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DMFC Overview
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i The Direct Methanol Fuel Cell - The Benefits of A DMFC Power Source
0y

Direct Methanol Fud Cell Reaction: l 4 Battery Configuration 2 Battery Config
Anode:  CHOH + HLO — 6H + 6c + 00, L Battery DMFC Battery DMFC
Cathodg. 3720+ 61 + 6e— JHO Mass tib) 305 1226 157 122.6
Cell  CHOH+ 3720, - 00, + IHO e olume (') 26 4.3 1.4 4.3

. . |Energy vme | 4800 30000 2400 | 30000
=
L
+  Substantial reduction in mass

+  Safery of handiing a liquid fuel *  Increased encriy capacity

versus compressed gas fuel tank *  Increased operating time

(i.c. Hydrogen) .
+ Low Mh‘“'?] mm (<3%) L Comparison based an information from TESCO using a 4-battery and 2-

in the “working” fuel loop /:j_._._i hettery test configuration without recharging
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JPL Direct Methanol Fuel Cell Program Description
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Objective, Background and chuiremenls. et

Objective
Develop direct methanol fuel cell v and demonsirate a 300-Wat WP
eOwer source.

Background

The Army currently uses four de le marine batteries to provide auxiliary
armared ’\fmnn u{:m:l test mmnm The bateries mass i 138 kg [‘38‘] 5 by m!
are limied to & hours of operation without reclarging

Summiary of Requrements
+  Power 300 W (Continuous)

= Fam Time: 100 Ir 1,C°1ll|uuﬁu!]
+ Energy. 30,000 W
* Taspel Mass: 36 h:. (80 B) (Including Fuel)
+  Other Attributes
- Rapid Starup
- Field Refucling for Extended Operation
- Mo Recharge Time
- Quict
- Low Thermal Sienature
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Goal:

Develop a 300 Watt DMFC Power
Source for powering test instrumentation
on Armored Vehicdles

Integrated DMFC Unit

Summary of Accomplishments

Developed A 300-Watt DM FC based power
susurce dexign thas cam defiver |00 of
contimuus operstion has boen designed and
mbegruled

The CBE figues of menit for this power
wource mre 540 Whakg and 243 Whil, for the
specific powes density smd wlumesre pwes
demsity respectfully

Seaberd up cells from 25-cm active ares. 0 KO
o

A fivesell stack has been scaled up to KO

cells mnd was demoasstried 1o deliver 370

Watts during bench testing

Shaort stack testing reveal ruthenum

dlimsoshation intu the polymer electiatvie

eeenbeanc but did not have an wnpact 1 cell

slstruchemmeal performance

Diesnonatrated aulonemous opeesion

;nh'lu}-nr- eomplels fuel cell system: m =
x

Operated contmaculy 81 8 net outna of 50
Watts for & hours

Opernted lost mutrumestation hardwere {60 10
T Wt for (15 hours
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Future Development

* A 300-Watt DMFC system design has been completed

+  The functionality of this system was demonstrated

*  System design challenges and issues have been identified

*  Industry members should develop this system mto a pre-production
prootype

» JPL's future role will be 1o assist the US Army with technical suppont
to facilitate the delivery of a pre-production prototype power source
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Overall DMFC System Design

Electrachemical Technologies Group

hY
f.‘{ Jet Propulsion Laboratory

Requirements

Power Source:
Fawer 300 W (Continsons)
Bun Time: 100 he (Contimius)
Encrgy: 30,000 Whr
Target Muss- 36 kg (R0 1) {Inchuding Ficl)
System Stariup Intusdarenis when awbicst fempersture i grester than § < (41 =F)
- Fichl refueling
«  Operutional Enviromment:
- Military war simubstions
At Quabity: High it comcentration. M0 tanee zeme visibility (= £ grmim? of ACK Coarse 30
microns dust)
A Temperstae: <17 10 45 <C (113 <F)
Helutive Hamudiy. (%
Anisde Sesssivity: 4/« £5° 1y vertics|
- Uimit st b prstected dusing wash reck cyele
Shock and Vibration
Survive u threc-
MIL-STI-£10

o drop om concrese

R,

i fiar the pre-producton prowonpe o be falized by e Army
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_ Technical Challenges

