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Ilpogedero Oocniodcenuss pazoso2o ckiady ma CMpyKmypu Npuno8epxHegux uapie
YUPKOHIEBUX CMPIYOK, NIOOAHUX A3epHIll 0OpoOYl Y UXIOHOMY CIMAHI MA 1€208AHUX
B, Mo, Nb. Buxorano peHmeeHOCmpyKnypHUll aHali3 wapis, GU3HAYEHO ixX (hazosuil cKiao.
Ilpooemoncmposano  enaue  f-cmabinizylouux — enemMenmie  Ha  3MIHU — (PA308020
cknaoy. Jleeyeanus Nb ma Mo cnpuse 0oKoOpiHHUM (a308um 3MIHAM 8 NOBEPXHEBOM)
wapi 3a680axu cmaoinizayii f-gpasu, iCHY8aHHA KO NO3UMUBHO 6NIUBAE HA MBEPIICHb
ma KOpo3itiHy CMIUKICMb, WO € 8ANCTUSUM OJIsL 3AXUCHY NOBEPXOHb GUPODIE 0epHOL
eHepeemuKy ma MeOuyHo2o npusHavenHs. Jlodasanns B 3nauno niosuwye meepdicme
NOKPUMMIB, WO CHPUAE NOKPAUWJEHHIO IX 3HOCOCMIUKOCIII.

Knrouosi cnosa: naszepra obpodka, nokpumms, pazosuii ckiad, OucnepcHi kapodiou,
meepoicmo.

Beryn

HupkoHii MIMPOKO BUKOPUCTOBYETbCS B  SAEPHIH, KOCMIYHIM Ta
AEPOKOCMIYHIHM MPOMUCIOBOCTI 3aBISIKM CBOIl BUHATKOBIHM CTIMKOCTI 4O KOpPO3ii
ta oOkucHeHHs [l—3]. LlupkoHifi TakoX 3HAWIIOB 3aCTOCYBaHHS B
MIPOMHCIIOBOCTI O1OMEIMYHUX MPUCTPOIB Ul HECYYMX IMILIAHTATIB 3aBISKU
CBOiM 3HOCOCTIMKOCTI Ta CTIHKOCTiI 0 KOpo3ii [4—6]. OnHak yepe3 HHU3BbKY
TBEPMAICTh 1 HHU3BKY 3HOCOCTIHKICTh IMPKOHIEBOTO CIUIABY BiH ITiUIA€THCS
cepilo3HOMY BIUIMBY TEPTS Ta €po3ii B poO0YOMY CepefOBHILI Ta CXUIBHHUN 10
3HOCY. 30BHIIHSI CTIHKA TBETY 3 LIMPKOHIEBOIO CIJIaBYy 3a3BHUYail 3HOIIEHA
OUIbII CEpHO3HO 1 TMOJMOMKA 30BHIIIHBOI CTIHKM MOXKE CIPHUYMHHUTU BHTIK
SIIEPHOTO TMajiBa Ta MPU3BECTH A0 aBapil. Takum uMHOM, Momudikaiis Ta
MOKpAIlEHHs] TOBEPXHI LHMPKOHIEBOrO CIUIAaBYy MOXe OyTH KIIO4YeM JI0
30UIBIICHHS] TEPMiHY CIyXOW BHpOOIB 3aBISKH IMIABHILEHHIO 1X MMOBEPXHEBOI
TBEepAOCTI Ta 3HOcocriiikocti [2, 3]. Tomy, OKpiM 3acTOCyBaHHS CILIaBiB
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LUPKOHIIO SIK KOHCTPYKUIHHUX MaTepiaiiB, BOHU € MOMYJSIPHUMH SIK TIOKPUTTS
JUISL TIBUIICHHST 3HOCOCTIMKOCTI Ta OMOpPY BHCOKOTEMIIEPATYPHOMY OKHCHEH-
HIO BUpOOiB. JlazepHe orutaBieHHS J03BOJISIE CTBOPIOBATH TOBCTI MOKPUTTA 3
BHECEHHSIM 3MILHIOIOYMX YaCTHHOK, IO 3a0e3leuye 3pOocTaHHS TBEPIOCTI,
3HococTiikocti Ta iH [7]. Tomy nociipkeHHST MIKpOCTPYKTYpU —Ta
BJIACTUBOCTEH JIa3epHUX IOKPUTTIB € akTyalbHUM. DOpMYyBaHHS 3aXHUCHOrO
mapy MOEAHYETHCS 3 XIMIKO-TEPMIYHOI OOpOOKOIO0 MPHUIIOBEPXHEBOI 30HHU.
Jlazepra 0OpoOka CyTTEBO 30LIBIINYE MIIlHICTh, 3HOCOCTIHKICTH, TBEPIICTH 1
KOPO3iiiHy CTIMKICTh TIOBEPXHEBOT'O MIApy 32 paXyHOK (ha30BUX 1 CTPYKTYPHHX
MEpPEeTBOPEHB, OIUIABIICHHS, IUIaKyBaHHs [8]. Pamime Hamu TpoBEnEHO
JOCIIIPKEHHS BIUTUBY Jia3epHOI OOpOOKM B CEPENOBHUILI a30Ty Ha MpoLecu
(bopMyBaHHS CTPYKTYpH Ta BEIHYHHY MIKPOTBEPAOCTI ITOBEPXHEBOTO IIApy
TEXHIYHO YUCTOro THTaHy Ta TUTaHoBoro cruiaBy OT4, nerosanoro C, B, Nb
[9]. IIpomemoHCTpOBaHO, MmO JMOAaBaHHA B 3HaYHO 30UIBIIYE TBEPIICTH
croiaiB. JleryBanus Nb ta Mo mimBuIrye TBEpHICTh Ta CHPHSE JTOKOPIHHUM
(a3oBUM 3MiHaM B TOBEPXHEBOMY IIapi 3aBISKK cTadimizarii B-has3u.

