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Zn-MnO2 is normally a low cost primary battery but can be 

made rechargeable provided that depth of discharge is not 

more than 5-10%. There is considerable interest in making 

this battery truely rechargeable, i.e. with the customary level 

of DoD. Recent effort on alkaline Zn-MnO2 has concentrated 

on two electron exchange aiming for a discharge capacity 

close to 616 mAh/g. However there are severe problems 

associated with this approach; namely low voltage profile at 

the second electron exchange and capacity decay due to zinc 

poisining [1].  

 

An alternative approach would be to aim for a more modest 

discharge capacity using mildly acidic electrolyte. In fact 

discharge capacity in the order of 220 mAh/g was already 

reported by Chamoun et al. A number of studies were 

conducted (e.g. Zn(CF3SO3)2, H2SO4, TBA2SO4) for the 

choice of acidic electrolytes. The use of ZnSO4 especially 

when dilute yielded a capacity in the order of 140 mAh/g, but 

the best results were obtained with an elctrolyte of 2 M 

ZnSO4 and 0.1 M MnSO4 [2]  

 

The current work, makes use of above electrolyte, 

concentrates on cathode chemistry to identify improved 

composition by modifying the -MnO2. So as to obtain 

modifed chemistry, cathodes were sputter deposited with 

combinatorial approach [3]. 

 

  

Photograph of sputter deposition of 

cathodes with combinatorial 

approach 

SEM image of Na0.7MnO2 coatings 

obtained on a glass substrate for tooling 

purposes. Cathodes deposited were 

typically 3 m. 

 

For sputter deposition, four sputter targets, namely Bi2O3, 

Na0.7MnO2, NiO and MnO2 were prepared. Active materials 

procured as nitrates which were calcined at selected 

temperature yielding the oxides. These were then pressed 

with deformable die and sintered at selected temperatures. In 

the case of Na0.7MnO2, first Mn2O3 powder was obtained and 

then this was ball milled with Na2CO3 and calcined again.  

A total of 36 cathodes were deposited in a single experiment, 

each with a different composition. So as to make samples 

comparable to each other, the sputter targets were adjusted 

carefully so that each target when operated on its own yielded 

one third of the thickness at the center as compared to the 

nearest corner on substrate plane. Power loading was adjusted 

on each gun so that they yielded coating of nearly the same 

thickness ( 3m.) Two sets of cathodes were deposited, one 

set on aluminum and the other on nickel foil.  

 
 

Distribution of cathode 
compositions in ternary field 

Charge and discharge curves for 
Bi0.06Na0.26Ni0.43Mn0.26Ox cathode up 
to 50 cycles  

The cathodes deposited on Al was characterized witth EDS 

from which their chemical composition were determined. 

Most of the samples were close to Na-Ni line and Mn content 

varied though in no case it was more than 32 at%. Curently 

the work is in progress to evaluate the electrochemical 

performans of the cathodes. The figure above refers to 

charge–discharge curves of Bi0.06Na0.26Ni0.43Mn0.26Ox 

cathode. The initial capacity is 245 mAh/g but it reduces to 

80 mAh/g after 10 cycles.  

 

Having characterized all samples, we are planning to deposit 

a new set of samples with a more homogeneous distribution 

of cathodes within the ternary field and with significantly 

higher Mn content. 
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