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Abstract: This paper is a study about a direct mode fuel cell with a near-neutral-state and alkaline electrolytes. The aim of
study was to develop a fuel cell, which operates directly by mixing the fuel with the electrolyte. This arrangement helps to
avoid inserting membranes and additional bacterial cultures in fuel cell. The target is also to create a fuel cell with a ca-
pacity of few mWem™ with the starch as a fuel. Also, glucose and sorbitol have been tested as fuel for the fuel cell.
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1. INTRODUCTION

The complex storage of carbohydrates for the nature such
as starch and cellulose are attractive candidates of fuels for
fuel cell, because they are ready to use in fuel cell with less
processing steps than e.g. bio-ethanol requires. A glucose as
the fuel for the fuel cell is also of great importance, because
glucose can be produced easily through hydrolysis from
starch and cellulose [1]. In this study, a direct mode fuel cell,
in which fuel and electrolyte are mixed with each others, is
tested. The fuels in this starting point of our research are
starch  (C12H20010)n, glucose (CgH1206) and sorbitol
(CeH140¢). Sorbitol (i.e. polyoil) is produced by reducing
glucose. It is interesting to compare these different kinds of
saccharides, especially how they work as a fuel in fuel cells.
The target is to produce both effective and simple direct
mode biofuel cell with a near-neutral-state or an alkaline
electrolyte with a moderate electric power production capac-
ity of few mWcm™. The near-neutral-state electrolyte is of
interest for two reasons. Firstly, the pH of the electrolyte
would be near the pH of liquid in living cells. Secondly, the
neutral electrolyte would enable good corrosion resistance of
catalyst materials. There also exist other kinds of applica-
tions that utilise enzymes or bacterial culture for reforming
of bio fuels in fuel cell applications [2, 3]. Concerning the
application of glucose or other carbohydrates, if the fuels for
fuel cell operation were dissolved in an electrolyte, there
would be no need for auxiliary reforming equipment or addi-
tional bacterial cultures. Also, a direct operation mode for
these fuels in fuel cells would not need any proton selective
membranes as the PEM fuel cell does [4, 5]. In the develop-
ment of the selected bioorganic fuel cell, there is a target of
producing oxidation reactions in ionic form in the liquid
phase by increasing the oxidation number of the reaction
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products. This would enable a high electronic yield and elec-
tric power production from one molecule of bioorganic
molecule. In earlier studies with glucose or other carbohy-
drates as a fuel in fuel cells, this has been achieved using
metallic catalysts in neutral, alkaline or acidic electrolytes
[4-11]. When glucose is concerned, the oxidation reaction is
believed to take place to only a limited degree, and the total
yield of electrons from the molecule has only been two elec-
trons from 24 available electrons [6, 10]. In studies regarding
direct bioorganic oxidations, the anodic catalyst materials
were composed of different Pt alloys [4, 8-11]. In this study,
an anode catalyst of Pt-Pd and a combined cathode catalysts
of cobalt porphyrin complex CoTPP and of spinel MnCo,0,
are being tested.

2. EXPERIMENTAL

In our tests the catalyst loadings of the anode elec-
trode were about 2.46 mgcm? for both the Pt and Pd
bimetallic combinations (both in concentrations of 10% on
carbon) in a weight ratio of 1:1. The catalyst loadings of the
cathode electrode contained a catalyst loading of 3.15
mgem™ of CoTPP in concentration of 18 % on carbon and of
17.5 mgcm'2 of MnCo,0,. The anode electrode consisted of
a single-layer structure without diffusion material. The cath-
ode electrode was of the double-layer type with both the ac-
tive catalysts and the diffusion layers. The electrodes were
sintered at 350 °C. The geometric areas of both electrodes
were 200 cm? The Pt-Pd catalyst was a commercial grade
purchased from Johnson-Matthey. The CoTPP and the
MnCo,0, catalysts were commercial products obtained from
Oy Hydrocell Ltd.

The test routine in all the tests was as follows: 1). Prepa-
ration of the aqueous alkaline (i.e. 2 M potassium hydroxide
KOH by Sigma Aldrich) or the near-neutral-state (i.e.,
1M potassium phosphate monobasic KH,PO4 (by Fluka)
with adding KOH to set the pH value at 7.4) electrolyte solu-
tion with glucose (glucose anhydrous, Oriola), starch (86 wt-
% corn starch, Unilever) or sorbitol (Neosorb P. 60,
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Roquette). 2). Addition of the solution in the cell. 3). Meas-
urement of the open circuit voltage (OCV) in room tempera-
ture (RT) and after heating the electrolyte up to temperature
of 51 °C until steady-state is attained. 4. After reading the
values of the OCV, the current versus voltage was recorded
for each type fuel cell.

