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3MICT

Dzib-Perez L., Bilyy O., Leon-Gronimo A., Castano-Gonzalez J. G., Guintana P.,
Dominguuez-Maldonado R., and Gonzalez-Sanchez J. Binus Temnepa-
TYPHO-4aCOBUX YMOB BifillaJly Ha KOPO3iiHY TPHBKICTh XIMIYHO OCaIPKEHUX

INI—P ITOKPHTTIB. ....veeviieiieeeieeieeeteeieeste et e seeeteesateesbeessseesseessseenseessseesnssseesanssseassnssseens

[IpoananizoBaHO BIUIMB PI3HUX TEMIIEPAaTypHO-YaCOBHX yYMOB BiIIally Ha KOPO3iHHY
TPUBKICTh XiMiuHO ocamkeHux Ni—P (12 wt.% P) nmokputs y 3,5%-my po3unni NaCl.
3a Bignany npu 400°C ynponosx 4 h MOKpUTTS KPUCTANI3YIOTHCS 3 YTBOPEHHSM CTa-
6inpHuX NisP ta Ni ¢a3. Born kopo3iitHo TpuBKillli y 1[bOMY pPO34HHI, HiXX aMOpdHuUii
cr1aB Ta MokputTA, Bignanexi npu 400 ta 500°C ynponosx 1 Ta 2 h. Koposiiiny Tpus-
KICTh OLIHIOBAIM METOJOM EJIEeKTPOXIMIYHOI iMIeaHCHOI CIIEKTPOCKOIIii, a MIKpo-
CTPYKTYPY — METOZIaMH PEHTIeHiBChKOI Au(dpaKii i CkaHyBaJIbHOI €IEKTPOHHOI MiK-
pockortii. Busieno, mo Bianan npu 400°C Buponosx 4 h BUKINKae nepeBaxkHy opi-
enrarnito ga3u Ni;P y mmomnanm (112), BHaCTIZOK 90TO 3MIHIOETBCS KIHETHKA CIIEKT-
poximiyHuX peakuiid. [ligBuineHa koposiiiHa TPUBKICTh TaKUX MOKPHUTH 3yMOBJICHA
YTBOPEHHSIM TeKCTypoBaHOi ¢a3u NisP, ska xiMiuHo crabinbHima i 3aiiMae 80% 06’e-
MY IOKPHUTTSI.

KiwuoBi cioBa: noxkpumms Ni—P, ximiune ocadoicenHs, mepmiune o00poOnenHs,
8I0nan, KOposilHa mpuekicms, mekcmypa, Mikpocmpykmypa, gaza NisP.

Kopuiii C. A. KBaHTOBO-XIMIYHHUI pO3paxyHOK cTabLIBHOCTI HeoiT-hochaTHUX
KOMILJIEKCIB SIK TIITMEHTIB JTaKO()APOOBHX MOKPHUTTIB. ..vveevveveeererreeveereevesseessessnessenenas 15

3a KIIaCTepHHUM ITiX0IOM Ta KBAHTOBO-XIMIYHUME MeTonamu PM7, a Takoxx QyHKITi-
onasioM ryctiau (DFT) 3MozxenboBaHo 11€0itiTHI KOMIUIEKCH, MoauGikoBaHi docda-
TaM{ IIMHKY, KaJIBIIII0 Ta MapraHIio i po3paxoBaHO iX F€OMETPUYHY Ta ENCKTPOHHY
cTpyKTypH. Po3paxoBaHo TemioTy iX yTBOpPEHHsI, IOBHY €HEpriio, MOTeHIial HOHi3a-
ii, HaliBUIIly 3alHATY Ta HAMHWKYY HE3alHATY MOJIEKYJSIpHY OpOiTanbHy eHeprito,
EHepreTUIHy LIUTHHY, eIeKTPOHHY JKOPCTKICTh Ta XiMiuHy M’aKkicTb. [IpoananizoBa-
HO TIEPepO3MOIiI eIeKTPOHHOI TYCTHHH Ha aTOMax KHCHIO IIEOJITHOI JaHKH Mg dac
(dopmyBaHHS 3B’s3Ky 3 Kiactepamu (ocdariB. 3a pe3ynbTaTaMd aHAi3y eHeprii
3B’S3Ky Y KJIACTEPHIH cucTeMi IeomT—(ocdaT OLMiHEHO CTabiIbHICTh Ta pPeaKmiiHy
3IaTHICTh KOMIUICKCIB. 3pOOJICHO BHCHOBOK, IO KOMOIHOBaHI KBaHTOBO-XIMIYHI
PO3paxyHKH KOMIUIEKCIB II€OJIiTHA JaHKa—(pochaT MeTaly 3aJ0BUIBHO OIUCYIOTH
3MIiHHM SIK TEOMETPUYHUX IapaMeTpiB KIAcTepiB 3aJIe)KHO BiJ THUIy KaTioHa, Tak i
PI3HHLIIO B SHEPreTU4Hii cTaOLIBHOCTI, 110 MOXE CBIIUUTH NPO Pi3HY peakuidHy
3IaTHICT.

KuarouoBi cioBa: yeonim, gpocgpamu 08osaneHmuux memainie, MOOenN08AHHs, KEAH-
mogo-ximiuni memoou PM7 ma DFT, enexmpouna cmpykmypa, cmaoiibHicmo.

Llepbaxoea JI. I, E€gimos M. O., Kynpin B. B., JIyk ’anos O. 1,

Yyeynosa C. I, I'onuaposa I. B. MexaHiuHi Ta KOpO3iifHi BIaCTUBOCTI
THTEPMETAITIB HA OCHOBI QITFOMIHIIO ... .eueeteeiietieniesteentestceteeneeneeeneeseeeneesaeeeesneeesneeeas 22

Hocmimkerno intepmeramign AlsSc, AlsZr, ALHE, Al;V, ski BUKOHYIOTB pOJIb 3Mill-
HIOBJBHOI ()a3u B aJIOMIHIEBUX CIIaBaX. 3aJisTHO TEXHOJOTIIO IIBUAKOI KPUCTAI-
3amii 3 pigkoro craHy. OTpEMaHO AOCTaTHBO ApiOHE 3epHO AJS JUTOTO MaTepiamy
po3Mipom d ~ 15 um. MeToJoM pPEeHTTeHOCTPYKTYPHOTO aHajli3y IOoKa3aHo, IO iH-
tepmetania AlsZr € ogHodasuum, a inTepmeranigu AlsSc, ALHf, ALV ckiagaroTbes
3 JIeKiTbKoX (a3. JoCmipKeHHs MEXaHIYHAX XapaKTePUCTUK METOJIOM IHACHTYBaHHS
MOKa3ajo, MO MakcHMalbHI TBephicte HV = 6,75 GPa Ta HanpyXeHHS IUIMHHOCTI



osu = 4,86 GPa mae intepmeranin AlHf, a minimaneri TBepaicte HV =2,0 GPa Ta
HanpyXeHHs TuMHHOCTI o5y = = 0,86 GPa — Al:Sc, 1 1 ¢asa € HalmacTuyHimIa:
on=0,88. Bcranosneno, mo B 3% po3unni NaCl norennianu xopo3sii (Ecr) AlsSc,
ALHf ta Al;V marote 6mu3bki 3radeHds (—0,52...—0,57 V). B oGmacti moTeHmianmis,
ONMM3BKUX 10 Ecorr, IIBUIKICTD PO3YMHEHHS iHTepMeTaniaHuX (a3 y 3% poszunni NaCl
3poctae B Takii mociigoBHocTi: AlsSc < ALHf < ALV. Ponb iHTepMeraninHoi dazu
Ii/1 9ac KOPO3iMHOTO PO3YMHEHHS AIFOMiHIEBOTO CIUIABY 3aJIKUTH BiJ 1Or0 XiMIi4HOTO
CKJIaay, SIKM{ BU3Ha4yae 3Ha4eHHs FEcr B arpeCMBHOMY cepeloBHili. JoBeneHo, 110
aHoJHe po3urHeHHs ciiaBy Al-3,0 mass% Mg, nerosanoro 0,3% Sc, BinOyBa€eThCst B
o0JiacTi MOTeHIiaJIiB HETaTUBHIMINX, HXX pO3YMHEHHS iHTepMmeraniny AlsSc. Takum
YUHOM, IHTEpMETaTiHI a3y € KaTOJHUMHU BKIFOUYCHHSIMH CTOCOBHO MATPHIII CIUIABY
Al-Mg i ceneKTHBHO HE PO3UMHITUMYTHCS B KOPO3UBHIX YMOBAX.

Knrouogi cnosa: anominicei inmepmemaniou, Mexaniymi, KOpo3itiHi 61ACMUBOCHi.

