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Research on Evolution of Inclusions in EH36 Steel during
Refining Process of 120 t BOF-LF-RH-CC Flowsheet

JIA Jin, HUANG Zhicheng
(Hunan Hualin Xiangtan Iron and Steel Co Ltd, Xiangtan 411101)

Abstract The evolution of inclusions in the refining process of EH36 steel produced by the route of “120 t BOF-LF-
RH-260 mm slab CC” has been researched. Through sampling and testing of each working procedure in situ, in combina-
tion with inclusions thermodynamic calculation, the variations of inclusion types and size are analyzed. It is found that the
number density of inclusions in steel gradually decreases , but the number density of >5 pm large particle inclusions grad-
ually increases during the refining process of “LF—RH—tundish”. The main types of large particle inclusions are MnO-
Si0, series oxide and Ca0-Al, O, series calcium aluminate, such as 3Ca0 - Al,0,, 12Ca0 - AL, 0, and CaO - Al,0,. Dur-
ing the refining process, Ca0O - 6Al,0; and CaO - 2Al, 0, are formed first when the Ca content in steel is low, and the main
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inclusions of 12Ca0 « 7A1,0,, 3Ca0 - Al, O, are formed with Ca content increasing in steel.
Material Index EH36 Steel, 120 t BOF-LF-RH-CC Flowsheet, Inclusion, Calcium Aluminate, Refining
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Table 1 Chemical composition of liquid steel at LF initial, before feeding Ca wire, RH beginning, RH end and tundish/ %

I C Si Mn P S Als Alt Ca Ti
LF gt 0.0575 0.0901 0.8145 0.008 4 0.0278 0.0005 0.0007 0.0004 0.0003
MR Ca R 0.0553 0.0778 1.2113 0.0083 0.0197 0.009 8 0.0120 0.0004 0.0101
RH ik 0.0823 0.1880 1.5581 0.0090 0.0022 0.0361 0.0383 0.0018 0.0137
RH M 0.0874 0.1864 1.5477 0.0089 0.0024 0.0331 0.0348 0.0010 0.0120
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Table 2 Types and quantity percentages of inclusions in samples at different melting stage

— APREPBEF S %
LF ¥ 1% Ca 25 RH #¥4 RH i34 k!
Al, 0, 0 2.33 1.28 1.54 3.03
C12A7 0 0.1 13.15 29.62 38.84
CA: Ca0 - AL, 0, 0 0.25 1.28 1.88 2.2
C3A: (Ca0); - ALO, 0 0 46.22 38.01 20.52
CA2: Ca0 - (ALO;), 0 2.43 0.81 0.68 0.14
CA6: Ca0 - (AL, 0;), 0 10.79 2.79 1.37 0.28
CaS 0 0.35 13.04 4.45 0.69
xMnO - y8i0, 14.4 0 0 0 ]
Mn$S 84.92 79.43 1.86 4.79 13.36
MgO - AL, 0, 0 0.1 1.98 0.34 0.28
Ca0 - TiOx - AL, 0, 0 0.1 0.58 1.54 0.28

HAth 0.68 4.1 17 15.75 20.39
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(j=<k) (10)
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Table 3 Interaction parameters of elements in liquid iron
at 1600 C
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f F ; " )
Al 0.043 - -

Al Ca -0.047 - -
0 -1.98 40 -0.0284
Al -0.072 - -

Ca Ca -0.002 - -
0 —-780 650 000 -90 000
Al -1.17 -0.01 47.4

0 Ca -313 -18 000 520 000
0 -0.174 - ~
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Table 4 Activities of CaO and Al,O, in each equilibriain
phase at 1600 °C

L] 8ca0 2A1503
C/C3A 1.00 0.017
C3A/C12A7 0.340 0.064
C12A7/CA 0. 150 0.275
CA/CA2 0.100 0.414
CA2/CA6 0.043 0.631
CA6/A 0.003 1. 000
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B3 1600 CAM O &FEH xCaO - yAL O, (5 XA
Fig.3 Stability diagram of xCa0 - yAl, O, with different oxygen
content at 1 600 C
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[Ca] +6(Al,0,) +[0] =(CaO - 6AL,0,)

(11)
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[Ca] +(ALO;) +[0] =(Ca0 - ALO,) (13)

12[Ca] +7 (ALO,) +12[ 0] = (12Ca0 -
7AL0,) (14)

3[Ca] + (ALO,) +3[0] = (3Ca0 « ALO,)
(15)
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logK = -5667/T +2.58 (16)
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Fig.5 Number density of >5 pm inclusions in steel at each
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Fig.7 Composition distribution of inclusions detected at steel
sample at LF initial

Xi=n/N (17)
AP X- REYHFTE B/ % ;i- TZRYHKE;
n- EXYBE/N- Rob >5 pm LYK R
BUA.



L 14 - AR

B3k

2400
2200 Slag-liq
2000
Monoxide+Slag-liq 'S CAZ#Slag-tiq|
o 1800 e C
2 1600 22{Slag-liq b
= ¥ 2 I -5
1400 C34+Slag-N +Slag-liq ;&u
AL e
12001 Wpm 5
: o 4%
1000+ C3A+Monoxide CA+C3A CA+CA2 CA6+CA7J g
8000 0.2 0.4 0.6 0.8 1

AL0,/(Ca0+ALO,)(g/g)

8 1600 °C Ca0-ALO, ERZMB A7

Fig.8 Composition distribution of Ca0-Al, 0, system inclusions
at 1 600 C
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