Meroro naHoi poOOTH € TOCTIKEHHS BIUIMBY Jla3epHOi 0OpOOKH Ha CTPYK-
TYpy Ta BJIACTHBOCTI IIPUITOBEPXHEBOTO APy Ae(pOPMOBAHOTO IUPKOHIIO, JIETO-
Baroro B, Nb Ta Mo nuisixom orutaBiIeHHsI BiITOBIAHOT MOPOIIKOBOI 0OMa3KH.

Martepianu Ta MeTOAN XOCTIKEeHb

Jlns  nmaszepHoi OOpOOKHM BHKOPHCTOBYBAIM JEOPMOBAHY IUPKOHIEBY
ctpiuky 3 Zr 0,1 texuiunoi wucrotu 3 Bmicrom: O — mo 0,15%, H — 1o
0,012% Ta nmomimok iHmMX enemeHTiB 0,3%, TOBIIMHA CTPIYKH S5 MM.
[ToBepxHi 3pa3KiB mepesn Jla3epHO 00pOOKOr HUTiQyBamM Ta ENEKTPOIITHIYHO
nonipysainu. JlazepHy oOpoOKy MPOBOIMIN B PEKUMI OIUIABIICHHS MOBEPXHI Ha
BUXIITHMX 3pa3kax Ta Ha 3pa3Kax 3 OOMa3yBaHHSIM MOPOLIKaMH Oopy, Hi0Oir0
(dn < 40 mxm) Ta Mo (dp < 5 MKM) Ha KieloBit ocHoBi. [licis cymriHHS
MOBEPXHIO 3pa3ka 3 MOPOIIKOBUM IOKPUTTAM MEXaHIYHO MOMIpYBaIH JI0
toBmmHN 1mapy 50—70 mxm. Jlns ma3zepHOi 0OpOOKHM 3pasKiB BHKOPHCTAHO
na3epHy yctaHoBKy “KBaHT-15”, 1m0 mpaitoe B iMITyJIbCHOMY PEXKHMI 3 €Hep-
riero B immyinbel 5,9—6,1 JIx (moBxuHa XBWI BUMpoMiHIOBaHHS 1,06 MKM), 3
TpHBaicTIO iMmynecy 5-107 ¢, miamerpom naseproi mwisvu 0,1 cM Ta Koediri-
eHToM TepekpuTts 1M 0,75,
110 3a0e3meduye piBHOMIpHY 00-
pobOky moBepxHi. [ nuOuna
IUTaBJICHOr0 MIapy CKjajana
150—200 w~xm. [lraBneHHrO
ITi//IaBaJIOCh HAHECEHE TTOKPHUT-
TS 1 TIOBEPXHEBHUH IIap IHPKO-
Hit0 (MPUOTNU3HO B OTHAKOBOMY
CHIBBIJTHOINIEHH] IO TOBIIWHI).
CtpykTypa MOKpHUTTS (opMyBa-
JIach T TIE€FO Ja3epHOi 00pOOKH
Ta HACTYITHOI'O OXOJIOMKEHHS 31

