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CEKIIMA 1. BBICTPO3AKAJIEHHBIE MATEPHUAJIBI

MUKPOCTPYKTYPA BBICTPO3ATBEPAEBIINX
CIIJIABOB (BiSn)In
leneseBuu B.I'.
benopycckuii rocy1apcTBeHHbII yHUBEPCUTET
220030, mp. HezaBucumoctu, 4, Munck, benapycs
Tenedon: 8 (017) 209-54-08
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OrpaHuyeHus: Ha MCIOJIb30BaHUE JIETKOIUIABKHX CIIABOB, COJAEPMKALIMX
BpEIHbIC KOMIIOHEHTHI (PTYTb, CBHHEIl M JIp.), IIPUBEJIM K PACHIMPEHHUIO Hayy-
HBIX HCCJICOBAHMI IO CO3JaHUIO HOBBIX JIETKOIUIABKUX CILIABOB, B KOTOPBIX
BBILIICYKA3aHHbIC JJIEMEHTBI 3aMCHEHbI OE€30MaCHBIMH, HAMNPHMEpP, BHCMYTOM,
nHaneM, cepebpom [1,2]. Tak kKak CTOMMOCTh 3aMEHUTENeH 3HAYNTENFHO BhIIIE
CTOMMOCTH CBHHLIA, TO OECCBHHIIOBBIC JIETKOILIABKHME CILIABBHI L[EJIeCO00pa3HO
MOJIy4aTh YHEPro- U pecypcocOeperarIuMi TEXHOJIOTHAMH, K KOTOPBIM OTHO-
CHUTCS BBICOKOCKOPOCTHOE 3aTBepaeBanue [3,4]. OgHako mpu CKOPOCTAX OXJIax-
nenns pacriaa Beime 10° K/c mpu 3aTBepaeBaHuu (pOPMHPYETCS CTPYKTYpa,
KOTOPYIO HEBO3MOYXKHO TOJIYYUTh C HOMOIIBIO TPaJUIIMOHHBIX TE€XHOJIOIui [3-
5]. B CcBsI3M ¢ 3TUM aKTyalbHBIM SBJISETCS UCCIECIOBAaHUE CTPYKTYpPbI U (pusnue-
CKHX CBOHCTB OBICTPO3aTBEP/AEBIIUX OECCBHHIIOBBIX JIETKOIUIABKHX CILJIABOB

CUCTEMBI BUCMYT — OJIOBO, TOTIOJTHUTCIBHO JICTUPOBAHHBIX NHAUEM.

Tpoiinsle craBbl SngsBisln 3, SnesBisslny ¢ 1 Sng3BissIns 4 (cocTaB yka-
3aH B aT. %) NOJYy4YeHBbI CIUIABIEHHEM B KBapLEBOW aMmmyse. 3aTeM Karuisi pac-
mwiaBa Maccoit ~ (0,1 — 0,2) BBIIECKMBAIN HAa BHYTPCHHIOK MOJIMPOBAHHYIO
MMOBEPXHOCTh OBICTPOBPAIIAIOIIETOCS MEIHOTO [IMIHH/PA, PACTEKAIACh TOHKHM
CJIOEM U 3aTBepjeBaia B Buae Gonbru inHOi 10 10 cM u mupuHoit 10 10 Mm.
TommuHa rccnemyeMbix ¢oasr cocraBisuia 30 — 70 Mxm. CKOpoCTh OXJIaxIe-

HUS KIIKON (haskl, Kak mokasan pacuet [4], 6bina He menee 10° K/c.

I/ICCJ]CZ[OBaHI/Ie MUKPOCTPYKTYPBI OCYUIECTBJICHO C UCIIOJIb30BAHUEM pac-

TPOBOTro eKTpoHHOro Mukpockona LEO 1455 VP. Onpenenenue napamerpos
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CTPYKTYpBI IIPOBEJIEHO METOJOM CIydailHbIX CeKyIuX. AOCONIOTHAs MOrpell-
HOCTb OIpEJENIeHUs napaMeTpoB He npesbimano 10 %. PeHTreHOCTpyKTYypHBIE

HCCleI0BaHus TIpoBeieHbl Ha nudpaktomerpe JJPOH-3 B MeiHOM H3ITydeHUH.

N300pakeHre MUKPOCTPYKTYPBI Ha MOBEPXHOCTH A (OJBIH, MPHIIETar0-
mieil K KpuCTaun3aTopy, ciasa SngBisIns 4 npencrasnena Ha puc. 1. Benble,
YepHbIe M Cepbie 001aCTH, KaK MOKa3al PEHTTCHOCHEKTPAIbHbBI MUKPOAHAIIN3,
COOTBETCTBYIOT O0JIACTSIM CIUIaBa, OOOTAIlEHHBIM BUCMYTOM, OJIOBOM M WH[HU-
eM. PeHTreHOCTPYKTYpHBIC HCCIIEIOBaHHUsS OBICTPO 3aTBEPACBIINX CILIABOB
SnesBisslno g 1 SngsBissIns s  BbIABMIM TUQpaKIMOHHBIE OTPAaKEHUS BUCMYTa
(1012, 1014, 1120 u zp.), onoa (200, 101, 220u ap.) u e-asst (111, 200, 1021
np.). T.e. ux ObicTpo 3aTBepieBire (HOJIBIH COCTOSAT UX BHCMYTa, OJIOBA U &-

¢a3bl. B crmaBe  Sng;BisIns 4 00beMHuas mons e-¢asel gocturaer 6 %.

