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I. INTRODUCTION

1.1 Objectives

The objective of this program is to optimize the performance of
low-cost air and fuel electrodes fabricated from platinum-impregnated
UOP Kocite materials for use in phosphoric-acid-electrolyte fuel cells
operating at temperatures near 180°C. To accomplish this objective,
various Kocite electrocatalysts are produced and fabricated into state-
of-the-art fuel cell electrodes. These electrodes are tested as
cathodes and anodes in model fuel cells. The cell testing deter-
mines both the performance level and long term endurance attainable
with Kocite electrodes.

This report summarizes the results obtained during the last six
months. Both the Kocite electrocatalyst formulations prepared during
this period and the performance levels attained with Kocite electrodes
made from these electrocatalysts will be discussed, along with recom-
mendations for future research.

1.2 Background

The current research effort continues the optimization of Kocite
electrocatalysts for use in phosphoric-acid-electrolyte fuel cell elec-
trodes. The program organization established earlier is being con-
tinued. This involves a joint program with UOP Inc. as prime contrac-
tor and Energy Research Corporation (ERC, a subsidiary of St. Joe
Minerals Corporation) as subcontractor. A broad division of effort
is made on the basis of the UOP capability to produce Pt-impregnated
Kocite electrocatalysts and the ERC capability to fabricate and op-

, timize electrode structures. Testing and diagnostic evaluations of
i ; these electrodes are carried out jointly by UOP and ERC. L

I o aa

1.3 Review of Previous Results

In this section the status of this program at the beginning of
the present contract period will be briefly reviewed to provide a back-
ground for a discussion of the effort made during the last six months.




The nature of Kocite materials and many of the process conditions
for preparing these materials have been described in earlier reports.1r2’3
During the previous contract periods a number of different Kocite ma-
terials were examined as electrocatalyst supports. This evaluation
led to the choice of a Kocite material using Alcoa's Hydral 705 as
the standard starting substrate material. Relevant properties of this
type of Kocite material are given in Table I. The majority of Kocite
materials used during the present contract period are of this type.

Table 1

Typical Kocite Material Properties

Substrate Hydral 705
Pyropolymer Precursor Benzene
Carbon Content 25 we-%
Resistivity at 25°C 0.1 Q-cm
Surface Area 80 m2/g
Average Pore Diameter 6 nm
Average Particle Diameter 0.5 um

During the early portions of this program, all Kocite electro-
catalysts were prepared by platinum impregnation of Kocite materials.
However, as a result of the discovery that the alumina substrate is
leached from small Kocite particles by phosphoric acid during fuel
cell operation, it was believed that impwoved Kocite electrocata-
lysts could be obtained by leaching the alumina from the Kocite par-
ticles prior to platinum impregnation. The resulting Kocite electro~-
catalysts consist of very small platinum particles supported on a very
high-surface-area pyropolymer structure, which replicates the starting
alumina particle shape and pore structure. During the previous con-
tract period electrocatalyst production was directed toward the fol-
lowing goals:

L. B. Welsh, R. W. Leyerle, G. L. Hervert and K. J. Youtsey, "Carbonaceous
Catalysts for H3PO; Fuel Cells', MERDC Contract DAAK02-75-C-0011, Final
Technical Report, September, 1975.

L. B. Welsh, R. W. Leyerle, '"Optimization of Pt-Doped KociteR Electrodes in
H3P0, Fuel Cells", MERADCOM Contract DAAG53-76-C-0014, Interim Technical Re-
port, January, 1977.

L. B. Welsh, R. W. Leyerle, "Optimization of Pt-Doped KociteR Electrodes in
H3PO, Fuel Cells'", MERADCOM Contract DAAG53-76-C-0014, Interim Technical Re-
port, January, 1978.
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1. Determining whether a better catalyst resulted from a
production sequence of

a. Kocite material production - leaching - platinum
impregnation, or

b. Kocite material production - platinum impregnation -
leaching

Higher platinum dispersions were obtained using the first
production sequence.

2. Determining whether platinum impregnation of leached
Kocite material by chloroplatinic acid, platinum diamine-
dinitrite, or platinum acetylacetonate gives higher plati-
num dispersion. The best platinum dispersions were ob-
tained with platinum diaminedinitrite. Electrodes are
being fabricated from Kocite electrocatalysts made by this
technique to determine if improved fuel cell performance
is obtained.

Kocite electrode production during the previous contract period
was aimed at the following goals:

1. Establishing that very high-surface-area Kocite electro-
catalysts produced from leached Kocite materials could
be successfully incorporated into PTFE-bonded gas-
diffusion electrodes for use in phosphoric-acid-elec-
trolyte fuel cells,

2. Determining the general electrode structure required
to give good performance results with these electro-
catalysts, and

3. Determining whether ERC machine rolled or sheet
mold electrode production techniques gave clearly
superior results.

Kocite electrode (cathode) performance data clearly indicated that
electrodes fabricated from Kocite electrocatalysts prepared from
leached Kocite materials gave better results than those fabricated
from unleached Kocite materials. These Kocite electrodes were
shown to perform stably for at least 4500 hrs. Similar results
were obtained using both machine rolled and sheet mold Kocite
electrodes. The performnnce levels shown in Table II were ob-
tained using Ng .6 mg/cm Pt-loaded Kocite electrodes as cathodes
vetgus 2 mg/cm“ Pt-black anodes at atmospheric pressure and

180°C.

i -~ S b




Table 11

Best 1977 Cell Performance Results

Current Density (ma/cmz) 100 200

Terminal Cell
Voltage (V) 0.66-0.68 0.60-0.62

Oxygen Gain (mV) 65 75

1.4 Program for the Past Six Month Period

The primary effort during this period was the preparation of
large Kocite electrocatalyst batches (50-250 g) to provide enough
material for both electrode structure optimization and a determina-
tion of Kocite electrode performance reproducibility. The main ef-
forts of the last six months have been in the following areas:

(A) Preparation and Leaching of Kocite Materials

The leaching parameters of Kocite materials were standar-
dized and the leaching process scaled up to produce 100-125 g
batches of leached Kocite material.