Kycxos FO. M., 3a0opoosicna X. P., Maxapenko B. J]., Tuwenxo B. A., ['opoaus I'. H.,
boeatiuyx 1. JI., Kaiioa T. B. IMnynbCcHO-IyTOBE HAILIABICHHS
KOPO3iHHOTPHUBKHX ayCTEHITHO-MAPTCHCUTHUX CTATCH. ...veevveeeenieeienienieeeeeeeeseieeeeeens

Ilomano pe3ynbpTaTH KOPO3IMHUX BHIIPOOYBaHB ayCTCHITHO-MApTEHCUTHOI CTajl, Ha-
TaBjieHol Ha 3pasku 31 cram 40X mig mapom dirocy AH-26 mopoIiKkoBUM IpOTOM
NJ-Hn-30X22MH & 2,2 mm B oguH mrap 3 NepekpUTTAM BanukiB Ha 50% 3a 1BOX
pexxuMiB momadi B 3BaproBanbHy BaHHY (0,5 1 0,7 Hz). BeranoBneno, mo Haikparii
eKCIUTyaTalliifHi XapaKTepUCTHKN 3a BIUIMBY KOPO3UBHOTO CEPEOBHINA € 3a HarlIaB-
JICHHS 3 IMITYJIBCOM TToJ1adi erekTpoaHoro apory 0,7 Hz.

KarwuoBi ciaoBa: iunyibcho-dycose Hanaasnenus, ayCmMeHimHO-MapmeHCumna
cmans, NOPOUKO8UL Opim, iMRYIbC nOOayi Opomy, KOpo3is, MIKpOCMPYKmypa.

FOxumeyyw I1. C., Huprosa JI. 1., I'onkano O. I1., [Imumpucnxo P. I,
Jlumsunenxo A. €., Ilanienxo O. JI. OcodnmBocTi KOpo3ii TpyOorpoBoais
TETOBUX MEPEK 31 CTATL 17T 1C ..ot

[Toxa3ano, 10 KOJMBAHHS BHYTPIIIHBOTO THUCKY 3a TeMmepaTypu ekcruryararii 40°C
BIUTBAIOTh HECYTTEBO Ha LIBUJAKICTH BUPA3KOBOI KOPO3il TpyOOHPOBOMIIB TEIIOBHUX
Mepex 3i cram 171'1C, ane BoHa 3pocTae OLTBII HiX B 2 pa3u 3a Temreparypu 80°C.
Kopoz3iiinuii nporec NpucKOPIOETHCS 31 3pOCTaHHSIM PoOOYOro THUCKY 1 € CyTTEBILINH,
KoJIM po0OYi HANpy>KEHHS EPIOANYHO MiABHIIYIOTECS 0 PiBH, IO BiAITIOBIIa€ THC-
Ky TipaBiiuHUX BUNpoOyBaHb. LIIBHAKICTE piBHOMIPHOT KOpO3ii CTIHKKM TpyOOIpo-
BOJY 3pOCTa€ 3 TEeMIIEpaTypolo i HakomudeHolo aedopmariero. Ilicms TpuBamoro
KOHTAKTy 3 KOPO3UBHUM CEPEIOBHINEM 3a Temmeparypu ~ 80°C meTan TpyOonpoBoIy
31 3aHIIKOBOIO nedopmariero 1...3% crae, 3riHO 31 IIKAJIO0K KOPO3iHHOI CTIHKOCTI
MeTalliB, MaJIOCTIMKIM, IO MiABHINYE PU3UK Horo pyitHyBaHHS. CXUIBHICTE TPy0O-
MIPOBOJTY 10 KOPO3iHHOTO PYHHYBaHHS ITiCIIA TPUBAJIOI eKCIUTyaTallil B pekKuMi IOCTY-
TIOBOT'O0 HAaKONMHWYEHHS TUIACTHYHOI JedopMallii MmiBHITYETHCS 31 3pOCTaHHAM TEMIIe-
parypu.

Kuaro4oBi ciioBa: mennogi mepedici, mpyoonpogoou, weuokicmes Koposii, 2iopagniuui
8UNPOOYBAHHSL.

Hapiecokuii O. E., Cyo6omin C. A., Ilyrina T. B., Xoma M. C. OuiHroBaHHS
Ta MPOTHO3YBaHHS MITHHTOTPUBKOCTI IUIACTHHYACTUX TETTOOOMIHHUKIB
31 crani AISI304 mijx gac X eKCIuTyaTaIfii B OOOPOTHUX BOMAX......cververeverrerrersennennnns

Po3pobneHo MaTeMaTHUHYy MOZETHh 3aJeKHOCTI KPUTUYHOI TEMIIepaTypH MiTHH-
ryBanHsi (KTII) crami AISI304 Bix ii XiMiYHOTO CKJamgy, CTPYKTYPHOI IeTeporeH-
HOCTi, a Takox pH i kKoHIeHTpamii xmopuaiB 00opoTHOi Bomu. BuseieHo, mo Mo-
JIeTIbHI 000POTHI BOJM OibII HIXK y/Biui iHTeHcHBHime BrutBatoTh Ha KTII craii,



HiX 1i xapakrepuctuku. 3okpema, BcranoBieHo, mo KTII crani 3pocrae na 13,4°C 3i
3HW)KEHHSM KoHIeHTpauii xiaopuaiB Big 600 xo 350 mg/l. BoaHouac miaBUILy€eThCs
numie Ha 5,8°C 31 30uUtbIeHHAM y Hii Big 17 mo 19,5 mass% xpomy. Lle mos’s3ano 3
YTBOPEHHSM IIUTBHOI XPOMOBMICHOI OKCHIHOI IUTIBKH, K2 €(EKTUBHO HMPOTHUIIIE ITi-
THHI'OYTBOPEHHIO Ta 3MEHIIEHHIO IHTEHCUBHOCTI TBepAoQa3Hoi nudy3ii aTomiB 3ai-
3a 10 TIOBEpXHi MITHHTIB, IO MOXKE CIPUATH iX pemacuBaiii. Busnaueno, mo KTII
ctani 3poctae Ha 5,2°C 31 30UIBIMICHASIM CepelIHBOI BiICTaHI MK OKcumamu Bix 151
o 172 um. Takum 9rHOM, IO OLNBINI CEpeIHS BiACTaHb MK OKCHIAMH B CTali Ta
CepeHil IiaMeTp 3epHa ayCTEHITy, TO MEHINA BIPOTiOHICTH iX MEpPeTHHY 3 MEXaMu
3epeH, Jie Haifuacrime GopMyIThCs cTabiIbHI MITUHTH. [I0BEJCHO, 10 BUIIUN BMICT
XpOMY B cTaJli Ta JpiOHiNI B Hilf OKcUAH, TO OiibmIa ii miTHHrOTpHUBKicTh. Po3pobiie-
HY MaTeMaTU4Hy MOJeJIb PEKOMEHJIOBAHO 3aCTOCOBYBATH ISl HPOTHO3YBaHHS IIi-
THHI'OTPUBKOCTI Termioo0MiHHMKIB 31 ctami AISI304 min gac ix ekcruryarauii B 000-
POTHHX BOJAX Ta BUOOPY ONTHMAIILHOI IITaBKH.

KuarouoBi ciioBa: meniooominuux, obopomua 600a, XiMiuHuil CK1ad, CMpyKmypd,
NIMUHOMPUBKICMb, NPOSHO3Y8ANHs nimuneompuskocmi cmani AISI304.

Hanunsax M.-O. M., Pizyn FO. A. T'ymiapaOik sk €KOJOTIYHO Oe3MeYHU I

iHTi0ITOp [UIs 3axucTy ctaii 091 2C Bix kopo3ii y HeHTpaTsHOMY
Lo 8101 (0): 37111 USRI RPP

EnexTpoxiMiYHUMU METOaMH JIOCIIHKEHO 1HT10YBalIbHY 3[aTHICTh MIPUPOIHOTO MO-
Jicaxapuay — rymiapaOiky sIK €KOJIOTIUHO Oe3reyHoro iHribiropa kopo3sii. Metogom
noreHuioguHamivHoi nossipusanii B 0,1% pozunai NaCl 3 nogaBaHHAM rymMiapabiky
BUBYCHO KOpo3iifHy TpuBKicTs ctani 091 2C. BeranoBineHo, 0 BiH 3MEHIIY€E CTPYMH
KOpO3ii i MakcuMallbHO e(DeKTUBHUI 3a KOHIEeHTpatil 2 g/l. BussieHo, mo pe3ynbra-
TH ENEKTPOXIMIYHOI IMIEaHCHOI CHEKTPOCKOMIl Y3TOMKYIOThCS 3 JAaHUMH IOJSPH-
3aliifHUX BUMIpIOBaHb. METOZOM CKaHyBaJIBLHOI eJeKTPOHHOI Mikpockorii Ta EDX-
aHaJ30M JOCIIIHKEHO MOBEPXHIO CTAJI 1 BU3HAYCHO ii XiMigHHI CKiIaj. BeraHOBIICHO,
10 BMICT BYIJICLIO Ta OKCHI'€HY Ha i MOBEpXHI Micis eKCro3uuil B iHriboBaHOMY
PO34MHI 3pOCTaE BHACIIIOK 301IbILIEHHS KOHIEHTpalil rymiapabiky, o crpusie Horo
MIPOTHKOPO3iHHIHN Aii SK iHTI6ITOpa KOpO3ii.

KarouoBi cioBa: xoposis, cmanw, exonoziuno 6esneunuil ineibimop, eymiapaOix,
noxaicaxapuo.

bepexa B. B., Pyoenxo B. B., 3aeyv O. B., Ilacmywenxo O. M. PanionokamidnHuit

METOJ MOHITOPHHTY KOPO3iHHOTO CTaHy 3a71i300€TOHHUX KOHCTPYKINH. ......eevveennnee..