Pucynox 1 - MukpocTpykTypa nosepx-
HOCTB A (oTBTM OBICTPO3aTBEPAEBIIETO

cruiaBa Sng;BissIns 4

IlapamMeTpsl MHKPOCTPYKTYPHI Ha TIOBEPXHOCTH A (OJBIH CIulaBa
Sne;3BissIns 4 mpuBenens! B Tabmuue 1.

Tabmuna 1
IMapaMeTpbl MUKPOCTPYKTYPBI OBICTPO3aTBEPAEBLIET0
CciiaBa Sn63Bi3ZIn5,4

Bpems

Cmuias dsp, MKM dgi, MKM Smars MM
BBIICPXKKH, I
SnBin 5 0,50 0,45 42
ne4BissIn,
A 50 0,90 0,64 2,6
5 0,52 0,46 4,0
sn63Bi3zIn5’4 50 0,96 0,74 2,2
410 2,5 1,1 1,0
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C yBenmu4eHHUEeM KOHIICHTPALUU WHIMS HaOJIONAIOTCS HE3HAUUTEIIbHBIC
M3MEHEHHS CPEIHMX JUTMH XOpJ| CIyYalHBIX CEKYIMX HA CCYCHUSIX BBIICICHUN
0JI0Ba ds, ¥ BUCMYTA dp; U YIEIbHON TOBEPXHOCTH MEK(Pa3HOH rpaHHIbl Syor-
Bonee cuipHOE BiMsIHME HA TapaMeTpbl MUKPOCTPYKTYPBI OKa3bIBaeT BpeMs
BBIICP)KKHA (OJBI MPH KOMHATHOW TemmepaTtype. Tak, Uit (oibru cruiaBa
Sng;BispIns 4 n3MeHeHHe BpeMeHU BhIACPKKH ¢ ¢ 5 10 410 4 BbI3bIBACT yBEIHYE-
HUE CPeHUX JUTMH XOPJI BBIJIEIECHUI 0J0Ba U BUCMYTa M YBEIWICHHUE UX YACIb-

HOW MOBEpXHOCTH B 2 - 4 pasza.

CrpykTypa 3epeH OblcTpo3aTBepAeBIIero ciasa SngBisyIns 4 Ha moBepx-
HOoCcTH A Qonbru nocne BeIACp:KKA 50 4 IpH KOMHATHOW TeMIlepaType Ipej-
cTaBlieHa Ha pHC. 2. TOJNCTHIE JIMHUN COOTBETCTBYIOT BHICOKOYIJIOBBIM TpaHU-
uam (BYT) 3epen, Tonkue nuHun — manoyrinoBeiM (MVYT). Cpennue 3HaYeHUst
apaMeTpoB CTPYKTYPbI 3epeH (OJIbTH, TPUBEACHBI B TAOIHUIIE 2.
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Pucynok 2 - Ctpykrypa 3epeH ObicTpo3aTrBepesiiero cruiasa Sn63Bi32In5,4

MakcumainbHble XOp/bl 3epeH ojioBa Dg, U BUcMyTa Dp; clydyallHBIX ce-
KYIIUX HE MPEBHIMIAIOT HECKOJIBKAX MUKPOH, T.€. 3ePEHHAsI CTPYKTYpa SBISIETCS
MHUKpockonnyeckoid. Ee ¢popmupoBaHue BbI3BaHO OOJIBIIONH CKOPOCTBIO 00pa3o-
BaHUSl [EHTPOB KPHUCTAJUTM3AIMM W3-32 BBICOKOW CTENCHH IIePEOXIIaKICHHS
paciuiaBa mpu ero cBepXObICTPBIM OXJIAKICHUH. Y ICIIbHBIC TOBEPXHOCTH BBICO-
KOYIJIOBBIX I'PAaHMI] 3€PEH OJIOBA Sy W BUCMYTa Sy, PA3IMYAOTCA IOYTH B
ceMb pa3. YelbHbIe MOBEPXHOCTH MaIOYTJIOBBIX I'PAHHIL 3€PEH 0JI0BA M BUCM Y-
Ta MEHBIIIE yIeTbHOI MOBEPXHOCTH BEICOKOYTIIOBEIX TPAHHMII.



Tabuuna 2
ITapameTpbl cTPYKTYpbI 3epeH (osibru ciuiaBa SngBizIns 4

IToBepxHOCTB oJIBTH
daza [Tapamerp N P ¢ 5 ngiil;eﬂz
Sn Dsy, MKM 0,72 0,64 0,68
R — 033 0,41 0,37
s 0,09 0,03 0,06
MVI ,MKM—]
Bi DBi, Mkum L1 1,0 1,1
Swr -1 0,05 0,06 0,06
I i1 0,01 0,03 0,02

Takum obOpaszom, ObicTpo3aTBepieBIIMe (OJIBIH CIUIABOB SneuBisslny s u
Sne;3BissIns 4 cOCTOAT U3 TBEPABIX PaCTBOPOB BHCMYTa M oJioBa H e-(aspl. C Te-
YeHHeM BPEMEHH BBLICP)KKH NPH KOMHATHOH TeMmepaType HaOIoJgaeTcst yK-
pYITHCHHUE BBIJCICHUI BUCMYTa M 0JI0Ba. BBIJICTICHUS 0JI0Ba M BUCMYTa UMEIOT
MHUKPOKPHUCTAJUTUIECKYIO CTPYKTYPY.
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ZBCHOpyCCKI/Iﬁ rOCYIapCTBEHHBIN YHUBEPCUTET
220030, mp. HezaBucumoctu, 4, Munck, berapycs
E-mail: Ol.gusakova@gmail.com

