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MeTonaMu XUMHUYECKOTO, PEHTIreHO(ha30BOro aHAJIM30B, a TAKXKE COBMEIIEHHOTO TEpMUYECKOTO 1 Macc-
CNIEKTPOMETPUYECKOTO aHAJIM30B U3YUYeHbl B3auMozaeictusl B cucteMe V,05—AIN. YcTaHOBIIEHO, YTO Ha-
rpeB cMmeceil ¢ MoJsipHbIM oTHoweHneM AlN : V,05 > 2.33 Beire 1100°C npuBoauT K 00pa3oBaHUIO B KOH-
JIEHCUPOBaHHBIX NTpoayKTax HUTpULoB BaHanus: V,N, VNj ¢ u VN. ObpazoBaHusi TBEPIbIX PAaCTBOPOB
aJIIOMUHUSI B BAaHAAVM JIMOO aTIOMUHUAOB BaHaAs TIPU HarpeBaHUY cCMeceii BO BCEM MCCIIEyeMOM UHTEP-
BaJle TEMIIEpaTyp He BbisiBIeHO. [Ipu xumuueckom B3aumoneiicteuu V,05 ¢ AIN cobironaercsi NpUHLIMIT
MoCJIeIOBaTeIbHOCTH NMpeBpanieHunit A.A. baiikosa: V,05 - VO, = V,0; = V;05 — V,0; > VO - V.

KioueBble clioBa: OKCUIIBI BaHaIud, HUTpUAbI BaHaaAWA, HUTPpUI aJIJIOMUHUA, (1)33006p330BaHI/I6, PEHTIC-

HO(dAa30BHIN aHAIN3, TEPMUUYECKUI aHATIU3
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BBEIAEHME

Hurtpun anroMuHMs 0061a1a€T PSIAOM MHTEPECHBIX
¢pu3nIeCcKrX CBOMCTB. BBICOKOE 37I€KTPOCOIIPOTUB-
JIEHrE, KOPPO3MOHHAsI CTOMKOCTh K BO3IEiICTBUSIM
BO3/AyXa M pacIIaBOB METAJJIOB IIPU MOBBIIICHHBIX
TeMIlepaTrypax, CTOMKOCTb K TepMoyaapy aejarot AIN
He3aMEHUMBIM ITPY U3TOTOBJICHUH TUTJICH JJIsI pa3/IvuB-
KU HEKOTOPBIX METAJUIOB, TP M3TOTOBJICHUN AJIIOMM-
HUEBBIX JIEKTPOIM3EPOB U APYTUX BUIOB IMPOXYKIINN
[1, 2]. bnaromapsi BEICOKOi1 TETJIONPOBOAHOCTH, BbI-
COKOMY OOBEMHOMY COIIPOTUBJICHUIO U YMEPEHHBIM
IUBJIEKTPUYECKUM CBOMCTBAM HUTPUI AJIOMUHUS
HaXOAUT IIUPOKOE MTPpUMEHEHUE B 00JIaCTH BJIEKTPO-
HUKU (HaIIpUMep, IJISI U3TOTOBJIEHUS KEpaMUUEeCKUX
AJTIOMOHUTPUIHBIX TUAJIEKTPUISCKUX TEIIOOTBOISI-
IIMX ITOIJIOXKEK M KOMMYTAIIMOHHBIX ILIAT JJIsl paKeT-
HO-KOCMMYECKOM TEXHUKUN) U B CTPOUTEIBHOMI ce-
pe [3—5]. Tem He MeHee, mis usaenuii u3 AIN xapak-
TEePHBI Te Xe TTPOOJeMBI, YTO 1 IUISI BCEX MaTepUasIoB
C KOBQJIEHTHBIM THUIIOM CBSI3U (TBEPIOCTh, XPYII-
KOCTb, 1e(PEeKTHOCTh CTPYKTYphI). VX pemiaior myrem
JI00aBKM HEOOIBIINX KOJIUYECTB OKCHUIOB PEOKMX,
PEIKO3eMeNIbHbIX U/WIN IIEI0YHO3EMEIbHBIX MeTall-
JIOB, CITOCOOCTBYIOILIMX JIyYIIIEMY CIIEKAHUIO, TTOBBIIIIC-
HUIO TJIOTHOCTHU, TEIJIOMIPOBOAHOCTHU, YCTPAHEHUIO
IpyObIX CTPYKTYPHBIX 1edeKTOB B u3neausax [6—10].