+  Key Technical Challenges
~  Mecting environmental
requirements
Comisuous operation i thermal
and water balance
System size and volume with
comtamed fuc
- Ruggedized operation
Safery of methanol handling
5 (‘hal'lnl:nsﬁ 1o be addressed
~  Caost Effective Membrane
Electrode Assembly (MEA) and
System Fabrcation
- Power Source Longevity
Attitude Insensitive Operation
Ruggedized operation
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Challenges Resulting from
Environmental Temperature
- Power Snll_frl:c Elw\ﬂmmmc:nuH i
Operating Temperature and Hurmidit
Operaiog Teo 4
+ ALO% RH, MEA opeating "
stoicliometry will define svsiem v |
Vol 14 14— < —
|

. :;Ilazgo?sso:hxmnwz in the ﬁ: [ wl : | | |
stack.
i
}
H

Water Halumoe
DMFC Soyviem Operetbng 3t #8°C

::wﬂ(‘.mﬂwmm | .
exdiast condenser, 1o operaie in waler == L
balance in (% RH

= The smaller the difTe
bﬂwnn:mmnpermug

Immu' € m: |_if the radiator |

£ area g Tor cooling . |

= A DMFC-based power source operating
at 60 *C in an ambient environment of b
45 “Callows for only a 15 °C .
differential in temperature and resuhs in
an nereased radinor size
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Stack Design Challenges

«  Operating Temperature
- Heat rejection: Environmental temperature 45°C
— Water balance. MEA operation at low airflow is required 1o maintain a water
balance without the use of a condenser
+  Orientation Sensitivity
- Efficient product water removal is required during operation
~ Stack pressure drop, specifically the cathode pressure drop should be
minimized 1o reduce ancillary power demand
»  Stack Sizing
— Sized 10 required power outpul, system ancillaries and power
~ Stack operating voltage should be selected 1o mateh with a igher :m:my
power canverter
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Electronics Subsystem Challenges

+  Methanol Concentration Control
- Operation time: J040 bours
= tn-fiedd” refueling required
- Active concentration control via a metlamol sensor 5 suggested
*  System Startup
Instus startup
15 mimete stanup from 5°C acceptable
+  Power Management
Power source is required 1o be load following
Stack voltage should be controlled from spiking 10 protect elecronics
= Ancillary power demand
Must reduce power required by ancillary to increase system operating cfficiency
+  Electronics Survivability
Electronics should be designed 10 operate @ the maximum pawer source enelosure
operating temperature
A mini of 60 °C is supgested
Electronics ruggedization

Electrochemical Technologies &roup




Laboratory

Operational Challenges

et Fack

1+ Commenken Actunoay
[MIAL MIAZ, and MISE)

System i required W opermic “ethe-fiekl”
System shoukd be macnsitive w:
= Vehich Exhwut

Fatficfick! Comtanunanis
Sysem is configured W (i he Absarms pest
‘uastle ruck
System can be configured 10 (it the Abrarms
comenanders scoessory box

redexign requued 1o it the Bradley

Syaem
Hiradicy Fightmg fightisg vehick
Vehsle
Pustie Racl
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Overview of the DMFC System Design
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L 300W Direct Methanol Fuel Cell

Power Source Specifications
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System Integration
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=

Component Percent of Power Source Mass

= The fuel mass md sirecnares represent 80% of the power source mass
+ A DMFC power sowree can achieve the highest energy density when the fuel mass represents 4
large fraction of the 10tal system mass
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* Component Percent of Power Source Volum e
0 Al §7 -
o WA /"-'\__
aFwe ')olt:v‘v! Tars.
S
* System operating temng and operating Bave a clear impact on

rudiator volume
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System Demonstration
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3 Power Source Performance,
System operating conditions: 1.45M, 45 °C
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L Results and Observations from the

System Demonstration

- During the demonstration, the power source operated autonomously with the
operating logic being driven by an external computer.

