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KINETICS OF DISSOLUTION OF ZINC IN ZINC CHLORIDE SOLUTION 

M n  S NA THhUA BEGUM and P V VASUDE VA Ri 0 
Central Electmchemicd Rmurch Imtitute, Kanikudi - 623 006 

ABSTRACT 

The kinetics of dissolution of zinc in acidic zinc chloride solution have been investigatedin order to 
understand and o~timize it8 Dertorrnance in zincchlorine hvdrate betterv. Polarisation exoeriments were 
carried out ueing pure zinc rdds and electrodeposited zinc & electrodd. For a concentration change of 
zinc chloride from 05 to 1.5 M. the exchange wmnt  densities were found to vary from 1.4 to 2.4 mA/cm2 in 
the case of cast zinc rod electrodes, and fkrn 2 2  to 62 mA./cm2 in the case of electrodepasited zinc; this 
increase is attributed to the greater reactivity as well as the increased surface area of the freshly 
electrodeposited zinc 
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T he zincchlorine battery has been under intensive invmtigntion and 
development during recent y e m  for vehicular and load levelling 

applications [I. 21. It ia a flowing aqueous zincchloride electrolyte battery 
which u t i l i ~ l  p r o m  graphite flow through chlorine electrode and dmre 
m i t e  zinc electrode 8ubatrate. The inter-electrode distance is 2 mm to 
C mm and no separator is employed. Hence the zinc has to be deposited in a 
non-dmdritic fonn to avoid any shorting. During the charging proceas, zinc 
ia dquhted on the graphite substrate, which, during dilcharge, dissolve8 to 
iorm the zinc chloride solution. The simple repmentation of the cell 
reaction ia as follows : 

In aa d i e r  p.pa 131 it hu been ahown that the deporitionand dissolution 
of zinc is men ib le  and proceeda at an dficiency of 98 %. It wea alw obluved 
that the rate of dissolution of depodted zinc was much larger than that of the 
cast zinc. Hence the kinetics of dissolution of both cast zinc and 
dectrodeposited zinc have been studied here. 

EXPERIMENTAL 

For polarisation atudiea a 'H' shaped electrolytic cell was used. Cant zinc 
detrodea were prepared from super pure (5N) zinc mds by mounting it in 
d d i t e .  The surface of the electrodea were well polished on a disc polisher 
md d e g r e d  with trichloroethylene. Electrodeposited zinc electrodea were 
prepued by depositing zinc galvanostatically on stainless steel electrode at a 
c.d. of 35 m ~ / c m ~ f o r  2 hours duration. Electrolyte solutions were prepared 
from AR grade zinc oxide and hydrochloric acid. The desired concentrations 
w m  achieved by dilution with double distilled water. the potentid-current 
value8 were determined potentiostatically in various concentrations of zinc- 
chloride solutions. The potential-current data were recorded. Faradaic 
deciency waa obtained galvanostatically in different concentrations of zinc- 
chloride solution and have already been reported 13). During the study the 
concmtration overpotential waa eliminated by agitating the solution. The 
umcenWion of zinc chloride waa varied from 0.5 M to 1.5 M in three steps 
(0.5, 1.1.5M). The potential waa varied from the m t  potential of - 1.000 to 
-0.8000 V. Theapplied potential was varied by 10 mV s t e p  from - 1.000 V 
b -0.950 V and from - 0.950V the potential was varied by 2 mV steps. The 
dectrodm were stabiliaed in the electrolyte for 5 minutes before each 

experiment. At each applied potential the electrode was polarired for 2 
minute8 in order to ensure conatancy of current. 

RESULTS AND DISCUSSION 

The overpotential vs c-t plot for the cast zinc rods are pmented in fig. 1 
for three different concentratioru of zinc chloride. 

Fig. 1 : Anodic Tafel polarisation of cast zinc electrode in zinc chloride solutions 
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It is observed that there is no variation in thyslopes (a 120mV for all 
concentrations), but there is a shift in the cprves, shonipg a higher current 
value with increase in concentration. The exchhge  current density is found 
to increase with concentration. Fig. 2 represents the Tafel  lots of the 
electrodeposited zinc under identical conditions. The behaviour is found to 
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x - 1:0 M SOLUTION 
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Fig. 2:  Anod~c Talel polarlsat~on of electrodepos~led zlnc electrode In zlnc chlorlde 
solut~ons 

Thr values of the Tafel slopes and exchange current densities are given in 
Table I. 

Table I :The kinetic Tafel parameters of cast and electrodeposited zinc in 
zlnc chloride solutions 

ZnCl, corn. Cast Zinc Electrodeposited zinc 

Molar i , , m ~ / c m '  b,,mV i,,mh/cm2 b , m V  
-- 

0.5 1.4 107.5 2.2 111.4 
1 .O 1.8 107.5 4.4 103.2 
1.5 2.4 103 6.2 104 

The exchange current density for the freshly deposited zinc electrodes under 
all the three concentrations was found to be higher than that for cast zinc 
rods as can be seen from Table I. 