100 mxm

uBrakictio - 100 r‘paw ¢. Ha pyc 1. Mikpocrpykrypa nonepeutoro nepepisy
puc. 1 nokasaHa MIKDOCTPYK-  30HM  OINABIGHHS  [OKPUTTS,  JICFOBAHOTO
Typa B IIOIEPEYHOMY IEPEPI3l  MOMIOIEHOM.
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3pa3ka (J1azepHe JeryBaHHs MomiOzneHoMm). BuaHo mepepi3 AOpDKOK, SIKUMH
HIJIO OIUTaBiIeHHsI 00MAa3KH, B OIUIABJICHOMY ILIapi CIIOCTEPIratoThesl MPOIIAPKH
iHTEepMeTaniuHoi (hasu.

Jns aHami3y BIUIMBY J1a3epHOi OOpOOKM Ha BJIACTHUBOCTI 0OpOOIIOBAaHOIrO
MaTepiajy 3a JONOMOIOI0 ONTHYHOro Mikpockona MIM-7 6yno nocmimkeHo
MIKpPOCTPYKTYpY, Ha TBepAoMipi [IMT-3 BumipsiHo MikpoTBepaicTb. st Bu3Ha-
YEHHSI CEpEeIHbOr0 3HAYEHHS MIKPOTBEPAOCTI MOBEPXHI HAa KOXKHOMY 3pasKy
npoBeneHo 61u3bKko 40 BUMipioBaHb. JlOCTIIKEHO PO3MOIiT MIKPOTBEPAOCTI 11O
noBepxHi. KpiM TOro, mpoanasi3oBaHO 3aJI©KHICTH MIKPOTBEPAOCTI B 30HI
OIUIaBleHHSl sK (yHKUito BiacraHi / Big moBepxHi 3pa3ka. PeHtreHo-
CTPYKTYPHMIA aHaJli3 3pa3KiB BUKOHaHO Ha audpakromerpi/JPOH-3M. 3itomku
3IIMCHIOBAJIM 3 MOBEPXHI MOKPHUTTS 3 HAHECEHHSIM Ha MMOBEPXHIO MOPOLIKOBOIO
KPEMHIIO SIK 3pa30K-eTaJioH. AHaJli3 peHTreHorpam 3a PirBengom mpoBoauBcs
3a onomororo I13 Powder cell 2.3.

Pe3yabTaTtu gociaigkennb

CTpykTypa Ta BJACTUBOCTI OIJIABJIEHOI JIa3epOM MOBEPXHi
Ta NPUNIOBEPXHEBOIO LIAPY

JocnikeHHs BIUIMBY Jla3epHOi OOpOOKM Ha CKJIaJ Ta BIACTHUBOCTI
MOBEPXHEBOr0 IIapy BHUXIAHOTO LUPKOHIIO MOTPIOHI It  PO3YMIHHS
CTPYKTYPHHX 3MiH, 110 BiAOYBarOThCS P JIa3€pHOMY IIJIaBJICHHI, Ta 1X BIUIUBY
Ha MEXaHIYHy IOBEAIHKY TNPUIIOBEPXHEBUX IIAPIB BUXITHOI LUPKOHIEBOT
crpiuku. Lli pe3ynbraT Ba)KiIWBI AJsl MOPIBHSHHS 3 pe3yJlbTaTaMu, IO
OTpUMaHi MiJ] Yac JeryBaHHs.

PenTreHiBchbKki TOCIIPKEHHS TTOBEPXHI MOKa3all, M0 JiazepHa o0poOka He
BIIMHYJa Ha (azoBuit ckiazg. [licns mBuIKOro rapTryBaHHS B LMPKOHII B
MOBEPXHEBOMY Iapi YTBOPIOEThCS TMepeBakHO JApiOHo3epenna ['IIY
crpykrypa. OcHoBHu# Meran takok Mmae ['I[Y rpatky. IleBne posmmpenHs
PEHTTEHIBCHKHX JIiHIN BKa3ye Ha HasBHICTH Je(opMamiiHOl CyOCTpyKTYpH.

