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Abstract

In this paper, Si killed steel Q235B is taken as the research object, and Ca0-SiO; slag washing ma-
terial is adopted to develop a new smelting process of LD-slag washing-CC smelting Si killed steel.
The inclusions were observed and the composition was analyzed by metallographic microscope,
scanning electron microscope and energy spectrum. It can be seen that the slag washing process
can reach the level of smelting steel in the original LF process in the size, quantity, appearance and
composition of the inclusions. So slag washing process can substitute for LF process to produce
Q235B Si killed steel. It can meet the enterprise requirement of saving cost, saving time and in-
creasing output.
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1. 53|

FI BB AR AN IR R 208 LD (CBed)-LF (BB IRA)-CC (&%) [1]. Hrh LF G- EARRER
REFRITERB R BB AL K BRI 2 BRARAT S5 RRRAN R e o AR AT 55, (BRI LR YA %
FBBUE T RENTIRGENE, BAK A &([2] [3] [4]0 Bk, St K—MAG LF BT EW DR
O LZ, DUEARLE I S AT B8 ST 20 A

NIRRT FORX — [, A7 R SR AN, ASSC DA AR Q235B AT AL &R, K
CaO-SiO, REVEKI[S], TF K LD-HE¥E-CC A MREHFHN Ao T, Wil T2 5 R T 24 g
B BN B TEH AT X LU TS, 45 T Al AR P B e A AR R B e
RS

2. SCIEHASR
2.1. TENE

SEI6 R FE AN R Q235B. JRL T 2R : LD-LF-#R 4 (8 20 41)-CC, LF M MR i 1 i
I LZEMAEN: LD-EP-RE(8 741)-CC, HEFRIENT R pr H AR 18] BN — R I AR EH, A
HON: 3~6 ko/t X, 3% SRR R R 2 BT

2.2. SEWBR

22.1. BHEFR
O SBEWHETEMERAT. TG P BEIRE T BIEEE, N5 H ZX-1. ZX-2. ZX-3,
ZX-4,
@ % LF T2MIWKHT R E . s B8R 5E T Ao BN, #HM 4 54 LF-1. LF-2, LF-3. LF-4.
BT 2L 5 4, A SCUA AR — 4 AT LB
2.2.2. HAEHIE
BBk AL S 26 )2 DT R 10 mm x 10 mm x 10 mm FI4NRE, SRJE HEATAE R . BEHI. k.
2.2.3. A *®
J3 %% 7] Axio Imager M2m &0 A AT S 8. K/hgiih, 46\ EVO 18 T R
FNAEERE VS AIEAT S A AR B 53 B 23 B o
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Table 1. Composition of LF refining slag
= L LFAEIRE

2%y CaO SiO; Al;04 MgO FeO + MnO S. P
bR 40%~50% 10%~20% 20%~30% 3%~8% <1.5% <0.05%

Table 2. Composition of slag washing material

F 2. BB

3% CaO SiO, Al,O4 MgO FeO + MnO S. P
Ju 35%~50% 20%~35% 5%~15% <5% <1.5% <0.05%

3. MEERE SR
3.1 SHER

VBRI JE 1R, I AR AR 500 e WSS, HBg A 1 R, N T SERR i)
HEFYE, TEANFEPBENLERIE — X3, DL 4 x 4 FE PR AT IE LM EE, S8 )5 R A B A B 4 16 4
AR BEATARAE ) e - e v E R

1) FRWKAN A

PIAN A T2 HR B IR JE Z 0 RN A5 LU S B, E 1] 2 s o 2 iR e K /NJEITE 0 < d < 1 um
It 5 Lol ok, 3l o 24.7%F1 28.7%; W) RSTFIT Ll e /N2 5 pm < d, 4351 5 S 0 LA 7.3%
H18.8%, WLLE H ZH MK EIHE — AR, (HAEAR LG # ar DUE B3 BN AL,
B T2 RRAE e A /N B J5 TR 5 LF T2 A4,

2) JeHWBE A

WL EH AR TR 3 s, LF-1 132449075 1056 A>/um?, ZX-1 #124 935 4N/um?,
JR T T 22 121 AMum®, X RIEDES LF FEA RS R IF I LB e 240

I HIE LRSI HRIR)E, W LEMIASERE TR, EEPah e b, o
HAT g B AR R s 77, P ERE SRS AN, & AR e B E T R, R K
XL E R R ], S RN KR . TERER T S e BB A BT R R, LF-4 IR 5
N 745 Num?, ZX-4 BRIV 519 N/pm?, LF T2 R T. 2% 226 4N/um?, A A HER TS
A DA U i B e 444

3.2. FBEER

SR BB LR eV AR 2> AT, Ve T 2 MBS IR I TS L e Pl 4 i, LF T 2RI
KAWL S 5 s .

