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Reaction between Alloy and Synthetic Oxide at High Temperatures

Tomoo TAKENOUGHI, Nobuyuki MizUNO, Koin 116, and Kokichi SANO

Synopsis:

In order to obtain informations on the change of oxide inclusions in steels by annealing at high temper—
atures, synthetic oxide slags were embeded into various alloys. After annealing at high temperature, the
size and shape of precipitates were observed microscopically and changes of both compositions were ana—

lysed by EPMA.

Results obtained here are as follows: (1) Oxide particles precipitated in a layer

around the embeded oxide. The thickness of the precipitation layer broadened with increases of time,
temperature and FeO content in oxide, and shortened with decrease of initial concentration of alloying
element in the alloy. (2) The precipitates had various shapes including sphere, and the size increased

with time and temperature.

FeO content in precipitates decreased as the precipitate departed from the

oxide/alloy interface, and concentration of alloying element in the alloy near the precipitates became far
lower than the initial concentration. (3) FeO content in the embeded oxide decreased. Besides, it was
observed that silicon transfered from the oxide into alloy.

(Received June 12, 1970)
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Table 1. Composition of alloys.

ZLERBESEBEL, R XB24 00 7F749—

Alloy %) 1 Mn Si Cr o Other elements
|
' A ca. 6
> ca. 9 ca. 0°002 ca. 0-003
S 0-96 0-002 0-0034
D 18-6
G 0-25
H 075
I
J 0-43 0-39%C
o) 09 0-47 047 0-29Al
v 0 o 0-19 0-48 01%C
S 043 0-29 23 0°1%C
? 0-46 0-35 54 0-0082
P 12-3
Q 0-21 064 222
R 1'08 0-74
Table 2. Composition of synthetic oxide slags. Synthetic oxide
o _ N
Oxide ™ FeO MnO | Si0, | ALO,  §------- %
slags
a 367 44-1 19-2 <1—Alloy
b 10°3 25°1 416 14-8
c 235 16:6 35-1 19-8
d 32-1 96 344 19-8
e 42-2 40'5 | 18°8
f 795 185
l% 1(1)8 4 264 430 11'6 _ - 5 - Cross section
X ) . i .~
i 9-5 392-1 36-0 19-5 // after annealing
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7. 54 0#EF% Table 1iT7Y.
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Fig. 1. Specimen.
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A : Hg-overflow bulb
¢ Gas flow meter

: Silica gel
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: Water cooling jaket
: Mg-chip
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: Thermocouple

: Brass cap

: Reaction tube

: SiC furnace
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Fig. 2. Apparatus used for annealing.
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Fig. 3. Effect of temperature on the layer

thickness.
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Fig. 4. Effect of FeO(%) in the synthetic oxide
on the layer thickness.
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8hr 13hr

20hr

Photo. 1. Change of precipitation layer with time (Alloy: 5'5%

Mn-Fe, Oxide: a, annealing temp.:

. 321 96 344 198
Oxide : FeO~MnO-Si0; - Al,0,
4 Fe-186%Mn
Alloy : x Fe— 5'1% Mn
® Fe—~ 096%Mn

|

®

0 10 20
Time (hr)

Temp. | 400°C
2 000

I 00O

Layer thickness ()

Fig. 5. Effect of manganese concentration in alloy
on the formation of precipitation layer.
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Photo. 2. Distribution of manganese in alloy and
oxide after annealing (Alloy: 5°59,Mn-
Fe, Oxide: a, annealed at 1400°C for

13hr). .
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Photo. 3. Feature of the precipitates® (Alloy: D, Oxide:

Mn Fe 100
100 e o Fed
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124 264 430 16
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T

50 —\8\ |
® Alloy : Fe about 5%Mn
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Mn(%) and Fe{%) in the particles

~o—a
0 500 I 000
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Fig.t6. Effectiof FeO content in oxide on the
composition of precipitates.
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Alloy : Fe-186% hin
50— 321 96 344 198
— Oxide : FeO-MnO-Si0~ Al;O,
= Temp.: | 400°C o
(3] —
& 407 qime: ghr |
2 o
,§§ 30 & @’
22 PR B, —r
» o -
<=2 ©--- Mn
gL a--- Si
Sc 10 x---Fe
o} 200 400

Distance from interface into alloy (x)

Fig. 7. Composition of precipitates in 18-69,Mn-Fe
alloy.
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Alloy = Fe-55%Mn
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Oxide : FeO‘SiOz'A|205
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Fig. 8. Change of manganese concentration in
matrix near the precipitates with time.
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Alloy : Fe-55%Mn
! 367 441 192
Oxide : FeD- SiO-Al,0s
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Fig. 9. Change of FeO-and MnQO-concentration
in oxide with annealing time.
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w
E Temp : | 400°C
g Time : 2hr
~a
@ U —
2 o \A\A\ /
= ~ 3 7
= \L‘ !
& v/
\
2 !
)\

o
2 ,,_,--»’-’"o \
a e & \
- ~€ \
%) [P

[o] 200 400

Distance from interface into alloy ()

