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D~ ROVED ANODES FOR LI(JJID S~1Y~~OCARBON FU~~I CELL

INTROIXJCTION

Methanol-air and ethylene glycol-air fuel cell batteries have been
investigated for potential use as power sources in military equipaents.
Electrocheni cal oxidation of methanol and ethylene glycol in single cells
has damonstrated good performance; however, the high cost and quantity of
the noble metals required for anode electrod e fabrication have limited the
acceptance of these fuel cells as a power source. Investigations have been
conducted to reduce the noble metal. catalyst loadings on the anode elec-
trodes. This report discusses the preparation and evaluation of anode
electrodes fabricated with non-noble metals only and anode electrodes fabri-
cated with noble metal catalysts coupled with non-noble metals.

EXPERIMENTAL RESULTS

Electrode Fabrication

The experimental electrodes are fabricated in the following ma~~~r. The
process begins with wet blending the catalyst powders in the desired weight
percent ratio. Aft er blending, a solution of teflon was added to the mix and
the mixture heated while stirring until the catalyst coagulated. foiming a
paste. The paste was roiled onto a silver screen current collector, and then
dried for two hours at lOO’C. A hand rolling technique was used in applying
the catalyst to the screen, which resulted in scae variation in catalyst
loadings. Noble metal catalyst loadings were determined by the following
formula:

% noble in original mix (electrode Vt - screen Vt) = mg/ca2 noble

electrode area

Platinum BL~ck - Lead Powder Electrodes

Initial investigations to reduce noble metal catalyst loadings on anode
electrodes were conducted using platinum black and lead powder. The
platinum (Pt ) black and lead (Pb ) powder were mixed with teflon as described
above and rolled onto a silver screen. 3~~e difficulty was experienced in
getting a h~~~geieoua catalyst paste mix with the lead powder and platinum
black. The lead powder being heavier than the platinum would settle to the
bottca of the ~~l~~lng vessel during the paste preparation and when rolled
onto the screen support, the lead formed a sheet and shielded much of the
active platinum catalyst . It was felt that the malleable properties of the
lead were responsible for the erratic performance obtained from electrodes
fabricated with lead powder. ~cperimental electrodes were evaluated in
half cell test fixtures containing 3 M ethylene glycol + 11 M potassium
hydroxide, at room ambient teaiperature of 22 C. The electrodes were tested
by driving the electrode with a power supply and measuring the polarization
voltages at various loads • A comparison of performances of the palladium.
platinum electrodes and lead-platim~ electrodes ii shown in Figure 1.
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Saturated calomel electrodes ( scE) were used as the reference electrodes to
measure the perf ormance of the experimental anodes. The open circuit poten-
tials of the Pb-Pt electrodes were approximately 150 mV lover than the
Pd-Pt electrodes. The lead appeared to have had a negative effect on the
electroche mical activity of the electrode catalyst. However , initial tests
shoved that the load polarization voltage of the electrodes containing lead
was less than the polarizati on voltage obtained for the Pd-Pt electrode at
10 mA/ ca2. The Pd-Pt electrode polarized 0.166 V from the open circu it
potential and the Pb-Pt electro de polarized 0.078 V from open circuit. The
Pd-Pt elect rode had a total noble m etal catalyst loading of 9.65 mg/ca2
while the Pb-Pt had a total noble metal catal yst loading of li..8 mg/ca2.
These tests indicated that the lead powder limited the polar ization of the
elect rode while under load . Other electrodes with vari ous cc*nbinations of
platinu m black to lead powder vere fabricated and evaluated in an att empt
to increas e the load voltage of anode electrodes containi ng lead powder .
None of the catalyst combinations containing lead powder shoved improvement
over the electrodes shown in Figure 1.

