUaoKeHHUS HTII
Cpey IIPoUero BKIIOYAIT MOAUGHUKALIHIO IIOBEPXHO-
CTeM MOJIMMePHBIX MAaTePHUaJIOB C Lie/1b0 [IOBBIIIEeHHU ST

X 6OCOBMECTUMOCTH C TKAHSIMU OPraHH3Ma Yesio-
Beka [2]. M3MeHSss 3apsi IIOBePXHOCTH, obpaboTka
ronrMepoB B HTII yBenn4uuBaeT abcopOLI MO afire3rB-
HBIX 6eJIKOB 1 UMMOOUIN3aLIHI0 PA3IMUHEIX OK0IIO0-
THYeCKH aKTHBHBIX MOJIEKYJI (3]. HTII-MmomubuKaus
IIOBEPXHOCTH, KpOMe TOTO, BIHUSET Ha ee MOPPO0-
THIO0, IIOPOKAAs Pa3/IMYHBIe HAHOPAa3MepHbIe CTPYK-
Typbl, KOTOPbIe CAYXXAaT TOYKAMHM IPHUBSA3KHU IJI4
crenndrUeckUX 6e1KOB KIeTOYHON MeMOpaHHl, TeM
CaMBIM yJayd4lIas aJTe3Hnio KJIeTKU K obpabaTsiBae-
MO IIOBePXHOCTH [3].

Haubonee M3y4eHHOM C TOYKHU 3pEeHHS Mexa-
HH3MOB MOAUGUKALUU IIOIMMEPHBIX MAaTepHajIoB
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U usnenun asiasgercsa HTII MOHMKeHHOTO JaBIeHUsd,
opuyeM 4daine Bcero ucmoosibzyercs HTII ra3soBsix
Pa3psaJ0B Pa3IMYHBIX YaCTOTHBIX JHUAIla30HOB [4].
H3BecTHBI U HeJOCTATKHU ra30pas3psAgHbIX PeaKTOPOB,
OTPaHHUYMBAIONIHe UX HCII0JIb30BaHHeE /IS JaHHOU
3a/laui. B mepByro ouyepesb 3TO TPYSHOCTH, CBSI3aH-
Hble ¢ popMHUPOBaHHeM OONIBIINX OTHOPOAHBIX peak-
LIMOHHBIX 06eMOB, UTO 3a4aCTyI0 NPUBOJUT K 3Ha-
YHUTeIBHOMY Pa30orpeBy IIa3aMoobpasyromert cpesisl
Y [IOMeIleHHBIX B Hee 00beKTOB. [IpU NHTeHCUBHOM
IIPOAYBKe ra3a yepes pa3psj BO3MOXKHA IIOTePsl yCTOU-
YUBOCTH PeaKIIMOHHOIro 06beMa, a eCclH HUCIIOJIb-
3YIOTCS 3JIEKTPOJHBIE Ta30pa3psagHble CUCTEMBI, TO
MOTYT BO3HHUKATh TeXHUYeCKHe IIpobaeMsl, CBSI3aH-
HbIe C XMMHYeCKOM CTOMKOCTBIO CAMHX 37IeKTPOJIOB.
[IpuBneyeHue Apyrux BuA0B HIIT MOHM>KeHHOIO
JaBJIeHHs, TAKKX KaK 371eKTPOHHO-IIyuKoBas (II1II)
u rubpupHas (ITl) mia3ma, Mo3BOJISIET IIPEOHoeTh
[epevuHrc/eHHbIe HeJOCTAaTKHU, DIeKTPOHHO -TIY4YKOBas
m1asma (JI1I1) reHepUpyeTCs IPHU HHKeKIUHU 3JIeK-
TPOHHOIO Iyuka (3II) B IJOTHYIO ra3oobpasHymo
cpeny. l'eomeTpus, coCTaB, TeMIIepaTypPhl YACTHUI]L
U IP. XapaKTepUCTUKH JIIIT onpeensl0TCs SHeprueun
3J1eKTPOHOB E;, MomHOCTbI0 myuka Ny, (Ny<1 kBT),
a Takke gaBiaeHueM P, (0,1 <P, <10 kIla), TemIepa-
Typoi T, maa3moobpasylomeil cpefibl, a TakKe ee
XUMHYECKUM U $a30BbIM COCTABOM. M3MeH s MOIII-
HOCTb DIl IIPU IIOCTOSIHHOM JaBjaeHuU P, (11u, Hao-
bopoT, U3MeHSss JaB/lIeHHUe ra3a MpH MOCTOSHHOM
Ny,), MO>KHO YIIpaBJISITh peXKMMaMU paboThl reHepa-
Topa JIIII, u 3a CYeT 3TOro KOHTPOIUPYyeMBIM 06pa-
30M OCYINeCTBJIATh pa3/iMYHble HepaBHOBECHDbIE

[171a3MOXMMHYECKHe peakKluu. IIpy 5TomM TeMmmepa-

Typy obpasiia Bo BpeMsi 06paboTKU yaaeTcs MoAAep-

SKHBATh Ha 3aJaHHOM YPOBHE, a CHHUKeHHe TeMIIepa-

TyPBI ITpoLlecca BIUIOTh 10 KOMHATHOM ITPaKTHYeCKH

He CKa3blBaeTCsl Ha BBICOKOM XMMHYeCKOM aKTHUBHO-

CTH IIJIa3MBL.