(B) Kocite Electrocatalyst Production

All steps in the platinum impregnation of leached Kocite mater-
ials were scaled up to allow the production of 100-150 g electro-
catalyst batches. Both chloroplatinic acid and platinum diamine-
dinitrite impregnation techniques were used to produce Kocite
electrocatalysts with good platinum dispersions. The micropore
structure and particle shape were examined for a number of elec-
trocatalysts using both nitrogen desorption isotherms and Trans-
mission Electron Microscopy.

(C) Kocite Electrode Fabrication

§ Several Kocite electrocatalysts were delivered to ERC for
2 incorporation into fuel cell electrodes. Roughly an equal num-
ber of machine rolled and sheet mold electrodes were produced.

(D) Kocite Electrode Testing

For the first time during this program, Kocite electrodes
: were routinely used as both cathodes and anodes in the same cell.
b Prior to this 2 mg/cm2 Pt-black counter electrodes were used.

a i i i e i e A SR, dh s e




at determining the reproducibility of Kocite electrode
cathode performance. Over 60 cells were tested at UOP

' Much of the testing performed during this period was aimed
' and ERC. >

A detailed discussion of the results obtained in each of these
areas 1s presented in the following sections.

II. PREPARATION AND LEACHING OF KOCITE MATERIALS

2.1 Kocite Materials

The preparation of the Kocite materials used during the present
contract period is reported in this section. In almost all cases
Alcoa's Hydral 705 alumina substrate was used with a benzene pyro-
polymer precursor. Some of the preparation conditions as well as
some of the chemical and physical properties of these Kocite ma-
terials are listed in Table III. Besides the Hydral 705 based

Kocite materials, Kocite materials made with either Kaiser sub-

I strate alumina or Cabot's Alon alumina are also listed. A
comparison of the properties of these Kocite materials produced
using different alumina substrates will be made later. As indicated

' in section 1.3, standard Kocite materials for this program are pro-
duced from the Hydral 705 alumina substrate, having a carbon content

of about 25 wt-X. For Kocite materials using either a Kaiser or Alon

alumina substrate, similar surface areas can be obtained with carbon
contents of V40-50 wt-Z. The Kailser based materials have a particle
size of V2 um, larger than the 0.5 um particle size of the Hydral
based materials, causing increased diffusion losses in a fuel cell
electrode compared to the Hydral based materials. The Alon based
materials have a much smaller particle size (X0.05 um) and have yet
to be evaluated in a fuel cell electrode.

Nitrogen desorption measurements have been used during this pro-
gram to characterize the pore volume distribution (PVD) of both the
Kocite material and the resulting electrocatalyst. The difference
in pore volume distribution of Kocite materials attainable by a sim-
ple variation of the alumina substrate is shown in Figure 1, where
¥ the PVD's of typical Hydral 705, Kaiser and Alon based Kocite ma-
terials are shown. Kaiser based material has a relatively broad
pore volume distribution while Hydral 705 based Kocite material has
a distribution sharply peaked near 4.0 nm. Alon based Kocite ma-
terial has a peak near 3.0 nm but also a substantial number of pores
with diameters greater than 10 nm.




S0y
ON
0°9
80°0

€S
1€°0
790°0

£6°92

0s8

99

SOL TeapAH

S 0y
ON
LS
60°0
€9
Ze°0
6.0°0

%6° 6T
058
9195

S0L TexpAH

6-8%9¢

S 0y
ON
S°S
L1T°o0

XA
8LT°0
%1°0

€€°ST

698

9190

S0L TeapAH

09-9.S¢

S 0y
sax
9°S
ST1°0

LOT
0e°0
LT°0

[AJ 14

ov8

919D

S0L TeIp4H

021-68C¢€

s9)

L°0T
LT°0

%9
S8°0

900°0

006
919D

I9sTEY

G9-08€¢t

(url) 3zFS °T273iegd UBIY

P3insSeay UOTINQTIISTQ SWNTOA 3104
(wu) z333mefq 2104 3Bei3Ay

(8/Tm) swnTop 3104

Am\uav Ba1y 20ejang

(Tm/2) A3ysusg YTng 3Iuaieddy
(@o-Y) 0,52 d ‘0 ‘A3yArIsysay

(Z-3M) 3ua3uo) uoqae)

SOT3ISTI93IdEBIRYD
(0,) @anieiadway sysL1oiakg
1081nda1g i1ami1odoakg
a3ea3sqng

uoyaeiedaig

Iaq@nN yoleg

STBT1938 93100y JO SOfIstiajoeley)

d

III °19elL




¢S
<10
z6
€0
LZ1°0

T€°ST

' o%8
b

oN
9°¢
Z1°0

98
€0
0z1°0

16°12

7v8
%9

S0L Teap4H G0L TeaipiH

8TT-8%9¢

0TT-8%9¢

S0° 0y
sax
9°L

%1°0

YL
91°0
%20°0

L8°8Y

S06
9199

eUTWNTY
uotv

70T-8%9¢

ON
S°S
60°0
s9
€0
01T 0

G9°¢C

0%8

919>

88-8%9¢

S oy - S oYy S 0y (url) 3z1g 3TdT13aEg UESK
oN oN 83% PpoinSes|] UOTINQTIISFQ SWNTOA 2104
6°Y 0°9 G*¢ (wu) xa33wWeTq 3104 38e13AY
010 11°0 010 (3/Tm) sunyop 3104
18 €L €L (3/,%) weay sovgang
0€°0 62°0 0€°0 (Tw/8) A3ysuag NTng Juaieddy
180°0 ¥90°0 680°0 (@2-) 2,5Z @ ‘d ‘A3ITATISysay
T€°S¢C 0€ " %2 S9°6Z (Z-3M) 3um3u0) uoqie)
SOT3IsTI9310BIRYy)
[A4:] (93] €98 (0,) @anjexadms] sysAT01kg
9895 9199 9195 10s1nda1g iamkyodoikg

G0L TeipAH GOL T®IPAH GOL TeIpAH SOL TeapAH

89-8%9¢ 99-8%9¢ #S-8%9¢

STEeTI2IE8R

mou«uou JO SOF3IsTIajoeIRY)

(penurjuo)) III °Tqel

?3e13I8QNS
uoraexedaig

IaqunN yoaeg

'




i'
1
|

Transmission Electron Micrographs (TEM) were made of each type of
Kocite material.® Typical micrographs are shown in Figures 2, 3 and 4.
The micrograph of the Hydral 705 based Kocite material (Figure 2) clearly
shows this Kocite material consists of hexagonally shaped platelets with
particle dimensions of V100 to 300 nm in both length and width, and V10 nm in thick-
ness. A comparison of these micrographs with micrographs of the Hydral
705 alumina indicates no change in particle shape and no apparent change
in particle structure occurs during pyropolymer deposition. The Kaiser
based Kocite particles shown in Figure 3 are clearly both substantially
larger and less regular than the Hydral 705 based Kocite particles
shown in Figure 2. 1In contrast, the Alon based Kocite particles shown
in Figure 4 are much smaller and have a narrow particle size distribu-
tion.

