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Solid Solubility of Selenium in Fe-3.25% Silicon Alloy

Synopsis:

Katsuo KinosuiTtAa and Kazue TSURuUOKA

The solubility of selenium in Fe-3.259 silicon alloy was determined by equilibrating the alloy witha gase-

ous mixture of H, and H,Se. The composition of the gas mixtur&(

temperature of the following reaction:

Prsse

), was controlled by adjusting the
Haz

FeSe (s or 1) +H,(g)2Fe(s) + H,Se(g)

The results obtained are as follows:

1) The solidus and the liquidus temperature of FeSe were found to be 1 270° and 1 318°K, respectively.

Equilibrium constant, K= pﬂi, was determined to be
Hy

log K=— 3;?0 +0.15 (T <1270°K)

log K=— 22790 +0.53 (1318°K<T)

2) In the absence of manganese, the solubility of selenium was found to be 0.016% (in wt%) at 1 200

°C, 0.022% at 1 250°C and 0.061%, at 1 300°C.

In the presence of 0.05% manganese the solubility of
selenium was found to be 0.0149%, at 1 200°C, 0.017%, at 1 250°C and 0.0419%, at 1300°C.

In the presence

of 0.10% manganese the selenium solubility was 0.0119% at 1200°C, 0.015% at 1 250°C and 0.030%, at

1 300°C. ’

3) The solubility product of manganese and selenium was found to be strongly dependent on manganese

content in the range of manganese levels measured.
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Fig. 1. Phase diagram of Fe-Se system.
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Table 1. Values of the gas ratio, f;}zsg, and of the sigma function.
Hy
o PH,se ' . Pisse ]
T (°C) S22 108 | —RInK by TCC) | 2% %103 | —RIn K ST
sz { PHQ
870 | 0.69 L 1447 ] —12.30 B{ 1009 2.32 12.06 —15.49
920 1.09 13.56 | —13.42 ! 1 020 3.17 11.43 —16.19
928 | 1.10 13.53 © —13.50 | 1 030 4.09 10.93 —16.75
940 1.22 © 1333 | —13.78 | | 040 5.39 10.38 —17.36
950 1.17 13.42 | —13.75 ! 5.24 L1044 | —17.30
958 1.24 . 1330 | —13.93 1 043 6.18 | 10.11 —17.65
970 1.3¢ | 13,15 | —14.15 " 1050 6.28 10.08 —17.73
‘ 1.28 C13.24 —14.06 1055 ! 6.53 10.00 —17.83
‘ 1.45 1299 —14.38 | ' 6.70 9.95 —17.92
980 ylsz 1 130 | —l4g7 1066 6.62 9.97 —17.90
989 | 1.49 12.94 | —14.48 | 1070 | 7.00 t 9.86 —18.37
| 1.50 ©12.92 | —14.50 | Loz | 7.35 9.76 —18.37
1000 | 1.68 1270 | —14.79 g 7.32 9.77 —18.36
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1.72x 108 '
x 10-3 T”—I———'j:z— (5"
log K =7.59—8.85%10-¢T—-0.68In T
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5
% 10-3 T2 T2XA0° e (B
T
log K=7.41—-8.85x10-47 —0.68In T
4660 3.76x10¢
— ceeverraneansenneenee e (141
Tt (14')

A B L@ )Y, B, FeSe it DWW, 4Hy, p. (fusion)
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Fig. 6. Sigma function plot for reaction of eq. (1).
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FHifb¥EMRe Table 2 (RS, SHIIERIESC

; Me o+ Se = MeSe(sorl)

' Piyse
Puz

T Hyg)eSe = HySe(q)

% Se

PH,se

Fig. 7. Schematic relationship between and

) pu,
selenium content.
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WL, 0.2mm¢ DXL AT BT TRBE Z BT
B TO, 212 R B TH A ER Y
VN, AT E ORI EhE, KISHEE IR L
FTED MBI R Lic. RIGAERIX 24 hr 575570,
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FIG# T, PHAPLE L TRAF B EBELCRE
R&3THe»i5|E B, FHOKEGH AL L.

BUSHBEEE T L2RBRA 1, =2 )~ HvEF

Table 2. Chemical compositions of mother alloys (wt%).

Element P 5 Al O ! N
C Si Mn
k (ppm)
897 0.028 3.23 0.001 0.002 0.004 0.002 13 l 0.002
898 0.023 3.34 0.049 0.002 0.003 0.001 12 0.002
899 0.022 3.31 0.096 0.003 0.003 0.001 14 ‘ 0.002
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Table 3. Solubility of selenium and critical gas ratio.
1200°C 1250°C 1300°C
2% Mn %Se Prase 6 %Se PHsse 108 %Se Prsse s
Hy sz H
0.001 0.016 2.40 0.022 3.50 0.061 6.17
0.05 0.014 1.70 0.017 2.55 0.041 4.02
0.10 0.011 1.20 0.015 1.70 0.030 2.83
T (°C)
1300 1250 1200
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Fig. 11. Solubility product of manganese and

selenium in Fe-3.259; silicon alloy as a
function of temperature.
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Photo. 1. Typical morphologies of selenidesin Fe-
3.259, silicon alloy. Specimen numbers
correspond to that are shown in Fig. 9.
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log fir=ef™[9, Mn] (22)
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CEEI DRI LE). Bohhi e Lt on T DEM
EUEEIE, €™ KDOWTDRERY L —FT 55, &

cerenieeneen (21)
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Photo. 2. Results of EPMA analysis for selenides in Fe-3.259% silicon alloy.
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Photo. 3. Results of EPMA analysis for extracted selenides from Fe-3.259 silicon alloy.
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5) 0.05% Mn § Se OEFIREVE, 1200, 12503
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