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Equilibrium Distribution of Sn between Solid and Liquid Phases in
Fe-Sn and Fe-C-Sn Alloys
Norio IMAL, Toshihiro TANAKA, Toshitaka YUKI,
Takamichi IIDA and Zen-ichiro MORITA
Synopsis :

The equilibrium distribution coefficients of Sn between solid and liquid phases in Fe-Sn binary and
Fe-C-Sn ternary alloys have been determined experimentally, and the distribution behavior of Sn between
solid and liquid phases was discussed thermodynamically. Furthermore, the activity of Sn in coexisting
solid and liquid phases has been measured on Fe-C-Sn ternary alloy at the temperature near eutectic.
The equilibrium distribution coefficient of Sn between solid and liquid phases in Fe-C-Sn ternary alloy
increased remarkably as carbon concentration increased. It was found that carbon concentration might
contribute the equilibrium distribution of Sn between solid and liquid phases significantly and Sn had

positive interaction for carbon in high carbon concentration range near eutectic.
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Table 1. Chemical composition of Fe-Sn alloys.

Chemical composition (mass%)

Fe-3.558n
Fe-5.71Sn
Fe-8.56Sn
Fe-9.67Sn

Table 2.
alloys.

Chemical composition of Fe-C-Sn

Chemical composition (mass%)

Fe-1.71C-0.76Sn
Fe-2.42C-1.64Sn
Fe-2.91C-1.03Sn
Fe-2.72C-0.52Sn
Fe-3.26C-0.46Sn
Fe-3.58C-1.10Sn
Fe-3.77C-0.43Sn
Fe-4.02C-1.66Sn

Table 3. Liquidus temperature of Fe-Sn alloys.

Specimens (mass%) Liquidus temperature (K)

Fe-3.55Sn 1785
Fe-5.71Sn 1770
Fe-8.56Sn 1747

ExRITol. ZORKREE, Table 3 1IRT
2-3 BERTHRFER

AREERTIE, BB SREEE RO L7010, R
B2 EHRETORERE C—ERMEEL-OLILA
wL, B, @b ToORESL EPMA XD HET S
HEEFRE L
EERICHHL-RES Fig. 1 WRT. ABE7 L3
FF U VAL, ST ATFTIAY—ILD
Fo¥BFOMBEIIHT. FRET VTV - KEREV
ACTHABHLA-0L, B 2N LEaICmRs 5.
KENICRAAES ZEA LS, REL, WHER
WMEE LD 10K FEM Y (BMH & Az FET %) RE
WAREET B, TERBREELzL, s vy EIEK
PICET a8, AR 2ERTS. o8, ElBHO®
MBI I oW T, Fe-Sn 2 TRASE TG FEER
WD EHBREOMERHREBEL L, Fe-C-Sn &
4Tt Kusascuewski? @ Fe-C 2 TCRIKFER 2 5% & L
=, 7, BREERCowTI, FRHRERELTESE
Fllat U TRl 4 o fREFRER 0 508 % (ERL LU IC 08 7%
BEf 2 sk 2210, 2o RE LD, BRI, FEHHE
DLEHE W Fe-Sn 2 LAGE&T Th#EEL L, [

Thermocouple
for temp. —~ Ars+Hz gas
measurement l Intet

7

]

SiCfurnace

Thermocouple
for tem{a.
controlling

~

/Specimen

d—0
=,

Fig. 1. Apparatus for quenching specimen.
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Table 4. Experimental results of equilibrium
distribution coefficient and concentration of Sn
in Fe-Sn alloys.

Specimens Holding Sn (mass%) k?n.ﬁ/L
(mass%) temp. (K) Liquid BCC
Fe-3.55Sn 1777 4.22 1.02 0.26
Fe-3.55Sn 1778 3.98 1.03 0.28
Fe-5.71Sn 1757 7.68 2.12 0.28
Fe-5.71Sn 1760 6.78 1.76 0.27
Fe-8.56Sn 1739 10.52 2.84 0.28
Fe-9.67Sn 1715 13.41 3.53 —
Fe-9.67Sn 1730 11.46 3.00
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Fig. 2. Liquidus and solidus in Fe-Sn system.

Table 5. Experimental results of equilibrium
distribution coefficient of Sn and concentration
of C and Sn in Fe-C-Sn alloys.

. C (mass%) Sn (mass%) .
Specimens (mass%) tHOId'("]%) e — k0L
emp- Liq. FCC Lig. FCC
Fe-1.71C-0.76Sn 1676 1.89 1.24 1.05 0.26 0.28
Fe-2.42C-1.64Sn 1613 — 0.37
Fe-2.91C-1.03Sn 1586 - - — — 0.42
Fe-2.72C-0.52Sn 1573 2.70 1.23 0.58 0.24 0.41
Fe-3.26C-0.46Sn 1523 3.22 1.57 0.87 0.42 0.49
Fe-3.58C-1.10Sn 1485 — — 0.63
Fe-3.77C-0.43Sn 1443 3.57 1.71 0.60 0.43 0.73
Fe-4.02C-1.66Sn 1418 — — — 0.84
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Table 6. Equilibrium distribution concentrations and thermodynamic values in Ag-Sn and Fe-C-Sn phases.

