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INTRODUCTION

This report summarizes the work performed under Department of Energy Contract DE-
AC21-87MC23270, "Molten Carbonate Fuel Cell Technology Improvement", on Task One. Thework
was separated into six technical subtasks.

Subtask 1.1, 1.2 - Program Management-- provided the management function for this contract and
the technical activities reported here.

i Subtask 1.3 -Design of Improved MCFC Cells - defined improved cell designs directed toward meet-
: ing the performance, life, and cost goals of this contract. Two cell designs, one for the interior cells of a

stack, and one for the cells at both ends of a stack, were conducted. Cell design requirements were

established and used for generating the improved cell component designs. Preliminary designs for the

anodes, cathodes, matrices, electrolyte reservoirs and reactant flow field distribution components

were generated to guide the process development efforts in Subtasks 1.4 through 1.7. Feedback from

these subtasks was assessed and integrated to modify the designs as required. Data from integrated

single cell testing (Subtask 1.8) was used to establish the final design specifications for each cell com-
ponent.

.

Subtasks 1.4 Through 1.7 - Development of Improved Matrices, Anode-Side Components, Cathode-
Side Components, and End Cell Reservoirs - developed improved components for interior cells and

end cells using new materials and configurations defined in the design subtask. "[hese subtasks pro-

vided input to the design subtask in terms of component fabricability and scale-up, physical property

measurements, and out-of-ceU and single cell test results. The output of these subtasks was definition
of scalable processes for fabricating components meeting design requirements and specifications.

Subtask 1.8 - Single Cell Testing of Improved Anode and Cathode Components Integrated into One

Cell - evaluated the anodes, cathodes, and matrices developed in Subtasks 1.4 through 1.6 in inte-

grated single cell tests. These tests determined cell component interactions and provided data for
assessment in Subtask 1.3. Post-test analyses was conducted to verify that design requirements were
met.

I

|
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ABSTRACT

This report summarizes the work performed under Department of Energy Contract DE-
AC21-87MC23270, Task One. "Ihe overall objective of this task was to develop an improved cell con-

figuration for molten carbonate fuel cells which has improved performance, meets a 40,000 hour pro-

jected life, maintains existing cell cost, and is adaptable to a range of power plant applications.

A new cell configuration designed to be manufactured using conventional and available equipment
and processes was developed and verified in subscale single cells. This means that manufacturing
development is minimized and the potential for low _ost is maximized.

This cell co_ffiguration is adaptable to a broad Iange of fuels without redesign. The same cell can
operate on very weak low Btu coal gas as well as high Btu gas and natural gas.

The life of this cell configuration was extended significantly with the incorporation of end cell reser-
voirs, with reduced cell capacity and with the potential for an electrolyte change extending the time to
short by almost a factor of two. Performance of the new cell configuration was improved by 55 mV/250
ASE

The success of this technology program and the new cell configuration has provided the confidence to
proceed with a scale-up to 8-ft2 cells and a stack verification in a 20-ceU, 25 kW stack test.

Design requirements and specifications for components in an improved cell design were defined.

Electrolyte requirements for the cell components were established, the estimated time-to-short was
updated, and a design operating point and gas composition for single cell testing was defined.

Four anode, four cathode, five matrix configurations, and three end-cell reservoirs were defined.

A total of fifty-four single cell tests were conducted to evaluate the performance of individual improve-
ments and combinations of improved configurations. Tests were conducted at atmospheric pressure

and 6.8 atmospheres.

Anodes were successfully fabricated by tape casting. Anodes with a smaller median pore size and
broader pore size distribution showed better performance than a standard anode. ....

\

A new tape cast cathode for improved electrolyte sharing was developed. Single cell tests of cathode-
side components show improved performance and lower compaction.

New tape cast matrix materials and matrix reinforcement were developed.

At,. end-cell reservoir configuration using conductive material was developed. \
\
\

In a cell test with higher basicity electrolyte consisting of lithium carbonate-sodium carbonate, the _\

time at which cell.shorting occurred due to nickel oxide dissolution, was 80 percent greater than a \
standard cell. _

\
.C_d_L__Performance $__ \

Single subscale cell tests were conducted to evaluate Molten Carbonate Fuel Cell improvements in the

anode, the cathode, the matrix, end-cell reservoir and overall cell configurations.
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Table 1 is a Cell Test and Performance Summary. This summary provides information on each cell test
including the subtask under which the test was conducted, the start atnd end date of each test, the
conditions of the test, purpose of the test, results, and the performance at both atmospheric pressure
and 6.8 atmospheres.

Further details of each test are described in the sections for the specific subtask.
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Table 1. Cell Test and Performance Summary

1 ATM 2 6.8 ATM 2
100 ASF (107 ma/cre ) 160 ASF (172 ma/cre )

Peak I Peak2 Internal
Sub- Cell Internal Cell Resistance

Cell Task Date Date Conditions Purpose Volts Resistance Volts (MV) at
No. No. Started Terminated of Test of Test Results (MV) (MV) (MV) 100 ASF

624 12-18-87 1-11-88 A Stand 790 56 - -
Checkout

625 1.4 1-7-88 3-11-88 A,P, S Control cell Cell used 804 29 806 34
for shorting for stand
test checkout

626 1-14-88 2-26-88 A Determine Ref. cleo- '770 68 - -
electrode trode data
polarizations not valid
Withref.
electrode

627 1.4 1-26-88 3-21-88 A, P, S Control cell Shorted in 806 39 827 39
for shorting 369 hours
test

628 1.4 2-2-88 3-31-88 A, P Matrix Good 804 42 805 42
Evaluation

629 1.6 2-12-88 2-23-88 A Measure Performance 781 47 - -
performance poor.
of Corffig. A
cathode

630 2-22-88 4-4-88 A Determine Polarizations 800 43 - -
electrode defined
polarizations
With ref.
electrode

632 1.5 2-25-88 7-22-88 A Measure Performance 800 46 - -
performance good
of Cpnfig. B
anoae

633 1.4 3-4-88 4-7-88 A, RS Evaluate Time to short 831 29 821 30
Cotffig. A reduced
matrix in
shorting test

634 1.6 3-9-88 4-14-88 A Measure Diffusional 800 52 _
performance resistance
of Config. A present
cathode

635 1.6 3-15-88 4--19-88 A Measure Performance 807 35-65 - -
performance good
of Config. C
cathode
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Table 1. Cell Test and Performance Summary (Cont'd)

' 1 ATM ,, 6.8 ATM
100 ASF(107 ma/cre '_) 160 ASF (172 ma/cm'_)

Peak 1. Peak2 Internal
Sub- Cell Internal Cell Res|stance

Cell Task Date Date Conditions Purpose Volts Resistance Volts (MV)at
No. No. Started Terminated of Test of Test Results (MV) (MV) (MV) 100 ASF

636 1.4 3-21-88 5--4-88 A, R S Evaluate No effect 815 43 829 29
effect of on shorting
Corffig. B time
matrix on
shorting

637 1.4 3-31-88 4-29-88 A, P, S Evaluate Time to short 811 49 790 33
effect of reduced

SrCO 3
electrolyte
on shorting

638 1.5 4--15-88 5-2.4--88 A Measure Performance 802 35
performance good
of Config.
C anode

639 1.8 4-15-88 5--27-88 A Integrated Long 744 51 - -
cell time to

reach
peak
pertormance

640 1.4 4-22-88 5-12-88 A, P Evaluation Test < 821 25 < 840 24
effect of terminated
Li_Oj/Na_O 3due to seal
electrolyte leakage
on'

shorting

641 1.6 5-3-88 6-7-88 A, P, S Measure Performance 815 40 809 41
performance good
of Config.
C cathode
and shorting

642 1.5 5-20-88 6-20-88 A Measure Performance 804 37 - -
performance good
of Config.
D anode

643 1.6 5-1&-88 6-2-88 A Measure Performance 737 59 - -
performance low
of Config.
C cathode
with broader _
pore spectrum
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Table 1. Cell Test and Performance Summary (Cont'd)

1 ATM 6.8 ATM ,.
100 ASF (107 ma/cre2) 160 ASF (172 ma/cm_)

Peak I Peak2 Internal
Sub-- Cell Internal Cell Resistance

Cell Task Date Date Conditions Purpose Volts Resistance Volts (MV) at
No. No. Started Terminated of Test of Test Results (MV) (MV) (MV) 100 ASFy,

644 1.4 6-1-88 7-18-88 A, P, S Evaluate Time to short 829 36 813 35
• effect of reduced

SrCO 3
electrolyte
on shorting
time

645 1.4 6-3-88 7-7-88 A, P, S Evaluate Time to short 790 35 808 30
effect of reduced
Li 2Cq/Na2CO3
electrolyte
and Cohfig.
ts cathode
on shorting

