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[pencTaBneHbl pe3yabTaThl HMCCIICAOBAHUS DIICKTPOXMMHUUCCKOTO aHOJMPOBAHUS ATFOMUHHEBOM
(I)OJ'H)FI/I M TOHKHUX QJIFOMUHHUCBLIX IJICHOK, OCAXKJICHHBIX Ha KPEMHUECBBIC IJIaCTUHBI, B 2 % BOJHOM
pacTBOpe CEpHOM KHCIOTHI MPHU Pa3IMYHbIX HANpsHKCHUsIX (GopmoBku. [lokazaHo, dTO
TepMooOpadoTka mpu Temnepatypax 450 °C u 950 °C yBenuuuBaeT HOPUCTOCTh MJICHKH aHOTHOTO
OKCHJIA AMIOMHHUS U [IPUBOAUT K CHI)KSHHUIO 3HaUeHUsI Koo duilreHTa yBennaeHus oobema. Takxke
YCTaHOBJICHO, YTO BCTPAMBaHKUE KOMIIOHEHTOB AJICKTPOJIUTA B AHOIHBINM OKCH/I [IPH aHOJAUPOBAHUH B
pacTBOpax CepHON KHUCIOTHI HHTCHCH(DUIIUPYETCS C POCTOM HATPSDKEHHS (JOPMOBKH.

Kniouegvie cnoea: aHOmMpOBaHWE, TTOPUCTBHIA OKCHJ aIOMHUHHS, TPYOUaThli OKCHJ aJlOMHHUS,
HaHOCTPYKTYPHI.

BBenenune

AHOJIHOE OKHCIIEHHE ATIOMHHHMS U CIUIaBOB HA €ro OCHOBE UIMPOKO HCIOJIb3yeTcs B
pa3aN4YHBIX OTpAcisAX MPOMBINIIEHHOCTH. (CaMOymopso4YeHHas IOpUCTas CTPYKTypa aHOJIHOTO
OKCHJa aJIIOMUHHMS JIONTyCKAeT BapbUPOBAHHE TEOMETPHUECKUX [1apAMETPOB I€KCAroHaIbHBIX SUEEK B
JIOBOJILHO IITUPOKOM JIMarla30He, OT HECKOJILKHX HAHOMETPOB 1O MHKPOHA, YTO OO0YCIIaBIMBaeT
IIMPOKUI CIEKTp NPHUMEHEHHs T[OJIy4aeMbIX HAHOCTPYKTYp TIpU HW3TOTOBJIECHUW DPA3INYHBIX
ONTONEKTPOHHBIX ~ YCTPOWCTB, Takux Kak (oToHHble Kpuctamisl [1],  BonHOBOABI [2],
OPHEHTUPYIOLIME  TIOKPBITHS ISl OJKHIKOKPHCTaUTMUeckux  auciuiees [3].  YmpasieHue
Te€OMETPUYECKUMH TapamMeTpamMH CTPYKTYPbl MOPUCTOIO aHOJHOTO OKCHAA ATIOMUHHUS BO3MOKHO
MyTeM HW3MEHEHHUs YCIOBUH (JOPMHUPOBAHUS aHOIHOW TUICHKH, TAKMX KaK COCTAB AJIEKTPOJIUTA U €To
TeMmIeparypa, HamnpspDkeHHe (OPMOBKHM AaHOJHOTO TIIpoLecca, a TaKKe IyTeM HCIIOIb30BAHUS
JIOTIOJTHATENNBHBIX TEXHOJIOTHYECKHX 00paboTOK chOpMHUPOBAHHOH MJICHKH.

B HacTosmeit paboTe paccMaTpUBaeTCsl BIMSHHE HANpsDKeHUs (HOPMOBKU (B OCOOEHHOCTH
MOBBIIICHHBIX 3HAYCHUH HaNpspKeHUs! GOPMOBKH), a TAKKe TEPMOOOPabOTKM Ha CTPYKTYPY U COCTaB
MOPHUCTHIX IJICHOK aHOJHOTO OKCH/IA ATFOMUHUSI.

