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B/TIMAHWNE APXUTEKTYPbI NMOACJ/IOEB
HA OCHOBE MOJIMKAPEOHATA I CEPHOW KNC/TOThI
HA MOP®OJIOITMIO YT JIEPOAHbIX MOKPbLITUIA

A.C. PyneHkoB
FoMenbCKMin rocyaapcTBeHHbIN YyHUBepCUTET UM. @. CKOPWUHBI,
yn. CoseTckasa 104, N'omens 246028, benapycb, rudenkov@gsu.by

MpeanoxxeHa opuruHanbHas aByxcraguiiHas MeToavka (OpMUMPOBaHMSA TPEXCOMHBIX MOKPbLITUIA, 3aK/THovatoLa-
CS B NpefBapuTe/IbHOM OCXKAEHNMN CNI0EB HA OCHOBE MO/IMKApOOHaTa 1 CEPHOI KMUCIOTLI MyTEM 3/1EKTPOHHO-/TyYe-
BOr0 AMCNeprupoBaHns UCXOAHbIX KOMMOHEHTOB M MOCNefyHoLLeM HaHECEHUWN YTNepOAHbIX CNOEB U3 NNasmbl UM-
My/IbCHOTO KaToA4HO-AyroBoro paspsga. [okasaHo, 4To MOpsAOK CrefoBaHWs Cl0eB NoaMkapboHaTa v CEPHON Kuc-
NOTbl onpegenseT Mopdosormyeckme ocobeHHOCTM BCero nmogcnos. CpenctBaMm aTOMHO-CWUI0BOA MUKPOCKOMWN
YCTaHOB/IEHO, YTO ABYXC/OMHbIE CUCTEMBI NOIMKapPBOHAT/CepHas KNCI0Ta XapakTepr3yHTCA MEHbLLUEN LLIepOoX0BaTo-
CTbtO (9 HM), HO 60/1Ee BLICOKMMY 3HA4YEHUAMW MPOAO/bHBLIX Pa3MepOB OTAENbHbIX CTPYKTYPHbIX 06pa3oBaHuii (4o
630 HM), M0 CPaBHEHWIO C MOKPLITUAMU C aPXMTEKTYPOI CepHas K1cnoTa/monmkapboHart. B To e Bpems yriepoaHble
MOKPbITWA, OCAXKAEHHbIE HA MOACI0E C apXUTEKTYPOI NonvMKapboHaT/cepHas KMCNOTa XapakTepn3ytoTes 6onee Bbl-
COKUMM 3HAYEHUAMMU LLIEpOX0BATOCTU (158 HM), YeM c/ioun, ChOpPMUPOBaHHBIE HA NMOACOE CepHas K1C10Ta/nmonnkap-
60oHaT. TepmoobpaboTKa NOKpPbITUIA Npu TemnepaTtype 120 oC B TedeHne 30 MVH Ha BO3AyXe CyLLeCTBEHHbIM 06Pa3oM
B/IMSIET HA MOP(O/IOr M0 paccMaTprBaemMbIX 06pasLoB. YTNepoaHble CNou, CHOPMMUPOBaHHbIE HA MOBEPXHOCTY NOJKU-
KapboHat/cepHas KucnoTa nocne TepMOoOPaboTKY, XapakTepPU3yHTCA MEHBLUMMI 3HAYEHNAMW CPeLHEro AnameTpa
3epeH (870 HM) 1 MeHbLLER Cy6LLEpOX0BaTOCTbIO (96 HM), YEM CNOW, CHOPMMPOBAHHBIE Ha 3TUX XKE cUCTEMaXx 6e3
TepmMoo6paboTKu.

Kntouesble cnosa: 3NIEKTPOHHO-/Ty4eBOE HAaHECEHUE; I'IO}'II/IKap6OHaT; CepHada KNCNoTa, yrnepoa, MOdeOJ'IOFI/IFI.

