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NOTICE 

This r e p o r t  was p repared  as an account of work sponsored b y  

an agency o f  t h e  U n i t e d  S t a t e s  Government. N e i t h e r  t h e  

Un i ted  S t a t e s  n o r  any agency t h e r e o f ,  n o r  any o f  i t s  

employees, n o r  any o f  i t s  c o n t r a c t o r s ,  s u b c o n t r a c t o r s ,  o r  

t h e i r  employees, makes any war ran ty ,  expressed o r  i m p l i e d ,  

or asslrmes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  any 

t h i r d  p a r t y ' s  use o r  t h e  r e s u l t s  of such use of any 

i n f o r m a t i o n ,  appara tus ,  p r o d u c t  o r  p rocess  d i s c l o s e d  i n  t h i s  

r e p o r t  o r  r e p r e s e n t s  t h a t  i t s  use b y  such t h i r d  p a r t y  wou ld  

n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  



SECTION I. INTRODUCTION 

Engelhard's ob jec t ive  under the present contract  i s  t o  

cont r ibu te  substanti  a1 l y  t o  the nat ional  f u e l  conservation program 
by developing a commerci a1 l y  v i  able and cos t -e f fec t i ve  phosphoric 
ac id  f u e l  c e l l  powered on-s i te  integrated energy system (OS/ IES) .  

The f u e l  c e l l  o f f e r s  energy e f f i c i e n c i e s  i n  the neighborhood o f  

40% o f  the lower heat ing value o f  ava i lab le f u e l s  i n  the form o f  
e l e c t r i c a l  energy. By u t i l i z i n g  the therma energy generated f o r  
heating, v e n t i l a t i n g ,  and a i r -condi t ion ing HVAC), a f u e l  c e l l  
O S / I E S  could provide t o t a l  energy e f f i c i e n c i e s  i n  the neighborhood 
o f  80%. Also, the Engelhard fue l  c e l l  OS/ IES,  which i s  the 
ob jec t ive  of the present program, o f f e r s  the important incent ive  
o f  replacing imported o i l  wi th domestical ly produced f u e l .  

Engelhard has successful ly completed the f i r s t  two phases o f  
t h i s  program. 
program w i l l  be the i n t e g r a t i o n  o f  the f u e l  c e l l  system i n t o  a 
t o t a l  energy system f o r  mult i- fami l y  r e s i d e n t i a l  and commerci a1 
bui ld ings.  The mandate o f  the current Phase I11 e f f o r t  i s  t o  

develop a f u l l - s c a l e  25kW breadboard power p lan t  module. 
accomplished ob jec t ive  i n  Phase I11 was the i n t e g r a t i o n  and 
t e s t i n g  o f  the 5kW system whose components were developed dur ing 
Phase 11. 
sub-scal e system, scale-up act i v i  t i  es have been c a r r i  ed out under 
Phase 111. Throughout t h i s  program, cont inuing technology 
devel opment act i v i  t y  w i  1 1 be mai n t  a i  ned t o  assure t h a t  the 
performance, re1 i abi 1 i ty, and cost ob ject ives are attained. 

The culminat ion of the pre-commercialization 

An 

I n  addi t ion t o  the development and t e s t i n g  o f  t h i s  
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SECTION I I. TECHNICAL PROGRESS SUMMARY 

TASK I - 5kW POWER SYSTEM DEVELOPMENT 

The ob jec t ive  o f  t h i s  task was t o  complete i n teg ra t i on  o f  
the  5kW components and sub-systems developed dur ing Phase 11. 

Steady-load t e s t i n g  o f  the 5kW integrated system, w i th  
regular  shutdowns, was completed during August 1983. 
quently, load- fo l lowing t e s t i n g  was car r ied  out successful ly, as 
the  system was operated i n  the fu l ly-automat ic mode. 
August-October 1983 Quar te r l y  Report. ) 

Subse- 

(See the 

TASK I 1  - ON-SITE SYSTEM APPLICATION ANALYSIS 

The purpose o f  t h i s  task was t o  develop an app l ica t ion  
model f o r  on-s i te  in tegrated energy systems. The model considers 
f u e l  avai 1 abi 1 i ty, costs, bu i  l d i  ng types and sizes, power 
d i s t r i b u t i o n  requirements ( e l e c t r i c a l  and thermal), waste heat 
u t i l i z a t i o n  po ten t ia l ,  types o f  ownership o f  the OS/IES, and g r i d  
connection vs. stand-alone operation. The work o f  t h i s  task was 
ca r r i ed  out under subcontract by Arthur D. L i t t l e ,  Inc. (ADL), and 
t h i s  work has been completed. The main conclusions are sumar ized 
i n  the  May-July 1983 Quar te r l y  Report. 
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SECTION I 1  - CONTINUED 