For anodic dissolution, the Tafel slope (Table I) is in good agreement 
with theoretical values. This is also in agreement with the values reported 
earlier (41. In fig. 3 the exchange;current density is plotted against 
concentrations of zinc chloride. It is very well known that the exchange 
current density (i,) depends on concentrations of the reactants as well as the 
products : 

where a - is symmetric transfer coefficient, k ,  kc represent the anodic and 
cathodic rate constants anM Cl,  C z  represent the concentrations of the 
reactants and products. In the present case, the exchange current density 
increases with zinc chhride concentration, as seen from fig. 3. 

1 
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Fig. 3:  The exchange current denslty vs the molar concentration Pt zinc ions 

From the slope of the plot, the concentration index (eM/l) is obtained as 0.5, 
which confirms the assumed value of a above. F r o v t h e  kinetic parameters, 
the following mechanism is suggested. The dissolution reaction proceeds in 
two steps, according to the following equations 

2 
Zn 1) Zn+ + e (rate determining step) . . . (2) 

If the equation (2) is the rate determining step, the rate expressions are 

i2 - = k2 exp [ ( 4 - ~ ) F E  - k-2 [ z n +  ] exp (- a; ) . . . (4) 

nF 

subscripts 2 and 3 have been added corresponding to equation (2) and (3). 
The reaction (3) is fast end essentially in equilibrium. Thee  d o n  (5) yields S the potetial-dependent equilibrium concentration of Zn . 

Substitution into equation (4) gives 

(1 -a )  FE k-, k-, 
iz = k, exp - - [ z n +  + j  exp 
7;F k, 

with the overpotential, equation (7) for anodic process can be written as 

where q = E - EC4 

2F 
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~lternativeiy, If equation (3) is the rate-determining step, similarly it can be 2. Similarly from the log-log plot of concentration vs current valua within 
lhown that the Tafel region, slopea of 0.259 m d  0.224 are obtained. From the rate 

equation (8) and (9) vduea of 0.25 and 0.75 are obtained for a - 0.5. This 
i - nFkt [Zn++l  (2-a)/2 . . . (9) alw proves that the rate equation (8) which corresponds to reaction (2) giva 

the actual rate determining step. 
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DRY CELLS 
(lndlan Patent Nc. 103216) 

Dry cells are used in flash lights, portable radios, hearing aids, transistor 
radios and other electrical equipment carried about on person. Because of 
the fact that they are clean, safe and easily portable, these cells have 
immense commercial importance. 

Demand : At present there are 8 to 10 units in the country engaged in the manu- 
facture of dw cells. Their Present Production is aoproximately 500 to 600 million 
numbers of-dry cells pe; annu; against present demand.of 1500 million. 

Process: Manganese dioxide forms one of the major constituents of the dry 
cells and is being imported at present as it is generally assumed that lndian 
ores are not good for battery use. 

Extensive work to study the behaviour of lndian ores in dry cells was 
undertaken at C.E.C.R.I., Karaikudi, and a process for manufacturing dry cells 
using indigenously available manganese dioxide has been developed. The 
new process consists of the following operations. Crushing the. ore, mixing 
with carbon and water, making the dolly, wrapping the dolly, cleaning zinc 
cans, making washers, waxing, paste making, assembling, cooking, capping 
etc. Each operation has a significant role in quality control. The novelty of the 
process consists in using solely the lndian ore for the manufacture of dry 
@Is. The know-how developed makes use of indigenously available raw 
materials. The performance characteristics of the dry cells made by the 
present method are conforming to IS. specifications. 

Multipurpose Dry Batteries 

For the first t~me in India, these batteries have been made with purely 
indigenous manganese ores. 

All the industries in India are invariably using special t$pe of imported 
ores and/or synthetic manganese dioxide in their units. The cost of the 
finished product is quite competitive. 

Scale of study: Laboratoryscale. Commercial scale trials yielded 
satisfactory results. 

Consumer acceptability: The dry cells prepared here have been tested by 
some commercial firms in the country, C.I.L, and N.T.H. Reports received are 
quite encouraging. Two Units in Kerala and one in Maharashtra are 
marketing cells made with C.E.C.R.I. know-how. 

Raw materials: Manganese dioxide, acetylene black, ammonium chloride, 
zinc chloride, mercuric chloride, starch, carboxy methylcellulose, zinc cans. 
carbon rods, brass cap and sealing compounds. &pt acetylene black, 
carbon rods and zinc, all are available indigenously. 

Plant and machinery: The essential items are ore pulverizer, sieve analyser, 
mixer, air compressor, dolly presses, hand fly press, dies and punches, can 
making machine, processing vats, air conditioning equipment, etc. 
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