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1. SUMMARY

Emphasis during the second period of the contract effort was

placed on evaluating the performance of standard and experimental electrodes

on normal octane and air at temperatures in the range 150 to 2000 C. IIeated

polytetrafluor'.ethylcne (PTTE) felt was used as the matrix in most of this

,work. The very low flows of octane and water required for operation in the

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

Electrodes evaluated on the fuel side included:

(1) Type AA electrodes, prepared from commercial platinum

black with =,FE as a binder, at platinum loadings fram

7 to 17 mg/cm2 .

(2) Electrodes comprisin4g physical mixes of platinum black

with Cyanamid Graphite.

(3) Electrodes containing various levels of platinum

chemically deposized on Cyanamid Graphite.

(4) Type RA (CO resistant) electrodes containing mixed noble

metals and oxides of W, Mo, or both.

(5) Electrodes containing platinum-ruthenium and platinum-

gold alloy catalysts.

The effect of sintering the electrodes for a short time at

elevated temperatures prior to testing was studied. Standard AA-i

electrodes, containing n ncminal 9 mg Pt/cm2, were used on the air side.

At 200aC, initial performanc•- as high as 15-20 watts/ft 2 St

0.4 volt was achieved with electrodes containirg i•4 mg/cm2 of comercial

platinum black, with or without added graphite. For electrodes containing

graphite, best performance was obtained -hen the electrodes were pre-

j sintered for ten minutes at 500aF.
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Best performance at 1750C was 16 watts/ft 2 , and at i50°C,

9-12 watts/ft 2 , using in both cases electrodes containing l1 mg/cm2 of

commercial platinum black with no added graphite, and unsintered. The

experimental catalysts [(3) through (5) above] were evaluated primarily

at 150 and 1750C in the hope chat higher catalyst activity might permit

operating at these lower temperatures. In all cases, however, performance

of th.!se electrodes was poorer than that of electrodes containing an

equivalent loading of commercial platinum black.

Modified air electrodes containing 5-7.5 mg Pt/cm' (either

physically mixed with or chemically deposited on Cyanamid Graphite) were

evaluated at 175 0 C. The best performance was somewhat poorer than that

obtained with standard AA-1 electrodes.

A number of life tests were run with octane and air at

temperatures of 175 to 2000 C. These tests were generally characterized

by severe voltage cycling (greater witn octane than with propane) and

a gradual deterioration in performance wi.th time. Difficulties in

maintaining stable 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

at 2000C was 3(00 hturs, using a 40 mg Pt/cm2 fuel electrode. Power

density declined from 15 to 7 watts/ft 2 during this period. At 1750C,

an electrode containing 14 mg Pt/cm2 ran stably for 220 hours at

8 watts/ft2 (approximately 0.4 volt at 20 ma/cm2), until the test was

terminated because of crossleakage through the matrix. In other life

tests, type AA electrodes operated relatively stably on hydrogen and

air at 175 and 200*C for as long as 1000 hours. An sir electrode
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containing 25% C"yaramid Graphite showed no obvious deterioration after

1000 hours at 175°C. One test with propane as the fuel was run for

975 hours at 1750C. During most of this time a voltage of O.h-0.25 v

at 20 ma/cm2 was maintained.

Surface area and crystallite size measurements were made on

various types of electrodes before and after ex-posure to 100% phosphoric

acid at 150-20COC in life tests and in oven stability tests. These

measurements indicate that platinum loses surface area very rapidly under

these conditions of exposure, particularly at 175-200OC.
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2. LTM)RODUCTION

2.1 Ob2.ectives

The major objective of this contract is to develop an electrode

system which will produce 20 watts/ft 2 with a hydrocarbon fuel and air

in a fuel cell with a total platinum 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 called for the use of propane as

fuel at a temperature of 150°C. The- program objectives were redirected,

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

up to 2000C.

2.2 Scope

The scope of this program involves the fabrication and testing

of experimental electrodes utilizing improved electrode structures,

electrocatalysts, and/or fabrication techniques. These electrcdes are

to be tested in 2" x 2" phosphoric acid electrolyte matrix fuel cells.

