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Development of a 1.2 kW Solid Acid Fuel Cell
Stack for Diesel APUs

FC Seminar, Orlando November 2011
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Solid Acid Electrolytes



Solid Acid Electrolytes

� Intermediate salts and acids 

� 1Cs3PO4+ 2H3PO4 ® 3CsH2PO4

� General Formula: MxHy(XO4)z

M = Cs, Rb, K, NH4, Tl

X = S, Se, P, As

� Properties (Low Temperature)

� Brittle/Gas permeable
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� Brittle/Gas permeable

� Water soluble

� Slow proton conductor

� Properties (High Temperature)

� Plastic-like/Gas impermeable

� Water (steam) insoluble

� Fast proton conductor

� solid state
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Technology Comparison
Optimal temperature for fuel cell operation

too 
cold
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minimum conductivity
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< 150 °°°°C cold - complex reforming/cooling/water management

> 650 °°°°C hot - expensive high temperature system components 

~ 250 °°°°C just right - simple/inexpensive stack & system 

cold hot
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Solid Acid Fuel Cells



Solid Acid Fuel Cells
Membrane electrode assembly

Membrane Electrode Assembly 

(1)  Nickel foam, 98% porous

(2)  PTFE sub-gasket

(3)  Pt/C/CDP cathode catalyst

(4)  CDP electrolyte

(5)  Pt/C/CDP anode catalyst

(6)  C/CDP/pore-former microporous layer

(7)  SS sinter mesh gas diffusion layer
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Solid Acid Fuel Cells
Bipolar plate and stack design

�

�

End Plate 
(304SS)

Gasket 
(SiO2-PTFE)
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�

�

MEA

Bipolar Plate  
(Ni-coated 6061Al)



Solid Acid Fuel Cells
Durability, thermal cycling

Ten thermal cycles 
(90 to 250°C) with no 
degradation in 
performance or OCV
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SAFC Fuel Flexibility
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Solid Acid Fuel Cells
Fuel Flexibility

Hydrocarbon-based fuels have 3-7 times the volumetric energy density of 
compressed hydrogen fuel
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Solid Acid Fuel Cells
Fuel flexibility, fuel reforming

� Fossil fuel reforming (e.g. diesel, propane, natural gas)

� Approaches:  steam, auto-thermal, partial oxidative

� High temperature gas shift reaction (500-700 °C)

� Low temperature gas shift reaction (250-350 °C)
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� Main Poisoning Impurities: CO & H2S



Solid Acid Fuel Cells 
CO & H2S tolerance

� Minimal effect of poisons 
on performance

� Mostly H2 dilution effect

� 20 cell stack (2” MEA)

� Gas flow/compositions

� Cathode

1.5 LPM air + 0.3 bar H2O
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� Anode

0.6 LPM + 0.3 bar H2O

� Stack stabilty under high 
CO & H2S confirmed

� 5.3% CO & 200ppm H2S



Solid Acid Fuel Cells 
CO & H2S tolerance

� Minimal effect of poisons 
on performance

� Mostly H2 dilution effect

� 20 cell stack (2” MEA)

� Gas flow/compositions

� Cathode

1.5 LPM air + 0.3 bar H2O
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� Anode

0.6 LPM + 0.3 bar H2O

� Stack stabilty under high 
CO & H2S confirmed

� 5.3% CO & 200ppm H2S



1.2 kW SAFC Stack Development



Development Plan
January ’10 to August ‘11

� Project start—Jan 2010

� Milestone 1— April 2010

� Scale from 2” (20cm2) to 5” (120 cm2) diameter cell

� 10 cell stack (5” MEA)--120W

� Milestone 2—August 2010

� 20 cell stack (5” MEA)--240W
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� 20 cell stack (5” MEA)--240W

