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AHHOTaUHs. B JaHHOM paboTe pacCMaTPUBAIOTCS pe3y/IbTaThl HCCIe0BAaHUS IPUOOCTOMKOCTH HAHOCTPYKTYPHUPO-
BaHHbBIX GTOPYI/IEPOAHBIX [I/IEHOK, CO3AHHBIX Ha [I0BEPXHOCTH II0IMEPOB, B 3aBUCHMOCTH OT BeIMYHHEI [I0BEPX-
HOCTHOTO 3apsifia. [1o-BUAMMOMY, Ha TPUOOCTOMKOCTD IJIEHKH BIIHsIeT He TOIbKO II0BePXHOCTHBIH 3apsifi, HO U py-
rHe XapaKTePUCTHKHU [I0BEPXHOCTH, TaKHe KaK peibed U XMMUYECKUH COCTaB. PTOPYIIepoAHbIe IIEHKH ObLIN
cdopMHUPOBAHBI B YCIIOBHUSIX [IePEXOLHBIX IIPOL[ECCOB C UCIIOIb30BAHHEM ABYXKOMIIOHEHTHOM $TOPYIIepoSHOM
rasoBor cmecH (CF, + C.H,,).
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Abstract. This paper deals with the study of the resistance to fungi of the nanostructured fluorocarbon films produced
on the surface of polymers, depending on the value of the surface charge. Apparently, the resistance to fungi of the
film is affected not only by the surface charge but also by other surface characteristics, such as relief and chemical
composition. The fluorocarbon films were formed under transient conditions using a two-component fluorocarbon gas
mixture (CF, + C¢Hy,).
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BBE/JLEHUE

[TonrMepHble MaTepHUasbl HCII0Jb3yIOTCSI BO MHO-
rux obysacTsax yesoBedeCKOM KH3HeAesITeNIbHO-
CTH, HallpUMep B KOCMOHABTHKe, MeJHUIHHE
U 37eKTPOHHKe. MX MHUpoKoe IPUMeHEeHHe CBS-
3aHO C YHHKAJbHBIMU GU3UKO-XHUMHUUECKUMHU
cBorcTBaMu. OJHUM H3 OCHOBHBIX CBOMCTB,
KOTOPble OTPAaHUUYUBAIOT IPUMeHeHHe IToTHUMe-
POB — BJISIETCSI X HEBBICOKAS CTOMKOCTH K OHofe-
CTPYKLHH, TO €CTh HU3Kasl CTOMKOCTb K 6H0I0rHU-
YeCKHM pa3pyumeHUsM [1]. DTOT HeJOCTaTOK MPH-
BOJMT K CHH>KeHHIO CPOKa C1y>K6bI 060pymoBaHUS,
BBIXOZAY M3 CTPOSI Pa3/HMUYHBIX CUCTeM, a TaKXe
K CyIleCTBeHHBIM 3KOHOMHUUYECKHUM YOBITKAM,
KOTOpble BXOAST B 2-5% oT BBII cTpaH c pa3BUTOU
MIPOMBIIIJIEHHOCTBIO [2].

MunenuaabHble TPUOB HAHOCAT CAaMBIH Cyle-
CTBeHHBIN ymepb M3 Bcex MUKPOOPTaHHU3MOB.
PaspyleHHe INPOUCXOAUT MPHU HEIOCPeNCTBEeH-
HOM II0TpebIeHUU MoK MePa B KauecTBe IIPOAYKTa
NUTaHUS, a TaKXKe IIPU B3aUMO/JEeHCTBUHU II0BEpX-
HOCTH IOAKMMepa C NpoAyKTaMHU MeTabonu3ma
rpubos [3].

