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HOE ORARNEHEEES 316L RS (/% :0.02C,0.518i, 1. 15Mn, 0. 030P, 0. 0018, 16. 77Cr,
10. 12Ni,2. 07Mo 0. 040N ,0. 006Ti , 0. 004 Al ) ¥4 72 s -4 /5 7 B MgO - AL, 0, .2MgO - Si0, 3AL,0, - 2Si0,
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Analysis on Thermodynamics of Behavior of Inclusions in Stainless
Steel 316L. during LF Refining and Process Optimization
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(1 College of Materials Science and Engineering, Taiyuan University of Science and Engineering, Taiyuan 030024 ;
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Abstract The diagrams of forming MgO - AL,Q,, 2MgO - Si0,, 3A1,0; +2Si0, and 2MgO «2Al,0, - 5Si0, phase
predominance area during refining process of stainless steel 316L (/% . 0.02C, 0.51Si, 1.15Mn, 0.030P, . 0018,
16.77Cr, 10.12Ni, 2.07Mo, 0. 040N, 0. 006Ti, 0. 004Al) in equilibrium condition after deoxidation are obtained by u-
sing thermodynamic calculation method, and the thermodynamic conditions for formation and transformation of various inclu-
sions have been studied and analyzed. Results show that at 1 873 K as the solution Al content in liquid is less than 0. 001%
and the solution Mg content is less than 2 x 10 "% , it is available to form the better deformable 2Mg0 - 2A1,0, - 5Si0,
low-melting-point inclusions; as solution Al content in liquid is less than 1.7 x 10 *% , there is no spinel inclusions MgO
+ AL, O, formed in liquid; and the formation area of high-melting-point inclusions 2MgO - SiO, and 3Al,0, - 2Si0, is lar-
gest. Practice results show that the thermodynamic condition for modification treatment on high-melting-point inclusions
2MgO - Si0, and 3Al,0, -28Si0, by adding Ca is sufficient, as solution oxygen content in 180 t LF liquid of stainless steel
316L is 0.002 0% , the refining end [ O] is 0.001 5% by feeding silicon-calcium wire 2 m/t, and the rating of C-type in-
clusions in 2mm cold rolled sheet is 0.5 ~ 1.0, the main composition of inclusions is CaO - AL, 0, - Si0,.

Material Index Stainless Steel 3161, Thermodynamic Calculation, Formation and Modification of Inclusions, 180 t
LF, Calcium Treatment
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Table 1 Chemical composition of stainless steel 316L /%

C S Mn P S Cr Ni Mo N Ti Al
0.02 0.51 1.15 0.030 0.001 16.77 10.12 2.07 0.04 0.006 0.004
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Table 2 Ingredient of AOD molten slag /%
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Table 3 Standard Gibbs free-energy of chemical reactions
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F5 (&3 B HBE AG®/ (] - mol™")
2 REMERBHRNE M [Mg] +[0] =(MgO) 728 600 +238.4 T
RFAERNRIF A (2) [Si] +2[0] =(8i0,) —581 900 +221.8 T
2.1 316L A4 F Mg-Al-Si-0  (3) 2[ Al] +3[0] = (AL 0,) ~1202 000 +386.3 T
; z : (4) [Ca] +[0] =(Ca0) —640 152 +108.575 T
W7 o R AR T R T % (5) 2(Mg0) +(Si0,) = (2Mg0 - 8i0;) -67200+4.31 T
S (6) (Mg0) +(Si0,) =(MgO - Si0,) —41129+6.1 T
AL A (N 3(ALO;) +2(Si0,) =(3A1,0, - 2Si0,) 4354 -10.5T
£ Mg-ALSi-0 (R R, & 28 (8) (Mg0) + (AL 0;) = (Mg0 - AL 0;) -13830-14.45T
L e Ze o 1Y MgO - ALO,.  (9) 2(MgO) +2(AL,0;) +5(Si0,) = (2MgO « 2AL,0; - 55i0,) 297 410 ~229.2 T
(10) (Ca0) + (MgO) + (8i0,) = (CaO + MgO - Si0,) -124 683 +3.766 T

2MgO - Si0, \MgO - Si0, \3A1,0, - (11)

(Ca0) +(ALO,) +(Si0,) = (Ca0 « AL O, - Si0,)

-105 855 +14.226 T

28i0, il 2MgO +2AL,0, - 58i0, , i
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RHXE, RIER3 T Table 4 Interaction coefficient of elements in liquid at 1 600 °C

RO HES MR IEMITT & i Mn Cr NN Al T 0 N P s

EHZEHM M0 - ALO,, Mg -0.24 -0.09 N 0.05 -0.012 -0.12 -  —-430 - - -1.38

. i Al 0.091 0.056 - 0.0096 -0.029 0.043 0.004 -1.98 —-0.058 0.033 0.03

2Mg0 - 5i0, \Mg0 -Si0,y ' 017 007 0002 -0.0003. - 0.0 1.23 -0.23 0.09 0.11 0.056

3AL0, +2Si0, A1 2Mg0O -  Ca -0.34 -0.0097 -0.0156 0.02 -0.044 -0.072 - -250 - - -33%
O -0.45 —0.066 -0.021 -0.033_ 0.006 -1.17 -0.6 0.2 _0.067 0.07 -0.133
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Table 5 Logarithm of activity coefficient of elements in lig-

uid
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Table 6 Standard Gibbs free-energy of formation reaction of inclusions
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[Mg] +2[ Al] +4[0] = (MgO - ALO,)
2[Mg] +[Si] +4[ 0] = (2MgO - Si0,)
[Mg] +[Si] +3[0] =(MgO - Si0,)
6[ Al] +2[Si] +13[0] = (3AL,0, - 25i0,)
2[Mg] +4[ Al] +5[Si] +18[ 0] = (2MgO - 2A1,0, - 58i0,) —6473290+2 129.2 T
[Cal +[Mg] +[Si] +4[ 0] = (Ca0 - MgO - Si0,)
[Cal +2[ Al] +[Si] +6[0] = (CaO - AL O, - Si0,)

-3146430+1011 T
-2106 300 +698.6 T
-1310500 +460.2 T
-4774 154 +1613 T

-3146430+1011 T
-6473290+2129.2 T
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Table 7 Equal magnesium concentration equation at condition of oxide e-
quilibrium coexistence
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2Mg0 - Si0,- MgO - AL O,
3A1,0, - 2Si0,- MgO - AL, O,
2MgO - $i0,-2MgO - 2AL,0, - 5Si0,
MgO - Al,0,-2Mg0 « 241, 0, - 5Si0,
3AJ,0, - 28i0,-2Mg0 - 2A1,0, - 55i0,
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Fig. 1 Diagram of predominance area of MgO * AL O, , 2MgO -
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Table 8 Ingredient of molten slag in primary period and
final period of 180 t LF refining / %
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