2.2 Leaching of Kocite Materials

In order to produce the pyropolymer structure which serves as the
support for the small platinum particles of a Kocite electrocatalyst, the
alumina substrate is leached from the Kocite material using phosphoric
acid. At the start of the current contract period the standard process
involved leaching the alumina at 135-140°C for about 24 hrs. This leaves
a residual aluminum content in the leached Kocite material as high as
0.3 wt-%. To further reduce the aluminum content, which might degrade
electrocatalyst performance in a fuel cell, the leaching temperature was
raised to 180°C for a 20 hour period. With a starting Hydral 705 based
Kocite material having a surface area °§ 80 mzlg, the resultant leached
material has a surface area about 700 m“/g. Current production condi-
tions and typical leached Kocite material properties are summarized in
Table IV.

At the beginning of the contract period a 5 liter flask apparatus
was used for the leaching process. The flask accepted a 175 gKocite batch
charge and produced V40 g of leached Kocite. This facility was scaled
up to accommodate a 12 liter flask allowing the use of a 420 g charge
of the standard Hydral 705-based Kocite material. About 100 to 150 g
of leached Kocite material is produced per batch.

The characteristics of the leached Kocite materials used in electro-
catalyst preparation during the current contract period are listed in
Table V. Leached Kocite materials are denoted by the addition of an "L"
following the Kocite batch identification number. With two exceptioms,
the leached Kocite materials listed in this table were produced from
Hydral 705 based Kocite materials. With this material an approximately
9 fold increase in surface area per gram is obtained by removing the
alumina substrate. For the Kaiser and Alon based Kocite materials the

aTEM results obtained with the cooperation of Professor A. V. Crewe and

Mitsuo Ohtsuki at the University of Chicago.
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Figure 2

Transmission Electron Micrograph of
Kocite Material 3648-94 Made From
Hydral 705 Alumina
100 nm

P




Figure 3

Transmission Electron Micrograph of
Kocite Material 3173-133 Made From
Kaiser Substrate Alumina
100 nm
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Figure 4

Transmission Electron Micrograph of
Kocite Material 3648-104 Made From
Alon Alumina
100 nm
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Table IV

Production of Leached Kocite Materials

Production Conditions

15 ml of 85% H43PO, per gram of Kocite materials

180°C for 20 hrs.

Characterization of Material

Surface Area 700 mZ/s
Phoephorous Content N1Z
0 .12%

Aluminum Content
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increase in surface area is less dramatic, the leached Kaiser based
material having a 6.5 fold increase to 386 mzlg and the leached Alon
based material having a 4.5 fold increase to 267 m2/g. The different
surface area increases for the various types of leached material re-
flect the differing carbon content and pore structure of the starting
Kocite materials.

For each type of leached Kocite material pore volume distributions
are shown in Figures5, 6 and 7 and compared with the PVD's of the start-
ing Kocite materials. As shown in Figure 5, the pore sizes for the Hy-
dral 705 based Kocite material increase after leaching but remains sharply
peaked with the PVD peak moving from v4.0 to “6.0 nm. In the case of the
Kaiser based material the PVD remains broad after leaching,although it is
somewhat narrower with most of the pores having diameters less than 10 nm
as shown in Figure 6. The Alon based material shows the most dramatic
change. As shown in Figure 7, the PVD narrows dramatically and is sharply
peaked near 6.0 nm. In particular, the relative volume of pores with
diameters greater than 10.0 nm is greatly reduced. A comparison of the
PVD's of the three different types of leached material is shown in Figure
8. The PVD's of the leached Hydral 705 and Alon based Kocite materials
are quite similar suggesting that these materials may provide an electro-
catalyst support having similar performance characteristics except for a
possible reduction in cathode diffusion losses as a result of the sub-
stantially smaller particle size and increased particle size uniformity
of the leached Alon based Kocite material.

KOCITE ELECTROCATALYSTS

3.1 Kocite Electrocatalyst Preparation

During the present contract period, electrocatalyst batch
size was scaled up to 50-150 g with the intent of producing fewer
Kocite electrocatalyst batches, but with impregnation techniques
identified as producing good electrocatalysts in small batch
sizes. Preparation details and physical properties of Kocite
electrocatalysts prepared during the present contract period are
listed in Tables VI and VII.

Details relating to the platinum impregnation of leached Kocite
materizls are given in Table VI. As indicated, most impregnations were
made using chloroplatinic acid (CPA) with a water solvent. However
three platinum diaminedinitrite (PDD) impregnations were made using
different reduction atmospheres. The most important batches and con-
clusions drawn from their analysis are summarized as follows:

(A) A large standard batch (3648-94A) was prepared to allow
ERC to have an adequate amount of electrocatalyst to per-
form an extensive electrode structure optimization study,
which 18 currently in progress. This batch was produced
by combining electrocatalyst batches 3648-66A and 3648-68A.
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Originally, electrocatalyst batches 3648-32A and 2648-54A
were intended for this purpose, but is was discovered that
they had been accidentally reduced in nitrogen. Upon sub-
sequent reduction in hydrogen, the platinum particle size
was larger than desired,so other electrocatalyst batches

' were used.
' electrocatalyst platinum particle size was studied by

(B) The effect of leaching temperature on the subsequent
comparing the platinum particle sizes of electrocatalysts
3289-127A and 3576-61B, prepared during the last contract
period3, with batches 3648-66A and 3648-68A. The former
materials were prepared with a 140°C leaching treatment,
while the latter materials were leached at 180°C. A com-
parison of the platinum particle sizes of these electro-
catalysts shown in Table VII indicates there is no dis-
cernible dependence of the platinum particle size on
leaching temperature of the starting Kocite material.

