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Activity Measurement of Zn in Liquid Zn-Cd Alloy Using EMF Method
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Abstract  The E.M.F of the galvanic cell with fused salt was measured to determine the activities of zinc at 700-
820K over the entire composition range of liquid Zn-Cd alloys. The cell used was as follows:
(-} W | Zn(pure) | Zn** (KCI-LiCl) | Zn(in Zn-Cd alloy) | W (+)

The activities of zinc in the alloys showed positive deviation from Raoult’s law over the entire composition range.
The activity of cadmium and some thermodynamic functions such as Gibbs free energy, enthalpy, entropy were de-
rived from the results by the thermodynamic relationship. The comparison of the results and the literature data was
made. The liquid Zn-Cd alloy is found to be close to the regular solution. The concentration fluctuations in long wave-
length limit, S.{0), in the liquid alloy was calculated from the results.
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1 Ar gas

: silica gel

: molecular sieve

:Ti tuming at 1173 K

: PO
: Hg gauge —

: drierite (CaSO,) [Q

: Geissler tube
: bubbling [T 7
: reaction tube and furnace KE|
: rotary and diffusion pump

: data acquisition =
: computer
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Fig. 1. Schematic diagram of the experimental apparatus.
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Table 1. Purity and shape of starting materials.

Purity
(wt%) Shape
Zn 99.99 shot, 1-2mm
Cd 99.999 shot, 3mm
KCl 99+ powder
LiCl 99+ powder
ZnCl, 99.99 powder, - 10 mesh
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: alloy

: pure metal

: pyrex tube(54mm})

: pyrex crucible (46mm)

W lead wire

: electrolyte (KCI-LiCl)

: thermocouple

: pyrex tube (4mm)

: silicon rubber

: data acquisition system
: computer
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Fig. 2. Schematic diagram of the cell assembly.
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Fig. 3. The EMF of the cell: Zn{pure) | Zn**(KCI-LiCl) | Zn
(pure).
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Table 2. Experimental EMF data for Zn-Cd system.

T e.m.f T em.f T e.m.f . e.m.f
® T (mv) K * (mv) ® " (mv) T Xzn o
0.583 0.122 0.194 0.249
723 46.5 732 29.5 26 210 732 17.1
733 479 744 30.9 742 22.1 748 18.2
747 49.7 760 32.3 757 232 762 19.0
763 51.5 774 33.6 770 242 776 20.0
782 537 789 34.9 772 24.2 790 20.9

780 537 785 25.3
T em.f T em.f T e.m.f e.m.f
Xz Xz Xon T(K) XZ
® X (mv) ® T (mv) ® X (mv) ® Xzn vy
0.312 0.355 0.429 0.498
722 13.0 738 12.2 732 104 732 8.5
735 13.7 752 129 747 11.1 746 9.0
750 145 782 13.9 761 11.7 761 9.5
766 15.1 796 144 776 12.2 776 10.0
780 16.0 788 127 790 108
T em.f T em.f T em.f em.f
Xzn Xza Xzn T (K XZ
® T (mv) ® X (my) ® X (my) ® Xzm v
0.559 0.623 0.695 0.749
723 6.4 732 6.1 726 55 732 45
734 6.7 744 6.5 742 5.6 746 4.7
748 6.9 760 6.8 757 5.9 761 48
764 7.1 774 7.0 770 6.1 776 5.1
781 7.8 789 75 771 ) 6.2
785 6.4
T em.f T em.f T e.m.f
Xzn » n
® X (mv) ® X" (mv) ® X (mv)
0.814 0.872 0.937
722 3.0 738 2.6 732 0.9
735 3.3 752 2.7 747 0.9
750 34 782 2.8 776 0.9
780 3.8 790 09
oot AFHAR) Q) Al Ealo] )t} Bohl# Hildebrandt Xea
o ATE o A7 Aohech 4e FHEGE Uehn 1 Ga=in Ko Koo | oy @
Cd—
alch. Kozuka® & $-EHel 2Jsted 823K o412} $E = _Inya )