Hcnonb3oBaHHe IBTEKTHUECKOTO CIiaBa Sn-Zn-Bi B kadecTBe OecCBUH-
LIOBOT'O TIPHITOS SIBJISIETCS TEPCIIEKTHBHBIM, IOCKOJIBbKY OH 00JaJaeT TeMmepa-
Typoli IUIaBIeHMs OJM3KOH K TeMIlepaType IUIaBICHUs BTEKTHKA Sn-Pb u He
TpeOyeT M3MEHEHHs TEeXHOJIOIMYECKUX MapaMeTpoB mnaiiku. OJHako mpuMeHe-
HHE cIulaBa Sn-Zn-Bi orpaHu4eHO ero HU3KOH KOPPO3HOHHOI CTOWKOCTBIO M3-
3a BBICOKOW KOHIEHTpaluu urHKa. [lokazaHo, yTo n00aBiIeHUE B CIUIaB MHIMSA
IIPY YMEHBUICHUH COJCp)KaHHUsA LIMHKA HE M3MEHSIET Cpe/lHee 3HAYCHUE TeMIle-
paTypsbl IUIaBIEHUS, OJHAKO TeMIEepaTypHBIH MHTepBal IUIABICHUS pacIIupseT-
ci [1]. CyxeHue TeMrepaTypHOro HHTEPBasa IUIABICHUS MOXET OBbITh JOCTHUT-
HYTO 3a CYCT U3MCHCHHS CTPYKTYPHO-(a30BOr0 COCTOSHUS MaTepuaia IpH ero
HM3TOTOBIICHUH METOIOM CBEPXOBICTPOI 3aKaKH U3 paciuiasa [2].

BrictposarBepaesine ¢ousbru crutasa Sn —5,5 mac.%Zn —5,0 mac.%In —
3 mac.% Bi monyuanucek B pe3yibTaTe 3aTBEpACBaHMs paciuiaBa IpH ero pacre-
KaHUM 0 BHYTPEHHEH IMOBEPXHOCTH BPAIIAOIIErocs MEJHOTO KPUCTAIIIH3ATO-
pa. JluneiiHas ckopocTh BpaineHus: Kpucrawiuzaropa 15 m/c. Tommmua donsr
cocrapisieT 40 MKM, a CKOPOCTb OXJaKJICHUS paciljiaBa 5-10° K/c. Uccnenosa-
HHUE COCTaBa, MUKPOCTPYKTYPBI, 3¢PEHHOM CTPYKTypa M TEKCTYpbl (OJIBr mpo-
BOJIMJIOCH C TIOMOIIBIO PACTPOBOTO 3JEKTPOHHOTO MHKPOCKOIA C 3HEprojamuc-
[IEPCHOHHBIM MHUKPOAHAJIU3aTOPOM U IU(PAKLMOHHON NpHCTaBKOH (ha30BOro

aHajr3a.

B cBsi3u ¢ TeMm, 4TO MpH CBEPXOBICTPOI 3aKanke U3 paciuiaBa CKOPOCThb
OXJIaXJCHUS PacIllaBa y CTOPOHBI (OJIBbIH, NPHIETAIONIEH K KPUCTAIH3ATOPY
(A) Boime, yeM y cBOOOTHO 3aTBepaeBaromiell cTopoHbl (B), Obmm M3ydeHBI

MHUKDPOCTPYKTYPBI (OJIBIU C ABYX CTOPOH. Pe3ynbTaThl MCCIENOBaHUS MUKPO-
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CTPYKTYpBI IPUBEJICHBI Ha pucyHKe 1. Ha cTopone donbru A BblieneHHs UHKA
uMeroT GopMy AUCKOOOPa3HbIX IIACTUH ¢ AuameTpoM 200-300 HM U TONMIUHON
20-30 HM paBHOMEPHO pacIpeesieHHBIX 10 3epHy (puc. 1 a u 6). Mopdomnorus
cTopoHbl B ¢onbru siuencro-neHnputHas (puc. 1 B), paBHOOCHbBIE BKJIIOYEHHS
nuHKa, pazMepom 100-150 HM pacnoIoKeHbI IO TPAHHUIIAM STYEeK U B MEXKICH/I-

PHUTHOM IpocTpaHCcTBe (puc. 1 1).

