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Corrosion Products of Pure Metals in V,0s Melt

Shin-ichiro MUROI,

Synopsis:

Corrosion products of iron, cobalt, nickel, zirconium,
examined by metallography, electron probe microanalysis, and X-ray diffraction.

obtained are as follows:

(1)

Iron.

Mayumi SOMENO,

and Mutsuhiro KOBAYASHI

chromium, and titanium in V,;0O; melt were
The main results

FeVO, and FeV,0; in addition to wustite, magnetite, and hematite, were found in the

corrosion products at 850°C. FeVQ, and FeV,04 were detected in the places which were melt at the

test temperature.

Magnetite layer formed at 850°C contained vanadium and its composition was

considered to be (Fe;—.V,)30,, while magnetite layer at 750°C did not contain vanadium.

(2) Cobalt.

A porous and thick scale layer formed at 850°C mainly consisted of Co3V,;05, and a

considerably large amount of cobalt was observed in V;O; melt.

(3) Nickel.
amount of nickel was detected in V,0O4 melt.
the formation of the dense NizgV,Os layer.

A dense scale layer formed at 900°C mainly consisted of Ni3V,Og, and only a small
Low oxidation rate of nickel is considered to be due to

(4) Zirconium. ZrO; was formed at 850°C, and the scale was so porous that V,0O; melt penet—

rated into the innner part.

The formation of ZrV,0Q, besides ZrQO, was observed at 700°C.

(5) Chromium. Solid CrVOQO, was observed in the scale in addition to CryO; at 850°C. The
former is considered to contribute to the good corrosion resistance of chromium.
(6) Titanium. The formation of TiO;(rutile) was observed.
(Received May 20, 1971)
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V.05 melt at 750°C for 6hr.
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Photo. 2. Microstructure of iron corroded in V,0; LEZLHND.
melt at 850°C for 6hr. (x100) (9/10) Epd, g, ME - SREALAH  (Po,—0-04

> Melt

(b)

(a) Microstructure (x100), (7/8)
(b) S.C. image, (¢) V-Ka image, (d) Co-Kg image (x200x1/2) (7/8)

Photo. 3. Microstructure and X-ray images of corrosion products on cobalt heated in
V205 melt at 850°C for 6hr.
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Fig. 2. Concentration profiles across iron and scale shown in Photo. 2.
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Fig. 3. Concentration profiles across scale and melt shown in Photo. 3 (a).
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Fig. 4. X-ray diffraction patterns obtained from corrosion products of cobalt in V,04 melt
at 850°C for 6 hrs under oxygen atmosphere.
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(c) V-Ka image, (d) Ni-Ka image (x200x1/2) (7/8)

Photo. 4. Microstructures and X-ray images of
nickel corroded in V,0; melt at 900°C
for 6 hr.
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Microstructure and X-ray images of scale layer of zirconium corroded in V0

melt at 850°C for 6 hr,

(d)

b Scale , Metal
I | @
Zr—Kn(
S~ [
! Y N
t fi il 1
- " l,
v ] ;
| 1
1 ' \ i
1 nAh ' -
Pl oo VoKe
- B R T AT AT T
! A VATV AT AR g a )
: ! ! IR TR AR T EEY Vo
\__,' \\’4 ¥ N |'| Wy |_,|"" AN “n\,'x_.\'_ﬂ“ﬁ"
I 1 1 1 1 A et P 4+
420 380 300 240 180 120 60 o 60

Distance from metal-scale interface (u)

Fig. 7. Concentration profiles across zirconium and scale shown in Photo. 5 (a).
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Fig. 8. Schematic representation of corrosion pro-
ducts of pure metals formed in V;0O; melt.

0

Fe re

PRl b,
3.6 Ti ODERERY

XgmEr Rl TiO (v F )10 04 235D Hh
i)
o BRREoMERE. EPMA 47, X #ET
DFER L D Fe, Co, Ni, Zr, Cr OFRAERMDIKIR
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Fe fe v

The area for solid solution was shown with waved lines.