BrozmecTpyKIiKs IOTHUMePOB 00yClI0BIeHA BbIPa-
OaThlBAHHMEM MHUKPOOPraHHM3MaMHU GepMeHTOB,
KOTOpBle yBeJIUYHUBAT pa3pylleHHe MaKpPoOMO-
nekyn. OCHOBHBIe NMPHU3HAKU O6HMOJECTPYKIHUHU
[10JIMMEPOB:

* IIOTYCKHEHUe [I0BePXHOCTHU;

 IOsIBJIeHHe HajeTa MHUIeNHsl, KOTOPbIH BHUIHO
BH3ya/bHO;

* M3MeHeHHe JU3IeKTPUUeCKUX CBOKCTB;

* CHU’XKeHHe MeXaHHU4eCKOH IPOYHOCTH;

« HabyxaHUe;

* M3MeHeHHe QOPMBI;

* 3aTBepfeBaHUe;

* pacTpecKHMBaHUe MaTepHaa.

s Toro 4To6bl MPefOTBPATUTh OHOAECTPYK-
LKH Ha IoJKuMepax, B paborax [4-7] 6110 mpen-
JIO’KeHO Co3/1aTh OapbepHBIe CJIOM Ha OCHOBE HaHO-
CTPYKTYPHPOBAHHBIX TOPYIIePOSHBIX IIIEHOK,
KOTOpble 06/1aal0T aHTUMUKPOOHBIMU aHTHAATe-
3MOHHBIMH XapaKTepUCTHKaMH, HHKoobpas-
HBIM' perbedoM Ha IIOBEPXHOCTH, a TaKKe I10BePX-
HOCTHBIM 3apsiIoM, KOTOPBIH GOPMUPYeT 3/eK-
TpPeTHBIe COCTOSIHUS. DIeKTPeThl - 3To 06/1acTH
Ha JU3eKTPHUKe, NAUTeTbHO COXPAaHSIONHe M0JIs-
pHU3alMI0 U CO3Jaloliue B CBSI3M C 3THM 3JIeK-
TpHUUecKoe II0Jie B OKpyykalomen cpefne. C 11ebio

INTRODUCTION

Polymeric materials are used in many areas of
human activity, such as aerospace, medicine and
electronics. Their widespread use is due to their
unique physical and chemical properties. One of
the main properties that limit the use of polymers
is their low resistance to biodegradation, i.e. low
resistance to biological degradation [1]. This disad-
vantage leads to reduction of the equipment life-
time, failures of various systems as well as signifi-
cant economic losses which account for 2-5% of the
GDP of the industrially developed countries [2].

Filamentous fungi cause the most significant
harm of all microorganisms. Destruction occurs
when the polymer is directly consumed as food and
when the polymer surface interacts with the meta-
bolic products of the fungi [3].

Biodegradation of polymers is caused by produc-
tion of enzymes by microorganisms that increases
degradation of macromolecules. The main signs of
polymer biodegradation are:

- tarnishing of the surface;

« appearance of mycelium deposits that can be
seen visually;

« changes in dielectric properties;

* loss of mechanical strength;

« swelling;

e change in shape;

« hardening;

+ material cracking.

In order to prevent biodegradation on polymers,
it was proposed in works [4-7] to create barrier lay-
ers based on nanostructured fluorocarbon films,
which have antimicrobial anti-adhesion charac-
teristics, a "peaked" surface topography, and a sur-
face charge that forms the electret states. Electrets
mean those areas on a dielectric that remain pola-
rised for long periods of time and, therefore, create
electric field in the environment. In order to deter-
mine the effect of electretic states on interaction
between a surface and microorganisms, it is advis-
able to investigate surface charges.

The anti-adhesion properties of nanostructured
fluorocarbon films are due to the following factors:
exposure to fluorine and formation of a specific
polymer surface topography where the distance
between the roughness peaks is smaller than the
microbial cell diameter. To create such relief, the
coating has to be formed using a two-component
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Puc.1. Cxema npu6opa WNIM3r-1: 1 - conao; 2 - connosoli duck
(UsmepumenbHaAst NAACMUHA); 3 = N0BEPXHOCMb U3MepsieMozo
obwekma; 4 - cmolika

Fig.1. IPEP-1 device diagram: 1 - nozzle; 2 - nozzle disc (mea-
suring plate); 3 - surface of the object to be measured; 4 - stand

omnpeneneHUs BAUSHUS 3/1eKTPeTHBIX COCTOSHUM
Ha B3aKMMOJIeHCTBHe [TI0BePXHOCTH C MUKPOOPraHHU3-
MaMH Lies1ecoobpasHoO HCCIel0BaTh TOBEPXHOCTHBIH
3apsf.

