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Abstract With 100 t LF original refining end slag (/% : 53. 8Ca0O, 8. 16Mg0, 16. 68i0,, 17.45A1,0,, 1. 44TFe,
1.26S, R3.08) to improved refining end slag (/% : 51.3Ca0, 6.36Mg0, 25.0Si0,, 6.73Al,0,, 2.96TFe, 0.765,
R2.05) by decreasing the basicity and Al,O, content in slag, the equivalent number of inclusions in steel 65Mn (/% :
0.63 ~0. 65C, 0.19 ~0. 22Si, 0.92 ~0.96Mn, 0. 005 ~0. 006S, 0.021 ~0.022P, 0.0035 ~0.003 7T[ O] ) decreases
from 18. 4 incluisons/mm? to 11.3 inclusions/mm’, and the average diameter of inclusions reduces from 8.4 um to 4.5
pm. As compared with original refining slag by using optimized refining slag the number of Al, O, per mm’ in steel 65Mn at
LF end refining decreases from 5.9 to 1. 7; and the Al,0, content in Ca0-5i0,-Al,0; and Ca0-8i0,-Al, 0;-MgO compound
inclusions decreases from 38.3% ~44.7% to 17.5% ~28.7% ; and the reject rate of coil due to unqualified B series
AL O, inclusion decreases from 6% to 3%.

Material Index 100 t LF, Refining Slag Series, Basicity, Al,O, Content, Inclusions, Number, Average Diameter,
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9-9845 665 0 0 155

B EFTEFREVERARGE SREARKMARR
/(40 kg) BE B ARG, X AT E L pP#E TFe 0
MnO & 8 2 #3145k, 8-11820,9-9845 § 148 LF
H W54 (TFe + MnO) 43 5% 1. 63% 3. 35% , 1%
F LF ¥ B EEER (TFe + Mn0) <1%, H
WAL, A T #E— K 65Mn SR T[ O], T3
LF ¥ B E R mA B E R E8REHF K
JiL 45 (4N CaC, \SIC, %) , [FIRFR A B ZHK M
AFRo

2.2 LF ¥ R0 65Mn R hIe e B MR~

)20

LF ¥ 9 7 %t 65Mn S0 e 2 BB F R~
FEmEEEmE 1 Fin, ANE 1 TUES:

(1) \ LF1 (55— X 45731 ) B LF2(C.Si Mn
By 3 min) , 5] LF 3G (RE54%) ,8-11820,
9-9845 PN e Y B BN BB EHE S
BB/ RES, LF H 5B Je 229 4 BN 80 5
#18.4.11.3 A~/mm’, H LB EHBR S 5K 8.4,
4. 5um,

(2)HHELJR LF R R, RAALE R G BN
65Mn 7€ LF H 5t N iy e e Y& A B R~

®2 EFSERBRPENERNEE

Table 2 Ingredient and basicity of slag sampling in production process

HINE BT, 65Mn BB E (—

Pe R PP SRS % W

JOHRE) B E MK, B 3.08 [ 3| " TCa0 Mg0 S0, ALO, MnO P,0, TFe S (R
R LF1  54.3 8.79 15.9 12.37 0.18 0.01 0.59 0.79 3.31

2.05; 308 ALO, F R BRI, 811820 LF2 54.2 8.28 16.1 11.87 0.79 0.03 2.83 0.48 3.37
Hy 17.45% F&3) 6. 713% , LF 43 53.8 8.16 16.6 17.45 0.19 0.01 1.44 1.26 3.08
BT 8-1182 9.9 LFl  54.5 5.47 24.4 6.48 0.28 0.01 2.26 0.89 2.23

(2) % LF $#R AT, 8-11820, 845 LF2 53.4 6.18 25.7 6.79 0.53 0.01 1.07 0.82 2.08
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Table 3 Analysis of 65Mn steel sampling in production process / %
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SRR R P I LA R AR 7K BR 43T 0, W %E 064 0.21 0.95  0.007 0.023 0.0028
4 ) R 3. 08 X LF1 0.60 0.13 0.93 0.010 0.022 0.0061
B A BB (R K%@J 99845 LF2 0.63 0.21 0.94 0.006 0.022 0.0044
2.05) X%f 65Mn ¥R I BNFHRMITE LF #i% 0.65  0.19  0.92  0.006 0.022 0.0037
25 0.65 0.19 0.92 0.006 0.022 0.003 1
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Fig.1 Effect of refining slag series on equivalent number (a) and average diameters (b) of inclusions in steel 65Mn
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Fig.2 Main kinds of inclusions in tested steel heat 8-11820, basicity 3. 08, AL, O, 17.45% (a) and heat 9-9845, basicity 2. 05,