The system started up in 18 minutes during the system demo

+  The stack output power was over 130 Watts and the system delivered an
output power of 50 Watts for over & hours. The power output was lower than
expected

-+ Afier § hours of operation, ACMS systems electronics, which consumed
approximatcly 70 Watts, were operated for half an hour.

+  During the 8.5 hour continuous test, the system consumed approximately 1.3 L
of pure methanol resulting in & fuel to electrical energy conversion efficiency
of 7. This value of system efficiency is to be expected considering that the
system was nat operating 2t its optimum power output and that 60% of the
output from the stack was consumed in running the ancillaries.

+ Water accurnulation was noticed in the stack exhaust manifold The water
accumulation was a result of the air diffuser on the stack exhaust side
suturating with water and a stack leak rate that was greater than the designed
volumetric pumping speed of the sump pumps. The test was concluded
because of water accurnulation in the stack exhaust manifold.
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System Demonstration Summary o

-+ After the system demonstration, the program focused on performance recovery
Fault-tree analysis was performed on the system
+ The fauli-trec analysis revealed that cathode Nlooding was the primary reason
for system performance decline
+  The experiments performed for the fault-tree analysis were:
~ Stack test-stand 1esting
Stack tear down
Advanced single cdl MEA 1esting
+  The conclusions from the analysis of system perfornance defined by the fault
trec are:
Fluid accamulation in the stack 10 be addressed by desig changes
Stack lcakages attributed 1o poos scaling
System performance decline was crused by cathode flooding
Ruthenium migration from the anode 10 the cathode of the MEAs manifested itsell
as cahode flooding

Commercial platinum-rutheninm catalyst appear to be stable during fue cell
operation
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Analysis of System Performance

Stack Testing
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Performance Recovery, Air Subsystem Configuration Staflie5-5i: g,
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Analysis of System Performance

Stack Teardown
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Discolored MEAs

MEA Stored In Plestic Bag
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Discolored MEA Testing

" 150 X0 Eay 300
Eumrent Density (maiem’)

« Mo Impact on MEA performance 1s apparent for discolored MEAs
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p Observations on MEAs from the

Calbodes of MEAs from the stack
cxhibiled increased wetbility
compared 1o a “fresh” MEA,

Patches of dark gray “deposits™ found
on varkois pars of the cathode

The arcas with dark deposits were more
wettable tun the lighter arcas
Several represmtative MEAs showed
the same type of cathode changes
Aseas under the flow ficld pins
remained “non-wettable”

Flow field impressions were light and
did not appear 1o damage te calliode
papers

80-cell stack

Non-Wettiug

Area Under
' Flow Pin

T Wenting
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Diffuser Cloth

EDAX Analysis

Brownish black ruthenium oxide
precipitated at the cathode is washed
down by waler and absorbed on diffuser.
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Stack Vollage (V)
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Impact of Stack Performance Decline on Ay
Stack Output Power
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Advanced MEA Studies

= Objective: To determine the stability of platnum-ruthenium catalyst
and effect of carbon paper Teflon content for DMFC operation
+  MEA Compositions
- MEA# 012005, Anode: JPL. Cathode: 15% Teflon
— MEA# 012505, Anode: Johrson Matthey, Cathode 15% Teflon
~ MEA# 012805, Anode: Reduced Johnson Matthey, Cathode 15% Teflon
— MEA# 012905, Anode: Johnson Matthey, Cathode 5% Teflon (Standard)

All MEAs were fabricated with the same painting rechnigue, catalvs:
loadings and hai-press conditions

\
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S Ru Migration Studies, 250-hr Durability Test
50C, 0.5M MeOH, 60mA/em2, High Flow Rate, Air
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+250 hours of testing complete
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% g ST MEA Analysis - MEA 012005, JPL-Anode, 15-Cathod#-¥
Post 250-hr Durability Testing Performance Summary s 60C, 0.5M McOH, ~1 LPM, 0 PSIG. Air o
Dwihne ] G
ME A B ] - T T
B It o T I it i s W5 A YA