TubpuaHas naa3mMa reHepupyeTcsl, KOr/ia Ha Ia3-
Moobpasyoliylo cpely COBMeCTHO HJIK IIOIlepe-
MeHHO BO3/IeHICTBYIOT JBa (Miu 6oee) MOHM3ATOPA.
B HacToAImeM MCCAeOOBAHUHU AJId GOPMUPOBAHUS
JOOCTATOYHO OOJIBIIMX IJIa3MEeHHBIX 06beMOB B Kade-
CTBE OCHOBHOI'O MOHM3aTOPa ObLII HCIIOIb30BAH 3JI€K-
TPOHHBIM Iy4OK, a JOIOJHHUTEJbHBIM HCTOUYHHUKOM
HOHM3aLIUU CIy>KKUI BU-pa3psan c yactoror 13,56 MI'LI.
[Tl o6;1aaeT Ype3BbIYaHO BaXKHBIMH JOIIOTHUTE/Ib-
HBIMU IIPEHMYIeCTBAMU ~ BOSMOKHOCTBIO IIPAKTH-
yeCKHU 6e3MHEepIMOHHOIO YIIPABAeHUS CBONCTBAMU
U reoMeTpHel peakIMOHHOIo 06beMa C IIOMOIIBIO
9I1 u 601ee BBICOKOH YCTOMUYHBOCTBIO PeaKIIKOHHOTO
ob6beMa K KOHTPAKL MU [IPU IOBBIIIEHUH JaBIeHUS.
K mmpeobnafaomyM B ra30pa3psiAHOM IIa3Me XUMHU-
YeCKH aKTHBHBIM B036Y>KI€HHBIM YaCTHIIAM 106aB-
JISIOTCS He MeHee aKTUBHBIe MOHBI, B 3HAYHTe/IbHBIX
KOHLIEHTPaLUsIX HapabaTbiBaeMble B ra3e 3J1eKTPOH-
HBIM Iy4KkoM. B I'Tl BO3MOKHO Takske 06pa3oBaHHUe
HOBBIX YaCTHI, KOTOpPbIe BOSHUKAIOT TOJIBKO IIPH KOM-
OHMHHPOBAHHOM BO3/IeCTBUHU BU-paspsiia u JIl.

LensiMmu paboTsl OBLTH:

1. Pa3paboTKa TeXHOJOTMYECKUX IIOAXOLO0B K reHe-
pauuu JIIII u I'll 1 o6paboTke B HUX IIOTHMeP-
HBIX MaTePHa/J0B CUHTEeTHYECKOr0 ¥ IIPUPOLHOIO
IIPOMCXOKIEHHUS.

INTRODUCTION

In the late 20h century various types
of low-temperature plasma (LTP)
began to find their numerous prac-
tical applications not only for pro-
duction technologies (1], but also in
the modern innovative fields, such
as plasmatic medicine. According
to VDI Technologiezentrum GmbH,
Evaluierung Plasmatechnik
(Dusseldorf, Germany), this field
will be the most perspective one
for the development and imple-
mentation of plasma-stimulated
processes. Besides, the medicine
applications of LTP include the
polymer material surface modi-
fication in order to increase the

biocompatibility with the human
body tissues [2]. By changing the
surface charge, processing of poly-
mers by LTP increases absorption
of adhesive proteins and immobi-
lizes various biologically active mol-
ecules at [3]. LTP surface modifica-
tion affects its morphology and cre-
ates various nanoscale structures
which serve as the binding points
for specific cell membrane proteins
thereby improving the cell adhesion
to the surface being treated [3].

The low-pressure LTP is the most
investigated one from the viewpoint
of the polymer materials and articles
modification mechanisms and it
has been mostly used in the variant

of LTP of gas discharges in various
frequency regions [4]. Known are the
disadvantages of gas discharge reac-
tors which limits their usage for this
purpose. First of all, these are the
difficulties associated with the for-
mation of huge homogeneous reac-
tion volumes which leads to a signif-
icant heating of the plasma-form-
ing medium and objects placed in
it. Technical problems connected
with the chemical resistance of
electrodes may appear because of
stability losses in the reagent vol-
ume at intensive purging of gas by
charging. It is necessary to apply
other types of LTP of low pressure,
such as e-beam plasma (EBP) and
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10 1112 13 5

Puc.1. Cxema 2ubpudH020 NAA3MOXUMUYECKO20 peakmopa
(KoakcuanbHas KoH$uypauus)

1 - 3AeKMPOHHAs NyLWKd, 2 = 3AeKMPOHHBIL Ny4YoK, 3 — NOOKAKOYEHUEe
K 8aKyyMHOMY HAcocy, 4 = numamenb 0CHOBH020 2a3d (pacxod Gg,),
5 - akmueHpiti B4-3nekmpod, 6 - 8800 31ekmponpugoda 04 8pauaro-
we20¢s1 0epykamenst 06pasuos, 7 — numameAnb 00N0AHUMEAbHO20 2a3a
(pacxod Gg,), 8 - 8600 B4-mowHocmu, 9 — 3nekmponpugod dns epa-
warowe20cs dep>kamenst 06pasu08, 10 - paboyas kamepa, 11 - peak-
UUOHHBbIL KOHMeLliHep, 12 — 06AaKo naambi, 13 - 8bi600HOE OKHO C CU-
cmemoLi CKaHUpos8aHus 31, 14 - 8bicokosakyymHas kamepa, 15 - dep-
amenb 06pazuo8, 16 - dunekmpuydeckue cmepkHu; d = 50-150 mm
Fig.1. Diagram of a hybrid plasma-chemical reactor (coaxial
configuration)

1 - electron gun, 2 - electron beam, 3 - connection to a vacuum
pump, 4 - main gas feeder (flow rate Gg,), 5 - active RF electrode,
6 - electric drive input for a rotating sample holder, 7 - additional
gas feeder (flow rate Gg,), 8 - input of RF power, 9 - electric drive
for a rotating sample holder, 10 - working chamber, 11 - reac-
tion container, 12 - plasma cloud, 13 - exit window with a scan-
ning system for electromagnetism, 14 - high-vacuum chamber,
15 - holder samples, 16 - dielectric rods; d = 50-150 mm

2. XapaKTepuUCTHKAa MOP(OIOTHUU MOBEPXHO-
CTH, XUMHUYECKOHN CTPYKTYPHl U OHOTOTHUYECKUX
CBOMCTB IVIa3MOXUMUYECKH MOTUGHUIIMPOBAHHBIX
(6bro)monumepoB.

