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A Study on Thermodynamics of Spinel Inclusions Formation in
an Alloy Structural Steel

Jiang Min, Chen Bin, Yang Wen and Wang Xinhua
(School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing 100083 )

Abstract The thermodynamic conditions of formation of Mg0O-Al, O, in alloy steel (0.42C, 1. 15Cr, 0. 20Mo) with
liquid steel being in equilibrium with slag ( Ca0-Si0,-AL,0,-MgO) has been tested and studied, and the diagram of MgO-
MgO-Al,0,-Al,0, three phases equilibium and transformation relation has been obtained. Results showed that the
Mg0+AL, 0, could formed in steel as [ Al] was 0.000 1% and [Mg] was =2 x 10 °%. With test liquid steel being in e-
quilibrium with slag, the [Mg] was 0.0004% ~0.0005% and [ Al] was 0.004 5% ~0.006 0% which was in theory-
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caleulated MgO+Al, O, formation zone led to formation of main inclusion MgO+Al,0; in steel.
Material Index Alloy Structural Steel, Magnesium Aluminum Spinel, Thermodynamics, Equilibrium

AL BT A1 000 5 AT B B i
FLE, % 5 AR MgO-ALO, Je ey, HATRITIA
9, Mg0 - Al, O, Ak 1R ELAH AU, AL
RI 0 40 FR A K MR, 53— e
SEAK NIRRT BT, (B & — R
1 Mg, 5 AUBLELBURH ALO, BEEERIE A
HE AN B A TR MO AL, 0, 38 2 ™
AHTREFAGEH R . BicHTRR, &
#IMg0-ALO, 025 FUA A1 T

Mg0-AL O, H R 31 J3 3B 55 % 5, MgO -
ALO, RIS 6 T MgO B 6oh 1) AL
A% Mg A

AT XRETFHLR, Rt T8
TR , £ 2 45 10 001 MgO-ALLO, 2 1R )
WAfE. FFMA AT E 9T, 85I T MgO MO -
ALO, ALO, FEX R A

1 XBREXARNZLHE

L1 =k
I TR RS N Si-Mo B BH U8 4, IR BE 51
RER 1 Co FHAEPRA A SEPER.

LI PIEREN 150 g, rHEt LR Ky 30 g, RS
P R R L RS 1, i R Ca0-AL0,-8i0,,
LI KA g — A MgO R, BEfR A
ER R, FHR 1873 K, 3 LLAE LR TG
B2, 761 873 K T{RIE 90 min( B @1 BiZ B A
A1) 24 90 min) J5HR 4 MgO 3R, KB B A, 153
BRESAHR VAR, AT AT AT . IR BT SEM-
EDS XHRAEHIT IR T . 4 IRSL RS A
No.1~No.4, SLEGFT FAMIFE R4 ange | BiR, 45
g [ AL] ([ Mg ] B4 S d R i 2,

F®1 ZRMAUERN %
Table 1 Chemical composition of test steel /%

C Si Mn P S Cr Al Mo
0.42 0.25 0.65 0.010 0.002 1.15 0.015 0.20
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Table 3  Activity effect coefficient of elements used for thermodynamic analysis
oE C Si Mn P S Cr Mo Al 0
Al 0.091 0.0056 - 0.033 0.0 0.012 - 0.045 -6.6
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Fig. 1 Typical inclusion and analysis of steel No. 1 (a), steel No.2 (b), steel No.3 (c) and steel No.4 (d)
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