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FOREWORD
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This iy Intexim Progress Report ¥Wumber 2 of 4 research program
ot hydrocarvon fuel cell elecirndes comdveted oy the Centrel Research
Bivigion ¢f Amesican Cyonsmid Campany urder contrsct with the U, S. frmy
Zngipcer Rezearch end Development Laboratories (ERDL)., %he purpcse of
+his progrem is to develop an electrode system which will produce
20 w/1t2 at & minimm of Q.h volt in & phosphoric seid watrix type cell
utilizing & liquid hydrocarvon fuel (ne-octane) and air, with a total
piatisum losding of not more thar 20 gf/ft2. Dr. G. Frysirger et
Mr. D, L. Beals of ERDL have bt=en appuinted technicel represeatatives of

the Coruors:iting Officer,
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1. SUMMARY

Emphasis during the second period of the contract effort was
placed on evaluating the performsnce of standerd and experimental electrodes
on normal octane and air at temperatures in the range 150 to 200°C. Treated

polytetrafluoriethylene (PTFE) felt was used as the matrix in most of this

work. The very low flows of octane and wster reguired for operstion in the

small (2" x 2" active area) test cells were handled by special pumps.

Electrodes evalusted on the fuel side included:

(1) Type AA electrodes, prepared from commercial platinum
black with PITE as & binder, et platinum loadings from
T to 17 mg/cm®.

{(2) Electrocdes caomprising physicsl mixes of platinum black
with Cyenamid Graphite.

(3) Electroles containing various levels of plstinum
cremically deposlted on Cyansmid Graphite.

(4) Tvpe RA (CO resistant) electrodes containing mixed noble
metals and oxides of W, Mo, or both.

(5) Eleetrodes containing pletinmm-ruthenium and pletinum-

gold alloy catalysts.

The effect of sintering the electrodes for a short time at
elevated temperstures prior to testing wes studied. Standerd AA-1
electrodes, containirg a nominal 9 mg Pt/em2, were used on the air side.

At 200°C, initial performenc- 2s high as 15-20 watts/ft2 st
0.4 velt was achieved with electrodes containirg 14 mg/cm® of commercial
platinum black, with or without sdded graphite. For electrodes conteining
graphite, btest performance wes cobtsined vhen the electrodes were pre-

sintered for ten minutes at SCO°F.




Best performunce at 175°C was 16 watts/ft2, end at 150°C,

9-12 watts/ftz, using in both ceses electrodes containing 1b mg/em? of
commercial platinum biack with no added graphite, and unsintered. The
experimental catalysts [(3) through (5) sbove] were evalusted primarily
at 150 and 175°C in the hope chet higher catelyst ectivity might permit
operating at these lower temperatures. In all cases, however, performsnce
of th.se electrodes was poorer than that of electrcdes containing an
equivalent loading of commercisl platinum black.

Modified air electrodes conteining 5-7.5 mg Pt/em® (either
physically mixed with or chemically deposited on Cyanamid Graphite) were
evaluated gt 175°C. The best performence was somewhat poorer than that
obtained with standard AA-l electrodes.

A number of life tests were run with octane and air at
temparatures of 175 to 200°C. These tests were generally characterized
by severe voltage cycling (greeter witn octane than with propane ) and
& gradual deterioration in performance with time. Difficulties in
maintsining steble operation during this period were due in part to
mechanical problems with the pumps feeding water to the cells. These
problems have now been largely overcome. The longest run with octane
gt 200°C was 300 hours, using s 40 mg Pt/em2 fuel electrode. Power
density declined from 15 to 7 watta/ft2 during this pericd., At 175°C,
an electrode containing 14 mg Pt/cm2 ran stably for 220 hours at
8 watts/ft? (approximately J.k voli at 2C ma/cm2), until the test wes
terminated because of crossleskage through the mstrix. In other life
tests, type AA electrodes opersted relatively stably on hydrogen and

air at 175 and 200°C for as long 8s 1000 hours. An air electrode
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containing 25% Cyanamid Graphite showed no obvious deteriorstion after
1000 hours et 175°C. One test with propene as the fuel was run for
975 hours at 175°C. During most of this time a voltage of 0.4-0.15 v
at 20 ma/cn® was maintained.