B kadecTBe peareHTa-HOCHUTEJISI a30Ta HUTPHUL,
AJIIOMUHUST HCITOJB3YIOT MpPU BBITJIABKE a30TCOAEP-
XalluX BaHAAWi-aJIOMUHUEBBIX JIMTATyp, MpemxHa-
3HAYCHHBIX IJIs JIeTUpoBaHUs TUTaHa. AIN B LIUXTy
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TUIAaBKU BBOMSIT JTUOO B BUIIE CAMOCTOSITEJILHOTO pea-
reHTa [11], 1ub6o B cocTaBe IpeKypcopa, IMoydaeMo-
ro a30TMPOBAHMEM ITOPOIIKOB MPOMBIIIJIEHHBIX
criaBoB V(85—45)—Al MeTonoM caMopacpoCTpaHsIIO-
1ierocsi BbicokotemieparypHoro cuHre3a (CBC) [12,
13]. U3BecTHO [11, 14, 15], uro turatypbl V—Al—N—(C)
MOJIy4aloT BHETIEUHBIM aTIOMUHOTEPMUYECKUM CIIO-
coboM. Peakiimm BocCTaHOBJIEHMSI BaHaaus U3 €TO
OKCUJIOB JIIOMUHUEM SIBJISIIOTCS 9K30TEPMUUYECKU-
MU C BblI€JIEHMEM KOJIMUYECTBA TeIlJ1a, 10CTATOYHOTO
IJIsT caMOIPOU3BOJIBHOIO MPOTEKaHUs TPOIECCOB
BoccTaHOBJIeHUA [16]. B pa6ote [17] ycraHOBIEHO,
YTO HE3aBUCHUMO OT TOTO, B KAKOM BUJE a30T BBOAUT-
Csl B IIUXTY JIJISI BBITJIABKY BBIIICYMTOMSIHYTBIX JIATA-
Typ — NaNO;, VN, V,N, AIN nu60 B Buae cmeceit
HUTPUAOB AJTIOMUHUS U BaHAIUs — HETIOCPEICTBEH-
HO B caMUX JIMraTypax a3oT Bcerma MpUCYTCTBYET
TOJIbKO B Buae AIN.

Lleny maHHOM paboThl — U3ydyeHUe (hazoo0pazo-
BaHUI, IPOUCXOOAIIMX MpU B3aumoneictsuu V,0s5 ¢
AIN, 1711 COBepIIICHCTBOBAHMSI TEXHOJIOT U ITPOU3BO/I -
CTBa a30TMPOBAHHBIX BaHAAUI-ATIOMUHMEBBIX JIUTA-
TYp U U151 pa3paboTKU COCTABOB 1 CIIOCOOOB TOJTyue-
HUSI OKCUTHO-HUTPUIHON KEpaMUKMU.

Panee [18] MeTogamMu TepMOIMHAMMYIECKOTIO MO-
NeIMPOBaHUs, a TAaKKe XMMUUECKOTO U peHTreHoda-
30BOTO AHAJIM30B ObLIM M3y4YeHbl B3aMMONEHCTBUS,
MPOUCXOISIINE TTPU HArpeBaHUU OPUKETUPOBAHHBIX
cmeceit V,05 ¢ AIN. OnHako nojiydeHHble B paboTe
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[18] marHBIE MOTpPEeOOBANM YTOYHECHUS W IKCIICpU-
MEHTAILHOTO JOITOJTHEHUS.

OKCITEPUMEHTAJIBHAA YACTb

151 3KCTIEpUMEHTAIbHOTO U3YyYEeHUS B3aUMOEH -
ctBus B cucteme V,05—AIN ObUIM NPUTOTOBJIEHBI OpU-
KEeTUPOBAHHBIE CMECH IO OOBIYHON KepaMUYeCKOM
texHonorun. JlasneHue npeccopanus — 10 MIla. B ka-
YeCTBE MCXOTHBIX KOMIIOHEHTOB UCIIOIb30BaIN IIEH-
TaOKCU], BaHaOUsI KBaJIM(pUKALIUM “4.1.a.” TIPOU3BOI-
ctBa pupMbl Glencore Operations SA PTY Ltd (FOx-
Hast A¢dprKa) 1 OPOIIIOK HUTPHUIA aTIOMUHUS MapKuy
CBC TY-1 npousBoactea MCMAH PAH (Poccus,
. YepHoronoka) mo TY 88-1-200-92 KpymHOCTBIO
munyc 0.045 MKM ¢ yIeIbHOM MoBepxHOCTHIO 0.5 M2/T.
Cormmacuo TV, B HUTpuIEe amioOMUHUS CONCPKAIOCh
(Mac. %): 32.5N, 0.5 0, 0.11 Fe, 0.02 C, ocranbHoe Al.

IIpotiecchbl, MporcxosIve MPU B3aUMOACUCTBUN
V,0;5 ¢ AIN, usyyanu 1ByMsi METOJaMU.

1. XuMU4ecKuM U peHTreHo(pa30BBIM aHATTU3aMU
(P®A) mponyKToB HarpeBaHUSI OpUKETUPOBAHHBIX
cMmeceit V,05 + AIN. OtHomreHue AIN/V,05 = 0.67—
9.0 (Monin). CMecHr MCXOMHBIX KOMIIOHEHTOB TOTOBU -
JIV IO OOBIYHOM KepaMUIeCcKOM TeXHOIoTuH. [daBite-
Hue npeccoBanus 10.0 MIla. Harpes 6pukeToB Benu
B ToKe renust B meun CIIIBJI-0.62/16-M2 ¢ Bonbdpa-
MOBBIM HarpeBarejieM 10 temiiepatyp <1600°C ¢ no-
CIEOYIOLIEN M30TEPMUUYECKON BBIICPXKKOW MpuU 3a-
nmanHoit remiiepatype 0.5—1.0 4. CKkopocTh Harpena —
7.0—10.0°C/MuH.