AHTHaATre3lMOHHbIe CBOKMCTBA HAHOCTPYKTYPHUPO-
BaHHBIX GTOPYI/IEPOAHBIX I1I/IEHOK 00YC/IOBIEHBI CJle-
AyoIKUMH GaKTOPaMHU: BO3/IeHCTBHeM dTopa U 0bpa-
30BaHHeM cIlenUUIecKoro peabeda IMOBEPXHOCTH
IolrMepa, IIPU KOTOPOM PACCTOsSIHHE MeXK/1y TMKaMH
IIepOXOBATOCTH MeHblIe THaMeTPa KJIeTOK MUKPO-
OpPraHHK3MOB. [I/1s CO3MaHU S TaKoro penbeda Heob-
XOAHUMO CPOPMHUPOBATH IIOKPBITHE C IIOMOIIBIO [IBY X~
KOMITOHEHTHOM I'a30BOM CMeCH, COflepsKalllell KOMIIO-
HEeHT /151 HaHeceHUs nneHKH (CgH;,) 1 KOMIIOHEHT
s TpaBiaeHus (CF,). DTOT mpolecc J0/IKeH IIPOX0-
IOUTDb B YCJIOBUSIX IIe€PEXOJHBIX IIPOLIecCoB (IIepexof,
OT HaHeCeHH s IIJIEHOK K UX TPaBJIeHHI0). Bosee Toro
JAHHBII 6apbepHBIH CIOM MOXKET CY>KUTb IJIs1 CO3/1a-
HUS TUAPOGOOHBIX U CYyIIepruapodoOHbBIX IIOBEPXHO-
CTel Ha [TOTMMePHbIX MaTephaax [8].

Llenbl0 NaHHOM PaboThl SIBIASIETCS HCCIeL0Ba-
HUe BIHSHUS 3JIeKTPETHBIX COCTOSSHUM (BeTUUHHBI
[IOBEPXHOCTHOTO 3apsiia) Ha TPHUOOCTOMKOCTD IIOJIMe-
POB, MOAKHUIIMPOBAHHBIX PTOPYITIEPOAHBIMH AaHTH-
aJre3slOHHBIMH, 10 OTHOIIEHHIO K 'PUbaM U MHUKPO-
OpraHu3MaM, IOKPBITHSIMHU.

METO/bl UCCNNEAOBAHNSA

B kauecTBe HCCIenyeMbIX 06pa3LioB ObIIH BEIOPAHEI
nonusTuaeHTepedTanar (II3TP) u nonuteTpadpTop-
stuneH (IITDI), IIOCKOJIBKY 3TH II0JIMMePbI ABISIOTCS
OOHMMHU M3 CAMBIX UCIIONb3yeMBbIX B aBUAILIUH, 3JIeK-
TPOHHKe, MeJIHIIMHEe, KOCMOHABTHKe, OMOTEeXHOIIO-
TUAX U P.
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gas mixture containing a film application compo-
nent (C¢H;,) and an etching component (CF,). This
process must take place under transient condi-
tions (transition from film deposition to etching).
Moreover, this barrier layer can serve to produce
hydrophobic and superhydrophobic surfaces on poly-
meric materials [8].

The purpose of this work is to study the electretic
states effect (surface charge value) on the resis-
tance to fungi of polymers modified with fluoro-
carbon anti-adhesion coatings against fungi and
microorganisms.

RESEARCH METHODS

Polyethylene terephthalate (PET) and polytetra-
fluoroethylene (PTFE) were chosen as test samples
because these polymers are widely used in aviation,
electronics, medicine, aerospace, biotechnology,
etc.

The barrier layer formation was carried out in two
stages in a UVN71-P3 vacuum apparatus equipped
with two I1-4-0.15 ion sources. At the first stage, the
PTFE and PET samples were placed in the chamber
and the polymer surface was treated with tetrafluo-
romethane ions (CF,) for 30 minutes. The first step
was necessary to clean the surface, improve adhe-
sion of the fluorocarbon film and, also, produce a
preliminary nano-relief. At the second step, a fluo-
rocarbon film was applied from another ion source
using a two-component gas mixture of CF, + C;H;, at
different component ratios.

After formation of the coating, the surface charge
was measured using IPEP-1 (electrostatic field meter)
according to GOST 25209-82.