Ag-Sn alloy Fe-C-Sn alloy
Temperature xg, ade zé,, & zé xé Sn agg'L agﬁj oL, .7 cL -y
(K) X102 x10? X102 X100 x102 x102 ke X102 xie H 78 7Sk 75
1443 4 3.78 0.217 0.183 15.8 8.40 0.79 3.78 1.75 1.74 7.86 10.03 1.22
1443 11.9 3.96 0.275 0.202 14.1 7.17 0.69 3.96 1.83 1.74 7.85 8.26 1.16
1443 10.7 3.52 0.253 0.185 14.7 7.36 0.69 3.52 1.63 1.74 7.86 8.00 1.12
1443 11.9 3.96 0.257 0.187 13.8 6.79 0.69 3.96 1.83 1.74 7.86 8.85 1.25
1443 12.0 4.00 0.253 0.199 15.8 8.23 0.74 4.00 1.85 1.74 7.86 9.08 1.18
1443 11.4 3.78 0.236 0.190 14.1 7.1 0.76 3.78 1.75 1.74 7.86 9.20 1.17
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Table 7. Interaction parameters, €5, and e&", in
liquid Fe alloys.
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Fig. 7. Relationship between interaction pa-

rameters €S, and €2, and carbon concentration in
liquid Fe alloys.



230 % ¢ @

877 4 (1991) % 2 %

2 %# w7 $£7-, WgEL_RTE HAHMRELD,
eSEFREHELEET A, e, =11.8 5Bl 2 5 72,

A cHLNL e§F OB EMONEE S OHEHE
LY B 7204245 LT Table 7 (7R L7z, [A#&IC

BOT, MOBEFOMEIF S L LTHIEES TV A,
F 7-, Stemmerz 529 OfEIZ O W Tk C iBEMNABHT
HoHH, KO O CREICIBINENEEZOND.,

Table 7 D% HWT, ThSOMEERBEEE C
L OBRE Fig 7 (R L7, REERE & U5
WERENRKE CERELOBMITIZ LT E 2V,

eSh=edt LR LA, AEBEREIES 0
{Lés_t_l't&%u%ét&ofwé.

4. #

AIFFETid, Fe-Sn2TCHAEEB LV Fe-C-Sn 37
FREEIIBITD Sn o BB S RAKEHIE L,
Sn O[T M BER IO W TEHNFDOIEI SR
FEIToL. ZOHE, Fe-Sn2 THRAEICBIT A
-0 AHE @ Sn o [ BT S RABROEE LT,
S =0.28 %147:. 72, Fe-C-Sn3LREEILH
VB A=y M @ Sn o [E R T - BCER B, C il
EoRmE & HICABICHAL, C 2% Sn o [EE -
SEABISRVWEEY RIFT I b h o7z, EH I,
Sn ikt AH C OMEMEHOEELH<L 202, MiE
D Sn #E5LH CIEED Fe-C-Sn3TLRAEICB W
T, A EEHEORE T, TEIF TSy T
D Sn DEFEDPEFIT- 7. FOFKE, LR ED
W CBERICBWT, Cid Sn i L TENHENEH
R LR E NS

[l

X [

1) O. KUBASCHEWSKI: Iron-Binary Phase Diagrams (1982)

[ Springer-Verlag, New York]

2) H. D. NUSSLER, O. von GOLDBECK and P. J. SPENCER:
CALPHAD, 3 (1979), p. 19

3) A.J. W. OcILvy, A. OsTROWsKI and D. H. KirRkwoon: Met.
Sci., 15 (1981), p. 168

4 ) T. UMEDA, Y. KIMURA, M. Suzuki and T. OGATA: Proc. the
4th Japan-Germany Seminar on Basic Principles of
Solidification of Steel with Special Regard to Continuous
Casting, Tokyo (1980 £ 11 A ), p. 106

5) A. Kacawa and T. OkaMoTO: J. Mater. Sci., 19 (1984),
p. 2306

6 ) A. KAGAWA and T. OKAMOTO: Met. Sci., 14 (1980), p. 519

7) A. Kacawa, K. IWATA, A. A. NorAL and T. OKAMOTO:
Mater. Sci. Technol., 1 (1985), p. 678

8) A. Kacawa, S. MoriyaMA and T. OkaMoTO: J. Mater. Sci.,
17 (1982), p. 135

9) FNWEE, WA F: 84, 57 (1985), p. 113

10) Z. MoriTA and T. TANAKA: Trans. Iron Steel Inst. Jpn.,
23 (1983), p. 824

11) FRH%—BR, B 8% &, 69 (1983), S1023

12) J. CHipMAN: Basic Open Hearth Steelmaking (1951),
p. 644 [The American Institute of Mining and Metallur-
gical Engineering, New York]

13) LR RZ, MMBAT, V=, SRR gk e,
73 (1987), p. 1551

14) Japan Soc. Promotion Science (JSPS), 19th-Com.
Steelmaking: Steelmaking Data Sourcebook (1988)
[Gordon and Breach, New York]

15) P. Y. CHEVALIER: Thermochemica Acta, 136 (1988), p. 45

16) L. KAUFMAN and H. NESOR: Titanium Science and
Technology, ed. by R. I. JAFFEE and H. BUNTE, 2 (1973),
p. 773 [Plenum Press New York]

17) M. HILLERT and L. I. STAFFANSSON: Acta Chem. Scand.,
24 (1970), p. 3618

18) T. Fuwa and J. CHIPMAN: Trans. AIME, 215 (1959),
p. 708

19) B FUE, MEATEL, R ESABA, IIIARRY): £k & 9,
54 (1968), p. 321

20) E. STEINMETZ, R. FRANZEN and H. SCHENCK: Arch.
Eisenhittenwes., 44 (1973), p. 743

21) B FE, DNERKE, RENE, Bls=, IIHEEA:
$k & 9, 46 (1960), p. 1147

22) AW, BEATIEE, BsaEHE: Sk & 3, 46 (1960), p. 235