Po3pobiieHo TeopeTHuHi 3acasu 1 BHBEAEHO PIBHSHHS Pa/ioJIOKAIIfHOTO METOdy
JMCTAHIIIIHOTO MOHITOPHHIY KOPO3iHHOIO CTaHy 3ali300€TOHHHX KOHCTPYKLIH, B
OCHOBI SIKOTO — €JIEKTPOXIMiYHa MOJENb KOPOAOBAHOI MOBEPXHI MeTally apMaTypH
3ari300eToHy. 3amporOHOBAaHO CHOCIO TaKOrO MOHITOPHHTY Ta CHHTE30BAaHO CTPYK-
Typy HENiHIHHOTO pajiojiokaTtopa ais ioro peamisamii. 30Kkpema, BU3HA4YEHO IHOTO
ONTUMAIBHI PO00Yi YacTOTH sl BIKOH MPO30POCTi aTMOC(EpH Ta po3Mipu KOPO3iii-
HUX eneMeHTiB. OLiHEHO 3aracaHHs CHTHAIy HEIIHIHHOTO paaioiloKaTtopa g dac
NPOXO/KEHHS Kpi3b OETOH 3 ypaxyBaHHSIM HOTO EJIEKTPOIPOBIIHOCTI Ta Mi€NEKT-
PHYHOT MPOHUKHOCTI.

Kuaro4oBi ciioBa: 3anizobemonna KOHCMpPYKYis, eneKmpoXiMiuHa Kopo3is apmamypu,
JIOKAIbHULL KOPO3IUHUIL eeMeHm, DIGHAHHA PAOiOOKAYIIUHO20 MOHIMOPUHEY KOPO3ili-
HO20 cmamy Memany, Memoo OUCMAaHYiliHO20 MOHIMOPUHS).



Tpyw B. C., Cmoes I1. L., Jlyx snenxo O. I'., [loepenox 1. M., ®edipxo B. M.,
Hununenxo M. M., Kpasuuwun T. M. Briimus nedopmariii Ha HacCH4eHHS
BOJHEM cIUTaBy Z1—1%NDb ITiCIs OKCHIYBAHHS Ta @30TYBAHHM. ....cc.eoverrervenrerenreneennenne

[Tonano xapakrepucTuky 3paskis ciiaBy Zr—1%Nb, Bupizannx 3 TBEJIbHUX TpyOOK,
HACHYEHMX y BOJHI. 3pa3ku 3a3jaieriyib o0poOisuin: okucHioBau npu I = 580°C,
t=3h, P=133 Pa, asorysanu npu T = 580°C, 1 =9 h, Px,= 10° Pa Ta yactuny
postsrysanu (0,8 67). Y cTaHi MOCTa4YaHHS 1 MICISA OKCHIyBaHHS YU a30TYBaHHS HE
BUSIBJICHO BIJIMIHHOCTEl Yy XapakTepi 3MiHM KPHMBHX BHJUICHHS BOJHIO MiJ dYac
HarpiBaHHS MOPIBHSIHO 3i 3paskamu, HaBaHTaxeHuMH (0,8 o7) Ge3mocepenHbO mepen
HAaCHUYCHHSM. BCTaHOBJIGHO HE3HAUHE 3pOCTAHHS T'PaHUIh TUIMHHOCTI Ta MIITHOCTI 3i
30epeKEHHAM IDIACTUYHOCTI MaTepiaiy.

Kawu4oBi cinoBa: yuproniil, HacuuenHsi 600HeM, OKCUOYBAHHS, A30MYEAHHS, NPUNO-
8epXHesUll wap, MiKpOCMPYKmypa, paruys MiyHoCmi, Niacmu4Hicme.

Cyxosa O. B., Ilonoucwruti B. A. Kopo3iliHa TPUBKICTh KBa3iKpUCTATIYHUX

cmnaBiB Al-Cu—Co, AI-Ni—Co, Al-Ni—Fe y po34HHAaX KHCIOT....c..coveveereeereererrennenne

BuBYeHO CTPYKTYpy Ta KOpO3iiHi BJIACTHBOCTI JIMTUX KBa31KpUCTAJIIYHUX CILIABIB
AlgsCoz0Cuys, Al72Co1sNijg Ta Al7NiysFes y xucnnx cepemoBumax. CTpyKTypy — Me-
TOJaMH KiTBKICHOT MeTasnorpadii, peHTTeHOCTPYKTYpHOTO aHali3y, PaCTPOBOi eNEeKT-
POHHOI MIiKPOCKOIII Ta PEHTTCHOCIEKTPAIFHOIO MIiKpOaHali3y, a KOpO3iHy TpHB-
KIiCTh — TPaBIMETPUIHUM METOIOM Y BogHuX po3unHax kucioT HCL, H,SO., HNO; Ta
H;PO,4 (pH 1). BeranoBiieHO yTBOpeHHsI KBa3iKpuCTaliqHOI JiekaroHainbHO1 D-aswy,
ska B cmaBi AlgCoxCuys criBicHye 3 kpuctamivaumu  ¢daszamu  Aly(Co, Cu)s i
Al;(Cu, Co),, B crutasi Al;,CoisNij — 3 hazoro Aly(CoiNiy),, a B crutasi Al,»NixFes —
3 daszamu Alj3(Fe, Ni)s, Al(Ni, Fe), 1 Al;(Ni, Fe). HaiiGinbm kopo3idHOTpHUBKI y
po3uuHi HiTpaTHOI KucnoTh crutaBu Al,NixFes 1 AlgsCoxCuis, y po3dnHax XIIOpHU-
HOi 1 opTrodoctaTaoi — crmaBu Aly,NixFes 1 Al;CoisNij, y po3unHi cynbhaTHOT —
craB AlgsCoz0Cuys. B GinnbIocTi po3uHIB KUCIOT ITOBEPXHS 3pasKiB PO3ZUYMHSIETHCS
MOPIBHSHO PIBHOMIPHO, 32 BHHATKOM IUISHOK 3 MOE(PEKTHIMIOW CTPYKTYPOIO, SKi
PO3YMHSIIOTHCS 3 BULIOIO IIBHJKICTIO.

KuouoBi cjioBa: odexaconanvha keasikpucmaniuna ¢hasa, aumi Kea3iKpUCMAaiiyHi
CNIA8U HA OCHOBI AIOMIHIIO, 800HI PO3YUHU KUCIOM, KOPO3IUHA MPUBKICHb.

Trkauyk O. B., I[Ipockypuax P. B., ['onosuyx M. A. Mopdomoris

riIpOKCHaNaTUTHUX IIOKPUTTIB, chopmoBanux Ha TuTani BT1-0
32 KOMOIHOBAHOTO OOPOOIICHHS. ... .vevveeurenerenreeeeneenseesesseensesseesesssessesssesesssensesssessnssens

Hocnimxeno GopMyBaHHS TIAPOKCHATIATUTHAX MMOKPUTTIB METOAOM ILIa3MO-EJIEKTPO-
JITHOTO OKCHAYBaHHA B JYXXHOMY EJIEKTPONiTi (Tigpokcmamatut + 1 M Tigpoxcun
Kajiro) 3a Harpyru 160 V Ta yacy oca/pkeHHs | min Ha MOBEPXHI TEXHIYHO YUCTOTO
tutany BT1-0 3i 3a3ganerine chopMOBaHUMH HITPUAHMMHU IIapaMu. BcraHOBIEHO,
10 TOPUCTHUH TiAPOKCHANIATUT ILIBUJIIE YTBOPIOETHCS HA HITPUIHOMY Iapi 3 Olib-
IO KUTBKICTIO BakaHCiii y HeMeTaneBidl miarpatii MoHoHiTpuay tutany (TiNeo),
HiXk 3 MeHmIow (TiNgg;). BusBneno, mo criBBigHomeHHs enemeHTiB Ca/P mis rin-
POKCHANaTUTHOTO TIOKPHUTTS MPH IBOMY 3MeHIIyeThes Bif 1,62 no 0,96.

KuarouoBi cnoBa: muman BTI-0, azomyeanus, niazmo-erekmponimue oxcuoy8amis,
2I0poKCUO Kanito, 2i0pokcuanamum.

