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Corrosion of Pure Metals in Molten V,0;

Synopsis:

Shin-ichiro MUROI and Mayumi SOMENO

The corrosion behavior of iron, cobalt, titanium, zirconium, nickel and chromium in molten V,O; was
investigated. The main results obtained are as follows:
1) At the initial stage, the oxidation of iron and cobalt obeys the linear rate law. In the next stage, the

oxidation is accelerated and then retarded at the final stage.
2) The linear relationship at the initial stage implies that the oxidation reaction is diffusion controlled

process.

3) It is considered that the oxidation rate should be affected by composition of the melt which changes

with progress of the oxidation.

. The oxidation rates of metals M in V,0,~MQ melts were examined, and it was concluded that a) the oxi-
dation rates of iron and cobalt are maximum at the eutectic composition, b) the oxidation rate of zirconium
is less affected by the addition of ZrQ, in V,O5 melt, and c) as for nickel, the rate is retarded by adding NiO

in V,0; melt.

4) The causes of the accelerated oxidation can be suggested to be 1) the increase of the oxidation rate
and the enhancement of convection in the melt due to the increased temperature by exothermic oxidation
reaction of the metal, 2) the increase of concentration of oxidizing agent in V,0,-MO melt caused by the

dissolved metal oxide, MO.
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wt% | 0-02 I 0-008 | 0:003 | 0-007 | 0-005
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(3) Ni:[Fx Immo Ni [RCHE 99°95% BAL
DHo.

(4) Zr:D>EFOHBEOONI=T 4L - AR OFE
IR, BARIERET 16 mm o DILHEI Lizdh .

Element ! Fe 5 Hr | Mg ; Mn Ni
ppm 304 | 94 60 | 51 57
Element, Si ~ Ti | V ¢ N
ppm l 85 148 | 57 56 20

(5) Ti:>EDMROF & - AR ok HIEER
HHEETET 16 mm ¢ ORAEI Lz D,

Element|{ Fe Cl N Al Cr Mg

wt% | 0-016; 0-081{ 0-005| tr. | 0-0003 | 0-035

Element | Mn Si A% C O H

wt% | 0-001} 0-007| tr.

0-019 0-025} 0-0023

(6) Cr:TfROEBIES v & HFHERZOEDEIC
L7z

Element| Cr Fe Al ' N O H

wt?% | 99-2 | 0-11 | 0009 0-029| 0:55 | 0°006

Element | Si C P S Cu Pb

wt?% | 0-01 | 002 { 0-002| 0-027| 0-001 | 0002

HEAF O-FEEE 8mmé X 1°5mm (Nili[E X | mm)
LL, =) —KO3ECHIEL, "ot THIsKE
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Fig. 1. Apparatus for measurements of weight
gain.
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Fig. 2. Corrosion of iron with molten V,0; in
oxygen atmosphere.
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(1) Fe o NGO ITL I i BERBICHE >
%%, 800°C LI ETR T OBEBLEEIIREL< LD, b
W HINEER{LHERD S (b)), D HREIERLEE R
INEL B (). —F 700°, 750°C CRIhmEEs LI
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Fig. 3. Corrosion of cobalt with molten V,05
in oxygen atmosphere.
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Fig. 4. Corrosion of titanium with molten V,0;
in oxygen atmosphere.
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Fig. 5. Corrosion of zirconium with molten
V.05 in oxygen atmosphere.
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(5) Ni offs FIGEHERNCHE 5 A3, 900°C T
LR P - SR X DT LAz . —5850°,
800°C Tkl R BMLEERIEIT b2 FRLTW

(6) Cr o3fE 850°C T 6 hr JHIE & 1T D7D,
BLEEIz L A LR g s D,

LR X 5T, Vi.0; @likic X 5 & BORMLEBIC 3
MEORNS D Z LikbDr.
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WIENABRA L.
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T, TRODBELS A AL DIREDEBE T K E L BET 5.
R SIALEBR L EET 5581, BESHEE T
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Fig. 6. Sequential steps in the vanadic corrosion

of metals.
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C1¥, C3*%: Equilibrium concentration of oxidizing species
between gas and V;O; melt, and between V305-MO melt
and metal, respectively.

Fig. 7. Model for phase boundary process.

2ELSEEREED V.0, MM X 5BLEETSH
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DIFEEALZ AV F — T LD, —fFI/NSk{liz &
DT ENTFIBIND. _

(4), (6)PSELEERFE L 5D, B{LEIGOHIT
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ERLIEBETHD. BEOHEIEKR o REHE

Iz b, fEMbz Ao -y R E L, B bEEE
HIEFIZ/NE KRB L LB TFEENS.
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R, ARMOMER X ek S EREKRER 5

(7) >¢E&%®%AHV£%ﬂMk#ﬁTW&E
Btz 4 L5546 7T, BILEERIERITINELERS.
3.3 REMHOEZAIZDNT

Fe, Co, Ti, ZrE& MG CRIERRNICHES -
VoOs RliRiC & 5 & BMOEMEBE T E

2V5+ +50= 4 M (s) =2V4* +40= + MO () - (1)
THEbLIN, TIR4EUR MOG) kKX b V.0,
A I IR 5.