System Fe-V-0O at 600°C to 1 100°C,

(after A. RanHMEL, et al.)
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ik fr. FeVoOy XA A LBIOEE{LH T, Zhico
Wl W. JKicer, A. RamMEL, and R. Korn!®, =
& EHH, BIOOFEMAIIZESS D, FeyOu2 FeViO,
e RESEREVED, F72 FeVyO4 13 2FeO-V,0; T
% B4 (Fig. 9 5 C) 5T FeO #EHL (2FeO-
Vi03 ARV EIRSEZ Ll 5), FOHRT w2 2%
b5 &b T VWS, KERTREFERDOZEL
FERRT X Ih 072, AEANRICVEEETHLL
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+
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" ( oi)
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Photo. 6. Microstructures of iron, which was drilled,
packed with V,0;, sealed by welding and
heated at 1300°C for Zhr.
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Fig. 10, Concentration profiles across iron and scale shown in Photo. 6.
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Fetcd L Bbhs. ZOREINVBOLETDER D
BREELHICILSARSI-D, BEREEIZ FIAVTHE DT
DT VaO;5 % AN TEEEE LT 1300°C, 2brjp
B U OBRRAERMOSERMEMES Photo. 6 12, [[

Table 1. Observed lattice spacings from
Fe-Fe,03-V,0;5 mixture (1 :1: 3) heated

at 750°C for 192 hr. (Cr-Ke).

MORNOBICBE>TO EPMA 2k %5 V, Fe 041
ghifgd Fig. 10 wiRd.

Fig. 10 ¢ EDOERS1E FeO-V,0;, CE51i2FeO-
VO3 TG T HRAEC AV THS. D Offs Tl FeO
EliE s OZ (e LTV ER RIS Tl kL B
LTWwW bz b »s (Fig. 9 E—»C). BHEoOVD
%\ Ef51E Photo. 6 (a) DK BISIKIGT 5L DT
2FeO0 V303 2420 TH Y, Fe DEW#H5IE (a) @

This work FeV,043
, T e FERSEHIET2HDTIASA M THB. 9244
dd | L 4@ M ehod V,0q OEISEE D\ THEEENSL VA, £ OB
625 100 618 s TD V-Ko OFEED» L) 5% OVEEFELTWS LR
g_;g n;) g_zg m bhd. FEIZMBEED 1 300°C T ik ik o BlvE #4200
3-12 72 3-10 s T, Photo. 6 (b) IWR3 X 5B VIREZRICT 5 2458
2-97 5 2-96 w ‘
2-89 5 2-87 v w ZEICHIRIT I BA TV 5.
2:63 v w 1 L 4k B 1 \ SESIAS
2-08 19 2:07 m FeV,0, O XEHT#ERIC DV Tid, 4. BURDESED?
2-01 3 2:01 w HE LT v RS S~ Titv. Table 113+
Table 2. Crystal structure of 3 MII O.V,;0; type vanadates.
Vanadate Crystal structure Lattice constant (&) Ref.
Co3V,04 Orthorhombic ag=8"31, by=11'49, ¢,=6-03 an
7 Cubic ap=28"310~8-324 (21)
MgyVoOq Orthorhombic ay=8"32, by=11"43, ¢;=6-05 (22)
PbyV,Oq4 Hexagoal ag=5"98, ¢,=20"50, (23)
ZngV;0y Orthorhombic ay=8'29, by=11"52, ¢;=6"09 (24)
NigV,04 Orthorhombic ay=8'24, by=:11-39, ¢4=5-915 (25)

Table 3. Observed lattice spacings from
CoO-V,0; mixture (3 :1) heated
at 850°C for 48 hr (Cr-Ka).

Observed Co3 V01D
d (&) 1/1, (%) hki d A | 1/1L(%)

5-74 2 020 573 . 20
4-72 34 120 470 30
415 10 200 414 10
3-37 28 2920 3-36 20
3-28 23 211 3-97 30
3-01 48 (l’g% 30l ! 70
2:87 16 040 2:87 | 30
267 13 022 | 267 | 20
2-54 56 = 2:54 | 100
2-49 20 320 | 249 ! 30
2-46 18 311 | 246 | 20
202 | 244 | 10
2490 ! 2-37 1 10

. 042 , ‘
2-08 100 (151 | 2-08 | 100

I /060 = .

(e 17 2

i ; 160 . . :
1-86 10 oo 1862 L

Table 4. Observed lattice spacings from NiO-V,0,
mixture (3 : 1) heated at 850°C for 48 hr

(Cu-Ka).