Surface area and crystallite size measurements were mede on
various types of electrodes before and after exposure to 1C0% phosphoric
acid at 150-20C°C in 1ife tests and in oven stability tests. These
measurements indicate that platinum loses surface sree very rapidiy under

these conditions of exposure, perticularly at 175-200°C.




2.  INTRODUCTION

2.1 Objectives

The major objective of this contract is to develop &n electrode
systen which will produce 20 watts/ft2 with & hydrocarbon fuel and eir
in & fuel cell with a total platimm loading of not more than 20 g/ft2.
The fuel cell is to be a matrix type using phosphoric acid as the
electrolyte. Originally the contract cailed for the use of propane &s
fuel at a temperature of 150°C. The program objectives were redirected,

however, toward the use of n-octane as the *est fuel at cell temperatures

up to 200°C.
2.2 ScoEe

The scope of this program involves the fabricstion end testing
of experimentel electirodes utilizing improved electrode structures,
electrocatalysts, and/or fabrication technigues. These electrcdes are
to be tested in 2" x 2" phosphoric acid electrolyte mstrix fuel cells.

As & basis of ccuparison, standard Cyanamid AA-1 electrodes {9 mg Pt/cm?)
are to be tested for uniformity and reproducitility. Finelly, the life
performance of selected electrodes which best achieve or exceed the

characteristic goals outlined above will be investigated.




3. EXPERIMENTAL

Test system detgsils, including design of the fuel cell and
evaporator as well as general test techniques, were described in
Progress Report No. 1. The only signifiicant modifications introduced
during this period involve (1) pumping of water end liquld hydrocarbon
fuels rather than feeding from & pressurized tank, and (2) inclusion
of a superheater following the evaporstor to smooth out pulsations in
the flow from the pumps. A syringe-type infusion pump (Harvard Appasrs+us
Co., Model 975) was used to feed water, und an impulse-type pump (Harvard
Apparatus Co., Lambda Pump, Model 1300-25) for octane. Figure 3-1 shows
the test system, including the above-mentioned changes.

The n-octane used is Phillips 99.9% purity research grade.
The procedures for obtaining the polarization curves and operating
iife tests ere the same as those described previously in Progress

Report No. 1.
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FIGURE 3§

4,  RESULTS AND DISCUSSION

4,1 Fuel Electrodes

Tuel electrodes vwere tested to determine the effect of the
following modifications on performance:

l. Varistions in Type AA electrodes

2. Incorporation of graphite into the electrode

3. Use of experimental catslysts

4.1.1 Variations in Type AA Electrodes

Type AA electroies ~ere prepared and tested to study the effects
on performance of vaerying platinum loasding, PIFE level and sintering
texperature, with hydrogen and octene fuels. To provide s basis for
comparison, standard AA-1 electrodes were slsc evaluated with hydrogen
and octsne fuels and air on the cathode side at 175<2C0°C.

The pertormence dats obtained for standard AA-l electrodes
ere given in Teble hk-l. A polarization curve was obtained initislly
with hydrogen follcwed by the octane polarization curve. With octene,
scme voltage cycling (as much as 20-40 mv) was observed. The voltages
reported for octane are, therefore, aversasge values.

The performance obtained at 200° and 175°C shows wide varia-
bility. Dats obtained on octsne at 175°C were eporoximstely the same as
those obtained at 200°C, ranging from 0.28 to 0.35 volt at 4O ma/cm?,

To attein the objective of 20 watts/fta, a voltage of 0.54 v et 8 current
density of 40 mafem?, or 0.t v at S5k ma/em® is requlred. Bes:i perfourmance

for standard AA-l electrodes was 8-0 watts/ft2 at 0.4 v.
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Table 4-2 shows the effect on performance at 200°C of variations
in PTFE level end sintering temperature (L00-700°F) for electrodes contain-
ing 7-15 mg Pt/cm®. The polarization curves were obtained at 200°C
using 100% phosphoric acid as the electrolyte and a standard AA-l cir
electrode. Data are reported only for hydrogen as the fuel; perfcrmance
on octane was very poor. It appears from the data in Table L4-2 that
sintering at temperatures above SOO°F is detrimentel to the performance
of type AA electrodes.

Data given in Table k-3 show the effects on performance at
150-175°C of PIFE level amd of sintering for electrcdes containing
1k and 17 mg Pt/ce® The electrodes were tested unsintered, or sintered
for 10 minutes at S500°F. Octane/air performance date were obtained at
both 150° and 175°C; hydrogen/sir data were obtained only at 150°C.