METO/AbI UCCIEAOBAHNA

leHepawms 3N1eKTPOHHO-NY4KOBOI U TM6PUAHON NAA3MbI
Puc.1 UITIOCTPUPYeT 00myI0 CXeMy IIJIa3MOXKUMHU-
YeCKOro peakTopa, INpeJHa3HAYeHHOIo IJIs TeHe-
panuu IIIIT u T'TI. Obnako maa3msl 12 obpasyercs
B peaKILMOHHOM KaMepe 11, pa3MeIleHHOH BHY-
Tpu pabouert Kamepsl 10. Pabouas KaMepa HMeeT
pasbeM 3 O/ BAKYYMHPOBAHHUS U pas3beM 4 A4
[0la4YK OCHOBHOTIO I1JIa3M00bpasylomero rasa c pac-
XOZ0M ng. BY-MOIIHOCTh OT TeHepaTopa Genesis
GHW-12 (MKS Instruments, Benruko6purtaHus,
yactoTa 13,6 MI'1I) momaeTcss Ha aKTHBHBIM 3JIeK-
TpoJ, 5 uepe3 repMeTHUUHBIL BBOJ 8. D7IeKTPOJ, 5 U3ro-
TOBJIEH M3 IIOPUCTOM MeTa/IJIn4eckok TPy6KH, uepes
KOTOPYI0O MOXKeT I10[aBaThCs AOIOJHUTENbHBII ra3
¢ pacxozom Gy, €C/u 3T0 Heob6xoauMo. OfMH KOHell
PeakIIMOHHOHN KaMephl OTKPBIT, U Yepe3 Hero BBO-
putcs 11 2. lng reHepauuu JIIII BY-reHepaTop He
KCIIONB3yeTCs.

DNeKTPOHHBIN I1yUYOK FeHepUpPyeTCs 3JeKTPOH-
HOM MyHIKOM 1 BHYTPH BBICOKOBAKYYMHOM KaMepPbl
14 (~107> Topp), a 3aTeM TPAHCIOPTUPYeTCs B pabo-
4yI0 KaMepy depe3 CllellHa/IbHOe BEIBOAHOE YCTPOH-
CTBO 13. BBrIBOAHOE yCTPOMCTBO obbemuHAeTCH
C 3JIeKTPOMAaTrHUTHOM CHCTEMOM OTKJIOHEHU I, KOTO-
past MOXKeT OTKJIOHSTbh oCbh JII B ABYX IIepIIeHIHUKY-
JISIPHBIX HAIIPaBJIeHU X U QOPMHUPOBATH PACTp.

hybrid plasma (HP) in order to over-
come these disadvantages. E-beam
plasma is generated at the injec-
tion of the electron beam into the
dense gaseous medium. Geometry,
composition, temperature of par-
ticles and other characteristics of
EBP depend of electron energy E,,
beam power Ny, (Ny,<1 kW), pressure
P, (0,1 <P, <10 kPa), temperature T,
of plasma-forming media and its
phase and chemical compositions. It
is possible to control the EBP genera-
tor modes by changing of EP power
at constant P, (or, in opposite, by
changing the gas pressure at stable
N,) and carry out different non-equi-
librium plasma-chemical reactions.

Also, the sample temperature dur-
ing the treatment may be fixed at
the necessary level, and tempera-
ture drop to the room value does not
influence high chemical activity of
plasma.

Hybrid plasma (HP) is gener-
ated when two or more ioniz-
ers act together or in sequence on
the plasma-forming medium. In
this study an e-beam was applied
as a main ionizer for the for-
mation of sufficiently large vol-
umes of plasma, and an addi-
tional ionization source was used
as a HF-discharge at frequency of
13.56 MHz. HP has the very impor-
tant additional advantages like

HRAHO MHAVCTPUA Tom 12 Ne 7-8 (93) 2019

a possibility of practically iner-
tia-free control of properties and
geometry of reaction volume with
the help of EP, and the higher sta-
bility of this volume to contraction
when the pressure grows. Active
ions are added to the chemically
active stimulated particles in gas-
discharge plasma at sufficient
concentrations due to the e-beam
action in gas. Also, creation of new
particles in HP is possible only at
combined action of HF-discharge
and EP.

The work was aimed at:
1. Development of technological

approaches to the EPP and HP gen-

eration and processing of polymer
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Tabauua 1. NMapamempbl 2eHepayuu ST u T 8 3Kcnepu-
MeHmax no Mmoouukauuu noAuMepos

Table 1. Electron-beam plasma (EBP) and hybrid
plasma (HP) generation parameters used for polymer
modification

MapameTp BennuuvHa
Parameter Value
U, kB / kV 20-30
I, MA / MA 1-10
CocTaB niazMoobpasytoLen cpeapbl o,
Plasma forming medium composition
CraTunyeckoe gaBieHue 0,5-5,0
B rasofMHammyeckom kaHasne P, Topp
Static pressure in the gas dynamical chan-
nel P, Torr
MouHocTb BY-paspsaaa Ngg, BT 15
HF-discharge power Ngg, Wt

B paszpaboTaHHOM peakTope MOTYT 6BITH cHop-
MHPOBAHBI KaK HeIIOJBU KHEBIE obsaxka IIIII u I'Tl,
TaK U IJIa3MeHHBbIe [TOTOKHU, IJis CO3MaHUS KOTO-
PBIX OIPUMEHSIOTCS COIJIOBble YCTPOMCTBA pas-
JTUYHBIX TUIIOB. C IIOMOIIBIO Pa3HOO6Pa3HEIX pop-
CYHOK B 06/1aKe HJIM IIOTOKE IIJIa3Mbl MOXKHO JHC-
[IeprupoBaTh KUAKOCTH UJIU [IOPOLIKH, CO3aaBas
TaKHM CII0CO60M peaKLIMOHHBIN 006beM B BHIE

a’po3oiisg. Pa3nuuHble KOHCTPYKIIUH IIYYKOBO-
II7Ia3MEeHHBIX PeaKTOPOB ITOAPobHO OnKCaHEI B [5].