g =2#3}9c}). Ban-yas Maruyama®s $-5-#& o4
3} 800K 2} 900K o419} BFEF &A1 Hed, otds
Z7F e o)A ofd Y FFEIF O E AR} HlsiA
A7t 23 ol e} T Gl e 2 AFAE Bys}
Atk Mosere 71AdH Y-S o] 43t 800K A 5
A3, 800K o]4e] meeMe g7F2 Cd
3} ZnCl; A}o]e] ¥k 2 Cd9) Fwoll 9Jstel 7| Hzt
SAE HAgey B sty glo}. Katayama'' 5-& LA
Aajd 71 dH Y g o] 48l HF=E ST & AT
9] é#— Sanos3 Katayama5< Ao} wj-¢ FAHeH
o 4= ook @8 =g 55 e g e ¥
Al Ao ZH-E] AlAbsl g,

we R

L
to
oot

A7A Xe EEE&E dehl, y = EF5EATE Hed
o} Fig. 6& Cde) Al d& 2z Hebdth o, T
2HE=AEHE o4t =g BEEE A4
Fig. 7 £ 7904 4% 743K, 780K, 800K »l4
ofdd] FF= H o]2RE A Fl=Fo BFEE ¢
vehdth, 284 257} 2713kl @b Raoult] o]4
Agel TAHA =He e & F ek Fig. 8 A4

€ ot " stefol BFEASE vehdnh 23t F
7Vgtoll wet 55 AT Fiste e o F ot Fig.
8oNA Xp=0o2 ojitgo 2 73 3golxfe] of
o] FETAFE 743K N4 4.3, 800K ol 4 3.95L T3}



A - A - AER /) AEYES o8 £F In-CA¥FF Ind BEFE 5A 287

L //xz“;o.oss
0.05
0.04 }
0.122
g 003 b /
=
2 0.194

/ 0.249
0.02 /
. 0312

ool | 0_429/ 0.498

0.814 _ 0872

0

710 720 730 740 750 760 770 780
TX)

790 800

Fig. 4. Temperature dependence of the EMF of the cell: Zn
(pure) | Zn** (KCI-LiCl) | Zn(in Zn-Cd alloy).
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Fig. 5. Comparison of activity of zinc in liquid Zn-Cd alloy with
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Table 3. Thermodynamic properties for liquid Zn-Cd alloy at 743K.

.. - o “ . v 4Gy 4Gw  AH.  AHw  4Sn 45«
) {kJ/mol) (kJ/mol) (J/mol - K)
0.058 0.942 0.216 0.941 3.711 0.999 -9.46 -0.38 7.88 0.12 23.33 0.67
0.122 0.878 0.383 0.899 3.150 1.023 -5.92 -0.66 7.40 0.17 17.93 1.12
0.194 0.806 0.500 0.852 2.573 1.058 -4.28 -0.99 6.17 0.33 14.07 1.77
0.249 0.751 0.573 0.814 2.298 1.084 -3.44 -128 6.02 0.36 12.74 2.20
0312 0.688 0.643 0.784 2.062 1.140 -2.72 -1.50 452 0.73 9.75 3.00
0.355 0.645 0.677 0.758 1.904 1.176 -241 -1.70 2.8% 1.30 7.14 4.05
0.429 0571 0.711 0.731 1.659 1.279 -2.10 -194 3.50 149 755 4.62
0.498 0.503 0.757 0.692 1.521 1.377 -172 -2.27 361 2.15 7.18 595
0.559 0.441 0.808 0.638 1.444 1.448 -1.32 -2.78 2.09 3.23 459 8.08
0.623 0.377 0.819 0.626 1313 1.663 -124 -2.89 2.13 3.33 453 837
0.659 0.305 0.836 0.596 1.203 1.956 -1.10 -3.19 1.23 5.29 315 11.42
0.749 0.251 0.866 0.538 1.155 2.148 -0.89 -3.83 0.72 5.46 2.16 12.50
0.814 0.186 0.901 0.465 1.107 2.501 -0.64 -4.73 1.14 7.60 2.39 15.87
0.872 0.128 0.919 0.421 1.054 3.285 -0.52 -534 0.02 12.16 0.73 3.56
0.937 0.063 0.971 0.237 1.037 3.757 -0.18 -8.89 0.02 12.83 027 29.24
0 08
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Fig. 9. Integral molar Gibbs free energy of liquid Zn-Cd alloy.
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