Ipyoiyc C. B., I'ec H. JI, Invwuna O. I, Xuocyn O. FO. CuHTe3 Ta TOCITIIHKSHHS

okcuny ZrO,—Si0;, momoBaHOTO HOHAMHU SN(IV)..cc.iiiiiiiiiiiiiiiciieceeee e



3mimani notpiiHi ZrO>—SiO>—SnO, OKCHUAM CHHTE30BAaHO 30Jb-T€Ib METOJOM 32
ATOMHOT'O CIIiBBIIHOIIEHHS KOMIOHEHTIB Zr:Si:Sn = 1:2:x, ne x = 0,1+4,0. MeTomamu
TEPMOTPaBIMETPIi Ta PEHTIeHO(])Aa30BOro aHaNi3y BCTAHOBJICHO, 1[0 B 3pa3Kax, B SKHX
x < 2, BUCOKA TOMOTEHHICTh PO3MOAiNy KaTioHiB Sn** (x = 4). 3 mogansmmm 36116-
HICHHSM iX BMICTY YTBOPIOETBCS OKpeMma (a3a JIOKCHUIY 0JIOBa, siKa BIAMOBIJAE TET-
paroHaNbHId KPUCTANIYHINA CTPYKTYpi THIYy PyTHIy. BHsBIieHO, 1110 3 BBEACHHSM #HO-
HIiB 0JIOBa B MaTpumro okcuAiB ZrO,—SiO, KUCIOTHICTD 3pa3KiB TaKOXK 301IBIIYETHCS.
30KkpemMa, MakcuMallbHa CHila KHCIOTHUX HeHTpiB (Ho) 3poctae 3 —11,35 mst ZrSi, 1o
—14,52 3a mepexony Bin ZrSi>Snes 10 ZrSi,Sn. Y Pd-criekTpax BUCOKOEGHEPreTHYHI
3cyBU Zr 3dsp- 1 Sn 3dsp-piBHIB BKa3yIOTh Ha 3MILEHHS €JIEKTPOHHOI TYCTHHHU BiJ
aTOMIB I[UPKOHIIO Ta 0JI0BA JI0 aTOMIB KpEeMHit0. 3a(iKCOBaHO OKTACAPUIHO Ta TETpa-
eIpHYHO KOOPAMHOBaHI KaTioHn Sn* Ha moBepxHi 3paskiB ZrSi;Sn,, fAKi BiIHOCATH 10
OpeHCTEeIBChKUX Ta JILIOICIBCHKUX KHUCIOTHUX 1IeHTpIB. LlenTpamu bpeHcrena MoxyTh
Oyru micTkoBi ~OH rpynm Ha katiomax “"Zr*" ta "VSn*, a JIploica — xoopauHamiiiHO
HEHACHUeHi IICHTPH UPKOHIIO Ta OJI0BA.

KuouoBi cioBa: nompitinuii oxcuo, dioxcuo onosa, ZrOr—SiO, cuna Kuciomuux
yenmpis, cyneprxucioma.

Hlenioa M. B., Kyumuii O. I, Masyp A. C., Cyxayskuti FO. B. DopmyBaHHS

MOPYBAaTOTO KPEMHIIO aHOTYBAHHSM B YIIBTPA3BYKOBOMY TTOMi.....cuveureureurenreenreenreennees

HaBeneno pesymbTaTH IOCHIIKEHb EJIEKTPOXIMIYHOTO PO3YMHEHHS KPEMHIIO 3a
aHOJHOTO MoTeHIiany £ =3 V y 1ol yiapTpa3ByKy y po3drHax (QIIFOOPUIHOT KHUCIIO-
1 (HF) y mumeruncynsdokcuni (DMSO), mumermndopmamini (DMF), aneronitpumi
(AN). BcranoBieHo, o BIIPOIOBXK aHOAYBAaHHS Ha HOTO TOBEPXHI (POPMYIOTECS ITH -
JHIPUYHI TOpH 31 cepenHiM HiamMeTpoM 150 nm, siki piIBHOMIpHO pO3IOIiICH] Ha Mif-
kmaani. Ha X reoMerpiro i MIBHIKICTh YTBOPEHHS BIUIMBAIOTH KoHIeHTpamis HF y
PO34MHI, TPUBATICTh €JEKTPOIIi3y, MPUPOJA ApOTOHHOTO PO3YMHHMKA. BuseieHo,
110 3 miABUINEeHHAM KoHeHTpanii HF Tta anHomHuX cTpyMiB 301bIIYETHCS IIBUIKICTD
(opmyBanHs nopyBaTtoro kpemHito (PSi). [losicHeHO BIIIMB yiIbTpa3BYKy Ha aHOMY-
BaHHs. HaBeJleHO pe3ynbTaTH CKaHIBHOI €JIEKTPOHHOI MIKpOCKOMii Ta ricrorpamu
PO3IOILTY YACTHHOK 32 PO3MipaMHy 3aJI€KHO BiJl yMOB aHOJHOTO POYMHEHHS KPEMHIlO.

KurouoBi ciioBa: nopysamuii KpemHitl, aHOOY8AHHS KDEMHIIO, YIbMPA36YK.

Cmyoenm M. M., Mapxosuu C. I, I's030eysvkuti B. M., Kanaxan O. C., FOcwoxig B. M.

AOpa3uBHa 3HOCOCTIMKICT Ta TPUOOJIOTIUHI XapaKTEPUCTUKU
€JIeKTPOMETATIAIITHIX KOMIOZHIIIHHIX TIOKPHTTIB. ..c.uveveeneereeteeneeneeeneeneeeneesseaneennes

JocnikeHo NOKPUTTS, HAMJICH] eJIEKTPOAYTOBUM METO/IOM 31 CYIIIBHUAX Ta MOPOII-
KOBHUX JIpOTiB. BuBueHoO X CTpyKTYpy, MeXaHiuHi Ta TpHOOJIOTi4HI XapaKTePUCTHKH.

Y NOKPUTTAX i3 PI3HOPITHUX JPOTIB € KPAIUIMHU TOPOLIKOBOTO Ta CYIIJILHOTO APO-
TiB. IX cTpykTypa — me nBa pisHi kapkacu i3 M’skoi MaTpuui cyminsHOro (150...
450 HV¢) Ta TBepaol Marpuiii i3 mopoiukoBoro apoTis (600...1000 HV o). B ymo-
BaxX I'PaHUYHOTO TepTs Napa nopoikosoro apoty (Fe—Cr-B) + CB08 3 koHTpTLIIOM 13
BpC-30 mae Haiikparmi TpuOONOTriyHI XapakTepuCTHKHU. [ligBHIIEHa 3HOCOCTIHMKICTH
MOKPUTTIB BUKJIMKAHA BEJIMKOIO KIJIBKICTIO OKCHIIB 3aiiza Ta 0opy. [IpoanaizoBaHo
BJIACTHMBOCTI TIOKPUTTIB 3a rpaHu4HOro TepTsa. KoedimieHT TepTs s cTaii 3pocTrae
Bix 0,018 mpu 1 MPa ta 1o 0,038 mpu 10 MPa. Iie € Ha 50...70% Buie, HiXK TSI TApH
TepTsI MOKPUTTS 3 enekTpoanux apotie CBO8 Ta [1]] (Fe—Cr—B) i bpC-30. AGpa3uBHa
3HOCOCTIMKICTD TOKPUTTIB 3aKPIIUIEHUM a0pa3uBOM 3 KOMITO3UIIIITHUX IPOTIB 3pOCTaE
y 2,1 pasu nopiBHstHO 31 ctaymmo [1IX15.

KuiiouoBi cioBa: erekmpody206i nokpumms, KOMRO3UYIUHI NOKpUMMS, NOPOUKOGL
opomu, Koeiyicnm mepms, abpazueHa 3HOCOCMILIKICIb.



Camomyeina FO. C., Tkauosa €. A. CTpyKTypa i MeXaHi4Hi BJIaCTHBOCTI 017010
YaBYHY MICIIA TUIA3MOBOTO TIOBEPXHEBOTO MOIMPIKYBAHHM. .....evveeveneieneenienieeneeneeeennns

JociipkeHo BIUTMB ITOBEPXHEBOTO MOAN(IKYBaHHS BUCOKOKOHLIEHTPOBAHUM ILI1A3MO-
BUM CTPyMEHEM Ha MEXaHI3MH KpUcTanizamil i ()a30BUX MEpEeTBOPEHD y HATUIABJICHO-
My Oitomy yaByHi 300X25H3C3. 3aj1eKHO Bix peKUMIB IIa3MOBOTrO HarpiBy oopoo-
nsu Oe3 OIUTaBJICHHS Ta 3 MiKpo- abo MakpooruraBieHHsM. [lokazaHo, o Ha 1o-
BEPXHI YaByHY YTBOPIOETHCS MO (iKOBaHA 30HA 3 BUCOKOANUCIEPCHOIO CTPYKTYPOIO,
SIKy MPUHHATO Ha3WBAaTH TOHKHM KOHTJIOMepaToM (a3. BcTaHOBICHO OfHOYACHE Mif-
BHIIICHHS TBEPAOCTI, 3HOCO- Ta TPIIIMHOCTIMKOCTI OUIOr0 YaByHY MICIS IIa3MOBOTO
MoaM(DiKyBaHHs, IPU IBOMY ONTHUMAJBHOIO BUSBHIIACh 00pOOKa YaByHY Oe3 OIuIaB-
JIeHHs! 200 3 MIKPOOIUIABIICHHSIM.

KarouoBi cinoBa: 6inuii uagyn, niasmose moou@ikysanis, Moou@ikosanuil wap, 3Ho-
coCmitiKicmo, MpiWUHOCMIUKICIYb.