2. luddepeHMaibHON CKaHUPYIOIIel Kaaopu-
meTtpueit (JICK), TepMorpaBUMeTpUIYECKUM 1 Macc-
CIEKTPOMETPUUYECKMM aHau3aMu cmecu V,05 + AIN
Ha npubope CUMHXPOHHOIO TEPMMUYECKOTO aHajiu3a
Netzsch STA 449 C Jupiter. OTHocUTeIbHAS MOTPELL -
HOCTb Oonpeae/ieHUs] TeMreparypbl coctaBuia +3°C,
a oHranenuu — £10%. OnpeneneHue cocTaBa ra3os,
BBIICJISIIOLIMXCST TIPU HarpeBe CMECH, BBITIOJIHEHO Ha
COIPSKEHHOM C TEPMOaHAaIM3aTOPOM KBaJIpYyIIOJIbHOM
Macc-crrektpoMeTpe QMS 403 C Aéolos B pexxime 3a-
JTaHHBIX MaccoBbIX yncesl. Harpes o6pasios go 1300°C
n oxstaxkaeHue 10 500°C ocyllIecTBIEHO ¢ IIOCTOSTHHOM
ckopocTbio (20°C/mMuH) B ToKe aproHa (30 mji/MUH) B
turiisax 1 JJCK u3 Al,O; ¢ KpblllieukaMu, UMEIoIIn-
MU OTBepcTusi. Macca M3MeJbUeHHBIX U CIIPECCO-
BaHHBIX MaTepHajioB coctaBisuia =30.0 mr. OTHoOIIIE-
Hue AIN/V,0; 3agaBanu paBHbIM 1.67 (Mon).

O xapaktepe ¢a3o00pa3oBaHUS CYIUIN MO pe-
synbTatTaM P®A NpoOmyKTOB B3auMMOACHCTBUS, BBI-
MOJTHEHHOTO Ha aBTOMATU3UPOBAHHOM AU(PPaKTOMET-
pe APOH-2.0 (u3nmyyenue CukK, oTGOUIBTPOBaHHOE,
MOHOXPOMAaTU3UPOBAHHOE), 000PYIOBAHHOM BbICOKO-
TemmneparypHoii mpucrtaBkoii YB/1-2000. BeicokoTeM-
nepaTypHyIO CbeMKY ITOPOIITKOOOpa3HOTO 00pasina ¢

HEOPTAHUYECKHWE MATEPHUAJIbI

MOJIbHBIM oTHOIIeHueM AIN/V,05 = 7.44 Beiu B TO-
Ke TeJIusl MpyU HarpeBe OT KOMHATHOU TeMMepaTypbl
1o 1230°C u mocnenyoiieM oxiaaxkaeHuu. I1pu pac-
mu¢poBKe AudpaKkTorpaMM I0Jb30BalUCh 0a30it
nanHbeix ICDD PDF2.

ConepxKaHue 3JIEeMEHTOB B MCXOIHBIX 00pa3liax 1
KOHEUYHBIX MPOAYKTaX OIpeacIeHO METOAAMU aTOM-
Ho-abcop6LmoHHOI (criekTpoMeTp SOLAAR M6) u
ONTUYECKON 3MMCCUOHHOI (CIIEKTpOMETpP Spectro-
Flame Modula S) cnekTpockonuu.

Pacuet sHepruit [m606ca XuMMYECKUX peaKLIvii BbI-
MOJTHEH C UCTIOJIb30BAaHMEM ITPOrPaMMHOIO KOMITJIEKCa
HSC Chemistry 6.12 [19]. OrcytcTByiolye B 6aze JaH-
HbIX MPOTrpamMMbl 3HAYEHHUS TEPMOXMMUYECKUX Xa-

PaKTEPUCTUK (SHTAJIBITAIO OOpa30BaHUS AH/?, 9HTPO-
o AS 1 koaduumeHTsl A, B 1 C sMOMpUIECKOro
YPaBHEHUsI TETUIOEMKOCTH C,) IFOMMHMIOB BaHAIMs
(V;sAlg, VAL;, V;AL) 3auMcTBOBaHbI U3 padoThl [20].

