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THE METHOD OF OBTAINING HYDROPHOBIC SURFACES
IN THE PLASMA OF RF DISCHARGE

Abstract. The aim of this work was to obtain superhydrophobic surfaces in a plasma medium. The experiment
was carried out using the PECVD method in two different modes: constant and pulsing. The surface roughness was
obtained by applying nanoparticles synthesized in a plasma in a mixture of argon and methane. The resulting
particles were deposited on the surface of silicon and glass materials. The dependence of the contact angle on the
nanoparticle application cycle on the surface was obtained. The contact angle increased linearly depending on the
number of cycles, until it reached 160° at 150-160™ cycles, after that the increase in cycles does not affect the
contact angle, since the saturation process is in progress. Also the effect of the working gas composition on the
hydrophobicity of the surface was studied. At low concentrations of methane (1%) only particles are synthesized in
the working gas, and hydrophobicity is unstable, with an increase in methane concentration (7%) nanofilms are
synthesized from nanoclusters, and surface hydrophobicity is relatively stable. In addition, a pulsing plasma mode
was used to obtain superhydrophobic surfaces. A nanofilm consisting of nanoclusters with a diameter of 4-10 nm
was synthesized. The hydrophobicity of the sample showed that the strength of the nanofilm was stable in
comparison with the sample obtained in the first mode, but the contact angle was lower. The obtained samples were
examined using SEM, SPM, optical analysis, and their contact angles were determined. The experiment was carried
out at various plasma parameters (gas pressure, discharge power). It was found that when a superhydrophobic
surface is treated with a buffer plasma (argon or nitrogen), it becomes superhydrophilic.
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KOTF'APBI ’KNVIIKTI PA3PA A ITJIASBMACBIHIA
CYHEPTUAPO®OBTHI BETTEP AJ1Y 9JICI

AnnoTtamust. by »KyMBICTBIH HeETi3ri Makcatsl mia3Manslk opraza «PECVD» amici kemeriMeH cynepruapo-
(obT1E1 OeTTep any. Toxipube eki TYpJ pesKUMAC >KYPri3iimi y3iKCi3 *KoOHE MyJbCTIK pexkuM. berTiH kexaip-Oyabip-
JBIFBI TIIA3Maja Maiaa O0JFaH HAHOOONIIEKTEp KOMETIMEH aJbIHIABL APTOH KOHE METAH Ta3JapbIHBIH KOCIACHIH
KOJIAaHY HETI3IHAC CHHTC3ACITCH HAHOOONIIEKTEp KPEMHHH J>KOHE INBIHBI MATCPHAIIAPABIH OCTiHE KOHbI-
psuiabl. ComaH KeiiH Cy TaMIUBICBIHBIH OCTIICH >KaHACY OYPBIIBIHBIH HAHOOOIMIEKTEPAl OETKE KOHABIPY LUKIBIHA
TOYCIILTIri TYPFRI3BUIALL. benmekTepai KOHABIPY IUKITIH KOOCHTKCH CAWBIH jKAHACY OYPBIIIBI 1A APTATHIHIBIFHL,
Oipak 150-160 muximaH KeHiH Oyphim 160" KAHBIFYFA JKCTCTIHMIHTI AHBIKTANAbl. COHOAM-aK, KYMBIC Ta3bl
KYPaMBIHBIH (APTOH MCH MCTAH Ta3JaPbIHBIH KOCTACH) THAPO(OOTHIIBIKKA dcepi 3epTTendi. ['a3 KypaMbIHIa MCTaH
1 maiibI3 6071Ca, TEK HAHOOOIIEKTEP CHHTE3ACIIN, OCTTiH THAPO(MOOTHIIBIFE TYPAKCHI3 OOIAIbI, A1 METAHHBIH YJIC-
CiH 7 maibi3ra aeiiH KeOCHTCCK, OHOA HAHOKIACTCPIICPACH TYPATHIH HAHOKAOBIKIIA ANBIHEBII, OCTTiH THApPO(oO-