Tlocysaiino B. M., Kosanvuyx I. B., Beceniecvka I I'., Isacenxo I. b.
BiracTuBOCTI OKCHIIOKEpaMiuHKX MOKPUTTIB Ha crutaBi AKIM2,

CHHTE30BaHMX B €JIEKTPOIITI, MOJH(DIKOBAHOMY MEPOKCUIOM BOIHIO. .....cnveeneeneeens 105

JocniKkeHo BIUIMB NEPOKCULYy BOJHIO HA (pa30BHH CKIIall, TOBIIMHY Ta IIOPYBAaTiCTh
OKCHIOKEpaMiYHUX MOKPHUTTIB, OTPUMAHUX METOJOM IIJIa3MOEJIECKTPOJIITHOTO OKCH-
JyBaHHs Ha amoMiHieBoMy ciutaBi AK9M?2. BcranoBieHo, mo 3 J0JaBaHHIM B
EJIEKTPOJIIT TEPOKCHIY TOBIIMHA IMOKPHUTTS MOPIBHSHO 3 BUXIIHUM EJIEKTPOJITOM
30ubiIyeTbess Ha 50%. [omanpimii pict #oro KoHUEHTpalii NPU3BOJUTH 10 3MEH-
IICHHS MOPYBATOCTI Ta MiIBUIIEHHS KOPO3iHHOI TPUBKOCTI MOKPUTTA. MaKcHMallb-
HUH BMicT KopyHIy 12 mass% oxmepaHO 3a KOHIEHTpalii mepokcuy BogHio 5 g/l.
Kopoz3iiiHa TpUBKiCTh MOKPHUTTIB, OTpuMaHux B enekrpouiti 3 7 g/l H,O,, na aBa mo-
PSAOKY BHINA, HIXK BUXITHOTO CIUIaBY, Ta Ha MOPSAAOK — HiX cpopMoBaHUX y 6a30BOMY
estekTpoditi. KpemHiil cripusic yTBOPEHHIO B OKCHAOKEPAaMiYHHUX MOKPHUTTIX CHITIMA-
HITY Ta KBapILy.

KarouoBi cioBa: niasmoenekmponimue oKcuoy8anHs, oKCUOOKEPAMIYHI NOKPUMMS,
PEHM2EeHOCMPYKMYPHULL AHATI3, KPUCMATIYHA CMPYKMYpPA, NOPY8amicme, CUIIMAHIm,
KOpO3ilina MpusKicmo.

Cuoopuyx O. M., Mucausuyenxo O. M., I'ocaes K. O., Xonezyane €. CTpyKkTypa T2

BJIACTHBOCTI KOBAHOT CTaJIl 3 PEryJibOBaHUM ayCTEHITHUM HEPETBOPEHHSIM.............. 112

[IramnoBy cTaib 3 peryibOBaHUM aycTeHITHUM mneperBopeHHsM (PAII) Bukopucro-
BYIOTB JUIS Tapsidoro 1eOopMyBaHHS MiJHO-HIKEJIEBOTO CIUIABY 3a TEMIIEpaTyp eKcC-
rryarauii > 850°C (Bumue kputuuHOi ToukH 43 = 850°C). PekoMeHI0BaHO pO3LIMPH-
TH TeMIepaTypHHH iHTepBall ekcrutyarauii kosanoi crami 3 PAIl  (mapku
4X4H5M4®2) Ta BUKOpHCTOBYBAaTH ii B MapTEeHCHUTHOMY CTaHi 3a TeMmrmeparyp <
630°C. Hns 1mporo BHBYCHO (ha30BO-CTPYKTYpHHHA CTaH IIi€i cTami Tmicnus
OINTHMI30BaHUX TEMIIEPATypPHUX PEXKHUMIB TepMiuHOI 0OpoOKM (TapTyBaHHS Ta
Bimmyck). BcraHOBIEHO 3B’S30K MK MMapaMeTpamMH KpUCTaldidHoi OymoBH Ta
MEXaHIYHIMH BIIACTHBOCTSIMH TEPMIYHO-3MIIIHEHOI CTali, TeMIIEpaTypHHHA PEKUM
rapTyBaHHsS, 3a SKOrO BiJOyBaeTbcsi INEpBUHHA pekpucranmizamis crami 3 PAIL
[NopiBHAHO MapameTp KpHCTaliuHOi OyJOBH Ta MEXaHIYHI BIACTUBOCTI aHAJi30BaHOI
CTaimi 3 BIANOBIAHUMH XapaKTEPUCTUKAMHM JBOX EKCIUIyaTOBaHHUX KOBaHHUX
IITAaMIIOBUX CTalled — CTallb Ut rapsiaoro aedopmyBants Mapku H13 (ASTM, CIIA,
1i aranor cranb 4XSM®1C 3a T'OCT 5950-2000 ta SKD6 3rigHo 3 JIS, fnonis) Ta
cranb 3 PAIl mapku 4X4HS5M4®D2, 3 skux OyiM BHIOTOBJIEHI KPYITHO-TaO0apuTHI
Komeca (ekcTpymepu) s Tapsqoro aedopmyBaHHA Mimi. OOTpyHTOBaHHIN



TEeMITEpaTypHHUH PEXUM BiJUTYCKY, 3a SIKOTO BiI0YBA€THCS 3HEMILTHEHHS! KOBaHOI CTalti
3 PATII. Ha ocHOBI BCT@HOBJIEHOTO 3B’s13Ky MIX NapameTpaMH KPHUCTATIYHOI OyI0BU
Ta TBEPAICTIO [TOKA3aHO, 10 32 KIMHATHOI TEMITEPaTypPH TBEPAICTh Ma€ OYTH HHKUYOIO
3a 40 HRC.

KuarouoBi cioBa: wmamnosea cmans, mepmiuna 06poOKa, meepoicmv, MIYHICMb,
Mapmencum, kap0io, nepiod KpUCMAaIiyHoi Ipamxu.

Psbyes I. O., babineyv A. A., Cmyoenm O. 3., Knuw B. B., Conoseti C. O.
OOrpyHTYBaHHS BHOOPY MaTepiajliB sl HAIUIaBJICHHS Ha OCHOBI

(hpakTorpadigHOTO aHATI3Y BTOMHUX 3TTAMIB. ....cervteuteteeueerteeneenteeeesteeneesteeeesseeneeesnne 119

@paxrorpadivHo MpoaHaTi30BaHO BIUIMB TUITY MaTepiaiiB s OJHO- 1 6araromiapo-
BOT'0 HAIUIABJICHHS 3pa3KiB Ha iX CXWJIBHICTB JI0 eKcIuTyarallii 3a 0araTolMKIOBOi BTO-
Mmu. [lokasaHo, IO BTOMHA BHTPHBANICTB Ta XapakTep pyHHYBaHHS HaIUIABICHUX
3pa3KiB 3aJIKHUTH BiJl MPOMIDKHOTO MiAmapy Ta oro marepiaxy. OmHOpigHHAN B’S3-
KW BOJIOKHUCTHH penbed 371aMy MepeBakaB y MeXaxX HalUIaBICHHUX HIapiB i OCHOB-
HOTO MeTally Ha 3pa3Kax 3 MiJIIIapoM i3 ITACTUYHOI MaJIOBYTJeleBoi craii Tuiry 08k
Ta 3HOCOCTIHKUM (DYHKIIOHAILHUM MIapOM (32 CKJIaZIOM i BIIACTHBOCTSIMH HOTO IIpO-
TOTUII 1HCTpyMeHTanbHa crainbk 25XSOMC). BukopucranHs Juii migmapy craii
12X1IM® crpuuuHMIO KPUCTATIYHUE penbed 31amy y BCbOMY HalUIaBICHOMY Iapi
Ta BHCOKY HEOJHOPIAHICTh Ha MEXI CIUIaBJICHHS pOOOYOro Imapy 3 MiAmapoM, Io
3HM3WJIO BTOMHY BHTPHBANiCTh TakuxX 3pas3kiB. [[o0 MiABHIMUTH BTOMHY
BUTPHUBAIICTh HAIUIABIEGHHX JeTajell, PEeKOMEeHIOBaHO mepen (HOpMyBaHHAM
(YHKIIOHAJIBHOTO APy HAHOCUTH MiIIAap 3 HU3bKOBYTJICLEBHUX IUTACTUYHUX CTAJICH.

Karo4uoBi ciioBa: dyzose bacamouiapoge Haniasients, NiACMUYHULL RIOWAp, pyuHy-
BAHHS, 6MOMHA BUMPUBATICIY, (Ppakmozpapiunuil anais.

Topbanv B. @., @ipcmos C. O., Kpaniexa M. O., Cameniok A. B., Kypunenxo /[. B.
BruuB pi3HUX YMHHKKIB Ha BIACTHBOCTI TBEPIOPO3UNHHUX

BucokoeHTpormiiHux crapiB Ha 0cHOBI OLIK 1 T'TIK das.......cccoovveveiieiiciieiieiieans 127

JocmimkeHo BIUIMB €NEKTPOHHOI KOHIICHTpAIlii, PO3MIpHOI HEBiIIMOBIAHOCTI 1 CIiB-
BiTHOIICHHS (ha3 Ha TBEPIICTh, MOAYJb MPYKHOCTI i HOPMOBaHY TBEPAICTH BUCOKO-
SHTPOIIHHNX JABO(GA3HUX CIUIABIB. BUABIICHO, IO BiICOTKOBUI BMICT (ha3 3aJICKHUThH
BiJI €IeKTPOHHOI KoHIeHTpaii. Piske 30impmenHs kinpkocti [LK dasu 3adikcoBano
3a eJeKTPOHHOI KOHIeHTpalii Bulie § el/at. BctaHoBIeHO NpsIMOMIHIAHY 3aJI€XKHICTD
HOPMOBAHOI TBEPJIOCTI LIMX CILJIABIB BiJl pO3MIPHOI HEBIIIOBIIHOCTI, SIKa 301IBIIYETh-
cs Bim 0,025 no 0,043 3a migBumeHHs auctopeii Big 2,3 1o 4,3%.