Ha puc. 2 naBeneno po3noain TBEpAOCTI OMIABICHOI JIa3epoOM IMOBEPXHI Ta
MPUIIOBEPXHEBOro 1mapy Zr. BugHo, 1m0 B 1uiaBieHi 30HI TBEPIICTh CKIIala€e
H, = 340—320, B 30HI TEpPMIYHOIO BIIMBY BOHA 3HMXKYyeTbcA 10 H, = 280
Yyepe3 3MEHIIEHHSI MIBUKOCTI 3arapTyBaHHS 1, HAPEIITI, 3HOBY 30UIbLIYETHCS
Ha BiAganeHHl Big nokputrs no0 H, = 310 3a paxyHOK HasBHOCTI
nedopmaniiiHoi cyOCTpYKTYpH Y BUXITHOMY 3pa3Ky. Sk Oyzae nmokaszaHo fati, i
3MIHU € HE3HAYHUMU Y TIOPIBHSHHI 3 BIJIUBOM JIETYBaHHSI.

JleryBanust Mo

Ha puc. 3 naBengeno ¢aszoBy niarpamy Mo—Zr. Monibnen € cra0ini-
3atopoM (aszu B-Zr [1]. €auHoro iHTEpMeTaNivYHO (pa3oro B cuctemi € Mo,Zr,
inenTudikoBana sik Laves cl5 (kybOiuna rpatka tumy MgCu,), sika yTBOpIO-
€TbCSl IEPUTEKTUYHO 3 PO3IJIaBy. JIpyroro iHBapiaHTHOIO PEAKII€I0 € eBTEKTHY-
Huii po3naz posmiaBy Ha Zr-OLK (B-Zr) 1 Laves, a Tperbor0o — €BTEKTOITHHIMA
posmnaz TBeproro pozunny B-Zr Ha Zr-I'llY (a-Zr) i Mo,Zr. 3rigHo 3 po6oToro
[2], B pe3ynbraTi HarpiBanHs cmuaBiB Zr 3 Mo B (o + P)- abo B-¢a3oBux
00J1acTAX 1 MOJAJIBIIOrO Bignany B 0i-00J1acTi BinOyBa€eThCsl BUIUICHHS APIOHUX
IHTEpMETAIIYHNX YaCTOK CHONYKH ZrMo,, sKi 3a0e3leuyroTh CruiaBaM OulbII
BHUCOKY KOPO3iiHY CTIHKICTb 1 MIIIHICTb.
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Puc. 2. Posmozin TBepAoCTi OIUIABJIEHOI Jla3epoM TOBEpXHi (a) Ta
TBEPZOCTI B IPUITOBEPXHEBOMY MIapi Zr (6).

500 600 700

3MiHa

3000 ‘ . J

2500~ Pigxurii L

1921 *C L

|

(BZr) [

2000~

1552°C

1500 (BMo)

Temnepatypa, °C

Laves

1000+
111

500 (asz—

0 T ————p—
0 0.1 0.2 0.30.40.5 0.60.7 0.8 0.9 1.0

Mo MomnspHa yacTka Zr Zr

Puc. 3. ®a3oBa miarpama Mo—Zr [10].

Tadoauusa 1. Pa3oBuii ckiaag nokpurriB Zr—Mo

da3za

CumBon Ilipcona

O06’em, %

a, HM

Mo,Zr

ch24

39,16

0,76055

Zr-OLK

A2

41,91

0,35006

OLIK-Mo

A2

18,94

0,31992

VY Tabn. 1 HaBeneHo (a30BHii CKiIa] MOKPUTTIB Z—Mo. Y MOBEpXHEBOMY
mapi  OpucyTHiM BitbHME mupkoHiit 3 OLIK wmomumdikamii (~40% (00.)),
npuOIM3HO Taka cama KUTBKICTh iHTepMmeramigHoi ¢asm Mo.Zr i 20% (00.)
MoJi0/IeHy, 1o He mpopearyBas. [Tossa Zr-OLIK Moqudikarii 3ymMoBiieHa THM,
1o MoioieH € cutbHEM ctabimizatopom OLIK ¢asu B iupkoHii.
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Puc. 4. Pozmozin TBepaOCTI B3MOBXK MOBEPXHI MOKPUTTS Zr—Mo (@) Ta 3MiHa
TBEPJIOCTI IO TIHOIHI MPUITIOBEPXHEBOTO mapy (0).