As a basis of comparison, standard Cyanamid AA-l electrodes (9 mg Pt/cm2)

are to be tested for uniformity and reproducibility. Finally, the life

performance of selected electrodes which best achieve or exceed the

characteristic goals outlined above will be investigated.



3. EXPERIMENTAL

Test system details, including design of the fuel cell an

evaporator as well as general test techniques, were described in

Progress Report No. 1. The only significant modifications introduced

during this period involve (1) pumping of water and liquid hydrocarbon

fuels rather than feeding from a pressurized tank, and (2) inclusion

of a superheater following the evaporator to smooth out pulsations in

the flow from the pumps. A syringe-type infusion pump (Harvard Apparatus

Co., Model 975) was used to feed water, and 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

life tests are the same as those described previously in Progress

Report No. 1.
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4. RESULTS AND DISCUSSION

4.1 Fuel Electrodes

Puel electrodes were tested to determine the effect of the

following modifications on performance:

1. Variations in Type AA electrodes

2. Incorporation of graphite into the electrode

3. Use of experimental catalysts

4.1.1 Vaz'iations in Type AA Electrodes

Type AA electrodes were prepared and tested to study the effects

on performance of varying platinum loading, PTFE level and sinterirg

temperature, with hydrogen and octane f*uels. To provide a basis for

comparison, standard AA-l electrodes were also evaluated with hydrogen

and octane fuels and air on the cathode side at 175-200 0 C.

The performance data obtained for standard MA-i electrodes

are given in Table 4-1. A polarization curve was obtained Jinitihlly

with hydrogen followed by the octane polarization curve. With octene,

scme voltage cycling (as much as 20-40 my) was obsev-ved. The voltfiges

reported for octane are, therefore, average values.

The performance obtained at 200" and 175*C shows wide varxia-

bility. Data obtained on octane at 175*C were approximate2ly the same aa.

those obtained at 200°C, ranging from 0.28 to 0.35 volt at 40 ma/ m?.

To attain the objective of 20 watts/.ft 2 , a voltage of 0.54 v At a current

density of 40 ma/cm2, or o.4 v at 54 ma/Cm2 is required. Best perfco-mance

for standard AA-l electrodes was 8-9 vatts/ft2 at 0.4 v.

LL
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Table 4-? shows the effect on performance at 2000 C of variations

in PMFE level and sintering temperature (400-7000 F) for electrodes contain-

ing 7-15 mg Pt/cm2 . The polarization curves were obtained at 200C

using 100% phosphoric acid as the electrolyte arn a standard AA-1 cir

electrode. Data are reported only for hydrogen as the fuel; perf-rmance

on octane was very poor. It appears from the data in Table 4-2 that

sintering at temperatures above 500°F is detrimental to the performance

of type AA electrodes.

Data given in Table h-3 show the effects on performance at

150-175°C of P1ITE level and of sintering for electrodes containing

14 and 17 mg Pt/cm2  The electrodes were tested unsintered, or sintered

for 10 minutes at 500°F. Octane/air performance data were obtained at

both 150 and 175 0 C; hydrogen/air data were obtained only at 150*C.

The air electrode again was a standard AA-1.

Good performance was obtained on octane with modified type

AA electrodes containing either 14 or 17 mg Pt/CM2 . Maximum initial

performance at 175 0C with these modified electrodes was about 0.4 v

at a current density of 40 ma/cm2 , or approximately 16 watts/ft 2 .

Performance at 150°C was appreciably Lower, about 9-12 watts/ft 2 at

0.4 v. Varying the PTFE level did not appear to affect performance.