646 1.4 6-6-88 7-22-88 A, R S Evaluate Shorted in 827 25 826 24
effect of expected
Li_.,O3/Na2CO3 time
electrolyte
on shorting

647 1.8 6-14-88 7-13-88 A, P Integrated Performance 814 37 807 34
cell good

648 1.6 6-22-88 7-12-88 A Measure Performance 794 61 - -
performance fair
of Con_fig.
C cathode

649 1.5 7--6-88 10-4-88 A Measure Anode 795 52 - -
performance performance
of Config. good
D anode

e_eat of
650 1.4 7-12-88 8--17-88 A Evaluate Performance 835 34 - -

reinforced good
matrix

651 1.6 7-24-88 10-26-88 A Measure Performance 812 50 - -
performance good
of Con.fig.
C cathode
(repeat of
ce11648)

652 1.6 8-3-88 I0-7-88 A Measure Performance 824 50 - -
performance high
of modified
Config. B
cathode

=-

-6-

?I
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Table 1. Cell Test and Performance SummmT (Cont'd)

1 ATM ,_ 6.8 ATM
100ASF (107 ma/cre.rf._) 160 ASF (172 ma/cre2)

Peak 1 Peak2 Internal
Sub- . Cell Internal Cell Resistance

Cell Teak DBte Date Conditions PurImse Volts Resistance Volts (MV)at
No. No. Started "13erminated of Test of Test Results (MV) (MV) (MV) 100A SF

........ :.,m,,mN

653 1.5 8-9-88 11-9-88 A Measure Anode 800 53 -- -
performance perfpt_nance
of Config. ooct
D anode _lafizations
with broad defined
pore spectrum
and reference
electrode

654 1.6 _12-88 9-27-88 A Measure Performance 678 78 - -
performancelow
of alternative
cathode
structure

655 1.8 8-24-88 9-30-88 A Integrated Performance 782 49 - -
cell fair

656 1.4 8-22-88 9-21-88 A, ES Evaluate Shorted 824 39 - -
effect of in
2_50ASF expected
on shorting time

657 1.4 8-31-88 11-30-88 A,ES Evaluate Time to short 817 44 811 35
effect of extended
0ASF on
shorting

658 1.4 9-2-88 10-6-88 A,ES Evaluate Time to _hort 806 63 785 60
effectof reduced
increased
matrix
thickness
on shorting
time

659 1.4 9-15-88 11-2-88 A,ES Evaluate Time to short 807 32 770 57
effect of hacreased

Li2C%/Na_O 3

electrol_e
on shorting

660 1.6 10-5-88 11-2-88 A Measure Low 750 82 - -
compaclion, compaction
of Config. C
cathode

661 1,4 10-3-88 I1-11-88 A_ES Effect of Tm_e to short 817 46 821 46
reinforced not affected
matrix,on
shorting
time
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Table 1. Cell Test and Performance Summary (Cont'd)

1 ATM _ , 6.8 ATM
100 ASF (107 ma_/cm...__) 160 ASF (172 ma/cm2)

Peak I Peak2 Internal
Sub- Cell Inten ml Cell Resistance

Cell Task Date /,..xe Conditions Purpose Volts Resistance Volts (MV) at
No. No. Started Terrainated of'l_st of Test Results (MV) (MV) (MV) 100 ASF

662 1.,", 10-11-88 4-13-89 A,P Shorting time Shorted near 836 44 842 33
at less expected time
accelerated
conditions

663 1.8 10-I9-88 11-23-88 A, P Integrated Performance 803 80 770 76
cell good

664 1.5 10-24-88 1-18.89 A Measure Performance 828 33 -- -
performance high
of modified
Confi_tion
D anode

665 1.4 11-10-88 12-8-88 A Evaluate Build 790 33 - -
alternative problem
matrix strain
distn'butor
material

666 12-1-88 12-8-88 A Integra:ed Build 622 185
cell problem

667 12-2-88 12-13-88 A Effect of Build 802 38
Colffig. B problem
cathode on
shorting
time

668 1.4 12-6-88 1-12-89 A Evaluate Perfonlaance 827 36 - -
alternative high
LtAIO2
matrix material

669 1.4 12-7-88 3-1_.89 A Evaluate Performance 831 39 - -
alternative high
matrix stm/n
distributor
material

670 1.4 12-14--88 I-I0-89 A, ES Effect of Tune to 828 36
Cs 2 CO 3 short
electrolyte reduced
additive on
shorting time

671 1.8 12-20-88 1-10-89 A Integrated Initial 796 52
Cell performance

fair, sudden
performance loss

j -8-
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Table I. Cell T_t and Performance Summary (C))nt'd)

1 ATM 6.8 ATM
100 ASF (107 ma/cre2) 160 ASF (172 ma/cre2

. Peak I Peak2 Internal
Sub- Cell Internal Cell Resistance

Cell Task Date Date Conditions Purpose Volts Resistance Volts (MV) at
No. No. Started _Ihrminated of Test of Test Results (MV) (MV) (MV) 100 ASF

672 1.4 1-13-88 4-17-89 A Evaluate Performance 847 25
alternative high
matri_ ,
rnatenal,
strain distributor

/

673 1.8 1-18--89 2-24-89 A,P Integrated Performance 818 48 826 40
Cell good

674 1.8 1-25-89 2-16-89 A lntegratext Perfommnce 698 6a
Cell low

675 1.4 1-25--89 3-7-89 A Evaluate Performance 845 25
alternative highmatrix
material,
strain
distributor,
matrix
reinforcement.

676 1.8 2-2-89 4-28-89 A,P Integrated Performance 796 59 804 38
cell low

677 1.7 2-8-89 5-9-89 A,P End cell Perfornmnee 700 66 682 45
reservoir low

680 1.8 2-22.-89 2-28-89 A Integrated Shut down 640 62
cell due to low

performance

689 1.8 5-3-89 5-8-89 A Fill and Performance 729 60
start low
procedure

690 1.8 5-4--89 5-9-89 A Fill and Low open 758 106
start circmt
procedure voltage
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Table 1. Cell Test and Performance SummaIT (Cont'd)
i

1 ATM _ 6.8 ATM
100 ASF (107 ma/cre '_) 160 ASF (172 ma/cm2)

Peak 1 Peak 2 Internal
Sub-- Cell Internal Cell Resistance

Cell Task Date Date Conditions Purpose Volts Resistance Volts (MV) at
No. No. Started Terminated of Test of Test Results (MV) (MV) (MV) 100 ASF

695 4.1 7-1-89 7-27-89 ,_%P End cell Performance 792 38 815 37
reservoir good

699 4.1 8-23-89 Running A,P End cell Performance 8;8 43 825 39
reservoir good
(negative
ena)

A -Ambient Conditions (1 ATM, 1200*E GF-2*, ROX-I**)

P .-Pressurized Conditions (6.8 ATM, 12000E _F-2, ROX-1)

S- Accelerated Testing Conditions (10 ATM, 1200"E GF-2, 90% C02/10% 02)
* GF-2Fuelcontains29.4% H2, 5.5% CO, 1Z5% C02, 47.5% H20

* * ROX-,1Oxidantcontains8,7% 02, 18.1%C02, 65.7%N2, 7.4%H2_

1. Fuel: GF-2, H2 + CO utilization 23% (57% at 250 ASF)
Oxidant: ROX-1, CO2 utilization 9% (25% at 250 ASF)

2. Fuel: GF-2, H2 + CO utilization 36% (57% at 250 ASF)
Oxidant: ROX-1, CO2 utilization 16% (25% at 250 ASF)

I
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SECTION 1

SUBT_,_K 1.3 - DESIGN OF IMFROVED MCFC CELLS

The objective was to design a cell configuration that meets the specific performance and life goals
outlined below. The design activities included defining cell component requirements and specifica-
tions, supportc_dby analytical studies and assessment of data generated in integrated cell tests, compo-
nent ce!l tests, and out-of-cell tests.

* 2_ 0.717volts at 250 amps-per-square foot performance using an oxygen-blownTexacocoal
gasi_ _r fuel at 85 percent utilization, operating at 100 psia.

o _<_4 mils of cell creep irl 40,000 haurs of projected stack life.

, Electroiyte management, independent oi the reactant gas manifold seal properties, consis-
tent with a 40,000-hour projected life for 8-ft2 cells.

e Maintain existing cost associated with materials hbrication and assembly of cells and
stack.

e Reactant flow distribution components that are readily adaptable to a broad range of
power plant aFplications.

Dgg2gnOperating Poi.,,ll.e,nd Gas Composition: An operating design point and the fuel and oxidant gas
cornpositions for single cell testing were defin_,d and are shown in "Ihble 1.3-1.