Platin um B~-~-ck - Graphite Electrodes

In an effort to reduce the lead powder content in the experimental
electrodes, graphite was used as a filler. Catalyst preparation and elec-
trode fabrication techniques were similar to those described previously. A
graphite powder-platin um electrode was fabricated first to determi ne the
performance chara cteristics before the addition of lead . The catalyst
past e mix used to fabricate the electrodes contained 81i% graphite , 16* noble
metal catalyst , and teflon . Ha lf’ cell performances of’ electrode s containing
graphite and reduced noble metal catalyst loadings were conçared to an elec-
trode with higher noble catalyst loadings (Figure 2). The electrodes with
the graphit e filler and 3. 1~ mg/ca2 of noble metal catalyst had open circuit
voltages equal to the electrode with the high noble metal cataly st loading
of 12 mg/ca2 (Pt-Pd). Load voltages of the electrodes with low noble metal
catalyst loadings averaged 60 mv lower than the electr odes with high noble .
metal catalyst loadings. The anolyte solution was 3 M glycol + 6 M KOH.
The lower curve in Figure 2 shows the per fox~~.nce of an electrode catalyst
consisting of lIi.5 mg/ca2 of graphit e, 3.li mg/ca2 of Pt , and 5 mg/cap of
Pb • The addition of lead powder to the Pt-graphite electrode lowered the
open circuit voltage 200 mV. The performance of this electrode was similar
to the previous electrode with the higher noble metal catalyst loading plus
lead, as shown in Figure 1, thu s *gi4n showing that the anode catalyst con-
taining the lead powder has a negative effect on the voltage performance.
Although the voltage levels of the electrode . cont~-tnl n6 the lead powder
were low, as shown in Figures 1 and 2, the polarization relationship of
electrodes with noble metal catalyst only and electrod es with lead powder
added indicate that lead reduces the polarization effects of the electrode
when under load , as shown in Figure 3. Polarization effects of the elec-
trodes containing lead powder level off at approximately 3 mA/cm2, whereas
the electrodes containi ng no lead show a steady incre ase in polarization as
the current increases.
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Platinum, Graphite, and Lead. Dioxide Electrodes

In view of the encouraging load polarization data obtained from the
electrodes containing lead powder , the lead powder content was reduced from
5 mg/cm~ to 1.9 mng/cm2 in an attempt to increase the operat ing voltage.
The electrode was tested in an anolyt e solution of 3 M glycol + 6 M KOR
and gave poor results. It was decided to electrochend.cally plate a thin
layer of lead onto the surface of the electrode containing 1.9 mg/ca2 of
lead powder and 3.4 mg/cm2 of Pt. The electrode was washed with distilled
water before plat ing . A saturated solution of lead chloride was used as
the plating solution. The electrode was cathodica.lly charged for 3 minutes
at a current of 0.6 A. The lead plated onto the electrode appeared to be
too heavy. In an attempt to remove ti~ie lead, the electrode was anod.ically
oxidized for 3 minutes at a current of 0.6 A. When the electrode was
anodicaily oxidized , lead dioxide formed. The electrode was then washed
and dried for 2 hours at 100° C, The finished electrode containing graphite,
3.4 mg/cm2 Pt, and Pb02, was tested in 3 M glycol + 6 14 KOK to determine
performance. The performance of the original electrode containing graphite,
lead powder , and platinum is compared with the performance of the same
electrode after doping with anodic lead. dioxide. Figure 14. shows the half
cell performance of the electrode before and after the doping process.
Open circuit potential of the electrode (anode vs SCE) after doping with
Pb02 increased from 0.904 V t,ç 1.06 V. The voltage performance of the
original electrode at 7 mA/at was 0.737 V and after doping with Pb02, the
voltage was 0.882 V at 7 mA/cm 2. It can be assumed that much of the lead
powder (1.9 mg/~ ?)used in fabricating the original electrode remained
intact; thus, the anodi c lead dioxide film was responsible for the increase
in the electrode performance.