Kuaro4oBi ciioBa: gucoxoenmponiuni cniagu, po3smipHa HegionogioHicms, eHmAaIbnis
SMIUWLYBAHHS, MEEPOICMb, MOOYIb NPYHCHOCMI.

Macrwox A. C., Jlesuyvkuii B. €., I'ymeneyvkuii T. B., Binuii JI. M. Mopdooris

1 (hi3UKO-MEXaHIYHI BIACTUBOCTI MOAU(DIKOBAHUX TOMIAMIIIB. ....vevvenveeieeneeeeeeeannnes 132

BuBueHO BIUIMB BUCOKOMOJIEKYIISIpHOTO MoauGikaropa — noniBininiponigony (I1BIT),
Ha ocobamBOCTI MOpdororii momiamimy-6. Ha ocHOBI iHCTpYMEHTaIBHHUX JOCIiIKEHb
BHABJICHO 3MiHY KPHCTATIYHOCTI Ta (pa30BUX MEpexomiB momiamiay-6, 30KpemMa, OTpH -
MaHi MaTepiaii MaloTh BUIIMH CTYIiHb KpucTanigHocTi Ha 5...7%. Jocnimkeno ¢izn-
KO-MEXaHIYHI BIIACTHBOCTI OJepKaHUX MarepianiB. BussieHo, mo momaBanus [1BII
JI0 TIOJIiaMilly CIpuisie 3pOCTaHHIO BiTHOCHOTO BHJIOBXKEHHS IiJ] 4ac PO3PHBAHHS i rpa-
HMUIII TUTMHHOCTI, 8 TAKOXK TEIUIOCTIMKOCTI 3a Bika. [Ipu 1ipoMy BiJ3HauCHO HE3HAYHE
3MEHILEHHST MOJYJISl TIPYXKHOCTI 1 TIOBEpXHEBOT TBEPIOCTI OJIEPIKAaHUX MaTepiaiiB, a
TaKO0X 3POCTaHHs TAHT€HCA KyTa MEXaHIYHHUX BTpaT.

KuarouoBi cioBa: noniamio-6, mooudixysanHs, noMiGiHIINIPONIOOH, MIYHICMb, KPUC-
MAaniyHicme.
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The purpose of this work is to analyze the effect of different annealing temperature-time
processing conditions applied to electroless Ni—P (12 wt.% P) coatings to improve the
corrosion resistance in a 3.5% NaCl solution. An annealing process at 400°C for 4 h
applied to electroless Ni—P coatings (12 wt.% P) induces the crystallization of the
coating with the formation of stable Ni;P and Ni phases. This crystalline Ni—P coating
presents better corrosion resistance in the 3.5 wt.% NaCl solution than the amorphous
alloy and the coatings annealed at 400 and 500°C for 1 and 2 h. The corrosion resis-
tance of the Ni—P coatings is evaluated by electrochemical impedance spectroscopy
for 4 h of immersion. The microstructure of the Ni—P coatings before and after an-
nealing at 400 and 500°C for 1; 2 and 4 h, is studied by X-ray diffraction (XRD) and
scanning electron microscopy. Annealing at 400°C for 4 h induces the preferential
orientation of the plane (112) of the NisP phase as revealed by XRD analysis which
modifies the kinetics of the electrochemical reactions. The corrosion resistance of the
Ni—P coatings annealed at 400°C for 4 h is related to the formation of texturized Ni;P
phase which is chemically stable and comprises 80% of the coating volume.

Keywords: Ni—P coatings, electroless deposition, heat treatment, annealing, corro-
sion resistance, texture, microstructure, Ni;P phase.
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Using the cluster approach and quantum chemical methods PM7 and density functio-
nal (DFT), complexes of modified zeolite with zinc, calcium and manganese pho-
sphates were modeled, and their geometric and electronic structures were calculated.
The values of their heat formation, total energy, ionization potential, its the highest
occupied and the lowest unoccupied molecular orbital energy, energy gap, electronic
hardness and chemical softness were calculated. The redistribution of electron density
on the oxygen atoms of the zeolite unit during the formation of a bond with phosphate
clusters was analyzed. The stability and reactivity of the complexes were evaluated
based on the analysis of the binding energy in the zeolite—phosphate cluster system. It
is concluded that the combined quantum chemical calculations of zeolite—metal
phosphate complexes satisfactorily describe changes in both the geometric parameters
of clusters depending on the type of cation and the difference in energy stability,
which may indicate different reactivity.

Keywords: zeolite, divalent metal phosphates, modeling, PM7 and DFT quantum
chemical methods, electronic structure, stability.

Shcherbakova L. G., lefimov M. A., Kuprin V. V., Lukyanov A. I,

Chugunova S. I., and Goncharova I. V. Mechanical and corrosive properties

of aluminum-based INtErMELAllICS...........coovviiieieiiieie e 22

The Al;Sc, AlsZr, AHf, ALV intermetallic compounds used for strengthening of
aluminum alloys were selected for the study. The technology of rapid crystallization
from the liquid state developed by the authors for producing amorphous alloys was
used for intermetallics production. Using this technology it is possible to obtain suf—
ficiently fine grains for the as-cast materials in a molten state with a size of 15...20 um.



X-ray analysis showed that the Al;Zr intermetallic was a single-phase material, and
the Al;Sc, Al;Hf, Al;V intermetallic compound contains several phases. Studies of the
mechanical characteristics by indentation showed that the Al;Hf compound had the
maximum hardness HV of 6.75 GPa and yield strength 65, =4.86 GPa and the Al;Sc
— the minimal hardness of 2.0 GPa and yield strength o5 = 0.86 GPa and this material
phase was the most plastic: ;= 0.88. It was found that in a 3% NaCl solution the
corrosion potentials (Ecor) of AlsSc, AHf and Al;V compounds had close values
(=0.52...-0.57 V). In the field of potentials close to E.. the dissolution rate of inter-
metallic phases in a 3% NaCl solution increase in the sequence: Al;Sc < ALHf < Al;V.
The role of the intermetallic phase in the process of corrosion dissolution of the alu-
minum alloy depends on its composition, which determines the value of Eco in this
aggressive environment. It is shown that the anodic dissolution of the Al — 3 mass%.
Mg alloy alloyed with 0.3 mass%. Sc in the 3% NaCl solution proceeds in the poten-
tial region more negative than the dissolution of the Al;Sc intermetallic. Thus, the
intermetallic phases are cathodic inclusions relative to the Al-Mg alloy matrix and
will not selectively dissolve from the alloy under corrosion conditions.

Keywords: aluminum intermetallics, mechanical, corrosive properties.

Kuskov Yu. M., Zadorozhna Kh. R., Makarenko V. D., Tishchenko V. A.,

Gordan G. N., Bogaychuk I. L., and Kaida T. V. Pulsed arc deposit welding
of corrosion-resistant austenitic-martensitic Steels.........c.coeveivrrevieniieneeciiceree e,

The results of corrosion tests of austenitic-martensitic steel deposited on 40X steel
samples under a layer of AH-26 flux-cored wire I1/I-Hn-30X22MH with a diameter
of 2.2 mm in one layer with 50% overlapping rollers under two modes of its supply to
the welding bath (0.5 and 0.7 Hz) are presented. It is established that the best opera-
tional characteristics under the influence of the corrosive environment are obtained
during surfacing with a pulse of an electrode wire supply of 0.7 Hz.

Keywords: pulse-arc surfacing, austenitic-martensitic steel, flux-cored wire, pulse
of wire supply, corrosion, microstructure.

Yukhymets P. S., Nyrkova L. I., Gopkalo O. P., Dmytryyenko R. I., Lytvynenko A. Ye.,

and Paliyenko O. L. Corrosion features of 17I'1C steel heating pipelines...................

It is shown that fluctuations of internal pressure at an operating temperature of 40°C
do not have a significant effect on the rate of pitting corrosion of pipelines of heating
networks made of 17T"1C steel, which increases more than 2 times at a temperature of
80°C. The acceleration of the corrosion process occurs with an increase in the working
pressure, and is more significant in the case when the working stresses periodically
increase to a level corresponding to the hydraulic tests pressure. The rate of uniform
corrosion of the pipeline wall increases with temperature and the amount of accumu-
lated deformation. After prolonged contact with a corrosive environment at a tempe-
rature of ~ 80°C, the pipeline metal with a residual deformation of 1...3% becomes,
according to the scale of corrosion resistance of metals, unstable, which increases the
risk of pipeline fracture. The tendency of the pipeline to corrosive fracture after long-
term operation in the mode of gradual accumulation of deformation increases with
temperature.

Keywords: heating networks, pipelines, corrosion rate, hydraulic tests.