The sir electrode sgain was & standard AA-l.

Good performance was obitained on octane with modified tyrpe
AA electrodes containing either 1k or 17 mg Pt/cm®. Maximum initial
performance at 175°C with these modified electrodes was about 0.4 v
at & current density of 40 ma/cm®, or approximately 16 watts/ft2.
Performance at 150°C was appreciably lower, about 9-12 watts/ft2 st
0.k v, Varying the PIFE level did not appear to affect performance.
Sintering at S00°F does not sppear to affect performence on hydrogen,

but may be detrimentel to performence on octane, particularly st 150°C.
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Puel Electraode

Effect of Sintering on Type AA Fuel Electrodes

- 16 -

TABLE -2

Temperature: 200°C
Zlectrolyte:  100% H,PO,
Matrix: Trested PTFE Felt

Air Electrode: AA-L

PIFE

Platinum Loeding Level

¥o. S72k2- {rafcw?®) (%)
13-1 7 10
1141 7 15
11k-2 7 15
11k.2 7 15
u3-b 7 15
13-4 7 15
133-3 1 10
113-3 10 10
113-3 10 10
113-3 10 10
113-3 10 10
11h-3 b1 15
11h-3 16 15
1ii-3 10 15
1143 10 15
11k.3 10 15
113k 7 15
1134 15
113-3 10 1C
113-3 10 10
k-3 10 15
pRL 15 i5
Uk 15 15
kb 10 15
12-1 b 15
i b 15 15
1 =6 15 15
125-2 10 20
122-1 10 15

1) Sintering Tize:

1D Minutes

Sintering(l) Hyérogen/Air Performance
Temperature Working Voltage Cell Resistance
__(°F) 10 G0 100 ma/cm? __(Oonms )
T00 L7335 - - .15
" .81 - - .05
" - - - .09
" R .65 .28 .0k
" - - - .03
" - - .03
" 127 70 57 .03
" - - - 06
- - .08
" - - - .w
" R - - .04
" .79 A1 - Nt
" .86 .83 .07
" - - - .05
" .61 ST 07T
" .6k A3 .02
600 .21 o~ 2 - .02
" .57 - - -0k
“ .53 - - Lol
v .79 - - .03
" 67 - - .op
" .56 - - .05
" .65 - - O
SCO .39 T7 .59 .0l
" .37 52 a3 .05
* .90 79 .6h .09
" .80 - - .06
L0 .78 67 .53 05
- .86 83 - .05
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4,1,2 Platinum/Grephite Electrodes

Preliminary life-testing of type AA electrodes had indicated
a tendency for the catalyst materisl to shrink away from the screen.

It was felt that incorpcration of &n inert filler materiesl such as
graphite might stabilize the structure. Table 4k-h shows dsta obtained
with catslysts comprising physical mixtures of Cyansmid Grarhite and
platinum black. For the most part the data were obtained at 200°C,
although & Cew tests were run at 150° and 175°C witn several electrodes
whicl gave good performance at 200°C.

With electrodes containing 10 mg Pt/cm?, very poor performance
on both hydrogen end octene was obteined with graphite levels above 25%.
With graphite levels below 25%, performance was at best approximately
equivalent to that of AA-1l electrodes.

In tests with 1 mg Pt/em® loadings, performance showed 1little
sensitivity to graphite levels in the renge 7.5 teo 25%., Performance at
10% PTFE was considerably poorer than st 15-20%. Good performence at
200°C (17-20 watts/ft2 st O.b v} was achieved with sintered electrodes.
While mcre data would be required to draw a firm conclusicn, it appears
that with platinum/grephite electrcdes, better performance (at least

at 200°C) may be achieved with siutered electrodes.

k.1.3 Experimental Catalysts

It was feit thet the experimental catalysts might exhiblt
greater activity then the commercisl piatimumm dblack catalysts, and theretfore
they might be used at lower cell temperatures. For this reason, most
of the testing was conducted asi 15G=175°C. The cetalysts tested included

the following:
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(1) 3intered for 10 Minutes

* : - n- ~ *WM”W‘%
- 1Y =

1. Type RA catalysts (Pt and Rh blacks, together with oxides
of tungsten snd/or molybdemum} were developed under separate progrems.

At lower temperatures (70-80°C) this type of catalyst has been shown to be

2. Platinum depcsited on Cysnemid Grephite. The platimm in
these catalysts has a orystallite size on the order of 30-50 Z.

