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FORMATE ION - OXYGEN FUEL CELLS

 P. G. Grimes and H. H. Spengler :
Research Division, Allis-Chalmers Mfg. Co.
. Milwaukee, Wisconsin

Introduction

Formate ion is one of the more readily oxidizable carbonaceous
fuels 1n basic electrolyte. In the range 80-100° C, formate ion-
oxygen fuel cells, using a platinum-palladium catalyst, have a per-
formance approaching that of hydrogen or hydrazine fuel cells.
Formate ion-oxygen fuel cells with a platinum-palladium catalyst
have been shown to have about twice the output of methanol fuel
cells at ambient temperature (1). ,

Formate salts are easily handled as solids or in solutlon, are
stable, have low toxicity and are potentially low in cost. Formic
acid may also be used as the fuel. It also is stable, and poten-
tially low priced. However, its corrosive properties demand that
it be handled with some care. Formate solutions in base are stable
at 100° C. At this temperature, the fuel is not volatile in con-
trast to methanol.

The investigations of the formate fuel cells were extended to
study the effects of temperature on the cell output. PFurther stud-
les involved variation of catalyst and electrolyte composition and
fuel concentration.

Experimental

A sandwich type fuel cell was used 1in these studies. Grooved
and manifolded stainless steel end plates held the electrodes and
allowed uniform flow of electrolyte-fuel and oxygen over the elec-
trode surfaces. An asbestos sheet (0.060 inch thick) served as
the separator-spacer between the electrodes (2). ‘

The electrolyte-fuel mixture, heated in an external chamber,
was pumped through the cell anode compartment and then back to the
external heater chamber. Oxygen was supplied to the cell at or
slightly above atmospheric pressure. Appropriate cell temperature
was maintained within T 19 C with an auxiliary heating pad. The
external heating and pumping system was constructed of Teflon,
glass and stainless steel materials. The reference saturated cal-
omel electrode (SCE) was connected to the electrolyte system by
means of an external Luggin capillary tube.

Porous nickel plaques (0.028 inch thick) were used as catalyst
support material. Electrode plating solutions were prepared by mix-
ing appropriate amounts (in accordance with the required catalyst
ratio) of the noble metal chloride solutions containing 2 mg. of
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metal ‘per ml. and then adjusting the pH level to 1 with hydrochloric
acid. A vacuum filtration technique was used to draw the plating
solution through the porous nickel plaque at a slow flow rate. The
ratio of the Pd/Pt chemideposited on the plaques was the same as
that in the mixed plating solutions (3). Plated plaques were then
washed with distilled water and stored in a dry atmosphere. A
waterprooflng coating of Teflon was applied over the catalyzed sur—
face of those platinum-palladium electrodes which were to be used

as cathodes to prevent electrods "flooding." All electrodes were
plated with a total of 60 mg/in“ of noble metal catalysts. The geo-
metric area of the electrodes was 6.25 in and the current data
presented are expressed in terms of amperes per square foot (ASF)

Puel cell electrodes were evaluated with a sine wave (4) and a
square wave commutator. The square wave current was generated by a
mercury swltch functlion generator. Operating power was supplied by
a 12 volt storage battery; a second 12 volt battery supplied the
power to operate the auxiliaries of the square wave generator. Volt-
age readings were taken with a Tektronix 564 Storage Oscillloscope
and a R.C.A. Senlor vacuum tube voltmeter when uslng the square wave
or sine wave commutators, respectively. .

. For the half cell studies a current equivalent to 60 ASF was
supplied to the cell for a pre-polarization period of five minutes.
Experimental data at 60 ASP were then taken, 1.e. anodic and cathod-
ic half cell voltages, total cell voltage (ohmic free), and the oh-
mic voltage (IR drop) of the cell. ,

The cells were normally kept at the appropriate current density
for a three minute polarilzation perlod before the potentials were
measured. For the lower temperature (300 C) tests, the cell was
operated at alternately high and low current densities to malntain
a nearly constant temperature in the cell, however, it was not nec-
essary to follow thils procedure at 1000 C.

Results and Discussion

Anode and Cathode Studies -

Formate solutions in basilc electrolyte are stable at elevated
temperatures, allowing operation of cells near the boiling point of
the electrolyte at atmospheric pressure. Studies at ambient and
elevated temperatures were conducted to determine the polarization
curves for anodes and cathodes using different noble metal catalyst
mixtures with formate and oxygen. The standard potential for the
anode reaction is 1.02 volts.

