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Abstract:

The effect of Al addition in the middle of metal-slag reaction and slag composition was investigated by laboratory-
scale experiments in order to suppress the formation of MgO-Al,O, spinel-type inclusions in bearing steel. Mg
content in steel and MgO content in inclusions were low before Al addition, but they were increased rapidly after Al
addition. On the other hand, they remained low after Al addition at lower CaO/SiO, and CaO/Al,O, in the slag.
According to a kinetic model calculation under virtual conditions of actual process, the Mg content in steel was lower
than that in laboratory. At actual LF process, Al addition in the middle of treatment and change of slag composition

were carried out. Compared with the conventional practice, Mg content in steel and MgO content in inclusions were

decreased, and the fatigue life was around 1.5 times longer.
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Table 1 Composition of molten steel

C Si Mn S Cr
mass%o mass%o mass%o mass%o mass%o
1.0 0.2 0.35 0.004 1.5
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Table 2 Composition of flux before addition and slag at end of
experiment

CaO | SiO, |Al,05| MgO
Flux C/S*|C/A*
mass’o| mass%|mass’o | mass’o
Flux before add. 56 7 22 5 80 | 2.5
Slag at end of exp. | 55 8 24 6.7 | 2.3
Flux before add. 50 14 21 36 | 23

6
5
Slag at end of exp.| 49 13 23 7 39 | 2.2
5
8
5

Flux before add. 44 11 30 40 | 1.5
Slag at end of exp. | 42 9 31 45 | 14
Flux before add. 47 12 26 40 | 1.8
Slag at end of exp. | 35 10 43 5 3.5 ] 0.8

%) C/S=Ca0/Si0,, C/A = CaO/ALO,

120 TDT Ty 2 ARBEMULICEA I 2 2RBEDO 07T L
foo A7 7B EYAET 2700, AREFOT7 79 7
A~D FHWIz, IEHA~OTMFTO 7 7 v 7 ZfKE & U5
BRTROZ 7 7HKEPR2IRT, BB, 77y 2R
A~COFHII~ 3> 7RO EHL, 75 v 22D
DIBFEIFA T 7o MgO RE EFH 21 2 74235 Ca0/AlLO,
PARNRFEF T 2700, 72 FHMOME AL, $72,
7T 2 AP B 25~30 RGA L 7c 2 4 2 > 2 TR
12 0.04 mass %A D)8 Al Z UL, AL 644 25 77
BRI HEBE 7w Ui, EBIIATERFE caE L 02 5
TR TN T RTO, Bonic Xzt T v CB
S U S IRIZ I HEFR A A RBE— ROV, X 2ov T
wm%@@ﬁ PBIURS Y SO RIE ICP-AES (12

DT LTz, 12750, XZH 2 7v) Mg I IZOW» T
HKPMSLiD M L7ce ¥ 7O EDIC DWW T
13, ki TEBIE S 2 7 4 & Z 72 SEM—EDX (ASPEX
Explore) % HWCEHMiL 72,

3. RERER

(“MEPTotalMg LR, TMg) EEOZ{LXR 11275
T AWIZHCE TS TMg 1L, HH7ATE Mg IRE N
%¢Mg%£%nﬁLt%ET%50M%MWiTM%%
BRAAHE ¥ [AFRRE S L < IZREe o I L 7c, AL SANLARS 1
77w 2 A A~COEE, AN LD ENEmics b,
ERIZ7 7y 7 2 ADEBIIENEPKRE»>T2, — AT,
7377ZD®%ﬁ,ﬁM§ibfﬁTéoko

77 7y o AR BT 5 BT EY O K ZE
%Ezbmﬁoﬁ¢ﬂE%®$ﬂﬁm 3, HIE St
IR O % L L TORDIZ L D TH 2, FHERBH
BREIVWT O 7 7 v 7 23RS T2 ALO04-Si0,MnO %
DINAETDH > 72 ALININGT & TIITAR — 2 7 7RO KIS
W2 & D VAR AR AR 2 IS L 72729, ALO, RATAE
Pnzmr > TEILL T FPRO N, 77 v 2R A
TR AL OB ST ALO, ROMEMINZ L Rbh,

0.0006
| ® Flux A J
0.0005 | |a FluxB
- | Flux C L)
Og)) 0.0004 | ® FluxD
< L
E
= 0.0003 | Y. 4
= [ ® s
=

0.0002 x
0.0001
i = B n

0 10 20 30 40 50
Time (min)
1 A8 TMg SEEZ L

Fig.1 Changes of total Mg content in molten steel'”
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Fig.2 Changes of average content in inclusions of steel™
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Fig.3 Changes of average MgO content in inclusions”
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Fig. 4 Relationships between total Mg content in steel and
average MgO content in inclusions'”
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Table 3 Basic conditions for lab and actual scale calculation

Lab-scale | Actual-scale
Weight of molten steel (kg) 30 200 000
Weight of slag (kg) 2.0 2000
Ar stirring gas flow rate (N1/min) 2.0 1 500
Bath diameter (m) 0.18 3.0
Reaction area/Steel volume (1/m) 5.9 0.2
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Fig.7 Calculation results of Al and Mg content in steel'”
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