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1. Introduction

In recent years, much attention has been focused on
the development of metal-organic batteries in prefer-
ence to conventional inorganic material based battery
systems. A number of organic compounds have been
coupled with magnesium or zinc; among these,
aromatic nitro compounds (e.g. meta-dinitrobenzene,
m-DNB) have dominated over others, particularly
because of their high theoretical capacity [1]. The main
disadvantages of these cells are: very low cell voltage,
low power density and high toxicity. In order to
circumvent these problems and also to change the
existing scenario of the dry cells [2], we have recently
investigated certain novel N-halogen organic com-
pounds as cathodic depolarizers for reserve cells,
primarily because of their high cell potential and
non-toxicity [3~7]. This paper presents first results
for N,N’-dichlorodimethylhydantoin (DDH) based
magnesium and zinc dry cells which are fabricated
in different standard sizes such as A and D. The
electrolytes employed in the respective cells are aque-
ous salts of magnesium perchlorate and ammonium
chloride. Several battery parameters such as internal
resistance, specific capacity, specific energy and
coulombic efficiency are also reported.

2. Experimental details
2.1. Fabrication of extruded magnesium cans

Magnesium alloy (AZ 31) sheets of 0.80 and 0.50 mm
thicknesses were used for the fabrication of D and
A-size cans, respectively. Since magnesium is a very
light metal, and also flammable, much care was taken
during the fabrication. Only wooden tools were used
for the flattening of the sheets. The sheets were cut to
the required dimensions to fabricate the D and A-size
cans. The sheets were made into cylindrical form using
a round wooden rod. Then the edges were riveted
using aluminum rivets. The bottom sheet was joined
using Araldite.

2.2. Zinc cans

D size zinc cans as received from Estrela Batteries
(India) were used for the fabrication of Zn/DDH
organic dry cells. D-size and A-size cells were dis-
charged at various current drains. For capacity cal-
culations, the cut-off voltage of the magnesium and
zinc dry cells were 1.5 and 1.0V, respectively.
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2.3. Magnesium/zinc~-DDH dry cell fabrication

The bobbin mix formulations for constructing the dry
cells were as shown in Table 1. A carbon rod was
inserted in the middle of the bobbin blend and acted
as the cathode current collector. The separator was
prepared by soaking a synthetic paper with wax.
Fig. 1 shows the cross-section of the metal-organic
dry cell. The cells were discharged at various current
drains between 20 and 500 mA at 30 + 1°C. Tripli-
cate experiments were performed and the results were
reproducible within +2%.

3. Results and discussion
The electrochemical reactions of DDH during its

reduction can be represented as follows.
In magnesium perchlorate electrolyte:
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In ammonium chloride electrolyte [1]:
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Figures 2-4 represent the discharge curves for mag-
nesium and zinc based D and A-size cells at various
current drains. The open circuit voltage (0.c.v.) of the
Mg/DDH and Zn/DDH cells are 2.55 and 2.06V,
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Table 1. Bobbin mix formulations

Mg/DDH D-size cell

Active material 8.00g
Acetylene black 400g
2.0M Mg(Cl0,), 12.00 m1
2% starch 2.00ml
Barium chromate 024g
Mg/DDH A-size cell

Active material 2.50¢g
Acetylene black 1.25¢g
2.0M Mg(ClOy), 4.00ml
2% starch 0.50ml
Barium chromate 0.08¢g
Zn/DDH D-size cell

Active material 8.0g
Acetylene black 40g
2.0M NH,Cl + 8% ZnCl, by weight 10.0ml
2% starch 2.0ml

respectively. The observed voltages are much higher
than those obtained with well known organic de-
polarizers such as in the m-DNB based cell systems [8,
9] (o.c.v. of Mg/m-DNB: 1.50; Zn/m-DNB: 1.00V).
The observed higher voltage of DDH may be attributed
to the presence of loosely attached chlorine (electron
attracting group) in the ring of the material. The
internal resistances of the cells were calculated from
the voltage against current profiles (Fig. 5). The values
for different cells such as Mg/DDH D-size, Zn/DDH
D-size and Mg/DDH A-size were found to be 1.00,
1.27 and 3.72 mQ, respectively. The internal resistances
were found to be significantly lower than previously
reported values for the conventional D-size zinc—
carbon-NH, ClI cells (0.27 Q) and zinc-carbon-ZnCl,
dry cells (0.18 Q) [10]. The cut-off voltage of the zinc-
carbon-MnQ, system ranges from 0.65 to 1.00V per
1.50 V cell, depending upon the application. For the
present magnesium and zinc based dry cells, the cut-
off voltages were taken as 1.5 and 1.0V, respectively.
In terms of operating voltage, DDH based dry cells
showed approximately 1.00V higher voltage in com-
parison with conventional zinc-carbon-MnO, cells.
This infers that cathode polarization is low in the case
of DDH based dry cells. Higher internal resistance, as
observed for the Mg/DDH A-size cell in comparison
with the corresponding D-size module, may be attri-
buted to the less active surface area in the former
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Fig. 1. Cross-section of metal-organic dry cell.

2.30
2.10
>
w 190F
Q
<
5
g 1-70&1
150 4500 250 100mA
1 | 1 1 L 4 L
200 400 600 800 1000 1200 1400 1600

TIME |, min

Fig. 2. Effect of current drain on the cell voltage of Mg/DDH D-size
dry cell.

design. Table 2 gives the data for various battery
parameters.

At low current drains (100 mA in the present work),
the Mg/DDH dry cells gave an operating voltage of
about 2.0V. By lowering the discharge rate to the
microampere level (the specifications as required for
most dry cell utility applications), the service life, and
the voltage, is increased. Although these data give rise
to higher cell voltage and lower internal resistance and
a material efficiency of around 60% at low discharge
rate, other battery parameters such as specific capacity
and specific energy need to be further improved by
proper cell design and improved fabrication tech-
niques. Forthcoming publications will deal with this
problem.

4. Conclusions

On the basis of the present data, it is concluded that
the DDH shows potential for use as a cathode de-
polarizer in dry cells and the most attractive features
of this compound, in association with either zinc or
magnesium, are its higher voltage in aqueous medium
(Mg/DDH: 2.55V; Zn/DDH: 2.06 V) and its non-
toxicity. Other well known nitro or nitroso based
organic dry cells (for example m-DNB) give voltages
of less than 1.5V. The coulombic efficiency of DDH
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Fig. 3. Effect of current drain on the cell voltage of Zn/DDH D-size
dry cell.
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Fig. 4. Effect of current drain on the cell voltage of Mg/DDH A-size
dry cell.

has been found to be around 60% at low discharge
rates.
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Table 2. Performance characteristics of Mg/Zn-DDH dry cells at
different current drains

Current drain Specific Specific Coulombic
/mA capacity energy efficiency
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Zn/DDH D-size: (0.c.v.: 2.05V)

100 12.8 19.8 392
250 7.5 9.8 23.0
500 1.9 2.2 5.8
Mg/DDH A-size: (o.c.v.: 2.56 V)

20 13.6 26.0 41.7

50 9.6 16.8 29.4

100 32 5.1 9.8
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