HCOO'(aq) + OH‘(aq)-—€> CO3=(aq) + H20 (1) * 2e

Previous studies have shown that formate ion 1s readily oxi-
dized on an anode catalyzed with a platinum-palladium mixture or
with palladium (1, Platinum catalyzed anodes are severely polar-
ized under applied load Increasing the palladium content of the
catalyst improves the activity of the anodes at 30° C (Figure 1),
All electrodes had a total noble metal catalyst- loading of 60 mg/in
The palladium anode was the least polarized on initial tests. Upon
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extended testlng for over a thousand.houfs at ambient temperature,
a ratlo of five parts palladium to one part platinum by welght
proved to be the superlor catalyst (1).

Formate lon fuel cells were shown ln these studies to have
about twice the performance of methanol fuel cells under the same
conditions at ambient temperature. Performance of the methanol
anode 1is not greatly changed (Figure 2) when the cell temperature

"+ 1s raised to 60° C (limited by the vapor pressure of methanol).

However, anode performance of the formate cell is markedly improved
by the temperature increase. : :

Anode polarization curves obtained for cells operating at
90° ¢ with 4M potassium formate and UM potassium hydroxide electro-
lyte are shown in Figure 3. ThS porous nickel electrodes were cat-
alyzed with a total of 60 mg/in® of catalyst. The performance of
all the anodes improves with temperature (compare with Figure 1).
Obviously, the data show that on initial tests, the palladium anode

‘gave the hlghest potentlal for currents between 1 and 200 ASF at

90° C. The same trend, noted at the lower temperature, of decreas-

ing anode activ;ty with increasing platinum content was observed,
except that the platinum anoge was comparable in performance to the
anodes.

The. effect at 30° and 90° of increasing platinum content of
anodes 1s depected schematically in Figure 4. The markedly improved
activity of a platinum anode at 90° C was unexpected and is inexplic--
able at this time. .

Previous- cathode studies with hydrogen-oxygen cells at ambilent
temperature have shown that platinum-palladium mixtures are more
active than either platinum or palladium (4).  In the 4M potassium
formate - 4M potassium hydroxide system, the oxygen cathode perform-
ance improves with lncreasing platinum conteat. The best cathode
at 30° has a content of 40 mg Pd/20 mg Pt/in“ catalyst. The plat-
inum cathode was highly polarized at 30° C.

The oxygen cathode polarization curves at 90° C for 60 mg/in2
of platinum and/or palladium are shown in Figure 5. At the higher
temperatures, the activity of the cathode catalyst increases with
increasing platinum content. However, again the platinum cathode
is least active at the higher currents. The best cathode catalyst
had equal amounts of platinum and palladium. The trend of cathodic
activity of platinum-palladium mixtures is opposite that of anodic
activity of these same mixtures.

The effect of formate ion concentration on the potential of
the oxygen electrode at 90° C 1is shown in Figure 6. A waterproofed
porous nickel electrode with equal amounts of platinum and palladi-
um was used as the cathode. Potassium formate concentration in the
4M potassium hydroxide electrolyte ranged between 0.5M to UM.

It may be seen from Figure 6 that the formate fuel exerts a
considerable polarizing effect on the behavior of the cathode; and
that the effect 1s greater with increasing concentration of potas-
sium formate. Furthermore, the polarization of the anode decreases
slightly with increasing concentration of fuel. Simllar results
have been observed for the methanol-oxygen fuel cell (5). Explana-
tions for an 1ncreased polarization of the cathode as the concentra-
tion of the dissolved fuels are raised have not been considered in
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detall. It 1s for this reason that we should like to present possi-
ble hypotheses for this phenomenon.  The decrease in anode polarigza-
tion as the fuel conceatration is raised .(Figure 6) may be due to
either a decrease in diffusion limitation or increase in concentra-
tion of fuel in the pre-electrode layer. Since the 1-V.curves do
not exhiblt a diffusion limiting current for any of the concentra-
tions studied, it would appear, therefore, that the effect of fuel
concentration may be explained approximately by the concentration
term 1n the rate equation.

Although the net reaction at the oxygen electrode 1s cathodic,
thls electrode may still function as an anode for formate ilon, pro-
vided an adequate supply of fuel is present at the electrode sur-
face. If this occurs, the net cathodic current is less, and in-
creased polarization will be observed.

It has been assumed that the anodic and cathodlc reactions are
totally independent of one another over the voltage range studiled.
Since formate ion 1is probably adsorbed on the cathode, it would be
reasonable to assume that the surface covered with formate 1s not
avallable for catalysis of the cathodic reaction. However, the
predominating factor controlling the effect of fuel on the cathode
polarization in the system discussed 'in this paper appears to be-
the formate oxidation current, rather than adsorptlion of fuel.