In view of the above performance , it was decided to take a closer look
at electrodes with anodicaily deposited lead dioxide films . A teflon
bonded electrode containing 82% graphite and 18% platinum black (4 mg/an2)
was fabricated for test and evaluation. After the half cell evaluation of
the electrode in an acolyt e solution of 3 M glycol + 6 M KOH , the electrode
was washed and then electroch emically plated with lead using a saturat ed
solution of PbC12. The electrode was plated for 2 minutes with a cathodic
current of 0.6 A. The lead deposit was dark gray . The plati ng ti.me and
current were reduced to 0.2 A because the higher plating current of 0.6 A
prod uced an excess of lead which flaked off during plating . Upon dry ing
the electrode in an oven at 100° C , the color of the lead deposit changed
from dark gray to white in color indicating the formation of lead monoxide .
The electrode with the PbO deposit was anod.lcally oxidized for 14. minutes
at a current of 0.2 A to produc e lead dioxide ; then washed and dried over-
night at a t emperatur e of 100°C. Figure 5 shows the half cell performance
of the graphite-platinum electrode befor e and after the anod ic electro-
depositi on of lead dioxide ( r’bo2). The open circuit voltages of’ the elec-
tr ode before and after the addition of PbO were of’ similar values of
1.07 V aM 1.06 V, respect ively. The perZ~rniance of the electrode at a
current density of 10 mA/em2 showed a 60 ~V increase in the voltage afterthe addition of anodic lead dioxide. The graphite, platinumi (Ii mg/ca2),
lead dioxide electrode demonstrates higher voltages than ~he pnhl~a~ilum-platinum catalyzed electrode with 7 mg/cm2 Pd and 3 mg/cad Pt when operated
under similar test conditions (Figure 5).
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Performance of the graphite , platinum , lead dioxide anode electrodes
was evaluated in single cells. The single cells were of the bi-cell design,
complete with two air breathi ng silver amalgam catalyst cathodes • The
anode was centrally located in a cell frame with exterior dimensions of
5.08 cm x 8.9 an x 0.95 cm. The active anode area (both sides ) was 62 cm2 .
The anode catal yst contained 11.2 mg/cm2 of graphite , 2. 45 mg/cm2 Pt , and
0.3 mg/ca2 of lead dioxide . Current densit y curves of cells operating on
air - 6 M CH3OH + 11 ~4 KOH and on air - 3 M ethylene glycol + 6 M KOH are
shown in Figures 6 and 7, respectively. The upper curves in these figures
represent the half cell performance of the anode vs SCE. The lower curves
represent the performance of’ single cells fabricated with the anodes
listed . Performance of the cell wit h the anode containi ng a low platinum
loading and anodic lead dioxide (Cell A) is compared with two other cells
(Cells B and C) both containi ng anodes with higher noble metal catalysts.
Al.]. single cells were fabricated with the silver amalgam catalyst cathodes.
The anodes for Cells A and B were made in-house . Cell C was a. single cell
removed from a 6- cell methanol-air lantern battery ( experimental), manufac-
tured by Energy Research Corporation under Govermnent Contract DAABOT- 76-c-
1681. The perfo rmance of the cell with the low noble metal catalyst
loading plus Pb02 gave approxim~te1y the same performance as the cell with
the anode contai ning a high noble metal catalyst.

Figure 8 shows the performance of a single cell contai ning the exper-
iinental anode (Pt , gra phite , Pb02) and a silver pmn 1 gem catalyst cathode,
operating on acolyte mixtures of ethylene glycol in KOR and methanol in
KOH. The cell was first operat ed with 20 cc of 3 H glycol + 6 H KOR at a
constant 0.5 A (10 mA/ cm2) load to a cutoff of 0.5 V. At the completion
of the test with glycol anollrt e solution , the cell was dr ained and flushed
with boric acid solution and. water , then refilled with 20 cc of 6 M
methanol + II M KOH and tested under the same test condition. These tests
demonstrate the capability of the experimental anode to operate under
constant load conditions .

Previous studies on methanol-air batteries shoved that methanol-air
batteries , in the activated state, have a poor shelf life.1 The poor
shelf life is due to the evaporatio n losses of the methanol fuel. Cells
activated with 3 M ethylene glycol + 6 M KOR also had limited shelf life.
The glycol in the presence of KOR undergoes polymerization after long
periods of storage in the cell .

CONCLUSIONS

Mode electrodes with noble metal catalyst loadings of 2.14 mg/em2
• platint~ and doped with anodic Pb02 demonstrated current density perform-

ances eq~iaJ. to anodes containing high noble cataly st loadings of
12.7 mg/ca2 ft-Pd . The total noble metal catalyst loading was reduced by
81%. Further reduction of noble metal catalysts used on the anodes in
methanol and glycol-air type fuel cells , operati ng at ambie nt temperatures
of 2 2 C , are envisioned .

The poor activated shelf life of the rtethanol and ethylene glycol air
fuel cells limit. use of these low power fuel cells in military eçai~~ents
operating intermittently over long periods of time .

1John Perry & N. Klein, “Low Power Meth anol Fuel Cells,” Proceedings
of 2Tth Power Scurces Symposium , p. 1.76 (1976).
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