TASK I11 - ON-SITE SYSTEM DEVELOPMENT 

This task forms the core o f  the Phase I11 cont rac t  
e f f o r t .  Work under t h i s  task w i l l  r e s u l t  i n  the breadboard 
design o f  a system f o r  an on-s i te  appl icat ion.  The power p lan t  
i s  being designed f o r  a ra ted  output o f  25kW ( e l e c t r i c a l ) .  Th is  

task i s  broken down i n t o  fou r  sub-tasks as fol lows: 

111-1. Large Stack Development 
111-2. Large Fuel Processor Development 
111-3. Overa l l  System Analysis 
111-4. Overa l l  System Design and Development 

The a c t i v i t i e s  under t h i s  contract are focusing on 
Sub-Task 111-1. E f f o r t  on the  other sub-tasks i s  being ca r r i ed  
out under p r i  vate sponsorship. 

SUB-TASK 1. LARGE STACK DEVELOPMENT 

A. LONG-TERM TEST STACKS 

A key a c t i v i t y  i n  the  current  program 
i s  long-term r e l i a b i l i t y  t e s t i n g  o f  stacks incorpora t ing  
state-of- the-art  components and concepts. This  e f f o r t  w i  11 serve 
t o  v e r i f y  t h e i r  effectiveness and d u r a b i l i t y ;  a l t e rna t i ve l y ,  i f  

problem areas ( o r  po ten t i a l  problem areas) are exposed over the  
course of t h i s  program, modif icat ions w i  11 be implemented as 

appropr iate t o  a t t a i n  long-term d u r a b i l i t y .  
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SECTION I1 - CONTINUED 

This phase has consisted o f  the con- 

s t ruc t ion ,  t e s t i n g  and evaluat ion o f  25-cel l ,  13 inch x 23 i nch  

stacks (4kW), each incorporat ing non-metallic cool ing p la tes a t  a 
f i ve-cel l  i n te rva l .  The f i r s t  two stacks have been essent i  a1 l y  

the  same, each incorporat ing both the E-3 type and E-7 type o f  
developmental cathode ca ta lys ts .  Much o f  the t e s t i n g  has u t i l i z e d  
synthet ic  reformate f u e l  (75% HE, 25% CO2, 1% CO, mois tur ized 
t o  about 15% H20). 

Stack No. 1 i n  the 1984-85 ser ies was 
shut down a f t e r  operat ing over 7000 hours on load. Stack No. 2 i s  
operat ing at  0.55V on average a t  161mA/cm2 ( reformate-a i r )  a f t e r  
being on load f o r  a t o t a l  o f  8300 hours. This stack w i l l  be shut 
down dur ing the  f i r s t  week o f  August. 
exercise w i l l  be ca r r i ed  out during which the various components 
and hardware w i  11 be inspected. Based on t h i s  inspection, 
ind icated modi f icat ions and a l te rna t ive  approaches w i  11 be 
r e f l e c t e d  i n  the upcoming Stack No. 3 where appropriate. 

A t  t h a t  time, a teardown 

Stack No. 3 w i l l  a lso contain 25 c e l l s  
of the  13 inch x 23 inch size. Several new technology assessments 
are already planned f o r  t h i s  stack w i th  respect t o  the technology 
employed i n  Stack No. 1 and Stack No. 2. These include: 
a l t e rna t i ve  b ipo la r  p l a t e  B-element (separator) mater ia ls  
(po l  yetheretherketone and PFA Tef lon) i n  comparison w i th  
polyethersulfone; (i i ) new cathode ca ta l ys t  types, inc lud ing  those 
on more corros ion-res is tant  supports; ( i i i )  an a l te rna t i ve  
acid-transport  layer conf igurat ion;  and ( i v )  use o f  a 

single-component l i q u i d  coolant ( t r i e thy lene  g l yco l )  i n  place o f  
mineral  o i l .  The f a b r i c a t i o n  o f  components f o r  t h i s  stack has 

begun. 