The operating design point selected was 1.00psia pressure, 1200°F and 250 ASE These conditions
were based on a systems optimization study conducted in the previous Department of Energy Molten
Carbonate Development Progr_'m.

The fuel composition (see Table 1.3-1) represents the mixture produced by an oxygen-blown Texaco
coal gasifier. This composition represents shift equilibrium at 1200*E The oxidant composition con-
tains 18.1 percent COa which is seiected to achieve the performance improvement goals of this pro-
gram.

Electrolyte Requirc.tng2_: A study was conducted to verily that the geometry of each of tl:,ecompo-
nents generated in the conceptual design was consistent with their electrolyte volume capacity and the
required initial fill. Electrolyte loss due to lithiation of cell components was calculated for40,000 hours
of operation. The mechanisms of consumption included:

1. Lithiation of chrome in the anode-side components.

2. Lithiation of alumina in the matrix.

3. Lithiation of shoe metal components.

4. Lithiation of nickel oxide in the cathode
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Table 1.3-1. Design Operating Point and Gas Compositions

Pressure: 100 PSIA

Current Density: 250 ASF

Nominal Tempe_'ature 1200" F

A T 1750F

Voltage Per Cell: 0.717

Fuel Utilization: 85% (H 2 + CO)

Oxidant Utilization: 25% CO 2

Oxidant Composition (ROX.1)

8.7% 02

 8.1%co2
65.7% N2

7.4% H20

Fuel Composition (GF-2)

29.4% H2
5.5% CO

: t7.5%co2
47.6% H20

Other electrolyte loss mechanisms (creep and evaporation) were considered to be less significant and
were not included.

Figure 1.3-1 shows the lithium carbonate consumption of the cell components as a function of time.

The electrolyte inventory for each component is given in Table 1.3-2. For the assumed initial fills and

the calculated lithiation losses, 22 percent of the available electrolyte is consumed. The results of this
study indicated:

• The assumed interior cell configuration contains sufficient electrolyte ir_ventory for 40,000
hours.

• "_e anode-side components operate in a satisfactory fill range of 28 - 50 percent.

• "l_sting is underway to verify whether cathode performance is satisfactory in the fill range.

Pore size changes may be required if performance is not acceptable.

-12-,
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Figure 1.3-1. Projection of Component Lithiation Consumption

Table 1.3-2 Component Eiectrolye Fill

• Initial 40,000 Hours
Component Percent Fill Percent Fill

Anode-side 50 28

Matrix 1130 100

_ Cathode-side 65 51

i
Ii E!ect r0fl.e,.__r_
|

Analyses were conducted to determine the pore size requirements for the anode and c'_thode toachieve improved electrolyte sharing. Single cell tests showed that the electrolyte flUof the cathodes in

the new cell configurations is too high for optimum performance. Revised median pore sizes and

! broader pore size distributions are required for improved performance. The median pore sizes for the
|
|
|
i -z3-
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anode and cathode were determined for three options to achieve improved electrolyte sharing. These
included:

® Larger cathode median pore size, anode unchanged

// • Smaller anode median pore size, cathode unchanged
+ Combination of larger cathode and smaller anode median pore size.

These options provided the development effort in Subtasks 1.5 and 1.6 flexibility in the selection of

materials and processes to meet the new requirements.

Fdld-Cell Rese_.gj_irement_t

Work was conducYed to define the design requirements and specifications for end-ceU reservoirs.
Shunt current calculations defined the number of cells requiring reservoirs. The test data on the con-
figuration to limit electrolyte transport out of the cell (Subtask 1.4)were studied to determine the effect
on the end-cell reservoir design.

Electrolyte Transport to Manifold Seal

A shunt current analysis was conducted to evaluate the effect of resistance within the cell on electrolyte
transport to the manifold seal. The table below shows that a very large resistance within the cell is
required to reduce electrolyte transport to the manifold seal.

Relative Total

Relative Resistance Electrolyte Transport
. Within Cell _ Out of Cell.

1.0 1.0

63 1.0

630 1.0

6300 0.36

co 0

Data fl'om the tests conducted in Subtask 1.4 showed electrolyte transport out-of-the-cell was reduced

by 50 percent with a modified matrix configuration. However, to achieve essentially no electrolyte

transport, the resistance within the cell must be increased by several orders of magnitude.

Matrix Shortin_ The estimated time-to-short from NiO dissolution was updated. New information

from additional literature sources was used. A comparison of the estimated and measured time-to-

short for 30 single cell tests in the previous Department of Energy Molten Carbonate Development

Program is shown in Figures 1.3-2 and 1.3-3. Figure 1.3-2 represents the updated estimate and Figure
1.3-3 was generated with the previous estimate. Comparison of the figures shows that a better correla-

tion was obtained with the updated estimate. The updated estimate was used to define matrix design
options that increase the time-to-short.

Pz_e2i_inaryDesign _nd Specif'ma.tio._:A preliminaryset of design requirements and
specifications was prepared for each component in the cell configuration. The design requirements
and specifications established for each cell component include the following:

-14-
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Design Requirements:

• Component Overpotential and iR vs. Current Density

• Component Life

• Component Cost

• Component Compliance

• Component Creep Resistance

Design Specifications:

e Configuration
• Material

• Thickness and Area

® Porosity

® Mean Pore Size

• Pore Size Distribution

® Dimensional "lblerances

• Electrolyte Fill

.Caaflg_ation Design: Preliminary drawings for candidate cell component configurations were pre-

pared. The component configurations addressed include the following:

12"--
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Figure 1.3-2. Time-to-Short Estimate
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Figure 1.3-3. Time-to-Short Estimate

,,_node Desi_ _

Four anode-side configurations were designed to reduce gas phase diffusional losses and to provide

electrolyte storage capacity to meet a 40,000 hour life.

Cathode P_

Four cathode-side configurations were designed to reduce compaction, reduce NiO dissolution rates,

and reduce gas phase diffusional losses.

Malri_ll

" Three matrix configurations were designed to provide a higher tolerance to shorting caused by NiO
dissolution products.

A matrix configuration that limits electrolyte transport out of the cell into the manifold seal was de-

fined. Drawings were prepared to support out-of-cell component tests conducted in Subtask 1.4.

A matrix configuration that incorporates a reinforcement material and an alternative strain distribu-
tor material was defined.

E_d-Cell Beservoir Design

i "ITlree end-ceU reservoir designs were defined. Two designs utilize a conductive reservoir material

while the third design utilizes a non-conductive reservoir material. These designs were evaluated in
single cell tests.

-16-
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Based on the results of single cell tests Nos. 666 and 674, the end.cell reservoir design that utilizes a
non-conductive rese,,voir material is considered unacceptable.

Also, one of the two end-cell designs that utilizes a conductive reservoir material has an unacceptable
pertbrmance penalty based on testing of Cell No. 677.

The other end.eeU design with a conductive reservoir material was evaluated in a single cell test with
good performance verifying the approach.

.: The design specifications for the selected end-cell reservoir configuration were completed. This de-

... sign utilizes a conductive reservoir material and is configured to have improved performance relative
to the end-ceU reservoir tested in Cell No. 677. Single cell tests (Nos. 695 and 699)conducted in Subtask
4.1 verified the improved performance.

Current Collector Desima

The design of the stainless steel current collector wr,s prepared to reduce gas-phase diffusional resis-
tance.

_,e redesigned current collector was structurally analyzed using a finite element program. The results
of this analysis showed stress levels to be acceptable. If the long term creep resistance of the present
design is excessive, a 10 percent increase in material thickness would correct any deficiency.

Reactant Flow__Ei.cJllLP.g..Sigll

analysis was conducted to determine the pressure drop for the anode and cathode flow fields for a
power plant operating with an air-blown coal gas_fier system. The pressure drops were determined to

: be acceptable using field heights of components used in the 8-ft2 20-cell stack tested i_,,the previous
program.

il_sjgll.._.._a nufac tura bilily

Preliminaryspecifications and drawings were prepared for an alternativecell configuration designed
: for improved component manufacturability. This cell configuration consists of anode-side Configura-

tion D and cathode-side Configuration D.

--17--
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SUBTASK 1.4- DEVELOPMENT OF IMPROVED MATRICES

Develop a matrix that increases cell performance by allowing the cathode to operate at higher CO2
pressures. Identify matrix configurations that reduce electrolyte transfer from the matrix to the mani-
fold seal, thereby allowing improved manifold sealability.