Sintering at 500°F does not appear to affect performance on hydrogen,

but may be detrimental to performance on octane, particularly at 1500 C.
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TABLE 14-2

Effect of Sintering or. Type AA Fuel Electrodes

Temperature: 200"C
Electrolyte: 100% H.,PO4
Matrix: Treated PTFE Felt
Air Electrode: AA-l

PTFE Sintering( I) Hydrogen/Air Perfor nee
Fuel Electrode Platinum Loading Level Temperature Working Voltage Cell Resistance

No. S7242- _ _ _10 40 _100 10 (O0ms

113-1 7 10 700 .735 - - .15
114-1 7 15 .81 - - .05
114-2 7 15 - - - .09
11u-2 7 15 .84 .65 .28 .OL
11 3 -4  7 15 - - - .03

113-4 7 15 - - - .03

113-3 bC, 10 .727 .70 .57 .08
113-3 13 10 - - - .06
113-3 10 10 - - - .08
113-3 10 10 - - - .09
113-3 10 10 .44 - .04

-14-3 10 15 .79 .4
1  

- .04

114-3 10 15 .86 .83 - .07
u4-3 10 15 - - - .05
114-3 10 15 .61 .57 - .O7
114-3 10 15 .64 ,-.3 - .02

113-4 7 15 600 .91 .-. 2 - .02
11-3-4 7 15 .57 - -. 04

113-3 10 10 .48 - - .04
113-3 10 1o .79 - - .03

1A-3 1 15 .67 - . .0"2
u.4-6 15 15 .56 - - .05
u.4-6 15 15 .66 - - .o4

1.-4 !0 13 500 .89 .77 .59 .o4
122-1 .0 15 .37 .62 -. 3 .05
: s-6 15 15 .90 .79 .64 .05
1. ',-6 15 15 .80 - - .06

125-2 10 20 OO .78 .67 .53 .05

122-1 10 15 .86 .63 - .05

(1) Sintering Time: 10 Minutes
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4.1.2 Platinlm/Graphite Electzodes

Preliminary life-testing of type AA electrodes had indicated

a tendency for the catalyst material t3 shrink away from the screen.

It was felt that incorporation of an inert filler material such as

graphite might stabilize the structure. Table 4-4 shows data obtained

with catalysts comprising physical mixtures of Cyanamid GraThite and

platinum black. For the most part the data were obtained at 200C,

although a toew tests were run at 1500 and 17 5 *C witn several electrodes

whic- gave good performance at 200'C.

With electrodes containing 10 mg Pt/cm2 , very poor performance

on both hydrogen arid octcne was obtained with graphite levels above 25%.

With graphite levels below 25%, performance was at best approximately

equivalent to that of AA-1 electrodes.

In tests with 14 mg Pt/cm2 loadigs, performance showed little

jensitivity to graphite levels in the range 7.5 to 25%. Performance at

10% PTFE was considerably poorer than at 15-20%. Good performance at

200CC (17-20 watts/1ft2 at 0.4 v) was achieved with sintered electrodes.

While more data would be required to draw a firm. conclusion, it appears

that with platinum/graphite electrodes, better performance (at least

at 2000C) may be achieved with sintered electrodes.

4.1.3 Experimental Catalysts

It was felt that the experimental catalysts might exhibit

greater activity than the cormercial platinum black catalysts, and therefore

they might be used at lower cell temperaLures. For this reason, most

of the testing was conducted at 150-175°C. The catalysts tested included

the following:
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1. Type RA catalysts (Pt and Rh blacks, together wt.,h oxides

of tungsten and/or molybdenum) were developed under separate programs.

At lower temperatures (70-80 0C) this type of catalyst has been shown to be

more r-e s-ant to po'•'- by carbon monoxide than -platinum alone.

2. Platinum depcsited on Cyanamid Graphite. The platinum in

these catalysts has a crystallite size on the order of 30-50 •.

3. Platinum-noble metal alloys.

Data 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, performance on octane was

significantly poorer than was obtained with equivalent loadings of

c-mercial platinum black. The test which gave the best performance

(0.37 v at 40 ma/Cr2) used an unsintered electrode containing 75%

platinum deposited on Cyanamid Graphite. FurNtther work with unsintered

electrodes of this type is warranted.

4.1.4 Surface Area and Crystallite Size Measurements

Catalyst surface area (BET-N 2 ) and crystallite size measuirements

were made on various electrode samples in an effort to gain some insight

into the relationship between these variables and catalyst activity.

Listed in Table 4-6 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" in all cases.