3. RESULTS AND DISCUSSION

The results showed that when using the near-neutral state
electrolyte in the fuel cell, the power output was found to be
negligible, i.e., the current densities and voltages were found
to be too low. Therefore, the test results in this study mainly
deal with the alkaline electrolyte.

Fig. (1) shows the polarization curves having glucose,
sorbitol and starch as the fuel in the alkaline electrolyte (2M
KOH). Both glucose and sorbitol were added in the fuel cell
in concentrations of 1M. Due to the imprecise nature of de-
termining the exact molecular weight of starch, starch with a
weight concentration of 10 g/l was added to the electrolyte
for comparisons with the other types of fuels.
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Fig. (1). Polarization curves for the direct mode fuel cell with glu-
cose (Glc), sorbitol (Srbt) and starch (Strch) as a fuel in an alkaline
(aqueous 2 M KOH) electrolyte. Anode catalyst Pt-Pd, and the
cathode catalysts CoTPP and MnCO,0,. Tests at two temperatures.
RT = room temperature.

The corresponding OCV values in Fig. (1) with respect to
the electrolytes and the concentrations of the fuels at two
different temperatures are as follows: Glucose (RT)=0.80
V, glucose (51 °C)= 0.80V, sorbitol (RT)= 0.73 V, sorbi-
tol (51 °C)=0.76 V, starch (RT)= 0.54 V and starch (51 °C)=
0.62 V.

From the results shown in Fig. (1), it can be seen that
glucose provides the highest power densities among the
other types of bioorganic fuels. Raising the electrolyte tem-
perature improves the current density versus the voltage val-
ues for all types of fuels. The current density values were
found to be higher than the findings in earlier report [5] in
which microbial fuel cell with membrane for starch was
studied. The starch molecule was not utilized as the other
fuels because hydrolysis didn’t take place. By heating up the
electrolyte temperature, sorbitol was found to have as equal
current density as glucose at room temperature. Therefore,
the research for starch and cellulose as a fuel for fuel cells is
interesting for direct electrochemical oxidation and espe-
cially for glucose, as it is the product of hydrolysis of both
types of storage carbohydrates in the nature.
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Concerning the poor results with the near-neutral electro-
lyte, it is evident that the anode catalyst Pt-Pd is active in
alkaline electrolyte. It is reported earlier, that Ni catalyst is
considered active anode catalyst for the electro catalytic oxi-
dation of carbohydrates such as primary alcohols in alkaline
solutions [12]. Thus, both Pt and Ni catalysts require an
[OH] - ion concentration in the electrolyte high enough to
work effectively in the electro-oxidation of carbohydrates.
Selective catalysts are therefore being sought for in order to
operate in near-neutral state electrolytes. The differences in
operational capacities of fuel cells with near-neutral state and
alkaline electrolytes are apparent due to the ionic conductiv-
ities and properties of the catalysts.

Concerning the electrochemical oxidations of the bioor-
ganic materials, the yield of electrons from available elec-
trons per one molecule of glucose is believed to be low. Fur-
ther studies using cyclic voltammetry and rotating disc elec-
trodes analyses have to be made in order to find out oxida-
tion-reductions as well as the number of electrons ex-
changed. Any presentation of the poisoning effect of the
catalyst materials by the reaction products, during the elec-
trochemical oxidation reactions of the selected bioorganic
materials cannot be given either. Oxidation of glucose,
which is a hydrolysis product of starch and cellulose, Pt cata-
lyst, is reported to be poisoned by gluconic acid in near neu-
tral electrolytes [13]. Furthermore, Pt catalyst poisoning dur-
ing electro-oxidation of glucose is said to be inhibited by
alloying it with other materials such as Sn and Pb [11].

4. CONCLUSIONS

In this study glucose, sorbitol and starch were tested
mixed in the near-neutral-state and in alkaline electrolytes in
the direct mode fuel cell. As a result of these studies, we
found that glucose in aqueous alkaline electrolyte produced
the highest power output in the test fuel cells. Therefore,
research on electrochemical oxidation of starch and cellulose
will be in fact a research on glucose electro-oxidation, due to
the fact that both starch and cellulose have to be treated in a
way before they can be successfully operated as a fuel in a
fuel cell. By hydrolysis of starch and cellulose, glucose is
formed. However, both starch and cellulose are interesting
candidates as a fuel in fuel cell, because they need less proc-
essing steps compared to other fuel types, before supplying
to the fuel cell. The direct mode low temperature fuel cells
with electric power production capacity of few mWem™ with
starch and cellulose as fuels is possible through research on
active catalytic materials.
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