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Abstract 

Current limitations陀latedto the development of etTective， durable and reliable MEA ∞mponents for PEFC 
applications are addressed. Advan回mentsmade in the develo戸nentof materials (伺胞Iysts，membr加国，bi凹larplat岱，
etc.) for PEFC are shown. The etTect ofthe catalyst on PEFC 仰向nnan∞sb蹴 don∞11<;島dbyhy，伽gen，direct 
methano~ direct propane， or direct ace旬1fuels are抑制tedThe progress面白n戸rfonnan白血dωhoderesearch 
are discussed. Pers戸ctivesre加吋ωCOtoleran田 anod岱 areindic御 dThe efl町tofthe membran岱 on出e∞n
per島nnan∞areshown and戸rameterswhich may help the development of叩戸upr凶emembranes depending on the 
白elare su邸側ed.Open泊gsforthe白旬rein mater包lspro∞ssingand也velopmentfor PEFC mass production are 
~ωs田4

Keywords:M蹴 rialsfor PEFC; Direct Carbon Compound PEFC， pros戸ctsfor new materials. 

1) Introduction: 

Due to the material issues， the development of PEFC缶chnologyis at its critical s旬ge.Several issu凶 are
limiting PEFC products commercialisation: 1) The first issue is the relatively p∞r electr，ωhemi伺 l
reactivity of oxygen at low tempera加r白.This is the grea句sttechnology challenge con仕ontingthe use of 
ox沼enin electrochemical proc白seslike Polymer Elec仕olyteFuel Cells (PEFC) because at least 60% of 
the cell potential loss at the cathode. Further，由eporo凶 airelectrod白 inPEFC requir白 optimised
structure and very active catalyst for oxygen reduction. Efficientω.thode electrodes must exhibit these two 
features at the srune time. Since， platinum based electrode remain the best catalyst for the oxygen reduction 
in aqueo凶 electrolytelike in PEFC， binary and句maryalloys of platinum show some promise. But the 
corrosion 'Of these alloys in the operating conditions of Fuel Cell limits seriously there use. The se∞nd 
limitation is the anode CO poisoning. This limits PEFC performances ifthe cell operating 句mper翻 m
are bellow 150 oC. The third difficulty is the critical choice 'Of membranes for PEFC applications. This is 
related t'O the fact白atthe selection of the fuel is still straightforward and a number of白elsincluding 
reformed hydrogen with high CO content and light hydro伺 rbons(a1cohoL natural gぉ， prop釦 e，etc. )訂e
still in consideration for PEFC applications. Accordingly， cell temperature operation at tempera加remore 
than 150 oC is very in旬restingbecause at this range 'Of tempera知res，anode catalyst poisoning by CO is 
l白s.Per・t1uorinatedmembran白 cannotbe used in PEFC operating in this range of tempera知rebeca凶 e
they will loose their mechanical properti白 andtheir swelling properties will be lowered. They do not 
perform weII in a light carbon compounds PEMFC and above 85 oC in hydrogen PEMF・C.The fourth issue 
is the consideration for environmental企iendlinesspro回ssesof materials. This may Iimit the type 'Of 
materials ωbe proc白sed.This limi匂tionmay， f'Or exrunple fav'Our the utilisati'On， 'Of pr'Otona旬drather 
than t1u'Orinated membran白 inparticular in the case 'Of mass producti'On 'Of membranes. The fifth 
consideration is the material ∞st. This is a key i路uefor由etechn'Ol'Ogy beω.use the current ∞st( at leぉt
50 000 $ US/kW)， the techn'Ol'Ogy c'Ommercialisation will be limited. The reduction 'Of materials ∞st 
related t'O mass production w'Ould n'Ot be en'Ough t'O cut the cuπent price t'O at least ten times for 
membran白 andcatalysts and twenty times for conve 
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Glass and Acilplex@ from Asahi Chemicals[5] made significant contribution in the utilisation ofth自白
membranes for Fuel CelI Applications (Fig.l). DuPont has achieved important work on improvement 
of PEMFCs durability and power densities based on their membr加白 bydecreasing their Eqivalent 
Weight (EW) and thickness. The Nafion@ EW for PEMFC application ranges企om1100 to 1 000 or 
less!) and their thickness is in the range 175 -25μm. The Flemion@ and Aciplex@ membranes may 
have the same ranges of EW and thickn回s.These various membranes are the most studied in 
literatu向島rFuel Cell applications and their conditions of preparation， prope耐白， and Fuel cell 
perfonnance have been published elsewhere[1，6]. Until know，出eys閃 mωbethe b白tmembran白
for low temperature ( I回sthan 120 UC) applications. However several reasons have induced the 
development of new membranes: i) the Per・fluorina旬dsulfonic acid Polymer Electrolyte (PSAPE) 
perfonnance is very limited if they are used in PEFC fed by a number fuels including reformed 
hydrogen with high CO content and light hydrocarbons (alcohol， natural gas， propane， etc. ); 
Accordingly， cell temperature operation at more than 150 oC is very inter回tingbecause at this range of 
temperatures， anode catalyst poisoning by CO is less important and the kineti岱 ofthe fuel oxidation 
will be improved and the efficiency of the cell be significantly enhanced. High temperature cell 

