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A B ESEBLAENEF Fe-Al-Ca-0-S A RMMNE VL ITE, BH7EL1873 K WF FMFEHST [ AL]-
[0].[A1]-[Ca] . [Al]-[ ST PAGHI LR A , 3 RESIT T S ATTH R RYE R, BIFERI F-5 R EMRN
[AI]290.02% ~0.03% B, HEMEF YT R, W [ O FHI7E 25 x 10 °LAF ; B h 42 A 12Ca0 - 7AL,0,
[Ca]}15.24 x107° ~19.97 x 10~* , A %, 3Ca0 + AL O, fJ[ Ca] s 70.87 x 10 ° ~92. 88 x 10 ™*; 3& MK K MK B
FHHFAR CaS, M MnS fyRREMT i, 120 t BOF-LF-VD-HR A E G MR A ™ F-5H R E MR DNV F40(/%
0.092C,0. 41Si,1. 56Mn, 0. 015P,0. 002S,0. 032A1,0. 035Nb 0. 035Ni,0. 010Ti,0. 080V ) f145 S 8, 24 LF M4k 4
/% :24.9A1,0,,55. 6Ca0,7. TMg0,8. 0Si0, ,1. 24TFe, NEERTFE SR 0. 03% , H & E0. 001 0% B, B 4K
LEE5LR 150 m(0. 21 kg/m) , e b NESHT AL O, BRI N HIE S BRI 7Y)
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Study and Application on Thermodynamic Calculated Analysis
of Calcium Treatment and Modification of Inclusions in
High Strength Ship Plate Steel

He Daozhong' and Zhou Yutao®
(1 School of Metallurgy and Materials Engineering, Hunan University of Technology, Zhuzhou 412007 ;
2 School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing 100083 )

Abstract By calculation on thermodynamic equilibrium of Fe-Al-Ca-0O-S system in calcium treatment process, the di-
agrams of equilibrium curves of [ Al]-[ O], [Al]-[Ca] and [ Al]-[S] in each equilibrium condition at 1873 K are ob-
tained, and the effect of each component on modification of inclusions is systematically analyzed. It is found by study that
in condition of 0. 02% ~0.03% [ Al] in F-grade high strength ship plate steel, in order to insure full accomplishing modi-
fication of inclusions, the [ O] in steel should control less than 25 x 10~®; with forming 12Ca0 - 7AL,0, in liquid the
[Cal is 15.24 x107° ~19.97 x10~°, and with forming 3Ca0 - AL,Q, in liquid the [ Ca] is 70.87 x 107 ~92. 88 x
107%; and with lower temperature of liquid it is available to form CaS and inhibit MnS clustered precipitation. The results of
commercial production of F-grade high strength ship plate steel DNV F40 (/% . 0.092C, 0.41Si, 1.56Mn, 0.015P,
0. 0028, 0.032A1, 0. 035Nb, 0.010Ti, 0.080V) by 120 t BOF-LF-VD-slab casting flowsheet show that with LF refining
slag ingredient /% ; 24. 9A1,0,, 55. 6Ca0, 7. 7MgO, 8. 0Si0, and 1. 24TFe, aluminium content in steel 0. 03% and oxy-
gen content in steel 0. 001 0% before adding calcium, and per heat feeding pure calcium wire 150 m(0. 21 kg/m) , the in-
clusions in steel modified to spheroidal calcium aluminate inclusions from Al, O, before adding calcium.

Material Index F-Grade High Strength Ship Plate Steel DNV F40, BOF-LF-VD-CC Flowsheet, Calcium Treatment,
Thermodynamic Calculation, Inclusion Modification

BESISRANRECAABEE BORE | mmmiRme T S NS MRS

It | R R B AT B, AR BN
R, BB S S LS R R R
RLASERAEHE MRS Sas" . B
RV 2 AR R A AL B Nb e &b, ¥
EREREMS ALO, FE R, WmMNEE SRR Y
MRS, B & BN AR R sl R Nb
FaSTREM.

FX B TR ABRBEER L R TR
B IR R ERIMR G HFAF T, Fe-Al-Ca-0-S fk
RAPE RPN AT, R o8 T e A R 2R
R, A R IR A B R

L1 REMMERMESTZ
F R BRI = T AR ok BUAb 2E-120 ¢
HRHe P -LF-VD- B - 18 -6 T - I 2885 JE K
BR%-5 m BORLEL-HEEL-ACC B HI- - R ER
E-HIE, :
SR 180,220,260,300 mm, % F1200 ~
2300 mm , ¥ J§2 200 ~ 4 800 mm , /R & JE BE6 ~40
mm, FRFEHRHIMRMNA T HE QMBI RS R
%1,
1.2 At &S



Rl BHA 1538 %
EASNE RGBT I .
FRSCERH 4T Ca0 J2 ALO, 15 F1 W3RN DNV F0 RBLFRSD/ %

Table 1 Chemical composition of liquid of high strength ship plate steel DNV F40 / %

EFHRBR 2, REBEEEFY ~¢ &

S Al Nb Ni Ti A/ 0 Ca

HEHTRAFETR, X AR

0.092 0.41 1.56 0.015 0.002 0.032 0.035 0.035 0.010 0.080 0.0004 0.0015
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Table 2 Activities value of CaO and AL O, in melt CaO-AL O, at 1873 K
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Table 3 Interaction coefficient of activity of composition in steel liquid at 1 873 K
#HIt #Ht(K)
(B) C Si Mn P S Nb Ni Ti A 0 Ca
Al 0.091 0.005 6 - - 0.030 0.045 - - - - -6.60 -0.047
S 0.110 0.0630 -0.026 0.029 -0.028 0.035 -0.013 0 -0.072 -0.016 -0.27 -
Ca -0.340 -0.0970 -0.100 -4.000 -125 -0.072 - -0.044 - - -5600 -0.002
[8) -0.45 -0.131 -0.021 0.070 -0.133  -3.900 -0.14 0. 006 -0.600 -0.300 -0.200 -
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Fig.1 Equilibrium curves of [ A1]-[O] (a), [Al]-[Ca] (b) and [Al]-[S] (c¢) for forming CaO - ALO,, 3Ca0 + AL O, and

12Ca0 - 7AL 0, in liquid at 1873 K
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Fig.3 Equilibrium curves of [ Al]-[ Ca] (a) and [ Al]-[S] (b) for forming 12Ca0 -

7AL,0, in liquid at 1923 K, 1873 K and 1823 K
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