� Testing in Norway on NPS diesel reformate

� Milestone 3—February 2011

� Demonstrate 1.2 kW SAFC stack

� Milestone 4—August 2011

� Deliver weight optimized 1.2 kW SAFC 

� Testing in Norway on NPS diesel reformate



Solid Acid Fuel Cells
Performance, scaling the cell

Scaled performance 
from 3 to 120 cm2

cell area.
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Basic Stack Configuration
Overview

� Concept:

� Scaled up 2” design

� Made as little changes as possible

� except for addition of coolant plates

� Focus on repeatability

� Cell—fabrication

� Stack— 5 cell units

� Repeating unit for larger power stacks 

Cell optimized for stability
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� Cell optimized for stability

� NOT performance, 

� > 95% QC on 5 cell stacks

� Stack designed to eliminate know failure modes

� Sealing

� Cooling

� Uneven compression

� Stack gas diffusion

2” MEA

stack

5” MEA

stack



Basic Stack Configuration
Compression components

� Washer
(Polymer)

� Compression plate

� 5/8” thick to ensure even compression

� Gas connections

� Standard 1/2” Swagelok

� Bolts & nuts

� Standard stainless steel (SS)

Compression 
plate (SS or Ti)

�
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� Gas connector 
(1/2” Swagelok)

Deflection 
washers  
(SS)

�

� Insulating layers

� Bolts = shrink wrap polymer

� Washers = polymer

� Deflection washers (“Belleville”)

� Stainless steel (SS)

� 200 inch-lbs max torque

� Stability at 250ºC unknown



Stack Fabrication
5 cell stack sub unit

� 5 cell stack

� 5 cells

� 4 bipolar plates

� two coolant plates

� Chosen for ease of 

� Fabrication

Separation/reassembly at coolant plates

Top 5 cell 
stack

�

� Coolant plate
division
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�

� Separation/reassembly at coolant plates

� Cells unchanged

� Testing

� Fast feedback 

� Make cells one day

� Assemble and test next day

� Quick identification of QC issues

� Over 150 units fabricated to date

� QC > 95%

division

Bottom 5 cell 
stack



Solid Acid Fuel Cells
Milestone 1, 10-cell stack (5” MEA)

� Stack Voltage

� 5.6 V

� Stack Current

� 20 A

� Stack Power

� 112 W @ 5.6 V
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� Degradation rate

� -136 � V/h

� -0.24% over 100 h
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Performance vs Time
10-1400 W stacks

� Project 
achievements:

� 100 x stack power

� 2.5 x power/cell

� Maintained 

60 cell

64 cell 50 cell

(1200W)
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� Demonstrated 
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� Ready for 
incorporation into 
systems
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Performance vs Time
10-1400 W stacks

� Project 
achievements :

� 100 x stack power

� 2.5 x power/cell

� Maintained 
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� Maintained 
performance on 
larger stacks

� Demonstrated 
reproducibility and 
scalability of SAFC 

� Ready for 
incorporation into 
systems
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Solid Acid Fuel Cells
Performance, 5” MEA stacks

Stack performance 
scales linearly with 
number of cells.
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2” MEA

Stack

5” MEA

Stack
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Weight Optimized Stack Comparison

Milestone 3

--1st Design

--64 Cell

Milestone 4

--2nd Design 

--weigh optimized
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--1.4 kW --50 Cell

--1.3 kW



Performance
Versus stack 

� Milestone 3

� Feb. ’11

� 64 cell

� 1.4 kW

� 26.5 kg 40
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� 26.5 kg

� Milestone 4

� June ’11

� 50 cell

� 1.3 kW

� 19.2 kg
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Performance
Normalized 

� Milestone 3

� Feb. ’11

� 64 cell

� 1.4 kW

� 26.5 kg
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� 26.5 kg

� Milestone 4

� June ’11

� 50 cell

� 1.3 kW

� 19.2 kg
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Testing on Reformed Diesel