Ha puc. 4 nokazano po3nofin TBepaocTi mokputts Zr—Mo (puc. 4, a) Tta
3MiHA TBEPIOCTI B NpHUIOBepXHeBoMy wiapi (puc. 4, 6). TBepaicte mnpumo-
BEPXHEBOr0 IIapy 3HAYHO BHINA, HDK y HMpKoHito. HaBiTh Ha moBepxHi, e
(iKCyeThCS BEIMKUI BMICT LUPKOHIIO, TBEPAICTh NMPHONM3HO BIBiYI BHIIA,
OCKUTBKHM Zr TpUCyTHIN B 3araproBaHomy craHi B OLIK mommdikamii. Bennka
KUTBKICTh iHTepMeTaniHoi (azn Mo,Zr crpusie MiABUIIEHHIO MIKPOTBEPIOCTI B
JIOKaJIbHUX 00’€Max MPHUIIOBEPXHEBUX WIapiB 10 3HadeHb /4, = 1200—1300.
3pocTaHHs TBEPAOCTI B CepeArHI Mapy MoKe OyTH MOSCHEHO 30UIbIICHHIM
BMICTY I[bOT'O iHTEpMETaiAy. BasknuBo, 1o nei inTepmeranis 30epirae BUCOKY
MikpoTBepaicTh npu temmeparypi 700 °C Ha BiaMiHy BiA IHIIMX I1HTEpMe-
TaJIYHUX CIONYK. 3aBASKU CIIOBUIbHEHHIO AM(y3ii JeryBaHHS MOINIOICHOM
3HaYHO CIOBUIBHIOE MPOLEC PEKpHUCTati3alii Ta CYTTEBO 3MEHLIYE PO3MIp
3epeH. JlucnepryBaHHs CTPYKTypH CILiaBy 3 MO J1a€ MOXIHMBICTH AOCSTTH
BHUCOKOI MILIHOCTI, SiIka poOMTH JiazepHy OOpoOKy ciaBiB 3 Mo ocobmuBo
JOLLIBHOXO.

JleryBannst Nb

Hio0iit € omHuM 3 HaWBIIOMIMIUX 1 MMPOKO BUKOPHCTOBAHUX E€IEMEHTIB B
UpKOHIEBHX crutaBax. Ha puc. 5 HaBeneno ¢as3oBy miarpamy cucremu Zr—Nb.
IcnyBanHs momMOppHOrO o <> [-TepeTBOPeHHS B IMPKOHII Ta 3MiHa
PO3YMHHOCTI HIOOII0 B O-IMPKOHIT 3 TEMIEPaTypor [a€ MOXJIUBICTD
pEryJroBaTH CTPYKTYPY Ta BJIACTMBOCTI CIUIaBIB 3a JOMOMOIOIO orepauii
rapTyBaHHS Ta MOAAJBILOrO CTApiHHs. 3aJIGKHO Bl BMICTY HIOOII0 B CIIJIaBax
Zr—Nb BHacIiI0K TapTyBaHHs MOKYTh BHHUKATH METacTaOUIbHI (asu o, ® Ta
B-Zr [4, 5].

3 Touku 30py cradimizamii OLK ¢a3um Mo i Nb 1o meBHOi Mipu cX0Xi, IO
MATBEPIMIIN PE3YAbTaTH PEHTTEHOCTPYKTYPHOIO aHalli3y MOKpUTTS Zr—Nb
(trabn. 2). 3 miABMINEHHAM BMICTy HIOOi0 mapamerp Tpatku [-¢hasu
3MEHIIYETHCS. 3TITHO 3 IMITEpUIHUM PiBHSIHHM [12],

ag (1m) = (0,35878 + 0,00007) — (0,000288 + 0,000003) - (% (at.) Nb).