Measurements were taken at five points imme-
diately after treatment for 28 days (after 28 days the
resistance to fungi tests were completed). Then, the
arithmetic mean values of the surface charge were
calculated for each material and correlated to the
fungus resistance data. The resistance to fungi tests
were carried out in accordance with GOST 9.048-89 in
compliance with a five-point grading system where
zero point corresponds to the condition when no
spores and conidia germination is found under the
microscope, and five - to the naked eye clearly visible
development of fungi covering more than 25% of the
test surface. On this basis plots of the surface charge
and resistance to fungi as a function of the CF, con-
tent in the plasma gas mixture CF, + C;H,, were plot-
ted, as well as resistance to fungi plots as a function
of the surface charge.

RESULTS AND DISCUSSION
It can be observed in the graph (Fig.2) that the
minimum by modulus surface charge of the
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dopMuUpoBaHUe 6APbepPHOTO C/10SI IIPOBOAKIIOCH
B [Ba 3Talla Ha BaKyyMHOI ycTaHOBKe YBH7I-II3,
OCHaIlleHHOM JBYMS UCTOYHHUKaMHU HOHOB MH-4-0,15.
Ha nepBoMm 3Tarie B KaMepy yCTaHaBIHBaIHCh 06pas3Libl
[IT®D u [19T® u npou3sBoariack 06paboTKa moBepx-
HOCTHM IIOJIMMEPOB HMOHaMM TeTpadpTopMeTaHa
(CF4) B TedyeHHUe 30 MUH. HepBbeI 9Tall HeobXoouM
JIJIS1 OUMCTKHU IIOBEPXHOCTH, YIYUIIeHMs aiTe3uu GTo-
PYI/IepOLHOM IIJIeHKH, a TaK>Ke CO3/laHM s IIpeiBapH-
TeJIbHOr0 HaHopeibeda. Ha BTOpoM 3Tarie ¢ IIOMOLIbIO
JPyroro MCTOYHMKA MOHOB HAHOCKUJIACh QTOPYIIepOs-
Has IJIeHKa C UCII0Ib30BaHHeM JIBYXKOMIIOHeHTHOU
raszoBoi cMecH CF, + C;H,, ITpU pa3IHYHbIX COOTHOIIIe-
HHUSAX KOMIIOHEHTOB.

ITocie GOpMHUPOBAHUS IIOKPHITUSA IIPOBOAMIIOCH
M3MepeHHe IIOBePXHOCTHOIO 3aps/a C IIOMOLIBIO
HII3II-1 (M3MepHUTeNb IapaMeTpPOB 3/eKTPocTaTHye-
cKoro o) o TOCT 25209-82.

H3mepeHHs IMPOBOOUIMCH B IIATH TOYKAX Cpasy
rocsie 06paboTKky B TeueHHe 28 nHel (depe3 28 mHeH
3aKaHYMBAIOTCS UCC/Ie0BAaHM S Ha TPUOOCTOMKOCTD).
Haree [ Ka>kAoro Marepuasa pacCYMThIBAIU Cpef-
HHe apudMeTHYeCKHe 3HAYEeHU S [IOBEPXHOCTHOTO
3apsi/ia U COOTHOCHIIM UX C JAaHHBIMHU I10 IPU60CTOMKO-
cTH. MccneoBaHMS TPUOOCTOMKOCTH OBLIIN ITPOBE/I€HBI
B cOOTBeTCTBUH C [OCT 9.048-89 1o nsaTHOAIIBHON
CHCTeMe, I7ie Ho/Ib 6aJ1/I0B COOTBETCTBYET TOMY, YTO I1Of]
MMKPOCKOIIOM ITPOPACTaHMUSI CIIOpP U KOHUIUH He 06Ha-
PY’KeHO, a IIATh ~ HEBOOPY KEHHBIM IT1a30M OTYET/IMBO
BUJIHO Pa3BUTHe I'PUOOB, IIOKPHIBAIOLIUX Hoee 25%
HCIIBITYe MO ITOBePXHOCTH. HCXOmsl U3 3TOro, 6N
II0CTPOeHBI IPadUKH 3aBUCHMOCTH 3aps/ia Ha I10BepX-
HOCTH U TPUOOCTOMKOCTH B 3aBUCHMOCTH OT COZIeP>Ka-
Hud CF, B masmoobpasytomnieli ra3oBor cmecu CF, +
CgH,,, a TaKKe rpadUKU 3aBUCUMOCTU I'PHUOOCTOKKO-
CTH OT [IOBEPXHOCTHOTO 3aps/a.

