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Abstract

Catalysts prepared from the carbon black impregnated with manganous nitrate solution and then heated at temperature from 270°C to
450°C were investigated. It was found that the impregnated catalysts heated at temperature of 340°C exhibited the best catalytic activity
for oxygen reduction in akaline electrolyte. It was also found that the XRD spectra of pyrolytic MnO, from manganous nitrate over
340°C were different from those below 340°C. The enhanced catalysis of air electrodes was ascribed to the formation of MnO, crystal
with d-value of 2.72 A as the impregnated-catalysts was heated at temperature of 340°C. The other factors in preparation of air electrodes

were also discussed. © 2000 Elsevier Science S.A. All rights reserved.

Keywords: Air electrodes, Manganese dioxide; Zinc—air batteries

1. Introduction

Among metal—air batteries, the zinc—air battery has
attracted a particular attention. The zinc—air battery has
been developed as a practical, high-energy density power
supply. Air cathode research and development all over the
world has resulted in substantial improvement of zinc—air
systems. A major breakthrough in ar cathodes was the
development of various alternatives as a replacement for
platinum, e.g. manganese dioxide, cobalt tetramethoxy
porphorin, perovskite-type oxides [1-3] etc. However, its
power density is still limited primarily by the high polar-
ization of air cathodes that are ascribed to a slow electro-
catalytical reduction of oxygen. Among the alternatives for
platinum catalysts, MnO, shows some promise of success
due to its low cost and its high catalytic activity for the
oxygen reduction. However, the recommended technical
parameters associated with the fabrication of MnO, cat-
alyzed air electrodes varies from one report to another. For
instance, one source [1] suggested the pyrolytic tempera
ture of manganous nitrate to be 500°C, while another [4]
recommended 270°C. The pore-forming filler for air elec-
trodes was adopted in reference [1], but the authors' previ-
ous work [5] showed that it is not necessary when the
current density is around 50 mA /cm?.
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In this paper, a new phenomenon is reported during
searching the optimum pyrolytic temperature of manga-
nous-nitrate-impregnated carbon blacks. An enhanced
catalysis of an air electrode was observed on the electrode
containing a favorable MnO, crystal with d-vaue of 2.72
A. The other parameters critical to obtaining a good air
electrode are also discussed.

2. Experimental

Carbon-based electrodes were prepared using tech-
niques described previously [6]. One of the two catalyst
carriers was SL-30 carbon black with specific area of 270
m?/g (Zigong carbon black, China), the other one was
acetylene black (AB) with a specific area of 70 m?/g.
When a mixture of two carbon powders were used, the
weight ratio of the two kinds of carbon powders was 1:1.
Carbon powders were first wetted with alcohol and then
mixed thoroughly with a reagent grade of 65 wt.%
manganous nitrate solution at room temperature to form a
dlurry. The slurry was dried and then ground. The sample
was then calcined at a certain temperature for an hour.
Teflon-30 suspension was served as a wet-proofing agent
and binder. The contents of solid Teflon-30 in a catalyst
layer and a gas diffusion layer were 25 wt.% relative to the
catalyzed carbon and 33 wt.% to AB. Only AB was
utilized in the gas diffusion layer, which is also caled a
wet-proofing layer in this paper. The mixture of carbon
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powders catalyzed by MnO, or not, Teflon-30 suspension
and alcohol were rolled to 0.3 mm. The acohol and water
in Teflon suspension also served to formation of the pores
of air electrodes. A threelayered air electrode was
prepared by pressing ‘“catalyst layer/wet-proofing
layer /nickel-plated copper screen/wet-proofing layer”
togetherat a pressure of 80 kg,/cm? and then was sintered
at a temperature of 280°C. The fina air electrode is 0.8
mm in thickness. A two-layered air electrode was prepared
by the same procedure as the three-layered electrode un-
less the wet-proofing layer next to the catalyst layer was
omitted.

The quas steady-state discharge curves of zinc—air
batteries were measured in double-electrode system by
linear sweeping current in 7 mol /I KOH in atmosphere.
The anode is the pure zinc (99.95%). The measurements
were performed at room temperature (about 17°C).

As MnO,-catalyzed carbon powders were served as the
samples of XRD investigation, many peaks assigned to
carbon powders will completely cover the pesks to MnO,.
In order to avoid the interference of carbon on XRD
spectra of pyrolytic MnO,, samples, which do not contain
carbon, were prepared following the similar procedure to
the manganous-nitrate-impregnated carbon blacks. All the
XRD spectrain this paper refer to the pyrolytic products of
manganous hitrate.