°C
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-rABLE- 4-6

Surface Arev ari Cr -tt Size Measurermnts

Sample Size: 2" x 2"

Nominal
Pt Graphite Sinter' rnga(.) Crystallite

Electrode _Ig'n Level Temp. Surface Area , Size

D/C2 W•; ('OF) (&2) (A)

Type AA Electrodes

AA-I 8-10 unsintered 5.00) (2)

""t4.3 (2)

S-4.6 (2)

S7242-125-2 10 0)oo 3.7 -

S7242-122-1 " -- 500 3.4 --

"it it -t 3.1(3) -

S7242-114-4it " 5.3 110

s724s2-113-5 700 3.0 110

Platinum/Graphite
Electrodes

S7242-125.-3 10 33 unsintered 7.2 -

"ft " "500 2.6 -

I3 S7242-121-1 " 25 " 4.0 210

"M2.(3) 1To

S7242-12i-4 " 50 3.9 120

It 1.0120

(1) Measurej area for 2" x 2"4 saxple.
(2) 80-100 A for comercial Platinum Black.
(3) Electrode used to cbtain polarization data @ 2009C.



4

If &l1 itg surface were available, a 2" x 2" AA-l electrode

containing approx1Jwate3y i.0 m Pt/cm2 should have an area of 7-8 m,2 ,

based on a surface area of 27-31 m2/g for com ercial platinum black.

As indizated in Tble 4-6, the surface area measurements obtained on

fresh, unsintexed AA-l electrodes ranged frnm 4-5 m2 or scmewhat below

the celcilated vale. The data indicate that, in general, sintering tends

to decrease the surface area and increase crystallite size to sam extent,

Tk7lbe 4-6 also lists date for electrodes which have been used in obtaining

polarIzation data st 2000C. It is apparent that significant decreases

in surface area i associated with even these short tests.

4,2 Air Electrodes

As discussed in Progress Report No. 1, it would be desirable

to decrease the catalyst loading on the cathode side of the fuel cell

system. Catalyst loading on the fuel side then may be increased to as

high a level as possible consistent witr a total loading of 20 g/ft fvr

the system.

Performance data far air electrodes are given in Table 4-7.

Two types of electrodes were tested. One was coamerciel platnwu

black catalyst at a loading of 7.5 mg/cm2 adnded with 12-25%

Cy&aamid Graphite, with PTFE levels of 10-20%. Thtse electrodes were

unsintered or sintered at 500eF, as indicated. The second type of

electrode stuied contained 5 mg/cmý of platinum chemicallj depc3ited

at levels of 25, 50 or 75% on Cyanainid Graphite. PTFE level was 20%.

The electrodes were not sintered, Performance data were obtained at 175*C

using 100% phosphcric acid, glass fiber matrix and an AA-1 hydrogen

electrode.
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FPr the physical mixes of commercial platinum black with

graphite, better results were obtained at 12% than at 25% graphite,

and in genetral, with sintered than unsintered electrodes. The effect

of PTFE level is not clear. The best performance was somewhat poorer

than that 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-I electrodes.

Further work with this type of catalyst is planned, with

emphasis on modifying the structure of the electrode to obtain better

performance on air.

U-3 Life-Testing

A total of 20 life tests were run at temperatures of 175-200oC,

15 with octane, two with propane, and three with hydrogen as fuel. Data

for all the life tests are tabulated in Table 4-8. The longest test with

octane lasted 465 hours at 1750C using an electrode containing 40 mg Pt/cm2 .

4.3.1 Octane Fuel

With octane as fuel, six life tests were conducted using AA-40

(40 mg Pt/cm2) fuel electrodes. Six tests were run with electrodes

containing 14 mg/cm2 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. All1 of these latter tests were run with a noble metal

loading of 14 mg/cm2 on the fuel side.
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In most of the octane life tests, a water-to-octane mole

ratio in the range 3-9 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-I0 electrodes was disappointing in that

while a current density of 4 ma/cm2 could be obtained at the beginning

of some life tests, it could not be maintained. Figure 4-1 shows that

in life test HCLT-22, conducted at 175"C, current densities as high as

60 =/c 2 could be obtained for short periods of time by using oxygen

rather than air at the cathode.