B r

Pucynok 1 - MukpocTpykTypa (oisr cIuiaBa
Sn — 5,5 mac.%Zn — 5,0 mac.%In — 3 wmac.% Bi:
a, 0 - Ha cTopoHe A, B, I —Ha cTopoHe B
OTnryrie B MUKPOCTPYKTYpPE IBYX CTOPOH (DOJIBIH OOYCIIOBJICHO pa3HbI-
MU CKOPOCTSIMHU OXJIQXJIEHHUS paciljlaBa W JOCTUTaeMbIMH TEMIIEpaTypaMmu Ie-
peoXiaXkIeHuUs, NpU KOTOPbIX HAaYMHACTCS 3aTBEPIAEBAHUE M, KAK PE3yJbTar,
pa3NMYHBIMM MEXaHM3MaMM KpHcTajuin3anuu. Haubosblias cKOPOCTb OXJaxk-
JICHUS pacijiaBa JOCTUTACTCSl HA CTOPOHE (POJIBTH, TPHIICTAIONICH K KPUCTAILIHU-

3aTopy. HaGmomaemass MUKpOCTpyKTypa (GopMupyercsi B pe3ylbTaTe pacrajga
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MIEePECHIIEHHOr0 TBepIoro pacTBopa. IlmactuHyaras ¢popma MoxeT ObITh 00y-
CIIOBJICHA AHM3OTPONHMEH CTPYKTYPbl KPUCTAIMYECKOI pEIeTKH, KaK OJIOBa,
Tak U 1MHKa. Ha cTtopone Qoneru B mepeoxnaxkaeHune pacriiaBa YMEHBIIACTCS
13-3a BBIJEICHUS CKPBITON TEIIOTH Kpuctamiuzanuu. [loatomy dhopmupyrotes
YCIOBUSL U1 SYEHCTO-JICHAPUTHOM KPHUCTAJUIM3ALUN OJI0OBA C OTTECHEHUEM
MIpUMECH LIMHKA K FPaHMLE pa3/iena XUAKOH U TBepaoH (a3 U Mmocieayromero

€ro BBIACJIICHUA B BUI€ HAHOPA3MCPHBIX PABHOOCHBIX BKJIIOUCHHH.

Pe3ynbrarhl MCCIIEAOBAHUS 3EPEHHOI CTPYKTYpBI (ol (pHc.2), mokasa-
JM, 9YTO OHA TaKXKe OTIMYaeTcsi Ha cTopoHe A u B. Cpennuil pasmep 3epHa Ha
cTopoHe Goiasru A cocraBiser 8,7 MKM, a Ha cTopoHe B 2,5 mxm. @opmuposa-
HUs OoJiee KPYIHBIX 3€pPeH y CTOPOHBI A 00YCIIOBICHO TE€M, YTO NPHU CBEPXObI-
CTpOii 3akajke onoBa GopmupyroTcs KpymHbie (10 500 MKM) 3epHa U UX pa3Mep
cnabo yMeHbIIAETCsl IPH JITHPOBAHUU PA3IMYHBIMU JJIEMEHTAMH B Ipeienax

PacTBOPUMOCTH, JIOCTUraeMOW TIpH CBEpXOBICTPOIl 3aKaike U3 pacruiasa [2].

a 0
Pucynok 2 - 3epennast cTpykTypa ¢obr criaBa

Sn — 5,5 mac.%Zn — 5,0 mac.%In — 3 mac.% Bi: a - Ha cTopone A, 0 - Ha cTopoHe B

W3ydeHne TeKcTyphl GOJIBI TOKA3aJI0, YTO Ha CTOPOHE (ONBIU A, Ipuiie-
raroleil K KpucTayiu3aTopy, HabMI0AaeTCsl IPEUMYILECTBEHHBIN POCT 3epeH, Y
KOTOpBIX MIockocTh (100) mapansiensHa moBepxXHOCTH (oJIbru. Y cBOOOAHO 3a-
TBEp/CBAIOIEH CTOPOHBI (OJBIM TEKCTypa OTCYTCTBYyeT. Hamnume TekcTypsl
(100) xapakTepHO a5t OBICTPO3aTBEPACBIINX (OJIBIax 0JIOBA U €ro CILIaBOB [3].

OHO 00yCITOBIIEHO HAaMOOIBIIEH PETUKYISIPHOHN TUIOTHOCTBIO TutockocTu (100)
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$-Sn, 4TO NPUBOAMT K NPEHMYILIECTBEHHOMY 3apO’KACHHUIO M POCTY 3€peH C Ta-

KO opHeHTalLuel.

{100} it {110y =

Pucynok 3 - IIpsiMble omocHble GUTYPHI (HOJIBT CITaBa

Sn - 5,5 mac.%Zn — 5,0 mac.%In - 3 mac.% Bi: a - Ha cropone A

Takum oOpa3oM, IpU CBEpXOBICTPOH 3aKalKe M3 paciulaBa CIulaBa Sn —
5,5 mac.%Zn — 5,0 mac.%In — 3 mac.% Bi dopmupyrorcst Goasru ¢ HaHOpa3-
MEPHBIMH PAaBHOMEPHO PACIPEACICHHBIMYU BKIIOYCHHUSMH IHHKA B TBEPAOM
pacTBope BUCMyTa H UHAUA B 3-Sn.
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MHUKPOCTPYKTYPA BbBICTPO3ATBEPJAEBIIEI'O
CIIJIABA In - 21 aT. % Bi
lep6auenko JI. I1., lenenesuu B. I'., I'ycakoBa C.B.
Benopycckuii rocy1apcTBeHHbIN YHUBEPCUTET
220030, mp. HezaBucumoctu, 4, Munck, benapycs
Tenedon: 8 (017) 209 - 54 - 08
E-mail: shepelevich@bsu.by