,.

i Matrix Process Development

d ,Theequipment required for tape casting subscale size matrices and seals was checked out and deter-
mined to be functionally acceptable, Trials wereconducted to re-e._,tablishthe tape matrix fabrication

I capability developed in the previous Department of Energy program.
Samples of several batches of lithium aluminate that were available from the previous program were
submitted for physical property analyses including particle size distribution, surface area, particle
shape, trace impurities, and crystalline structure. The lithium aluminate properties are important
since they dictate the recipe of the slurry and the quality of the final matrix tape. Samples of new
lithium aluminate were also submitted for physical property characterization.

The large batch from the previous program and the new batches were found to have acceptable prop-
erties. An order was placed for additional material for matrix and seal fabrication trials and single cell
testing.

Subscale tapes were fabricated to provide the seal material required for single cell tests.

Matrices fabricated in the previous program for the 8-ft2 short stack were used in the initial single cell
tests that require a standard matrix. These matrices were either acceptable quality spares or parts

_

with small defects that could be trimmed out. Samples of these matrices met shrinkage and porosity
requirements. However, matrices fabricated in the previous program for the 8-ft2 short stack were
found to be unacceptable for use in single cell tests that require a standard matrix. Twocells (Nos, 624
and 626) which contained matrices fabricated in the previous program exhibited high iR, reactant gas
crossover, and non-uniform wetting.

The tape matrix fabrication capability developed in the previous program was successfully re-estab'
lished. Cell No. 628 was the first cell tested with a new tape matrix fabricated during this program.

!| This cell had lower iR and higher open circuit than cells Nos. 624 and 626 as a result of the new tape
matrix.

] A matrix configuration was fabricated that is designed to concentrate the NiO dissolution products
and increase the tolerance to shorting. Two cell tests (Nos. 625 and 627) were conducted to provide
control data for the test of this matrix which was designed to concentrate NiO dissolution products.

_ These cells were tested at high cathode carbon dioxide pressures to shorten the time at which shorting

occurs. The results are discussed later.

-.18-
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A new supply of lithium aluminate powder was then procured. A complete analysis of the powder was
completed including trace impurities, surface area, particle size distribution, particle shape and crys-
talline structure. The surface area of this lithium aluminate powder is higher than earlier supplies.
Adjustments to the slurry were made to obtain acceptable tape east matrices. This includes variations
in the amounts of binder, surfactant, and dispersants. Porosity and pore size distribution were mea-
sured on trial parts to gauge acceptability.

Trials were conducted to incorporate a reinforcement material into the cell matrix to strengthen specif-
ic areas. Candidate materials and methods of incorporating the reinforcement into the matrix were
evaluated. A material and process selection was made and matrices were fabricated for single cell
testing. The first reinforced matrix was tested in Cell No. 650. Cell No. 650 was tested for 713 hours
and was subjected to one crosspressure of 20in. H20 and three thermal cycles to 150°E The cross cell
leakage and open circuit potential change were measured periodically. There were no changes in these
diagnostics as shown in Table 1.4-1, indicating acceptable matrix performance.

"lhble 1.4-1 Cell Diagnostics (Cell No. 650)

Cross Cell
Load Leakage Open Circuit Relative
Time ', (CCM at $ in. water to Theoretical
(Hfs) cross pressure) (mV)

177 13.5 0

(Cell subjected to 20 in. H20 cross pressure)

321 5.0 0

(Cell cooled to 150°F and reheated)

338 4.0 .0

(Cell cooled to 150°F and reheated)

480 9.0 0

594 8.0 0

(Cell cooled to 150°F and reheated)

617 10.0 0

711 0

713 Shut down

-19-
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Work was conducted to incorporate the new supply of lithium aluminate into tape cast matrices. Ini-
tial matrices fabricated with the new supply of lithium aluminate had acceptable median pore size, but
higher porosity than obtained with earlier lithium alurninate supplies. Efforts to duplicate earlier ma-
trix porosity by adjusting the slurry recipe did not result in reduced porosity. Tile higher porosity tape
cast matrices were evaluated in single cell tests.

Matrices were then fabricated using an alternative strain distributor material. A single cell test (No. i_
665) was conducted to evaluate this matrix material change. The performance of Cell No. 665 was / _
lower than expected (790 mV at 100ASF and 1 ATM) due to high reactant leakage and cell crossover _"
leakage. This is the result of a build error resulting in inadequate pinch on the cell. This cell was
shutdown and the test repeated. -

Cell No. 668was tested to evaluate a matrix fabricated from the new supply of lithium aluminate. The
performance of this cell was very good (827 mV at 100ASF and 1 ATM). The initial open circuit volt-
age was lower than theoretical but the cell cross leakage was not unusually high (Table 1.4-2). After two
shutdown cycles, both the open circuit voltage and cell cross over leakage were adversely affected.
Inspection after shutdown showed some microcracking of the matrix but no gross indication of a prob-

" lem. :-

Cell No. 669 (a repeat of Cell No. 655) was started to evaluate a matrix containing an alternative strain
distributor material. The performance of Cell No. 669 was very good (831 mV at 100 ASE 1 A'I_I).
After 2132 hours of testing, which included three shutdown cycles, there was no significant change in
open circuit voltage or cell cross leakage (Table 1.4-2).

Cell No. 672 was started to evaluate a matrix fabricated from a combination of the new lithium alumi-

nato and strain distributor materials. "I_stingwas completed after 2181 hours of load time. This cell
had the highest performance to date (847 mV at 100ASF and 1 ATM) and a low internal resistance (25
mV at 100 ASF). The cell diagnostics in Table 1.4-2 indicate good matrix integrity.

Cell No. 675 was started to evaluate the new matrix materials (lithium aluminate and strain distribu-
tor) in combination with matrix reinforcement. The performance of this cell was essentially the same
as Cell No. 672. Peak performance measured 845 mV at 100ASE 1ATM with an internal resistance of

I_ 25 mV at 100 ASE The cell was subjected to two shutdown cycles. The low gas crossover leakage

(Table 1.4-2) acceptability of matrix configuration. °
verifies the this

-_.-.-
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Tabl_ |.4.2. Cell Diagnostics

ii..Lt....... I i __ LIIII_, I r I II

....................... Cell Cross Leakage Open Circuit Relative
(CCM at $ in. HaO to Theoretical (mV)

Cell Load Time (Hrs.) Cross Pressure)
ii li rl ii ........ '_ ---1 L "_

668 308 10 -14

......... CoolCeN_o150oF_d Rela'eat

325 ..... 33 "14

637 -15
J , , , , , __, .... , ,,,

Cool Cell to 150°F and Reheat
....,, ,,,, i ,,,r--___ ................. _..-

677 1.00 -24
. , _ _. -----,,, , _,m.=.,i.._¢_e_._i..._

802 Shutdown
li ............ ii i -- ,r - -- ii i

669 155 -" i 0
!, , ,,,,,,,,, ,,,, - --. -....

Cool Cell to 8000F and Reheat

189 0 0
, , ......... .,. ,i. , ,i , .,.,, ,, , , ,,,- -

275 0

.... ....... coofC_iltoi56_riandReheat
292 0 0

604 0

..... Cool Cell to 15oo],_andRelaeat
. : ....... ,, ,,, , ................

645 8.0 0

................ iz_ ....... -............
1820 0

2095 0

2132 0
, ,, ,,,,, _._ ,,, w: -- - ......, , , ,

2137 Shutdown
L-........ i_ 11Ji ...... i [ i i j ] j ii IIIIlllll i I Iii ii III " "

672 1.36 -- 0

291 3.2 0

760 -- 0
i, ,, i,,,H

928 -- 0

1264 0

..... 16oo............. 0
. ,, , -:..,,

1936 0

2135 5.6 0
.i

2181 Shutdlown
....... ' .................. . ........... _m ' '_ " ......
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- Table 1.4-2, Cell Diagnostics (Continued)
iiii i i i i i iiiii i ii1,1 i

' Cell Cross Leakage Open Circuit Relative
(CCM at $ in. H20 to Theoretical (mV)

Cell Load Time (Hrs.) Cross Pressure)

672........(cont'd) 301 .......0 -6 .....

Cool Cell to 1s0oF'and Reheat
__- ,. ,,,., ,,, , , ...............

316 5 -7

..................... 4
-- , ,,, J____: _._ , __

Cool Ce_to 150'F and Reheat ....

597 4 -10

.... 717 .............. -11 '
.... ",,,, ,, , ,,, ,,, t , i ,, .... ,....

860 -10
,H, i ,,.., , ,

864 Shutdown '"
llnl III ! I

]_gt]a.P.cy_Improve Cell Perfo_

Matrix development was conducted on approaches to extend the time at which shorting occurs due to
nickel oxide cathode dissolution. Two matrix variations were evaluated to reduce the effect of nickel

oxide dissolution or the amount of dissolution. One approach is a matrix configuration that concen-
trates NiO dissolution products (Configuration A). This approach was expected to enable the matrix
to hold more nickel before shorting occurs. Post test inspection of shorted cells tested previously
showed ni'_kel deposition in specific areas of the matrix. The matrix was altered to eliminate those
areas (Configuration B).