PE3YJIBTATbBI U OBCYXIAEHHME

N3yyenne B3aumopeiicreus V,05 u AIN meromom
CIeKAHNS OPUKETHPOBAHHBIX cMeceii. Pe3yibraThl 3Kc-
MEPUMEHTAJIBHOTO M3ydeHMs1 (pa3000pa3oBaHus MPU
Harpese OpUKETUPOBaHHBIX cMeceil xV,05 + yAIN
npencrTasieHb! B Tao. 1 m Ha puc. 1—3. ComacHo maH-
HBIM Ta0J1. 1, B ob6aacTu Temrieparyp 1200—1600°C B3a-
umoneiicteue mexay V,05 u AIN npuBoaut K o6paszo-
BaHu10 HUTpUIOB BaHanus V,N, VN 5, 1 VN. KoHzeH-
cupoBaHHas asa Takke IIpeacTaBiieHa OKCHUIaMU
BaHaIus U aJIIOMUHUS.

CoOTHOIIEHHWE PEareHTOB B CMECH U TeMIlepaTypa
9KCIIEPUMEHTOB 3aKOHOMEPHO OTpaxkaloTcsl Ha da-
30BOM COCTaBe MPOAYKTOB B3aumonencTeust V,0s u
HUTpUIA aroMuHus. M3 1admn. 1 1 puc. 1—3 BUOHO, 4TO
nipu yBeimaeHun AIN/V,0s ot 0.67 mo 9.0 (Mosm) cre-
MeHb OKMCIIEHUS BaHaaus u3MeHsiercs ot VO, 1o V,0;.

B nponykrax BaumoneiictBusi cmeceit ¢ AIN/V,05 >
>2.33 mocie HarpeBa oo Temmeparyp Bbie 1100°C
oOHapyxeHa ¢aza BaHagara amtoMuHus AlV,0, [21],
MpUuYeM ee KOJUYECTBO IMPSIMO MPONOPLIMOHATBHO
kosmmuecTBy AIN B cxomHBIX cMecsax. OO0pa3oBaHue
LIMWHEJU TaKOro COCTaBa MOATBEPXKAAeTCS B pabo-
Tax [22, 23], B KOTOPHIX €€ CrnelraJbHO CUHTE3UPO-
BaJU IyTeM criekaHusi cmeceit V,05; + V,05 + Al B
KBaplieBbIX ammyjaax B Bakyyme mipu ¢t = 1100°C.
BanagmaTt amoMuHMS MOXHO MpPEACTaBUTb B BUIE
cMmecu Al,O; + V,0; + 2VO. CnenoBaTtesibHO, B CO-
mIacuM ¢ OJaHHBIMU [24] coOmiomaeTcs NMpUHIMIT
rnmocJjiefoBaTeIbHOCTHU TIpeBpalneHuii A.A. baiiko-
Ba: V,0; —» VO, - V,0; = V;0; — V,0; = VO.
HanbHeiiee yBemdyeHre TeMneparypbl Boiie 1100°C,
comacHo pesyibrataM PDA, npuBOIUT K BOCCTAaHOB-
Ne 1

TOM 59 2023
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Tabmmua 1. Pa3oBbIil cocTaB MPoAyKTOB B3aumoneiicTaust V,05 ¢ AIN

MonbHoe ®da3z0BbIii COCTAB ITOC/IE HATPEBa Y U30TEPMUYECKOM BBIACPKKU MTPU
OTHOLLIEHHUE
AIN/V,0s B tmixte 1000°C 1100°C 1200°C 1600°C
AIN, VN, V,N
9.00 AIN, V,05, ALO; (sano) | 0 AV204 Ab03. V2031 1 VN, AL, > V081 Y2
(mao) Al O4
7.44 AIN, V,0;, Al,O, (Mas10) | AIN, AIV,0,, V,03, Al,O5| AIN, VN, ¢, A,O; AIN, AL, O3, VN*
5.66 AIN, V,0;, Al,O; (Mas10) | AIN, AIV,0,, V,05, Al,O; VN, AlN, ALO5, VN VN1, VoN, ALO;,
(maJo) AIN
VN, ALO;, AIN, V,N,
V,N, VN 51, ALO
4.00 AIN, V,03, Al,O; (mano) | AIN, V,03, AlV,0,, ALO;| AIV,04 (Man0), V,05 AiN’ 081> £2H3
(Mao)
VN, 51> ALO;, V,N
3.33 AIN, V,03, Al,O; (Mas10) | AIN, V,05, AIV,0,, Al,O4 (Maii)’AfV;m zMano) VN, ALO;*
AIV,0,, V,N, AL,O
2.33 V203, AN, AL O3, VO, V,05, AIN, AIV,0,, ALO;| AIV,0,, ALO;, V,N, V,0, | 2% 72577279
(MaJ10) VN1
1.22 ALO3, V407, V305, VO,, V,0s, AlL,O;, VO,, AIN V203, V305, Al,03, VO, V,0;, ALO;, AIN
AIN AIN
0.67 VO,, Al,O;, AIN (maso) | VO,, Al,O;, AIN (Maso) | VO,, Al,O;, AIN (Masio) 2/203’;“203”“1\1
Majio

*Ipm t = 1500°C.