MeToz]mca IKCIIEPUMEHTA

B kauecTBe uCXomHOro Marepuana A1 TPOBENEHUS SKCIEPUMEHTOB HCIOIb30BAJIaCh
ajroMuHKeBast (osbra ToamuHOW 50 MKM, a TaKKe IUICHKH alloMUHUsS TomuHou oT 0,1 1o 1 MKM,
MOJlydYeHHBIE  MarHeTPOHHBIM  HANbUIEHHEM  Ha  OKHCIIEHHBIE  KPEMHHEBBIE  IIJIACTHHBI.
ONEKTPOXUMHUYECKOE AHOJUPOBAHHE ATFOMUHMS OCYLIECTBIAIOCH B 2 % BOJHOM pPacTBOpPE CEPHOU
KHCJIOTBI, OXJIaXKIeHHOM 110 TeMnepaTypbl 5+10 °C. [uanazon HanpsokeHHUs GOPMOBKH COCTABISUI OT
20 nmo 150 B. AHomHOe OKHCIICHHE AQllOMHHUS TpW HanpsokeHusx (opmoBku Oonee 30 B
MIPOBOJIUIIOCH B JJIEKTPOXMMHUYECKOHN sYElKe, MO3BOJSAIOUIEN MPOBOAUTH MPOLECC aHOAUPOBAHMS B
MEHHMCKOBOW 00JacCTH PacTBOpa 3JEKTPOJIMTA MPU MOTPYKEHHH IUIACTUH B JJIEKTPOJIUT C 3aJlaHHOU
ckopocThio [4]. Tlocne aHOMUPOBaHUS TJICHKH OBUTH MOJBEPTHYTHI TEPMOOOPAOOTKE HA BO3AyXE MpH



temrneparype 450 °C mubo 950 °C B Teuenme 60 MuH. AHaM3 CTPYKTYPHBIX IapamMeTpOB
c(OpPMHUPOBAaHHBIX IJICHOK TPOBOAMJICS TPH TIOMOIIM 3JIEKTPOHHOH MHUKPOCKOIHH. DIEMEHTHBIH
COCTaB IUICHOK MCCIIEAO0BAIN TIPH ITOMOIIH SHEPTOANCIIEPCHOHHOT0 MUKpoaHatu3a (EDX).

Pe3yabTaThl 1 X 00cy:KaeHHE

Ha puc. 1 npencraBiensl ¢hoTorpaduu MOMEPEIHOTO CEUSHUS IUICHKH MMOPHCTOTO aHOIHOTO
OKCHIA aTIOMUHUSA, chOpMUPOBAHHON Ha amoMHHHEBOU (osbsre mpu HampspkeHuu Gopmosku 30 B,
nociie aHoaupoBanust (puc. 1, @) u nocne omkura npu Temneparype 950 °C (puc. 1, 6).

15.0kV x150k SE(U) ) 15.0kV x150k SE(U)

a
Puc. 1. ®ororpaduu momnepeyHoro ceueHuUs IICHKH IOPUCTOrO aHOIHOTO OKCHIA allFOMUHUS, C(HOPMUPOBAHHOM
Ha aJIFOMUHUEBOU (oibre npu HanpsbxkeHuH GopmoBku 30 B, mocne anonupoBanus (a) u nocie
TepMo0OpaboTku npu Temmneparype 950 °C (6)

Kak BugHO U3 ¢ororpaduii, TOPUCTOCTh TUICHKH YBEIUYMIACH IOCIE TEPMOOOPaOOTKH 3a
cdeT 00pa3oBaHUsI HEYNOPSJOUYCHHBIX HAHOMOP B CTEHKaxX TPYOOK, oOpasyrommx IuieHKy. IlneHka
MOJIBEPTIIach KPUCTAJUIM3ANMK C 00pa30BaHWEM KPHUCTAILNTUYECKHX 3epeH pasMepoMm okoio 10 Hwm.
EDX-ananu3 mieHOK A0 | mocie TepMooOpaboTKu (pHc. 2) yka3bplBaeT Ha TO, YTO TepMooOpaboTKa
CYILECTBEHHO BIIMSIET Ha 3JIEMEHTHBIM cOocTaB aHOAHOW IuleHKH. Colep:kaHHe cepbl U KUCIOpoJa B
TUIEHKE TTOCIIE OT’KUTa 3aMETHO HIKE, YeM B HCXOJHOM TUICHKE.