MO(S):M2++0= ................................. (2)

VO Bl - #ARFE TR ()R X D4R Lz Vi
DAL S Tlabh 5.

2V e+ ]/Qoz(g) =2Vs+ ,|_0= ( 3)

(3) T V4 OBMEETERHET L WIREE, &
ZIEHDERE T AP TH, BN () S
TLOS%. ZoZ Liafiie VO,-V,0; RIZ2WWTD
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Fig. 8. Effect of depth of V,O5 melt on the
corrosion of iron (in air, 850°C).
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Fig. 9. Effect of depth of V,0; melt on the
corrosion rates of metals at 850°C.
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ThiE, (4)Xxy

I dw
< d—t=Do(Cx*—C2)+DbCZ e (5)
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a5 L,

S
AW = [DO(CI* _C2) + Dbcz] <4l_)t ............... ( 6 )

ISR 33V Cid VoO3;-MO @liEoEL I 13JkE
w/hEL, BLABERMEZE LT L, Thy I'=0
LEZDLE

§
4W=Do'cx*'7't e (7))

X SRISEEBRANCTEY, BLEERSEOEE
ZEXOTEEOES I FflTshotEL5N5.
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Fig. 10. Relation between log £ and 1/7T
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FF5 Fe ofET, Mo
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(2) [oXPTrIPLLTWTRLIMERELEZTRL
Tw5 (i),

(3) LA/ VIE L EER I T R G ERESMET
35 (B,
Z &b h 5. Fig. 913 Fe, Co, Ti, Zr o 850°C |z
BT LA LEEER £ & V205 BlIRDIEE 1 LD
FREFIZDOT, ke V] BIFERBARTD B8,
SR XD kDEDXLBD LN, Fe, Co T Ti, Zr
WHE L TR 2 R E V.

BRLEEEL £ LIEE T°K oBfRix Fig. 10 ioR§
Xoic
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@ Arrhenius O AL, Table 1| iziFHEx= &
WX —-EBIOCHERNFADERZRT. EDER Zr ©
LaReReREVD, TOMOEETIE 236411 Skeal
TH5 EUWREMRE ZrO;- CaO 2 v THARIR A + >

Table 1. Activation energy E and frequency factor
A for oxidation of metals with V,O; in
oxygen (Pgp,= 1 atm).

Metal r This work ' PanNTONY, et al!D
!E(kcal/ mol) A [ E (kcal/ mol)
Fe | 24-8 I'BXIO‘E 21-92
Zr . 29°9  7-3x 104 -
54‘ 3Ix 103 24-(Q

Ti i 22:2
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ZEGRCH D PbO @ik OEEEFRT v+ LT{LIT X
D RO IZFEILRR Sy D WL RER @ it b # v ¥ —13 15
kcal/mol T3 %'®. VoOsFhiid - EAA(ZER R L, 2>
B AEETHEINZBA DS, TOEEHEIRE
CWERLELRWERDLRS. F7 Vo0; @ik kit 0l
fE & DIRDIYEELDEMAL = & v ¥ —1% 13 2kcal/mel
THDD. ZOXHSTKRERTOBILOFERELT 24X
—BIARDOE L= A v F —DEH L D ook E V. D
FREELTIR (8) XTKbEIhIBLEEEROPIC
2 Dy & CF OIEEZEATVWLDT, BohniE
T ANV —OEFEEESOERb 2 v ¥ — & LT
ERVTERDD. (T)RITEWT C*. Dy lI3—fFIC Ik
HTERbINS.

C*=A,exp(—E,/RT) e (9)
Dy=Apexp (— Ey/RT) ovvveere v o2 (10)
(7)~10
Aady  EitE, s
k= ! exp\— RT ) .- (1D

LI DT bDiEMIb = A V¥ — Evx E\+E, 851
L 5.

C* WHFEAKOBBLGE FEET 5 V.05 Bk ok
LR G DIRETH Y, —RITIBEC X 084 30T,
E,>0C, £h/Z0E Lo b= 2 v ¥ — 25 oiE
b= F ¥ —X D REREE LB ENELLNS.

V,O; @i DRE#EVE 850°C T 20c poise! VLT T H %
DT, Stokes-Einstein OFX % H\TH 1 o OILEREK
iR BH L 5X10-8cm?/sec DERETH 5. A L HH
DOWHEOFERIFE/ LT, OGRS SELRS
DUREERRD D L D RERIECLS. P LABD
RESEEETDH L, VO BHENICHRMBIRZ DT
LEEEESH D, ThBEBILEEEZRKELLTVWE LD
EELNS.