INns o6bpaboTkM KOMIIAKTHBIX 006pa3IoB
peaxkIMoHHas KaMepa cHabkeHa CIeruaabHBIMU
JepKaTeasMu 12. B paccmMaTpuBaeMbIX B HACTOS-
el paboTe 3KCIIEPUMEHTaX HCIIOAb30BAIHUCH CUH-
TeTUYeCKHe OpraHudeckue (II0JMMeTHIMEeTaKPHU-
nat (IIMMA), [IOJIM3THUJIeHTepedTasaT, CHIUKOHO-
BbI€ Pe3MHBI) U IPUPOAHBbIe (XUTUH, XUTO3aH, LIef-
701032, AJIBTUHATHI) IOTHUMePHL. [lepeyrcaeHHEbIe
MaTepUaabl JOCTATOYHO IMIUPOKO IPUMEHSIOTCS
B MeJHUIIMHCKON NpPaKTHKe, a yAydIIeHHe HX
MeIUKO-6MO0IOrnvueCKUX XapaKTePUCTHUK SIBIISETCS
aAKTYyaJIbHOMU 3aavuen.

[t 06paboTKU IOPOIIKOBBIX MAaTePHAJIOB Peak-
LIMOHHAs KaMepa IPUBOLUTCS BO BpallleHHE C [IOMO-
mbio ABUTraTesns 9. [Ipyu 3TOM BHYTPeHHSSI OCHACTKaA
PeaKkIIMOHHOMN KaMepsl 3aMeHSeTCsl Ha CIIe[Halb-
Hble pebpa s ImepeMemIUBaHUS IIOPOLIKA B IIPO-
Lecce 06paboTKu, 4TO 0becrieurBaeT pABHOMEPHOCTb
06paboTku MaTepuasa 1o BceMy 06beMy KaMephl.
Kak 6ymeT roka3aHo HUKe, TAKUM CII0CO60M ymaeTcst
mosy4yaTh 6MOAKTHBHBIE COeUHEHUS C LIeHHbBIMU
C TOYKH 3peHUS UX IPUMeHeHHUs B papmMalieBTHKe
CBOMCTBaMHU.

PeaKTOp TeCTHPOBAIH HA TOHKHUX IIJIEHKAX (TON-
muHa 8+0,5 MKM) U IopomKax (quameTp 50 MKM)
XHTO3aHa, a TakXe IJIACTHHKAX, U3TOTOBJIEHHBIX
M3 CTOMAaTOJIOTMYECKOM IIJTaCTMAacChl Ha OCHOBeE
IIMMA (Villacryl H Plus, "Xepmaxk", Hranus).
B Tab6s.1 npuBeeHbl TUIIMYHBIE YCIIOBHUS IIPOBOJHB-
MM XCSI 3KCIIEPUMEHTOB.

materials of synthetic and natural
origin;

2. Description of the surface mor-
phology, chemical structure
and biological properties of
plasma-chemically modified
(bio)polymers.

METHODS OF RESEARCH

Generation of e-beam and hybrid plasma
Fig.1 presents the general dia-
gram of a plasma-chemical reac-
tor for the EPP and HP generation.
A plasma cloud 12 is formed in the
reaction camera 11 placed inside of
the working chamber 10. Working
chamber has a plug 3 for pumping
out and plug 4 for feeding the basic

plasma-forming gas at a flow rate
Gg,. Power from Genesis GHW-12
HF-generator (MKS Instruments,
Creat Britain, frequency 13.6 MHz)
is applied to an active electrode
5 hrough the sealed inlet 8. If nec-
essary, additional gas at flow rate
of G, may be supplied through the
electrode 5 made of a metal porous
pipe. The EP 2 is inserted through
the open end of the working cham-
ber. An HF-generator is not used for
EPP generation. An electron gun 1
generates an e-beam inside the
high-vacuum chamber 14 (~107 Torr)
which is transported into the work-
ing chamber through the special
outlet device 13. An outlet device is

combined with an electrical mag-
netic deflection system which can
decline an EP axis in two orthogonal
directions and form a raster.

Stationary EPP and HP clouds and
plasma flows may be formed inside
the developed reactor using nozzle
devices of different design. By using
different types of nozzles it is pos-
sible to disperse liquids and pow-
ders in a plasma cloud or flow and
form the working volume in a form
of an aerosol. Various types of beam-
plasma reactors are described in
detail in [5].

The working chamber is equipped
with special holders 12 to process
small samples. In the experiments

Vor.12 No. 7-8 (93) 2019 NANO INDUSTRY
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PE3Y/IbTATDI

JMM-cTMMyANpPOBaHHAS [ECTPYKLMUA NOPOLLKOB XMTO3aHa

[TopoIIKHM XHUTO3aHa MoABepranu obpaborke B IIII

B TedeHHe 5 MHH. IIJIa3MeHHO-CTUMYJIMPOBAaHHBIU

THUAPOJIM3 IIOJIMCAXAPUAO0B IIPUBOAKII K UX OBICTPOH

HeroluMepHU3aLuu ¢ 0Opa3oBaHHEeM CMeCH BOMIO-

PacTBOPMMBIX OJTMIOXMTO3aHOB C BBIXOAOM 85%.

CpenHeBecoBble MOJIEKYJISIPHbBIE MACCHL IIPOAYKTOB

MJIa3MOXMMHUYECKON MOAUPUKALIUKA XHUTO3aHOB,

[I0JIy4YeHHBIe B OITUMAJIbHBIX YCIIOBUSAX, BAPBUPO-

BaJIKCh B ITpefenax 570-2000 k/la, 4TO COOTBETCTBYET

Habopy OUrOMepoB OT AUMEPOB [0 relITaMepOB,

c npeobyialaHeM TPHMEPOB.

