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ABSTRACT Novel analytical expressions for calculating activity coefficients of solvent and
solutes are given in the present study which is based on the MacLaurin infinite series. These new
expressions have thermodynamic consistency and more accurancy in comparison with traditional
used Wagner’s ¢ formalism. The another advantage of this treatment is found in a rather small
influence of the higher order interaction parameters upon the properties of the studied systems.
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AR T — R TR RS FHFRMHT TS, WFERE TR —BHERER
PRI ERATFR. EXEHE P TUTRRAHTEER (AR XRENHTEMRES L)
iR E: 1873 K T Ni—Fe—Cr, 1823 K F Fe—j—Cgat (j=Al, Cr, Mn, Ni) #1 1873 K F
Fe—Ni—Ca } Fe—Mg-O.
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2.1 Ni-Fe—Cr %

1 48T 1873 K THERABNNEEREAITHERSRRE RO, A3CkH
MTFHE#FiHE: (1) Wagner—Lupis—Elliott ¢ A3 ¢1; (2) Bale—Pelton 3.7, (3)
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Srikanth—Jacob #y% ¥k ##RAIF4> 1Y, (4) Hajra—Frohberg ik B9l R ¥R
A Gilby % 19 FliR56 77 200 < ) — B G BEAR AR AR (e5e=1.92, e&r=1.85, ef2=2.19), &
B P W R B4 95 B R 3 (42,=0.40, 12, =0.46).
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Fig.1 Comparison of calculated with experimental results for Ni—Fe—Cr melts at 1873 K,

the activity coefficient of solvent Ni (a) is calculated by the methods of Bale and
Pelton® " (0), Srikanth and Jacob!® (©), Hajra and Froberg®® (®) and the present
study (@). The activity coeflicients of solutes Fe (b) and Cr (c) are calculated by the
methods of Wagner—Lupis—Elliott!® (@), Bale and Pelton!®” (O) and the present

study (@)
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ZRARET—MEEMEEARY.  Srikanth 1 Jacobl®l 21, WrHBr= MacLaurin ¥
R KR ARBN. B, B Gibbs—Duhem FBRMAMBEIEFTIEERZAM SR BBHE
¥, XHBSRERBENHA—EERARE LALEIHE. Hajra fil Frohberg®®l 5H4E%
JB T —#ulit 483 MacLaurin Jo35 R BN FR R =Tk RPB RRAEERM TR BTEF
EREAPRE —SNEENE, REERARETEETHR. FERNTERTREST
ERZRBRIEHR, AN TREXBREGESKNHEE. NE 1 TUHBEEL, BAXREOR
BARAZF-BENHHEARTAZH TRAES TR R AFER, FFEXMNEFRERKHR
303 HE R R IS AT AR H RO R R R 2 v B AR /D R L
2.2 Fe-Ni-Ca $%

Kohler 45 " 458 T 1873 K T Ca #E Fe—Ni—Ca Sk A0SR, RIEH AR 2R K o0k
R Inqg, =7.5601, N = —10501 82 = —0.04802, NP =0.1181% I 4g; = 0.66012),

BAICH B & Wagner ¢ AR T T #5H Ca, Ni MIFFHR Fe IEE (£ 1). HHREREKH,
# Ni B (%) K 0— 12 B Ca IEERFFERE; 4 Ni (B SBEREH KN Ca 1
EEETR&Y. XN Kohler % '] gy B U BRHELIEHAT T8, ARSI
TR HE Ni fEBEILFE Wagner e ARG HBIGR—FE. Mo, RITRRERS H T HIRK Fe
A 75 BE.

¥ 1 1873 K T Ca # Fe—Ni 8k PHBEBEREETHER
Table 1 Solubilities of Ca in Fe—Ni melts and calculated activities at 1873 K

[%Ni] [%Ca] ap, n ag.” a; " a.::az) a;,i 3
6.00 0.0563 0.94 0.81 0.04 0.83 0.04
7.47 0.0563 0.93 0.69 0.05 0.71 0.05

