REBAER Fe-S &% ® Sn, Sb DiFE 245

© 1992 1SLJ

N = 1111111011111714117
RFRIAERM Fe-S 44 OSn, Sb o g%
“é‘% 111711711411111117

EO#* - BRIREBT2 BERIC*? . mAEER*2
Activities of Sn and Sb in Liquid Fe-S Alloy Saturated with Carbon

Chao WANG, Tetsuya NAGASAKA, Mitsutake HINO and Shiro BAN-YA

Synopsis :

The activities of tin and antimony in liquid Fe-S alloy saturated with carbon were determined at 1673 K
to 1873 K by the distribution method using liquid silver. The concentration range of tin and antimony mea-
sured in the iron melt was less than 2mass% and that of sulfur was up to FeS saturation (about 1.9
mass% at 1673K).

The activity coefficients of tin and antimony, 7&*C** and yFeCs®)  and the solubility of carbon, [C] .,
in iron melt measured could be empirically expressed as the function of tin, antimony and sulfur contents in
liquid iron saturated with carbon and temperature as follows;

log y e Csat) =485/ T+0.777—28.33 X, —4.20 X,

log 7o C®et) = —1000/ T+0.314—18.34 Xg,—2.17 X,

[Cl.=2.54X1073 T+0.65—0.33[mass % S]+ 8™ [mass % M] (mass % )

5" = —0.11, 5*= —0.12

(1673 K~1873K, Sn=1.5mass%, Sb=1.9mass%, S<1.9 mass% (FeS,..))

The activity coefficients of SnS and SbS; 5 in FeS-Na,S flux were estimated to explain the distribution
behavior of tin and antimony between the flux and liquid Fe-C,,, by combining the results of the present
work with the distribution ratios of tin and antimony between FeS-Na,S flux and Fe-C,,, melt determined

in our previous work.

Equilibrium partial pressure of SnS in Fe-C-S-Sn melt was also estimated by using the activities of tin
and sulfur and free energy of formation of SnS, and the possibility of tin removal from iron melt as SnS

gas was quantitatively evaluated.

Key words : tramp element; activity of tin; activity of antimony; carbon solubility; carbon saturated liquid

iron; tin sulfide; steel scrap; steelmaking.
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Fig. 2. Change of Sn content in liquid Ag and iron
melt saturated with carbon and FeS with time at
1673 K.

EMmELEICIE 1h THOTH O, EEAEHAA,S Sn
PORCEE S REBC—HT A L AR L.

4. E B & R

4-1 REBEFEH Fe-S LD Sn OFE

Table 1 & Fig. 3 (2, $R-#kBo® Sn ofckt, L's, &
ek Sn BEOMRE R L. AEREPITIX L,
25 25 66 THY, R~ Sn 202 iR S T
V. L's, 38, B#dh o Sn, EREOMMIZK 5
THWAT 5. 4512 Sn iBEOBIE L's, * K& (A
S45. LB, PO Sn EHEHEOBENHETVE R
B, PADHEEORBEE SnS DERBICL S LB bR
BREHLR OB R T E 2 o 72728, FEER
I T 1 R (AR

L's, £ (1) & 0 #sE L 22 8kt B % MRS
HO Sn OIEBARE Sn BEOBRE, W LR
Je# /85 x—#%—& LT Fig. 4 IZ7RL 7. 1873K T®D
MEEETI AVEEOMEME X =0 IHHE L TH
HND Sn MERAEICE T HIEERE, v/ FeCen g
10.86 T&H bH, Raoult Al L H KELIEICEHEL T 5.

MEskho B, 111873KT2.58 k526 THn!Y,

WHARFEMMET D IET Y B 4ABITHEMLT
Wh, I ETHR L, BHTO Sn DFEREETKE
CFTBI LB Snick > THNTHS. #-T, #HH
YIRFEBAME T A L E, B, D Sn 2lRETAHLET
FELwgEFenis.,