The voltages indicated in Figure 4-I 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 voltage cycling

is shown in Figure 4-2, a reproduction of the strip chart taken from

the voltage recorder during life test ECLT-22. The strip chart reveals

two types of voltage cycling: a periodic sharp drop-off to about 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 low current densities

or as short as 10-15 minutes at high current densities (60 ma/cm:2 ).

The life tests with 14 mg Pt/cm2 fuel electrodes were run

at current densities of 20 ma/cm2 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.

naeAm . m ~ m um mmm m um~mn rmrm m m m m m m m m•m, m
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In one run, however, (HCLT-23) an average voltage of about 0.4 v at

20 ma/cm2 was maintained for 220 hours until the run was terminated

because of leakage of octsne through the matrix. An unsintered fuel

electrode containing no graphite was used in this test.

4.3.2 Propane Fuel

Two life tests on propane were run during this period.

In life test HCLT-6, using an AA-40 anode, performance decreased from

approximately 19 to 12 watts/ft 2 during 330 hours at 200oC. In life

test HCLT-16, using standard AA-l electrodes on both sides, a current

density of 20 ma/cm2 was maintained for 975 hours at 175eC. 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. Sevaral

failures occurred during this life test because of drying out of the

saturator. After 800 hours, the cell suffered an irreversible increase

in resistance after such a failure.. Thereafter, performance was very

poor. It appears from the data obtained in this test that performance

increased with increasing water content of the fuel.

The voltage indicated in Figure 4-3 is the average voltage.

The actual cycling of the voltage is illustrated in Figure 4-4. Although

the cycling 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 cycling of about 20 mv, were observed.
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4.3.3 Wy•rogen Fuel

Three life tests using hydrogen as fuel were conducted mainly

to determine the stability of the fuel cell system. Tests HCLT-4 and 5

were run at 200°C to evaluate treated PTFE felt as the matrix. In both

tests type AA electrodes were used, but in one test the platinum loading

was 10 mg/cm2 and in the other 20 mg/cm2. Life test lo. 4 was run at

40 ma/cM2 for apprximately 800 hours, then at 60 ma/c2 for en additional

200 hours (see Figure 4-5). Voltages were fairly steady over this period

of time.

In life test No. 13, conducted at 1750C, an experimental air

electrode containing Cyrnaimid Graphite was used. This electrode

contained 7.5 mg Pt/cm2 physically mixed with 25% Cyanamid Graphite.

The electrode was sintered at 5000F and contained 20A PTFE. 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 "rere observed (see Figure 4-6).

4.3.4 Surface Area a&z Crystallite Size Measurements

Electrodes from a number of the life testa reported in

Table 4-8, as well as from several previously reported te,;ts(1) were

submitted for surface area and crystallite size measurements. The data

are presented in Table 4-9 and in Figures 4-7 and 4-8. The data shown

in the figures were normalized by dividing the measurel surface area

by the nominal platinum loeding of the electrode neglecting any weight

losses which may have occurred during the tests. Actual weight loss

measurements for :life-tested electrodes were not felt to be meaningful

because of mechanical losses and sticking of the mstrix to the electrodes

on disassembly of the cell.
roI-n mu, m w ll~ la ~ n Wl



-29-

V 4n

u u

* E

IL CL

us a
OU g - = In

In j j

I.8- I a

Ii I -
laiu us

W '7..-o
U.. z -

1 2
0O as 1g l l

3D10 MNaAS46Ovssa



-30

U 

C

I- -

. Ww 3 i
0 .0 U (

4I--
w 4~~@~

,~ fr

S 4z

39V10 -j.VOA. :N~U3



-31 -

Surface Area and Crystallite Size Meesurements-

Life 'Test Electrodes

No4: U 'Tfetgt PMY Felt -100% EP0O4
Siz!- 2" x2"

Sufce Area Crystsnjte, (1)