(C) To determine if a higher platinum dispersion could be ob-
tained by improved wetting of the leached Kocite material
during impregnation, electrocatalyst 3648-88A was sonically
stirred and remained in an aqueous state for 72 hours. As
indicated in Table VII, no improvement in platinum particle
size was obtained.

(D) To determine if a leached Alon based Kocite material would
make a good electrocatalyst support, electrocatalyst 3648-
104A was prepared. While the platinum particle size is
larger than obtained with the leached Hydral 705 based
materials, it is believed that an improved platinum dis-
persion is attainable with a starting Kocite material
having a lower carbon content.

(E) Three Kocite electrocatalyst batches were made with PDD
impregnations and Hz, Nj or air reductions. The smallest
platinum particle size was obtained with the H) reduction.
This electrocatalyst will be fabricated into electrodes.

In general Kocite electrocatalysts were prepared with 15 wt-% pla-
tinum. Exceptions to this platinum loading level are batch 3648-115A
where air reduction oxidized about half the pyropolymer support, and
batch 3648-118A, prepared at a level of 10 wt-% for improved platinum
dispersion.

3.2 Kocite Electrocatalyst Structure

The particle shape, platinum particle size, platinum particle dis-
tribution, and pore volume distribution of several Kocite electrocata-
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lysts were characterized by PVD and TEM studies. Within experimental
error, the PVD of a leached Kocite material and the resulting Kocite
electrocatalyst are identical. As a result no PVD results on electro-
catalysts will be reported.

TEM studies made on several Kocite electrocatalysts prepared by
CPA impregnation techniques indicate that the features elucidated by
this technique are quite similar from electrocatalyst to electrocata-
lyst. The most important conclusions can be summarized by referring
to Figures 9 and 10, TEM's which are typical of Kocite electrocatalysts
as currently produced. In Figure 9, both the platinum particles (dark
spots) and the porous nature of a Kocite electrocatalyst particle are
clearly visible. Of particular interest in this figure are the dis-
tribution and size of the platinum particles. While the platinum dis-
persion is good over most of this particle, the area in the upper left
hand corner contains a number of large (>10 nm dia) platinum particles.
The existence of these large platinum particles clearly indicates the
platinum impregnation technique is not optimized and implies that im—
proved fuel cell performance is attainable when a more uniform, more
highly dispersed platinum distribution can be produced.

The porosity and pore structure of Kocite electrocatalyst parti-
cles are clearly demonstrated in the TEM of Figure 10. The diameter
of the pores shown in this figure are mostly in the 5.0-10.0 nm range,
consistent with the PVD results in Figures 4 or 8. While platinum par-
ticle placement on the leached Kocite support is difficult to deter-
mine from Figures 9 and 10, it is believed that higher resolution TEM
will provide useful information in this area.

IV. ELECTRODE FABRICATION AND TESTING

4.1 Electrode Fabrication

During the last six month period, ERC has prepared Kocite elec-
trodes by two separate techniques: 1) the standard ERC machine calen-
dering process used previously and described in earlier reportsz, and
2) an experimental process utilizing a sheet mold technique. Machine
calendered (rolled) electrodes are fabricated by rolling a discrete
catalyst layer and then pressure bonding this layer to a carbon fiber
paper electrode substrate. In contrast, in the sheet mold process a
catalyst-PTFE mixture is deposited directly onto the carbon fiber
paper. Sintering conditions of both types of catalyst layers are
similar to those described in previous reports.

PTFE contents of both types of catalyst layers are typically
between 40 and 50 wt-X. During the present contract period 40 and 45
wt-% PTFE contents were used. The lower loading was used to obtain
peak electrode performance quickly at the risk of later electrode
flooding. However, in contrast to electrodes made in the last contract




Figure 9

Transmission Electron Micrograph of
Kocite Electrocatalyst 3648-94A

25 nm
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Figure 10

Transmission Electron Micrograph of

Kocite Electrocatalyst 3648-94A

25 nm
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period at this PTFE loading, Kocite electrodes made at this PTFE
loading during the present contract period appear to flood quickly,
preventing stable cell performance. As a result a 45 wt-% PTFE
loading was used during the latter part of the present contract per-
iod. The cause of this change in the behavior of 40 wt-% PTFE
loaded Kocite electrodes is unclear but may result from; 1) changes
in the electron fabrication process at ERC, particularly the mixing
of Kocite electrocatalyst and PTFE powders, or 2) variations in

the wettability of Kocite electrocatalysts as a result of the in-
creased leaching temperature.

4.2 Cell Testing

Details of cell testing techniques and apparatus have been dis-
cussed in earlier reports.1’2’3 No changes in cell components were
made during the present contract period. Cells were normally oper-
ated at 180°C using an ERC supplied Kynol matrix. In the few cases
where Kocite electrodes were not used as both anode and cathode, a 2
mg/cm2 Pt-black counter electrode was used. In contrast to the cell
assembly procedure followed in previous contract periods, almost all
cells were assembled without electrode prewetting. To standardize
cell test procedures and operation with those currently in use at
ERC, Mr. M. George of ERC visited the test lab at UOP to update UOP
cell assembly personnel in cell assembly techniques.

RESULTS AND DISCUSSION

5.1 Introduction

In this section, the characteristics and performance of Kocite
electrodes tested at UOP and ERC during the last six month contract
period are presented. Where possible, the cell performance is corre-
lated with Kocite electrocatalyst and Kocite electrode properties.
The results obtained during the last six month period are summarized
in section 5.3.