Table 1. Equilibrium composition of liquid Ag-Sn
alloy and carbon saturated Fe-S-Sn melt.
No. Temperature In Ag In Fe-Cuar L%
%Sn | %Sn %S %C ag,x10° 7¥s, "
Sn-1 1673 3.318 {0.115 0.00 4.95 5.21 11.37]|65.96
Sn-2 1673 5.461 10.220 0.00 4.80 9.69 10.99|56.57
Sn-3 1673 6.914 |0.314 0.00 4.99 13.31 10.63|50.52
Sn-4 1673 9.490 10.504 0.00 4.83 21.05 10.42|43.06
Sn-5 1673 11.950 [0.763 0.00 4.85 30.26 9.89|35.87
Sn-6 1673 12.993 [0.981 0.00 4.67 34.78 8.78(30.17
Sn-8 1673 15.223 [1.407 0.00 4.74 45.80 8.06|24.70
Sn-9 1673 5.133 [0.215 0.47 4.71 8.94 10.38|54.40
Sn-11 1673 11.034 [0.744 0.46 4.70 26.60 8.90}33.89
Sn-12 1673 12.907 |0.995 0.48 4.71 34.39 8.60|29.67
Sn-13 1673 2.777 (0.108 1.01 4.74 4,23 9.82|58.75
Sn-14 1673 5.431 10.259 1.02 4.55 9.62 9.25)47.72
Sn-15 1673 8.516 10.498 1.00 4.55 17.91 8.95(38.98
Sn-16 1673 10.613 10.750 1.02 4.63 25.02 8.31|32.36
Sn-19 1673 2.923 10.125 1.51 4.55 4.49 8.98|53.29
Sn-20 1673 5.637 10.304 1.55 4.50 10.10 8.29(42.27
Sn-21 1673 7.915 |0.419 1.53 4.30 16.10 8.12|36.56
Sn-22 1673 10.253 [0.755 1.49 4.30 23.70 7.77/30.82
Sn-25 1673 2.283 10.107 1.93 4.27 3.38 7.85(48.30
Sn-26 1673 5.283 10.308 1.95 4.25 9.28 7.48]38.88
Sn-27 1673 7.779 10.511 1.91 4.28 15.71 7.63]|34.58
Sn-29 1773 4.547 10.190 0.00 5.10 8.30 11.01]55.01
Sn-30 1773 8.375 {0.472 0.00 5.07 18.70 9.96{40.84
Sn-31 1773 10.926 10.746 0.00 5.03 27.80 9.34|33.71
Sn-32 1773 12.004 {0.933 0.00 5.10 32.25 8.68|29.68
Sn-33 1873 5.452 |0.267 0.00 5.31 11.19 10.62|47.26
Sn-34 1873 8.158 |0.511 0.00 5.30 19.15 9.48|36.99
Sn-35 1873 9.987 10.732 0.00 5.37 25.62 8.87131.70
Sn-36 1873 11.853 |0.955 0.00 5.15 33.24 8.75|28.67
¥ Concentrations are in mass%
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Fig. 3. Relation between Sn distribution ratio and
Sn content in carbon saturated liquid iron as the
function of temperature and S content in the iron

melt.

Fig. 4 KD bh s k)2, y& O 3Ry
HEE OB X D RST 5, F7, 7ET O id Snig
FEOREME & ICHBWISHY T 5755, £ OEPRER
EERFPANTRIRE, HERECLST—ETHH LR



248 #® & M % 78 4 (1992) % 2 &

1 ) .12
-
410
~ O 1
"’g ® 1673 K 1 ’::
Q L]
I 01773 K 6
Le 1873 K I
™= uc
1 1 5 ~>»n
4 ; : Jiz &
-
- 0.9 -1673 K 4
1okg 0 2o Ho
~ O —_ ]
0.9 Ne\e\ ~ ®-s
[~ - ~ @ mass*%S=0
[} 0.5
0.8 © 1.0 6
(=] 1.5
0.7 A , N @ FeS s_at. Q 5
0 0.002 0.004 0.006

xSn

Fig. 4. Relation between 75, and Sn content in
carbon saturated liquid iron as the function of
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Table 2. Equilibrium composition of liquid Ag-Sb
alloy and carbon saturated Fe-S-Sb melt.

No. Temperature In Ag InFe-Cyy L
(K) %Sb | %Sb %S %C GSbX104 7sb
Sn-1 1673 0.169 10.069 0.00 4.92 1.39 0.52(5.58
Sn-3 1673 1.042 |0.464 0.00 4.88 8.57 0.47|5.11
Sn-4 1673 1.551 10.701 0.00 4.96 12.76 ©0.47 | 5.04
Sn-5 1673 2.104 |1.003 0.00 4.65 17.31 0.44|4.73
Sn-6 1673 .| 2.741 [1.397 0.00 4.74 22.57 0.41]4.43
Sn-7 1673 0.201 [0.085 0.45 4.80 1.65 0.505.38
Sn-8 1673 1.485 |0.697 0.47 4.69 12.21 0.45] 4.83
Sn-9 1673 2.108 11.025 0.44 4.64 17.35 0.43| 4.65
Sn-10 1673 0.998 10.464 0.98 4.67 8.20 0.45 4.89
Sn-11 1673 2.005 [1.009 1.00 4.50 16.50 0.42 | 4.49
Sn-12 1673 0.236 [0.106 1.45 4.47 1.94 0.47 | 5.05
Sn-13 1673 1.319 10.692 1.49 4.37 11.44 0.42| 4.54
Sn-14 1673 1.981 {1.040 1.53 4.55 16.30 0.40 | 4.32
Sn-16 1673 0.917 10.460 1.89 4.41 7.54 0.42|4.52
Sn-18 1673 1.856 {1.003 1.88 4.03 15.27 0.38]4.14
Sn-23 1773 0.271 10.181 0.00 5.10 3.81 0.54} 3.82
Sn-24 1773 0.490 10.350 0.00 5.15 7.55 0.56] 3.92
Sn-25 1773 0.687 [0.499 0.00 5.17 10.30 0.53| 3.74
Sn-26 1773 0.818 {0.662 0.00 5.12 12.42 0.48| 3.40
Sn-31 1873 0.302 10.218 0.00 5.45 5.03 0.60) 2.88
Sn-32 1873 0.598 10.431 0.00 5.20 9.09 0.55! 2.61
Sn-33 1873 0.815 [0.608 0.00 5.29 12.75 0.54 | 2.60
Sn-34 1873 0.983 [0.734 0.00 5.24 15.18 0.54 | 2.56
% Concentrations are in mass%
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Fig. 5. Relation between Sb distribution ratio and
Sb content in carbon saturated liquid iron as the
function of temperature and S content in the iron
melt.
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