ZHE CORMIIBEBSEEAR L LB OTE:
7, SR VBILEECE DB ErELD L, i
BIichid® s LTORIRA AV, 20X 5 h8s, K
B E FIGEREDRSRENTRIEVL XL IR T W 525,
ZhIZ X2 THhEEMEBRICOHRLEEE D, Zobix
Ll ThTCZ I TREBIIBILEEDXOE DL
NEEER, £E&ETXD

1) (1) Ko&EORE{LE G HE,

i) (2) RO LmoBEEEE,

i) @R DX,

R XETEEOENBELNRLT VWA HAEMS S5 2 E 2
v ZhRBIRR<3 X 5k, £BoME I X a1t
s & OB b OB R X % 3B X OBl 0B E s

EAEL B C LBRDBENTHY, Thiclf > KISEE
B X ORIR DI RO RSB EE . 3 EE LTw
HAFEMD DD BN s LTHS.

3-4 MEFEEBILER
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AR LR S TH 5. Fe, Co DL st % 7,
BT, RS B3T3 VO, Bl R ic 25 B Be L
BILEECEE L RIFISV0T, BEACEES. L
LI DB DN CERLEEE S KIC /R D, Vb BN
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1) B2 U< RmoBic > EE LRI &
5 a) FUGEHEOHK, b) mimiEE ok
PEZON, SLICSBELIER LoD Vo0,
RIEDHED 5 b,

W) WEAMROEL, iz a) RELEOR
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DATIC X DR OIRELEEE, st ok,

i) {EEMEEOZE LA & 2T VoOs Bl DB LR Sy
DIRE DA,

KEBEBZ LS. DD, V,0,-MOBEOE
B, Kb, EEURE & OMERIMEE D13 H 1T, FGEL,
EERL EOILFMA RN T3 LERD .

A) WEAIEE 0L

i) B V,05-Fe,0y  V,04-Co0,  V,0,-NiO,
V205-ZrO; RO B AN FhEtoRmc X b
AT 5.

i) it : Zvazev & EsNO XA, V,05 ofbi:
V¥ 850°C T 20c poise, FeOp ZifiNd %icoh<T
11-49Fe,O5 T 30c poise, 209%Fe,O; T 5lc poise @
X O KT 5.

i) BERZRLEE : Vo0; B0 BESZLEL Fe,0,
DIFINC DRCHEAT BA3DM, 7 QBT 7 ) Bk
TH5. 14 AMZEERTIIEEBEIIRS A 4 o okEoE
B & BERD D B 25, Vo O B Bk E SIZ B 5 R T
DTEEBEED LR PEEESREOHEIN &V Sy,

BLE, %EE, i, TFEFEOHEF X vThE, V.0,
R R BE L DS B IR T B i D T ER LA D D YEB LR EL
B X OAROEINE /o T W REE I LW EFE 2 Hh 5.

B) &EOEL, X CER{LID V.05 Bl R ~D 4
B S BUGE.

SEOBILRISIE R G TH Y, TS EEL
ABEZDOND. ZDOEEFE,LDBID Fe, Co, Zr
DR V.0, BRIz L, £BOBILOEFIES
B S XURMBEOIBEELZBIE L2, A Bp
Fe, Co THRE EAMNRD LN, & xIF Fe D4,
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Fig. 11. Corrosion of iron with molten V,0;-Fe,Og
mixtures at 850°C in air (/=4 mm).
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Fig. 12. Relation between the rate constants and
the compositions of V,O;-metal oxide
mixtures.
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75, BEBHBELEREDE EEZON, FOHIZAR
Zd FeOs, CoO DIBEMRIC X VAT % L3 2 hid,
Fig. 12 o8z o1r 5h 5.

BLE® V:0;-MO GO WEER), {LZAE Of5$
AT DL, IMEBLOFERLE LT

a) BELBUGR A SIRE AW X 5 RGERE o
RO K,

b) &EEBILMOBEIRICHES V.0,-MO BhiROER b
B OIRE DK,

DZOMBEZLNRD.

4. & b5

Fe, Co, Ti, Zr, Ni, Crig FHi&ED V.05 BhikIC
L B LB A ERACHE L, £BOBREE LR
Lic. ZORR,

1. Fe, Co TRIICIIHIADEIRRID DL HnEEEL
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58 & (1972) o

BT, TOEBEEERKTTS. Ti chligto
BRTEHEBEE L3207 Zr CREGITESGAIC 6T

545 - SHBIACIEIM X 0 BB ERI N E Vv, —
4 Ni WSS ANCES . Cr BE{LMSERE b T/
{HsEET E o,

2. PHAOEBANE —EIEEESE L E 2 SR B, &
B X DB LEEERDE D vt

3. hOEIGER IR O MK ORI bic S
HEERS T2, TOD—FHED V,0;-MO Fiyirh
TOEBEBMOELERE /& 2%, Fe, Co /&
EEEA LR TR b o TR D 3t LA T B LRI Bk
Lish, Zr T ZrO; HWINDOEEIIFT LA LD BN
ey —75 NiCix NiO o & b B {LEE IR
T5, TEibhor.

4. IMEEE(LOFE E LT, (1)BLRECRES BE
BFIC X B KSEE Lk Ot ok, (2)&BEL
WDIERRITEE S Vo.05-MO B D ER LSy DIEEE DB
K, BDEzZLND.
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