This work NiszOa

Cal.* Observed C.Brisit®
hkl dA) | d@A) ynenl Ay | 1
020 | 568 | 5680 | 56 | 563 | mw
120 | 4674 | 4-671 32 466 | m
200 | 4114 | 4-111 13 410 | w
220 | 3-332 | 3-333 97 333 | w
211 | 3243 | 3-238 51 324 | vw
131 | 2-978 . .
(002 S.ora | 2974 80 297 | ms
040 | 2-840 | 2-840 72 283 | mw

2-74 w

022 | 2-625 2629 12 262 | w
231 | 2513 | 2525 23
122 . 2509 | 2-505 | 100 2:50 | s
320 | 2°469 | 2-468 48 247 | m
311 | 2-433 | 2-433 36 2:43 | w
222 | 2219 | 2-217 11
400 | 2:057 | 2-058 53 2:05 | s
151 | 2055 | ..
(042 | 2:05¢ ;27056 69

* Qalculated from the data 2,=8.228A, 5,=11.3604,
cy=5.948A.
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(a)
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&

(c)
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( { 1 L . —_— L ' : o . 1 L
600 500 400 300 2’50

o
Laottice spacings (A)

(a) CoO:V,05=1:1, 700°Cx 192hr,

(b) GCoO:V;05=2:1, 800°Cx96hr,

(c) CoO:V,;05=3:1, 850°Cx48hr

Fig. 11. X-ray diffraction patterns of CoO-V,0O; mixtures.

(a)
|10 | I
= (b)
‘g ’ '
S
£
I | L I
(c)
’ | | ’ L] ' !
| 1 | I ! 1 {
500 400 350 300 250 225 200
Lattice spacings (R}
(a) NiO: V,05=1:1, 700°Cx192hr, (b) NiO:V,05=2:1, 850°Cx192hr, (c) NiO: V,05=3: 1, 850°Cx 48hr

Fig. 12. X-ray diffraction patterns of NiQO-V;0; mixtures.

Mt 1:1:3 D Fe-Fe,03-V,05 R K ZAES T
A, 750°C, 192hr fNZAR G & 72 b O O XigRITR R
BN LIzbDT, FeVO,, FeV,0, OEFRICHEYT S
HLOEED LT, A BURDESE OER Ldis D X< —
HLTkD, FeVyOs 2Ex5n 5. FeVy0q 13 750°C
EUFCTRE E SN TW5HHD, 850°C winEh@s Lizb
DIZDWTH 730°C DFF LITEAE—FT 5E1FE
MERD Btz

4.2 Co0-V,0;, NiO-V,0, &

ZDOZOoDFRICIHbEWw & LTIMIQ - V,0;, 2MUIQ -

V.05, MUIO-V,O5 23FLET 5.

EovkE 1:1, 2:1, 3:1 @ CoO Lt V,0O; NiO ¢
V:0; o&REE Lo X MEFRRE Fig. 11 X
12 wiR L7, 3MUO-V,0;, BDNFF— Ok
gaffigw Table 2 7R U725, CogVeOs 1ZIEANH bR
ENFRRDODIDOPMEEINT VS, CoO & V,0; D
TN 3:1 OERELORITER%E Table 3 WAL
7ohd, M RFROENBE KT D T Ladbhrolk.

—% NigVi0s OfFSHEEALE BF LHBEShTY
o5 (Table 2), NiO ¢ V,0; o®tE 3:1 O&HK

Fig.
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Table 5. Observed lattice spacings from CoO-V,04 and NiQ-V,0, mixtures.

Co0-V,0, | | NiO-V,0.* | CoO-V,0, '\flo —V,0,*
(2: 1 L CoV, O | (2 D) CNipV,O® 1 (1: 1) Co(VOy)e® D Ni(VOg)
800°C, 96hr /850°C, 192hr 1 700°C, 192hr =7oo00 192hr
| /4 U : i AR : i ‘
I ' i
d A | @ | d(A) I -d(A) (%) d(A) I d(A) %) | d(A) I ar(z?\)j %) d@Ay| I
513 57 511 ms 509 53 507 s "409} 20 1405, w | 1407 ] w
467! 15! 463w ! 375 26' 457 L vw | 3 84, 100 382 s 3-79 83,380 | s
4'26N 161 423 | mw ' 4231 20! 421 m | 368! w |36 25/366 w
382, 28 “ 381 lms ; 379, 59| 377 | ms r 133 w331 2/[331| w
351 | m 349 33, 347, w325 14|324] w322, 21
325 33| 323 ms | 322 79! 320! ms | ’ 318! w 1316 210319 w
3119 (w | 316 22| 3-16 w3031 14 | . 305 20
3-12f 33| 311 /ms , 3°09; 40| 308, m 292 22 |2.91] s | 2-90 1 100 | 2.91 | v s
3:02| 20} 302|ms | 300! 79| 299 m | 274! 34/273 m 27 55 2.711 m
2:91 | 50| 290 s 2-88 | 100 | 2:87 s | 2-51 16 249! s lz- 78 1 2.47 | s
2:75{ 100 274 | m 272 53| 271 | mw | 225 9224 | mw |22 30 2.21| m
257 15 2'56 | ms 254! 66 2'54 | ms | 222 31| 2-22 w | 22 2.20 | mw
246 | 15| 226 | w | 2:45] 26| 244! w | |
2431 18| 242 |w | 24l | 26| 240 | mw | '
2:38 ! 18| 236 | mw  2°34| 47| 233 | mw ] - ! |
2:25| 13| 224 | mw ! 2220 29| 2222} m : ; i :
: | ; i 1 !