PE3Y/IbTATbI U OBCY)XXAEHUSA

Ha rpaduxe (puc.2) Mo>KHO HabI0[aTh, YTO MUHU-
MaJIbHBIL 10 MOZY/TI0 II0BEPXHOCTHBIH 3apsill TOpyIiie-
POIHOM IIJIEHKH, CO3/IaHHOM Ha IoBepXxHOCTU 19T,
COOTBETCTBYET HaM/yullel IpubocTorKocTH. Kak
BU/IHO M3 rpaduKa, 3aps/ Ha [IOBEPXHOCTH HMCXOJHOI0
[19T® BhIIIe, UeM Y 06paboTaHHOrO B TeueHHe 30 MUH
voHamu CF,. Takas ’ke CUTyallus U C FPUO6OCTONKOCTHIO
(y ucxomHOro TpUOOCTOMKOCTD PaBHa IByM, a y 06pabo-
TaHHOTO - eMHHIIE). [PUOOCTOMKOCTL Ha 3TOM y4aCTKe
paBHa efMHUIIE. 3aTeM Be/JIMYHHA [IOBEPXHOCTHOIO
3apsja HauMHaeT YBeJIMYUBAThCS M CTAHOBUTCS I10JI0-
SKUTeIbHOM. Hanbosblilee 3HaUeHHe 3apsifa Habmo-
naetcs 1pu 40%, B 3TOK TouKe I'PUOOCTOMKOCT CTAHO-
BUTCSI PaBHOM HYII0. TakXe rpubOCTONKOCTh PaBHA
Hya0 npyu 60%. lanee 3apsaj Ha [IOBEPXHOCTH MOHO-
TOHHO y6bIBaeT. Ipu6OCTOMKOCTD Ha y4yacTke OT 70
110 100% cHOBa CTAHOBHUTCSI PaBHOM eJUHUIIE.

M3T® | PET

=

Fe)

'
=

pnboCTOMKOCTb, 6ann
Resistance to fungi, points
o

MoBEPXHOCTHLIN 3apaa, MKK/m?
Surface charge, pQ/m?

2 1-0,3

CopepskaHue CF, B nnasmoobpasytoulen rasosomn cmecn CF,+CH,,

CF, content in CF,+C.H,, plasma gas mixture

® 3aBMCUMOCTb FPUBOCTONKOCTN GTOPYrNEPOJHOrO
NoKpbITUSA OT conep>kaHns CF, B nnasmoobpasyioLen
cmecn CF, + CH,,
Dependence of the resistance to fungi of the fluorocarbon
coating on the CF, content of the CF,+ C,;H , plasma mixture

- [pnBOCTONKOCTL McXofHOro (HeobpaboTaHHoro) MN3T®

Resistance to fungi of the initial (raw) (untreated) PET

® pnbocTonKkoCTb MITD nocne o6paboTkm noHamu CF,
B TeyeHne 30 MUH
Resistance to fungi of PET after treatment with CF,
ionsfor 30 min

-~ 3aBMCMMOCTb MOBEPXHOCTHOrO 3apsaa oT cogepykaHms CF,
B nnasmoobpasytoulen rasoson cmecn CF, + CH
Dependence of the surface charge on CF, content
inthe CF, + C;H , plasma gas mixture

© [10BEPXHOCTHbIN 3apsa UcxoaHoro (HeobpaboTaHHOro) MITD
Surface charge of the raw (untreated) PET

MoBepxHOCTHbIN 3apaf MN3T® nocne 06paboTku noHamm CF,
B Te4eHune 30 MUH
PET surface charge after treatment with CF, ions for 30 min

