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Oxidation of Fe-Ni Alloys at High Temperatures

Fumio MATSUNO, Shunichi NISHIKIDA, and Takeo HARADA

Synopsis :

"The oxidation of five Ni~Fe alloys with Ni of 5-50% has been studied in air at 800~1 300°C for 15~

_ 120 min.

The scales consisted of the external scale and the subscale.

The external scales had stratified structures of either a—Fe,0O4/Fe O, or oa—Fe,Q,/Fe;0,/ (FeO+Fe,0,),
depending on the conditions such as the nickel contents in the alloy, the oxidation temperature and the
time of exposure. Their thicknesses decreased with increasing nickel contents in the alloys. FeO grew
with a characteristic shape in the scales of the 5~30% Ni alloys oxidized at 1 000~1 200°C.

The subscales consisted of the metalfoxide mixed zone and the intergranular attacked zone. Morphol-
ogical studies showed that the subscale was formed by the very local oxidation at the grain boundaries and

at the alloy/mixed zone interface.

Both zones grew according to the parabolic rate law. The effect of

nickel contents in the alloy on the subscale growth rate was studied.
On the basis of the above results, the aspects of the oxidation of Fe-Ni alloys were discussed.
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Table 1. Chemical compositions of Fe-Ni alloys.

(Wt%)

P |'C Si Ma P S Cu Ni
5Ni | 0.06 0.23 0.64 0.003 0.006 <0.01 5.05
I5Ni | 0.06 0.24 0.64 0.002 0.005 <0.01 14.91
20Ni | 0.07 0.24 0.64 0.002 0.005 <0.01 19.90
30Ni | 0.06 0.24 0.64 0.002 0.005 <0.01 29.85
50Ni | 0.07 0.22 0.64 0.001 0.003 <0.01 49.77
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a : Fe-5%Ni(C-type scale), b :TFe 15%Ni(B-type scale), ¢ : Fe-20%Ni(A-type scale), d : Fe-509%Ni(A-type scale)
Photo. 1. Cross sections of Fe-Ni alloys oxidized in air at 1000°C for 60min.
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a : Fe-5%Ni (C-type scale), b : Fe-153Ni(C-type scale), c¢ :Fe-3094Ni(C-type scale), d : Fe-5032Ni(A-type scale)
Photo. 2. Cross sections of Fe-Ni alloys oxidized in air at 1100°C for 60 min.
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I : External scale , 1 : Subscale
I0 : Intergranular oxidation, MO :Metal/Oxide mixed zone

Fig. 1. Schematic illustration of the scales of Fe-Ni alloys oxidized in air at 800~1 300°C.

a : Fe20%Ni(D-type scale), b : Fe-30%Ni(D-type scale)
Photo. 3. Cross sections of Fe-Ni alloys oxidized
in air at 1300°C for 15 min.
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Fig. 2. Classification diagram of scales of Fe-Ni
alloys oxidized in air at 800~1 300°C for 120min.
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Photo. 4. Cross sections of Fe-Ni alloys oxidized in air at 1 100°C for 60 min.
(large magnification)
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X-ray intensity

a ! metal/oxide mixed zone, b : intergranular oxidation zone
¢ : alloy

Fig. 3. Concentration profiles across the subscales
of Fe-159Ni and Fe-309,Ni alloy -oxidized at
1000°C for 60 min in air.
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Photo. 5. Scanning electron micrographs Mof the interface of mctal/ox1de leCd zone after the removal of
the external oxide layer by pickling for an Fe-209,Ni alloy oxidized at 1 100°C for 60 min in air.

BEOEENRIEOTHRELETN L 40~70% TH
Dz, FRRBRERERHRTH, EHAENSE Nige A5 d
EWS T EIRIED LR ok, 0L 5 REEE
2o Ni B{LEBEFED 3 7 vl E#» S, £FEH
SIEEE/AERAORERAO Z &F Wil Ta
Bl, TOBBESETLTIEEHD s TS Fe
RIRMIBRILIR S DET LW Z &b otk
&/ BRILHREEER TR T ERLmDOE D 5 &
ik, k& EIRS L, 440 Niv BELK3
o TA Lic. IBEEROBRILHOBIE, LA
EDBERRBWTERERr — v ORNIIICERT 5L
We—F Ll TIRbLRBAT —VBAZ A TDL &
i, iz FesOf ThY, Bi 4 FoL Eicix FeO
E FeyOp MEFELTWR. CHIUD& A FDLER
i, ZEA LD FeO THo/h FeOp b Toicdk
Bl FRtXTCOEECEWT1000°C Ll Rt/
L, bTrTRDE8, )& — bBRERLTWE.
4B /Bt inaElx Photo. 4-b, d TRT LS
EEES S AL E A DA B S & 2T
L. COHEREILITHLPTTHIDITRBARAY —V
BRI HIBE L, Tk 10% HRERAKBIRTHED L,
BEEBORRBAr —VAIRE ORI SEM THiZL
7z. —fl& LT 1100°C © 60 min FEg{k, L7~ Fe-209,Ni
A4&0IkM% Photo. 5 wRd. BEICIIE{LWAET
5Z LT X DTHERLARER 5~10p ORBEEBDH
ho. 37 offrSbrokMimokits SEM #
EpLhrOREORRE DL TELD L, RERE
R&EREEEOBR LS D otk b xrREE
ALREBizd 5 LS hie.