3. Platimm-noble metal sglloys.

Dsta obtained in tests with electrodes containing the above
catalysts are tabulated in Table 4-5. In most cases, the electrodes
were sintered before testing. In general, performasnce or: octane wes
significantly poorer than was obteined with equivslent loadings of
cammercial platinum black. The test which gave the best performance
(0.37 v at 40 ma/cm2) used an unsintered electrode conteining 75%
platinum deposited on Cyanamid Graphite, Further work with unsintered

electrodes of this type is warranted,

L,1.h Surface Area and Crystallite Size Measurements

Catalyst surface aresa (BET-Ng) end crystailite size measurements
were made on various electrode samples in an effort to gein some insight
intc the relationship between these verlables and catelyst sctivity.

Listed in Table L~6 are data for type AA electrodes and for electrodes
containing platinum deposited on or physically mixed with Cyanamid Graphite.

Sample size was 2" x 2" iIn 8ll cases.
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TABLE L-6

Surrace Arep ana Crystallite Size Measuremsats

Semple Size: 2" x 2"

Nominal
Pt Graphite Sinter:ing (1) Crystallite

Electrode Leoading Level Temp. Surface Area __Size

mg/ cm? (%} (°F) (m?) {a)

Type AA Electrodes

AA-1 8-10 -_— wnsintered 5.0(3) (2)
" " —_— " 4.3 { 2 )
" " - i h . 6 ( e )

S724k2-125-2 i0 - %00 3.7 —

m " — n 3. l( 3 ) -
ST2k2-114-4 " - " 5.3 110
ST242-113-5 " -— 700 3.0 110

Pletinum/Graphite
Blectrodes
ST242-125»3 10 33 unsintered T.2 .

" 1 11 Soc 2 . 5 —
S72hk2-121-1 " 25 " k.0 210

" 114 114 " 2 . 0( 3 ) 170
ST2k2-12i-4 A 50 " 3.9 120

" " "‘ " 1.0(3) 120

(1) Measureg area for 2" x 2" sample.
(2) 80-100 A for commercial Platinum Black.

(3) Electrode used to cbtain polarizstion data € 20G°C.
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If g1] itc surfece were availeble, & 2" x 2" AA-l electrode
containing aprroximetely i0 mg Pt/cm® should have en ares of 7~8 n2,
based on a surface srea of 27-31 m3/g for commercisl platinum black.
As indicated in Teble L5, the surface area measurements obtained on
firesh, unsintered AA-1 electrodes ranged fram 4-5 m? or scmewhat below
the calculated vaive., The data indicete thet, in general, siatering tends
to decrease the surface area and iacreaze crystallite size to some extent.
Tevle bo6 also lists data for electrodes which have been used in obteianing
polarization data st 200°C. I+ is egpperent that significant decreases

in suwrfoce ares are associated with even these short tests.

4.2 A3r Electrodes

As discussed in frogreas Report No. 1, it would be desirsble
to decrease the catalyst loading on the cathode side of the fuel cell
system, Cstalyst loading on the fvel side then mey be increaged to as
high & level as possible consistent with a total losding of 20 g/ft2 for
the sysiten,

Performance data for air electrodes are given in Table 4T,
Two types of electrodes were tested. One was camercisl pletimm
black catalyst at s loading of 7.5 mg/cr® admited with 12.25%

Cyanamié Graphite, with PTFE levels of 10-205. These electrodes were
unsintered or sintered at S500°F, as indicated. The second type of
electrode studled contained 5 mg/cm® of pletimm chemically deposited

at levels of 25, 50 or 75% on Cyanamid Grephite. PIFE level was 20%.

Tve electrodes were not sintered. Performsnce data were obtained at 175°C
using 100% phosphcric scid, glass fiber matrix and an AA<l hydrogen

electrode,
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For the physical mixes of commercisl pletinum black with
graphite, better results were obtained at 12% than at 25% graphite,
and in general, with sintered than unsintered electrodes. The effect
of PIFE level is not clear. The best performance was somewhat poorer
than thet obtained with standard AA-l electrodes.

Although all three of the chemically deposited samples (all
deposited by the same method, but at different levels) performed well on
oxygen, only one (75% Pt on Cyanamid Graphite) gave good performance on
air. Best performance was, again, poorer than with AA-1 electrodes.

