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Effect of Calcium Treatment on Inclusions in Cold Heading Steel
Containing Aluminum
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Abstract The change of morphology and ingredient of inclusions in cold heading steel SWRCH22A before and after
feeding calcium wire in 80 t LF liquid steel has been analyzed and studied by scanning electron microscope, and the ther-
modvnamics calculation for modification of inclusions in steel by calcium treatment is carried out. Research results show
that after calcium treatment of liquid steel SWRCH22A the Mn in inclusions is placed by Ca, the inclusion AL, O, in liquid
steel in tundish is modified to form low melting point calcium aluminate 12Ca0 -7Al,0,; and during calcium treatment of
liquid steel the necessary condition to form easily floating up and removing liquid inclusion 12Ca0 + Al,0, is [ Al]3/{ Cal}

<10.58 x 10",
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Table 1 Chemical composition of cold heading steel
SWRCH22A /%

C S Mn P S Al Cag 0 N
0.21 0.08 0.76 0.012 0.006 0.046 0.0035 0.0021 0.0025
TE: R AL REL A TR Cap RER Ca 8.

4 80 t,LF K5 pkid R 2 F2MR Ar ,IREUE 18103 ~
0.4 MPa, LAAEREE B MM HE, MAKMA G K 48
B I 2 A RS R, R R HARRLAY R =
5.0~6.0,(AL0;) =25% , [ K5k, (FeO) 5 I 1E
1.0% VAR o LF K5HR2E R E5 40 PEAT O ] N T 8 x
107", MEAGARBRAL LR 3 m/ty, , MEAR I 3.0 ~
5.0 m/s, F5INR R 11% ~18% , MLk J5 #0k
F I EAET 10 min,
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Fig.1 Morphology of inclusions in cold heading steel. before calcium treatment- (a) Al,0,-Si0,-MnO and

(b) MnS; after calcium treatment- (c¢) Al,0;-Mn0-Si0,-Ca0 and (d) CaS; in tundish-
(g) Ca0 -2Al,0;4 and (h) Ca0 :6Al,0,; SEM
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F SCRR[4 10,1 873 K .

[Mn] +[0] = (MnO)
AG® = —285 025 +126.84 T = —47 453.68,1/mol (1)

[Ca] +[0] =(Ca0)
AG® = —639 230 +148.68 T'= 360 752.36,)/mol (2)
[Mn] +[S] = (MnS)
AG’ = -32520+10.72 T= =12 441.44 J/mol  (3)
[Ca] +[S] = (CaS)

AG® = =530 284 +118.58 T= —308 183.66,]/mol (4)

R, EHERNIRE T, AGC (Ca0) < AG°
(CaS) <AG’(MnO) < AG’(MnS) .
Ca 5 MnO MnS i F,1 873 K Bt .

(MnO) +[Ca] =[Mn] +(Ca0)
AG® = -354 205 +21.84 T= -313 298.68,]/mol (5)
(MnS) +[Ca] =[Mn] + (CaS)
AG’ = —497 764 +107.86 T= —295 742.22,)/mol  (6)
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FAH, 855 ALO, RIMA TR MR KL
3[Ca] + (ALO,) =3(Ca0) +2[ Al] (7)
I SCHEK[S 179 ,1 873 K |,
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Table 2 Interaction coefficient of each element in liquid steel at 1 8§73 K

[Cal, >0.058 72[ Al]%?

i/j C Si Mn P S Al Ca

Al 0.091 0.056 0.012 0.033 0.035 0.043

Ca -0.32 -0.11 -0.10 -4.0 -1.33 -0.072 -0.002

-0.047 -1.98 0.015
-445 -

(%t 3Ca0 - AL O;) (15)
— [Cal, >0.021 14[ A1]%
(% 12Ca0 -7AL,0,)  (16)

K= aacaou) ail - a?;aou)f,zu[Auz
A 71,04(1) a3ca aA1203(l)f3Ca [Ca]
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Ca0 HITEBE ;a0 Lh 1% APRHESET S Al Ca
PSR, HEAER ay =fA1[A1] ylc, =fca[ca] o
1ng1=§e{;1[j] 1gfc3=12,6’lca[ﬁ (9)
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Fig.2 Relation between calcium and aluminum content in steel
to form liquid calcium aluminate

H(15) . (16) X F[ Al]; 5[ Cal,
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L hrA = Hf SWRCH22A H B[ Gk [ Al], =
0.046,[Cal; =0.0035,B0[ Al]*/[Ca]® =3.57 x
107 < 8.57 x 10", [ Al ]3/[ Ca]3 = 4.935 x 10* <
10. 58 x 10*,
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