IIpu 3ToM cilefyeT 0co60 OTMETHTD fBa yHAaAMeH-
TaJIBHBIX pPe3y/bTaTa, HMEIOIIHX YPe3BbI9YaiHO Bask-
Hoe ITpaKTHYeCKoe 3HaYeHHe:

* IIOPOTOBBIM XapaKTep 3aBUCHMOCTH, CBS3bIBAIO-
el CTelleHb AeCTPYKL KU MOoJHMepa C JJIUTe/lb
HOCTBIO IY4YKOBO-IIJIA3MEHHOI0 BO3[eHCTBHUS,
YTO I103BOJISIeT ONTHMU3KUPOBATh Ipolecc obpa-
OO0TKM M HCKJIOYUTh HENPOU3BOJUTeIbHEIE
SHepro3aTparsl;

* BEPOSTHOCTH IOSIBIeHUS ITOOOYHEIX, HEe PACTBO-
PHUMBIX B BOJle COelTUHEHUN B COCTaBe IIPOJYyKTOB
[IYy4KOBO-II/Ia3MeHHON MOAHUPUKALKMU XHTO3a-
HOB - 3¢ deKTa, 00yCc/II0BIeHHOr0 06PaTHOM MOIH-
MepH3alrer 06pa3yon X HU3KOMOIEKYISPHbBIX
IIPOAYKTOB IIPH HEOIITUMAIBHOM BbI6OpE YCIOBUM
obpabotku.

HccnenoBaHue CBOMCTB XHUTOONHMIOCAXapHU OB,
nony4yeHHbIX nyTem OIIIII-CTUMYIHPOBAHHOILO
TUAPOJIK3a XUTO3aHOB, II0KA3aJI10, YTO 3TH IPOLYKTHI

061amar0T aHTUOAKTEPHAIBHBIM (KaK B C/1ydae II0KOsI-
IUXCS, TaK U B C/Iydae pa3sMHOXKAIOMUXCS TPaMIIOIO-
SKUTEeIbHBIX X IPAMOTPHUILATEIPHBIX MUKPOOPraHH3-
MOB) ¥ QYHTUIIUAHBIM (4TO OBIJIO ITOKA3AHO Ha Psfie
I POSKKeIIOZ0OHBIX K MHULIEJIHAJIBHBIX IPUOOB) 3bdek-
Tamu [6].

Mogudukauus (6uo)nonumepos B Il

Bo3MOXXHOCTHU HUCIIOAb30BaHUA [Tl u I‘I/I6PI/I,£LHI>IX
[JIAa3MOXUMHUYECKUX PeAKTOPOB B 061acTy 610I0ruu
Y MeJULIMHBI OBIIH PO MOHCTPHUPOBAHBI B IKCIIE-
PUMeHTax C TOHKMMHM IJIeHKaMH, II0JYy4YeHHBIMH
U3 IIPUPOSHOrO IIOJIMMepa XUTO3aHa, U IJIACTUHKAX,
M3TOTOBJIeHHBIX U3 [IMMA.

KpaeBoH yroa CcMaduBaHHSA 0O BoOIe
[TI-MOoO MU UPOBAHHBIX XHUTO3aHOBBIX IIJIEHOK
CyLIeCTBEHHO IIOHMKAJICA 10 CPAaBHEHUIO C UCXO/-
HBIMU obpasuamu (c 96,95+1,89° Yy HCXOOHBIX I1J1€-
HOK /IO TPaKTHYeCKH HYJIeBOTO 3HaUeHU s ITpU obpa-
60oTKe B KHCIOPOACOAEPsKALMUX IIJ1a3Moobpasyro-
XX Cpefax), YTO CBUAETeIbCTBYeT O PaJHUKaIb-
HOM yJIy4IlIeHUH TUAPOPUIbHBIX CBOUCTB. JJaHHBIN
3dderT 6Bl cTabUIIeH B TeUeHHe 2 MeC. IToCJe
06paboTku.

3Ha4YeHM I KOHTAKTHOI'O YIVIa CMauKMBaHU S I10 BOJe
(8yw) u nuromomeTany (0p,,), a TAaKKe 3HAUEHHUS 107
HOM ITOBEPXHOCTHOH SHEPIHH Yo H €€ TIOJITPHOM Y o)
(Boza) ¥ AUCTIEPCHOHHOMN Vaisp (muromMeTaH) KOMIIO-
HeHT 1151 [IMMA, obpaboranHoro B I'Il pa3TUYHBIX
rasoB IIa3Me [IpHBeJeHbl B Tabi.2. 3HAYUTeNIbHOe
yMeHbIIeHHe Oy, 0TMe4asoch yKe Iocjie 2 MUH 06pa-
6oTku. CBOOOLHAS ITOBEPXHOCTHAS YHEPTHUS Yo

considered in this work, were used
synthetic organic (polymethyl meth-
acrylate (PMMA), polyethylene tere-
phthalate, silicone rubbers) and nat-
ural (chitin, chitosan, cellulose, algi-
nates) polymers. The listed materials
are widely used in medical practice,
and improving of their biomedical
characteristics is an urgent task.
The working chamber is rotated
using drive 9 in order to process the
powdered materials. In this case
the inner accessories of the working
chamber are replaced with special
ribs to mix powder during treatment
in order to provide the homogene-
ity of material processing across the
chamber volume. As will be shown

below, it is possible in this way to
obtain bioactive compounds with
valuable properties from the point of
view of their use in pharmaceutics.
The reactor was tested on thin
films (thickness of 8+0,5 pm) and
powders (diameter of 50 pm) of chito-
zan, as well as plates made of dental
plastic based on PMMA (Villacryl H
Plus, Zhermak, Italy). Table 1 shows
typical experimental conditions.

RESULTS

EPP stimulated destruction of chitozan
powders

Chitozan powders were processed
in EPP during for 5 minutes.
Plasma-stimulated hydrolysis of
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polysaccharides led to their rapid
depolymerization with the forma-
tion of water-soluble oligochitosans
mixture with a yield of 85%. The
weight average molecular weights
of the products of plasmochemical
modification of chitozans obtained
under optimal conditions varied
within 570-2000 kDa, which cor-
responds to a set of oligomers from
dimers to heptamers, with a pre-
dominance of trimers.

