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SOME_ASPECTS OF THE DESIGN AND QPERATION
OF DISSOLVED METHANOL FUEL CELLS

by
’ K.R. Williams, M.R. Andrew and F. Jones
"Shell” Research Ltd., Thornton Research Centre, P.0O. Box 1, Chester, U.K.

INTRODUCTION
It ha; long been recognized1 that a soluble fuel such as methanol

may conveniently be used in low temperature fuel cells. However most early

- attempts to realize this type of fuel cell involved the use of an alkaline

electrolyte, which would have been rapidly converted to.carbonate. Thus

potassium or sodium hydroxide solutions do not meet the requirements of

~Invariance implicit in the definition of a fuel cell. At low temperatures,

thgt is at ambient temperéture and slightly above, carbonate electrolytes
are unsuitablé; not only is the performahce of the oxygen electrode poor
aﬁd the anode subject to concentration polarization, but formation of the
bicarbonates, which are of low solubility, makes it difficult to conceive of
a reasonably invariént system when such an electrolyte is used. If
operation at around 120°C is acceptable, then Cairns and his co-workersg’3
ﬁave shown that caesium and rubidiumAcarbonates can be used as invariant
electrolytes for methanol fuel cells. However, the performance of

present oxygen electrodes in this electrolyte falls short of that obtainec:

in strong acids and bases. Furthermore, as Williams and Greg‘ory,+ have shown
only Strong‘acids and bases can be used as electrolytes for low temperature
fuel cells if high current densities are required.

These considerations suggest that a strong .acid is 1ikely t0 be the
most satisfactory electrolyte for a direct methanol fuel cell. Of the
strong acids, sulphuric seems the best choice if operation at temperatures
between ambient temperature and 60 or 70°C is required. This acid has a

high specific conductivity, 1s non-volatile and, although 1t is
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corrosivé, the problems attendaht uéoﬂ.its use are not insurmountable. In
our experience the performance of oxygen electrodes in sulphuric acid is
marginally better thén in phosphoric acid, the major alternafive; also the
electfical conductivity of sulphuriq acid is higher than that of phosphoric
acid at low temperature. Perchloric acid offers no significant advantaée
over sulphuric acid with our electrodes and as there is a possible fire
MMMthwmm®maﬁdwdﬁmmdwemﬁwmdmmmﬁcmm

Another advantage of acid electrolytes is that water removal 1s

easier than with aﬂ alkaline eiéci;olyté. This is beqauée, with an acid
electrolyte, hydrogen ions dischafge on the alr electrode to form water
which is readily removed. On the other hand in alkaline systems, water
has t6 be transported from the fuel electrode through the electrolyte to the
air electrode. This process takes place agalnst the concentration gradient
as the concentration of electrolyte is highest, and hence vapour pressure of
water lowest, éf the region from which water 1s evaporated. '
There are various reasons for accepting an upper limit of
operatihg temperature of 70°C for the dissolved methanol cell. ‘In the
first place methandl, even 1n solution, is sufficiently volatile at
temperatures above 60°C as to necessitate stringent precautiops égainst loss
by evaporation. Secondly, an upper temperature limit of ab6u£-70°C means
that a wide range of cheap, qommercialiy avallable plastics offers sufficient
temperature and corrosion résistance to be useful for fuel cell construction.
Additionally, corrosion problems, particularly in the vicinity of the air -
electrode, are aggraVatéd by increased temperatures and offer a further
incentive to relatlively low temperature operation. Finally, 1f a cell is
designed to run at about 60°C, it will have a reasonable output at room

temperature and will start easily from cold.
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The ability to operate an invariant acid electrolyte system at a
relatively low temperature may be of importance where extreme longevity is
required. In our experience the rate of electrode deterioration increases_
with increasing operating temperatures but even at the present state of the
art, lives of the order of years appear possible if temperatures can be

kept fairly close to 30°C.

EXPERIMENTAL
For our air electrodes we have developed a structure in which micro-
porous polyvinyl chloride (P.V.C.) is used as the substrateB. This substrate

is made conducting by being coated with an evaporated metal layer, which
ﬁay be ﬁhickened by electrodeposition of more metal. Finally, a .catalyst
1s applied to the electrode surface. In acid’' electrolytes we have used
gold as ths conducting metal layer. Since quite thip layers of gold are
acceptable, the intrinsic value of the substrate (microporous polyvinyl
chloride together with the gold film) 1is only about $1.50 per sq.ft.

The performance of oxygen and alr electrodes of this type in acid .
and in acid to which methanol has been added is shown in Figure.I in which
the scale of the ordinate 1s exaggerated in order to emphasize the
differences in electrode performance. It can be seen tha£ the voltage
of the air electrode throughout the current range is within 50 mV of that
of the electrode using pure oxygen. This 1s characteristic of electrode;
of this £ype provided that the catalytie activity 1s high. Whilst the
presence of methanol in the electrolyte has a substantial effect on the open
circult voltage of the air electrode, at useful current densities 1M methanol

depresses the potential of the air electrode by only 20-50 mV.




-128-

VWe have found that the'microporous plastic also makes an ideal
substrate for methanol eleqtrodes. This quité naturally led to our using
bbth sides of the material to make a complete cell. Qne sidévof the
substréte is used for the air electrodé and the other 'side for the methanol-

'electrode, the cell thickness being the thickness of the pérous plastiq
“itself. Thus it is now a relatively simple matter to make complete cells
with an inter-electrode distance of 0.030 inch and haVing a very low
internal resistance. |

The performance of both methanol and air electrodes in a complete
cell at 25°C and 60°C is shown in Flgure 2. Over this temperature range, -

. the air electrode is relatively unaffected by the temperature of operation’
:whereaé the voltage of the methanol electrode at reasonable current densities
deéreases by about 100 mV as the teﬁperature is raised. The internal
resistance of the fuel cells is, of coufse, varied by electrode separation..
A typical voltage loss due to internal resistance at a current density of
100 mA/sq.cm would be ﬁ5 mV per cell. .