Further work with this type of cataelyst is plsnned, with
emphasis on modifying the structure of the electrode to obtain better
performence on a&ir,

.3 Life-Testing

A total of 20 life tests were run at temperatures of 175-200°C,
15 with octane, two with propane, and three with hyirogen as fuel. Dats
for all the life tests are tabulated in Table 4-8. The longest test with

octane lasted 465 hours at 175°C using an electrode containing 40 mg Pt/cm?.

4,3.1 Octane Fuel

With octane as fuel, six life tests were conducted using AA-LO
(40 mg Pt/cm®) fuel electrodes. Six tests were run with electrodes
containing 14 mg/cm® platinum black with and without added Cyanamid
Graphite. Single tests were also run with an RA type catalyst, a
platinum-ruthenium alloy, and with a chemically deposited platinum on
graphite catalyst. All of these latter tests were run with a noble metal

loading of 14 mg/cm? on the fuel side.

e - e v P v o wm = meve . —— -— — T I o
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In most of the octane life tests, a water-to-octane mole
ratio in the range 3«0 was maintained. Difficulties were experienced
with the pumps feeding water into the evaporators. Performance in most
of these tests suffered because of periodic water-~pump failures.
Performance of the AA-UO electrodes was disappointing in that
while a current density of 40 ma/cm® could be obtained at the beginning
of some life tests, it could not he maintained. Figure L1 shows that
in life test HCLT-22, conducted at 175°C, current densities as high as
60 ma/cm® could be obtained for short periods of time by using oxygen
rather than air at the cathode.
The voltages indicated in Figure 4.1 are the average values over
a period of time. The voltages for all the life tests using octane as the
fuel cycled from about 0.2 to about 0.5 volt. Typical voltege cycling
is shown in Figure 4-2, a reproduction of the strip chart taken from
the voltage recorder during life test HCLT-22, %The strip chart reveals
two types of voltage cycling: a periodic sharp drop-off to sbout 0.2 v,
and a constant cycling of about 20 mv. The periodicity of the sharp drop-off
depended on the current density at which the cell was operated. The inter-
val between drop~offs was as long as 1 1/2 hours at lov current densities
or as short as 10-15 minutes at high current densities (60 ma/cm?®).
The life tests with 14 mg Pt/em® fuel electrodes were run
at current densities of 20 ma/cm? or less, since higher current densities
proved difficult to maintain for any appreciable length of time. Voltage
cycling was similar to that described in tests with AA-4O electrodes.

In most cases, average performance decreased substantially with time.
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In one run, however, (HCLT-23) an average voltage of about 0.4 v at
20 ma/cm® was maintained for 220 hours until the run was terminated
because of leakage or octsne through the matrix. An unsintered fuel

electrode corntaining no graphite was used in this test.

4,3.2 Propane Fuel

Two life tests on propene were run during this period.
In life test HCLT-6, using &n AA-40 anode, performance decreased fram
epproximately 19 to 12 watts/ftZ during 330 hours at 200°C., In life
test HCLT=-16, using standard AA-l electrodes on both sides, a current
density of 20 ma/cm? was maintained for 975 hours at 175°C. This test
was conducted to determine the effect of very low values of the water=to-
fuel ratio on performance. The life history of this test is shown
in Figure 4-3. Water~to-propane mole ratios of 0.08 to 1.6 were studied
over the course of the test. The ratio of water to propane was controlled
by the temperature of a water saturator for the propane gas. Several
failures occurred during this life test beceuse of drying out of the
saturator. After 800 hours, the cell suffered an irreversible increase
in resistance after such a failure. Thereafter, performance wes very
poor. It appears from the data obtained in this test that performance
increased with increasing water content of the fuel,

The voltsge indicated in Figure L-3 is the average voltage.
The asctual cycling of the voltage is illustrated in Figure b-lt. Although
the cyeling is less severe with propane than with octane, the same two
modes of cycling, a periodic sharp drop of about 0.2 volts and a

constant cyecling of about 20 mv, were observed.
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k.3.3 Hydrogen Fuel
Three life tests using hydrogen as fuel were conducted mainly

to determine the stability of the fuel cell system. Tests HCLT-4 and S
were run at 200°C to evaluate treated PIFE felt as the matrix. Ir both
tests type AA electrodes were used, but in one test the plstinum loading
vas 10 mg/cem® and in the other 20 mg/cm2. Life test No. 4 wes run at

40 ma/em2 for approximately 800 hours, then at 60 ma/cm? for an sdditionsl
200 hours (see Figure L5). Voltages were fairly stesdy over this period
of time.

