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Table 1 Raw material information

Chemical name Source Mass fraction purity (wf pct)

Ni Sichuan Kaiyada Co., Ltd., China 99.99

Zn Sichuan Kaiyada Co., Ltd., China 99.99
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Table 2 Chemical composition of Zn-Ni alloy for the experiments

Sample name XN Xzn wii/ % Wzn/%

Zn—Ni alloy 0.2 0.8 18.21 81.66
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Table 3 Summary of experimental conditions and results *

Temperature,  Pressure Time, ¢ Feeding Residue
Exp. No. Volatile (g) Loss (g)
T (K) , P (Pa) (min) amount (g) (2)
1 1173 360 20.3710 7.1023 13.2075 0.0612
2 1223 330 20.3011 5.1601 15.0712 0.0698
3 1273 300 20.5321 6.7312 13.7288 0.0721
5-10

4 1323 270 20.5900 4.3614 16.1520 0.0766
5 1373 240 20.3713 4.6216 15.6694 0.0803
6 1423 210 20.4720 4.4808 15.907 0.0842

a: T=x2K P=+2Pa

H% 4 Al 50, N 1173 K I, S Zn S E0TIE 99.991 wt % A Zn FEN
13.71 wt %, BEERFERIT &, WA Zo & 2FH0>, i)y 1423 KB,
BEEERHH 81.66 wi %Il % 3.95 wt %. HHEE 4 [FIFERT A, BEEIREEM &, WO NI
EORETIN, MIEFEN 1423 KN, WO Ni S 18.21 we %I E N 96.05 wr %. 4%
B, HA AR B R AR A 4.

K5 A TAFENRE N Zn-Ni Z0& &A1) VLE SL5EdE . Wilson J7 #2115 %k LA
R sSEBAE ST EEZ R 22, RIS 45 T A 0 b v ANt o P . HI 3R 5 1, AR AR
RS, RGHEJIN 5-10 Pa, BEEIRER TG, WAHT Zn & BFEAC, SHT Zn &5
b, IRy 1423 K, WA Zn BIBER D0 (xze) H1 0.8 F£22 0.0356, ML A Zn

N
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Table 4 Chemical composition of metallic elements in the residue and volatile

Volatile Residue Loss
Exp. Zn Ni Zn Ni
Mass Content
No Mass Content Mass Content Mass Content Mass Content
(8 (wt pet)
©) (wt pet) ©) (wz pet) (8 (wt pet) (g (wt pet)

1 13.2063  99.9910  0.0012 0.0090 0.9737 13.71 6.1286 86.29 0.0612  0.3004

2 15.0686  99.9830  0.0026 0.0170 0.7018 13.60 4.4583 86.40 0.0698  0.3438

3 13.7282  99.9957  0.0006 0.0043 0.7404 11.00 5.9908 89.00 0.0721  0.3512

4 16.1515  99.9966  0.0005 0.0034 0.3642 8.35 3.9972 91.65 0.0766  0.3720

5 15.6688  99.9961 0.0006 0.0039 0.2523 5.46 4.3693 94.54 0.0803  0.3942

6 15.9063  99.9953  0.0007 0.0047 0.1770 3.95 4.3038 96.05 0.0842  0.4113

% 6 HIH T Wilson BT Zn-Ni 0 &S U RTHENSE, WIEAX (4 1 (5,
HTE R 35 280 90 R 2, TS SAE B8 A, Ay, KSR T B8 Ay B A AR 2
X @) R (5, BATREIAIT i, j NEBERSECREE RS RIEANX (8) iHEH
Zn—Ni Z 0 E SRR BER A HCN VSR, R AI (9 A (100, THEHTHEE 5 g
Z P4t 2 S PTG R % S, SRR 7 R 1.

M 7 FIE 1 palE H, Wilson J7 RIS THEAE SR EYI&, HAF M R 22 1R
Ny AR5 5.8170 %A1 4.8179 %, K HAR A Wilson 2T Zn—Ni 766 &4 o I3 B 2

CIECL:0R



Table 5 The comparison of experimental values of mole fraction x, and y;, at temperature T, Pressure P for the Zn-Ni alloy in vacuum distillation with calculations *

x5

HE RN Zn—Ni 70 SRR BE IR 50 B0 xgn MVSAHEE IR 90 HK g B SR BB S THSAEDGT L

Experimental condition

Experimental results

Calculations

ox (5-10Pa)°

6y (5-10Pa)°

T/ K P/Pa t/min Xzn Vzn Xz, (5-10Pa) Vzu (5-10Pa)

1173 360 0.12481 0.99990 0.04836~0.03856 0.99999~0.99999 0.07645~0.08625 -0.00009~-0.0009