Bosnbiiold mHTEpEC BBI3BIBAIOT CILIaBbl cucTeMbl In-Bi, Ha ocHOBE KOTO-
pPBIX MOTYT OBITH pa3pabOTaHbl MPUIMOW C HU3KOW TeMIepaTypoi IJIaBICHUS.
OnHUM U3 TaKuX JIETKOIUIABKMX CIUIABOB SABJIAETCS IBTEKTHUYECKHI cruiaB In-
21,5 ar. % Bi. Bbicokas cTOUMOCTb MH/ANS U 0J0Ba YKa3bIBaeT Ha Iiesecoodpas-
HOCTb HCIIOJIb30BAHMSI pecypcocOeperarInx TEXHOJIOTUH IMOTy4eHHs JIerKO-
IUTaBKUX CIUIaBOB. K TakMM TEXHOJIOTHSM OTHOCHTCS BBICOKOCKOPOCTHOE 3a-
TBEp/IEBaHNE, BBI3BIBAIOIEE 3HAUMTEIIFHOE IEPEOXJIAXKICHUE KUAKONH (a3pl. B
CBSI3M C 3TUM HCclieloBaHHEe (pa30BOr0 COCTaBa, MUKPOCTPYKTYPbI M TEKCTYPBbI
ObicTpo3arBepaeBIMX Qonbr cruiaBa In-21 at. % Bi, Onm3koro K 3BTEKTH-

YECKOMY, UMEET HAYYHOE U IIPAKTUYECKOE 3HAYECHHE.

bricTpo3aTBepaeBmaz (Goabra CIaBa Mogydaiy KPUCTAUIN3ALUCH Kaluln
paciutaBa (~0,2 r) Ha BHyTpeHHel! ONIMPOBAaHHON MOBEPXHOCTH BPAIAIOIErOCs
MezHoro nmmHapa. CKoOpocTh OXJIQXKICHUS paciulaBa, COrjaacHo pacyeram [1],
nocruraer ~ 10° K/c. MukpocTpykTypa (QoJbr UCCIIEI0BAIACH C TOMOIIBIO pac-
TPOBOTO AeKTpoHHOro Mukpockona (POM) LEO 1455 VP (Carl Zeiss), ocHa-
LIEHHOTO NpucTaBKoii (azoBoro anammza HKL Channel 5. O6bemHas momnst das,
yJlelibHask HOBEPXHOCTh MEX(a3HBIX IPAHUIl U TPAHUILL 3€PEH OIpeeIsUTICh Me-
TOJIOM CEKYyLIMX. PeHTreHorpauueckie HCCIeJ0BaHUs BBIMOJIHSINCH HA JIH-
¢pakromerpe JPOH-3. Tekctypa u3y4anack METOJOM OOpAaTHBIX IIOJIFOCHBIX
¢uryp. ITomtocHbIe INIOTHOCTH p NU(PPAKIIMOHHBIX JTMHUI UHIUSA U COCAMHCHUS

In,Bi paccunTeiBanmcrs o meroxy Xappuca [2].

Pentrenorpaduueckue MCCIeJOBaHUs I10KAa3ald, YTO OBICTPO3aTBEPIEB-
mue Qonbru crwiasa In - 21 ar. % Bi sBistoTes aByx(da3HbIMH, O YeM CBHUJE-

TENLCTBYET MOSBJICHHE Ha AU(paKTOrpaMMme crutaBa AUQPaKIMOHHBIX JIMHHUH
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TBeporo pactBopa Bucmyta B uHauu (002, 110, 112 u ap.) u coequnenus In,Bi
(0002,1120, 1012 1 zp).

N300paxkeHHe MHKPOCTPYKTYPBI IMOIEPEYHOrO CEYCHHUsSI OBICTPO3aTBEp-
nesuier ¢onbru crasa In-21 at. % Bi npencrasneno Ha puc. 1. HaGmonarores
CBETJIBIC U TEMHBIC O0JIACTH, YTO CBHICTEIBCTBYET O BBIACICHHSIX Pa3IMYHBIX

¢as.

Pucynox 1 - Muxpoctpykrypa ¢omsru crasa In-21 ar. % Bi

IpoBeZIcHO PEHTIEHOCTIEKTPAIBbHOE UCCIICOBAaHNE TIOBEPXHOCTH (OJIBTH,
B pe3yibTaTe 4ero oOHapyKeHO HEOJHOPOIHOE pacHpeesieHHe KOMIIOHEHTOB.
Benast 065acTh COOTBETCTBYET coeanHeHH0 In,Bi, TeMHast 001aCTh COOTBETCT-
ByeT daze In. C mOMOIIBI0 PEHTIEHOCIIEKTPATFHOTO MUKPOAHAITH3a YCTAHOBIIE-
HO, YTO KOHICHTpaIUN 06OI/IX KOMIIOHCHTOB CILJIaBa a CJI0AX CbOJ’ILFH, npuie-
TaoIHUX K €€ IMPOTUBOIIOJIOKHBIM ITOBEPXHOCTAM An B, COBITAJAIOT B IIpeaeiax
MOTPEIIHOCTH MX ONPEIETIeHHs, YTO Ba)KHO TPH M3TOTOBJICHHMH JICTKOIUIABKHX

MIPUIIOEB U UYBCTBUTEIBHBIX 3JIEMEHTOB IIPOTHUBOIOKAPHBIX YCTPOMCTB [3].