INFLUENCE OF ARCHITECTURE OF SUBLAYERS BASED
ON POLYCARBONATE AND SULFURIC ACID
ON THE MORPHOLOGY OF CARBON COATINGS

A. Rudenkov
F. Scorina Gomel State University,
104 Sovetskaya Str., 246028 Gomel, Belarus, rudenkov@gsu.by

An original two-stage technique for forming three-layer coatings is proposed. It consists of preliminary deposition
of layers based on polycarbonate and sulfuric acid by electron-beam dispersion of the initial components and
subsequent application of carbon layers from the plasma of a pulsed cathode-arc discharge. It is shown that the order
of the polycarbonate and sulfuric acid layers determines the morphological features of the entire sublayer. Atomic
force microscopy has shown that the two-layer systems polycarbonate/sulfuric acid are characterized by lower
roughness (9 nm), but higher values of the longitudinal dimensions of individual structural formations (630 nm),
compared to coatings with the sulfuric acid/polycarbonate architecture. At the same time, carbon coatings deposited
on the sublayer with the polycarbonate/sulfuric acid architecture are characterized by higher roughness values (158
nm) than the layers formed on the sulfuric acid/polycarbonate sublayer. Heat treatment of the coatings at a temperature
of 120 oC for 30 minutes in air significantly affects the morphology of the samples under consideration. Carbon layers
formed on the surface of polycarbonate/sulfuric acid after heat treatment are characterized by smaller values of the
average grain diameter (870 nm) and lower sub-roughness (96 nm) than the layers formed on the same systems without
heat treatment. Carbon layers formed on sulfuric acid/polycarbonate systems are characterized by a larger grain
diameter (1610 nm), higher sub-roughness values (154 nm) than in the case of forming carbon coatings without
preliminary heat treatment of the sublayer. The use of two-layer systems based on polycarbonate and sulfuric acid
allows controlling the morphological features of the carbon layers deposited on their surface, which in turn is due to
the processes of phase transformation of polycarbonate due to heat treatment and interaction with sulfuric acid.

Keywords: electron beam deposition; polycarbonate; sulfuric acid; carbon; morphology.
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BeegeHune

Mcnonb3oBaHMe 3NEKTPOHHO-NYYEBbIX Me-
TOLOB M NAa3MEHHbIX TEXHONOTUA hopmMupo-
BaHMA B COYeTaHUM C XMMMYeCKOoin o6paboT-
KO/ 3HauYuMTeNbHO pacwupsaeT BO3MOXHOCTHU
MO NONYYEHWNIO HAHOCTPYKTYPUPOBaHHbIX NO-
KpbITUiA C 3alaHHON Tonorpagueil NOBEPXHO-
CTW, peryaMpoBaHWIO cocTaBa, CTPYKTYpbl,
pacnpefeneHns WHIPegMeHTOB NO TO/LWUHE
YrnepogHOro cnos, 4To onpegenser UX BbiCO-
KYI MepcneKTUBHOCTb NPU peLleHnm pasnmny-
HbIX TEXHWYECKUX 3afay - OT cO3j4aHuna Kop-
PO3NOHHOCTOWKUX MOKPbLITUA [0 CUHTE3a akK-
TUBHbIX 3/IEMEHTOB ra3oBbIX CEHCOPOB U 6MO-
patumkos [1].

Llenbto HacToAWwel paboThl ABNAETCA yCTa-
HOBMeHWe 0cobeHHOCTel (QOpMMPOBAHUA K
onpegeneHne Mopdponorny NOBEPXHOCTU Yr-
NepoAHbIX MNOKPbITUIA CHOPMUPOBAHHBLIX Ha
MOBEPXHOCTU [ABYXCNOWHbIX CUCTEM Ha OC-
HOBe MonnkKapb6oHaTa 1 CEPHOW KMUCAOTHI.

MaTtepunanbl U MeToAbl UccnefoBaHNA

MokpbITMA 6bINK CHOPMUPOBAHDBI 4BYXCTA-
AUWAHBIM TMOPUAHBIM METOAOM Ha KpeMHue-
BbIX MOAMOXKAX: Ha NepBOW CTaguMu cCAou Ha
ocHoBe nonukap6onata (MK) n cepHoil kuc-
notbl (H2SO4) 6binn chopmUpoBaHbl C MOMO-
Wbl 3NEKTPOHHO-Y4YeBOro AMchnepruposa-
HWUA UCXOAHbIX KOMMOHEHTOB; HA BTOPOW cTa-
AWMU 13 NNa3mbl UMNYNbCHOIO KaTO4HO-A4YrO-
BOro paspsafga 6blN0 OCaX[eHO YrinepofHoe
nokpbiTue. [laBneHne ocTaTOUYHbIX ra3oB B Ba-
KYYMHOR kamepe cocTaBnano 5 10-3Ma.