— 167 —



2034 gk & MW

i 67 4 (1981) 1l

\, metalfoxide -
mixed zone

intergranutar
oxidation zone

Fig. 4. Schematic illustration for the measurement
of the thickness of metal/oxide mixed zone (£,).
intergranular oxidation zone (&,) and total subsca-

le (&p).
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Fig. 5. Subscale thickness &, vs. time in para-
bolic form for Fe-Ni alloys oxidized in air at 900
~1300°C.
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Fig. 6. Parabolic rate constant K, of metal/
oxide zone vs. reciprocal temperature for Fe-

Ni alloys.
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Fig. 7. Parabolic rate constant, K, of the inter-
granular oxidation zone vs. reciprocal tempera-
ture for Fe-Ni alloys.
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Fig. 8. Parabolic rate constant, K, of the subs-

cale vs. reciprocal temperature for Fe-Ni alloys.
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Fig. 9. Schematic illustration of the oxidation
mechanism of Fe-Ni alloy.
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Fe-Ni & & o % & # 1k 2037

KELET XD TEADIY TRy — VvOREREY =T
EELZLNS.

Fe-Ni &% KAHP TEL L7 L &, BRLiZimssgl
CHE>TEITT D L AL TV 900, KERi
BWCTD, TRy — VOREWEIHBANCHES T &0
bz, T ik, KEOHEEEREHIER{ILDE @
CTfibhd Fe 4 DT HEZ LETREL, B
bt FeO, Fe;Op OWTNTHD MG T X & —uv
DERICKELFEETDILEZLNS. Fig. 6~8 iT7R
TXow Ky, K, Kp OIRERGFET 15%N 54
20%Ni &4F L0 309%Ni &4+ 50%Ni 44 L%

N X B EBT RIS, ZHIRAFHN ORI

A UTw bbbt HEzbh 5.

2T, &/ BIthRER ORI REER K, 13 Fig.
6IZRTLSIC, &§4&D Niw% OIHCIEE S5AT Wi
Ve ZOZ eV, AR L7cX ST, BARREE N b4
KT BV TAT —~VOBEIBREBZE E, BEERD
Bt oOBENSERD T 02 DOFERIC X > CHIAT
5. Tidbb, 30%Ni 44 & 509%Ni &4, Fe
4 % DYREAE S 7x FeO R RIRTRAER Lk v 7z
», JIBTRIRAEORENKE NG, GEchde
BABNIEC FeO AR LD 5 7oK FE B L Ni
BEECEIEEZXBND. Fik L 2 20FERD NS
YRAD I 15%NI 4L 209N H4&1E, WThoid
EThRIEIIREGEVLEETHIIOEEZILNS.
Br RO RFREER Ky 2o Td Rk 3
T&5%. §7abb K03 Fig. 7 @iRdTX5, BIRT
X Ni% OFEWELIBEKRELL2TWS. ThidEE
Tix 50%Ni 54 T% FeO 234 Ltk 5 DT, FNi
B4 LK Ni 544 T Fe 4 %2 OO ZE A0 s
5728, BARLBYVOY TRy —vRELL DS
Ni 5415L, K, PRELLHI0EEZLNS.

5.

Ni % 5~50% &H7 % 5D Fe-Ni 542200 C,
REHIT BT DEEILEBEZT~N. Thth o & & %
800~1300°C iz 35T 15~120 min Bk L7404, =
Mz Fe oB{LWABIRICKET S & &b, Wik
B/ BILMIRATE S X O ABILR» 63 72y
—HBEE L. ThThOBLEITO2OWTERERr —v
EF TRy —wORAEBEL, RoOBRE2E/-.

(1) EE=7—n

(i) 800°C TIFTRTDALITHR T, 7 509%Ni
BETIHTRTOREIRES VT, a-Fe,Oy FeyOf 225
B ERA Y — sk Uiz, (i) 5~309Ni &4%

il

900°C DAL CEEIE L7, LECRR{bHD i3 iz FeO
DEERK U7e. FeO 3R 27— v OBRNHic Lk L,
1200°C LAF Tk BRIk ET S 2 & BRd5hi.
(iit) #ik FeO Dz #7 B304 L, TR Fh Ok
FeO %L T\, (iv) FeO piRicgET?D
W, RERAy -V ETH593 725 -5 Fe 4 %
v OB TFEC AR — 2 fThh 570 & £z b h
7o (v) &40 Ni% B35 w5138, FeO jd4pkL
iR, ERERr -,

(2) B#T 24—

(1) €/ #IthReEProLBERS) Tk Ni gt

DBETTED, FE&OBHIE ST 40~T09%Ni L7

DT (i) &Eia LT T 2k oEEL, &
B2 —vOBRNTICAERT sEBEMCE S L.
(i) REFBTREELBRILPEMLETHE T 5
23, ZOROBLINEERE L TE D, REFORNIRE
TELTWwH EEZLRK. (W)Y TRF —VOEER
BBl iE>Tx Y, oz b, Fe 4% 0k
HAREORERME THD LRI (v)V TRy
—VEEEECRXETEELED Nivw Oy 727
— VNIRRT B LOBEE L, BAERLEY A
KBS TRy —VOESEE[T S L X DHAT
HIEMBRTED.
kb hic, AAROFREZFTSh L E KX EBIE
(BR) IR, Hp SRR IF ST FIT AR I )3 S i 7 & Tt
FFZEFT, BIFFEFSR A LS A LET. 7z
WAHWATHEIBIE & IR R W 7o 7S W A IR T IR SR IR
BARBLIESM VA LET
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