< i

* El1 AN norm. C Atom. C Error El1 AN norm. C Atom. C Error
y; [wt.%] [at.%] [wt.%] B [wt.%] [at.%] [wt.%]
o 8 49.91  62.78 4.5
Al 13 48.86  36.45 1.9
16 1.23  0.77 0.1

Puc. 2. EDX-criekTpsI INICHOK MOPUCTOTO aHOJHOTO OKCHAA AIFOMHUHHUSL, COOPMHUPOBAHHBIX NPH HATIPSKEHUH
¢dopmorku 30 B, cHsThIe MOCIE aHOAMpOBaHuUs (@) U mociie TepMoodpaboTku npu temmeparype 950 °C (6)

OTMeTHM, YTO OTHOLICHHE KOJHMYECTBA aTOMOB AJIOMHHHUS K YHCIY aTOMOB KHCIOPOZa B
OTOXOKEHHOU TUIeHKe cocTaBisier 1 k 1,8, 4To cpaBHUTEIBHO OJHM3KO K aTOMHOMY COOTHOIICHHUIO B
okcuje amomMuans AlpOsz (¢ HeOOIBITNM H30BITKOM KHCIOPOA), B TO BPEMsI KaK B HCXOJIHOM IIJICHKE
3TO COOTHOIIEHHE paBHO | K 2,5. YuuThIBasg, 4TO COAEPIKAaHHE CEPbl B MCXOTHOW IUICEHKE OKOJIO
2,5 at. %, a mocne omkura — MeHee 1 at. %, MOXKHO caenaTh BBIBOJ, YTO YBEIHUYEHHE TOPHUCTOCTH
CBSI3aHO C BBIJICJICHHEM W3 TUICHKH CEpPbl M KHCIOPOJa, BCTPOSHHBIX B CTPYKTYpPY IUICHKH MpPH
AHOIMPOBAHMY B BHJE aHUOHOB SO,

Ha puc. 3 npeacraBnensl ¢ororpadun momepedyHoro cedeHuss u EDX-crmextpsl mieHkn
MOPHUCTOTO aHOJHOTO OKCHJA AIIOMHUHHS, CHOPMHUPOBAaHHOW HAa TUICGHKE ATFOMHHUS TOJIIHMHOMN
0,2 mxm nipu Hanpsbkernn GopmoBku 130 B HenocpencTBeHHO 1ocie monydenus (puc. 3, a), a Takke
nociie tepmoodpadorku mpu 450 °C (puc. 3,6) u npu 950 °C (puc. 3, 6). Iluk makcumasbHOU
uHTeHCHBHOCTH Ha EDX-crekTpax COOTBETCTBYET KpPEMHHIO, COCTAaBIISIOIIEMY IOAJIOXKKY, Ha
KOTOpO#l QopMupoBanach HCclieyemas IUIGHKa OKCHIAa alfoMHHHUS. [IpH OIleHKE 3JIeMEHTHOTO



cocCTaBa OKCI/I,Z[HOﬁ IIJICHKHU erMHI/Iﬁ HC YUYHUTLIBAJICA. K COXKAJICHUIO, HAJIWYHUC TOHKOI'O CJIOsA
AUOKCHIa KpEMHHA Ha erMHHeBOﬁ MOJJIOKKE HE IMO3BOJIACT KOPPEKTHO OLECHHUBATL COACPIKAHHUC
KHUCJIOpOJa B IJICHKE OKCHUAa aJITlOMUHUA.