Narivskyi O. E., Subbotin S. A., Pulina T. V., and Khoma M. S. Assessment and

prediction of pitting resistance of AISI304 steel plate-like heat-exchangers
during their operation in circulating Water...........c.ccoevvereriinierienieieieeceeeee e

A mathematical model of the dependence of critical pitting temperature (CPT) of
AISI304 steel on its parameters (chemical composition, structural heterogeneity) and



circulating water (pH, chloride concentration) has been developed. The analysis
shows that the parameters of model circulating waters have more than twice intense
influence on CPT steel to compare to its chemical composition and structural hete-
rogeneity. In particular, it is found that the CPT of steel increases by 13.4°C with a
decrease in the concentration of chlorides from 600 to 350 mg/l. At the same time it is
found that it increases only by 5.8°C with increasing Cr content from 17 to 19.5 mass%.
This is due to the formation on the steel surface of a dense chromium-containing
oxide film, which effectively counteracts the appearance of pitting and reduces the
intensity of solid-phase diffusion of Fe atoms on the pitting surface, which can
promote their repassivation. It is determined that the CPT of steel increases by 5.2°C
with an increase in the average distance between the oxides from 151 to 172 pm.
Thus, the linear model shows that the higher the average distance between the oxides
in the steel and the average grain diameter of austenite, the less likely they are to
intersect with the grain boundaries where stable pittings are usually formed. Therefore,
it is proved that the higher the Cr content in steel and the lower its oxides, the higher
its pitting resistance. The developed mathematical model is recommended to be used
for prediction of pitting resistance of heat exchangers from AISI304 steel during their
operation in circulating waters and a choice of optimum melting concerning durability
of pitting.

Keywords: heat exchanger, circulating water, chemical composition, structure,
pitting resistance, pitting resistance prediction of AISI304 steel.

Danyliak M.-O. M. and Rizun Yu. Ya. Gumiarabik as an environmentally safe

inhibitor for corrosion protection of 09I'2C steel in a neutral environment.................

The inhibitory ability of a natural polysaccharide — gum arabic as an environmentally
friendly corrosion inhibitor — has been studied by electrochemical methods. The
corrosion strength of 09I"2C steel is investigated by the method of potentiodynamic
polarization in 0.1% NaCl solution with the addition of gum arabic. It is established
that the use of the studied polysaccharide helps to reduce corrosion currents and
reaches maximum efficiency at a concentration of 2 g/I. It is shown that the results of
electrochemical impedance spectroscopy are consistent with the data of polarization
measurements. The surface of 09T°2C steel is studied by scanning electron microscopy
and EDX analysis and its chemical composition is determined. It is shown that the
carbon content on the surface of 09I'2C steel after exposure to the inhibited solution
increases due to the increase in the concentration of gum arabic, which contributes to
its anti-corrosion effect as a corrosion inhibitor.

Keywords: corrosion, steel, environmentally friendly inhibitor, gum arabic, poly-
saccharide.

Bereka V. V., Rudenko V. V., Zayets O. V., and Pastushenko O. M. Radar method

for remote monitoring of corrosion state of reinforced concrete structures.................

The theoretical principles of the radar method as well as the equation for remote
monitoring of the corrosion state of reinforced concrete structures are developed. This
equation is based on an electrochemical model of the corroded metal surface of
reinforced concrete reinforcement. The method of such monitoring is proposed and
the structure of nonlinear radar for its implementation is synthesized, in particular the
optimal operating frequencies of the nonlinear radar for atmospheric transparency
windows and the sizes of corrosive elements have been determined. The attenuation of
the signal of a nonlinear radar when passing through concrete is estimated, taking into
account its electric conductivity and dielectric permeability.



Keywords: reinforced concrete structure, electrochemical corrosion of reinfor-
cement, local corrosion element, an equation for radar monitoring of the corrosion
state of metal, method for remote monitoring.

Trush V. S., Stoev P. I, Luk’yanenko A. G., Pohrelyuk I. M., Fedirko V. M.,
Pylypenko M. M., and Kravchyshyn T. M. The influence of deformation
on hydrogen saturation of Zr—1%Nb alloy after oxidation and nitriding.....................

The characteristics of samples of Zr—1% Nb zirconium alloy cut out from nuclear fuel
claddings saturated in hydrogen with preliminary various treatments have been studied.
Before hydrogenation, the samples were subjected to chemical-thermal treatment (oxi-
dation — 7= 580°C, t =3 h, P = 1.33 Pa, nitriding — 7' = 580°C, 1 =9 h, Px, = 10° Pa)
and some of the samples subjected to tensile load (0.8 o7). It has been shown that for
the samples in the state of delivery and after oxidation or nitriding, there are no
differences in the character of changes in the curves of hydrogen evolution under
heating to compare to samples with a load (0.8 o7) immediately before saturation. A
slight increase in the yield strength and ultimate strength is revealed while
maintaining the plasticity of the material.

Keywords: zirconium, hydrogenation, oxidation, nitriding, surface layer, micro-
structure, tensile strength, plasticity.

Sukhova O. V. and Polonskyy V. A. Corrosion resistance

of Al-Cu—Co, AI-Ni—Co, Al-Ni—Fe alloys in acid solutions..............cccceeeevveervveennnnnn

The structure of as-cast quasicrystalline AlssCo20Cuis, Al72Co1sNijg and AlzNiasFes
alloys and their corrosion properties in acidic media were studied. The structure was
investigated by the methods of quantitative metallography, X-ray analysis, scanning
electron microscopy, and energy-dispersive X-ray spectrometry. Corrosion resistance
was evaluated by gravimetric method in aqueous solutions of HCI, H,SO4, HNO; and
H;PO, acids (pH 1). In the structure of the investigated alloys, quasicrystalline decago-
nal D-phase was established to coexist with Al4(Co, Cu); and Al3(Cu, Co), phases of
the AlesCoxCuys alloy, with Aly(CoixNi.), phase of the Al;2CoisNijo alloy, and with
Aljs(Fe, Ni)s, Al;(Ni, Fe),, Al;(Ni, Fe) phases of the Al;NixFes alloy. The AlNixsFes
and AlesCoxCuis alloys exhibited the highest corrosion resistance in the nitric acidic
solution, the Al,»NixsFes and Al;»CoisNijo alloys — in the chloric and orthophosphoric
acidic solutions, and the AlesCo,0Cus alloy — in the sulphuric acidic solution. In most
solutions, relatively uniform dissolution of the alloys surface was observed, except for
the more defective areas that dissolved at a higher rate.

Keywords: decagonal quasicrystalline phase, as-cast aluminum-based quasicrystal-
forming alloys, aqueous acidic solutions, corrosion resistance.

Tkachuk O. V., Proskurnyak R. V., and Holovchuk M. Ya. Morphology
of hydroxyapatite coatings formed on BT1-0 titanium by combined
ETEALIMIETIE. «... ettt ettt ettt ettt b e bbbt bbbttt et b e eb et e b sbeeneen

The formation of hydroxyapatite coatings by the method of plasma electrolytic
oxidation in an alkaline electrolyte (hydroxyapatite + 1 M potassium hydroxide) at a
voltage of 160 V and deposition time of 1 min on the surface of commercially pure
BT1-0 titanium with pre-formed nitride layers was investigated. It was established
that the hydroxyapatite with porous structure was formed more quickly on nitride
layer with more vacancies (TiNy¢) in non-metallic sublattice of titanium mononitride
than with less (TiNosi). It was revealed that the Ca/P ratio for the hydroxyapatite
coating decreased from 1.62 to 0.96.

Keywords: titanium BTI-0, nitriding, plasma-electrolytic oxidation, potassium
hydroxide, hydroxyapatite.



Prudius S. V., Hes N. L., Inshina O. L., and Khyzhun O.Yu. Synthesis
and investigation of ZrO,—SiO, oxide dopped with Sn(IV) ions.........ccceeeverencnennnee.

Mixed ZrO,—SiO,—SnO, oxides have been synthesized by sol-gel method with atomic
ratios of components Zr:Si:Sn = 1:2:x, were x = 0.1+4.0. Using thermogravimetric
and XRD analysis it is shown that for samples with x < 2 high homogeneity of Sn*"
(x = 4) cation distribution is observed. Further increase of their content leads to the
formation of a separate phase of tin dioxide, which corresponds to tetragonal crystal
structure of the rutile type. It is shown that introduction of tin ions in ZrO,-SiO,
matrix leads to the increase in acidity of the obtained samples, too. Therefore,
maximal strength of acid sites increases from —11.35 for ZrSi, to —14.52 for ZrSi,Sno4
and ZrSi;Sn. In XPS spectra, high energy shifts of Zr 3ds, and Sn 3ds, core levels
indicate the shift of electron density from zirconium and tin atoms to silica atoms. The
presence of octahedral and tetrahedral coordinated Sn*" on the surface of the ZrSi,Sn,
samples, which refers to Bronsted and Lewis acid sites, is observed. The bridging -OH
groups on Y"Zr* and "Sn*' cations could be Bronsted sites and coordinated-unsa-
turated zirconium and tin cations are Lewis sites.

Keywords: ternary oxide, tin dioxide, ZrO,-SiO., acid sites strength, superacid.

Shepida M. V., Kuntyi O. 1., Mazur A.S., and Sukhatskyi Yu.V. Formation
of porous silicon by anodizing in the ultrasonic field............cocererieneiiiiiiiiieee.