The effect of increased electrolyte basicity on NiO dissolution was also evaluated.

The matrix and electrolyte changes were evaluated for their ability to extend the life before shorting
occurs by testing the cells at conditions that accelerate the nickel oxide dissolution (90 m% COx, 10
m% O2 at 10 atm. pressure).

The criterion for shorting was selected to be a drop of 10mV in the cell open circuit voltage. Ai,hough
the cells were operated on load, typically 160ASE during the shorting test, the open circuit voltage was
monitored daily and a graph of open circuit voltage versus time was used to define the point when a 10
mV drop had occurred. A graph of open circuit history for Cell No. 637 is shown in Figure 1.4..1. The
drop in open circuit voltage is verified to be caused by an electronic short by measuring the cell internal
resistance during cell shutdown as the cell temperature drops below the solidification point of the
electrolyte.

-22-
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Figure 1.4-1. Accelerated Shorting Test (Cell No. 637) .

Seventeen cells were tested to evaluate the matrix, electrolyte, and cathode changes. Fifteen of the cells

completed accelerated shorting tests and two cells (Nos. 625 and 640) could not be subjected to acceler-

ated tests due to operational problems. The results of the accelerated shorting tests are presented in
'Table 1.4-3.
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Table 1.4-3. Summary of Cell Shorting Data

Estimated
Time-to-Short Measured Ratio

Cell for Standard Cell Time-to-Short Measured
No. Description (Hours) (Hours) Estimated

627 Control Cell 297 369 1.24
!

633 Config. A Matrix 287 147 0,51

636 Confg. B Matrix 255 310 1.22

637 SrCO3 Added 264 198 0.75
to Electrolyte

641 Li/K Electrolyte 299 181 0.61
Config. C. Cathode

644 SRC03 Added 424 304 0.72
to Electrolyte

645 Li/Na Electrolyte 308 177 0.58
Config. C. Cathode

" 646 Li/Na Electrolyte 308 276 0.90

656 Effect of 250 ASF 225 198 0.88
Operation

657 Effect of Open 546 1558 2.85
Circuit Operation

658 Effect of Thicker 595 384 0.65
Matrix

1 659 Li/Na Electrolyte 252 445 1.77

| 661 Reinforced Matrix 300 395 1.32

i 662 Control Cell 1676 > 1765 > 1.05

I
i 670 Cesium Carbonate added 304 148 0.49
i to Electrolyte

i
|
I
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"1%oofthetests(CellsNo.625and627)wereperformedtoprovidecontroldataforshortingtests.Cell
No.625was usedforstandcheckoutandwasshutdown priortobeingputunderacceleratedcondi-

tionsbecauseanexcessivecrosspressurewasimposedonthecellwhichwouldmakethevalidityofthe
shortingdataquestionable.CellNo.627wastestedatacceleratedconditionsuntilshortingoccurred
after369hours.Thistimeisabouttheanticipatedvalueforthiscellattheseconditions.

CellNo.633wastestedtoevaluatetheConfigurationA matrixdesignedtoconcentrateNiO dissolu-

tionproducts.Thiscellshortedinone-halfthetimeofa standardcell,indicatingthematrixchange
had m_adverseeffect.

CellNo.636wastestedtoevaluatetheConfigurationB matrixalterationtoeliminatespecificareasof
nickeldeposition,Thiscellshortedatatimeabout20percentlongerthanastandardcell.Thislonger
timeiswithinthepredictedrangefora standardcell,andthereforeisnotconsideredsignificant.

CellNo.637withstrontiumcarbonateaddedtothelithiumcarbonate-potassiumcarbonateelectro-
lytetoincreasebasicityshortedabout25percentearlierthanastandardcell.Theperformanceofthis
cellwasgoodasshowninTableI.On aniRfreebasis,thiscellhadaperformanceof0.860voltsat100
ASE thesameasthebestperformingstandardelectrolytecell(No.633).

Anothercell(No.640)wastestedtoevaluateincreasedelectrolytebasicityonshortingtime.Thiscell
had a lithiumcarbonate-sodiumcarbonateelectrolyte.The initialperformanceandinternalresis-
tanceweregood(seeTableI),however,theacceleratedshortingtestcouldnotbeperformeddueto
excessivesealleakage.

Cellblo.641wastestedtoevaluatea ConfigurationC cathode.Thiscellshortedabout40percent
earlierthana standardcell.

CellNo.644wastestedtoevaluateanelectrolytewithstrontiumcarbonateaddedtothelithiumcar-

bonate-potassiumcarbonateelectrolytetoincreasebasicity.ThiscellwassimilarinallrespectstoCell
No.637exceptthatCellNo.644ranat100ASF versus160ASF forCellNo.637.CellNo.644shorted
about30percentearlierthanastandardcell.ThisisaboutthesarncasCellNo.637whichindicatesno

current density effect due to the presence of strontium carbonate. Both of these cell tests indicate the
addition of strontium carbonate to the electrolyte has no beneficial effect in increasing the time at
which shorting occurs. The cell performance is not adversely affected by the strontium carbonate as
seen in Table 1. To determine why the strontium carbonate had no beneficial effect, Cell No. 637 was
investigated after test by electron microprobe to determine the location of the strontium carbonate in

: the cell during operation. During cell shutdown, an attempt was made to maintain current flow
: through the cell as it was cooled to the electrolyte solidification temperature to minimize any redisper-

sion of any strontium carbonate that might have segregated. The results shown in Figure 1.4-2 indicate
that the strontium carbonate concentration was reduced in the cathode during cell operation, thereby
reducing the effectiveness of the strontium carbonate in lowering the nickel oxide cathode solubility.
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Figure 1.4-2. Strontium Electron Microprobe Results

_laNocells (Nos. 645 and 646) were tested to evaluate a higf,er basicity electrolyte consisting of lithium
carbonate-sodium carbonate. Cell No. 645 contained a Configuration C cathode and Cell No. 646

contained a standard cathode. Cell No. 645 shorted at a time 40 percent earlier than a standard cell
and Cell No. 646 shorted at about the same time as a standard cell. These initial results indicated the

lithium carbonate-sodium carbonate composition tested is not an improvement compared to the stan-
dard lithium carbonate-potassium cp,rbonate electrolyte. Later tests on Cell No. 659 with this electro-

lyte discussed later showed an improvement in the time at which shorting occurs.

Two cells (Nos. 656 and 657) were tested to investigate the effect of current density on the time at which
shorting occurs. Cell No. 656 was tested at 250 ASF and followed the predicted trend since it shorted at

about 90 percent of the estimated time. Cell No. 657was tested at open circuit. This celi did not follow

the predicted trend since the time betk)re shorting was about three times greater than the estimated

time. A comparison o1"th_:predicted effect of current density with these cells and those containing the
strontium carbonate additive is shown in Figure 1.4-3.
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Figure 1.4-3. Effect of' Current Density on Shorting Time

Cell No. 658 was tested to evaluate the effect of increasing matrix thickness. The matrix thickness in

i this cell was about twice the standard thickness. The measured shorting time was only 65 percent of

the estimated shorting time. Post-test measurements showed this cell had a higher cell resistance than

other cells which had shorted. Although shorting had begun, it may not have progressed to the level of
other shorted cells.

i Cell No. 659 was tested to evaluate a higher basicity electrolyte consisting of lithium carbonate-sodium_ carbonate. This cell shorted at a time about 80 percent great_: than a standard cell, indicating the

i

electrolyte composition tested represents an improvement over the standard lithium carbonate-potas-
sium carbonate composition.

Cell No. 661 was subjected to an accelerated shorting test to evaluate a reinforced matrix, This cell

i _,l_,_rtedat a time about 30 percent longer than a standard cell indicating no adverse effect from the

i_a_:!2x reinforcement.

Cell No. 662 is a standard configuration cell that was tested to determine the shorting time at less

accelerated conditions than normally used. The cell was operated at 250 ASE 6.8 ATM, GF-2 fuel, andROX-1 oxidant.

I
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Cell No. 670evaluated the effect of adding cesium carbonate to the electrolyte, This cell shorted at 49

percent of tile exPected time indicating that cesium carbonate addition was not effective.