10 El1 AN norm. C Atom. C Error
[wt.%] [at.%] [wt.$%]

s o 8 65.95 77.17 25
Al 13 26.83 18.61 0.5
0.1

cpsfev

2 E1 AN norm. C Atom. C Error
10 [wt.%] [at.%] [wt.$%]

o 8 65.41 76.71 2.2
. Al 13 27.711  19.217 0.4
0.1

1 El1 AN norm. C Atom. C Error
10 [wt.%] [at.%] [wt.$%]

15,0kV x100k S

Puc. 3. ®dororpadun nonepeunoro ceueHns 1 EDX-criekTphl INICHKH TOPUCTOTO aHOIHOTO OKCH/Ia JIFOMHUHUS,
copmupoBaHHOH Mpu HanpspkeHud hopmoBku 130 B HemocpeacTBeHHO mocie moayueHus (a), mocie
TepMoobpaboTku npu Temmeparype 450 °C (6) u 950 °C (8)

Kak BugHo w3 (ororpadmii, omkur npu temreparype 450 °C npHBOIUT K HE3HAYMTEIIBHOMY
YMEHBIIECHHUIO TOJILIUHBI IUICHKH, B TO BpeMs Kak pe3yiabratoM oTxura npu 950 °C sBisieTcss Takke
o0pa3oBaHHe HAHOIIOP B CTEHKAax TPYOOK, oOpasyrommx IwieHKy. ClieyeT OTMETUTh, YTO 3HAuYCHUE
kod(uiieHTa yBeNMUeHUs O0beMa IUICHKH CHIDKACTCsl C POCTOM TEeMIIEparypbl TEpMOOOpabOTKU
JIOBOJIbHO PaBHOMEPHO M HE3HAYMTEIFHO, B TO BpPEeMs KakK IOPUCTOCTh TOCJIE TEePMOOOpPaOOTKH IpU
temneparype 950 °C yBennuuBaeTcs ropas3fio CYIIECTBEHHEE, YeM IMOCNIE OTKHMIa TpH TeMIepaType
450 °C (puc. 4). EDX-aHanu3 HMCXOIHOM TMOPUCTOM IUIGHKH AQHOIHOTO OKCHIA ATFOMHHHS W IUICHOK,
TIOJIBEPTaBILIMXCS TEPMOOOPAOOTKE, TAKKE YKa3bIBAET Ha TO, YTO M3MEHEHHE COCTaBa IUICHKH MOCTIE OTXKUTA
npu temneparype 450 °C He3HauuTeNnbHO, B TO BpeMsl Kak Iociie omkura npu temmneparype 950 °C u3
IJICHKH TPAaKTUYECKH TIOJHOCTBIO YAAISeTCs cepa M 3aMETHO CHIDKAeTCsl A0Sl arOMOB KHCIOPOJA.
CozeprkaHue cepbl B HMCXOJHOW IUICHKE 3HAYMTENHHO BBINIE, YeM B IUICHKE, c(HOPMHPOBAHHOW IpH
Hanpspkeann 30 B, u paBHO 4,2 ar.%. 3TO TOBOPUT O TOM, YTO aHOJMPOBAHUE IPH TOBBIIICHHBIX
HanpspKeHUsIX (POPMOBKHU BeJIET K OoJiee MHTEHCUBHOMY BCTPaWBAHMIO aHHOHOB 3JICKTPOJINTA B OKCHIHYIO
TUICHKY 3a CYET OOMNbIIeH HANpsHKEHHOCTH TIONS B 30HE 3JIEKTpOXHUMHUUeckor peakuumu. [locne omkura npu
temriepatype 450 °C  comepykanme ceppl B IUICHKE MEHSCTCS HE3HAYMTEIBHO, TOTAa Kak IIociie
TepMo00paboTku pu 950 °C B IUICHKE COXPAHSETCS JIUIITb He3HAUMTENNbHOE conepxkanue cepsl (0,14 ar %).
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Puc. 4. I'paduxu 3aBucuMOCTH KO3 OUIHEHTa YBEIHIECHUS 00beMa U IOPUCTOCTH aHOTHOW OKCHIHOI IJICHKH
ATIOMUHHS OT TEMIIepaTyphbl OT)KUra