Puc.2. 3asucumocmp 2pubocmotikocmu ¢pmopy2nepodH020 NOKpbI-
must om codepxkanus CF, 8 nnazmoobpasyrowieti cmecu CF, + CoHy 5
Fig.2. Dependence of the resistance to fungi of the fluorocarbon
coating on the CF, content of the CF, + CgH,,

fluorocarbon film produced on the PET surface cor-
responds to the best resistance to fungi. As can
be seen on the graph, the charge on the original
PET surface is higher than that of the one treated
for 30 minutes with CF, ions. The situation is the
same with the resistance to fungi (the original
resistance to fungi equals two and for treated one
equals unity). The resistance to fungi at this site is
equal to unity. The surface charge then begins to
increase and becomes positive. The highest value
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M3 puc.3 BUAHO, YTO MHUHHMAaJbHBIL 10 MOAY/IIO
[IOBEPXHOCTHBIH 3apsi[ GTOPYIIepOLHOM IJIeHKH,
CO3[aHHOM Ha IoBepxHOCTH I19T®, Kak U Ha MOBEPX-
HocTH [IT®3, COOTBETCTBYET HAMIYUIIel IPUOOCTON-
KOCTH. AHAJIOTUYHAsl CUTYyallsl HablogaeTcst TakKe
Y C 3apsilOM Ha MOBEPXHOCTHU U T'PUOOCTOMKOCTBIO
ucxogHoro u obpaboranHoro I19T (3HaUeHMe 3apsiga
U IpUOOCTOMKOCTH HCXOLHOIO BhIIIe 00paboTaHHOTO).
Ha nmpomMexkyTke oT 0 10 10% IIOBepXHOCTHBIM 3apsif,
CTPeMMTE/IBHO pacTeT, 3aTeM POCT 3aMezisgercs,
moxons 1o 40%, roe, Kak Uy II9T®, HabJromaeTcs Hau-
bonplee 3HaYeHHe 3apsija. Jasee Ha NPOMeXYyTKe
oT 40 0 70% 3aps/ Ha [IOBEPXHOCTH MOHOTOHHO y6bI-
BaeT, 0c06eHHO CTpeMUTe/IbHOe IaJleHHe HaulHaeTCs
€ 60%. ITpu 70% 3aps/1 CTAHOBUTCS MEHBIIIE HCXOILHOTO,
Ho 6osp11e 06paboTaHHOro. I'pub0CTONKOCTS € 0 10 25%
rajaer, 3aTeM Ha IIPOMeXKyTKe oT 25 10 70% oHa cTa-
HOBMTCS paBHOU HY/I0. A ¢ 70 10 100% BH/IeH POCT, KaK
1 y TPUOOCTOMKOCTH, TaK U y IIOBEPXHOCTHOTO 3apsi/a
(mpu 100% 3apsi cTaHOBUTCS bosblle, yeM IIpH 60%,
HO MeHBbIIle, YeM IIpH 25%, a TPU6OCTOMKOCTL paBHA
eIUHULIR).

M3 puc.4 BUAHO, YTO MHUHHMAaJIbHOE 3HAYeHHE
IIOBEPXHOCTHOTO 3apsifa y [I9T® Habnroganace mnocie
06paboTKu, pU 3TOM IpUbOCTOMKOCTh PaBHA €U~
Hue. [lanee ¢ yBeTMYeHHEM [I0BEPXHOCTHOIO 3apsaaa
COOTBETCTBEHHO UAYT C/IeAYIOII e 3HAUeHM I COIepsKa-
Hus CF, B razoBor cMecu: 100, 0 1 70%. [IpudeM rpu-
0OCTOMKOCTD B 3TUX 3HAUEHHUSIX TaKXKe PaBHa elu-
Hulle. 3aTeM pu 60% IrprubOCTOMKOCTh CTAHOBUTCS
PaBHOI HYyJII0. IIoc/ie 3TOro BeIMYKHA IPUOOCTOMKO-
CTH Bo3pacTaeT: npu 25 u 10% oHa CTAaHOBUTCS paB-
HOMU efrHUIle. [IpHU 3ToM y HcxomgHOro (HeobpaboTaH-
Horo) [I9T® Benn4YKWHA IPUOOCTOMKOCTH PaBHA IBYM.
MaKcHMaJIbHBIH [T0BePXHOCTHBIM 3apsif I0BEePXHOCTb
npuobpeTaeT npu 40%, a TpU6OCTOMKOCTD IIPH 3TOM
3HaUYeHHH paBHA HYIIIO.

