Fe-Cr-Al &0 RERILTRETETEROZE ‘ 637

X

UDC 669.15'26'71-194.3 : 669.14.018.85 : 620.193.5 : 620.195.5 : 620.196

Fe-Cr-Al &0 B2 EBRILIC T 3 REm M IR g8
KRR - CREEELME™ - NPRZEHE™ - PR B
Effect of Surface Condition on The Abnormal Oxidation of Fe-Cr-Al Alloys

Mikio OBavasui, Takuo Ito, Takeo KoBavasui, and Noboru KoMATSU

Studies were made to investigate the reason for occurrence of the abnormal oxidation on heat-resistant
Fe-Cr-Al alloys.
(1) 'This anomalous oxidation was accompanied with nitrogen absorption and proceeded markedly at
the temperature above 1000°C. The voluminous oxidation products comprising iron—base oxides (x~Fe,Oj,
Fe,O,) were observed on the alloy surface and numerous massive blocks of aluminum nitrides (AIN) in
the inner matrix.

The results are summarized as follows.

(2) It was found that the initiation of the anomalous oxidation depended not only on the chemical com—
position but also on the surface condition of an alloy, as observed in alloy C (Fe-18-2%Cr-3-7%Al). In this
case needle-shaped AIN were observed on the surface of the alloy C before the oxidation test. The nitride
formation decreased the contents of aluminum in the matrix (to ca. 0-5%), which was considered to be

related in the remarkable deterioration of the oxidation resistance.

(3) The anomalous oxidation of alloy G was able to be prevented by preliminary removal of the surface
layer containing AIN or by preannealing at 900°C for the diffusion of Al and Cr.
(Received Sep. 14, 1973)
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Table 1. Chemical compositions of the alloys (%5).
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Photo. 1. Appearance of alloys C, D and SUS

316 specimens heated in air at 1 100°C
for 100 hr.

A Alloy A
8,0: » C
X: 2+ D
2
6 [ S
T s /
<
o
E
= 4
E
&
) 3
2
>
2
I %
XA
[ ) _.-;*—'ﬁ"‘
o P R o |
900 1 000 1100 1200 1300
Heatiag temperature (°C) x2hr
Fig. 1. Effect of heating temperature on

weight gain for alloys A, C and
D heated in air for 2 hr.
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Table 2. Result of X-ray diffraction analysis
for alloy C on each section of the
specimen heated in air at 1100°C
for 100 hr and” abnormally oxidized.
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Fig. 2. X-ray diffraction pattern for alloy D on the surface of the specimen
heated in air at 1100°C for 100 hr and normally oxidized.
(Target : Co, Filter : Fe, Voltage : 35kvp, Current : 20mA, Scanning Speed : 1° 2¢/min)
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Photo. 2. Microstructures on the transverse section of alloy C specimens
heated in air at each temperature for 2 hr.
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Fig. 4. Effect of Cr and Al contents on the
oxidation of commercial and experi-
mental Fe-Cr-Al alloys heated in air
at 1200°C for 100 hr. Points A, B, C,
ard D indicate the results for alloy
A,B,C, and D respectively.

Table 3. Result of emission spectrographic-
analysis for the alloys.

Alloy A | Alloy B | Alloy C | Alloy D
Al 4+ ++ +++ +++ +++
B + + + +
Ca + + + +
Cr +++ ++ -+ +++ +++
Cu + + + +
Fe +++ + 4+ +++ + 4+
Mg + + + +
Mn | +~4+4+ | +~F++ | +~F++ | +~++
Ni + + + +
Pb + + + =+
Si t~tt |~ | b~ |~
Sn + + + +
Ti ++ ++ ++ +
\Y + + + +
Zr + + + +
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Photo. 3. Microstructure on the transverse section
of alloy C specimen as received.,

Photo. 4. Microstructures on the section about
5y below the surface of alloy C
specimens as received.

(a) Optical microphotograph

(b) Electron microphotograph
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Table 4. Reult of X-ray diffraction analysis for
alloy C on the surface of the specimens
as received and polished.