Hns mapamerpa rpatku 0,35004 HM BMicT Hi0Oit0 craHoBUTH 29,4% (atr.) mo
nocratHeo st crabimizartii OLIK rpatku. Ha pric. 6 HaBeneHO po3ImoaiT TBepIoCTi
Ha MOBEPXHi MOKPUTTS Zr—Nb (puc. 6, a) Ta 3MiHY MIKPOTBEPJIOCTI B TIPHIIO-
BepxHeBoMy Lapi (puc. 6, 6). Ha nosepxui nokpurra H, = 600—700, mo €
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Gasi OLIK rpatku Zr, Mo TAKOK EHG 5. ®a3oBa niarpama cucreMu Zr—Nb
CHpUSE TIBUIIIEHHIO KOPO3iHHOT

CTIMKOCTI Ta 3HW)KYE TOTTMHAHHS BOAHIO [5]. BomHodac y iboMy BHITaKy HE
BTPAYa€ThCS TaKa KOPUCHA XapaKTEPUCTHKA IUPKOHIFO, K MaJIHid TIOTIEpESIHHMA
repepi3 MOrIMHAHHS TeTJIOBUX HEUTPOHIB.

Tadonunua 2. Dazosuii ckaax nokpurrtie Zr—Nb

®da3za Cumsorn Ilipcona O0’em, % a, HM
Nb-OLIK cl2 47,00 0,33918
Zr-OlIK A2 39,12 0,35004

ZrC B1 13,88 0,46079
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Puc. 6. Pozmopin TBepmocTi B3MOBXK mMoBepxHi NOKpuTTs Zr—Nb (a) Ta 3MmiHa
TBEPJIOCTI TIO TIHOIHI MPUITIOBEPXHEBOTO mapy (0).

JleryBanus B

Ha puc. 7 naBeneno ¢azoy miarpamy Zr—B. YV cucremi nupkoHii—oop
ICHye JBa €BTEKTHYHHX IEPETBOPEHHS Ta PSJ XIMIYHHUX CIIONYK: ZrB,, ZrBi,,
ZrB. HaifOutb TepMOIUHAMIYHO CTIHKOI XIMIYHOIO CITOJIYKOK € JHOOpH
nupkoHito ZrB,. 3rimHo 3 pobororo [14], BmactuBocti ZrB, HacTymHi:
TemIepatypa IuIaBIeHHs 3245 °C; ryctuna 6,1 r/cM’; TeKCaroHANbHA IpaTka
tuny AlB, 3 nepionamu a = 0,317 um, ¢ = 0,354 HM; eNeKTPONPOBIAHICTh
~11-10° Om/m; monynb FOnra 500 I'Tla; mimuicts Ha 3ruH ~550 Mlla;
tBepaicte 22 I'Tla. Llg pgiarpama 3a3BUuail € akTyaJdbHOIO AJIsl CTBOPEHHS
yineTpaBucokoremneparypHoi kepamiku (YBKT) na 0asi intepmeraniny ZrB,.
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HonaBanusi Oopy B CILUIaBU

3600 + : . 1 - .

TR IUPKOHIIO €  KOPUCHHM 3
2004 Pioma /" i \ L TOYKA 30pYy JAHCIIEPTyBaHHS
e // g} \ cTtpykrypu  (Oop  3a3BW4ait
g* 7 =1 % BHKOPHCTOBYETBCS SK JUKEPENO
E aunn | I ] |, | KpUcTami3amii i yac
g L / & riasiienss) [15] ta st migBu-
5. 2000 | e et B IIEHHS 3HOCOCTIMKOCTI 3aBISIKA
i f—ipzn : i peanisallii Mexanismy jucrep-
| = B CHOrO 3MIIHCHHS Y4aCTKaMH
12000 o ] ¢asu ZrB, [16]. Y monepenniit
gy S0 : f po0oTi HaMmM TIOKa3aHo, 1o
Ir H) 40 i # B JIa3€pHEC JICI'YBAHHS ITOBECPXHI1
Buict Gopy, Ye(mon.) TUTaHy OOpoM Ta BYIJIELEM
Puc. 7. da3zoBa apiarpama cucremu Zr—B, NpUBOIUTL  JO0  3pPOCTaHHS

[13]. MmikpoTsepaocti 10 1500 I'Tla.

VY Tabn. 3 HaBemeHo (aszoBwii ckiajn MOKpHUTTIB Zr—B. Pentrenocrpyk-
TYpHUIl ~aHami3  BHSBHB Ha IOBEPXHI MOKPHUTTIB 61% daszu Zr-I'ILY, sxa
3minHeHa 36% (00.) gacTok ZrB,. Lle Bexe 10 3HAYHOTO ITiIBUIIICHHS TBEPIOCTI
OTPUMAHOT'O TIOKPUTTSL.