Fig. 10. Composition change of precipitates in
Si-alloy.
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1 400°C for 1hr).
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Photo. 4. Precipitates in Si-alloy (Alloy: H, Oxide: g, annealed at

X 280, right: polarized
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Photo. 5. X-ray image photograph of precipitate
in Photo. 4.
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Photo. 6. Precipitates in C-alloy. (Alloy: I, Oxide: d, an-
nealed at 1 400°C for 8hr). x 280, right: polarized
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Photo. 7. Precipitates in Al-alloy (Alloy: J, Oxide: i, an-
nealed at 1400°C for 8hr). x280, right: polarized

Photo. 8. Precipitates in low Cr-alloy (Alloy: N, Oxide: i, an—
nealed at 1400°C,_ for 8hr). % 280, right: polarized

Photo. 9. Precipitates in Cr-alloy (Alloy: O, Oxide: i, an-
nealed at 1 400°C for 13hr). X280, right: polarized
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Cr - Alloy

oxide layer

Cr-oxide rich

Oxide

? Cr

Photo. 10. Distribution of chromium after annealing (Alloy: R, Oxide: i,

annealed at 1400°C for 20hr).
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Fig. 11. Relation between annealing time and

layer thickness (data from Fig. 3).
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A feature of precipitates in Mn-alloy
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nealed at 1400°C for 3hr). X 42
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T XY, RRTEE MnO O THILIRE FeO @
Egpa L Tdp L (Fig. 6) DT, TOILIKERS %
SR NI T OREST OIRE CEM, DERIE X

Photo. 11.
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Bamh o &4 L ERB LD EO NG 297

FRWREOERIE BT L L L IEE—BT 5. ERE
T IO THERE, SE L ICHEWITHR FE VT
B4 (Fo & x1E Photo. 11) &, BERMEE O Mice<
B FHE LN ERWRE, 5 VWIBIER IS WY
FRIBRENE BT IS, (/o & 21X Photo. 1)
LRHD. CIULERELMRD FeO JREIEHE
KIS REHED 54 ® Mn BEE{Lh~BHLLZD
Mn Z2EMSMETL TRICEBEESBEBIT L1022 T
AR RGO FIREEIC I Hic vy FeO JREED
FFENEF D Mn BEESMET LRV bl BREN
BE LTI F 24T 5. $bb Mn & O OBEH)
BOFPNTHREDELTHMET B EMNTED. A4H
D Mn BENEWVIE R TFIE KE IR T HHH
RIE S M7 ) OEEFEHBESET /0B O REREILH
525 (Fig. 5).

LAlED &5 i b o R GHEBOFE 2 51 Lo Eigsn
T RS R ERRNCIIBET B T LT ER. WHE
BEOFEHE(LT 2 v X — 13§y 4 keal THDH &LFTicaR~
fz. ZofirEEh OIS < Roh 5D TEbH &
54 L OERREICOEEEBESEIC X 5BB@aRTd
B EDBHEINLH, RERMCATT S Z L RBRE
DEREP BT TR TEL V. 541 VvhbIES & T
HY, BIRCHEEHORESETLROREDELT
L EBEZLNS. LER>TS, O, kXU&4TT
ZHFEERELPOEDHGE ED LS THIT 25
B3 ER % L DERF U FniEin Sl

Dk, B 5mm O&RKEELIE IO X ST BER
K7Ly VOBWKELIEEBNED L ELTEEK
DM THEL, HEOZELEFAIBAMED CTIIRER
HDTHEVE 10 BETHL»H, REBRIDIZ

B CHE HRSZEIL L, & ORBEETOFHEHRIRIGET
5 LBbnd.

I

5. &

Lé L aREthoBEEc X, DEDERBELN
7z.

(1) SHRICE> CRRCA LS E SR T4
L7z

(2) FeO-MnO FHFIRIIC AKTHY, il
LEDTHBRERL, SiO; F7:21X silicate [IHFET
Hote. WIRWTFh bR s JORE LR & & DITK
Bl

(3) HFho FeO IR FHRE SHN DT LR
7Y, ZOEDEERDOAETLREIIRETIL~E
Qigote. FioARE L Tt FeO 234 L, MnO
RN L . E 7o BRI Ko TR A RE (L 55
&~ Si BHBEL.
AR L D BRI\ TERRILIRAE NS FFE O
HEEE EFIGT 5 T LSBT D b,
3 73
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