5.2 Cell Performance Results

The performance results of model phosphoric acid electrolyte fuel
cells with Kocite electrodes are reported in this section. The charac-
teristics of the Kocite electrodes and cell builds tested at ERC and
UOP are listed in Tables VIII and IX respectively. A total of 61 cells
were assembled and tested. The performance of all cells assembled
during this period is listed in these tables with the exception of
cells assembled with Kocite electrodes fabricated from incompletely
reduced Kocite electrocatalysts. At ERC, Kocite electrodes fabricated
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Table VIII
KociteR Electrode Characteristics - ERC
Nominal
Kocite Platinum Platinum PTFE
Cell Electrocatalyst Content Electrode Loadiag Content Fabrication
Number Batch (We-2) Number (mg/cm®) (Wt-Z) Method
ERC 149 3648-32AR 15.2 469B 0. 60 40 Sheet Mold
ERC 150 3648-32AR 15.2 469B 0. 60 40 Sheet Mold
ERC 151 3648-32AR 15.2 4697 0. 60 40 Sheet Mold
| ERC 152 3648-54AR 16.7 4701 N0.65 40 Sheet Mold
[ ERC 153 3648-54AR 16.7 4701 0. 65 40 Sheet Mold
ERC 154 3648-54AR 16.7 4701 NO.65 40 Sheet Mold
ERC 155 3648-54AR 16.7 4911 n0.65 40 Sheet Mold
ERC 156 3648-54AR 16.7 4911 ~n0.65 40 Sheet Mold
ERC 157 3648-54AR 16.7 4976 0. 65 40 Machine Rolled
ERC 158 3648-54AR 16.7 4976 0. 65 40 Machine Rolled
ERC 159 3648-54AR 16.7 4702 0. 65 40 Sheet Mold
ERC 160 3648-94A 14.9 4912 ~0.60 40 Sheet Mold
‘ ERC 161 3648-94A 14.9 4912 ~0.60 40 Sheet Mold
' ERC 162 3648-94A 14.9 4914 N0, 60 40 Sheet Mold
ERC 163 3648-94A 14.9 4914 0,60 40 Sheet Mold
ERC 164 3648-94A 14.9 4914 ~0.60 40 Sheet Mold
l ERC 165 3648-94A 14.9 4912 ~0.60 40 Sheet Mold
ERC 166 3648-94A 14.9 5049 n0.60 40 Sheet Mold
ERC 167 3648-94A 14.9 5050 ~0.60 40 Sheet Mold
l ERC 168 3648-54AR 16.7 5053 ~0.65 45 Sheet Mold
' ERC 169 3648-94A 14.9 4573 ~0.55 45 Sheet Mold
ERC 170 3648-94A 14.9 4574 ~n0.55 45 Sheet Mold
ERC 171 3648-94A 14.9 4573 ~0.55 45 Sheet Mold
ERC 172 3648-94A 14.9 5400 n0.60 45 Machine Rolled
ERC 173 3648-94A 14.9 5403 ~0.65 45 Machine Rolled
ERC 174 3648-94A 14.9 4921 "0.55 45 Sheet Mold
ERC 175 3648-94A 14.9 4921 0. 55 45 Sheet Mold
ERC 176 3648-94A 14.9 5401 %0.65 45 Machine Rolled
ERC 177 3648-94A 14.9 5047 0. 60 45 Sheet Mold
ERC 178 3648-94A 14.9 5401 ~0.65 45 Machine Rolled
ERC 179 3648-94A 14.9 5400 0. 60 45 Machine Rolled
ERC 180 3648-94A 14.9 5400 ~0.60 45 Machine Rolled
ERC 181 3648-94A 14.9 5400 ~0.60 45 Machine Rolled
ERC 182 3648-94A 14.9 5400 ~0. 60 45 Machine Rolled

ERC 183 3648-94A 14.9 5401 ~0.65 45 Machine Rolled
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from Kocite electrocatalyst batches 3648-32AR, 3648-54AR and 3648-94A
were tested with the emphasis placed on testing Kocite electrodes
from batch 3648-~94A, the '"standard" Kocite electrocatalyst batch.

At UOP, Kocite electrodes were tested from batches 3648-54AR, 3648-
94A and 3576-61A, a PDD impregnated electrocatalyst prepared during
the previous contract period.

For the first time the electrode batch as well as electrocatalyst
batch numbers are listed in Tables VIII and IX. This is done to allow
the performance of particular electrode batches to be identified and
compared with other electrode batches which may have been made under
slightly differing conditions. Between two and four 5'"x15" electrode
sheets were prepared at the same time with the same process conditions.
These electrode sheets are numbered sequentially. Thus electrode
sheets 5400-5403 were made at the same time under the same conditions
and would be expected to have nearly identical performance.

Nominal Kocite electrode platinum loadings are listed in Tables
VIII and IX. These loadings were calculated from Kocite electrocata-
lyst platinum loadings. In some cases electrode platinum loadings were
measured by X-ray fluorescence using a standard analyzed chemically for
platinum content. Such measurements of a machine rolled electrode sheet
indicated the actual platinum loading was within 3% of the calculated
value with a variation of platinum loading across the electrode sheet
of less than 5%. For sheet mold electrode sheets the variation in
platinum loading may be somewhat larger, which could have a small but
definite effect on the comparative performance of electrodes cut from
the same electrode sheet. In Tables VIII and IX, calculated platinum
loadings have been rounded off to the nearest 0.05 mg/cmz. Loadings
measured by X-ray fluorescence have a reproducibility of better than 2%.

The performance of cells assembled at ERC and UOP is summarized
in Tables X and XI, respectively. Important test results are sum-
marized as follows:

(A) With the exception of the three cells assembled from
Kocite electrodes incorporating Kocite electrocatalyst
batch 3576-61A, Kocite electrodes from the same elec-
trode batch were used as both the air cathode and Hjp
anode. This procedure has the advantage of determining
the utility of Kocite electrodes as both cathodes and
anodes and allows a comparison of two Kocite electrodes
as cathodes or anodes by simply reversing the gases fed
to the electrodes.
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The PTFE loading of Kocite electrodes was increases
from 40 wt-7% to 45 wt-% during this contract period

as a result of the generally unstable performance and
apparent rapid electrode flooding problems encountered
at the lower PTFE loading. Since the PTFE loading of
many stable Kocite cathodes tested during the last con-
tract period was 40 wt-%, it is possible this problem
is associated with changes in the Kynol matrix ma-
terial, minor changes in the electrode fabrication
process (particular the sheet mold process), or minor
changes in the electrocatalyst production process (in-
creased leaching temperature). At 45 wt~7% PTFE elec-
trode flooding no longer appears to be a problem.

Based on the cell performance results obtained on cells
with Kocite electrodes having 45 wt-% PTFE, machine
rolled electrodes appear to provide a more reproducible
performance than sheet mold electrodes. Further opti-
mization of the sheet mold electrodes should improve the
performance reliability of the sheet-mold electrodes.