OObemuast noas uHgus V= 0,64, coemunenuss In,Bi Vipogi= 0,36.
VaenvHas moBepxHOCTh Mexdazuoit rpanunbl (MOPI) Syer= 0,71 MM m
CpE/IHUE BEIIMYMHBI XOP/I CIYYaiHbIX CEKYIIMX Ha BBIICICHHUAX MHAUSI U COCHU-
Henus In,Bi momepedHoro cedeHuss UMEIOT 3HaUeHUS di= 3,5 MKM, djpopi=

2 MkM Qounbru criasa In-21 at. % Bi.

Boirenenns daser In u coenunenust In,Bi B dosbre mMeroT 3epeHHYIO
CTPYKTYPY, 4TO MOJTBEPIKAACTCS MCCIIEIOBAHUSIMU MTOBEepXHOCTeH 4 U B doinb-
I'H C MCIOJb30BaHUEM MPUCTABKU /It (pazoBoro aHaimuza. dororpadun 3epeH-

HOU CTpYKTypbI crutaBa In-21 at. % Bi o6eunx ¢a3 npusenens! Ha puc. 2. H3o-
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OpakeHue BBICOKOYIJIOBBIX rpanull 3epeH (BYI') BblaeneHbl YepHBIMU KUPHbI-
MU JIMTHUSAMH, a MaJoyriioBbix rpanun (MVYT') BHYTpH 3epeH — YepHBIMH TOHKHU-
MU JTUHASIMHA. ManoyrioBsle TpaHUIB HAOMIOAA0TCS HE HAa BCEX CEUCHUSIX BBI-

JIeJIeHUI UHOUS 1 npOMemyTquOﬁ ¢azsr InyBi.

21-:._

Pucynoxk 2 — 3epennas crpykrypa ciuiaa In-21 ar. % Bi: a) In2Bi, 6) In

Omnpenenenbl mapaMeTpsl 3epeHHON CTpyKTyphl cruiaBa In-21 at. % Bi.
VienbHas MOBEPXHOCTh BBHICOKOYIIOBBIX TPAHHI B HHIMM paBHA Sp° =
0,38 MKM", a B mpoMexyTouHoi ¢ase In,Bi Siopi | = 0,36 MM, O6mias Benu-
YMHA YETbHON MOBEPXHOCTH BBICOKOYITIOBBIX IPAHMII paBHa Sgyr = 0,74 MkM ™
MautoyrioBble rpaHuIbl HAOIIOAAIOTCS HE Ha BCEX BBIACICHHUAX MHAMSA U IPO-
MEXyTOYHOH (aspl. WX ynenbHas IOBEPXHOCTh COCTABIS€T B HHIUH

S™1=0,002 Mxm™ 1 mpomexyTounoit paze In,Bi Sy =0,01 Mxm ™.

MaxkcuManbHBIM pasMep XOpH CllydalHBIX CEKYHNIMX Ha 3epHax In gocTtu-
raet 9,0 MKM, a UX CpeJHUI pa3Mep, PACCUMTAHHBIH MO BCEM M3MEPEHHBIM XOP-
JaM CIIyJalHbIX CeKyIuX, cocTaBisdeT 1,5 MkM. MakcuMamnbHBIM pazmep Xopa
CIly4alHBIX CEKYyIIUX Ha 3epHax coenuHeHus In,Bi He mpesbimaer 10 MkM, a
CpejiHss UX BEIM4MHA, paBHA 1,3 MKM. AHAJIOrMYHOE paclpe/ielIeHue XOopA Ha-
Omronaercss U A cTopoHsl (onbru B. CpeqHuii pasMep XopA CiydailHbIX ce-
Kymux Ha 3epHax In u In,Bi cocrasnsier 1,8 u 1,1 Mmxm. Takum o6pazom, dKkcrie-
PHMEHTANBHO YCTAaHOBJIEHO, (QOPMUPOBAHNE MUKPOKPUCTAJUINUECKONH CTPYKTY-

pwl B crutase In-21 at. % Bi npu BEICOKOCKOPOCTHOW KPUCTAIIM3ALIUN

IlpoBeneHsl mccIeqOBaHUS OBICTPO3aTBEpAEBIINX (ONBr cmIaBa In-
21 ar. % Bi, KoTOpBIE TTOKA3aTH, YTO B HUX MPOMCXOAUT 0Opa3oBaHUE TEKCTYP.

MaxkcumalibHble 3HaYC€HHS MOJIOCHBIX TUIOTHOCTEH NpUXOATCA Ha Z[I/I(bpaKI.[I/I-
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ounpie uaun 002 1 110 unaus u mudpaxumonnsie muann 1012 u 2022 dassr
In,Bi. Takum oGpa3zom orpeseneHo, 4To B OblcTpo3aTBepAeBIei (obre cruiaBa
In-21 at. % Bi BeIgeneHns MHAMSA NPEUMYIIECTBEHHO OPHEHTHPYIOTCS IUIOCKO-
ctsimu (001) u (110) mapaniensHo moBepxHOCTH (onbru. Ha monto nanHo#H opu-
eHTupoBkH mpuxonutcs ~80 % oObema mHaMsA. Breinenenus coeanHenus In,Bi
MPEUMYLIECTBEHHO OPUEHTUPYIOTCS TIOCKocTsMu (1012) u (1011) mapamensHo
moBepxHocTH (osapru. Ha mom0 JaHHOH OpHEHTHPOBKH Hpuxomutcs ~58 %
obobema In,Bi. Takas ke TekcTypa Habmromaercsi B cioe B (oOJbru, HO MEHee

BbIpaXCHHasl.