In this case, two fundamental
results of extremely significant
practical importance should be
noted:

« the threshold nature of the rela-
tionship correlating the degree
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Tabauua 2. M3meHeHus 2udpoduAbHO-2udPOGOBbHBIX c8olicme nosepxHocmu 06pasuo8 MNMMA do u nocae naasmeHHol Modudukayuu

8 [T KucAopoda 8 3asLcUMOCMU 0m epemeHu 06pabomku (T). Ycaosus modudukauuu: Nge=10Bm, I,=2 mA, P,,=0,5 Topp

Table 2. Changes in the hydrophilic-hydrophobic properties of the surface of PMMA samples before and after modification in HP of oxygen
depending on the treatment time (). Modification conditions: Nge =10 W, I, =2 mA, P,,= 0.5 Torr

Bpems OGPaGOTKM (TP::VC/ (rp:l:;h:/cl Ygol vdisp Ytot
H H 2' 2 2' 2 2'
Processing time ) i) (MOx/m2/ m)/m2)  (mOx/m2/ mj/m2)  (mAx/m2/ mj/m?2)
KoHTposib MTMMA 74,7+ 0,1 34,7+0,2 3,05 41,36 44,41
HeobpaboTaHHLIN
PMMA control, not processed
MMMATTI-O, 45,6+ 0,6 39,6+0,2 17,4 41,88 59,28
T=2MMUH/ min
NMVMA -0, 38,6+0,1 39+£0,8 21,53 42,61 64,14
T=5MWH/ mMin
MMMATTI-O, 30,7+0,5 36,8+0,1 27,14 41,52 68,66
T=10 MUH / min

[laHHble NpeACTaBeHbl B BUAE CPEHEro 3Ha4YeHus + CTaHAAPTHOE OTK/IOHEHME. Bce pe3yibTaTbl LOCTOBEPHbIE MO CPaBHEHMIO C KoHTponeM NMMMA (p <0,05)
/ Data are presented as mean + standard deviation. All results are reliable compared to the PMMA control (p <0.05).

yBe/IMYKBaJIaCh C JJIUTEJIbHOCTBIO IIJIa3MOXUMHUYe-
CKOT0 BO3JeHCTBHS.

TunpoounsHOCTh 06pasnoB IMMA, obpaboran-
HBIX B I'TI, CpaBHHUBaIHU CO CMAa4KMBaEMOCTBIO 3TOrO
monuMepa mnocjae moguduranuu B JIIII ¥ mmasme
BY-paspsima. Yepes 2 muH 06paborku B BU-paspsze
KHcJIopofa KpaeBou yrou 6y IIMMA cHuXaIcs
€ 76,00£3,23° mo 49,00+0,08°, a Ipy yBeJIUYEHUH Bpe-
MeHH MoaubHuKalUuu A0 10 MuH - mo 31,40+0,37°,

TaxuMm 06pa3oM, OBLIM JOCTUTHYTHl 3HAUEHUS Oy,
6nu3kue K 0y [IMMA, MmoguduimpoBanHoro B [TI.
OpHaKko gerpaganus ruApodUIbHBIX CBOMCTB MOIH-
MepHOM II0BEPXHOCTH I1ocyIe 06paboTku B BU-paspsime
IIPOMCXOAMIA 3HAYUTE/NIbHO OBICTpee, UeM B CIIy-
vae ucronb3oBauus ['Tl. I[Tomobubil 3 dexrT, 06b-
SICHeHHe KOTOpOro IIpuBeneHo B [5], Habnromancs
U IPHU UCCIeNOBAaHHUU TUAPOPUIBHBEIX CBOMNCTB
IIJIa3MOXHUMHUUYECKH MOOUPULHPOBAHHBIX IIJIEHOK

of polymer destruction with the
duration of the beam-plasma
exposure, which allows to opti-
mize the treating process and to
eliminate unproductive energy
costs;

« the probability of appearance of
the by-side water-insoluble com-
pounds in the composition of the
products of beam-plasma modi-
fication of chitozans as an effect
occuring due to reverse polym-
erization of the resulting low
molecular weight products when
the processing conditions are not
optimal.

A study of the properties of chi-
tooligosaccharides obtained by

EPP-stimulated hydrolysis of chi-
tosans showed that these products
have antibacterial (both in the
case of dormant and in the case
of multiplying gram-positive and
gram-negative microorganisms)
and fungicidal (as was shown on a
number of yeast-like and mycelial
fungi) effects [6].

Modification of (bio)polymers in HP
The possibilities of using HP and
hybrid plasma-chemical reactors
in the field of biology and medicine
were demonstrated in the experi-
ments with thin films obtained
from the natural polymer chitozan
and plates made from PMMA.

The water contact angle of
the HP-modified chitozan films
decreased significantly compared
with the initial samples (from
96.95 + 1.89° in the initial films to
almost zero when processed in oxy-
gen-containing plasma-forming
media), which indicates a radical
improvement in hydrophilic prop-
erties . This effect was stable for
2 months after treatment.

The values of the wetting con-
tact angle (6y,) and diiodometh-
ane (0p,,), as well as the total sur-
face energy v, and its polar y,
(water) and dispersion yy;,, (diiodo-
methane) components for PMMA
processed in HP of various plasma

Vor.12 No. 7-8 (93) 2019 NANO INDUSTRY
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Puc.2. AFM-u3o6paxxeHus nosepxHocmu [TMMA 0o u no-
cAe nAamoxumuyeckol 0bpabomku e cpede Kucaopoda 6 me-
ueHue 10 MUH: a - Heo6pabomarHbil MMMMA, b - MTMMA,
moduduuyuposarHbili 8 MM, ¢ - IMMA, moduduuuposaHHbiii
8 3I1I

Fig.2. AFM-images of PMMA surface before and after plas-
machemical treatment for 10 min in oxygen media

a - non-treated PMMA, b - PMMA, modified in EBP, c - PMMA,
modified in HP

xHuTo3aHa. Obpaborka B IOIIII KHCIOpOJAa B Tede-
HHUe 10 MUH yMeHbIIana 6y, g0 56,7+0,06°, a Jerpa-
JanHusg CMayMBaeMOCTH HacCTyIlaja ysxKke 4depes
HeJenio xpaHeHUs. TaKUM o6pa30M, I'll aBnsgercs
Haubonee 53¢ PeKTUBHBIM CIIOCO6OM yIpaBIeHHUS

HAHO MHOVCTPHA Tom 12 Ne 7-8 (93) 2019

TUAPOPUIBHO-THAPOPOOHBIMH CBOMCTBAMH IIOBEPX-
HOCTH II0 cpaBHeHHIO ¢ IIII1 u nnasmon BU-paspsaza.