Radiation : Cu-Ka (mark*) and Cr-Ka (others).

Table 6. Observed lattice spacings from
ZrOy-V,0; mixture (1 :1) heated
at 740°C for 48 hr. (Cu-Ka)
This work ZrV,0,*

hkl | i

dove: (A) | I/1 dear** Q) d (A) | /1,
111 5-09 30 5-08 5-13 40
200 4-40 100 4-40 4-42 100
210 3-93 70 3-94 3-95 80
211 3-59 60 3-59 3-60 80
220 3-11 40 3-11 3-11 80
311 265 40 2-65 2-642 100
222 2+54 10 2-54 2-526 40
320 2:45 10 2-44 2440 20
410 . . .
399 2-13 10 2-13 2-125 20
330 | 207 10 2:07 | 2-056 10
331 2:02 10 2-02 2:005 40
420 1-97 20 1-97 1-956 100
421 1-92 10 1-92 1-909 20
422 ' 1-79 20 | 1-79 1-784 100
511 i . ! . ‘ .
333 , 1-69 20 | 1-69 | 1-681 100
* ASTM Card No. 16-832, Radiation; Cr-Ka.
*  from a¢=8'80A (Cubic).

B b ORI ao=82284, b,=11360A, ;=

5:948A L L7z & & Dstiftiss X8 €. Brist dNizVy0q
D7~ 2 EXL—FH LT (Table 4).

MO -V,05 Ao Co,V;0,, NiyV,0, 3 L OMUIO-
V205 #D Co(VO,),, Ni(VOy), o XEEREIFfERI D
WG D 555 ST W TSNS K.
otk 2:1, 1:1 OAREILHOEFEFEIZTable 5 (2
FTELIOK Brist 0 F — 2 tkEwI L <AL LTE D,

M DWW TR e et 2 BT 555, —J& Fig. 11 (b)
& CogVp04, Fig. 12 (b) ¥ NiyV,0, Fig.11(a) Ix
Co(VOy)2, Fig.12(a) 1% Ni(VOy)., ORFHEE 2
Sh3. itk Ni(VOy), iwowvTid ASTM Card oo F
— % (No 8-329) 3555, NiO-V,0; FE&RELW
DEFFRD S L che—5HT 5bDEFR Y725 i
7. :

4.3 Zr0,-V,0;, TiO,-V,0, %

Zr0,-V,0; FRIREEDICII{ELEW E LT ZrO:- V0,
I HH3, 750°C TR B EENTVS.  ZrV,0,
DfEETR'OE Cubic T 4,=8'76A s XhTws
Table 6 {3 £vik 1:1 @ ZrOy,-V,04 Etfl% 740°C,
48hr NBA L7 b DDEERT, 2=8'80A r LTEE Y
5EBIEME X —FT 5. —% 850°C, 8hr hpBLL
7B T ZrVoO; o RIFERIZEED ST, V05, 410,
DEHRFR D HH580 Sz,

TiO,-V,05 RIRAEV 1T /2RI VDT, Eovl 1:1]
@ TiO; & V.0, DigA¥HEK%L 740°C ¢ 48hr 7043
850°C T 8hr fpEh L 7alkBH oW T XEE 217782
ek A, wihd TiOy (WFiv) kLK V05 d[f
PR D HMBED Lz
4.4 Cr-V-O %

Cr-V-O FHikfE
H0,

RV 3 e b&mE LT CrVO, »3
Z DL MDD EE LTI DWW TR FTERSIC 3k~ 7.

5. Ni D B 1t % B

Fig. 13 iz 800°, 850°, 900°C i %51} % Ni o V50,
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Fig. 13. Corrosion of nickel in V,O, melt under
oxygen atmosphere.

BT X S E LS R 2 7R Ule. MLV i3 3 Bl
PES 25 9 35 min BT VIERL EEE KF L, 8009,
850°C TIHZ L A LBHD LEFR LTV 5.