Matrix Develovment to Reduce Elf£trolyte Transfer

A matrix configuration that is designed to limit electrolyte transport out of the cell into the manifold
sealwas defined. An out-of-cell test rigwas designed andfabricated to evaluate this matrix configura-
tion. The rig simulates the corners of a stack including the reactant manifold seals. It includes four
repeat cell units with eight edges available forthe cells to contact the manifold seals. Each test intor-

' porates the modified matrix design in half of each cell and the standard matrix design in the other half
, of each cell to serve as a control for comparing electrolyte transfer into the manifold seal.

' Matrices were fabricated for a series of tests. The first test was intended primarily for rig checkout.
The results of this test identified some deficiencies in the design and operation of the rig. These defi-
ciencies were corrected and a test of 100hours duration was conducted. Results showed that the modi-

fied matrix configuration allowed approximately 50 percent of the electrolyte from the internal compo-
nents to reach the simulated manifold seal compared to the standard matrix configuration.

The rig was reassembled and a 200 hour test was conducted. The data closely followed the initial 100
hour test with about one-half of the electrolyte reachingthe simulated manifold seals with the modified
matrix configuration as compared with the standard matrix configuration. The results of the tests are
shown in Figure 1.4-4.

The results indicate that the matrix configuration tested does not reduce the amount of electrolyte
transport to the manifold seal to an acceptable level. A shunt current analysis indicated the resistance
within the cell must be increased by several orders of magnitude to sufficiently reduce electrolyte
transport. Based on these results, future effort will be focused on developing a manifold seal with
increased resistance to electrolyte transport. The manifold seal activity is reported in Subtask 4.1.
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SUBTASK 1.$ - DEVELOPMENT OF ANODE-SIDE COMPONENTS

Develop anode-side components that increase cell performance by reducing gas phase diffusional re-
sistance, while providing 40,000 hour endurance for electrolyte storage in interior eeUs.

g.r.ece.sa v_ebn/mmt

Manufacturing processes were developed for the two anode-side components: the anode, which per-
. forms the hydrogen oxidation function, and the cell component which provides the function of electro-

, lyte storage and the gas flow field. Requirements for these cell components were established in Sub-
task 1.3.

Trials were conducted to determine whether the preliminax7 geometry and porosity specifications for
the anode could be achieved. The preliminary specifications suggested that this component could be
fabricated bya tape casting process. A series of tape casting trials was conducted. Tapes cast from the
first slurry were processed through burn out and sintering. These parts had acceptable geometry, but
were below the porosity specification. Additional tape casting trials were then conducted using an
alternative binder for the slurries. Slurries of several different recipes were made with the objective of
increasing porosity to meet the design specification. Tapes were cast from each slurry and processed
through sintering. The results of these trials were parts which met the design specifications for poros-
ity, pore size distribution, and thickness. These parts were tested in Cell Nos. 632, 638, 642, and 649.

" Anodes with a smaller median pore size and broader pore size distribution to meet the revised specifi-
cation defined in Subtask 1.3were then fabricated. The approach was to introduce an additive to the

: raw materials comprising the slurry for tape casting. Anodes were tape cast arid heat treated. Mercury
intrusion porosimetry showed that a smaller median pore size and a broader pore size distribution
were achieved. Anodes of this type were tested in Cell Nos. 653 and 664.

Trials were conducted to form an anode gas diffusion layer from large particle size nickel by tape cast-
ing. Diffusion layers with acceptable porosity and median pore size were fabricated, but their sintered

4 strength was riot adequate. The only method by which a diffusion layer with adequate strength could
.1 be fabricated was as a bilayer in conjunction with the anode structure. This approach was considered

too costly and the effort to develop a diffusion layer was discontinued. As reported in Subtask 1.3,the
current collector design was modified to improve gas-phase diffusional characteristics.

Work was conducted to automate the tape casting process. Anapparatus capable of casting subscale
tapes was constructed and used to make several visually acceptable anode tapes. This equipment is
intended to improve quality as well as provide data useful in scaling up the process to fabricate large

I area components.Several runs were conducted to determine the effect of various process parameters on tape properties.
The results of these trials were encouraging, and indicated that the automated casting process is a
feasible method for producing anode electrode tapes.

]
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Activity to tape east large area anodes is reported under Subtask 2,2, Stack Repeat Component Fabri-
cation.

Trialswere conducted to determine the feasibility of fabricating the electrolyte storage and gas flow
fieldcomponent for anode-side Configuration C. Initial results indicate the configuration was feasible
to fabricate. 111is configuration utilizes a combination of raw materials to achieve properties that
permit sufficient electrolyte storage without significantly impeding diffusion of hydrogen to the oxida-
tion ' Lrates. Fabrication trials indicated the combination of raw materials could be combined to produce
the required part geometry. Fabrication focused on achieving the dimensional and pore sizerequire-
ments of the design specification. Initial trials resulted in dimensional characteristics that closely
match the specification, however, the pore size wa._larger than desired. The pore size was reduced by a
raw material modification, but was still slightly larger than specification. The pore size was decreased
by reducing the porosity relative to the previous trials. This component was tested in Cell No. 638.

Single Cell Testing of Anode-Side Compoq.e,a_

Sixcells were tested to evaluate new anode-side configurations. Cell No. 632 contained Configuration
B components and Cell No. 638 contained Configuration C components. Cell Nos. 642, 649 and 653
contained Configuration D anode-side components. Cell No. 664 contained modified Configura-
tion D anode-side components. Ali of these cells had standard cathode-side components. The per-
formance of these cells is shown in Table 1.

The performances of Cell Nos. 632 and 638 at 1 atm. and 100ASF were below that of the best perform-
ing cell (No. 633)using standard anode-side components (0.800 volts and 0.802volts, respectively, com-
pared to 0.831 volts for Cell No. 633). The results of diagnostic tests on these cells showed that the

+ Configuration B anode-side configuration in Cell No. 632 performs at least equivalent to the best stan-
-_ dard anode (Cell No. 634) tested in this program. .

The performance of Cell No. 638 with Configuration C components showed steady decay during 800
hours of operation. The decay was attributed to the anode configuration.

Testing of Cell No. 632 was terminated after about 3500 hours of operation at atmospheric pressure._

The performance history of this cell is shown in Figure 1.5-1. In the first 1000hours, the performance
: of this cell declined by about 20 mV at 160 ASE The performance was then constant for over 2000

hours until a slight increase in internal resistance caused a slight performance decline. Diagnostic
tests showed the anode performed very weil.

Both Cell Nos. 642 and 649 tested Configuration D components. Cell Ng. 642 was started with the cell
inadvertently short circuited. Although cell performance increased to the range of normally started
cells after the short circuit was removed, the data are considered suspect and the test was repeated in
Cell No. 649. The performance levels were nevertheless similar fox'both of these cells as can be seen
from Table 1. Diagnostic data also indicate similar anode performance losses which are in the range
measured for standard anodes,
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Figure 1.5-1. Perfo,rnance History of Cell No. 632

Testing was performed on Cell No. 649 to determine the effect of thermal cycles on cell performance as

a baseline for planned matrix evaluations. This testing was successfully completed and the cell was
shut down with over 2000 hours test time.

Cell No. 653 is also Configuration D but the anode has a broader pore spectrum. This change provides
a better matching of the anode and cathode pore spectra. The performance of Cell No. 653 was 0.800
volts at 100 ASE a level near that of Cell Nos. 642 a':d 649. To obtain a direct measurement of individu-

al electrode polarizations, Cell No. 653 was constructed with a reference electrode. Figure 1.5-2 shows

the lR-free anode and cathode polarizations relative to the reference probe as a function of current_

density taken at constant flow conditions. The anode utilization at 250 ASF was 28.5 percent and the

cathode utilization at 250 ASF was 1.2.5percent. These low utilization data show that the anode polar-

ization is 58 mV at 250 ASF indicating that the anode is performing well. This reference probe data is

: used to verify the diagnostic reduction routines used in the absence of a reference electrode.
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Figure 1.5-2. Anode and Cathode Polarizations (Cell No. 653)

Cell No. 664 contained modified Configuration D anode-side components designed to optimize gas

diffusion° Cell No. 664 was tested to 2000 hours. The peak performance (0.828 volts at 100 ASE 1

: ATM) was very good and diagnostic testing showed good anode performance.
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SUBTASK 1.6 . DEVELOPMENT OF CATHODE-SIDE COMPONENTS

 ¢ty.e

Develop cathode-side components that reduce cathode compaction and reduce NiO dissolution rates,
Determine and quantify the improvement in performance of the cathode resulting from higher COg
pressures.

Process Development

Process development work in this task focused on developing a tape casting process to fabricate cath-
odes to the specifications generated in Subtask 1.3.