Porsgrunn, Norway



Solid Acid Fuel Cells
Milestone 2: 20 cell stack on diesel reformate

� Minimal effect of reformate 
on 20 cell stack 
performance

� Mostly H2 dilution effect

� Gas flow/compositions
� Cathode

19 LPM air + 0.3 bar H2O

� Anode

33% Hydrogen: 8.0 LPM H + 16 
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33% Hydrogen: 8.0 LPM H2 + 16 
LPM N2 +  0.3 bar H2O

Reformate: 30 LPM commercial* 
diesel reformate + 0.3 bar H2O

commercial diesel reformate:
� 30%H2,
� 38%N2
� 12%CO
� 19%CO2
� 1%CH4
� 0.1%heavy hydrocarbons
� 10 ppmH2S

� Testing at Nordic Power 
Systems (NPS)

� August 2010

*From STATOIL Fuel Station
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Solid Acid Fuel Cells
Milestone 4: 50 cell stack on diesel reformate

� Diesel reformate performance 
75% of pure H2 at peak (@30 A)

� Mostly H2 dilution & lower stoich effects

� Gas flow/compositions
� Cathode--Air

Pasadena: 2 stoich@60A (0.3 bar H2O)

Norway: 2 stoich@set A (~ 0.3 bar H2O)

� Anode--
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Pasadena: 100%H2 + 0.3 bar H2O              
--1.2 stoich@60A 

Norway: reformate (~ 0.3 bar H2O)              
--1.2 stoich@set A 

commercial diesel reformate (dry basis):
� 33-35%H2,
� ~40%N2
� 1-7%CO
� 19-24%CO2
� < 1%CH4
� 0.1%heavy hydrocarbons
� 10 ppmH2S

� Testing at Nordic Power Systems 
(NPS)

� August 2011

*From STATOIL Fuel Station
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Solid Acid Fuel Cells
Milestone 4: 50 cell stack on diesel reformate

� Stack responds quickly to 
current/fuel pressure 
changes

� Gas phase at 250ºC

� Performance dominated by
� Temperature:   

--electrolyte resistance 
changes
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changes
� Hydrogen content:                

--concentration effects on 
catalysis

� CO content:
--impurity effects on 
catalysis

� Stack stable on reformate
� Highly tolerant of CO 

changes

*From STATOIL Fuel Station
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Solid Acid Fuel Cells
Milestone 4: 50 cell stack on diesel reformate
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� Stack responds quickly to 
current changes

� Gas phase at 250ºC

� Performance dominated by
� Temperature:   

--electrolyte resistance 
changes

� Hydrogen content:                
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*From STATOIL Fuel Station
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--concentration effects on 
catalysis

� CO content:
--impurity effects on 
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� Stack stable on reformate
� Highly tolerant of CO 
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Solid Acid Fuel Cells
Milestone 4: 50 cell stack on diesel reformate
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� Stack responds quickly to 
current changes

� Gas phase at 250ºC

� Performance dominated by
� Temperature:   

--electrolyte resistance 
changes

� Hydrogen content:                
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*From STATOIL Fuel Station
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Solid Acid Fuel Cells
Milestone 4: 50 cell stack on diesel reformate
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� Stack responds quickly to 
current changes

� Gas phase at 250ºC

� Performance dominated by
� Temperature:   

--electrolyte resistance 
changes

� Hydrogen content:                
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*From STATOIL Fuel Station
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Summary

� Development plan--SAFC achievements:

� High QC 5” (120 cm2) MEA

� High QC 5 cell 5” MEA stack sub-unit

� Demonstrated kilowatt sized stacks

� Tested SAFC stacks on diesel reformate

� Conclusions: 

Kilowatt level SAFC stacks possible
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� Kilowatt level SAFC stacks possible

� SAFC stacks highly functional on diesel reformate

� SAFC stacks up to 1.5 kW ready for integration into power systems

� Next steps:

� Further integration with NPS’s diesel APU

� JP8 reformate testing (high sulfur and CO)
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