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

TBUIBIFBI CAJBICTBIPMANbBI TYPAC >KAKCAPATHIHABIFBIAHBIKTANAsL. CoHbIMEH Oipre, cymepruapodoOTsr OeT amy
MAaKCaTBIHAA TUIA3MAHBIH IyJbCTIK JKaHY pexuMinaizamansurapl. OHma amamerpi 4-10 HM O0NaThlH HAHOKJIAC-
TEPACPACH TYPATHIH HAHOKAOBIKIIA CHHTE3ACITl. AJBIHFAH YITiHIH THAPO(QOOTHIIBIFGI OIPIHIN PEKUMAC AIBIHFAH
YIriMEH CajbICTBIPFAHAA HAHOKAOBIKIIAHBIH OCEPIKTITl KaKkchl, Oipak OCTIEH >kaHacy OYpbIMbI TOMEH CKCHIITIH
kepcerti. Ampmran yiarinzepre COM, C3M, ONTHKANBIK KOHE >KaHACY OYPBIMBIH CCENTCHTIH aHAIM3ACp >Kaca-
e ToxkipuOe IUTA3MAaHBIH OPTYPIL mapaMmeTpiepinae (ra3 KbICBIMBI, paspsa Kyartsl) kyprizinaai. Cymepruapo-
(oOThr OcTTi Oydepni mIasMaMeH (aproH HEMECE a30T) OHICTCH Ke3ae, OeT Cymepruapo(uiabai KaCHETKES He
00aTBIHIBFbI OANKAIIBL.
Tyiiin ce3aep: HanoOemmekTep, XK paspan, cymepruapodoOTer 6eTTep, Cynepruapoduisai 6eTTep.

Kipicne

Bopimisre Genrim, erep KarTel GETTiH Cy TAMIIBICHIMEH »kaHacy Oypsuubl >90° Gonca, oHza on
ruapodo6TsL, an erep 0<90° Gonca, onaa ruapoduabai Aen atanaael. COHBIMEH KaTap, )KaHACY OYpPBILIBI
150°-tar acarsia cymepruapodo6tsr xone JKB 10°-tam Temen cymepruapodumpai Gerrep ae 6ap.
Mynpaii Oetrepal My3 KaTyFa, KOPpPO3HSFa Kapchl, ©3AIMIHCH Ta3alaHATHIH Matepuaniap anynaa,
MEAMIMHAAA KoHE T.0. camanapaa xojgaHy kapacteipsuirad|1-4]. beTke cyabiH SKyFyBl HETI3IHCH €Ki
(akTopFa TOyeHml: XMMHUSUIBIK Kypambl jKoHE OCTTiH Keaip-Oyasipieirbl. Erepai ocel exi daxTopast
YThIMIBI TAHOAUTEIH O0JcaK, oHxa kaHacy Oypaibl 180°-ka xkyrIK (ToToc s¢dekTici) cynepruapododTel
marepuangap aiayra 6oaansel [5]. I'mapodoOter Getrep anyasiH OipHeme aaictepi Gap, onap: Oerrepai
IUVIA3MaMCH OPHEKTEY, IUIA3MAaNBIK KOHABIPY, Na3eplik ©HACY, 30JIb-TeNb, XHUMHSIBIK OPHEKTCY,
aurorpadust xoue 1.0. [6-19].

Keneci, [20] KYMBICTA KeIip-OyABIpIBLIBIK AeHreHl 20 HM OonatbiH rHApodoOTH OETTEP MIa3MATbIK
eHaey oxici kemeriMeH ameiarad. An [11] xymeicteiy asropnapel «LDPE» kpucranmmsanusuiany
napaMeTpiepiH Gackapa OTBIPHIN, OPTYPIi KypBLIBIMIBL kaHAcy Oypsiuel 173°GoateiH cymepruapo-
¢doOTer OeTTep madbiHmarad. Tarer Oip omic Typi [21] KyMbICTa KOPCETUITCH, OJ1 XKEPAC 30Jb-TC/Ib JTICI
HETI31HAC IIBIHBI OETKEC HAHOKIACTCPNICP MEH HAHOOONIICKTCPACH TYPATHIHKYPBUTBIMABIK KaOBIKIIANAp
OTBIPFBI3BUTFAH. [ HOPOIN3 KOHE KOHACHCALUS MPOLIECCTEPIH Oackapa OTBIPHI Ta, OCTTIH KYPBUIBIMBIH
peTTeyre CONMaThIHABIFBIH 3ePTTEreH. SIFHu, Oy 9iC €Kl ACHICHACH Typaabl: OCTTIH KEIip-OY,IbIPIIbIFbI
30/b-TENb OAICIMEH, an Menxipiiri gropuaneH exacy apkpuibl aneiHFaH. CoHBIMEH, cynepruapodoOTel
OerTepai anyasH OipHeme oxicTepl Oap. Bipak, ockl oXiCTEpMEH aibIHFAH HOTHXKENEPAl capajiail Kele,
OPKAMCHICBIHBIH ©31HAIK KEMIIUTIKTEP] MCH apTHIKIIBUTBIKTAPHI Oap €KCHAITIH Kepyre 0omaaabl.