SIk BUIHO 3 JaHUX, 1O HAaBEAEHI HA puc. §, TBepAiCTb [, NOKpUTTI Zr—B
Ha noBepxHi csrae 3HadeHb 1600—1400, mocTymnoBo 3MEHIIY€EThCS B TIHOHMHI
posmnaBneroro mapy a0 1300 1 pi3ko cmagae 3a MeXaMH PO3ILIIABICHOT 30HU
1o 300 (puc. 8, 6), oueBUAHO, Yepe3 He3HayHy qudy3ito Oopy B TepMiuHii 30H1
BIIMBY (U€pe3 MaJMid yac JIa3epHOIo IUIaBJICHHS Ta OXOJIOMKEHHs). BoueBu b,
caMe BeNMKAa KUIBKICTh 3MilHIOI0YOI ¢a3su  ZrB, chpuse 3HaYHOMY
MTOBEPXHEBOMY 3MIITHEHHIO.

Tadonumua 3. DazoBuii ckjaax NOKPUTTIB Zr—B

®dasza C?IMBOH O0’eM, % a, HM ¢, HM
ITipcona
Zr-I'1y hP2 60,88 0,32390 0,51542
7ZrC Bl 3,18 0,46931
ZrB, hP3 35,94 0,31749 0,35373
:5 120
400 600 800 ‘YOC'OHFl 1200 1400 1600 1800 & 0 100 200 300 400 f EK);KI\?[UU 700 800 900 1000
a o

Puc. 8 Posmomin TBepmocti mokpurtst Zr—B (@) Ta 3MiHa TBEpHOCTI B
MIPUIIOBEpXHEBOMY mIapi (0).
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Takum umHOM, Jeryrodi A006aBku B MiABHIIYIOTH TBEPAICTH HMOKPHTTIB.
JleryBanns Nb ta Mo cnipusie 1oKOpiHHAM ()a30BUM 3MiHaM B TIOBEPXHEBOMY
miapi 3aBAsku cradimizanii P-ha3u, HasIBHICTH SIKOI, 3riHO 3 podoTtamu [1, 3],
MiABHIYE KOPO3iMHY CTIHKICTh, IO € BAXJIUBUM IS 3aXHUCTY MOBEPXOHb
BHUPOOIB SAEPHOI EHEPTETUKH Ta MEJUYHOIO MPU3HAUCHHSL.

Bucnosku

JlazepHe oIUIaBlICHHS IHMPKOHIIO, TUIAKOBAHOro mopomikamu B, Mo, Nb,
JI03BOJIMJIO CTBOPHUTHU TOBCTI MOKPUTTS (200 MKM) 3 MiJBUIIEHUM KOMIUIEKCOM
(13uKO-MEeXaHIUHUX BIaCTUBOCTEH.

3a 1aHUMHM PEHTIEHOCTPYKTYPHOrO aHaji3y, B HOKpUTTI Zr—Mo Mae micue
(hazoBe meperBopeHHs 1upkoHieBoi Matpuri B OLIK mommdikariro. 3aBmsku
BHJIUIEHHIO APIOHMX YacTHHOK ZrMo, CrocTepiraeThCsi 3HAYHE ITiIBUIICHHS
tBepaocti o H, = 1200—130. MakcumanbHe aucnepciiiHe 3MILHEHHS Mae
Micie y ru0iHI PO3IUIaBICHOrO APy, /1€ CTPYKTYpPOYTBOPEHHS Bil0yBa€ThHCS B
YMOBaXx OUTBIII HOBLIBHOTO OXOJIOIKEHHSL.

Cra6inmizamis HioOiem OLIK rpatkm Zr ¢ikcyerbcs B MOKpHTTI Zr—Nb.
3a JaHUMU PEHTIeHOCTPYKTYPHOIO aHalli3y, 3HaYeHHs MapaMeTpa ap FPaTKu
B-dasu micns nerysanHs HioOiem ckianae 0,35004 HM, 110 BiIMOBiTa€ BMICTY
HI001f0 B IUpKOHIiEBiH Matpuri 29,4% (at.). Llporo gocraTapo i cradimizamii
B-dasm Zr 3a kiMHaTHOI Temmeparypu. Ha mOBepXHI MOKPHTTS BU3HAYCHE
3HaueHHs MikporBepaocTi H, = 600—700 € xapakTepHUM ISl LUPKOHIIO 3
OLIK rpatkoro.