MokpbITMA Ha OCHOBe nonukapboHaTa M
CEepHON KMCNoTbl 6biAnM chopmupoBaHbl 6e3
pasrepmeTum3aunm BaKyyMHOI Kamepbl B OA-
HOM TexXHONOorm4yeckom uukne. B KauvecTse
mMaTepuana MuleHeR 6biAM MCMOMAb30BaHbI
nopowku nonukapboHaTa n cepHas KucnoTa.
Hu3kue 3HayeHWs [aBAEHUA HACbILEHHbIX
NMapoB CepHOW KMCAOTbl MPENATCTBYOT ee
6bICTPOMY MCNapeHnto B YCNOBUAX TEXHONO-
rmyeckoro sakyyma (10-3Ma) [2], yTo No3BO-
NAeT UCMNONb30BaTb KUCMOTY B KayecTBe MU-
WeHu.

Tepmoo6paboTKa NONYYEHHbIX NOKPbITHA

OCylLecTB/AANaCb Ha BO34YyXe NpW Temnepa-
Type 120° C B TeyeHune 30 MuMHYT. Ha BTOpOii
CTafun Ha NOBEPXHOCTU paHee MONYYEHHOIA
LBYXCNONHON cucTeMbl 6b11M CHOPMUPOBAHDI
yrnepofHolie cnon B tedyeHun 3000 mmnynb-
COB C yacToToi cnegoBaHus 5 'y, TonwuHa
MONYYEHHbIX MOKPbITUIA He npeBbliwana
240 HMm.

Mopgonormyeckne ocCo6eHHOCTM MOBeEPX-
HOCTU C(OPMUPOBAHHbLIX MOKPLITUA 6blnn
M3y4eHbl CpejCcTBAMU aTOMHO-CUI0BON MUK-
pockonuu (ACM) B NONYKOHTaKTHOM pe-
Xume (ob6nactb ckaHuposaHus - 30*30 MKM)
C MUCnonb3oBaHWeM Mukpockona Solver Pro
(NT-MDT, Poccus).

PesynbTaTbl U UX 06CyXaeHne

Pesynbtatel ACM (puc. 1) nokasbiBatT,
4YTO 3NEeKTPOHHO-Ny4YeBOe AuchneprupoBaHue
CEPHOW KWUCNOTbl HEOAHO3Ha4YHbIM 06pa3om
BAMSEeT Ha MOP(ONOrMI0 OCaxXgaeMbiX MO-
KPbITHIA.

MokasaHo, uto cuctembl MK L ~04 xapak-
TEPM3YTCA MeHblWell CybLWepoxoBaToCTbio
(9 HM), HO 6onbWMM gnameTpom 3epeH (630
HM), yem OBYXCNOMHbIE MOKPbITUSA
H2SO4/MK. Mpu 3TOM yrnepojHble Ccnou,
chOpMUpPOBaHHbIE HA MOBEPXHOCTM CUCTEM
MKLW ~04, xapakTepusytTcs 60nbliein we-
pOX0BAaTOCTbIO M 60Mee BbICOKOW AMCNEPCHO-
CTblO, YeM cnou, CHOpPMMpPOBaHHbLIE Ha No-
BepxHocTn H2SO4/TIK.

Tepmoo6paboTka ABYXCNOMHBLIX CUCTEM
Ha OCHOBE NonnkKapboHaTa M CEPHOW KUCNOTbI
NMPMBOAUT K YMEHbLUEHWNIO 3HAYeHMW cybe-
pOX0BAaTOCTMN, YBENNYEHMWIO KOMMYecTBa OT-
LenbHbIX  CTPYKTYPHbIX 06pa3oBaHuUin
YMEHbLWEHUO UX AanameTpa. [10CKOAbKY
HabnogaeTca CX0Xee M3MEHeHWe napameT-
poB Tomorpauu yrnepofHbiX CMOeB, HaHe-
CEHHbIX Ha MOBEPXHOCTb NonuMkKap6oHaTa,
MOXHO CAenatb BblBOJ, UTO Takue Mophono-
rMYeckne U3IMeHeHWUS [LBYXCNOWHbIX CUCTEM
06ycnoBfieHbl U3MeHeHWeM Tonorpagpuu no-
BEPXHOCTU cnosa nonukapboHara.