( i )  
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SECTION I 1  - CONTINUED 

B. 25kW STACK 

The 25kW stack components were based 

Where appropriate i n  l i g h t  o f  experi - 
p r i m a r i l y  on those t h a t  were successful ly employed i n  the two 

25-cel l  stacks (above). 
mental r e s u l t s  obtained on the smaller stacks, design mod i f i -  
cat ions were implemented f o r  the 25kW stack. These involved ac id 
c o l  l e c t i  on/drai nage means t o  avoid corrosion a t  the bottom o f  the  
gas manifolds and a 0.0015 inch  th ick gold f o i l  layer  a t  the 
bottom cur ren t -co l lec t ing  p l a t e  interface, also t o  avoid corros ion 
as we l l  as the bui ldup of i n t e r f a c i a l  IR-loss. 

The ce l l s  (175 o f  them, 13 inches x 23 
inches) were stacked dur ing May using cool ing p la tes  a t  the 

f i v e - c e l l  i n te rva l .  A f te r  assembly o f  the stack hardware a l i g h t  
compressive load was applied. This was fol lowed by completion o f  
plumbing f o r  the fuel ,  a i r ,  and coolant l i nes  t o  and from the 
stack. 

Completion of  the acid-addi t ion and 

compressive loading sequences was delayed i n t o  June by a ser ies o f  
unplanned stack heat ing system shutdowns (see below). 
tasks were accomplished, the reactant gas manifolds were f u l l y  
t ightened. 
hot-standby mode dur ing June (about 12O'C; no load); however, 
i n te r rup t i ons  i n  system operation caused many temperature cycles 
( t o  and from room-temperature) over the  course o f  the month. 

When these 

For the  most par t  the stack was sustained i n  the  

The stack was s ta r ted  on load i n  e a r l y  

July. The load was brought up gradually, as the c e l l s  appeared t o  
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SECTION I 1  - CONTINUED 

be breaking i n  very slowly. Acid was added (and taken up) i n  

piecemeal fashion as the s tack 's  load and temperature were 
increased. 
the  end o f  the month. A t  t h i s  t i m e  the load has reached 9kW at  a 
stack voltage o f  about l O O V  with the temperature reaching 155'C. 
The temperature and load w i l l  continue t o  be increased dur ing 
August, and ac id-addi t ion w i l l  be carr ied out i n  accordance w l th  
the  apparent needs o f  the  stack. 

Performance appeared t o  be s lowly improving through 

C. 25kW SUPPORT SYSTEMS 

A 50kW methanol processing sub-system 
has been prepared f o r  use as a hydrogen generator f o r  the  25kW 
stack. Performance t e s t i n g  o f  t h i s  u n i t  t o  conf i rm i t s  readiness 
was completed dur ing May. The tes t  a c t i v i t y  required considerable 
trouble-shooting, but  sa t is fac to ry  r e s u l t s  were produced. The 
reformer was operated a t  f low rates equivalent t o  32kW, and 
essen t ia l l y  complete methanol conversion was obtained (>99% based 

on condensate analysis) .  Also, outside analysis o f  an e f f l u e n t  
gas sample ind ica ted  sa t i s fac to ry  composition despi te an 
unrecognized peak t h a t  showed up on the in-house chromatograph. 
The r e s u l t s  are shown i n  Table I. (The in-house equipment and 
procedures are being rev1 ewed. ) 

There was some reformer performance 
de te r io ra t i on  i n  June, dur ing a period i n  which various system 
upsets were encountered (see below). An apparent dec l ine i n  
reformer ca ta l ys t  a c t i v i t y  was traceable t o  two ou t -o f - l im i t s  
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condi t ions that,  by design, should have ins t i ga ted  system shutdown 
(an over-temperature excursion and a methanol-water soak t h a t  was 
caused by reformer-burner flameout). 
be executed at  a su i tab le  juncture, 

A c a t a l y s t  change-out w i  11 

The i n s t a l l a t i o n  o f  con t ro l  system 
hardware and w i r i ng  as we l l  as debugging o f  the software was 
completed dur ing May. (A  software error,  uncovered i n  June, 
a1 lowed the aforementioned reformer ca ta l ys t  soak t o  occur dur ing 

a per iod of unattended operation.) The e l e c t r i c a l  load bank 
( res i s t i ve ,  va r iab le )  was insta l led,  and custom rework a c t i v i t i e s  
were car r ied  out on t h i s  u n i t  i n  May. This involved add i t iona l  
c i r c u i t r y  t o  al low f o r  automatic switching tha t  i s  required i n  
emergency or  out-of -1 i m i  t s  s i tua t ions  . 

