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A Study on Evolution Behavior of Inclusions in Austenite Stainless
Steel 304 during 180 t AOD-LF Refining Process

Zhai Jun''?, Lang Weiyun® and Liu Liu'
(1 Institute for metallurgical Technology, Center Iron and Steel Institute, Beijing 100081 ;
2 Technology Center, Shanxi Taigang Stainless Steel Co Ltd, Taiyuan 030003 )

Abstract The evolution behavior of total oxygen content and amount, size, ingredient and type of inclusions in steel
during steelmaking process of stainless steel 304 by 160 t EAF-180 t AOD-LF-CC flowsheet has been studied by nitrogen-
oxygen analyzer, optical and scanning electron microscope. The AOD refining process main operation data are initial [ C]
2.0% ~3.0%, [Si] 0.2% ~0.4%, end [C] 0.04% ~ 0.06% , end AOD slag ingredient (/% ). 53.9Ca0,
30. 1Si0,, 1.34Al1,0,, 5.22MgO, 8.74CaF,, 0.39Cr,0,, 0.53TFe, 0.62Mn0O, and end LF slag ingredient (/% ) :
57.9Ca0, 21.6Si0,, 1. 70A1,0,, 6.30MgO, 0.03Cr,0,, 11.9CaF,, 0.26TFe, 0.31MnO. Results show that in AOD-
LF-CC process the oxygen content in steel decreases gradually, the deoxidized ratio is up to 71. 0% and the oxygen content
in casting slab is 25 x 10 ~°; the amount of large inclusions decreases obviously in refining process, and there is no =20
pm inclusion occurring in casting bloom; during refining process the main inclusions in steel are low-melting silicate, and
from end LF to cast slab the MgO and Al, O, content in inlusions increase respectively by 12% and 17. 5% , due to temper-
ature decreasing, in cast slab the residual Mg, Al continuously combined with O to precipitate Mg0O-Al, O, spinel and resid-
ual Mg and Al reacting with low-melting silicate to form high-melting silicate, therefore the inclusions in cast slab are main-
ly magnesium-aluminium spinel and high-melting silicate.

Material Index 160 t EAF- 180 t AOD- LF- CC Flowsheet, Stainless Steel 304, Inclusions, Oxygen Content, Sili-

cate, Magnesium-Aluminium Spinel
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Table 1 Chemical composition of stainless steel 304 / %

i C Si Mn P S Cr Ni N
7 = = = = = 18.00 ~ 8.00 ~ =
s 0.07 0.75 2.00 0.045 0.015 20.00 10.50 0.10

g s 030~ 1.0~ = < 18.00~ 8.00~ 0.02 ~
©0.07 0.70 1.25 0.040 0.010 18.60 8.50 0.06

F2 BEIIPLY 304 TERBRSEH BN %
Table 2 EAF end stainless steel 304 composition control
target / %

C Si Mn P S Cr Ni N
2.0~ 0.20~ = < _ 1550~ 1.00 ~ <
3.0 0.40 1.00 0.040 20.50 10.00 0.025

R3I AOD &EFILF LERS/ %
Table 3 Ingredient of AOD end slag and LF end slag / %
IF Ca0 Si0, AL O; MgO0 Cr,0; TFe MnQ CaF,
AOD 44 53.9 30.1 1.34 5,22 0.39 0.53 0.62 8.74
LF#5h 57.9 21.6 1.70 6.30 0.03 0.26 0.31 11.9
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Fig. 1 Variation of T [ O] in stainless steel 304 during AOD-
LF-CC process
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Fig.2 Variation of size and number of inclusions in stainless

steel 304 during AOD-LF-CC process
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Fig.4  Average main ingredient of inclusions in stainless steel

304 at end AOD, initial LF, end LF and cast slab

JR ISR Ry e AR Y S10,-MgO-AlL O, KAl

ER AR R EEZREAGRA: (1) FEEE
ol P2 KR B R R AR, SR AE WM [ AL
[Mg] SHmAERERR K 6 FeEER b ML RIEE
BRMATEHRMES; () BEdRTRNEPRE
[ Mg] [ Al RS 2491 #4 CaO F1 Si0, , {2 2%
Py Ca0 1 Si0, &2 B EREE ",

o Tk — 0 B R & 1 G R R N AR B
[ Mg] [ AL} X} 322428 RUGG 52, R ) EDS mH#
DRI MR <10 um LR 2 AT T

$i0,
(b) 100 0
5%MgO 90 A 10 LEMEH

100

jﬂTﬂ—ﬂiﬁ*ﬁ%%%ﬁE 1:;.()11(1)050 §(') 70 m)(i((m);n 30 20 fn 0 AlLO0, (:;.m‘r;no?) 80 70 m{n?)/ﬁg) 30 20 10 0 ALO,
SrHITTAS AL, e e L 5% 510,

(c) 100 0

mA & MgO K 5% f§ CaO- 5%Mg0 90
8i0,-Al, 0, U4 yTHH &l H k7%
ECFIoAT , 53R Q0 5 BT R, B
&S "], AOD BT, J2 2%
Y AR LA R &
L, EELRERE A F, 7E LF

Si0,
100_0

(d)
% i 51 5%MgO l

s 5+ 37 Fu 0l s 4 - N1D0 A a5 NGO
%}:jﬁ:‘l\iﬁt‘:‘%ﬂﬁﬁ&m%m% Ca010090 80 70 60 50 40 30 20 10 0 AL0, (1;,“1(0)090 80 70 60 50 40 30 20 10 O

BB A B SR S cao % cio/% e
St 2 gy o AH B o B 4 S L ES 304 AEEH AOD HHR LF gtk LF M3 Mg isle 2 sl e A L i i AE 1k

1k, A LF i 255, e 48

Fig.5 Variation of distribution of inclusion ingredient in stainless steel 304 at end AOD,
initial LF, end LF and cast slab in phase diagram
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Fig.6 Morphology and energy spectrum analysis of typical magne-
sium-aluminium spinel inclusion in cast slab of stainless steel 304
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Fig.7 Face scanning results by energy dispersive spectrometer of typical inclusion in cast slab of stainless steel 304
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