B nokputti Zr—B ¢ikcyeTbes 3HauHE 3MIIHEHHS TTOBEPXHEBOIO IIapy.
3HauHEe [OBEPXHEBE 3MILHEHHS  3yMOBJEHO  BEJIHMKOIO  KIIBKICTIO
3MinHiouo0i (asn  ZrB,. Ha moBepxHi MOKPUTTS TBEPAICTH CSAra€ MaKCH-
ManbHUX 3HaueHb H, = 1600—1400. ¥V rauOuHi pO3IUIABIEHOIO LIAPY
TBEPAICT,  MOCTYNOBO 3MeHUIyeThess 1o 1300, 3a MexaMu poO3IUIaBICHOT
30HH pi3ko cmagae A0 300. AKTUBHA peaxilisi MUPKOHII0 3 00pOM yTPYAHIOE
MPOHUKHEHHS! OCTAaHHLOIO BIVIMO TMOKPUTTS, IO BEAE /A0 IOCTYNOBOTO
3HUKEHHS TBEPJIOCTI.

3a pesynbraTaMu JOCIHIPKEHb BCTAHOBIICHO, IO JIETYBaHHS HIOOIEM i
MOJi0ZIeHOM HPUBOIUTD A0 KapAWHAIbHUX (pa30BUX 3MiH MOBEPXHEBOI'O LIApy
MOKPUTTIB 3a paxyHOK crabimizamii [B-¢asu. IleperBopeHHsS UMPKOHIEBOT
matpuni B OLIK moamdikawito cnpusie 30UTbIIEHHIO TBEPIOCTI MOKPHUTTS Ta
MTOKpAIIye KOPO31iHY CTIHKICTh, M0 BYKJIMBO ISl 3aXUCTY MTOBEPXOHBL BUPOOIB
y anepHii eHepreruni Ta MenuuuHi. JomaBanus Mo ta B 3HauyHO miaBuiye
TBEPAICTh 32 PAaXyHOK MEXaHi3My JHUCIEPCHOrO 3MILHEHHS, IO CIpHSE
3POCTaHHIO 3HOCOCTIMKOCT1 MTOKPHUTTIB.
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Effect of laser processing on the structure and properties of surface
layers of deformed zirconium doped with Nb, Mo and B

N. V. Minakov, A. M. Bloshchanevich, Yu. M. Podrezov,
N. M. Marchenko, B. V. Shurygin, A. 1. Stegniy

I. M. Frantsevich Institute for Problems of Materials Science of NAS
of Ukraine, Kyiv
*E-mail: yupodrezov(@ukr.net

The phase composition and structure of the near-surface layers of zirconium
ribbons subjected to laser treatment in the initial state and after alloying with
B, Mo, Nb were studied. The distribution of microhardness values on the
surface of the coating and changes in microhardness at different distances from
the surface were analyzed. X-ray structural analysis of the surface layers was
performed, and their phase composition was determined. The influence of
p-stabilizing elements on changes in the phase composition was demonstrated.
In the Zr—Mo coating, a phase transformation of Zr with bcc modification takes
place. It is observed that small intermetallic particles of the ZrMo, compound
are released, which help to increase the hardness in the coating to the values of
H, = 1200—1300. The content of niobium in the zirconium matrix in the Zr—Nb
coating, calculated according to X-ray analysis, is 29,4% (at.) which is
sufficient to stabilize the BCC lattice. The value of microhardness H, = 600—
700 on the surface of the coating is typical for hardened zirconium with a bcc
lattice. The hardness of the Zr—B coating on the surface reaches values of H, =
= 1600—1400, gradually decreases in the depth of the molten layer to
H, = 1300 and sharply decreases outside the molten zone to H, = 300.
Significant surface hardening of the coating is associated with a large amount
of the strengthening phase ZrB;. As a result of the experiments, it was
established that doping with niobium and molybdenum causes fundamental
phase changes in the surface layer of coatings due to the stabilization of
the [-phase. This is important for protecting the surfaces of nuclear power and
medical devices. The addition of B significantly increases the hardness due to
the mechanism of dispersed strengthening, which contributes to the
improvement of the wear resistance of the coatings.

Keywords: laser processing, coating, phase composition, dispersed particles,
hardness.
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