The results of studies of electrochemical dissolution of silicon at the anodic potential

E =3V in the field of ultrasound in solutions of fluoric acid (HF) in dimethylsulfo-
xide (DMSO), dimethylformamide (DMF), acetonitrile (AN) are presented. It is
shown that during anodizing, cylindrical pores with an average diameter of 150 nm
are formed on the silicon surface, which are evenly distributed on the substrate. It is
established that the geometry of silicon pores and the rate of their formation are
influenced by the following main factors: the concentration of HF in solution, the
duration of electrolysis, the nature of the aprotic solvent. It is shown that the rate of
formation of porous silicon (PSi) increases with increasing HF concentration and
anode value. The influence of US on the anodizing process is explained. The results
of scanning electron microscopy and histograms of particle size distribution
depending on the conditions of anodic dissolution of silicon are presented.

Keywords: porous silicon, silicon anodizing, ultrasound.

Student M. M., Markovych S. I., Hvozdetskyi V. M., Kalakhan O. S., and Yuskiv V. M.
Abrasive wear resistance and tribological characteristics of electrometallization
COMPOSILE COALIMTS. .. eeeneeeieeruieneesteeteeteeteen et eeesteeeesseeeesseesesseenseestenseensenseeneesseensees

The coatings sprayed by electric arc method made of solid and powder wires are
investigated. Their structure, mechanical and tribological characteristics are studied.
In the coatings made from different wires there are drops of powder and solid wires.
The coating structure consists of two different frames made of a soft matrix of solid
wire (150...450 HV,y) and a hard matrix of powder wire (600...1000 HV¢). Under
conditions of boundary friction, the pair of powder wire (Fe—Cr—B) + CB08 with a
counterbody of bpC-30 bronze has the best tribological characteristics. The improved
wear resistance of coatings is caused by the large amount of oxygen, oxides of iron and
boron. The properties of coatings under boundary friction are determined. The friction
coefficient for steel increases from 0.018 for 1 MPa to 0.038 for 10 MPa, which is
50...70% higher than for the friction pair of the coating made of electrode wires Ce0S



and powder wire (Fe—Cr—B) and BpC-30 bronze. Abrasive resistance of coatings
made of composite wires increases 2.1 times to compare with that of IIIX15 steel.

Keywords: electric arc coatings, composite coatings, powder wires, abrasion coeffi-
cient, abrasion resistance.

Samotugina Yu. S. and Tkachova Ye. A. Structure and mechanical properties

of white cast iron after plasma surface modification.............cccceevvereenieienieecrenrieenen.

The influence of surface modification by a highly concentrated plasma jet on the me-
chanisms of crystallization and phase transformations in welded white 300X25H3C3
cast iron is investigated. Depending on the change of plasma heating modes, the pro-
cessing is possible without melting or with micro- and macro-melting. As a result of
processing a modified zone with a highly dispersed structure is formed on the surface of
cast iron. It is called a thin conglomerate of phases. The tests reveal a simultaneous
increase of hardness, wear resistance and crack resistance of white cast iron after plasma
modification. The best processing of cast iron is without melting or with micro-melting.

Keywords: white cast iron, plasma modification, modified layer, wear resistance,
crack growth resistance.

Posuvailo V. M., Kovalchuk I. V., Veselivska H. H., and Ivasenko I. B.

Properties of oxide ceramic coatings on AK9M?2 alloy synthesized
in electrolyte modified with hydrogen peroxide...........cccevvieviiiieciinieiicieeeeeiee e 1

The influence of hydrogen peroxide on the phase composition, thickness and porosity
of oxide ceramic coatings obtained by plasma electrolytic oxidation on AK9M?2 alu-
minum alloy is studied. It is found that the addition of hydrogen peroxide to the elect-
rolyte increases the thickness of the coating compared to the original electrolyte by
50%. Further increase in the concentration of hydrogen peroxide leads to a decrease
in its porosity and increase in corrosion resistance. The maximum corundum content
of 12 mass% is obtained at a hydrogen peroxide concentration of 5 g/l. Corrosion
resistance of coatings obtained in the electrolyte with 7 g/l H,O, is two orders of
magnitude higher than of the original alloy and an order of magnitude higher than
those obtained in the base electrolyte. Silicon promotes the formation of sillimanite
and quartz in oxide ceramic coatings.

Keywords: plasma electrolytic oxidation, oxide ceramic coatings, X-ray diffraction
analysis, crystal structure, porosity, sillimanite, corrosion resistant.

Sydorchuk O. M., Myslyvcheko O. M., Gogaev K. O., and Hongguang Ye.

Structure and properties of forged steel with regulated austenitic
ELANSTOTINALION. ...ttt ettt ettt ettt sb et et 1

Pressed steel with an adjustable (regulated) austenitic transformation (steel RAT) is
used for hot deformation of a copper-nickel alloy at operating temperatures > 850°C
(above the critical point 4; =850°C). It is recommended to extend the temperature
range of forged steel with RAT (4X4H5M4®d2 grade) and to use it in a martensitic
state at operating temperatures < 630°C. For this purpose the phase-structural state of
this steel is studied after optimized temperature modes of heat treatment (hardening
and tempering). The relationship between the parameters of the crystal structure and
the mechanical properties of thermally hardened steel as well as the temperature mode
of hardening, in which the process of primary recrystallization of steel with RAT are
established. The parameter of crystal structure and mechanical properties of the
analyzed steel with the corresponding characteristics of two operated forged die steels
(steel for hot deformation of the grade H13 (ASTM, USA, its analogue — 4X5M®1C steel
according to standard GOST 5950-2000 and SKD6 according to JIS, Japan) and
4X4H5M4D2 steel with RAT, from which large-sized extruder wheels for hot deforma-
tion of copper are manufactured, are compared. Tempering temperature mode, in which



the process of softening of forged steel with RAT occurs, is substantiated. Based on the
established relationship between the parameters of the crystal structure and hardness,
it is shown that at room temperature the hardness should be below 40 HRC.
Keywords: die steel, heat treatment, hardness, strength, martensite, carbide, crystal
lattice period.

Ryabtsev 1. O., Babinets A. A., Student O. Z., Knysh V. V., and Solovej S. O.
Substantiation of the choice of materials for deposition based

on fractographic analysis of fatigue fracture surfaces............cecceeveenincenininieenieenne. 119

The effect of the type of materials for single- and multilayer surfacing of specimens
on their serviceability under fatigue loading is analyzed by the fractographic method.
It is shown that the fatigue life and the fractographic features of the deposited speci-
mens depend on the presence of an intermediate sublayer and the material used for its
deposition. The homogeneous ductile fibrous-like relief of the fatigue fracture surface
prevailed within the deposited layers and the base metal on specimens with a sublayer
of 08kp plastic low-carbon steel and a wear-resistant functional layer (tool steel grade
25X50MC is its prototype in terms of composition and properties). Using the
12X1M® steel for the sublayer leads to the emergence the crystal-like relief of the
fracture surface inside all deposited layer and high inhomogeneity along the fusion
line of the functional layer and sublayer, which causes low fatigue life of such
specimens. To increase the fatigue life of the deposited parts, it is recommended to
apply a sublayer of low-carbon plastic steels before the functional layer formation.

Keywords: arc multilayer surfacing, plastic sublayer, fracture, fatigue life,
fractographic analysis.

Gorban V. F., Firstov S. O., Krapivka M. O., Samelyuk A. V., and Kurylenko D. V.
The influence of various factors on the properties of solid-soluble

high-entropy alloys based on BCC and FCC phases ...........cocevevverienenieieeenecneennne. 127

The influence of such factors as electron concentration, lattice distortion and phase
ratio on hardness, modulus of elasticity and normalized hardness of high-entropy two-
phase alloys has been studied. The analysis shows that the percentage of phases
depends on the electron concentration. A sharp increase in the fcc phase is observed at
an electronic concentration above 8 el/at. For high-entropy two-phase alloys, a
rectilinear dependence of the normalized hardness on the dimensional mismatch is
observed. The values of normalized hardness increase from 0.025 to 0.043 with
increasing distortion from 2.3 to 4.3%.

Keywords: high-entropy alloys, lattice distortion, enthalpy of mixing, hardness,
modulus of elasticity.

Masiuk A. S., Levytskyi V. Ye., Humenetskyi T. V., and Bilyi L. M. Morphology

and physicomechanical properties of modified polyamides...........c.ccocevireninenennnen. 132

The influence of high molecular weight modifier — polyvinylpyrrolidone (PVP) on the
morphology of polyamide-6 has been studied. The instrumental studies reveal a change
in the degree of crystallinity and phase transitions of polyamide 6, in particular, the
obtained materials have a higher degree of crystallinity by 5...7%. The physical and
mechanical properties of the obtained mixtures have been studied. It is found that the
addition of PVP to polyamide contributes to the increase of relative elongation during
rupture and yield strength, as well as Vicat softening point. At the same time, there is
a slight decrease in the modulus of elasticity and surface hardness of the obtained
materials, as well as an increase in the tangent of the angle of mechanical losses.

Keywords: polyamide-6, modification, polyvinylpyrrolidone, strength, crystallinity.
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