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Abstract: During the early stage of producing grade 20G steel crack defects and macro — structure de—
fects were frequently observed which were expected to decrease rolling qualified rate and yield. In order
to solve the crack problem and to improve steel product quality a thermodynamics method was used to
determinate the relationship between equilibrium composition of possible first deoxidizing product and liq—
uid steel compostion in the processes of first deoxidation where Al,O, and SiO, dominate. Then activity
changes of calcium aluminum oxygenium and sulphur had been calculated inclusion modification path
had been determinated during calcium treatment which can provides theoretical basis for inclusion forma—
tion modification and removal.
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Tablel Chemical composition of 20G steel %
C Si Mn P S Als Alt Ca
0.19 0.22 0.59 0.02 0.02 0.01 0.011 0.003
1.2 ey
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2
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Table 2 The interaction coefficient e among elements of steel in 1 873 K
eN(K—) C Si Mn P S Al
C 0.14 0.08 -0.012 0.051 0.046 0.043
Si 0.18 0.11 0.002 0.11 0.056 0.058
Mn -0.07 -0.0035 -0.048
0.13 0.12 0.0 0.062 0.028 0.037
S 0.11 0.063 -0.026 0.029 -0.028 0.035
Al 0.091 0.0056 0.03 0.045
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K . c S M Table 3 Henry activity coefficient f;; in 1 873 K
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4 Ca0O-AlLO,-SiO,
Table 4 Deoxidization reaction and standard Gibbs free energy in ternary CaO-Al,O,-SiO,

Si +2 O =Si0,(8) AG® = —581 900 +221. 8T
2 Al +3 0 =ALO,(S) AG® = —1 202 000 +386.37T
6 Al +2 Si +13 O =3AL0; *28Si0, AG® = -4 774 154.3 +1 592T
Ca + Si +3 O =Ca0 - SiO, AG® = =1 301 477 +359. 73T
Ca +2 Al +2 Si +8 O =CaO * Al,0; *2Si0, AG® = -3 088 133 +942. 88T
2 Ca +2 Al +2 Si +8 O =2Ca0 * AL, 04 *2Si0, AG® = =3 190 946 +861. 23T
5
Table 5 Deoxidization reaction equilibrium constant
K
ag;
Sio, Ksaoz = =2
ag *ay
AAL04
AL O K =
23 Aly03 azAl . 030
g,
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A g

. A3A1503 * 25105
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Table 6 The activity relationship among oxygen calcium aluminum in 1 873 K

Si0, a o =9.457 x1073

AL, 0, a o =3.46x107° Al 25

A5S, ao =1.727x107* Al ~%/B

cs a o =2.305x10%a /3

CAS, ao =3.424x1077 a8 Al 71

C,AS a gy =6.206x1077 «a 27 Al 27
7 (1873 K)

Table 7 the relationship between the different inclusions at same
oxygen activity condition (1 873 K)

Si0, A;S, Al =1.711 x10~*
ALO; A4S, Al =3.946 x10 ~*
ALO;  CS ac =2.957x107* Al ?
AlLO;  CAS, ac =0.92- Al '3

CS  CAS, a ¢ =2.372x107%- Al ¢°
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Fig. 1 The affect of dissolved Al on Fig. 2 The affect of calcium content on 20G steel
deoxidizing products deoxidation product composition (1 873 K)
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Table 8 The reaction equation and equilibrium constant of calcium treatment process

3 Al +2 0 =(ALO,) 16K .0, = lg( a;l““f‘);z) = - 200 00,57
Wtad
Ca + 0 =(Ca0) Ko =g 40 = SB89 g6
D
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AL O, 1)
o 18BK a, 0.02%
o 0.05% a, 3.99x107° 2.16 x107°,
2)
. 183K a, 0.02%
0.05% Al,O, 12Ca0 + 7A1,0,
ac 19.17x107°° 35.3x10°°,

L P s L s 8]

9 CaO-AlO0,
Table 9 The oxide balance activity of CaO-Al, O, system

Aca0 4 AL,05
. : : ; :
00 02 04 06 08 10 C/L 100 0.017
12C7A 0.340 0.064
TAL03 L/C+A 0. 150 0.275
3 183K Ca0-ALO0, Ce*A/C-2A 0. 100 0.414
. . .. C+2A/ C+6A 0.043 0.631
Fig. 3 The oxide activity value of CaO-Al,O, Ce6A/A 0.003 1 000

system in 1 873 K
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Fig. 4 The activity change of sulfur oxygen aluminu
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Fig. 5 Modification path of oxide inclusions( 1 873 K) °
2) 20G
T=1600 C.a, = (CaO - ALO, -+ 2Si0,) .
0.02% .as =0.003 0% 5 Ca0 .
+ 6A1,0, .Ca0 - 2A1,0,.Ca0 + AL O, .
482.1 x107°.180 x 10 7°.104. 8 x o
30107 12Ca0 - 3)
7AL,0, 28.4 x10°° 20G NN
30 x10°° CaS SN
28.4 x10°° 12Ca0
- 7A1,0, . ALO,— o

Ca0 * 6A1,0,—CaO * 2A1,0,—Ca0 - Al,0,— CaS

Sifworth G K Elliott J F. The thermodynamics of liquid dilute iron alloys J . Metal Science 1974 18:298 -316.

Huang Xihu. Steel metallurgical principle M . Beijing: Metallurgical Industry Press 2002:16 -24.

( . M . : 2002: 16 -24.)

Hideaki R 1. Thermodynamics on control of Inclusion composition in ultra clean steels J . ISIJ International 1996 36(5) : 528
-536.

Xue Zhengliang Li Zhengbang Zhang Jiawen et al. Modification in spring steels J . Journal of Iron and Steel Research
2000 12(6):20-24

( . J . 2000 12(6):20 -
24.)

Ohta H Suio H. Activities in Ca0-8i0,-Al,0, Slag and deoxidation equilibria of Si and Al J . Metallurgical and Material
Transaction 1996 27B(5) :943 —953.

Li Wenchao. Metallurgical and materials physical chemistry J . Beijing: Metallurgical Industry Press 2001:15 —19.

( . M . : 2001:15 -19.)

Rein R H Chipman J. Aktivitaten von CaO und Al,O; in CaO-Al,O,—Schmelzen. Trans J . AIME 1965:451 —455.
Presern V. Korousie B Hastie J] W. Thermodynamic conditions for inclusions modification in calcium treated steel J . Steel

Research 1991 62(7) :289 —295.