3. Results and discussion

The effect of heat treatment of carbon black impreg-
nated with manganous nitrate on the electrochemica per-
formance of air electrodes is shown in Fig. 1 together with
the electrode made from direct mixture of electrolytic
MnO, powders and with the electrode made from only
carbon as comparisons. It is found that the pyrolytic MnO,
from manganous nitrate-impregnated carbon blacks at the
temperature of 340°C exhibited the best performance. The
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Fig. 1. Cell voltages vs. current densities for zinc—air batteriesin 7 mol /|
KOH with porous carbon-based air cathodes containing 6.7 wt.% MnO,
prepared from manganous nitrate-impregnated-carbon black heated at (1)
300°C, (2) 280°C, (3) 340°C, (4) from direct mixture of electrolytic
MnO, and (5) containing no MnO, as comparison.
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Fig. 2. XRD spectra of MnO, from the pyrolysis of manganous nitrate at
(a) 270°C, (b) 300°C, (c) 340°C and (d) 450°C.

electrodes illustrated in Fig. 1 were fabricated under the
same conditions except pyrolyzing temperature for MnO,
formation. As known, the influences of temperature on
crystalline formation are diverse. In addition to determin-
ing which kind of materials is produced at a certain
temperature, it also determines which type of crystalline of
the same material will be. The XRD spectra of the samples
heated at different temperatures are illustrated in Fig. 2. A
markedly increased peak in XRD spectrum of pyrolytic
MnO, over 340°C was observed at 33.3° of 26. This peak
is representative of the MnO, crystal with d-value of 2.72
A. It seems reasonabl e to attribute the outstanding catalytic
activity of the electrode to the formation of the crystalline
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Fig. 3. Discharge behaviour of zinc—air battery at 40 mA /cm? for an
optimized air electrode.
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Table 1

Influence of the preparation parameters of air electrodes on the cell voltage (V) of zinc—air batteries at the given current densities

I (mA /cm?) Loading of MnO, on air electrode (wt.%)?  Layers of air electrodes Composition of carbon black®
10 6.7 5 3 2 SL-30 AB Mixture
20 113 124 1.19 122 1.19 1.28 1.24 124
50 0.98 112 1.05 1.06 1.02 1.18 112 114
100 0.72 0.95 0.82 0.83 0.74 1.04 0.96 0.98

#MnO, was prepared from the pyrolysis of manganous of nitrates adsorpted on a mixture of AB and SL-30 carbon blacks.

®The loading of MnO, is 6.7 wt.% for all cases.

grain of MnO, with d-value of 2.72 ,& which surely plays
acritical rolein catalysis of oxygen reduction. The catalyst
MnO, obtained at 450°C also has the same XRD spectrum
as that at 340°C, but its catalytic activity is not as good as
that at 340°C.

The following two cases probably prevent electrolytic
MnO, powders from showing a good catalytic activity for
oxygen reduction; first, the poor distribution of MnO, on
carbon black resulting from the direct mixture of the two
solid powders, second, the crystalline type of electrolytic
MnO, not fitting to catalysis of oxygen reduction. The
spectra of electrolytic MnO, collected by Kozawa [7] did
not show the abovementioned crystalline.

The influence of the other preparation parameters on the
performance of air electrodes is summarized in Table 1. It
is worth noting that the electrode with a structure of
“three-layer” showed a better performance than that with a
structure of “two-layer”. It means that the wet-proofing
layer not only decreases resistance to gas diffusion, but
also improves the gas distribution at the interface of the
catalyst layer and wet-proofing layer. The higher specific
surface area of carbon black is helpful to obtain a better
dispersion of catalyst on it and in turn improve the perfor-
mance of air electrode made from it. However, the air
electrodes made from carbon black with a higher specific
surface area was more easily broken during handling than
that with a lower specific surface area. The mechanical
strength of electrode made from the mixture of the two
abovementioned carbon blacks was acceptable. Of al fac-
tors, the most critical is the loading of MnO, on carbon
powder. It can be seen from Table 1 that there is an
optimum amount for MnO, loading on carbon black in
view of polarization.

Fig. 3 shows the long-term performance of an air
electrode fabricated at the optimized conditions at 40

mA /cm?. It can be seen that the performance of the
electrode is quite stable.

4, Conclusion

The improved performance of an air electrode catalyzed
by MnO, has been achieved as the following conditions
are followed.

(1) The pyrolyzing temperature of carbon black impreg-
nated with manganous nitrate is kept at 340°C for an hour.
At this temperature, afavorable MnO, crystal with d-value
of 2.72 A is generated, which is highly catalytic to oxygen
reduction.

(2) The optimum loading of MnO, on carbon black is
about 6.7 wt.% based on the weight of carbon black.

(3) The structure of air electrode with “three-layer” is
preferable to that with “two-layer”.
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