Tonorpadus yrnepogHbix cnoes, chopMu-
POBaHHbIX Ha NOBepPXHOCTM cuctem H2S04/
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@)

©)
Puc. 1 Mopdonorus AByXCMoHbIX CUCTEM Ha OCHOBE
MK 1 H2S04:a- nK/H2S04; 6 - H2SO4nK

MK n nK/H2S04 nocne nx tepmoo6paboTKy,
pasnuyaeTcs cyllecTBeHHbIM ob6pa3om (puc.
2).

YrnepoAHble cnou, cPOpMUPOBAHHbIE Ha
nogepxHoctTn nK/H25S04 nocne Tepmoobpa-
60TKMN, XapaKTepusyrTCAd MEHbLLWMMU 3HaYe-
HUAMWU cpefHero auameTpa 3epeH (870 HM) u
MeHbl el cybowepoxoBaToCcTbid (96 HM), YeM
cnoun, copMuUpoBaHHbIe Ha 3TUX Xe CUcTe-
mMax 6e3 Tepm0o0o6paboTkm (1170 HM 1 158 HM
COOTBETCTBEHHO). [1py 3TOM MOBEPXHOCTb yr-
NepofHbIX c/oeB, CHOPMUPOBaAHHBIX Ha CU-
cTemax H2S04/nK, XapakTepusyeTca
6onbWwWuMM AMaMeTpoOM 3epeH, 60nee BbICO-
KMMUW 3HAYeHNAMU CyOLIepoX0oBaTOCTH, YEM B
cniyyae (hopMUpOBaHUA YriepofHbIX Ha Mo-
BepXxHoOCTU cuctem H2SO4/nK 6e3 ux npejsa-
puUTENbHOW TepmMoobpaboTKy.

@)

)

Puc. 2. Mopdonorus yrnepogHbIX NOKpbITWiA, cop-
MMpPOBaHHbIX Ha nogcnoe nK/H2S04: a - ¢ nofcnoem
6e3 TepMo06paboTku; 6 - ¢ TepMO06PabOTaHHBLIM NOA-
cnoem

[aHHbIl hakT, Mo BCel BUAMMOCTM, 06Y-
CNOB/IEH U3MEHEHWEM CTPYKTYpbl ABYXCNOM-
HbIX CUCTEM Ha OCHOBE Nofnkap6oHaTa u cep-
HOW KWCNOTbI BCNEeACTBME WX Tepmoobpa-
60TKM, 4TO onpegenseT xapakTep pocTa, da-
30BbIiA cocTaB M mophonormyeckme ocobeH-
HOCTW YTNepofHbIX C/M0EB, OCaXJaeMblX Ha
MOBEPXHOCTU BblLlleyKa3aHHbIX CUCTEM.

3akno4eHne

Oco6eHHOCTbI0 BaKYYMHbIX MeTO40B (hop-
MUPOBAHUA YINepoAHbIX C/I0EB AB/AETCA OCa-
XAeHue rnagkux MOKPbITUA, OfHaKo, pAng
60NblWINHCTBA NPaKTMYeCKUX 3ajay, NOKPbl-
TUA JOMKHbI 06nafaTb pasBUTLIM pefibeom
(rmgpoto6Hble, hoTOTepMUYeckKue, agcopb-
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LMOHHbIE CBOWCTBA).

Micnonb3oBaHWe ABYXCNOMHbIX CUCTEM Ha
OCHOBe nonmkKapb6oHaTa W CEpPHON KUCNOTbI
No3BONSeT YynpaBnsATb MOPGHONOrMYECKUMM
0COBEHHOCTAMM OCaXJaeMblX Ha WX NMOBEPX-
HOCTW YrNepofHbIX CNOEB, YTO B CBOK OYe-
pefib, 06ycnoBneHo mnpoueccamu (HasoBoii
TpaHcopmauum nonnkapboHata BCNeacTBUe
TepM0o0o6paboTKM M B3aMMOAEWCTBMA C cep-
HOM KUCNOTOIA.

Pa6oTa BbiNO/MIHEHA NMpU (DMHAHCOBOW NofA-
gep>Xke MuHunctepcTtBa ob6pasoBaHusa Pec-

ny6numku benapycb B paMKax KOMMNEKCHOTO
3agaHms 1.12, FTMTHW «®0oToOHUKa U 31eKTpo-
HUKa 419 UHHOBaLWN».
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