In life test No. 13, conducted at 175°C, sn experimental air
electrode containing Cysnamid Graphite was used. This electrode
contained 7.5 mg Pt/cm2 physically mixed with 25% Cysnsmid Graphite.
The electrode was sintered at 500°F and contained 20% PIFE. Performance
was stable over the entire 1000 hours of the test. An overall drop in
voltage of approximately 30 mv and a negligible increase in internal

resistance vere observed (see Figure 4<6).

4.3.4 Surface Ares and Crystellite Size Messurements

Electrodes fram a number of the life tests reported in
Table k-3, as well as fram several previously reported teszts(l) vere
submitted for surface area and crystallite size measurements. The dats
are presented in Table 4-9 and in Figures 4«7 and Lk=-8. The data shown
in the figures were normalized by dividing the measurel surface area
by the nominal platimum loeding of the electrode neglecting any weight
losses which may have occurved during the tests. Actusl weight loss

measurements fcr Life-~tested electrodes were not felt to be meaningful

hecause of mecheanical losses and sticking of the metrix to the electrodes

on disassembly of the cell.
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TABLE b0

Met:iu: Trested PITE Felt - 1005 HaPOg

S13e:

Life Test Electrodes

2”x 2

Flectrode

Hptrogen/Heptazs AA-L

Alr
Octane
Asr
Hwdrogen
Aflr

Rdrogeu

Erdrogen

L]

ALO

L]

nAel

{2) 10 hours vith heptsne followed Dy T2 hoos with hydrogea

{3) 2% Cyw-anif Orephite Physically aixed with Pt black

Surface Ares

Crystall te(l)

Size

Loading (1)
wg Pt/en2  (»?) (w¥/x Pt) (X-ray)

10

Lo
10

2.9
1.7
3.0
2.7
1.9
b
1.0
2.2
0.5
0.8
3.0
1.k
2.6
1.5
1.b
2.7
8.2
3.1

12.5
i3
2.9
2.6
8.2
6.0
1.9
k.3
2.1
3.4
12.9
6.9
11.2

6.0
12.8
8.0
13.3

210

170
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It is apparent from the data that substantisl losses in
surface area occurred during these tests at both fuel and air electrodes,
and at both 175° and 200°C. In these tests, surface area losses at
175°C appear to be less severe than at 200°C. Measurements made on
three of these electrodes tested at 200°C also indicate a substential

growth in crystallite size.

k.4 Staebility Studies

In Progress Report No. 1 we described materisl ste ility
tests conducted on standard AA-l electrodes to determine the ability
of the electrodes to withstand the fuel cell enviromment for extended
periods of time. In this period of investigation, similar tests were
conducted with standard AA-l electrodes and plstimm/graphite electrodes
at 150-200°C.

The test procedure as described in the previous report was
as follows:

1. Electrode samples (2" x 2") were submerged completely in
200 cc of 100% phosphoric acid contained in a 600 cc PTFE Beaker.

2. The beaker was covered by a glass crystal and pleced in
the oven at the desired temperature.

3. At the desired length of time two or three electrodes were
removed from the phosphoric acid, washed, dried and weighed. In several
cases, the electrodes were returned to the beaker for asdditional exposure.

Where the latter procedure was used, the data are demoted "returned."




b,4.1 Type AA Electrodes

Figure 4-9 summarizes the weight loss data obtained at
200°C with type AA electrodes, including data previously reported(l) .
It is obvious that there is wide variability in the experimental date.
Part of this variability may be attributed to differcnces in procedure.
For example, the greatest weight losses occurred with electrodes S7510-15B.

In this case, only 40 cc of phosphoric acid was used, or just enough to
cover the electrodes. In the tests in which the electrodes were weighed eand

returned for additional exposure, the weight loss curves show a tendency to
level off, possibly due to reoxidation of the platimm surface between periods
of exposure.

Weight loss data for AA-l electrodes exposed to phosphoric
acid at 175°C are shown in Figure 4-10. Here again there is a wide
variability in the data. The overall range of the .!ata is about the
same as for the data at 200°C, indicating that cor-osion may also ta
a serious problem at 175°C. Corrosion rates at 150°C, as indicated
by the data in Figure L-ll, appear to be significantly lower then at
175-200°C.