B pesyinbraTe npoBeIEHHBIX MCCIEJOBAaHUN C MPUMEHEHHEM pacTpOBOI
9JIEKTPOHHON MHKPOCKOINH, PEHTI€HOCIIEKTPAIbHOI0 MUKPOAHAIN3a U PEHTTre-
HOrpaUYECKUX UCCICTOBAHHUN ONPEIEICHO, YTO ObICTPO3aTBEPACBIINE (OJIBIH
cmiasa In-21 at. % Bi cocTosT u3 BeIAeneHui HHANSA U coenuHenns In,Bi. Dkce-
MIEPUMEHTAIBHO YCTAHOBJIEHO, YTO (ha3bl HMEIOT MHMKPOKPHCTAIUIMYECKYIO
CTPYKTYpY, TIpU 3ToM B uHIuu popmupyercs tekctypa (001)+(110), a B mpo-
MexyTouHol dasze In,Bi — (1012)+(1011).
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Among the metal materials used in various branches of the modern indus-
try, the magnesium alloys are of keen interest which is caused by their special
characteristics [1]. Magnesium based alloys holds special place in biotechnology
and medicine as besides these advantages of magnesium is nontoxic, biological-
ly and mechanically compatible to bone and muscular tissues. Magnesium is
fourth largest cation in a human body and participates in many metabolic pro-
cesses. It is possible to use some Mg alloys as implants, and also use for the in-
vasive devices containing the required pharmaceutical preparations and provid-
ing their address issue in an organism [2]. The detailed analysis of information
on the subject of investigation including application of PEO coatings on Mg al-
loys for various purposes and influence of electrolytes composition on PEO
coatings is made by us in the review [6].

Obviously that the main negative feature which significantly limits wide
adoption of magnesium-based alloys is their high chemical activity and, as a re-
sult, low resistance to corrosion destruction. At the same time the main problem
of its application is not even insufficient high level of their corrosion resistance,
but is not controllable process of their degradation. As a solution, the develop-
ment of materials with the required corrosion rate has to be carried out. Among

others, it can be reached by modifying of magnesium alloys surface.

The plasma electrolytic oxidation (PEO) method which allows to synthe-

size high adhesive nanoceramic layers on magnesium alloys surface for control-
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lable corrosion-protection ability is more and more widely applied for above

mentioned purposes at recent years [3, 4].

As the material for carrying out of researches the industrial magnesium al-
loy MA2-1 have been chosen. PEO modifying was carried out in silicate-
alkaline electrolytes with concentration of water glass Cwg 2 - 9 ml/l and potas-
sium hydroxide Ckopn 2 - 8 g/l. Equality of anodic and cathodic current densities
and their total value 11 - 16 A/dm? (50 Hz) was applied.

It has been revealed the anode voltage sharply drops at certain duration of
the PEO process; this effect is accompanied by the extinction of the microarc
discharge and produces a lot of defects by the etching. It is entirely inappropriate
[2, 6]. Further we’ll names the period before of the anode voltage drops as the
Maximum Duration of «Defect-Free» Treatment (MDDFT).

The effect of electrolyte composition on MDDEFT has been determined
(Fig. 1, a). The upper-range value (54 min) observed at Cxoy = 2 g/l and Cyg =
3 ml/l, and the lower-range value (6 min) — at Cxoy =4 g/l and Cywg =9 ml/l.

Analyzing results of measuring of the formed coating thickness (Fig. 1, b)
it is possible to note that the very thin oxide layers on MA2-1 alloy (10-27 pum)
were formed in the electrolytes containing 2 g/l of KOH. The minimum value of
10 microns was recorded in Cxoy = 2 g/l and Cwg = 6 ml/l electrolyte. In elec-
trolytes with Cxon = 4 g/1, Cwg = 6 ml/l and Cxon = 6 g/1, Cwg = 3 ml/l the max-

imum value of PEO coatings thickness (54 pm) was recorded.

With increasing of the concentration of the electrolyte components, espe-
cially of water glass, the through porosity was increases from 3.4% (Ckon = 2
g/l, Cwg =3 ml/l) up to 52.1% (Cxon = 4 g/1, Cws =9 ml/]) (Fig. 1, c).

The effect of the PEO modifying on the electrochemical corrosion was es-
timated by potentiodynamic polarization measurements in a 3% NaCl solution at
a sweep rate of 1 mV/s using the well-known three-electrode system. Depend-
ence of corrosion current density (CCD) on electrolyte composition is shown in
Fig. 1, d. The highest CCD (4.05-10" A/m?) observed at Cxon = 4 g/l and Cyg =
9 ml/l, and the lowest one (1.01-10'2 A/mz) —at Cxon = 4 g/l and Cyg = 6 ml/l.
For untreated alloy CCD was 8.00-10" A/m”.
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Figure 1 - Effect of electrolyte composition in relation to MA2-1 alloy on:
(a) maximum duration of «defect-free» PEO treatment; (b) thickness of formed PEO

coatings; (c) through porosity of formed PEO coatings; (d) corrosion current density.

Thus in the described experiments the minimum value of CCD 1.01-107
A/m’ has been reached at PEO treatment of MA2-1 alloy in the electrolyte con-
taining Cxon = 4 g/l and Cywg = 6 ml/l. Processing in this electrolyte brought to
40 min of MDDFT, 54 microns of the coating thickness, and 8.8% of the
through porosity. In order to further reduce the corrosion rate of the MA2-1 al-
loy the electrolyte containing Cxon = 4 g/l and Cwg = 6 ml/l was taken as base,

and various options of the combined PEO treatments have been tested.

