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ABSTRACT NRTL equation is one of the equations that widely used in chemical engineering ther-

modynamics.

The marked advantage of the NRTL equation is that it can be used for predicting the

thermodynamics properties of multi—component systems only with the data of binary systems. However,
the application of it to molten alloys and the other melts in metallurgy has been rarely reported. In this
article, it was used to correlate thermodynamics data of binary molten alloys which are included in the

systems Cd—Bi—Sn, Cd—Bi—Pb and Cd—Sn—Pb.

The data of those ternary systems are predicted by

NRTL equation. The activities of Cd in quaternary system Cd—Bi—Pb—Sn are also calculated.
KEY WORDS NRTL equation, molten alloy, activity coefficient
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Table 1 Calculated parameters of the binary systems
(T=773 K a;;=0.3)

1—3 Tij Tji S; Sj
Cd-BiV) 0.6094 —0.6769 0.010 0.015
Cd—Sn? 0.6329 0.0046 0.00076  0.00094
Sn—Pb?) 0.3456 0.5878

Bi—Snl) —0.5974 0.9962 0.0019 0.0025
Cd—Pbl) 1.2419 0.3178 0.0041 0.0049
Bi—Pb2 —0.2220  —0.4801

1) The parameters were obtained by fitting the activity
coefficients data listed in Ref.[2].

2) The parameters were calculated from the infinity activ-
ity coefficients listed in Ref. [3]

3) The initial values of 7, and 7,, were from the infinity
activity coefficients listed in Ref.[3]. Then correlated the
data of excess Gibbs energy listed in Ref. [2] to get the

parameters
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Table 2 The predicted component activities and literature
datal®! for Cd(1)~Bi(2)—Sn(3) system at 773 K

51=0.0063
1 T2 x3 a1,pre. aj lit.
0.8710 0.0968 0.0322 0.8708 0.8797
0.0323 0.0968 0.8780 0.8815
0.7795 0.1654 0.0551 0.7787 0.7943
0.0551 0.1654 0.7787 0.8002
0.6923 0.2308 0.0769 0.6904 0.7008
0.0769 0.02308 0.7207 0.7270
0.5821 0.3135 0.1045 0.5784 0.5760
0.1045 0.3135 0.6234 0.6298
0.4286 0.4286 0.1428 0.4224 0.4144
0.1428 0.4286 0.4809 0.4864
0.3333 0.5000 0.1667 0.3261 0.3284
0.1667 0.5000 0.3859 0.3916
0.2000 0.6000 0.2000 0.1933 0.1934
0.2000 0.6000 0.2424 0.2507
0.0769 0.6923 0.2308 0.0733 0.0764
0.2308 0.6923 0.0973 0.1010
S2=0.0026
T2 x3 z1 a2 pre. az lit.
0.6923 0.2308 0.0769 0.6890 0.6921
0.6000 0.2000 0.2000 0.5859 0.5915
0.4286 0.4285 0.1429 0.4231 0.4245
0.1429 0.4285 0.4003 0.4026
0.3333 0.3333 0.3334 0.3091 0.3097
0.2000 0.6000 0.2000 0.1968 0.1968
0.2000 0.6000 0.1709 0.1671
0.0769 0.2308 0.6923 0.0611 0.0606
S$3=0.0042
x3 1 z2 Qa3,pre. as lit.
0.6923 0.0769 0.2308 0.7208 0.7211
0.6000 0.2000 0.2000 0.6460 0.6488
0.4285 0.4286 0.1429 0.5049 0.5076
0.1429 0.4286 0.4800 0.4792
0.3333 0.3334 0.3333 0.4014 0.4079
0.2000 0.6000 0.2000 0.2747 0.2806
0.1429 0.4286 0.4285 0.1899 0.1968
0.0769 0.6923 0.2308 0.1172 0.1217
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Table 3 The predicted activities and literature datal®] of Cd for
Cd(1)—Bi(2)—Pb(3) system at 773 K

51=0.0084
x] x2 z3 al,pre. ay lit.
0.9376 0.0210 0.0414 0.9432 0.9477
0.8775 0.0412 0.0813 0.8969 0.9029
0.8119 0.0632 0.1249 0.8525 0.8583
0.6914 0.1038 0.2048 0.7783 0.7893
0.6555 0.1158 0.2287 0.7565 0.7602
0.5631 0.1469 0.2900 0.6974 0.7031
0.4199 0.1951 0.3850 0.5885 0.5950
0.3143 0.2306 0.4551 0.4860 0.4898
0.2462 0.2535 0.5003 0.4065 0.4107
0.1995 0.2692 0.5313 0.3447 0.3567
0.1095 0.2994 0.5911 0.2067 0.2176
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Table 4 The predicted activities and literature datal5 of Cd
for Cd(1)—Sn(2)—Pb(3) system at 773 K

$1=0.0071

1 2 3 a1,pre. an lit.
0.9546 0.0151 0.0303 0.9572 0.9571
0.8930 0.0341 0.0729 0.9062 0.9059
0.7967 0.0678 0.1355 0.8367 0.8424
0.6986 0.1005 0.2009 0.7737 0.7771
0.6078 0.1307 0.2615 0.7168 0.7174
0.5160 0.1613 0.3227 0.6560 0.6503
0.4890 0.1703 0.3407 0.6369 0.6277
0.4012 0.2000 0.3988 0.5683 0.5602
0.2491 0.2503 0.5006 0.4162 0.3955
0.1067 0.2978 0.5955 0.2120 0.2013
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Table 5 The predicted activities and literature datal6! of Cd
for Cd(1)—Bi(2)—Pb(3)—Sn(4) system at 773 K

$;=0.0084

T1 T3 . z3 Tq ai,pre. ay lit.
0.9139 0.0485 0.0161 0.0161 0.9223 0.9277
0.9001 0.0332 0.0333 0.0334 0.9076 0.9041
0.0200 0.0199 0.0600 0.9064 0.8964

0.8500 0.0900 0.0300 0.0300 0.8591 0.8887
0.8000 0.0668 0.0666 0.0666 0.8251 0.8310
0.0400 0.0399 0.1201 0.8213 0.8243

0.7000 0.0600 - 0.1800 0.0600 0.7732 0.7802
0.0600 0.0600 0.1800 0.7402 0.7448

0.6000 0.081 0.0801 0.2398 0.6591 0.6648
0.4999 0.3001 0.1000 0.1000 0.5444 0.5464
0.1001 0.2999 0.1001 0.6320 0.6374

0.1001 0.0990 0.3001 0.5745 0.5771

0.4000 0.2000 0.2001 0.1999 0.4944 0.4950
0.1200 0.1200 0.3600 0.4837 0.4838

0.3002 0.2332 0.2333 0.2333 0.3935 0.3881
0.2002 0.2667 0.2665 0.2666 0.2790 0.2748
0.1600 0.4798 0.1599 0.3363 0.3304

0.1000 0.1800 0.1800  0.5400 0.1445 0.1465
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