As received Polished

a-Fe
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FC3O4
Cry3Ce
TiC

Normal

a-Fe a-Fe
AIN AlIN
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v Cr,N
Cr,3Ce
TiC

PHELPIC D £Z T, Z0 AIN OFEOFEY
HBI U7 A 3 X O° AIN ZBIHIRE LBl e D
WOEBILRBR AT 27 25, AIN BEHETBLE
CDd, REBIEHBULTRE L. ZoZE»b, gk
AINOFERRFEBILOXERTHE 2 &, ¥72654C
DRI R T 5 DX, Photo. 4 KR LI
X3, o AIN B&&RoLEmc—cERkEnT
WHDTIR L, RFINCHELET 52D TH5 T LHHE
ABEINTz.
3.4 EERILERZ LE-ASORSBERE

ERBLE R LcHB A ORimEMERLV: 3+ <1z Photo.
2CRLIZX S,

(1) EEHOBLWE

(i) AFRp0 AIN YT 58HKMAKE, TOE

TR O 2 MR B IR b A

(i) RMALEDOKE LIRS W
BENLTNFET AR HIISN 5.
REBOELMBIC oW, 37Tk 3-1.1 T X &
HHk X OEE X BOTIC X 2T, ohpd a-Fe,O,,
Fe;O, 7 & Fe 2 xpf & T 58T hHB 2L
P Uiz, D, TR (i), (i) gounTh
HEmi sz i L.

Compond duttoce
. Profiles of Fe, Cr, Al, O, and N concent-
rations measured by EPMA for alloy C
on the transverse section of the specimen
as received.
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(b) 150%
Photo. 5. Microstructures on each section 60u
and 150y below the surface of alloy

C specimen abnormally oxidized.
(1200°C X 2hr, in air)
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Fig. 6. Change in depth of each structural-
layer of alloy C specimens after hea-
ting in air at 1 100°C and 1 200°C.

after heating alloy C specimen in air
at 1200°C for 10 min.
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Photo. 7. EBS images on the transverse section of alloy C specimen heated in air at 1 200°C for 63 hr.
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2884 X: abnormal oxidation
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Fig. 8. Effect of heating time at 800°C in N, on
the depth of needle-like AIN formation
zone and the lattice constant (Al %) of
substrate of alloy C.
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Table 5. Diffusion coefficient of the
elements in Fe.

Dx 105 cm2, sec—1
Temp.
(°C)| 900 950 (' 1000| 10501 1100] 1150] 1200
C 648 | 1020 1730| 2420| 3880 — —
N 520 930 1170 2160| 3460 — —
O — — 65| — — — —
Al 33 — - — — 170 —
Cr — — - — — 5-9|15-20
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WaRET X9, Al Cr 2 O KHRTELLKEVD
<, BEOWINAKEZHE, PIERE{ D4 I N ERER
fbic 3 ALO; OFARCHI 2> THLOEE CTHETT S
LorEZLLNRS. ZOX35CLT, BHPD Al D
Bibhiez 5 &, Fe-Cr-Al G4 BEOMERLIESE L
<HILLT, BRIIEEDETETHS Fe OF{LE
20, WMLVWEFBENLERTZ D EEZELOLNS.

5. #%

HIEM (LD T <his Fe-Cr-Al 40— D TR
MicAED LN BEEBILEROBEP L, BAeREAEKT
LT, 2&¥D X5 ifEREE~.

il

— 4] —
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#® 60 £ (1974) 6 S

(1) ZoRFHECIREBZBREZLES BELEKT,
1 600°C DL EDBETE L ETL, REERLIRICIX Fe
ERG & T HELW (a-FeO, FesOp) 2R XN
TWic. %72, BHAICREEOHIL AIN 238 X
nic.

(2) BFEBREFRELEOHMIT, 54&OL¥ES5HED X
S BB X OTOREELHOTIERL, &
& C OBEOL S EEDERMNCT I DOTHIEL HE
ENs. Tiabb, &4 C (Fe-18'2% Cr-3-79% Al)
T, AFHICTTCALEEICE®O AIN BEEL
Tkbh, BHFFD Al @BNELL B LTWEEDI
(#3 0°5%), BEBILPELELZIDTHS.

(3) A4 C OBRFEER{LIE, oL DEHE AIN
DERENACERAEZRELD, HBHV 900°C TR
s 5 2 LI X O TREMIZ BTz

() E&HBRAOETZ {300y WIE L Tk AIN
ZESIHRELCE, HMEERTEEPT 800°C hn
BT 5E, ERWICEIRD AIN BRI 5.
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