I'MapodHIBHOCTD IIOBEPXHOCTH OIIpeeiseTcs Kak
ee penpeoM, TaK U XUMHUUECKUM cocTaBoMm [7]. Ha
pHC.2 TTOKA3aHBI M306paskeHU s ToBepXHOCTU [IMMA,
I10JIyYeHHBbIe C IIOMOIIbI0 ATOMHO-CHJIOBOK MHKPOCKO-
nuu (AFM), Ha KOTOPBIX BUJHO BO3pacTaHUe IIepOXo-
BATOCTH I10C/Ie MOOUOHUKALUK B THOPUIHOMN IIIa3Me
U CIJIa’KHBaHUe penbeda B pe3ysbTaTe JeHCTBUS
SIIII. BeposiTHO, YTO TSI>KeJIble HeUTPaIbHbIe YaCTUIIbI
KUCJI0Opofa, HapabaTbiBaeMble B HOIBIINX KOHIEH-
TpaLMsIX B IIpoliecce MAa3MOXUMHUYECKUX peakKIuu
B I'TI, IpUBOAAT K aKTUBHOMY XMMHYECKOMY U MeXa-
HHUYeCKOMY TpPaBJIeHHUIO II0JIMMePHOK ITOBEPXHOCTH.
HampoTuB, BEICOKO3HEPTreTUYeCKHe 3JIeKTPOHbI I
CIIOCOOGHBI B OIIpe/ie/IeHHBIX 103aX BBI3BIBATH CIIUBKY
MOJIeKyJI IIOJIMMepa, UYTO SIBJISIeTCSI HIPUYUHOU CIJIa-
SKHBAHHSI ee [1epoXoBaToCTel (8, 9].

JlaHHBIe IIpeCTaBjIeHbl B BHUJle CPeHero sHave-
HUS + CTAaHZApTHOe OTKJIOHeHHe. Bce pe3ynbTaThl
IOCTOBePHBIe 110 CpaBHEHHIO ¢ KOHTponeM [IMMA
(p <0,05).

C ucrionp3oBaHueM UK-crIeKTPOCKOIIUH ObLIO TTOKA-
3aHO QOpPMHUPOBAHHE HA II0BEPXHOCTHU XUTO3aHOBBIX
[IJIeHOK U IVIACTUHOK [IMMA OIS pHBIX XUMHUYeCKHU
AKTUBHBIX KUCI0pOoAcomepskamux rpymm (-OH, -COH
u -C=0, ~-COOH). YBenuueHHe COAePKAHUS KHUCIIO-
pona B HTII-o6paboTaHHBIX obpa3sliax Tak>Ke IO~
TBepP>KAA/I0Ch JAaHHBIMHU POIC.

BrocoBMeCTUMOCTh MOAUQULIMPOBAHHOTO B KHUC-
nopoguou I'll IMMA oLleHHUBAIU B 3KCIIepUMeH-
Tax Ha KynpTypax ubpobiactoB B MTT-TecTe, KOTO-
PBII OTpaskaeT CIIOCOOHOCTH KIETOK K POCTy K pas-
MHOXeHHUI0. Pe3yJIbTaTsl CPABHUBAJIH C OMOAKTHUB-
HOCTBIO 06pa3uoB [IMMA, obpaboTanHbiX B DIIII
u BY-paspsame. Bblo ycTaHOBIIEHO, YTO Hauboee
WHTEHCHUBHBIH pocT ¢ubpob1acTOB HPOUCXOLUT
Ha noBepxHocTu [IMMA, MmogudUIIMpoBaHHOIO B I'T]
kuciaopona. Takum obpasom, MOOUPHKALIKS IOTIH-
Mepa B I'Tl npupaeT NoIMMePHOU ITIOBEPXHOCTH HaU-
6onpImyo 6HOCOBMECTHMOCTD, YTO BEPOSITHO CBSI-
3aHO C OOJBIIMM KOTMYECTBOM Ha ee IIOBEPXHOCTHU
MIOJISIPHBIX TPYIIIIMPOBOK U, KaK CJIefICTBHe, 6osbIIert
TUAPOOUIBHOCTEIO.

[TepcIIeKTHBHOCTH pa3paboTaHHOro crrocoba Monu-
GUKaMH ITOJIMMEPHBIX MaTepHaJIoB /IS IIpaKTHYe-
CKOM KJIMHHUYEeCKON CTOMATOJIOTHH Obly1a ITPOie MOH-
CTPUPOBaHA IIPU KYPHUPOBAHUHU MALIMEHTKHU, ITPOIILT-
IIer XK pypruveckoe jeueHHe U raMMa-TepaIllio paka
CJIM3UCTOM 000/I0UKH IeKU. B TeueHMe roga Habio-
JeHHUs 3a MallMeHTKOM, UMellleld CKJIOHHOCTD
K 00pa30BaHMIO KPACHOTO [IJIOCKOIO JHIIAsl Ha poHe
CHH>KeHHOTO MeCTHOTO U 00Iero MMMYHHTeTa, 6bl1a
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OOCTHUIHYTa YCTOﬁqHBaH peMHCCHs, 4 B C/IU3UCTOH
pOTOBOfI IIOJIOCTH He BO3HHKAJIO HUKAKHX II1AaTOJIO-
THYeCKHX 3JIeMeHTOB 1M HOBBIX 06pa3OBaHI/II;I. Cama
IMallMeHTKa He IIpeAbsaBiisdiia skanob Ha JII/ICKOMQJOPT
IIpY HOIIEHHH IIpOTe3a M OTMeda/la IIOBBIIIeHHEe
Ka4dyeCTBad >JKHM3HH.