byn xymeicta «PECVD» ogici kemeriMeH cynepruapodoOTel OeTTep amygarbl 3KCHSPUMEHTTIK
HOTIKENCP KenTipinreH.beTTiH keaip-OyAbIpABIFEIHEIH I1a3Ma MapaMeTpiacpl MEH Ta3 KypaMblHA
TOYEJUNIT] SKCICPUMETTIK TYPAC 3€PTTCITCH.

Taxipubesik 06/1iM KoHe aANBIHFAH HITHXKeJIep

ToxipuOenik KOHIOBIPFE BaKYYMIBIK KYHE, KOPEK KO3l KOHE JKyMbIC KamepachiHaH Typaisl. AOK
TCHEPATOP MCH COHKSCTCHAIPYIIl KYPBUIFBI KOPEK Ke31H Kypahabl. TokipuOeaiK KOHIBIPFBIHBIH OaCThI
0euIiri KYMBIC KAMEPAChIHAA OpHAIAcKaH, Oip-OipiHe mapaieab IICKTPOATAP KYHECl OOIBIT TaAOBLIAIbI.
JKoraprel anekTpoaKa >KOFAphl JKULMIKTI KepHEY Oepineni, al TOMEHIrl 3IEKTPOX KEPre >KalFaHFaH.
DNICKTPOATAPABIH APAKAIIBIKTBIFEL 3 CM, a1 JuaMmeTpepi,corikecinme, 8§ cM xouel0 oM. Taxipubemik
KOHBIPFBIHBIH TOJIBIK CHIATTaMachl [22] skymbicta KepceTiireH. JKyMbIC Ta3bl PETIHAC aproH KOHE
MCTaH Ta3JapBIHBIH KOCMACH amblHARL. Paspsan kyater 5-50 Br, ras xeiceimer 0,1-1 Top apansireraga
©3rCPTLIII OTHIPBULABL.

INnasma sxanrannan keiiH, Oearial napametpaepae Ar/CHyras kocmacel GOIFaHABIKTAH, KOMIPTEKTI
HaHoOemmuekTepi cunTesaeneai [23]. Ilnasmansl ceHaipreHHeH coH,0y HaHOOemmeKkTepaiy denrim Gip
0eiri TOMEHT 3NCKTPOATa OPHATACKAH TOCCHIIITIH OeTiHe HAaHOKAOBIKIIA peTiHAC KOoHaAbl. byn mponec
LUKIAL TYpAC *Kyprizimin oteipaasl. Ochinaliiing, TOCCHIIITETT HAHOOONIICKTSPAIH MOIICPIH, HAHOOO -
HICKTEPACH TYPATHIH KAOBIKIIATAPABIH KCIIP-OYABIPIIBIFEI MCH KAJTBIHIBIFBIH HAHOOOIICKTEPAL KOHIBIPY
LUKTIHIHCAHBIMEH OackapyFa Oomaxel. O 3 Ke3eriHAC OpTYPIIi KeMIPTEKTI HAHOOOIIICKTEPACH TYPATHIH
KeIip-Oyapipnbl OeT anyra acep ereai. LlukaaiH CaHbl ©CKCH CailblH, TOCCHIMITETT HAHOOOIICKTCPAIH
THIFBI3ABIFBL APTAJBI, OJ1 JKAHACY OYPHILIBIHBIH >KOFAphLIAybIHA ambin keaeai. TemeHzeri l-cyperte
OpPTYpPJl UMK CAHBIHAA AJBIHFAH HAHOKIACTCP/l KAOBIKIIAIbI OCTTCPre Cy TaMINBICBIHBIH JKYFYBI
KOPCETINIECH.
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