From the data obtained on cell performance at UOP and
ERC, two sets of cell builds merit discussion in at-
tempting to determine the degree of reproducible cell
performance attainable at this time with Kocite elec-
trodes fabricated by ERC.

i) Four cells (3648-54AR-1 to 4) were assembled at
UOP as identically as possible under the super-
vision of Mr. M. George (ERC). Whilé these cells
apparently began flooding by the second or third
day of operation, their performance level after
several hours of operation is instructive as to
the reproducibility and performance level which
should be attainable for cells with Kocite elec-
trodes having an improved structure. The per-
formance data in Tables X and XI for electrodes
from batch 3648-54AR represent values obtained
after the first day of operation. The highest
stable performance levels (air vs Hj) reached
on the first day of operation are listed in
Table XII for both normal and reversed opera-
tion at 180°C.




Cell

Number

3648-54AR-1
3648-54AR-2
3648-54AR-3
3648-54AR-4

1)

Kocite

Electrode
Batch

- 35 -

Table XII

First Day Performance Levels of
Cella 3648-54AR-1 to 4

Terminal Voltage (mV) at 200 mA/cmz, Air vs H,
Normal Reversed

591 570
617 601
597 597
594 609

With the exception of the reversed operation
level of the first cell, all cell performance
levels were above 590 mV with an average per-
formance level of 601 mV. These data suggest
that reproducible Kocite electrode performance
should be attainable with the proper electrode
structure.

The Kocite electrode series from which the
largest number of cells at UOP and ERC were
assembled is the 5400-5403 series fabricated
from electrocatalyst batch 3648-94A. A total
of 15 cells were assembled and tested. Of
these 15 cells, 12 had a stable performance
level above 550 mV at 200 mA/cm? and 180°C.
The performance of these cells is listed in
Table XIII by electrode batch.

Table XIIT

Performance Levels of Cell from Kocite
Electrode 5400-5403 Series

Terminal Voltage (mV) Average Performance

Cell at 200 mA/cm? of Series at 200 mA/cm
Number (Air vs Hj) (mV)

2

5400

ERC-172 580 578

ERC-179 560
ERC-180 600
ERC-182 570




Kocite
Electrode
Batch

Table XIII (Continued)

Performance Levels of Cells from Kocite
Electrode 5400-5403 Series

i A 4 i ok e

Terminal Voltage (mV) Average Performance 2 A
Cell at 200 mA/cm? of Series at 200 mA/cm :

5401

5402

+ 5403

(E)

(F)

Number (Air vs H,) (mV) E

ERC-176 580 585 §
ERC-183 590

3648-94A-1 595 578 !
3648-94A-2 576
3648-94A-3 564

ERC-173 550 561
3648-94A-5 557
3648-94A-6 377

The average performance of the 12 cells was

575 mV at 200 mA/cm?. While considerable varia-
tion in cell performance still exists, the re-
producibility of cell performance on cells
assembled both at UOP and ERC appears to be
considerably improved over that achieved during
previous contract periods. At this time it is
believed that the main causes of reproducibility
problems are in cell assembly techniques and
achieving an optimized Kocite cathode electrode
structure.

Three cells were assembled at UOP using Kocite electrodes
fabricated during the previous contract period from electro-
catalyst batch 3576-61A. This batch was prepared by the PDD
impregnation technique. The electrodes have a low Pt loading
(0.35 mg/cm®). These cells ran stably gt 180°C with a best
performance level of 611 mV at 100 mA/cm“ and an average per-
formance level of 605 mV at 100 mA/cm“. At this low Pt-
loading these results are quite encouraging and suggest that
at 0.6 Pt-loadings electrocatalysts produced by this tech-
nique should perform comparable to or better than CPA im-
pregnated Kocite electrocatalysts. ‘

To better characterize individual cell performance, polari-
zation curve plots and lifetime data are shown in Figures
11-14. Polarization curves for cell 3648-94A-1 on air and |
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0, versus Hp, assembled with 3648-94A Kocite electrodes,
are shown in Figure 1ll1. The performance of this cell as
l a function of time is shown in Figure 12. This cell was
normally operated at 200 mA/cm? and has run with very
good stability over the test period. Polarization curves
i for cell ERC-180 are shown in Figure 13. This cell also
used Kocite electrodes from electrocatalyst batch 3648-
' 94A. The data plotted in Figure 13 are replotted in
f Figure 14 to determine the Tafel slope of the cell. As
indicated in this figure the cell Tafel slopes on air
and oxygen are 95 and 90 mV respectively.

5.3 Summary of Results

The most important results obtained during this contract period
are summarized below:

(A) Production of Leached Kocite Materials

The size of leached Kocite material batches was scaled
up to 100 to 150 g as part of a general process scale-up to
allow the production of 100 to 150 g Kocite electrocatalyst
batches. The leaching temperature of Hydral based Kocite
materials was raised to and standardized at 180°C. For the
first time leached Kocite materials were produced from Kaiser
based and Alon based Kocite materials. The structure of the
various leached materials was examined by both nitrogen de-
sorption pore volume measurements and Transmission Electron
Microscopy.

(B) Kocite Electrocatalyst Production

i. Impregnation of Leached Kocite Materials :

Kocite electrocatalysts were produced using both the :
chloroplatinic acid and platinum diaminedinitrite techni- :
ques. Somewhat better platinum dispersions were obtained i
on a Hp reduced PDD impregnated electrocatalyst than on the best
15 wt-7% CPA impregnated electrocatalyst. However, the latter
technique remains the method by which standard electro-
catalyst batches will be produced pending fuller testing
of PDD impregnated electrocatalysts in fuel cell electrodes.

S T

[ ii. Kocite Electrocatalyst Structure

Transmission Electron Microscopy was used to examine
platinum particle distribution, platinum particle location
and electrocatalyst pore structure for several electro-
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catalysts. Some large platinum particles and non-uniform
platinum particle distributions were observed indicating
improved impregnation techniques are desirable. These
results also suggest that improved fuel cell performance
would result with improved impregnation techniques.