Cathodes that were fabricated by a dry powder process were used in single cell tests while tape cast
cathodes were being developed. These cathodes although not fabricated by the scalable tape casting
process, did meet the preliminary design specifications for porosity, pore size distribution, and were
near the dimensional requirements. These cathodes were tested in Cell Nos. 629, 634, 635,648, 651,
and 652.

Several approaches were evaluated in developing a tape casting process to meet the higher porosity
requirement of the cathode and the revised pore size specification defined in Subtask 1.3 These in-
elude:

® Pore formers

• Blowing agents

• Restrict shrinkage during sintering
• Alternative binders

The approach that initially appeared to be the most successful in achieving the high porosity and re-
vised pore size specification was to incorporate pore formers into the cathode tape. Mercury intrusion
porosimetry indicated that the median pore diameter of a cathode fabricated with pore formers was
larger and the pore size distribution was broader than a standard cathode at equivalent porosity. A
cathode of this type was tested in Cell No. 643.

Problems with agglomeration of the pore formers was encountered in scaling up the slurry batch size
for tape casting. Subsequently, an alternative binder system was identified for cathode tapes that pro-
duced sintered cathodes that met the porosity and revised pore size specification. Cathodes of this
type were tested in Cell No. 660 and in Integrated Cells in Subtask 1.8.

Autoxrmted tape casting trials were conducted using the bench scale apparatus used for the anode
trials in Subtask 1.5. The results of the trials indicate the process is suitable for producing cathode
electrode tapes.

Work related to tape casting large area cathodes is reported under Subtask 2.2, Stack Repeat Compo-
nent Fabrication.
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Ten cells were tested to evaluate cathode-side configurations. The performance of these cells is shown
in Table 1. Ali of these ceils had standard anode-side components.

Two cathode-side Configuration A cells, No, 629 and No. 634, differed only in electrolyte content, with
No. 634 containing the lesser amount. Both of these cells showed significaJatlyhigher cathode perform-
anee losses than a standard cell based on diagnostic tests.

Cell Nos. 635, 641, 643, 648, 651, and 660 contained Configuration C cathode-side components.

Diagnostic tests showed Cell Nos. 635 and 641 had lower cathode performance losses compared to the
Configuration ..:_cells above. Cell No. 635 had lower cathode performance losses than the best stan-
dard cathode tested at this point in the program (Cell No. 630). Cell No. 641 had higher cathode per-
formance losses than Cell No. 630, indicating a degree of irreproducibJlity.

Cell No. 643 was a Configuration C cell that contained a cathode with a larger median pore size and
broader pore spectrum. This cell had a much lower performance, 0.737volts at 100 ASF and 1 ATM,
with an internal resistance loss of 59 inV. Diagnostics indicate that the .cathode of this cell was prob-
ably flooded.

Cell No. 648 was a Configuration C cell tested to evaluate an intermediate thickness cathode. The peak
iR-free performance was 855 mV at 100ASE The open circuit was low{1.937volts) due to a large cros-
sover and large fuel and oxidant leakages from the cell. The cell was shut down for reasons other than
the cathode.

Cell No. 651was also a Configuration C cellwith an intermediate thickntess cathode. The peak iR-free
performance was 862 mV at 100 ASE Diagnostic tests show good cathode performance. Peak per-
formance of 0.812 volts at 100 ASE 1 ATM was reached.

Cell No. 660 contained Configuration C cathode-side components and was tested to measure cell com-
paction vs time. Three dial ipdicator gages were located around the periphery of the cell to determine
cell movement. "lbtal measured cell compaction at operating conditions was about 4 mils with most of
the compaction occurring in the first 120hours as shown in Figure 1.6-1.Post-test measurements con-
firmed this value. Upon disassembly it was found that the cell package did not fully seat, therefore, the
actual load on the cell is uncertain. The cell performance was low (0.750volts at 100 ASE 1 ATM) and
this is attributed to the cell not being fully seated.
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Figure 1.6-1. Cell No. 660 Compaction Versus Time

Cell No. 652 was a modified Configuration B cathode configuration with components designed to
minimize gas diffusion losses. The peak performance of this cell was very good ((}.824volts at 100 ASE

1 ATM). Diagnostic tests showed excellent cathode performance with low gas phase diffusion losses.

Additional testing was conducted using an oxidant lower in carbon dioxide content (7.2% vs. 18.1%).

The resulting polarization increase was less than that for a standard cathode-side configuration. A

modified Configuration B cathode-side configuration was designated as Configuration D and tested

in most of the Integrated Cells in Subtask 1.8.

Cell No. 654 was tested to evaluate an alternative cathode stnacture. Initial diagnostics indicated that
the cathode was flooded. Peak performance of 678 mV at 10OASF and 1ATM was obtained just prior
to shutdown. The peak performance of this cell was very low and no further work was conducted on
this cathode structure.
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SUBTASK 1.7 - DEVELOPMENT OF END-CELL RESERVOIRS

fllgeclJ

Develop an electrolyte reservoir for end-cells which extends the projected life of stacks to 40,000 hours
by providing additional reservoir capacity in those cells that experience a considerable change in elec-
trolyte inventory due to migration from the positive to the negative end of the stack. The performance
penalty of a cell operating with this increased reservoir capacity should not exceed 50 mV/250 ASF
throughout its projected life.

Process Develqp.II_t

Three end-cell reservoir designs were defined. One of the designs utilizes a non-conductive electrolyte
reservoir material and two designs utilize a conductive material.

Fabrication trials were conducted to produce the non-conductive electrolyte reservoir material that is
specified for one of the three end-ceU reservoir designs defined in Subtask 1.3. The trials resulted in an
electrolyte reservoir material which had the required porosity and median pore size.

Two single cell tests were conducted to evaluate an end-cell reservoir design that utilizes the non-con-
ductive electrolyte reservoir material. These were Cell No. 666 (fifth integrated cell) and Cell No. 674
(eighth integrated cell),

Cell No. 666 had low performance and a very high internal resistance. Teardown inspection showed the
high iR to be caused by a contact problem with the end-cell reservoir.

Cell No. 674 had lower iR as a result of a modification to the reservoir design, but had very low per-
formance due to flooded electrodes. The electrode flooding was attributed to the end-cell reservoir
design. These two cells are reported in more detail in Subtask 1.8, Integrated Cell Testing.

Cell Nos. 666 and 674 showed the design with a non-conductive reservoir material to be unacceptable.
No further work was conducted with the end-cell reservoir design that utilizes the non-conductive elec-
trolyte reservoir material.

The second end-cell reservoir design evaluated was the first of two designs that utilize a conductive
reservoir material. The conductive reservoir component was fabricated and tested in Cell No. 677.
The performance of Cell No. 677 was very low at 0.700volts at 100 ASE 1 ATM, wi_han iR of 66 mV.
The end-cell reservoir in this cell caused high anode polarization and was not considered to be an
acceptable design.

The other end-cell reservoir design that utilizes a conductive material was then evaluated. Compo-
nents for the second design with a conductive reservoir material were fabricated and included in Cell
Nos. 695 and 699. The performance of these cells was good verifying the design of the conductive
reservoir. These cells were tested under Subtask 4.1, but are included in this report for completeness.
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SUBTASK 1.8 - SINGLE CELL TESTING OF IMPROVED ANODE AND CATHODE COMPO-
NENTS INTEGRATED INTO ONE CELL

The objective is to combine the cell components being improved individually under Subtasks 1.4
through 1.6 into integrated benchscale cells, and test and analyze these cells in order to compare their
data for compliance to the design objectives established for interior cells in Subtask 1,3.

Test Stations and Ce!l_Hardware

Test stations for single cell testing in Subtasks 1.4-1.8 were prepared. Functional checks of the various

systems and support equipment that serve the 16 ambient and 8 pressurized test stations were con-

ducted. This included the temperature control system, reactant flow and control measurement system,

humidification system, gas mix stations, and safety related equipment.

Five sets of cell hardware from the previous program were refurbished and 25 sets of new hardware

were fabricated for single cell testing in Subtasks 1.4 - 1.8.

A standard cell (No. 624) which contained components fabricated in the previous program for the 8-ft 2
short stack was tested to check out the ambient test stand.

Cell No. 625 was tested to check out the pressurized test stand. 'Iqais cell also served as a control for

matrix shorting tests in Subtask 1.4.

Reference Elect r.9._

Cell No. 626 was tested to evaluate a reference electrode on the cathode-side to provide a direct mea-
surement of anode and cathode polarizations. The reference electrode did not provide valid diagnos-
tic data and the cell test was terminated.

Diagnostic data from Cell No. 626 showed an incorrect split of cell polarization between the anode and
cathode. This result appeared to be caused by the relatively large diameter of the reference electrode
compared to the matrix thiclmess. The region of the anode opposite the reference electrode was prob-
ably operating near open circuit voltage with an in-plane potential gradient in the electrolyte under the

reference electrode, The design of the reference electrode was modified to correct these deficiencies
and was evaluated in another cell test (No. 630), Results indicated that the modified reference elec-

trode was providing the desired cell diagnostic data.