Ha puc.5 aHa/JIOTUYHO C IpeAbIAYIIUM I'PadUKOM
(puc.4) MUHHMMAaJBHBIN 3apsf Honydaercs y IITOD
noce 06paboTku. B 3ToM ciydae rpubocTONKOCTD
paBHa eguHuLe. [Ipu 3ToM I[IT®3, Ha KOTOPOM HaHe-
CeHa IIIeHKa ¢ 70%-HbeIM copepskaHueM CF, B ra3oBoM
CMecH, KMeeT HY/IeBYI0 PU6OCTOMKOCTb. 3aTeM C pe3-
KHM IIOBBbINIIeHHEeM 3HaueHH s 'PUOOCTOMKOCTH 10 TPex
6aJi0B HeT UCXOLHBIN (HeobpaboTaHHEIL) 0bpasel.
B cnenyromux Tpex ToOuKax FpUb0CTOMKOCTh HAUMHaeT
yOBIBaTh Ha OAMH 6asI/T OTHOCUTEIBHO IIpeAbI Ay ek
TouKH. CHavana uget 0%, moroMm 10% u B KoHIie 60%,
npuueMm Mexay 0 v 10% 3apsif, JOBOIBHO CHUJIBHO yBe-
nuunBaeTcs. Jlanee, c TpUOOCTOMKOCTBIO, PABHOM €11~
HHULe, UJeT IIJIeHKA, co3maHHas co 100% HbeIM comep-
kaHueM CF,. Kak u B ciydae ¢ [I9T®, makcuMaib-
HBII [I0BePXHOCTHBII 3apsi]] I0BEPXHOCTb IIpHobpe-
TaeT npu 40%, a rpr60OCTONKOCTD IIPH 3TOM 3HaUeHHHU
paBHa HYyJIIO.
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CopepxaHwe CF, B nnasmoobpasytolien rasoson cmecu CF,+CH

. . 6 12
CF, contentin CF,+C.,H , plasma gas mixture

*  3aBMCKMMOCTbL MOBEPXHOCTHOrO 3apsaa oT conepxkaHuns CF,
B naasmoobpasytowen cmecn CF, + CH,,
Dependence of surface charge on CF, content in the CF, +
C,H,, plasma mixture

*  TMOBEPXHOCTHbIN 3apa UCXOAHOMO (Heo06paboTaHHOr o)
nT®>
Surface charge of raw (untreated) PTFE

MoBepxHOCTHbIV 3apaa MT®3 nocne o6paboTkm noHamm CF,
B TeyeHne 30 MuH
PTFE surface charge after treatment with CF, ions for 30 min

*  3aBUCUMOCTbL FpMBOCTONKOCTU GTOPYrNepofHOro
NOKpbITUSA OT coepxkaHus CF, B nnasmoobpasytolen
rasosowvi cmecn CF, + C6H ,

Dependence of the resistance to fungi of the fluorocarbon
coating on the CF, content of the CF, + C.H , plasma gas
mixture

12

»  [pnBOCTONKOCTbL NCXOAHOrO (HeobpaboTaHHoro) MTMD
Resistance to fungi of raw (untreated) PTFE

* TpuboctomrkocTb NTOI nocne obpaboTkm noHamu CF, B
TeyeHune 30 MUH
Resistance to fungi of PTFE after treatment with CF, ions for
30 min

Puc.3. 3asucumocmu 2pubocmolikocmu U N08epXHOCMO020 3apsi-
0a pmopyznepodHol nAeHKU Ha nosepxHocmu MTdS om codep-
kaHus CF, 8 naasmoobpasytouieti 2asosoti cmecu CF, + CH
Fig.3. Dependences of the resistance to fungi and surface charge
of fluorocarbon film on PTFE surface on CF, content in plasma
gas mixture CF, + C;H,

of the charge is observed at 40%, at which point
the resistance to fungi becomes zero. The resis-
tance to fungi also equals zero at 60%. Thereafter
the charge on the surface decreases steadily. From
70% to 100% the resistance to fungi becomes equal
to one again.
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Puc.4. 3asucumocmsp 2pubocmotikocmu om No8epxHOCMH020 3apsida ¢mopyz2nepodHoL nAeHKU Ha nogepxHocmu M2T®
Fig.4. Dependence of the resistance to fungi on the surface charge of the fluorocarbon film on the PET surface
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Fig.5. Dependence of the resistance to fungi on the surface charge of the fluorocarbon film on the PTFE surface

VoL. 15 No. 2 2022

NANO INDUSTRY



HAHOMATEPUANDI

BbIBOJbI
[Tocne obpaborku mounamu CF, IIOBepXHOCTH 060HX
[IOJIMMePOB I'pUOOCTOMKOCTb Bo3pacTaeT 1o 1 6anna.