The outdoor methanol storage f a c i  li ty 

A few minor items remain t o  
became operat ional  i n  June. A temporary permit  a l lowing operat ion 
was issued by the  Township o f  Union. 
be ca r r i ed  out before a f u l l  permit i s  granted. 

Numerous shutdowns were experienced 

dur ing automatic operation o f  t he  25kW system dur ing June and 
July. These were p r i m a r i l y  re la ted t o  the methanol pump t h a t  
feeds the  reformer-burner and t o  the microprocessor computer 
i t s e l f .  The pump i s  being equipped w i th  a heavy-duty motor, and 
the contacts o f  the computer are being cleaned and sprayed w i th  a 
p ro tec t i ve  coating. These actions are expected t o  provide greater 
to lerance t o  the  heat, humidity, and dust t ha t  the system i s  

subjected t o  i n  i t s  current  environment. 
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SECTION I 1  - CONTINUED 

TASK I V  - STACK TECHNOLOGY 

The purpose o f  t h i s  task, which w i l l  continue throughout 
the contract ,  i s  t o  inves t iga te  new mater ia ls  and component con- 

cepts through bench-testing and stack t r i a l s .  The c r i t e r i a  f o r  
se lec t ing  a c t i v i t i e s  under t h i s  task are the  prospects f o r  
improved performance, reduced costs, o r  improved reliability. 
Improvements i n  the  performance of e lect rocata lysts ,  generated 

under Engelhard-sponsored Task V I ,  are reported under Task I V .  

A. PERFORMANCE OPTIMIZATION 

CATALYSTS 

A new batch o f  ternary cathode ca ta lys t  (E-8) has 
s ta r ted  up i n  s ng le -ce l l  evaluation. Compared t o  the corre- 
sponding b inary  ca ta l ys t  (E-7), i t  i s  showing an improvement o f  
about 20mV (average o f  two c e l l s  each). One comparison i s  
i l l u s t r a t e d  i n  Figure 1. 
forming about 20-3OnV lower than typ ica l ;  and i t  i s  not known i f  

t h i s  improvement would t rans la te  equal ly t o  a high-performing 

b inary  precursor. This question w i l l  be pursued w i th  upcoming 

c a t a l y s t  batches and s ing le -ce l l  tests. 

However, the b inary ca ta lys t  i s  per- 
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ALTERNAT I VE AC I D-TRANSPORT LAYERS 

A s ing le -ce l l  employing an a l t e r n a t i v e  

ac i  d-transport layer  showed a peak hydrogen-air performance o f  
about 0.710V IR-free a t  161mA/cm2 and 191'C, as shown i n  Fig. 2, 
w i t h  an open-circui t  voltage o f  0.86V. 
performance t o  about 0.700V; the  cause was not clear, bu t  i t  d i d  
not  appear t o  be re la ted  t o  the  acid-transport layer  (no change i n  
IR-loss o r  open-circui t  voltage). 

It then r a p i d l y  l o s t  

A f te r  2500 hours o f  operation the c e l l  IR- f ree 
voltage was 0.695V, as shown i n  Figure 2. Subsequently, the 
cathode oxygen-gain began t o  increase, i n d i c a t i n g  e l e c t r o l y t e  
f l ood ing  o f  the cathode, w i th  attendant loss o f  open-circui t  
voltage as the  e lec t ro ly te -mat r ix  became ac id-def ic ient .  More 
t e s t i n g  i s  requi red t o  determine i f  the  acid-transport layer  
conf igura t ion  played a r o l e  i n  t h i s  behavior. 

An ob jec t i ve  i n  the development o f  a l t e r n a t i v e  
acid-transport layers i s  reduction o f  c e l l  IR-loss. The IR-loss 
o f  the  above c e l l  was 50mV a t  161mA/cm2, thereby showing no 
improvement over t h a t  o f  a t y p i c a l  c e l l  w i th  a standard 
acid-transport layer. Other c e l l s  o f  t h i s  type have shown lower 
IR-loss, however; and i t  i s  apparent t h a t  a greater degree o f  
reproduci b i  1 i t y  i s  requi red  f o r  the new conf i gura t i  on. 

A p a r a l l e l  a c t i v i t y  involves the  simple subs t i -  
t u t i o n  o f  a new carbon f i b e r  material f o r  the Kureha paper (no 
longer ava i lab le )  t h a t  c u r r e n t l y  serves as the acid-transport  
1 ayer. 
p roper t ies  and f o r  corrosion behavior, as shown i n  Table I 1  
(immersion condi t ions)  and F igure 3 (po ten t i os ta t i c  condit ions). 
Most o f  these mater ia ls  are acceptable i n  both respects, and the  
th inne r  ones w i l l  be evaluated i n  s ing le-ce l ls .  

