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SHPBmEEH NN THER <4 kg/GNETURWKED P 6 min SRS 84 LF T Ca0/AL0, =1.7~ 19,5
FE(Ca0/Si0,) =4.5 ~6,(FeO + MnO) <1.0% ; RH #8 FeCa 25 0.8 ke/t, fiT[ 0]358] 13 x 107, £ M R+ <10
pm, <5 pm Y75 98.93% P ALO; REAFELYHEE K Ca0-Mg0-AL 0, R=TURFE., M TIRETEE
ZYBE RTESHAR, B HERNEERYTHENRE,

XEE BLY EP-WERE-LFRHIYE fiayEH

A Study on Process Control of Inclusion in Pipeline Steel X80

Jiang Yuxiang''? and Jiao Xingli’
{1 School of Economics and Management, University of Science and Technology, Beijing 100083 ;
2 Ma’anshan Iron and Steel Co Ltd, Ma’anshan 243000)

Abstract The process flow sheet to melt microalloying pipe line steel X80 is 300 t top and bottom combined blowing
converter-ladle argon blowing and microalloying-LF-RH. With converter gas-dynamic slag stopper to control tapping slag a-
mount <4 kg/t; ladle top and bottom blowing argon blowing for 6 min with aluminium bullet shooting; controlling LF top
slag Ca0/Al,0, =1.7 ~1.9, basicity of slag (Ca0/Si0,) =4.5 ~6 and (FeO + MnO) <1. 0% ; with feeding FeCa wire
0.8 kg/t during RH refining process, the T[ O] is decreased to 13 x 10~ the inclusion size <10 pum and the <5 pm in-
clusions account for 98. 93% of the total inclusions, and the Al, O, spinel inclusions are modified to Ca0-MgO-Al, O, series
ternary inclusions. The inclusion amount, size, morphology and ingredient of inclusions during melting process are analyzed
to get the modification regulation of inclusions in pipe line steel.
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Table 1 Requirement of chemical composition of pipeline steel X80 product /%

C Mn Si P S Nb v Ti

N Cu Mo Ni B Pem CEp¢

0.09 1.85 0.42 0.022 0.005 0.11

0.06 0.025 0.06 0.008 0.30 0.45 0.35

0.50 0.0005 0.23 0.43

HE:l. V+Ni+Ti<0.15%; 2. Pem(JREERGBURMIES) =C +Si/30 + (Mn + Cu + Cr) /20 + Ni/60 + Mo/15 + V/10 +5B;

3. CEg 1 (BRYEB) =C+Mn/6 + (Cr+Mo+V)/5 +(Cu+Ni)/15
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Fig.1 Diagram of aluminum-deoxidizing for pipeline steel

Ca0/Si0, =4. 5 ~6, (FeO + MnO) <1. 0%,

(4) 3% LF B BORER M KN, RS
PEHERTE]

(5)#5 RH Y {Ehad a] , 3 1 JE ¥Rt 1] K F
12 min, EZ5 KT 66.7 Pa,RH J5 #E47H8 FeCa £
MR BYIHITEY, BER 0.8 ke/t,

2 RS
GE LEREB, R LR DMESE 1 8 4

X80 BLANHAT 7RI (I 5 5, T[O] 4047
84P) FEBP M LN AL MANE LF &
ARARH LS T2V ST, TRABUT
HE:

(1) ER A 2 BEMR T (2)
it SEM-EDS YRZF 43 ¥ BN M M e 22 W o
SRS (3) 2EE BT,

BHEABRTEAR TFAN (A2 BIAk,
AWM s LF 1355 RH ) A€ T TRB0R:
FEBAUK (SR8 47) BB Rk ER D,

SMRFEAE BT BN A P L @5 mm x 50 mm Y
RERE SR FH 4L A ok (GB/T 11261-2006 ) 1) & 44
FT[0]0,

2.1 EMREYEBRHT

HETAWPTO] FHERAELME 2(a) fif
=, WERT T O] F1{80. 007 2% , B B /5 %
fE310. 005 5% , Z it K AL B RS 70.0025% ,
RH B BT O] 442 FE{IK, RH 4 5
mH4R7K T 0] F240. 001 3%

E2(b)BRETEMBRZAYEED I, H
THhEHSLENTBMHE. NEPrhNER
LFRy Bt TR MTERBTIREM LR, H R

0.011 o 800 o 0.09 m
8 C
g-g(‘)g I 700 0.08 |
009F o R I »
0.008 | = 6001 @ 007
. 0007 ¢ 6 § 500 N 0.06
= 0.006 F < 0l ROO0ST
g 0.005 | o 2 3 E 0.04
0.004 | g 007 ® 003 | .
0.003 $ 200 F 002 b
0.002 | :
0.001 100 | 0.01
0 0

*ThEm wEF LR RERA

WEN KEE  LPAR REEA

WER KSR LFRE REER

2 BFIAELMNT0](a) KZYBE (D) MRAWEME () B

Fig.2 Change of T[O] (a), total amount of inclusions (b) and percentage of area of inclusions (c¢) in pipeline steel in each steel-

making stage
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Table 2 Size and amount of inclusions in pipeline steel in each steelmaking stage

. KA 954;%’5 Kbl %

Ly <Spum  5~10 wm 10~20 pm >20 um &t j(um <Spum  5~10pum 10~20pm  >20 pm
WX E A 716 31.8 0.8 0 748.6 11.4 95.14 4.73 0.13 0
KEE 573.6 28.4 0.8 0 . 602.8 10.6 94.6 5.26 0.14 0
LF 4% 318.8 6.4 1.8 0.2 327.2 21.9 97.47 1.94 0.55 0.04
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Table 3 Main ingredient of inclusions in pipeline steel in
each steelmaking stage /%
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Fig.3 Change process of ingredient of inclusions in pipeline steel in each steelmaking stage: (a) content of each ingredient; (b) location

in phase diagram
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Fig.4 Morphology of inclusion in pipeline steel in each steelmaking stage, SEM
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