Surface area and crystallite size measurements were masde on
many of the electrodes exposed to phosphoric &cid in oven tests. The
data are shown in Table 4-10. It is apparent fram the data that type AA
electrodes lose a corsidereblc portion of their surfsce area during
very short periods of exposure at all three temperature levels, 150,
175, and 200°C. Part of the loss in surface area can be attributed
directly to loss of platimum, although the correlation between the

weight loss data and the surface erea data is not particularly good.

o

e S — - B




T A e cont i o

6~¢ 3¥NOIS
SAVQ ‘WL JUNSOJX3
0z 91 4 8 b 0
i ¥ T ; T T
i : ;
M q_ - 01
M _ -~ 0z
u - (QININLIY) (zw>/3d BwOZ) IG1 ~ O1SLS 0t
i
! - V9E - 01§4S - ob
m =
m 1
! g ) —0s &
m (A3aN¥NL3Y) ‘QIVILNIS'VSL - O1SLS =
. ™ <o
. N3 - =106L
3
”. ) - (031¥0d3¥ AVSNOIAINU) FE'EE - 160LS o8 ©
- - 06
. - -1 oot
f a5t - 0LSLS
12
FVdWYS T % 2
i . i l ) _

D, 007 — TO4H %001
SIAOYLITTI VYV AdAL YLVA SSOT LHDIAM

L T S P P .
s SR CIANE AR A5 o Amen L e A Wy g . . . . \ , .
B ! Saaiat
Sy

e



Ad
Bt

- i -y PP — -
- 37 =
WEIGHT LOSS DATA TYPE AA ELECTRODES
100% H3PO, ~ 175 °C
100 1 1 | ¥
92 |- 2" x 2" SAMPLE -
80 |- _
$7510-68
70 |- -
00
E 60 |- -
1
g 50 |-
a $7510-85
=gy [ S -
4
s 30 -
7510-75
20 s =
10 |- 4
ol -
1 1 } 1
0 4 8 12 16 20
EXPOSURE TIME, DAYS
FIGURE 4-10




}

-
I

———

WEIGHT Logs DATA TYPE a4 ELECTRODES
1007 H3PO, - 150°¢

100 —

% 2" x 2" SAMPLE

80 |
70 |

WEIGHT Loss -
&
Q@
I

L

30 |
20 L
$7510 - 544
'0 oy
R ——— e ——
l 1 | l 1
0 4 8 12 1§ 20

EXPOSURE TIME, DAYs

FIGURE 4-;




Test No.

57510-54A

S7510-68A

§7091-33, 34

7510-15B

”

57091-33B

S7510-15A
AAZY Sinterea(1)

57510-36B
BA-1 (2.5 mg Pt/cm2,
75% Cyenamid Graphite)

S7510-54B
14 mg Pt/cm?
25% Cysnamid Graphiie

S7510=54C
7.5 mg Pt/cn®
25% Cyanamid Graphite

(1) S00°F = 10 Minutes

TABLE 410

Surfece Ares and Crystallite Size

Measurements « Stability Studies

Exposure Temp: 150-200°C
Size: 2" x "
AA-1 Electrodes
Exposure Exposure Surface Ares
Temp. °C Conditions Days m2/Sample
150 100% HaPO, 3 2.2, 1.7
" " 6 1.9, 1.8
" " 19 1.7, 1.8
175 " 1 5.3, 4.9
" [1] h 5.3’ 3.3
" " 12 2.3, 2.2
200 " 1 1.2
[1] " h 1.0
" " 10 1.6
" " 20 1.8
" Li] 1 1.3
" 1" 5 0.8
" v 10 0.6
" " 19 0.2
" Alr 10 5.5, 4.2
(Unexposed ) o] 3.7, 3.4, 5.3
200 100% HaPO, 19 1.6, 1.8
Plati Graphite Electrodes
- - 0o 3.6, 2.8, 3.0
200 100% HaPO, 1 2.4, 2.4
5 1.9, 1.8
10 1.8, 1.8, 2.0
23 2.0
150 " 3 k.9, 5.5
19 3.6, 2.8
150 " 3 3.4, 2.2
19 1.8, 2.8

A TR e ‘6’;

Crystaliite Size

oko
210

210
160
210
2ko

110
210, 220




The samples {S7510-15B) which showed the highest weight losses (Figure 4~9)
also showed the greatest loss in surface srea., On the other hand, the
samples exposed at 150°C showed high losses in surface area even though
weight losses were small.