AELRT DWTiE N. F. Motr 6D Fvid 5 23,
TS TVRLEP AR S BB ETH DT, KERD
LS I BRI W2 o — IV EDE U BB E VBT &
v —75, Ni OEE{EE 2SS e B8 IR T 3%
Eiz >wv T,

A4) VoO; it 45 NIiO Dbk B b G HEE % 1%
TERBERAEHDOTY, Ni ki X b4 U #=NiO
PRBC IR L, BUELE < ORIk O NiO JREA K E
1% 2720 DR GEE DT,

v) IR B EE(bE (E) 24U 57
HOEALEE DI,

PBEZ LS.

900°C Tt 2 4 — it Fig. 8(d) wiwxr+ X 5izNiO
EBES NiyVeOs B b7cd, T4y - 73y
ADFERTEBIRPO Ni JgEII /NS 27 2
i NigVeOs 13§y 1200°C DR THETH D, D
VO B~ OUERERESEBHINE L, 25—V [EH
BHICAR LA EERR LTV A.

NiO & V0, &b Ni NF7— bt 588%
XD 720, EEFKE 850° kXt 900°C TEHhF
o 10 min~8hr INBAR G S, ERME X BRETIC X
DR%E L7, ®ovlk 3:1 OREHHOEE, RISERD
B THORETD NipVe0r, NigVeOs 23380 B,
% =T NiO(d =2-4118), V,0;(d =4-354), Ni,V,0;,
(d =2-88A), NizgV:05(d =2'509A) o[EIFIRE %5
~, BRI O B 3 X £ 0BG % ke Fig.
14 iR U7z NiO-VoO;5 JREEX % E i, 850°C

80
(a) S00°C

Ni,Van *—

Relative intensity

Time {hr)

Fig. 14. Reaction products of NiO in V,0; melt.

Tix
2NiQ +V,0; — Ni,V,0,
DRISHETHET L, TORRMOREE & i
NigV;0;4 NiO — NiyV;,O04
ORIEBRHRAZ AT . —F5, 900°C T
3NiO+V,0; — NizV,04
MHEC DD, TOFRIGEEDREW 2w 2 & b »
5.
900°C D X 5 s HEMEIR TS Ni OFEHEI /NS
VWOV, BLETL NigVeO0s BOAREER XU V.0; f@il
E~DOWERERENNE VW itk b E BbRs. K
NiyVoOs DS 1 A » OYBGEELCRAE R G ot
B 7 — 2 VWO TEHMIIL DWW TS BOWER I
FAVEE Bty
—75 850°C Ty 2hr, 900°C ‘Tix 4hr {Zici4Edh
BB LLEVERLTWS. Zhig 2y — L BinEhys
U, FRPEA LB ERIESETT LD D &%
Z56h 5.

6. %

Fe, Co, Ni, Zr, Cr, Ti @ V,0; Blikic X 558
SR REERE, EPMA 547, X SEHRIC X D #ER
t' %O)%—tll:";\‘>

il
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1) Fe. 850°C CWEE4LKRmhicyX&4 +, =5
FHEA M, NwE2A4 FOIEHIT FeVO,, FeVy,0en3ER
bhiz. ZdD5H FeVO,, FeVe.0s [IEFEIRE TRIHK
CTHII M TH 5. Thwsaxsa4 MEX VEEE
L, ZOfKIE (Fe,—V)s0, YT 5. —F4 750°C
T U a4 FBIZIIVORBIEIIEAD DR,
7o

2) Co. 850°C CIx[E R4 —wEBH4EL, Zhlds:
LT Co3VeOs TH DB, T VoOs giRiICiEHic v D
Co 25VEHF L T /e

3) Ni. 00°CTCRLELRRAy —VERLET, Zh 1L
F & LT NigVeOs TH 5. Vo0, @ligicit Ni 2324
#5 LrEiR L Cwiesr D7 Ni OfELEERMKV0
W obLER NiyVeOs BOEKCIESLDDOLEELD
h5. )

4y Zr. 850°C Tl¥ ZrO; AT bt Ay —Ib
BB 7o VO A RERICEA LT, L
L 700°C T3 ZrO; DiE»ic ZrV O, DL AN ERD
L.

5) Cr. 850°C ¢z Cr,0; DiE»fEEo CGrVO, »s
HUCEh, Cr ORERCFLSLTVWHLIDEEZD
hb.

6) Ti. TiO; OV F V) DARKRIFD Hi7c.
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