Tabsmua 2. MisMeHeHUe colepXaHUs a30Ta B IPOAyKTax B3auMoneicTeust V,05 ¢ AIN

Yo6wute Maccel Am (%) u conepxanue azota Cy (Mac. %) mocie BBIIEPKKY MPH
MonbHOE
OTHOIIIEHUE 1000°C 1200°C 1500°C
AIN/V,0
/V20s Am Cn Am (N Am CN
7.44 34 14.2 5.4 12.6 6.0 9.5
3.33 4.4 7.8 7.4 9.7 5.3

JIEHUMIO BaHAIMS U3 BaHA1aTa aJIIOMUHAS M 00pa3oBa-
HUIO HUTPUIIOB BaHAIMSI.

Pesynbrarel XMMUYECKOTO aHaNIM3a Ha COlepKa-
HUE a30Ta B KOHAEHCUPOBAHHBIX TPOLYKTaX B3aNMO-
nevictBust V,05 ¢ AIN 1 KOHTPOJISI yOBIITM MacChl CMe-
celi mpu HarpeBaHMU (TabJI. 2) MMOKa3bIBAIOT, UTO Ha-
psdy C peakKUHUSIMHA

3V,0;5 + 2AIN = 6VO, + Al,O; + N,, (1)

4V02 + 2A1N = V203 + A1203 + Nz, (2)
3ALV,0, + 8AIN = 6VN + 4A1,0; + N,, 3)

171 KoTopbIX (Ix) AG(;, = —640826 — 206.96 7(298—
998 K), AG;, = —378451 — 259.38 T(1798—2773 K);
AG,, = —446303 — 96.387 (298—1798 K), AG,, =
= —832651 + 118.257(1898—2198 K), A G, = —348916 —

—97.11T7T(2298—2773 K), mipu BBICOKHX TeMIIepaTy-
pax IpoOTeKaeT B3aMMOIEHCTBUE HU3IIUX OKCHIOB
HEOPITAHUYECKHWE MATEPUAJIBI

TOM 59 Ne 1

BaHanud ¢ AIN, conmpoBoKmaromieecss oopa3oBaHUEM
¥ BBIJEJICHUEM B Ta30ByI0 (pa3y OKCUOOB a30Ta, Ha-
HpUMep, MO PEaKIUSIM

15V0, + 2AIN = 5V,0, + ALO, + 2NO,  (5)

171 KoTopbiX (IX) AGyy = —135250 — 177.23T(298—
2198 K), AGy, = 1036093 — 698.407(2298—-2773 K);
AGs) = 258112 — 499.317(298-2773 K).

CnenosarenbHo, mmnuHenb AlV,0, MoxeT o6paso-
BBIBAThCS B pe3y/ibTaTe MPOTEKAHUS PEaKIIUIi C y4acTu-
eMm NO u N,O, Hanpumep:

V203 + AlN + NO = A1V204 + Nz, (6)
V,0, + AIN + N,O = AIV,0, + 1.5N,. )

Cnenyer oTMeTUTh, UTO paHee [18] daza ¢ mu-
¢bpakKIIMOHHBIMI MaKCUMyMaMU d/n, paBHBIMU (A):

2023
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Puc. 1. IndpakrorpaMmsl MpoayKToB B3anMoneiicrausa V,05 ¢ AIN mocse HarpeBa M M30TEPMUYECKOM BBIIEPKKM 00pa31ioB

[¢ C0.0T;-IOH.ICHI/ICM AIN/V,05 = 4.00 ipu 1000 (7), 1100 (2), 1200 (3), 1600°C (4).

HEOPTAHUYECKHWE MATEPHUAJIbI

TOM 59

Ne 1

2023



DA3O00BPA3OBAHUE B CUCTEME V,05—AIN 65

1
O AN o: 0
VN,
v Aug%ﬂ o | ® 1
¢ AIV,04 WY a4 ¥
vl } X v © O_
RIS - \ |' ® |\ ;
P el ] ’ Wolo ¥
| s | ln ] 1] ; | I A a8 —n B
\A-MM‘JM#HMVM‘M\MWM \mr.-\ A%....\;\.MAJ—-I I'Nal\ ‘-wl J—\..F'I Il-w'd l‘i N"\.:.. p— L.......- l\ - ”u. i Lt ,.-a-}\.-\,.-u! LA ,AI L ILL.,_"I lJI ‘\. R ___JJ*. Il,,'\
® fyi
Vol ¥ \;F@ v
Vo] |
; 2
]
b | 19 ‘ | : . v
N A
N o | * v Og4 &V
IH t J| l Jlﬂﬁgl li JI{ '| |‘| |' Ifll “ i!!l || ill' 15 II l!':h .' !' oﬁ |1:| EI .Il;l‘[ll. ]
My p‘}n,b'l‘}ﬁﬁﬂqmﬂ‘.q bt o :W, WY Y l‘rU'I W W1 IlmJl \J ﬂl '.w Nl \ WA LJ'. \ ) A
i
* *
@ ‘é@ 3
i
‘gl [ !hgl v
. v ‘ | L[ [ *®
|| i !
i 5 ‘ ‘ i |‘ I‘ \; |||I 'S r.'gl y \: @
| | M ‘ | I |‘ | | H l ( Wi # Vi
I g ¥l o 1 ¢ el v
| | .I: I l( 'Jl I '|'I l 5 o ll l' \a!, / Hg'i i|'| ! a'\_.'n" i
ﬂm"ﬁ"“"r'\"n\‘]#.-‘ﬁ'iqj h“'w’v‘rh'\-"me'wh} ﬂar‘-m*i\w-' \\'»-JH\ .J{ l" y I;‘-r'l 1\._4: l&' y L™ e "\'--v o~ l'nuv’ ey W "('/ mu....r') ), W :VI .'-Mh.h_\h I\M"v"‘ v "N'Jn