The polarization measurements from the reference electrode in Cell No. 630 are shown in Figure 1.8-1.
Reference electrodes were then used in selected cells throughout the program.
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The first integrated cell (No. 639) incorporating new anode-and cathode-side components was tested

for 850 hours. This cell contained Configuration D anode-side components and Configuration C cath-

ode-side components. The initial performance of this cell was low and the internal resistance was high.

The performance increased with time as shown in Figure 1.8-2. The slowly increasing performance

and low peak performance are primarily attributed to improper electrolyte fill and initial distribution.

1 ATM., 1200°F, GF-2, ROX-1

•_ VARIOUS
0"TS01" / L,d_... mAGNOSTiC

| f _ I " "_ PROCEDURES

VOLTAGE 0.700
(VOLTS)

0.6SO [_
0.60_,(. .... J i ,.. t I I ,,I ,I I I I I _ , I i I I

50 I00 150 200 250 300 350 400 450 450 500 550 600 650 700 750 800 850
10823-12

TOTAL HOT TIME -41ouRs RaS2J09

Figure 1.8,2. Performance History of Cell No. 639

The second integrated cell (No. 647) contained Configuration D anode-side components and Configu-
ration C cathode-side components. Figure 1.8-3 shows the performance of the cell as a function of time
at 100 ASE The peak performance was .814 V at 100ASF and 1 ATM with an internal resistance loss of

37 mV, resulting in an iR-free performance of .855 V. This is significantly better than the first inte-

grated cell (No. 639) and is comparable with the better cells in the program. The limited electrolyte

reservoir capacity in the cell was the cause for its rapid decay.

The third integrated cell (No. 655) contained Configuration D anode-side components and Configura-

tion D cathode-side components. Figure 1.8-4 shows the performance of this cell as a function of time

at 100 ASF and 1 ATM. The performance decreased until additional electrolyte was added at 150

hours and a 100 mV improvement occurred in the next 100 hours. The peak performance was .782 V at

:tOOASF and 1 ATM with an internal resistance loss of 49 mV, resulting in an iR-free performance of

0.831 V_ The performance of this cell was adversely affected by low open circuit voltage (25 mV below

theoretical) which was due to high gas crossover across the matrix. Teardown of the cell revealed that

the matrix failure was associated with the electrolyte reservoir that was located in the anode-side hous-

ing.
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Figure 1.8-3, Performance History of Cell No, 647
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: Figure 1.8-4. Performance History of Cell No. 655 (Third Integrated Cell)

: The fourth integrated cell (No. 663) contained Configuration D anode-side components, Configura-

: tion D cathode-side components, and a reinforced matrix. The anode in this cell had a broader pore

size distribution. The performance history at 100 ASF is shown in Figure 1.8'5. The lR-free perform-

ance was 883 mV near the end of the test which is as high as any cell tested to date. The high iR (75.80

mV at 100 ASF) is attributed to the absence of _'_protective coating on the anode current collector.

• Diagnostic testing showed both electrodes performed weil.

The fifth integrated cell (No. 666) contained Configuration D anode-side components and Configura-

tion D cathode-side components. The cell was also tested to evaluate an end-cell reservoir design

which is described in Subtask 1.7. Cell performance was very poor (622 mV at 100 ASE 1ATM, with an

iR of 185 mV). The testing was concluded at 185 hours, and upon disassembly the cause of the high iR

was found to be a contact problem with the end-cell reservoir.

i
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i

i The sixth integrated cell (No. 671) contained Configuration D anode-side components and Configura-tion D cathode-side components, The early performance was 0,796 volts at 100 ASE 1 ATM, with an iR

Ii of 52 mV. At 143 hours the cell experienced a sudden performance loss and when the test was con-

i eluded at 403 hours the iR was over 300 mV at 100 ASE The sudden loss occurred during a holidayi period without an operator in attendance. Teardown analysis showed the cell was extremely dry and

_ crossover damaged the cathode.

i

100 ASF,1200°F, GF-2, ROX-1

o 0,880 ,1_ 1 ATM _1"*'. 6,8 ATM _,1.,__..__..._11ATM

0,860

0.840 "
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0.780
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0.7200 I I .... I I...... i ...... j ..... j ....... I ....... _L_____.J100 200 300 400 500 600 700 800 900 1000
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Figure 1.8-5. Performance History of Cell No. 663 (Fourth Integrated Cell)

i The seventh integrated cell (No. 673) was essentially a repeat of the sixth. As seen in Table 1, the per-

formance at 1 Aq_2_land 6.8 ATM was superior to the best previous integrated cell (second, No, 647)

even with the iR being higher by 5-10 mV/100 ASE The performance history of Cell 673 is shown in

Figure 1.8-6. This cell was also tested with oxidant and fuel compositions that are typical of a coalm
i gasifier molten carbonate fuel cell system. The results of this testing are shown in Figures 1.8-7 and|

I 1.8-8. There was no significant increase in cathode polarization at 250 ASF when the oxidant was:, changed from ROX-1 to the coal gasifier system lean oxidant composition (Figure 1.8-7). When the
• fuel was changed from GF-2 to the coal gasifier system lean fuel composition the anode polarization

| increased by about 45 mV at 250 ASE (Figure 1.8-8).
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The eight integrated cell (No, 674) was a repeat of the fifth integrated cell (No. 666). 'Ilae end-cell reser-

i voir was modified te eliminate the high iR experienced in Cell No. 666. In addition, the matrix was

i fabricated with the alternative materials discussed in Subtask 1.4. The improved cell iR (46 mV/100

ASF at the beginning of test) relative to Cell No. 666 indicated that the end-eeU reservoir contact prob-

lemwas solved. However, peak electrode performancewas poor (698 mV at 100 ASE 1 ATM with an

iR of 63 rnV) and cell behavior indicated that one or both electrodes were flooded. This was attributed

to excessive electrolyte availability to the electrodes from the end-ceU reservoir.

160 ASI=,6.8 ATM (EXCEPT NOTED)
1200 ° F,GF-2, ROX-1

!
!
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Figure 1.8-6. Performance History of Integrated Cell No. 673 (Sevend_ Integrated Cell)
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Figure 1.8-7. Performance of Cell No. 673 with Standard and Lean Oxidants
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Figure 1.8-8. Performance of Cell No. 673 with Standard and Lean Fuels

-45-

,,, Ilrl,'"" "' ............ Illr' "lr......Iii_1''irl'',i'i,q,,e=n.......... r,",,.,,,"t,ll,,',.m"'_II1'_'_"''':pI""H',, _ .....rh],l_,1'', I?I1'."'IIII_'"_'I'GI1ll'i'"'I'N'IIIi'_'_vr,,,"",""v',_nr,_,-il'rllll_,_!l,',rl1,'l,,r,_,','i,i_',,,,,lilM_,ir,_,'lillli,rl,ili,_, _l'r_



International Fuel Cells FCR-10823

The ninth integrated cell (No. 676) contained Configuration D anode-side eomponentsand Configura-

tion D cathode-side components, and a matrix fabricated with the alternative materials. This cell was

similar to the seventh integrated cell (No. 673) except for the electrolyte content and alternative matrix

materials. The performance of this cell was initially low, but continued to increase throughout most of

the I900 hour test. Peak performance was 796 mV at 100 ASE 1ATM with an iR of 59 mEThe improv-

ing electrode performance confirmed the electrode flooding that was suspected early in the tOst. The

performance history of cell No. 676 is shown in Figure 1,8-9.

160 ASF, 1.8 ATM (EXCEPT AS NOTED)

O,ltO'

100 ASF
O.ooo' 1 ATM

0 .ilO0

g 200 400 (lO0 |00 I OOO 1200 1400 1500 lO00 :2000 2200
HOT1'IN( IHOURS|

10823-19

Figure 1.8-9. Perforrnance Histoly of Cell No. 676 (Ninth Integrated Cell)

The tenth integrated cell (No. 680) was similar to the ninth integrated cell (No. 676) but had a reduced
electrolyte fill. The initial cell performance was poor and flooding was suspected. The cell was shut
down early at 112 hours to determine the cause of flooding. The matrix was found to have more com-
paction than expected which would tend to flood the electrodes.

The eleventh and twelfth integrated cells (Nos. 689 and 690) were conducted to define the electrolyte fill
and start-up procedures for the new cell configuration, These cells are reported in Subtask 4.1 along

, with additional cells tested to define the electrolyte fill and start-up procedures.
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