Several materi  a1 s have been examined f o r  aci d-transport 
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B. COST REDUCTION 

CURRENT COLLECTORS 

The concept o f  curren- co l l ec to rs  made o f  base 
metal coated w i th  a p ro tec t i ve  and e l e c t r o n i c a l l y  conductive 
carbon-polymer composite i s  being set  aside. 
u r a t i  ons have performed reasonably we1 1, i r regu l  ar f 1 a m  have 

f ive-year  l i f e  f o r  t h i s  component. O f  p a r t i c u l a r  concern i s  t he  
f a c t  that ,  as th ings now stand, a corroded or delaminated current  
co l  l e c t o r  ( a t  the bottom) cannot be repaired or  rep1 aced wi thout  
t ak ing  the e n t i r e  stack apart. 

Whi l e  such conf ig-  

ULLUl ---*a---A I su -g+s- VI C S I I  annalnh Glluuyll t c  cast  dc&t the ~ch!~v;rh!  ! i f y  nf 1 

The t e s t  o f  a 0.0015 inch t h i c k  gold sheet backed 
up by a layer  o f  G r a f o i l  continued successful ly i n  1984 Stack No. 2 
wi thout any sign o f  s i g n i f i c a n t  in te r face  resistance. 

Corrosion tes ts  o f  a less expensive current  
c o l l e c t o r  concept, based on Engelhard-fabricated gold-clad base 
metal wire, have begun. Such wires would not on ly  be i nhe ren t l y  
cheaper, but  would also save on the cost o f  connecting stacks t o  
the external  load. 
c o l l e c t o r  ind icates t h a t  the  cost o f  the recoverable gold c ladding 
would be wel l  under SlO/kW i n  a 25kW stack. E l e c t r i c a l  t es ts  on 
small graphi te  coupons show an IR-drop under 100 m i l l i v o l t s  (ou t  

o f  a stack voltage of  over 100 vo l ts) .  

Analysis o f  a design based on t h i s  type o f  

NON-METALLIC COOLING PLATES 

Design and experimental work have been conducted 

w i t h  la rger  diameter cool ing tubes than the ones used on present 
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stacks. 
end-connect1 ons. Performance and re1 i abi 1 i ty t e s t s  on the tubes 
and end-connections a t  2OO'C were successful ly ca r r i ed  out t o  70 
ps i .  The design and f a b r i c a t i o n  o f  sample grooves tha t  can 
accommodate the l a rge r  tub i  ng were a1 so accompli shed. 

This would reduce costs by e l im ina t i ng  two out o f  f ou r  

C. RELIABILITY 

CARBON SUPPORTS 

Sing le-ce l l  Run No. 1424 (Fig. 4 o f  February-April 
qua r te r l y  r e p o r t )  was conducted t o  assess the s t a b i l i t y  o f  t he  E-3 

cathode ca ta l ys t  on Shawinigan Black support. This t e s t  was t e r -  
minated a t  3072 hours due t o  increasing electrode f looding and 
reactant  gas cross-over. 
c e l l  showed t h a t  s i g n i f i c a n t  corrosion product from the 

s i  ng le-ce l l  a1 umi num blocks had accumulated under the carbon 
plates.  This increased the stress on the carbon paper and caused 
i t  t o  crack, r e s u l t i n g  i n  the f looding and cross-over. 
t e s t i n g  o f  t h i s  ca ta l ys t  formulation w i l l  be ca r r i ed  out using 

modif ied s ing le -ce l l  hardware (see below) t o  enhance long-term 
durabi 1 i ty. 

However, tear-down examination of  t h i s  

Addi t ional  

F u l l - s i z e  electrodes (13" x 23") were also 
prepared using the  E-3/Shawi n i  gan B1 ack cathode cata lyst .  
Short-term s ing le -ce l l  evaluation o f  sections cut from these 
electrodes (2-3/4" x 2-3/4" act ive area) showed an IR-free vol tage 
o f  0.724V a t  191'C and 161mA/cm2, He/air. This performance i s  
s i m i l a r  t o  t h a t  obtained w i t h  10.7" x 14" electrodes. 