11.33 0.1000 0.89 0.81 0.07 0.86 0.07

12.00 0.1080 0.88 0.81 0.08 0.87 0.08

15.67 0.1400 0.85 0.68 0.10 0.78 0.10

20.67 0.1560 0.80 0.41 0.13 0.52 0.13

28.80 0.3690 0.73 0.33 0.18 0.54 0.18

34.87 0.6000 0.68 0.22 0.21 0.47 0.21

38.47 0.7390 0.65 0.15 0.23 0.40 0.23

1) based on the present formalism, 2) based on Wagner’s formalism

2.3 Fe-C—j 6%

Neumann #] Schenck"® #iET 1823 K FTHREMKTHBEMRE, £ 2 5l 1A —2ik
REREAXNBRNESH. 1823 K TH g HIFHZR (0.19) ATFEMIHH. HHERE
B, ac JLPARFEN 1(RF 3). XEHHERKH, BRE Fe—C—j KRHMMEABERTF
%.

2.4 Fe-Mg-O &%

Biff, Han % 3V 4787 1823, 1873 1 1923 K T Fe—Mg—O M AR R, K4 HR

T 1873 K THYIARLER. Fe—Mg-O K EFf) MgO VB BENFEHEETRR N

“ng;&go = —lgKmgo + lg8fMmg +18f0 (11)
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® 2 1823 K T C 7 Fe—j kP HEME XX VAR N¥ESH
Table 2 Solubilities of C in Fe—; melts and corresponding thermodynamic parameters at 1823 K -

i m3  Valid range, <[%j] €' 202 e 7S
Al —0.220 2.0 7.75  0.0044 358/T 0.2031  0.59920
Cr 0.063 9.0 -439 0 246/T+0.008  0.14('%
Mn 0.027 25.0 -2.16 0 158/T+0.058  0.15!!7)
Ni  —0.053 8.0 321 0O 0.20(18]
0.2509

Note: m[%j]=[%C]sat— [%C’]:at where [%Clsat and [%C];,‘t are the solubilities of C in Fe—j melts
and pure liquid Fe, respectively. 5{ and e';' are first-order Raoultian activity interaction parameters
of 7 upon ¢ on mole fraction basis and Henrian activity interaction parameters on mass fraction
basis, respectively. v, represents Raoultian activity coefficient of solute 7 in infinite dilute solution

with respect to pure substance

RANEEREIEREE & 01) 5N
—lgKyg0 = —18Kmgo + (ey® + €0 %)[%Mg] + (ef) + €9)[%0] (12)

AH, [%Mg] M [%O0] 435K Mg 1 O )T &
a%, TH.

1 Han S8 BRI 528 T Mg
Xt Mg LA O Xt O #97& BEAREL1F I R B %
W, MEAEEE. AXHEFEEAL (12) &
BiufiwRBE, &8

~lgKyz0 = 6.05 — 138.30[%Mg]—

132.46(%O0] (13)

HERWHE 2. B ABCA R T HIALZRE,
BI= (13). £ 1873 K F O X O By HAEH

A¥H -0170%, HEERR (12, 13) BE: B 2 1873 K Fefitks Mg—0 M TVH

835 = —132.29, egg = —87.10, eﬁﬁ = —51.20 Fig.2 Mg—O equilibrium in molten iron at

Ml Kmgo = 8.91 x 1077 1873 K, the curves AD and CD are the
B Han SRiER Kmgo fHN 9.33x 10~7, intersections of plane ABCA with ver-

SR BMER 3. (HE, Han SHEH tical axial plane F' and vertical plane

Mg 3t O IR BB G AL BI M2 R E, respectively

FRK .

Kugo ATLLEL BB AR+ Mg M1 O §9 Henry iHBEHHH LK. Mg # O MiERE i
AR BT R Wagner € AR . (HS— KR LAY T RHES ALY « #9715 B R
vi AEE TR L, Henry 1%(R B350 ArHERITERER¥ fi:
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%* 3 1823K T C 7 Fe—j BEPHMBEBEREETHER
Table 8 Solubilities of C in Fe—j melts and calculated activities at 1823 K