Methanol-air batteries with sulphuric acild electrolyte have been
built from cells of‘this type. fhe altefnat;ve design in which a separate
piece of porous plastic-is used for each electrode, with a relatively thick
electrolyte layer between the electrodes, has also been used in the
coﬁstruction of batteries. Both designs of cell are shown scheﬁatically
in Figure 3. With both types of battery internal electrical conhectidns
from the electrodes to the conducting cell separators were made from gold-
plated élastic mesh., ‘ Thus series electrical connection is built into
‘the batteries. The mesh chosen allows the free passage of gas past the
air electrodes, escape of carbon dioxide bubbles from the eleétrolyte and

current collection from the surface rather than from the periphery of the
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electrodes. The construction of this type of cell is descfibed elsewhere5

and Figure 4 shows a_300 -watt methanol-air battery of 40 cells.

During operation of an 8-cell prototype methanol-air fuel cell
using 6N sulphuric acid, the fuel-electrolyte mixture developed an ester-
like smell. -The electrolyte was extracted with ether and the extract

analysed by gas-liquid chromatography. In addition to the intermediates

normally encountered (formaldehyde and formic, acid), traces of acetic,

‘propionic, butyrie and isobutyric acids were detected together with some

unidentified compounds. These materials were not prgsent in either the
methanol used as fuel or in the ether used for the extraction.

These -side products aré present in small quantities but may be
strongl& adsorbed on the electrocafalyst thereby causing the observed slow
décline in electrical output with time. Experiments in which small
quantities of these materials were deliberately introduced into a fresh
electrolyte - fuel mixture showed that they had a poisoning effect on the
methanol electrode,

We have.carried out some preliminary experiments to determine»the'
source of these.poisons. - The first possibility that occurred fo us was
that these materials might arise as a result of attack by the acid
electrolyte on one or other of the plastics present in the ;eli {polystyrene,
Perspex, P.V.C., or polyethylene). We were able however to detect tracgs
of these organic acids éfter prolonged anodic oxidation §f methanol in

éN- sulphuric acid in all-glass apparatus with a platinized-platinum,anode.
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DISCUSSION
" In spite of the difficulties of choosing inexpensive, acid-
resistant éonstructional'mgterials. developing suitable electroéétalysté and
'minimizing the effedts-of impurities on the electrodes, wevhave built a
.series of satisfactory methanoi-air batteries. The firét battery - a small

8-cell prototype - was built in September 196} and is sﬁill operational,

giving 2.85 ﬁatté at 1 amp compared with its initial performance of 3.15 watts

at the same current density. This téstifie§ to the longevity of the system,
for the only servicingvthe battery has received is an occasional wash with
distilled water. . '

Since the prototype was bullt we have been able to build larger
batteries usingyimprbved éiectrocatalysts and this'work has led to the
construction of a 4o-cell battery delivering 306 watts'at 12 volts at 60°C. .
With this battery, as with all the other 5atter1esAwe have constructed,
there ha% always been an ester-like smell and organic acids have been
detected frequently. It 15 interesting to speculate on the origins of
these mgterials. : l
. Whilst radical dimerizations are frequently éncountered_in'electro-
chemical proégssesé, this type of reaction does not seemllike;y.here. If
a radical were polymeriéing then the expected yields of acids wéuld be
butyric « propionic « acetic.  Even though the isolation of thé organic
aclds is only qualitative it seéms fhat they are presént in quantities which
decrease only slowly as one goes up the homoiogous series, ‘Thus the 1ikeiy
route appears‘to be an attack of a radical on a methanol mo;ecule.

The existence of the radical H - ﬁ - OH has been postulated in the
M
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Fisqher-Tropsch Synthesis7_of organic compounds from carbon monoxide énd
hYdrogen. Formaldehyde, which has been detected in-soiution by several
8‘9, might have this structure in the adsorbed state and, by
progressive condensations with methanol énd subsequent rearréngemenis, would
1éaq to aldehydes which, under the anodic conditions present, would be
electrochemically oxidized to the'organic acids which have been detected.

Howéver, until a more thorough investigation of the spectrum of prcducts is

available, the reaction mechanismvmust remaln obscure. .

Finally, although these'sidg reactions cause some trouble, the
longeyity of our prototype battery testifies to the fact that they do not
have a disastrous effect on cell life.. .However, attentioﬁ will have tb be
dt'avotedvnot ohly to improving the'efficiéncy of Qlectro-catalysts for the
methanol oxidation 5ut also to the suppressionof slde reactions. Probably,
if a catalyst 1s sufficiently good for the overali reaction‘of methanol to
carbon dioxide, thé side products will be formed in negligible quantities.
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- OXYGEN ELECTRODE IN 6N H,S04
AIR-ELECTRODE IN 6N H,504
AIR ELECTRODE IN 6N H,504

~ CONTYAINING IM CH,OH :
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FIG. |—Polarization curves for oxygen and air electrodes in

sulphuric acid solution at 25°C
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FIG. Z—Polarlzatlon .curves for air and methanol electrodes ina
IM CHJOH—6N H2504 mixture at 25° and 60°C
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METHANOL + METHANOL +

'ELECTROLYTE AIR ’ ELECTROLYTE AIR

Tl AN

FUEL PLASTIC OXYGEN PLASTIC OXYGEN
CATALYST \ .o o CATALYST CATALYST . ' GOLO FILM CATALYST
FILM ;

FIG. 3—Schematic drawing of two types of single cell
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FIG. 4— 40-cell methanol-air fuel battery
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