Electrode samples exposed for ten days to eir at 200°C in the
absence of phosphoric acid showed no loss in surface asrea as compared
to fresh electrodes. This is consistent with data reported previously(l)
in which no loss in performance was noted for electrodes exposed only
to air at 200°C.

Crystallite size measurements are available only for samples
exposed at 200°C. A substantial growth in crystsllite size, from an
average of about 100 A in unexposed electrodes to gbout 200 R in the

exposed samples, was oObserved.

%.4,2 Platinum/Graphite Electrodes

Several types of graphite-containing electrodes were exposed

to phosphoric acid in oven tests. Weight loss data for these electrodes

are shown in Figure 4-12, Type BA-l electrodes (2.5 mg Pt/cm2, chemically
deposited at 25% Pt on Cymnamid Graphite) were tested at 200°C. For

these electrodes, either sintered or unsintered, the weight lcsses were
much lower (on the order of 0.02-0.04 rmg/cm2/day) then in the corresponding
tests with type AA electrodes. Electrodes containing 7.5 and 14 mg/cm2 of
platinum black physically mixed with 25% Cyanamid Graphite were exposed

to phosphoric acid at 150°C. The weight loss rate for these electrodes

wep substantially the seme as shown for AA-l electrodes at 150°C in

Figure h11.




e .

———

" A &

-
AR IOERY .

SAVQ '3WIL 3YNSOdX3
114 91 (4]

i~ 38NOId

i ! 1

2W3/4d BUYL'SLD, 051/9°B Y5 - OISLS ~

‘0.00Z 1°V8'89€ ~ 01SL S~

2.002 - (QINNNLIY)L-v@'V9l — 0ISLS —>
O,00Z - (QIN¥NLIN) QIYILNIS L-VE'BIL - 016LS

TdNYS T * T

i 1 !

3w - $507 LHOIIM

D, 00Z'051 — ".)d*H %001
$S300YLO313 FLIHAVUD/WANILYId VAVO L. . | LHOI3M

00!




TR es 3 T

~

.
o s o A i e e et
Yoatng S e rmm m s e e s e e e S o R e

Surface area measurements obtained on the exposed platinum/
grephite electrodes are shown in Table 4-10. Downward trends in surface
area similar to those previously shown for type AA electrodes were
obgservedi. For the BA-l electrodes, the surface srea remaining after
five days ai 200°C corresponds appr-ximately to that ettributable to

the gresrhite alcne (Cyansmid Graphite has a surface area of about
12 m3/g).
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5. FUIURE WORK

Electrode development work for both fuel and air electrodes
will continue with the objective of maximizing performance on octane and
air, using approximetely 15 mg/cm® of noble metal on the fuel side and
5 mgfcm® on the air side. Emphesis will be placed on operating at
150-175°C in order to minimize catalyst stability problems.

During the present report pericd work with "high area” platimm
catalysts chemically deposited on Cyanamid Graphite was initiated. This
work will te continued and extended to incorporate other substrates such
8s metal carbides. New catelyst materials, such as Adems type noble
metal preperations, will also be evaluated. Mocdifications in preparational
techniques designed to increase the porosity of both fuel ani air electrodes
will be investigated. It is also plsmned to evalueste electrodes involving
fabrication techniques and structural configuraticns differing significantly
from those which Lave been employed in the preparation of type AA and
other electrodes used thus far in the progrsm.

Life testing on octane and air will continue with the objective
of demonstrating long term performance stability. The test program will
be designed to study the influenc: of operating variables such as
temperature and fuel humidification, and of electrode variables such
as PTFE level, incorporation of graphite, and sintering conditions.

The long-term stability of pramising new electrode formulations will

also te investigated,
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Exploratary work with impure hydrogen fuel will be initisted.
This work, representing a new and secondary cbjective under the present
contrect, will be directed toward the develomment of technology for a
hydrocarbon reformer-scid fuel cell system. Initial work will involve
the evaluation of Type RA and AA electrodes at noble metal loadings of
approximately 15 mg/cm? with hyirogen containing 10% CO in cells operating

with phosphoric acid electcrolyte at 150-175°C.
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