BbIBO/1bl
Takum obpasom, IIII1 u I'TI aBnsitoTCSI 3G HeKTHBHBIM
U IIepCHeKTHBHBIM UHCTPYMEHTOM MOAHUPHUKALIUU
IPUPOAHBIX U CHHTeTUUYECKUX IIOJITUMEPOB C LIe/IbI0
IoyueHU s 6M0aKTUBHBIX HU3KOMOJIEKYJISIPHBIX COe-
IUHEHUI U MaTepPHaAJIOB, 00/IafAONIHX YIyUIIeHHON
610COBMECTHMOCTBHIO C TKAHSIMH OpPraHH3Ma.
[TonydeHHBIe B pe3ynbraTe 0bpaborku B JIIII u I'Tl
IIPOAYKTH MOOUPUKALIUU SBJISIOTCS IMOTeHIMAIbHO
WHTepPeCHBIMU [JIS UCIIOb30BAHUS B IPAKTUYECKOU
CTOMATOJIOTHH, YeTIIOCTHOJIMLEBOM XUPYPrUH, a TAKKe
bapmalleBTHKe ¥ KOCMETHYeCKOM ITPOMBIIIIEHHOCTH.

BNIATOAAPHOCTHU

ABTOpPHI BBIPa’kaloT 671aromapHOCTh KAaHAUJATY
TeXHUYECKUX HAYK, OOLIEHTY, CTaplleMy Hay4-
HOMY cOTpyAHHUKY LIKII "ApKTHKa", CeBepHBIH
(ApKTHUYeCcKHN) ¢enepaNbHBIH yHHBepPCHTET
(r. ApxaHrenbc1<) IO.THUyX4YKMHY 32 [IOMOIIb U ITpOBee-
HHe aTOMHO-CHJIOBOM MHUKPOCKOIIMH 06pa3IioB.
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gases are given in Table 2. A signif-
icant decrease in 0, was observed
after 2 min of treatment. The free
surface energy vy, increased with
the duration of the plasma chemical
exposure.

The hydrophilicity of PMMA sam-
ples treated in HP was compared
with the wettability of this polymer
after modification in EPP and RF dis-
charge plasma. After 2 min of treat-
ment in the RF high-frequency dis-
charge of oxygen, the edge angle
0,y of PMMA decreased from 76.00
+3.23° t0 49.00 + 0.08°, and with an
increase in the modification time to
10 min - to 31.40 + 0.37°. Thus, 6, val-
ues close to 8, of PMMA modified in

HP were achieved. However, degrada-
tion of the hydrophilic properties of
the polymer surface after treatment
in the HF-discharge occurred much
faster than in case of using HP. A sim-
ilar effect, the explanation of which
is given in [5], was also observed in
the study of the hydrophilic proper-
ties of plasma-chemically modified
chitozan films. Processing in oxy-
gen EPP for 10 min reduced 8y to 56.7
+0.06°, and degradation of wettabil-
ity occurred after a week of storage.
Thus, HP is the most effective way to
control the hydrophilic-hydrophobic
properties of the surface in compari-
son with the EPP and HF-discharge
plasma.

The hydrophilicity of a surface
is determined by both its relief
and chemical composition [7].
Fig.2 shows the surface images of
PMMA obtained using atomic force
microscopy (AFM), which shows an
increase in roughness after mod-
ification in hybrid plasma and
smoothing of the relief as a result
of the action of EPP. It is likely that
heavy neutral oxygen particles pro-
duced in high concentrations dur-
ing plasma-chemical reactions in
GPs lead to active chemical and
mechanical etching of the poly-
mer surface. In contrast, EP high-
energy electrons are capable, in cer-
tain doses, to facilitate crosslinking
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of polymer molecules, which causes
smoothing of its roughness [8, 9].
With the aid of IR spectros-
copy, it was shown that the sur-
face of chitozan films and PMMA
plates is formed of polar chemically
active oxygen-containing groups
(-OH, -OH and -C=0, ~-COOH). The
increase in oxygen content in the
LTP-treated samples was also con-
firmed by XPS data.
Biocompatibility of PMMA mod-
ified in oxygen HP was evalu-
ated in experiments on fibroblast
cultures in the MTT test, which
reflects the ability of cells to grow
and reproduce. The results were
compared with the bioactivity of
PMMA samples treated in EPP and
HF-discharge. It was found that the
most intensive growth of fibroblasts
occurs on the surface of PMMA,
modified in HP oxygen. Thus, the
modification of the polymer in HP

LleHa 760 py6.

adds the polymer surface the great-
est biocompatibility, which is prob-
ably due to the large number of polar
groups on its surface and, as a con-
sequence, greater hydrophilicity.
The prospects of the developed
method for the modification of
polymeric materials in practi-
cal clinical dentistry were demon-
strated by supervising a patient
who underwent surgical treatment
and gamma therapy for cancer of
the buccal mucosa. During the year
of monitoring a patient with a ten-
dency to form lichen planus on the
background of reduced local and
general immunity, a stable remis-
sion was achieved, and no patho-
logical elements and new forma-
tions appeared in the oral mucosa.
The patient herself did not com-
plain of discomfort when wear-
ing the prosthesis and noted an
improvement in the quality of life.

TEXHOJNOIMnun 3AWLNTbI MUKPOCXEM
OT OBPATHOI'O MPOEKTUPOBAHUA
B KOHTEKCTE MHIDOPMALWIOHHOVI
BE3OMACHOCTHU

B.H.®epopeu, E.H.benos, C.B.banbi6buH

CONCLUSIONS
Thus, EPP and HP are the effective
and promising tool for modifying
natural and synthetic polymers in
order to obtain bioactive low molecu-
lar weight compounds and materials
with improved biocompatibility with
body tissues.

Modification products obtained as
a result of processing in EPG and HP
are potentially interesting for use in
practical dentistry, maxillofacial sur-
gery, as well as in pharmaceutics and
the cosmetic industry.
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