1223 330 0.12379 0.99981 0.028458~0.03764 0.99999~0.99999 0.09533~0.08615 -0.0018~-0.00018

1273 300 0.09985 0.99995 0.01485~0.02863 0.99999~0.99999 0.08500~0.07122 -0.00004~-0.0004

1323 o 270 0.07559 0.99996 0.00943~0.01549 0.99998~0.99998 0.06616~0.06010 -0.00002~-0.00002
1373 240 0.04828 0.99996 0.00584~0.00853 0.99994~0.99997 0.04344~0.04075 0.00002~-0.00001

1423 210 0.03560 0.99995 0.00396~0.00512 0.99986~0.99995 0.03164~0.03084 0.00009~0.00000

a: T=+2K P=+2Pa, x=y==+0.003

b: dx= Xexp~ Xecals 5)’ = Vexp™ Veal-
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Table 6 Calculation of parameters required for Zn—Ni alloy by Wilson equation

Vi V; ﬁi ﬂ/ Tmi ij
i TK N A Aji
(em*mol) (cm*mol) (10K (107*K") (K) (K)
Zn-Ni 1800 9.94 7.43 1.5 1.51 692.5 1726 0.140 0.028 1.5454 4.1403
K7 1800 K %1+ F Zn-Ni & 441035 £ Wilson J5 F2 158 5 546 1)
Table 7 Calculated and experimental results of Wilson equation for the activity of Zn—Ni alloy at 1800 K
XZn aNi,cxp aZn,cxp QNi cal Azn cal yNi,cxp yZn,cxp PNi,cal VZn,cal
0.9 0.008 0.851 0.010 0.846 0.083 0.946 0.100 0.940
0.8 0.037 0.658 0.043 0.659 0.185 0.823 0.215 0.824
0.7 0.099 0.476 0.107 0.489 0.330 0.680 0.356 0.698
0.6 0.198 0.329 0.202 0.348 0.495 0.548 0.504 0.580
0.5 0.327 0.219 0.322 0.237 0.653 0.437 0.644 0.474
0.4 0.470 0.140 0.461 0.153 0.784 0.350 0.768 0.383
0.3 0.617 0.085 0.608 0.092 0.882 0.282 0.868 0.305
0.2 0.758 0.045 0.753 0.048 0.948 0.227 0.941 0.240
0.1 0.888 0.018 0.887 0.019 0.987 0.181 0.985 0.185
+S 0.0062 0.0112
+S*(%) 5.8170 48179
1.0
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Fig.1 Comparison between calculated and experimental values of activity of Zn—Ni alloy components by



Wilson equation
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Table 8 Related parameters for vapor pressure of Zn — Ni alloy

Element A B C D Temperature range, 7/ K
Zn -6620 -1.255 0 16.52 692.5-1180
Ni -22400 -2.01 0 19.07 1726-3005

a: Saturated vapor pressure equation: lgp* =AT"'+ Blgl'+ CT+D
K3 (a) N Zn—Ni ZJo& e LR 5 HES INEXS LR VLE AHE. 1 58 BT Y
WA SRR TR, B3 (b)) M (o) 478K 3 (@) W xz,=0.000-0.150 F xz,=
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Research on vapor-liquid equilibrium of Zn—Ni binary alloy

in vacuum distillation
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Abstract: Under the conditions of system pressure of 5-10 Pa and temperature of 1173 K—1423 K, the vacuum
distillation experiments of zinc-nickel (Zn-Ni) binary alloy were carried out. The results showed that the Ni
content in the liquid phase increased from 18.21 wt pct to 96.05 wt pct at 1423 K and the Zn content in the vapor
phase increased from 0 to 99.9966 wt pct. The experimental data of the vapor-liquid equilibrium (VLE) of the
Zn-Ni binary alloy in vacuum distillation were obtained through experiments. The Wilson equation is used to
predict the activity of the components of Zn-Ni binary alloy, the average absolute deviations are 0.0062 and 0.0112,
and the average relative deviations are 5.8170% and 4.8179%. Based on VLE theory, the VLE data of Zn-Ni alloy
were calculated using Wilson equation, and VLE phase diagram was drawn. The comparison between calculated
values and experimental VLE data shows that the calculated values are in good agreement with the experimental
data, which indicates that the prediction of VLE data of Zn-based alloys by Wilson equation is reliable. The results
of this study not only verify the feasibility of the Wilson equation thermodynamic model in predicting the use of
VLE data to guide the vacuum distillation separation of alloys, but also enrich the thermodynamic data of
zinc-based alloys and provide a reliable theoretical basis and guidance for the practice of vacuum separation of
non-ferrous metals.
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