NO. Temp. 0C £bý$. M1ectroae P t/CM2 Lje (* 2/pp)1

6-13f3-13 200 82(2) Hpj e2~/BeptrsA tAA- 10 2.9 12.5 -

Air 1.7 i.3 -

12': OCtOAne M-41o 40O 3.0 2.9 -

0Air 2.7 2.6 -

15H~iogen UA-1 10 1.9 8.2 210

0 Air st 1. 6.0 170

lOZ- IldoavU AA 20 1.0 1.9 -

Air 2.2 4g.3 290

4CLT-5 ?~ wp ~A410 0.5 2.1 -

*Air 0.8 3.Ii -

-3 T5 300 Pqr~e '3.0 12.9 -

S .r Air *'1.4. 6.0 -

10CIO E13i4rosen 2.6 11. 2 -

Air Pt + QmM**a3) 7T5 1.5 - -

3L-6915 Propane A-.1 10 1.4. 6.0 -I

'SAir 'S2.7 12.8-

CIr2 S3aC OCtane MA-i. 10 8.2 8.0-

It' SAir AA-i 10 3.1 13.3-

(1) fmaed an natiml, platimme 1o*AUin, r1sfleting vv'ittht lomses durlog life test

(2) 10 hours uith 'wptane f.o11wml Di 72 hooza with hydrogen1

(3) 2,)$ Cywani6 Oraphite PhysicLI'&3, aIxod with Pt balsak
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SURFACE AREA DATA
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SURFACE AREA DATA
AIR ELECTRODES AFTER LIFE TESTING
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It is apparent from the data that substantial losses in

surface area occurred during these tests at both fuel and air electrodes,

and at both 175° and 20O0C. 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 substantial

growth in crystallite size.

4.4 Stabili.t Studies

In Progress Report No. 1 we described material ste ility

tests conducted on standard AA-l electrodes to determine the ability

of the electrodes to withstand the fuel cell environment for extended

periods of time. In this period of investigation, similar tests were

conducted with standard AA-I electrodes and platinum=/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 placed 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 additional exposure.

Where the latter procedure was used, the data are denoted "returned."
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4.4l Type .A Electrodes

Figure 4-9 summarizes the weight loss data obtained at

200@C with type AA electrodes, including data previously reported(').

It is obvious that there is wide variability in the experimental data.

Part of this variability may be attributed to differances in procedure.

For example, the greatest weight losses occurred with electrodes St510-15B.

In this case, only 40 cc of phosphoric acid was used, or 4ukt enough to

cover the electrodes. In the tests in which the electrodes were weighed and

returned for additional exposure, the veight lose curves show a tendency to

level off, possibly due to reoxidation of the platinum surface between periods

of exposure.

Weight loss data for AA-1 electrodes exposed to phosphoric

acid at 175*C are shovn in Figure 4-1O. 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 corrosion may also be

a serious problem at 175C. Corrosion rates at 150*C, as indicated

by the data in Figure 4-U, appear to be significantly lower then at

175-200"C.

Surface area and crystallite size measurements were made on

many of the electrodes exposed to phosphoric acid in oven tests. The

data are shown in Table 4-10. It is apparent from the data that type AA

electrodes lose a cor.3iderab] : portion of their surface area during

very short periods of exposure at all three temperature levels, 150,

175, and 2000C. Part of the loss in surface area can be attributed

directly to loss of platinum, although the correlation between the

weight loss data and the surface area data is not particularly good.
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WEIGHT LOSS DATA TYPE AA ELECTRODES
100% H3P0 4 -175 *C
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TABLE 4-10

Surface Area and Crystallite Size

Measurements - Stability Studies

Exposure Temp: 150-200"C

Size: 21" x L"

AA-l Electrodes

Exposure Exposure Surface Area Crystallite Size
Test No. Temp. "C Conditions REY8 m2/S le

