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Table 1 Raw material information

Element Source Purity/%
Ni Sichuan Kaiyada Co., Ltd., China 99.99
Zn Sichuan Kaiyada Co., Ltd., China 99.99

T2 SEEGATH Zn-Ni &4 185
Table 2

experiments

Chemical composition of Zn-Ni alloy for

Sample name XNi Xzn WNil%  wWzn/%

Zn-Ni alloy 0.2 0.8 18.21  81.66
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F 3 FRN Zn-Ni o6 & B 28 78S 50 2
G R R 4 PR RHE R (FUR) FIER BE ) (T
F)HZHTT Ni AT Zn &8, AR K
FEA A NRHT I E SRS, TS S 5 B
RO T3 B SEER B AR AE — 5 I W 22

B 4 0[5, 4R 1173 K, SAHH Zn
TEIA 99.991%. AHY Zn SEN 13.71%, [
FHRENTE, PR Zn SEFEEHED, 4R
[E0H 1423 KN, VRAH T e 3 B HH 81.66%7k/> 42
3.95%. FH3R 4 [FIFERTA, BEEREE TS, WA
HNi S IR, iR 1423 K B, WAH
HiNi B 18.21%38 2204 96.05%. 45K, K
7S AT O B R Al Zn-Ni A4 .

R 5 R RAAFNRE T Zn-Ni ZJe& &R
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Table 3 Summary of experimental conditions and results

VLE SEEGHHE . Wilson J7 FE 1T S 4E UL R se it 5
TR M2, RN T T & AR A
WEE. MRS AIH, EERTAEMIEY, R4k
7124 5~10 Pa, Bf#E IR MF =, WAHT Zn & &R
&, SHHS Zn SEMGIN; YIREN 1423 K B, W
FHH Zn ¥ BE IR 5350 (Xzn) HH 0.8 [ %2 0.0356, T LA
SAEH Zn BIEEIR 73 H(yzn) N 0.99995, FEVKIIE B R
FHE 25 2808y B4R 4l Zn-Ni & 4024 20

% 6 Bz Wilson £28H5 Zn-Ni 664
RIS E WRAEX@)M(G), HJo R
RIT ) A y) s WIAREIET S A A1 A K155
IV 250 Ay A1 A AR RN S (4)F1(B), AT 15
BTG 0 A jAEAS R BE IR 43 80N BTG FE R 7o AR
RE@)HHEE Zn-Ni ZJ0A AN F BE IR 2350 N B3
J&, T 1 20(9) A (10) T Bt TH A 5 SR AR 1M1 ]
WP dait w2 S RPMTH w2 S, 45 R IR 7
I 1.

Temperature, Pressure, Time,

Feeding

Exp. No. T/Ka o/Pat tmin amount/g Residue/g \olatile/g Loss/g
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
4 1323 >0 270 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 15.9070 0.0842
a: Standard uncertainties(u) are u (T) = 2 K, u (p) = 2 Pa
x4 REMAERD T NI M Zn 5 E
Table 4 Contents of Zn and Ni in residue and volatile
\olatile Residue Loss
EXp. - -
No il NI al N Mass/g w/%
Mass/g Wzn/% Mass/lg  Wnil% Mass/g Wzn/% Mass/lg  wni/%
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 43693 9454 0.0803  0.3942
6 15.9063  99.9953 0.0007  0.0047 0.1770 3.95 43038  96.05 0.0842  0.4113
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Table 5 Comparison of experimental values of mole fraction xz, and yz, at temperature T, pressure P for Zn-Ni alloy in

vacuum distillation with calculations

Experimental condition

Experimental results

Calculations

ox (5-10Pa)P

oy (5-10Pa)°

T/K*  p/Pa® t/min Xzn Yzn Xzn (510 Pa) yzn (5-10 Pa)

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 >0 270 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: Standard uncertainties(u) are u (T) = £2 K, u (p) = £2 Pa, and u (x) = u (y) = 0.003; b: dx=Xexp—Xcal; y=Yexp—Ycal

F 6 Wilson /7 FEIT5 Zn-Ni & & A R A S 40
Table 6 Calculation of parameters required for Zn-Ni alloy by Wilson equation

. Vil Vil pil il _ _ 0 0 ) )
-] T/IK (Cm3'm0|71) (Cm3‘m0|’1) (1074 K,l) (1074 Kil) Tmi/K TmJ/K Vi 7 AIJ AJI
Zn-Ni 1800 9.94 7.43 15 151 6925 1726 0.140 0.028 1.5454 4.1403

F 7 1800 K %A T Zn-Ni &4 41ciE FE Wilson J5 8 1H5{E 5 S (g 1)
Table 7 Calculated and experimental results of Wilson equation for activity of Zn-Ni alloy at 1800 K[*!