In particular, at two-step treatment when MA2-1 alloy samples at first ox-
idized in the electrolyte containing 2 g/l of potassium hydroxide and 3 ml/l of
water glass during 54 min (the greatest time of MDDFT) and then — in the elec-
trolyte containing 4 g/1 of potassium hydroxide and 6 ml/l of water glass during
40 min, the PEO coating of 63 microns thick with porosity of 4.2% has been
formed. Potentiodynamic polarization measurements in a 3 % NaCl solution
have shown that after two-step PEO treatment CCD was reduced almost by an
order of magnitude — to 1.6:10° A/n’.

28



Using base electrolyte the affect of various additives on CCD has been
investigated. Experiments have shown that fluorinated (KF and NaF) additives
are capable essentially (still almost an order of magnitude) to reduce the rate of
corrosion degradation. The highest decrease in corrosion current density — to
4.00-10* A/m’ — is noted at addition in base electrolyte of 5 g/l KF.

In recent years researches of PEO coatings with introduction of small-
dimension particles of oxides to electrolyte [5-10] are actively carried out. We
have carried out study of influence of ZrO, nanopowder additives in electrolytes
for oxidation of MA2-1 alloy on morphology, thickness, through porosity and
corrosion-protection ability of the formed PEO coating. Treatment was carried
out within 30 min in the slurry electrolyte containing 4 g/I of potassium hydrox-
ide, 6 ml/l of liquid glass, 5 g/l of fluoride of potassium, 10 g/1 of
diethanolamine (surfactant) and additives (2 and 5 g/1) of the nanopowder ZrO,
with an average size of particles 50 nm at anodic and cathodic (50 Hz) mode at
the initial total density of anodic and cathodic currents 16 Aldm®.

Figure 2 - Morphology of MA2-1 alloy PEO coatings surface:

a - coating, formed in electrolyte without additives of ZrO, nanopowder;
b — with additive of 2 g/l ZrO,; ¢ — with additive of 5 g/l ZrO,

SEM data have shown that nanoparticles of zirconia are generally incor-
porated in PEO coating volume, though some of their quantity presents on sur-
face (Fig. 2, b). With increase of ZrO, concentration in electrolyte on a surface

of the coating their conglomerates are formed (Fig. 2, c).

The polarization curves obtained for samples with the PEO coatings
formed in slurry electrolytes with ZrO, nanopowder additives shows that corro-
sion current density in comparison with a sample without coating decreases on

3-4 orders of magnitude and reaches minimum of 1.00-10™ A/m’.
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The results of researches show that interrelation between corrosion-
protection ability of the coatings formed on alloy MA2-1 and PEO process dura-
tion and composition of electrolytes is obviously exists. Variation of this tech-
nology factors values could change the corrosion behavior of magnesium alloys
in very wide limits estimated by orders of magnitude. The composition and con-
centration of components of electrolytes also have considerable effect on such
important parameters of coatings as thickness, through porosity and «defect-
free» period. At the same time, identification of this dependence in simple form
isn't possible because of the difficult and multifactorial task. In our opinion the
decision has to be formulated in the form of the interactive database «technology
factors of PEO process vs. properties of the modified surface» in relation to Mg

alloys. The results described in this report may become the initial step for it.

References

1. F.M. Elkin, Technol. Light Alloys (Tekhnologiya Legkikh Splavov) 1 (2007)
5-18 (In Russian).

2. B.V. Vladimirov, B.L. Krit, N.V. Morozova, A.V. Apelfeld, Surf. Eng. Appl.
Electrochem. 50 (2014) 514-517.

3. LV. Suminov, P.N. Belkin, A.V. Apelfeld, Lyudin V.B., B.L. Krit, A.M.
Borisov. Plasma electrolytic surface modification of metals and alloys, vol. 2,
Tekhnosfera, Moscow, 2011 (In Russian).

4.1V. Suminov, A.V. Apelfeld, Lyudin V.B., B.L. Krit, A.M. Borisov.
Microarc oxidation, Ekomet, Moscow, 2005 (In Russian).

5. M. Tang, H. Liu, W. Li, L. Zhu, Mater. Lett. 65 (2011) 413-415.

6. B.V. Vladimirov, B.L. Krit, Ludin V.B., N.V. Morozova, A.D. Rossiyskaya,
1.V. Suminov, A.V. Apelfeld, Surf. Eng. Appl. Electrochem. 50 (2014) 195-232.
7. F. Liu, D. Shan, Y. Song, E.-H. Han, Trans. Nonferr. Met. Soc. 21 (2011)
943-948.

8. K.M. Lee, K.R. Shin, S. Namgung, B. Yoo, D.H. Shin, Surf. Coat. Technol.
205 (2011) 3779-3784.

9. AM. Borisov, B.L. Krit, V.B. Lyudin, N.V. Morozova, [.V. Suminov, A.V.
Apelfeld, Surf. Eng. Appl. Electrochem. 52 (2016) 50-78.

10. R. Arrabal, E. Matykina, F. Viejo, P. Skeldon, G.E. Thompson, M.C Meri-
no, Appl. Surf. Sci. 254 (2008) 6937-6942.

30