(C) Cell Performance

Kocite electrodes fabricated by both sheet mold and machine
rolled methods were used routinely as both cathodes and anodes
for the first time. During previous contract periods Pt-black
electrodes were used as anodes. In contrast to results obtained
previously, 40 wt-% PTFE electrodes appeared to have unstable
performance and were subject to flooding. As a result, 45 wt-%
; PTFE electrodes were used during later cell testing. The most
reproducible results were obtained with machine rolled 45 wt-%
PTFE electrodes.

Several sets of cells using electrodes from the same elec-
trode batch were assembled under as identical conditions as pos-
sible. The performance of these cells was studied to determine
the extent of reproducible cathode and anode performance cur-
rently attainable with ERC fabricated Kocite electrodes in ERC
test hardware. The largest and most reliable set of cells as-
3 sembled consisted of 15 cells of which 12 cells had a perfor-
mance level above 550 mV at 200 mA/cm2 at 180°C. The average
E performance of these cells was 575 mV and the best cell was
stable at 600 mV at the same test conditions. While better
3 reproducibility is desired, cell performance is clearly im-
proved over that of the previous contract period. X-ray
fluorescence measurements show that the variation in cell
performance is not a result of variations in electrode plati-
num loading. The authors believe that the reproducibility
problem results primarily from cell to cell variations in
assembly technique and incomplete optimization of Kocite elec-
trode structure.

VI. CONCLUSIONS

Based on the results obtained in the last six months in the areas
of Kocite particle substrate leaching, Kocite electrocatalyst prepara-
tion, and Kocite electrode performance, the following conclusions con-

f cerning low cost fuel cell electrodes fabricated from Kocite electro-
catalysts are warranted.

T T

(A) Leaching Hydral based Kocite materials at 180°C rather
than 140°C does not alter platinum particle size of the
electrocatalyst and gives a support structure which is
essentially a replica of Hydral 705 alumina.

b st e T i D N i ' NS



(B)

(c)

(D)

(E)

(F)

- 43 -

Kocite electrocatalysts for fuel cell applications

can be prepared by either chloroplatinic acid or pla-
tinum diaminedinitrite impregnation. Actual electrode
performance of these electrocatalysts is similar, but
appears to favor the latter technique.

Kocite electrodes can be used as both cathodes and

anodes. However, it has not been established that

the electrodes used for cathode operation have the

structure required for long term reproducible anode
performance.

Alon based Kocite materials can be successfully leached
and fabricated into Kocite electrocatalysts. Initial
results are promising and starting Kocite materials
with a lower carbon content should give higher surface
area supports and improved platinum dispersion.

IS———

The reproducibility of cell performance from cell-to-
cell has been substantially improved over that of the
previous contract period, however, further improvement
is clearly desirable.

More stable and reproducible performance is currently
obtained with machine rolled rather than sheet mold
Kocite electrodes. Although peak cell performance may
be better with sheet mold electrodes, further optimiza-
tion of sheet mold Kocite electrode structures and
fabrication methods will be required to attain desired
cell performance reliability with sheet mold Kocite
electrodes.

VII. RECOMMENDATIONS

To further improve the performance of Kocite electrocatalysts and
Kocite electrodes, and continue their development in H3PO; electrolyte
fuel cells, the following recommendations are made.

(4)

(B)

Further efforts should be made to achieve improved
platinum dispersions using the platinum diaminedi-
nitrite impregnation technique.

Kocite electrocatalysts made from Alon based Kocite
material should be prepared and evaluated in Kocite
electrodes.
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(C) The structural analysis of Kocite electrocatalysts
should be continued to determine the effect of process
conditions and impregnation technique on support pro-
perties, platinum particle placement and platinum par-
ticle distribution.

(D) Both sheet mold and machine rolled Kocite electrode
structures should continue to be optimized. At this
time,which electrode fabrication technique can give
the optimal electrode structure for Kocite electro-
catalysts has not been established.

(E) Testing of substantial numbers of cells with both
| Kocite anodes and cathodes should continue to fur-
f ther examine the reproducibility of cell performance.

3 VIII. REFERENCES

{ 1. L. B. Welsh, R. W. Leyerle, G. L. Hervert and K. J. Youtsey,
; "Carbonaceous Catalysts for H3PO; Fuel Cells', MERDC Contract
DAAK02-75-C-0011, Final Technical Report, September, 1975. 4

| 2. L. B. Welsh, R. W. Leyerle, "Optimization of Pt-Doped l(ociteR
| Electrodes in H3PO; Fuel Cells", MERADCOM Contract DAAGS53-
| 76-C-0014, Interim Technical Report, January, 1977.

3. L. B. Welsh, R. W. Leyerle, "Optimization of Pt-Doped KociteR
Electrodes in H3PO, Fuel Cells", MERADCOM Contract DAAG53-
76-C-0014, Interim Technical Report, January, 1978.

4. TEM results obtained with the cooperation of Professor A. V.
Crewe and Mitsuo Ohtsuki at the University of Chicago.

|
!




DISTRIBUTION LIST

Commander (12)

Oe fense Documentation Center
Cameron Station, Bldg. 5
ATTN: TISIA

Alexandria, YA 22314

Chief (1)

Research, Development & Acquisition
Office, Deputy Chief of Staff
Department of the Army

Washington, DC 20310

0ffice of the Under Deputy Secretary (1)

of Defense (Research & Advanced Technology)

ATTN: ASST DIR, Electronics & Physical
Sciences
Washington, DC 20301

Director, Technical Information (1)
Advanced Research Projects Agency
1400 Wilson Blvd

Arlington, VA 22209

Commander (1)

US Army Materiel Development
and Readiness Command

ATTN: DRCDE-D

5001 Eisenhower Avenue
Alexandria, VA 22333

Commander (1)

US Army Tank-Automotive R&0 Command
Technical Library/DRDTA-UL

Warren, MI 48090

Commander (1)

US Army Electronics R&D Command
ATTN: DRSEL-TL-P

Fort Monmouth, NJ 07703

Commander (1)

US Army Transportation Research &
Engineering Command

ATTN: Research Directorate

Fort Eustis, VA 23604

Chief (1)

US Army Security Agency
Arlington Hall Station
Arlington, VA 22212

Technical Documents Center (2)

US Army Mobility Equipment R&0D Command
ATTN: DRDME-WC

Fort Belvoir, VA 22060

Chief (1)

Naval Ships Engineering Center
Department of the Navy

ATTN: Code 6157D, Mr. Albert Himy
Washington, DC 20362

Director, Power Branch (1)
Office of Naval Research

ATTN: 473

800 Quincy Street

Arlington, VA 22217 .