S7510-54A 150 100% H3P04  3 2.2, 1.7"t " "6 1.9, 1.8" 19 1.7, 1.8

$7510-68A 175 " 1 5.3, 4.9" t I 4 5.3, 3.3
" " o 12 2.3, 2.2

S7091-33, 34 200 " 1 1.2 c140" " f 4 1.0 210"of Is " 10 1.6 190
" " " 20 1.8 210

S7510-15B " " 1 1.3 160"" " 5 0.8 210" @ 10 0.6 -
" " 19 0.2 240

S7091-33B Air 10 5.5, 4.2

S7510-1iA (Unexposd•) 0 3.7, 3.4, 5.3 110
AA-1 Siitered(') 200 100% H3P0 4  19 1.6, 1.8 210, 220

Platimm/Graphite Electrodes

S7510-36B - 0 3.6, 2.8, 3.0
BA-1 (2.5 mg Pt/cm2 , 200 100% H3PO4 1 2.4, 2.4
75% Cyanamid Graphite) 5 1.9, 1.8

10 1.8, 1.8, 2.0
23 2.0

s7510-54B 150 o 3 4.9, 5.5
14 mg pt/cm2  19 3.6, 2.8
25% Cyanamid Graphiu.-

S7510-54C 150 3 3.4. 2.2
7.5 mg Pt/cm2  19 1.8, 2.8
25% Cyanamid Graphite

(1) 500"F - 10 Minutes



The samples (S7510-l5B) which showed the highest weight losses (Figure 4-9)

also showed the greatest loss in surface area. On the other hand, the

samples exposed at 150% showed high losses in surface area even though

weight losses were small.

Electrode samples e'xTosed for ten days to air at 200(C in the

absence of phosphoric acid showed no loss in surface area as cumpered

to fresh electrodes. This is corsistent with detta 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 200C. A substantial growth in crystallite size, from an
0

average of about 100 A in unexposed electrodes to about 200 X in the

exposed samples, was observed.

14.4.2 PlatinuqmGra.hite Electrodes

Several types of graphite-containing electrodes were exposed

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

are shown in F-.gure 4-12. Type BA-I electrodes (2.5 mg Pt/cm2, chemically

deposited at 25% Pt on Cýansmid Graphite) were tested at 200fl. For

these electrodes, either sintered or unsintered, the weight losses were

much lower (on the order of 0.02-0.04 wg/cm2/day) than 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

was substantially the same as shown for AA-I electrodes at 150*C in

Figure 4-.1.
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Surface area measurements obtained on the exposed platin/

graphite electrodes are shown in Table 4-10. Downward trends in surface

area similar to those previously shown for type AA electrodes were

observed. For the BA-I electrodes, the surface area remaining after

five days at 200"C corresponds appr-ximately to that attributable to

the graphite alone (Cyanamid Craphite has a surface area of about

1.2 m2/g).
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5. FUTURE WORK

Electrode development work for both fuel and air electrodes

will continue with the objective of maximizing performance on octane ard

air, using approximately 15 mg/c2 of noble metal on the fuel side and

5 mg/=2 on the air side. Emphasis will be placed on operating at

150-175C in order to minimize catalyst stability problems.

During the present report period work with "high area"' platimn

catalysts chemicaUy deposited on Cyanamid Graphite was initiated. This

work will be continued and extended to incorporate other substrates such

as metal carbides. New catalyst materials, such as Adams type noble

metal preparations, will also be evaluated. Modifications in preperational

techniques designed to increase the porosity of both fuel and air electrodes

will be investigated. It is also planned to evaluate, electrodes involving

fabrication techniques mid structural configurations differing significantly

from those which have been employed in the preparation of type AA and

other electrodes used thus far in the program.

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 inflluenc3. of operating variables such as

temperature and fuel humidification, and of electrode variables such

as P-FE level, incorporation of graphite, and sintering conditions.

The long-term stability of promising new electrode formulations will

also be investigated.



Exploratory work with impure hydrogen fuel will be initiated.

This work, representing a new and secondary objective under the present

contract, will be directed toward the development of technology for a

hydrocarbon reformer-acid fuel cell system. Initial work will involve

the evaluation of Type RA and AA electrodes at noble metal loadings of

approximately 15 mdcm2 with hylrogen containing 10% CO in cells operating

with phosphoric acid elect colyte at 150-375°C.
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