MUHHMaNIbHBIM O MOJY/JII IIOBEPXHOCT-
HBIU 3apsaf GTOpPYIrIepOAHOH IMJIEHKH, CO3[aH-
HOM Ha NoBepxXHOCTHU II3TP u IITPI, HabnmogaeTcs
npu 40%-Hom comepxkanuu CF, B razosoni cmecu CF, +
CgH,, ¥ COOTBETCTBYeT Hau/ayullleld rpubOCTONKOCTH
(0 6asioB).

BeposiTHO, Ha rpubOCTONKOCTb GTOPYIIEPOSHOMU
IJIEHKH BJIMseT He TOIbKO [I0BePXHOCTHBIH 3apsif, HO
Y Ipyrye XapaKTepPUCTUKY ITIOBePXHOCTH, TaKKe KaK
penbed M XUMHUYEeCKHI COCTaB.
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nopgepskke POOM B paMKax Hay4YHOIo IMPOeKTa
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Figure 3 shows that the minimum modulus sur-
face charge of the fluorocarbon film produced on
the PET surface, as well as on the PTFE surface,
corresponds to the higher resistance to fungi.
A similar situation is also observed with the sur-
face charge and resistance to fungi of the orig-
inal and treated PET (the charge and resistance to
fungi value of the original PET is higher than of the
treated one). Between 0% and 10% the surface charge
increases rapidly, and then the increase slows down
to 40%, where, as with PET, the highest value of
charge is observed. From 40 to 70% the surface
charge decreases steadily, with a particularly steep
fall starting at 60%. At 70% the charge becomes less
than the initial charge but more than the treated
charge. The resistance to fungi decreases from 0% to
25%, then, between 25% and at 70%, it becomes zero.
And from 70 to 100% an increase can be seen in both
resistance to fungi and surface charge (at 100% the
charge becomes greater than at 60%, but less than
at 25%, and the resistance to fungi is equal to unity).

Figure 4 shows that the minimum surface charge
value of PET was observed after treatment, when
the resistance to fungi equals unity. As the durface
charge increases, the following values of CF, content
in the gas mixture were observed respectively: 100,
0 and 70%. The resistance to fungi at these values is
also equal to unity. Then, at 60% the resistance to
fungi becomes zero. Afterwards the resistance to
fungi increases: at 25 and 10% it becomes unity. The
initial (untreated) PET has a resistance to fungi of
two units. The surface acquires the maximum sur-
face charge at 40%, and the resistance to fungi is
zero at this value.

In Figure 5, similar to the previous graph (Fig.4),
the minimum charge is obtained for PTFE after
treatment. In this case, the resistance to fungi is
equal to unity. In this case, the PTFE on which a
film with 70% CF, content in the gas mixture is
applied has zero resistance to fungi. Then the orig-
inal (untreated) sample indictes a sharp increase
in the resistance to fungi up to three points. At the
next three points, the resistance to fungi begins to
decrease by one point relative to the previous point.
First it reaches 0%, then 10% and finally 60%, with
a strong increase between 0 and 10%. Next, when
the resistance to fungi equals one, follows the film
produced with 100% CF,. As in the case of PET, the
surface acquires the maximum surface charge is at
40%, and the resistance to fungi equals zero.

CONCLUSIONS

After treatment with CF, ions of the surfaces of both
polymers, the resistance to fungi increases to one
point.
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eknapauus o KoHpaukme uHnmepecos. Asmop 3assnsemm 0o
omcymcmauu KOHPAUKMO8 UHMepecos UAL AUMHBLX OMHOWEHU,
Komopble Mo2Au bbl nosAUAML HA pabomy, npedcmasAeHHyto 8 daH-
Holl cmamee.
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[ToanuceiBanTeCh

The minimum modulus surface charge of the flu-
orocarbon film produced on the surfaces of PET and
PTFE is observed at 40% CF, in the CF, + C,H;, gas
mixture and corresponds to the best resistance to
fungi (0 points).

The resistance to fungi of fluorocarbon films is
probably influenced not only by the surface charge
but also by other surface characteristics such as
topography and chemical composition.
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