20, rpan

Puc. 2. IndpakrorpaMMsl poaykTos B3aumoneiictsusa V,05 ¢ AIN nocie HarpeBa U U30TePMUUYECKOI BBIAEPXKKY MPH | =
= 1600°C o6pa3uos ¢ cootHouteHueMm AIN/V,0s5, paBHbiM 9.00 (1), 5.66 (2), 2.33 (3), 0.67 (4).
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Puc. 3. ismMeHeHne nHTeHCUBHOCTHU pediekcoB (a3, hopMupyomuxcs B pesyabrate B3aumoneiicteus V,05 u AIN npu Ha-
IpeBe B IeJINY B BBICOKOTEMIIEPATYPHOI peHTTeHOBCKOI1 puctaBke (AIN/V,05 = 7.44).

2.031-2.049, 2.345—-2.366, 1.436—1.449, 1.225—1.235,
omnpenesiach HaMU Kak okcuna BaHagust VO [25].
Uccnenys B manpHelieM pazoodpa3oBaHe B TPOIi-
Hoil cucteme V,05—Al—AIN, Mbl IPULUTA K BBIBOAY,
YTO B TaHHOM cliy4yae (pazaMM C TaKUMM JIMHUSIMU SIB-
asotest VN g, (d/n = 2.029, 2.342, 1.434, 1.223, A) [26]
win VN (d/n = 2.045, 2.361, 1.446, 1.233, A) [27].
Bo3MoxXHOCTb MX 00pa30BaHUsI COMIACYeTCsS C IMa-
rpammoii coctossaust V—N [28].

Takum o6pa3zoMm, mMetomom P®MA ycTtaHOBIJEHO,
YTO B3aMMOJENCTBUE MEHTAOKCUAA BaHAAUS C HUT-
puaoM amomMuHus npu ¢ > 1100°C npuBoauT K o6pa-
30BaHUIO B TIPOAYKTax B3aMMOJEUCTBUSI HUTPUIOB
V,N, VN ¢; 1 VN. @opMrpoBaHUsI TBEPIbIX pACTBO-
pPOB AJIIOMUHUS B BaHAIMU JUOO0 aTIOMUHUIOB BaHa-
JIUST HE TIPOMCXOIUT.

N3yyenne B3anmoneiicteusa V,05 u AIN metonamu
TEPMUYECKOTr0 U MACC-CNEKTPOMETPUYECKOTO AHAJIM30B.
Tepmuueckuii aHaJIU3 UCXOTHBIX KOMIIOHEHTOB TTOKAa-
3ai1, uro AIN 11pu HarpeBe co ckopocTbio 20.0°C/MuH
10 1300°C B moTOKe aproHa npakTU4eCKU He IpeTep-
neBaeT npeBpalleHuii (puc. 4). HeaHauuTeabHoe Mo-
BhIIeHre Macchl ¢ 900°C, nocturaroiee 1.28% (ot uc-
XOIHOM MaccChl), 00YCIOBIEHO, BEPOSITHO, OKMCIICHUEM
npumeceii (Al, Fe u 11p.) cieqoBbIMU comepKaHUSIMU
kucinopona B aprode. Ha JICK-kpuBoii neHTaoKcuaa
BaHaAus BbISIBJIEH 3HAOTepMUYeCcKUii 3deKT ¢ Ha-
4yajJIoM 1 MaKCUMYMOM I1pu 664 1 675°C, BbI3BaHHBII
ero rapjaeHueM (puc. 5). OneHka TerIoThl MjiaBjie-
Hus V,05 (65.19 k/13x/M0ITb, 9TO GJIM3KO TAOIMIHBIM
3HayeHusIM [29]) monrBepausia Xopollee KauyecTBO
UCTIONIb3YEMOIO peakThBa. YObUIb Macchl oOpasia
V,0, ipu Harpese a0 TemnepaTtypbl 1200°C coctaBu-
na 2.34%.