B LZEHR IR FE LT IRIE IS SiOo, E& K& NE, W Si0,-Al,05-MnS. SiO-MnO .
Si0,-Al,05-Ca0-MnO 28 &3 4%, Hh G &I Sio, & Efm, AlLOs % & &K/, LF T % TRk
Y32 Si0,-Mn0O-Al,03. Si0,-Al,05-MnS. SiO,-Al,03-CaO-MnO H &K 24 IWE & I 28 KIS 73 b
KE, BEIEFIILL SIO, FEfHm, B ALO; Fr i & EIERE TEME . ML WERTZYE LF
T2, B R R BT R B R 2 e

3.3. SWEIRL S A
BT Z 5 LF TZR R I 3 far. 4 3 Al 1 5 list TEM 4 1 LF T 26
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Figure 1. Inclusion distribution of ZX-1
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Figure 2. Inclusions in continuous casting slab
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Figure 3. Number of inclusions per unit area
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RS %

LR HRE /%
o oK 79.81
i <] 1)
AIK 1.05
Sik 17.50
Mn K 1.64
hs8 100
10pm TR .
W Si0,-Mn0-AlLL0,
JLHE RN/ %
oK 80.83
1 P2
~ Sik 13.46
Mn K 5.71
ISS -4 100.00
7um .
Si0,-MnO
% 3 R NL/%
oK 68.52
AIK 0.8
Sik 27.21
SK 0.74
cak 0.47
Mn K 2.26
P8ty 100

7um EERSIE S

Si0,-Al,0;-Ca0-MnO
Figure 4. Typical morphology and composition of casting slab inclusions
during slag washing process

4. BHRBERFARTIRE RS

Table 3. Composition of different processes

= 3. FRIIZMmmT

RRARRRSY %
5 M #
C Si Mn P S
X-233 Q235B 0.18 0.21 0.31 0.017 0.008 Bk
X-234 Q235B 0.18 0.19 0.36 0.036 0.006 Bk
X-235 Q235B 0.15 0.2 0.26 0.022 0.011 Bk
X-236 Q235B 0.17 0.19 0.32 0.037 0.008 Bk
X-237 Q235B 0.16 0.21 0.31 0.031 0.009 B
X-243 Q235B 0.19 0.22 0.43 0.028 0.012 LF
X-244 Q235B 0.16 0.14 0.27 0.031 0.006 LF
X-245 Q235B 0.16 0.14 0.24 0.016 0.008 LF
X-246 Q235B 0.16 0.16 0.32 0.024 0.007 LF
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TLH AR /%
oK 79.81
ALK 1.03
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T 7wm O HTREA1
Si0,-MnO-Al, 0,

JLHE HEE /%
oK 60.78

AlK 2.73

SiK 24.94

SK 3.23
Mn K 8.32
i 100.00

Si0,-Al,05-MnS

TR R E/%
oK 51.39
AlK 14.95
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Figure 5. Typical morphology and composition of casting slab inclusions during
LF process
[E 5. LF SRiL e s BRI SR K A 55

Q235B M E AR sy, Al LLE A T 2SN, Rl w[S]S LF T EM L4 RN,
] WL e T2 AT LR IR # Q2358

4, &5ig

1) PR HR Ca0-Si0, AP kHI LD-P:-CC G A EHN R A T2,

2) R T ZMREM NN EE R d<1lum K%, 5um<d b, BERTHALHE LF T2
A& FBARL s

3) WL L2 LA ML ERTL 0 E SiO, HA&F o NE, LF TEIRMELL Sio, & KIkN
¥, {H ALO; & B =

4) 5 LF TR S, B T2 E5HAY, SRR 2K.

5) WL T ZEEREMINI RN B, SRR EaTLLUAR|E LF TZWREBMAKE, aTRLEMR LF
T&47 Q235B fEfHHN .«
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