Al,0, 6.73% (b) during LF refining process



5435 XUMEARS 1100 ¢ LF SHFMEMEE A ALO, & BXS 65Mn MFRFE A KERRR KR W 41 -

W%, BtA 0,76 LF KSR, 9-9845 fiH
MAS RZe#y[i] CAS REM AL T HEHKAL. TN
T EETBIA CaO B 3% SR AT
BERBEEEBES CaO WIEE, RIEM-LYF
[ CalifJi MnO B R HEAT, AT & e H W
H CaO FEHEM,

FIEXT 8-11820 1 9-9845 4K CAS FI CAS-
MgO E& K7W A TR R E PR TIHHEIHRFE
HWE, BRI RmE 3 fin. WNE3FLIEN:

(1)8-11820 44 CAS #1 CAS-MgO B 2
dr ALO, & B 7E 38.3% ~44.7% , MgO & B 7
7.7% ~10.5% ; i 9-9845 $ 449 CAS F1 CAS-MgO
ZkZelyh ALO, S EMEEH] 17.5% ~28.7% ,MgO
SEMERDI6.7% ~7.8% , FHEICER[7I1HRE, B4 %*
ZYR g ALO, & BREWMERREL B HEE
BEAMEERR, YEAREYH ALO, SEBA N
20% it , HASTH R BER T RO, TR R P
AR 66 1T A R E R R I RLIR M RE

(2) HH 8-11820 4, R FHRIRBE R Y 9-
9845 449 CAS Fl CAS-MgO & J 7241 ALO, &
BEM, ETEFER 99845 RN PBBEE
1, T 4 8 T B ARG, R ) T 0 - & L i R L
K haE & B R REK, {2 BE W -Je 2o R 1 REAR IR
SBR[ RAkZE R R (1) F(2) 2 ssT, E A
e ALO, & BFEIG,

2.4 {RACERIE 65Mn W REYRI LB 5

60

HALE R 5 65Mn R I Z P M TE £ X BB 43
PreE R 4 frs, ATRAEH

(1)7E LF ¥ 453 78, 65Mn 40 (¥ J2 2 ¥ pht I
TR RERRER A 4 AL O, \Si0, AR, HRHM
JUERBILERORR S .

(2) X+ F R FREER + 4R S E A BRAE B R
(R =2. 05) 7445 65Mn 40, 34N & Mn0-Si0,-Al, 0,
FEMHHAR[E4(e) ] BEASHERERA
(3MnO - AL, - 3Si0,) Xi8; H 4+ Ca0-SiO,-
Al, 0, 1 Ca0-5i0,-Al,0,-MgO JeZRY AR FE 4
(a) (b) 1 AN F45K A (Ca0 - AL O, - 2Si0,)
FUBREIK A (CaO - Si0, ) 3L RLK . #E3CHR[10-
RIBE, A TFERKANBBERAMEHLZ LN
CAS RFZFXT N T MAS RMERT Kk
B BIFMASTE AR S, WA Je 24 £ 5L %1 B 25 5 B L 0
I, JLFLEF. BIULel W, R 7 T 0 BB
REGSEEL B MPIR TR, W P XF 65Mn 1=
mERNEE. .

GYRPREBRAMFAEN MoS, RSB
MnS-ALO, H & K Y. MnS MR B EKH &
ALO, JeuRE EEBM, YR REKTIRF
F AR )5, Mn S JFF B IF 2 AR Wi o 1) &3 4% B 3E
% B4 MnS BRBEZ Al K,
2.5 ARFENEHER 65Mn WAKMAHKELIT

ME 4 F[LUE M FEGE R RARLE
RIRHK 65Mn NERSEEE S, RAFEESE
REFHNBEZAAHNEERER B XZRY
(ALO,) MR ; RAMUMEHERETHRELRE

(a) C1ALo, [ [ ® [_]ALO,

. sk MgO || MgO
= 44.7
g 41.8
i 40 38.3
g
= 30 28.7
ﬁ 21.3
ﬁ 20t 17.5
4o 10.5
® 10} 9.3 e 77 7.8

4 //”/// 77 “H,

}/////, % /é%’/ // '//{/ /‘/L’//’:T 7

0 / /// PP /S /S /S
LF1 LF2 LFH Y5 LF2 LFH %
7 IR B 4o A RV BURE A

B3 LF R 8-11820 4, AEE 3.08,AL,0, 17. 45% (a) F1 9-9845 4 BREE 2.05,A1,0, 6. 73% (b) RBR AP H &R MW

MgO 1 AL O, &

Fig.3 MgO and Al,O, content in compound inclusions in tested steel heat 8-11820, basicity 3. 08, Al,0, 17.45% (a) and heat 9-

9845, basicity 2. 05, Al,0,6.73% (b) during LF refining process
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Fig.4 Typical morphology and ingredient of inclusions in steel 65Mn refining by optimized slag series: (a)Ca0-8i0,-Al,05;(b)CaO-

$i0,-Al, 05-MgO; ( ¢) Al 0 ; (d) SiO; ; () Mn0-Si0; -AlL, 0 ; (f) AL 0;-Mn$
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Table 4 Effect of refining slag series on qualified rate of
coil of high carbon steel 65Mn
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