This explanation is supported by the fact that increased formate

. concentratlon results in greater cathode polarization. Furthermore,
the performance of the cathode as a function of the catalyst 1s. the
opposite of that shown for the anode in Figure 6

Operating Cells

A cell was constructed using a platinum anode and a 30 mg P4/
30 mg Pt/in2 cathode. The selection of these electrodes was based
on the catalyst spectrum.studies. The performance of. the cell us-
lng a UM . potassium formate - 4M potassium hydroxide electrolyte is
shown in Flgure 7. An ohmic free cell voltage of 0.82 volts at
200 amps per square foot was obtained at 90° C.

Based on this data, an operating foérmate 1on—oxygen‘fue1 cell
system in strong alkali electrolyte could presently be expected to
produce 120-170 ASF at 0.8 volts per cell at 90° C. The system con-
struction would be similar to that of a hydrazine fuel cell (2). ‘
This performance approaches that of hydrogen-oxygen and hydrazine- .
oxygen fuel cells at the same temperatures. Further studies of the
effects of temperature, formate 1lon concentration, and cell design
to minimize contact of formate with the cathode should lead to
marked improvement in the performance of the formate ilon-oxygen fuel
cell.

The oxidation of formate ion in this system produces carbonate
lon and consumes hydroxyl ion. Continued operation of the system
would convert the cell electrolyte to carbonate. If the cell is to
be operated at high pH, periodic replacement of the electrolyte
would be required. However, if a small reduction in performance is
not a detriment, the cell can be operated using a carbonate electro-
lyte. Figure 8 shows the current-voltage curve of the cell with 4M
potassium formate - 4M potassium carbonate electrolyte at 90° ¢. The
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ohmic free cell voltages at. 200 and lOO ASF are 0 5 and 0.65 volts,
respectively.

. The polarization of the formate anode 1s only slightly greater
in the carbonate than in the hydroxide electrolytes. However, the
performance of the oxygen cathode 13 markedly poorer 1n the carbon-
ate electrolyte. The difference 1n performance of the two cells
shown 1n Figure 8 1s due primarily to the cathode polarization.

In spite of the greater polarization of the cathode 1n carbon-
ate electrolyte such a system may reasonably be expected to produce
100 to 130 ASF at 0.5 volts at 90° C. .

Conclusions

The formate lon- -oxygen fuel cell will produce 0.82 volts at
200 ASF (ohmic free) at 90° C with hydroxide electrolyte. Opera-
tion of the formate lon cell with a carbonate electrolyte reduced
‘the performance of the cathode, lowering the output to 0.5 volts at
200 ASF (ohmic free) at 90° C. ,

Palladium and platinum are the best anode catalysts at this
temperature. A mixed catalyst contalning equal amounts of plati-
num and palladium is the poorest anode catalyst. At 30° C, how-
ever, palladium was the best anode catalyst and activity decreased
with increase 1n platinum content. The mixed catalyst, referred
to above, however, 1s the best for the oxygen electrode at both
30° and 90° C in the presence of formate.

The output of formate lon-oxygen fuel cells approaches that

of hydrogen and hydrazine-oxygen fuel cells. This allows the for-
mate lon-oxygen cells to be applled 1n speclal applications.
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Fig. 1.-EFFECT OF CATALYST ON ANODE POTENTIALS IN,&M
_POTASSIUM FORMATE AND 4M POTASSIUM HYDROXIDE AT 30°C
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Fig. 2.-ANODE CURRENT-VOLTAGE CURVES FOR THE SYSTEMS
4M METHANOL AND 4M POTASSIUM FORMATE IN 4M POTASSIUM
HYDROXIDE AT 30° AND 60°C



-110-

-1.20

I
o

i
O

-1.05

-1.00 60Pd -0 Pt

ANODE VOLTAGE VS. S.C.E.

®

0 50Pd -10PL

0 40 Pd -20 Pt
-0.95F & 30Pd-30Pt

v 0 Pd-60Pt
- " I lllllll 1 1 IFIILLLJ 1 st
O.QOI : 10 100 1000

CURRENT DENSITY (A.S.F.)

Flg. 3.-EFFECT OF CATALYST ON ANODE POTENTIAL IN 4M
POTASSIUM FORMATE AND 4M POTASSIUM HYDROXIDE AT 90°C
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Fig. 4.-SCHEMATIC: ANODE VOLTAGE VS. CATALYST COMPOSITION
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Fig. 6.-EFFECT OF POTASSIUM FORMATE CONCENTRATION ON ANODE

' AND CATHODE POTENTIALS IN 4M POTASSIUM HYDROXIDE AT 90°C
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