HEOPTAHUYECKHWE MATEPHUAJIbI

PesynbTat onpeneneHus: TepMuIeckux 3(hheKToB
U U3MEHEHHUs Macchbl 0Opaslia Mpu B3aUMOJEHCTBUN
TMEeHTAOKCHUIa BaHAAUsI C HUTPUIOM aJIIOMUHUS Mpel-
cTaBjieH Ha puc. 6, a TudpaKkTrorpaMMa IpPOITYKTOB
B3aMMOENCTBUS CMECH TIOC/Ie HarpeBa — Ha puc. 7.
Cyns o puc. 6, B3aumozneiicteue V,05 ¢ HUTPUIOM
AJIIOMUHUS HAYMHAETCs NpU TeMIlepaType, OJu3Koi
K Temneparype riaBieHus: V,0s5, u coNpoBOXIaeTcs
CTYIIEHYATO# yOBUIbIO Macchl, gocturaiomnieii 4.92%
npu 1300°C. Ha kpuBoii JICK npu 3TOM BBISIBIEHBI
aK30TepMUYecKre 3(PeKThI: MepPBbIiA, COBMEILIEHHBIA,
¢ HavajioM Tipu 655°C 1 IByMst MaKCUMyMaMU Tipu 657
n 713°C, BrOpoii — ¢ HayajioM Iipu 857°C u Makcumy-
MoMm npu 998°C. [lanbHeUIIMii HarpeB CONMPOBOXKIACT-
csl TIOSIBJIGHHMEM CJIabOTo PaCTSHYTOTO 3K30TepMUYe-
ckoro adeKTa, yKa3bIBaloIIero Ha He3aBepIIEHHOCTh
npoliecca B3auMozeiicTBusl. Macc-crieKTpoMeTpruye-
CKUIA aHaJIM3 0Opa3yIoIIMXCS Ta30B BhISIBUII (puc. 6)
MepUOINYECKOE, CUHXPOHHOE IO TeMIlepaType ¢
makcumyMamu Ha auHumn JCK BrigeneHue azora
(MakcumyMmsI ripu 656, 710, 998 u 1250°C), a TakKe BbI-
nenenue N,O — aktuBHoe B uHTepBaiie 500—700°C u
MOCTOSTHHOE TIpU AajibHeiiem HarpeBe mo 1300°C.
3HaYUTETBHOE KOJIMUYECTBO MOHOB C MAaCCOBBIM UMC-
Jiom 30 a.e.M., XapaKTepHbIM JIJII MacC-CIIEKTPOB OK-
cunoB azota (N,O, NO,, NO u ap.), Habaogaercs
npu Harpese cmecu V,05 1 AIN B obnactu Temriepa-
Typ 250—850°C.

CornacHo pesyabratam P@DA, 0OCHOBHBIMU TIPO-
JNIYKTaM¥ B3aUMOJIEICTBUSI CMECU C OTHOIIIEHUEM UC-
XOITHBIX KoMITOHeHTOB AIN/V,05 = 1.67 (Mosm) 1o-
cJie HerrpepbIBHOTO Harpesa 1o 1300°C asistiotest V, 05,
AlV,0,, Al,0; u HenpopearupoBasiuuii AIN (puc. 7).
DTu pe3ysIbTaThl XOPOLIO COITIACYIOTCS C pe3yJibTaTaMu
P®A, nonyyeHHBIMU MPU U3y4eHUU (a3zoobpa3oBa-
Ne 1

TOM 59 2023
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Puc. 4. Macc-cnieKTpoMeTpu4ecKre U TepMOTrpaBUMeTpUYeCKre JaHHbIe ITpu Harpese AIN.
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Puc. 5. Usmenenue maccol (TT) u terutosoro noroka (A CK) npu Harpese V,0s.

Hus Mexny V,05 u AIN MeTooMm crieKaHusi OpuKeTU-
POBaHHBIX CMeCei B BaKyyMHOM ne4u (Taoir. 1).

Takum obOpa3om, MOXHO cliefiaThb BbIBO, UYTO Tep-
MoaddexTsl ipr 713 1 998°C Ha kpusoii JCK (puc. 6)
COOTBETCTBYIOT OOpa30BAHUIO HUBIIINX OKCUAOB Ba-
Haausi, a CJaOblii pPaCTSIHYTBHIA 3K30TEPMUYECKUMN
s dekt nipu ¢ > 1040°C — 06pa3oBaHUIO IITTMHEIN
AlV,0,. Macc-cneKTpoMeTpUIYEeCKU aHallu3 OTXO-
JSIIIUX Ta30B MOATBEPXKIAET CAelaHHOEe paHee Mpe-
MOJIOXXEHUE O TOM, YTO BaHadaT aimtoMuHus AlV,0,
MOXET 0Opa3oBBIBAaTbCS B pe3yJbTaTe MPOTESKAHMS
peakiuii ¢ yuactuem NO u N,O.