MEAS 012305 -——-‘.&Lﬁ’l"‘—- 3 &t oo 0 o
Enaan wil it o MAaTInay

MEAw 01z Catheds_15% Tuben = 07 000017 0y
Anyde Johecer Mafihey
Cathode: §% Telon (Stangaed] E .. fafiner] oo |

= MEAs fabricated with the Johmson Matthey catalyst showed the leas
performance decline

= The MEA fabricated with the reduced Johnson Matihey anode catalyst, MEA# 012805,
performed similar 10 the MEA fabricated with the JPL catalyst, MEA 012005

« The test standard, MEAN 012905, perfirmed thie best diring the durability experiments

+  The rate of voltage decay for all MEAS tested is siwilar 1o values observed in the pas
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Typical View of an MEA After the 250-hr durability Testore
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Cathode Hydrophobic Cl

Pin cushion pattern Shight change in

hydrophobicity after:
| 250 hours u_f_u:s!ing f

Cathode Anode 3 ; b
115% Teflon, MEA# u1_zsa§fm
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Durability Test Summary -
+  Four MEAs have completed durability testing in excess of 250 hours
*  The cells were disassembled and individually tested in the single cell
test stand
+ Testing in the single cell test stand has revealed imeversible voltage
decdy on the cells Program Conclusions
*  The voltage decay rate was found to be in the range of 0.0006 1o
0.0002 Vihr at 100mA/em?® which is in the range previously
determined for MEASs fabricated in a similar fashion
* The voltage decay resulted in a an average decline of cell power of
20% at a 100 mA/em?
* EDAX analvsls performed on the MEAs has shown that the
F h catalyst is stable during DMFC
operation
Electrochemical Technologies Sroup Bectrochemical Technologies Group
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Power Source Testing Conclusions

= A 300W DMFC based power source design that can deliver 100 hours
of continuous operation has been designed and fabricated

+ The CBE figures of merit for this power source are 540 Whr! kg and
243 Whr! L for the specific power density and volumetric power
density respectfully

* A five-cell stack has been scaled up to 80 cells and was demonstrated
to deliver 370W

» Deme ated
system in a box

*  Operated continuously at a net output of 50 Waus for 8 hours

capability of a complete fuel cell

+  Operated test instrumentation hardware for 0.5 hours
* Stack performance decline due to cathode flooding and ruthenium
dissolution and thus limited power source output

Electrochemicel Technologies Group

Recommendations

MEAs: DMFC Membrane Electrode Assemblics (MEAs) should be developed tat can
operae for duration greater than SO00 hours with less than 4 10% decline in power
output
Stack Sabsvstem: A stack should be designed that can address reactant avaliability 10
the MEAs electrodes during in-operation wnd limit shum curents

The externally munifoked sack design imibed orentation sensitivity, eomplicsied weies

callection amd e posed the MEA 1o mn over shundance of v ygen

The MEAs sccess ta axypen, i the cathode, buteed 1) puth

Froien the nswde

The currest coliection'water collectiomn scheme olhowed the system 1o sustam shunt cwments

wehich mlsn contaibuted t rae v d s itk from the snode

Waler sceusmulated st the manifikls during the sysem desponstrstan that kecked aniform

nuflow s portions of the stack ard may have contributod 1o shunt cuments.
Fuel Subsystem: The gas liquid scparator (GLS) should be designed 1o allow for beteer
gas bubble (from heating and liquid flow) refection

Thee CLS denign linmited the fuo! Tiguid fiow rate by retricting Tiquid flaw vin gas sccummslation

Eherimg saurtup, beabbiles coubl acgurmilaie i the heating musdule sml sop (ol ciristons
Electronics Subsvstem: Purchase or fabricated o power converter with an input voltage
range lat spans the stack gperating vollage range

The system power conventer ha  Tmted inpat wlisge mnge of 15 10 36 volis

The stack wltuge coukd rise 1o ns high sn 4 vos dusing lond changes
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