Department of the Navy (1)

Office of Naval Research

Ballston Tower #1

800 N. Quincy Street Code: 472 Room 624
Arlington, VA 22217

Commander (1)
Naval Ordnance Test Station
China Lake, CA 93555

Commander (1)

Naval Electronics Laboratory Center
ATTN: Research Library

San Diego, CA 92152

Director (1)

US Naval Research Laboratory
ATTN: Code 2027

Washington, DC 20390

Commander (1)

Aerospace Power Division

ATTN: AFAPL/PO (Mr. J.D. Reams)
Wright-Patterson Air Force Base
Dayton, OH 45443

Commander (1)

Department of the Afr Force (AFSC)
Rome Air Development Center

ATTN: RBEG, (Mr. F.J. Mollura)
Griffiss AFB, NY 13441

Commander (1)
AFEWC (SURP)
San Antonfo, TX 78241




DISTRIBUTION LIST

Power Information Center (1)
University City Science Center
3624 Science Center
Philadelphia, PA 19104

Director (1)

George Marshall Space Flight Center
ATTN: Mr. J.L. Miller (M-ASTR-E)
Huntsville, AL 38809

Director (1)
Lewis Research Center

National Aeronautics & Space Administration

ATTN: Mr. H.J. Schwartz (M.S.
21000 Brook Park Road
Cleveland, OH 44135

309-1)

Or. Paul Nelson, Director (1)
Argonne National Laboratory
81dg 205

9700 South Cass Avenue
Argonne, IL 60439

Mr. Norman Rosenberg (1)

US Department of Transportation
Transportation Systems Center
55 Broadway

Cambridge, MA 02142

US Department of Energy (1)
ATIN: Mr. Gary Voelker

20 Massachusetts Avenue, NW
Washington, DC ‘20545

Dr. Paul Milner (1)

Room 1D-259

Bell Telephone Laboratories
Murray Hill, NJ 07974

Electrochimica Corporation (1)
2485 Charleston Road

ATTN: Technical Library
Mountain View, CA 94040

Engelhard Industries Division (1)
Engelhard Minerals & Chemicals Corp
Government Services Department

70 Wood Avenue, South

Metro Park Plaza

ATTN: V.A. Forlenza

Iselin, NJ 08830

Mr. George Ciprios (1)

Exxon Research & Engineering
PO Box 8

Linden, NJ 07036

General Electric Company (1)
50 Fordham Road

ATTN: L.J. Nuttall

Bldg. 1A

Wilmington, MA 01887

P.L. Howard Associates, Inc (1)
Millington, MD 21561

Power Systems Division (1)
United Technologies Corporation
PO Box 109

Governor's Highway

South Windsor, CT 06074

Power Systems Division (1)

Uni ted Technologies Corporation
ATTN: DOr. H. Russel Kunz

PO Box 109, Governor's Highway
South Windsor, CT Q6Q74

Occidenta: Research Corporation (1)
ATTN: Herbert P, Silverman

PO Box 310, Department 2-K
LaVerne, CA 91750

Union Carbide Corporation (1)
Parma Research Center

PO Box 6166

ATTN: Dr. R. Brodd

Parma, OH 44101

Energy Research Corporation (1)
ATTN: DOr. B.S. Baker

3 Great Pasture Road

Danbury, CT 06810

Dr. S.8. Brummer (1)

Director of Physical Research
EIC, Inc.

55 Chapel Street

Newton, MA 02158

Electric Power Research Institute (1)
ATTN: A.P. Fickett

PO Box 10412

Palo Alto, CA 94304




DISTRIBUTION LIST

Dr. Ralph Roberts (1)

Energy Resources & Environmental Systems
Engineering

The MITRE Corporation

Mail Stop W-389

Westgate Research Park

McLean, VA 22101

UOP INC. (1)

Ten UOP Plaza

ATTN: Stephen N. Massie
Government Contract Administrator
Des Plaines,IL 60016

Technology Center (1)

ESB Incorporated

19 W College Avenue

ATTN: Dr. D.T. Ferrell, Jr.
Yardley, PA 19067

Dr. Paul Stonehart (1)
Stonehart Associates, Inc.
34 Five Fields Road
Madison, CT 06443

Dr. Jose Giner (1)
Giner, Inc.

14 Spring Street
Waltham, MA 02154

Massachusetts Institute of Technology (1)
ATIN: Professor H.P. Meissner
Cambridge, MA 02138

Dr. Douglas N. Bennion (1)

Energy & Kinetics Department

School of Engineering & Applied Science
5532 Boelter Hall

University of California

Los Angeles, CA 90024

University of Florida (1)
Department of Chemical Engineering
PO Box 3027

ATTN: Professor R.D Walker
Gainsville, FL 32601

L.G. Marianowski (1)

Manager, Energy Conversion & Storage
Research

Institute of Gas Technology

3424 S. State Street

Chicago, IL 60616

Dr. R.T. Foley (1)
Chemistry Department
The American University
Washington, DC 20016

State University of New York at Buffalo (1)

ATTN: Professor Stanley Bruckenstein

Chemistry Department

Acheson Hall, SUNY/AB 3
Buffalo, NY 14214 :

Hugh J. Barger, Jr. (1)
Box 2232
Davidson, NC 28036




NOTICES

DISTRIBUTION STATEMENT

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC RELEASE AND

SALE.

ITS DISTRIBUTION IS UNLIMITED.

DISCLAIMERS

THE FINDINGS IN THIS REPORT ARE NOT TO BE CONSTRUED AS AN
OFFICIAL DEPARTMENT OF THE ARMY POSITION, UNLESS SO DESIGNATED

BY OTHER AUTHORIZED DOCUMENTS.

THE CITATION OF TRADE NAMES AND NAMES OF MANUFACTURERS IN
THIS REPORT IS NOT TO BE CONSTRUED AS OFFICIAL GOVERNMENT
ENDORSEMENT OF APPROVAL OF COMMERCIAL PRODUCTS OR SERVICES

REFERENCED HEREIN.

DISPOSITION

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED.

DO NOT RETURN TIT TO THE ORIGINATOR.