Xzn aNi,exp Aznexp aNi,cal Azn,cal 7 Niexp Y znexp Y Nical Y zncal
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
=) 0.0062 0.0112

25*/% 5.8170 4.8179

MR T FIE LRl E H, Wilson J5REHIIE BETH
HESSEREYE, B PR ZERDN, 208
5.8170%F1 4.8179%, FKHWAKH Wilson J7fEit5
Zn-Ni —JeH &4 eHE = AT 51

Sk, AR Wilson 7 FE 118 Zn-Ni &4 1k
A1) VLE #d, 48] VLE MBI (T—x—y #1E), A
A SRR INE 2 Biac. Zn A1 Ni (ORI 78S ]
DIARHE R 8 FoR BRI ZE SR 7 FE A RS 40T
23], MR 2 s iR RN RS E Zn-Ni
LA &AM VLE #dE. KM VLE 58352

7 VLE MK, i 3 fios.

Kl 3(@) s A Zn-Ni 064 9ei il 5 HE
THEXTEER VLE AHPE . T 58 B 007 A Hoks #E18
18 5 52 HEAT L, B 3(b) A (c) 2y A 3(a)
B Xz0=0.000—0.150 F1 x2,=0.980—1.000 5™ J=jf 1)
ORI 4 ml 50, BEAE R RIEJI AR, A
TURE 28 1A I P e R B 2 PR A, SRR AR T 5
AW Zn-Ni Zuh4a. mE 3T, MER
FEMIT S, AR R ESEX A & BSR4
ZENBIRE =T 1400 KIS, 0AH 7P Ni 2 &5 1 0.990,
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Fig. 1 Comparison between calculated and experimental
values of activity of Zn-Ni alloy components by Wilson
equation

Calculate boiling points 7; and 7; of
components 7 and j under pressure p

I

Set different values of x;, calculate
approximate boiling point 7 (7=x,7+x,T))

X
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!

Calculate acitivity coefficients y;and y;
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Calculate a revised 7 from saturated
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Fig. 2 Flowchart of calculation T—x—y phase diagram of

Zn-Ni binary alloy system

8 Zn-Ni 5&HAUEMKRSE
Table 8 Related parameters for vapor pressure of Zn-Ni

alloy
Temperature range,
Element A B cC D TIK
Zn -6620 —1.255 0 16.52 692.5-1180
Ni  —22400 -2.01 0 19.07 1726—-3005

Saturated vapor pressure equation: g p*=AT*+BlgT+ CT+D

Wl 3(@)Fron, B TE I, WA Ni &Y
I, B A Ni S EFMAS MR Zn S &
T 0.999, AIEHIZE IR EAE 1550~1600 K 2 [7],
10 G L P 3o 1 T OB R ) N R NS
UEAh, AT AR AT FE S RH 1 A B e T
BB A MR AR BRI R R . R
JEk R Zn (FEE IR BONE @)K xms AHPI7E
TRIEE N 1600 K, &R 124 5 Pa, ATFFE M —
FAELL G T-x—y M E R AL A AL T
P. Q Wisi, WK 3(). HikRIAF PR, P. Q
PRI L3 R )i F yg,  FRATRF s m 45
m_ Yo~ _[MQ|

N, Xu—% |MP|

(19)

e i A ng 73 B AR B VIANEE R ) 0 o
IMQIAIMP| 7351 72 £ B MP A1 MQ K

n=n +n, (20)

n ARSI R, B (19)F1(20), R
A ng FER L 2
Yo = Xu n= |MQ| n
Yo =X |PQ|
_XM_XI |PM|
= N=

Yo =% |PQ|

L. |PQIELE PQ MK

filn, 1€ Zn-Ni —ea&ikimd, FERER
4 100 g, JEEH Zn BIEEZR 43 30M 0.8, Bl xwm=0.8,
M n=1.5613 mol; 7£ 1600 K. 5 Pa %, x=
2.3197X10*, yg=0.9906, ¥ HARN=(21)F1(22)7T
#%: n=0.3005 mol; ny=1.2608 mol.

HE 3 mrE, SCIREBER MR ERS
T—x—y MBS —B, BPEE— E W ZE .
R ER R B 3(b)FI(c) %, <A Zn & & r)sKe

n= (21)

n (22)
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Fig. 3 T—x—y phase diagram of Zn-Ni system at 5—10 Pa
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0.0062 1 0.0112, ~“FHAFHX 25> A 5.8170%FH
4.8179%, FEHIFH Wilson J7 fEit 83t — o d
HICIE 2 PSR
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Abstract: Under the conditions of system pressure of 5—10 Pa and temperature of 1173—1423 K, the vacuum
distillation experiments of zinc-nickel (Zn-Ni) binary alloy were carried out. The results show that the Ni
content(mass fraction) in the liquid phase increases from 18.21% to 96.05% at 1423 K and the Zn content in the
vapor phase increases from 0 to 99.9966%. 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,
respectively, and the average relative deviations are 5.8170% and 4.8179%, respectively. 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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