HEOPTAHUYECKWE MATEPUAJIbI

TOM 59 Ne 1

TectupoBaHre HUTpUIA ATIOMUHUS IT0KA3aJIo,
YTO MPU €r0 HarpeBaHUM TAKKe TPOMCXOIUT BBIIE-
nenue NO (puc. 4). OgHako TeMIlepaTypa Hadaja
BoeimesieHs NO HECKOJIBKO HIDKE, YeM TePMUIECKO-
ro acddexra, 3apUKCUPOBAHHOTO MPU HArpeBaHUU
cmecu V,05 + AIN. DT0 06CTOATENBCTBO MOXET YKa-
3BIBATh Ha TO, YTO BHAYAJIe UAET pa3pylleHNne OKCO-
Hutpuna ALN,O,, IPUCYTCTBYIOLIETO, BEPOSITHO, B
HUTpHUIE, W JINIIH 3aTeM TIOJyJaloT pa3BUTHE peak-
LIMU, NIpoTeKawLue ¢ oopazoBanueM N,, N,O, NO.

Takum oGpa3zoM, pe3yJbTaThl TEPMHUYECKOIO U
MAacC-CIIEKTPOMETPUYECKOTO M3YyYCHMST B3auMOIeCii-

2023
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Puc. 6. Pesynbrarsl TepMuueckoro aHanmm3a (a) cmec V,05 + AIN ¢ MonsipHbeiM oTHOLIeHHeM AIN/V,05 = 1.67 1 Macc-CIieKTpo-

METpUYECKHE TaHHBIC OTXOISIINX Ia30B (0—T).

HEOPTAHUYECKHWE MATEPHUAJIbI

ToM 59  Ne | 2023
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Puc. 7. Iudpaxkrorpamma nponaykToB Bzanmozaeiictust V,05 ¢ AIN nocie tepmudeckoro aHanusa (AIN/V,05 = 1.67).

ctBus V,0;5 ¢ AIN npu HarpeBe 10 TemriiepaTypbl 1300°C
YKa3bIBAIOT HAa YaCTUYHOE OOpa3oBaHUE U BBIIEIE-
HME B ra3oByIo (pa3y a30Ta M €ro OKCUIOB, YTO TOATBEP-
JKaeT JaHHBIE, [OJyYeHHbIE paHee TPY U3YYeHNH B3a-
nmozeicteus V,05 ¢ AIN METOIOM CIIEKAHUSI.

3AKJIITOYEHHME

Metomamu PDA, XMMUYECKOTO aHaIM3a, a TakxkKe
COBMELLEHHOIO TEPMUYECKOTO U MACC-CHEKTPOMET-
PUYECKOTO AHAIU30B U3YYEHO B3aMMOJACHCTBUE B
cucteMe V,05—AIN mpu MOJSIPHBIX OTHOLIEHUSX
AIN/V,05=0.67—9.00. YcTaHOBIIEHO, UYTO HarPEB CMe-
cu V,05 + AIN ¢ MonsipHbIM oTHOIIeHHueM AIN/V,05 >
> 2.33 Boiuie 1100°C npuBoauT K 00pa30BaHUIO B KOH-
JEHCUPOBAHHBIX MPOAYKTaX B3aUMOACHCTBUS HUT-
punos BaHanus: V,N, VN ¢ 1 VN. IIpu HarpesaHnuu
cMeceil cobimoaeTcs IPUHLMIT TTOCIeA0BaTeIbHOCTH
npespamieHuii A.A. baiikosa: V,05 — VO, — V,0;, —
- V;0; > V,0, > VO > V.

ITpu B3aumoneiicreuu V,05 ¢ AIN Ha HavyallbHOM
CTaauU MPOTEKAET BOCCTAHOBJIEHUE BaHAAUs U3 V,05
1o V,0; ¢ BelIeNIEeHUEM B ra3oByio dasy azota, N,O u
NO. Tlocnenyoiiee Bzaumoaeictsue V,0; ¢ okcu-
JaMyd a30Ta NPUBOAUT K OOpa3OBaHUIO IIMUHEIU
AlV,0,. JanbHeiilias peakiiys BaHagaTa aJlTlOMUHUS
¢ AIN mpuBoaUT K 00pa3oBaHWIO HUTPUIOB BaHAIUSI.

O6pa3oBaHMe TBEPABIX PACTBOPOB AJTIOMUHUS B
BaHAIMU WY aJIIOMUHUJOB BaHAIUS B KOHIEHCUPO-
BAHHBIX ITpOAYyKTax B3aumoneicteus V,05 ¢ AIN nipu
Pa3IMYHOM COOTHOLLIEHUU UCXOAHBIX KOMIIOHEHTOB
Ne 1

HEOPTAHUYECKHWE MATEPUAJIBI  Tom 59

BO BCEM MCCJIeIOBAHHOM MHTEpBaJjie TeMIlepaTyp He
YCTAHOBJIEHO.

OUNHAHCHUPOBAHUWE PALOTbI

Pa6ora BemmonHeHa mo locymapcTBeHHOMY 3ama-
Huto UMET YpO PAH (Ne rocperucrpaliiu TEMBblI:
122020100404-2) ¢ ucrnoiab3oBaHUEM OOOpPYIOBaHUS
L KIT “Ypan-M”.
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