j (%3] (%C,0” ag?) ag” ag ¥

Al 0.1 5.261 0.62 1.01 1.01

0.5 5.174 0.61 1.01 1.01

0.7 5.129 0.61 1.00 1.00

1.1 5.042 0.60 1.00 1.00

1.5 4.953 0.60 1.00 1.00

1.9 4.865 0.59 1.00 1.00

Cr 1.0 5.346 0.61 1.00 1.00

1.5 5.378 0.61 0.99 0.99

2.0 5.410 0.61 0.98 0.99

2.5 5.441 0.61 0.98 0.98

3.5 5.504 0.60 0.97 0.97

4.5 5.567 0.60 0.96 0.96

6.0 5.661 0.59 0.94 0.94

7.0 5.725 0.59 0.93 0.93

9.0 5.851 0.58 0.90 0.91

Mn 0.1 5.286 0.62 1.01 1.01

1.9 5.335 0.61 1.00 1.00

3.0 5.365 0.60 0.99 0.99

5.0 5.418 0.59 0.98 0.98

7.0 5.472 0.58 0.97 0.97

10.0 5.554 0.56 0.95 0.96

15.0 5.688 0.54 0.92 0.94

20.0 5.824 0.52 0.89 0.91

25.0 5.958 0.50 0.86 0.89

Ni 1.0 5.231 0.61 1.01 1.01

2.0 5.178 0.60 1.01 1.01

3.0 5.125 0.60 1.01 1.01

4.0 5.071 0.59 1.01 1.01

6.0 4.965 0.58 1.01 1.01

8.0 4.859 0.57 1.02 1.01

1) [%Cleat = [%Claat + m[%;] and [%Clua = 1.30 + 2.57 x 1073 T ()13,

2) and 3} refer to the calculation based on the present and Wagner’s formalism, respectively
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. M %i
VT f‘(Ml M, L 100M; - [:c,;])
Hep, M, BaR imRFRE, (%] Mz 7RRRASD ¢ 8RS BB R 3

% ameo=10X ~BIZREESHEM) N Kmgo=ho - hmg. F 4 i Mg 1 O 9 Henry [EFE R
Kvgo BT HEER. WEEREKY, B Wagner ¢ AR HE Kugo EHEAAAREE M TEHH
RS EIR R —8. AAXREMNTEITHEE Mg f1 O f915E 5 H Wagner e A3t
HAMGEREREVERNLER. AHFEHTHHMHER Fe WEERN 1, SERBH—B. B5E
T, ACEEAFERBETUNHFRMHEEEROER.

® 4 1873 K T Fe #Hthd Mg—O FHHRBMITHER
Table 4 Experimental and calculated results for the Mg—O equilibrium in molten iron at 1873 K

[%Mg] [%O] Henrian activity g 2 Equilibrium constant, Kmgo
hae) R D kD hg ? Kugo X 107V Kpgo x 1072
0.0043 0.0006 0.00216 0.00025 0.00219 0.00026 1.00 5.40 5.69
0.0026 0.0018 0.00111 0.00107 0.00112 0.00110 1.00 11.88 12.32
0.0013 0.0015 0.00071 0.00116 0.00072 0.00118 1.00 8.24 8.50
0.0048 0.0012 0.00189 0.00046 0.00192 0.00047 1.00 8.69 9.02
0.0043 0.0011 0.00185 0.00046 0.00188 0.00048 1.00 8.51 9.02
0.0056 0.0010 0.00213 0.00033 0.00216 0.00033 1.00 7.03 7.13
0.0052 0.0055 0.00053 0.00193 0.00054 0.00199 1.00 10.23 10.75
0.0028 0.0030 0.00081 0.00171 0.00082 0.00175 1.00 13.85 14.35
0.0042 0.0030 0.00103 0.00129 0.00104 0.00132 1.00 13.29 ‘ 13.73
0.0045 0.0011 0.00189 0.00045 0.00192 0.00046 1.00 8.51 8.83
0.0013 0.0080 0.00010 0.00614 0.00010 0.00630 1.00 6.14 6.30

1) calculation based on Wagner’s formalism, 2) calculation based on the present formalism

3 % w

R (7, 8) BEiE TR 2 7T A £ 0 o BE DX 130 P9 7 BRORI 70 £ 3 7 22 MR ROUE TR RIR X
BMAERMBERGRAEER, FHNTREAERNE -5

X HRR SR SRR, A3CR A T E STk R W /R YRy 77 s -
7, BTSSR RBIX. HRERE-SRY, RGN TEEFTFHROERTS
B 3% B A AR A R B TR BT AR /. '

{E# %4 European Coal and Steel Community (ECSC) AA R S5 R R = L OMBH, B
—EE D rp RERS S8 DUR BT ML KA IR B AR B JE BT (1) 2 B SR B R B
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