VYuuteiBasi pasHHIly COJEpKaHUS Cepbl B AHOAHBIX IUICHKaX HEMOCPEICTBEHHO MOCIEe
AHOJMPOBaHU U MOCJIE TEPMOOOPAOOTKH, a TAKKE COOTHOIICHHE aFOMHHUS U KHCIOPO/a B AaHHBIX
TUIEHKAX, MOJKHO CJIeNIaTh BBIBOJI, YTO YBEJIMUYCHHE MMOPUCTOCTU CBSA3aHO C BBIJCIICHHEM U3 IICHKH
Cepsl M KHUCIOPOJa, BCTPOCHHBIX B €€ CTPYKTYpPY NPH AaHOAWPOBAHHUH, BEPOSTHO, B BHJE AHHOHOB
SO4%, a TakKe, YTO aHOAMPOBAHHME TPU BHICOKUX HANPSHKEHUAX (POPMOBKHU BeJET K (POPMUPOBAHMIO
AHOJHBIX TUICGHOK JIPYroro cocTaBa, W, KaK CIEACTBUE, OOJaJarolluX CBOMCTBAMH, OTIMYHBIMH OT
CBOMCTB IICHOK, C(HOPMHPOBAHHBIX MPH HU3KHX HANPSHKEHUSAX POPMOBKH.

3aka0ueHnne

[IpoBeneHHbIE HCCIEIOBAHUS TO3BOJIWIN TOATBEPIAUTh (aKT BCTPAaUBAHHS KOMITOHEHTOB
snektposuta (annoHoB SO42) B aHOIHBINA OKCHJI AJFIOMUHUS TIPH aHOJMPOBAHUU B PACTBOPAX CEPHON
KHCJIOTBI, a TAK)KE MHTEHCH(UKALIMIO 3TOTO MpOoLEecca C POCTOM HanpspKeHUs! GOPMOBKH, YTO B CBOIO
ouepesb MOXKHO CBS3aTh C pOCTOM KOd((HIMEHTa YBEIWYEHUS TONMIMHBI (POPMHUPYEMBIX IJICHOK.
Takxe ycTaHOBIEHO, YTO OTXKHUI IpH TeMieparype 950 °C mo3BossieT yBeTUIUTh OPUCTOCTh TIIEHKH
AQHOJHOTO OKCHJAa aJIOMHMHHs 3a cueT 0oOpa30BaHHs HAHONOP B CTEHKAaX I'€KCArOHAJbHBIX SUeeK-
TpyOOK, oOpasyromux TieHKy. [Ipu 3ToM ®m Tocie TepMooOpabOTKH COXpaHSETCS HEKOTOpOe
OTKJIOHEHHE COOTHOIIEHHSI KOJMYECTBA aTOMOB AIOMHHHS M KHCIOPOJAa OT CTEXHOMETPHYECKOTO
cocraBa okcuga amoMuHus (Al2O3) ¢ U30BITOUHBIM COEPIKAHUEM KHCIOPO/a, YTO MOXET SIBISATHCS
OJTHOHM M3 MMPUYMH BBICOKOTO 3HaYCHHS KO3 (PUIIEeHTa yBeTnUeHU 00beMa UCCIeyEMbIX TIIEHOK.

TERMAL TREATMENT IMPACT ON STRUCTURE AND COMPOSITION OF POROUS
ALUMINA FILMS FORMED AT DIFFERENT VALUES OF FORMING VOLTAGE

D.A. SASINOVICH, V.B. VISOTSKIY, S.K. LAZAROUK

Abstract

A fabrication of porous alumina films by electrochemical anodization of aluminium foils and
aluminium films deposited on silicon wafers is presented. Anodization process was held in the 2 %
sulphuric acid aqueous solution at different forming voltages. It was shown that thermal treatment at
450 °C and 950 °C leads to increase of anodic alumina film porosity and decrease of volume
expansion factor. It was also defined that embedding of electrolyte components in anodic alumina
during anodization in sulphuric acid solutions intensifies with the increase of forming voltage value.
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