-11- 
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SECTION I 1  - CONTINUED 

LIFE-TESTING I N  SINGLE-CELLS 

A new f i x t u r e  f o r  t es t i ng  s ing le -ce l l s  i s  being 
fabr icated. It has a carbon paper layer  t h a t  i s  resin-bonded t o  
the  aluminun block t o  give be t te r  corrosion resistance. It w i l l  
be used f o r  long-term s t a b i l i t y  evaluation o f  s ing le-ce l ls .  
Simultaneously, a f i x t u r e  i n  which the aluminum i s  replaced by 
Type 316 s ta in less  s tee l  i s  being prepared; t h i s  i s  also expected 
t o  a l low more meaningful long-term tes ts  t o  be conducted wi thout  
the  complicating e f f e c t s  o f  f i x t u r e  corrosion. 

BIPOLAR PLATES 

Wetproof i ng o f  ABA b i  po l  a r  p l  ates requires tha t  
the f luoropolymer wetproofing be cured at  elevated temperature, 
p re fe rab ly  at  550'F (288'C). 
B-element i n  the f i n i s h e d  ABA p la te  requi res a lower cur ing  
temperature t o  avoid a loosening o f  the f i l m  bond. 
polyetheretherketone (PEEK) and PFA Tef lon are now avai 1 able; 
u n l i k e  PES, they are not expected t o  sof ten a t  288'C. Tests t o  

determine the su i  t a b i  li ty o f  these two  mater ia ls  as subs t i t u te  
B-elements have been car r ied  out; they showed e l e c t r i c a l  and 
seal ing proper t ies as good as those o f  PES, provided the 
f i lm-bonding temperatures are 700'F (370'C) f o r  PFA and 750'F 
(400'C) f o r  PEEK. These tes ts  also showed tha t  care must be taken 
t o  maintain a uni form temperature throughout the p l a t e  being 
bonded. 

layer  o f  thermal i nsu la t i on  around the edges. 

However, the presence o f  the  PES 

Fi lms o f  

Such r e s u l t s  are enhanced through the use o f  a t h i c k  
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SECTION I 1  - CONTINUED 

Permeabi l i ty  tes ts  on ABA coupons using PES 
B-element f i l m s  were ca r r i ed  out with both helium and hydrogen. 
The tes ts  conf i rm previous f ind ings t h a t  the  leakage rates are 
equivalent t o  current  dens i t ies  of a f r a c t i o n  o f  an ampere per 

square foot .  

STACK SHUTDOWN AND START-UP 

The f i v e - c e l l ,  10.7' x 14" stack designed t o  

exami ne the ef fect iveness o f  the shutdown/start-up procedure has 
now 1 ogged about 2200 hours, i n c l  udi ng s i x  room-temperature 
shutdowns. The loss from peak performance remains s im i la r  t o  
the loss pa t te rn  i n  stacks not subjected t o  per iod ic  shutdowns. 
The h i s t o r y  of t h i s  stack i s  i l l u s t r a t e d  i n  Figure 4. 

TASK V - FUEL PROCESSING SUPPORT 

The i n t e n t  of t h i s  task was t o  provide background data 
and informat ion t o  supbJort the design and const ruct ion o f  an 
optimized 50kW f u e l  processor under Task 111. Most o f  the e f f o r t  
of' t h i s  task was devoted t o  screening and longev i ty  t e s t i n g  o f  
ca ta l ys ts  f o r  steam reforming o f  methanol. This task i s  now 
comp 1 ete. 

-13- 
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SECTION 11 - CONTINUED 

TASK V I  - IMPROVED ELECTROCATALYSTS 

Developmental e lec t roca ta l ys t  formul a t  ions are being 
prepared under Engelhard sponsorship. These are provided t o  t h e  
main program, and r e s u l t s  are reported under Task I V .  

Development i s  being pursued on both cathode and anode 
c a t a l y s t s  and supports; however, the  major a c t i v i t y  a t  t h e  present 
t ime i s  d i rec ted  toward improved cathode s t a b i l i t y  and a c t i v i t y  

(see Task I V ) .  



SECTION I11 - CURRENT PROBLEMS 

0 El iminate  unplanned shutdowns i n  25kW system. 

SECTION I V  - WORK PLANNED 

TASK I11 - ON-SITE SYSTEM DEVELOPMENT 

0 Continue t e s t i n g  of  25kW stack. 

TASK I V  - STACK TECHNOLOGY 

0 Continue evaluation o f  a l t e r n a t i v e  acid-transport  
1 ayers. 

0 Prepare for  25-cell Stack No. 3. 

-15- 
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