operation will contribute to reduce the complexity of the hydrocarbon fuel cell s戸tem; りthe
consideration of the environmental仕iendlinessproc白sesof materials may白vourthe utilisation of 
protona旬dra出erthan fluorinated membranes， in particular in the cぉeof mass production of 
membran回;iv) due to the high ∞st ofPSAPE indicated in the introduction， development of low ∞st 
high temperature pol戸前relectrolyte seems to be a prerequisite for the creation of∞st efficient and 
long time operating PEFC applications in both automotive and residential/stationary market; etc. 
Instead ofper-fluorinated ionomer membran白， several approach回訂ecurrently used ωdevelop new 
high temperatur白 PolymerElectrolytes: i) per・f1uorinatedinomer∞mposite membrane[7，8]; ii) 
partiall Y per・fluorinatedionomer membranes[9-11] ; iiりpartiallyperfluorinated ionomer composite 
membran白 iv)non-per-fluorinated ionomer membrane and[l]， v) non-per-fluorinated∞mposite 
membran白[1].As examples of current development， we have shown that: i) 
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Fig.2[7， 12] 
Potential-current polarisation curves ofH2/02 fuel 

celIs using NafionO 117 (thickn田s=180μm.and 

water uptake of30%)， NaSTA (thickness = 175μm 
and water uptake of 60%)， NaPT A (thickness = 
165μm. and water uptake of70%) and NaPMA 
(由ickn白s=160μm. and water uptake of95%). 
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Fig.3.V・1curves ofH2/02 PEFC[13] 
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theyexhibited a25 mV more improved over-vol旬ge由anthe COJT回pondingpure pt ca出odewhichr岱 ults
in a2% incr伺sein cell electrical e伍ciency.But ifwe consider s旬bilityand∞ste官民iiveissues their 
development for commercial systems should be Iimited. Approaches on the development of cathodes based 
on non-noble catalysts have been also introduced. They include Iighited ruthenium based chalcogenid缶
[15] and pyrol戸edFe porphyrins [16]， me匂1carbides [17]. Th回ecatalys包arel白sactive than Pt-alloy for 
O2 reduction. Some mixed catal戸包basedon pt・me旬1oxide are also under active development[18-23]. 
Th偲etyp回 ofcathodes訂einter白tingbecause they may contain five to ten times 1白snoble meta1切組Iys包
and their activiti白色rORRarebet句rthan either pt or伺 .chmetal oxide. 
Development of e自己ctivecatalys白色rORR is one ofthe key element which must pay particular attention 
ifwe want to move PEFC technology forward. Challenges are to look for catalysts which may have the 
following ch訂acteristi岱:i) allow O2 adsorption better th加Ptdue句 modifiedanion and water 
ad也s。叩tion町;iめiり)s臼ens凶si耐t“ivetωoele民ct仕ro∞ni山iceffe民ct;iii) exhibit a more fav刊ou町Jr油leinter-atomic distance白釦P町t-Pt;
i討v)have a prefe己er閃.右en凶1武ti凶alロγ予st凶alorien旬.tion;v)片exhibitimprovement in the stabilityωsintぽing;vi) exhibit 
increぉeof catalyst su由民間adue to surmωroughening after removal of some base atoms; vii) exhibit 
c御 lystαjS旬Ilit白 (2-4nm) smaller than in pure pt ( more than 6 nm). Accordingly fundamentally 
di偽rentapproach郎町er句uiredifwe wantto recoverthe maximum ofthe 300 -400 mV available at the 
cathode. One ofthe new approach白 couldbe the development s)'llergetic catalys包whichwill allow the 
elaboration of composi句伺旬l戸twhich more active than each ∞mponen包ofthecomposite material. As 
an example， specific activity (μA.cm-je.g.出ecurrent density at 900 mV of02 reduction in acid medium 
is iPt= 50μA.cm-

2; iH2W04= 1μA.cm・2and iPt-H2W04 = 1200μA.αn・2[19-25].Th缶er白ul包indicatethat the 
composite elec位。dePt・H2W04， is better catal戸tfor ORR than pt or H2W04• This concept can be 
supported by quantum-chemicalω.lculations of oxygen reduction energies on伺凶ys包surfaceusing ab 
initio simulation based on density functional theory and solid s旬給physics.This is important b∞ause it is 
now well now that the ox沼enadso中tionproc白s，and the first proωnn溜lSferst叩 tothe adsorbed oxygen 
are the determining step for ORR. The sequenωsucc白sionare not know but it has been sugge 

5.2) Anode ca組l戸t
The advantage ofthe anode reaction (H2=2W +2e-); V明=0.00 Vvs NHE) compared ωORR 
for PEFC application is the high activity ofPt・basedcatal戸包めrH2 oxidation (Io ~ 10・3A.αn-

2)

and their low activity for O2 reduction (Io< 1 0・7A.cm・2).At 80 oc ofMEA operation， it may have significant 
poisoning issu白紙theanodes. E伍cientcatalyst anode operate at potential less出an0.20 V vs RSH. At 
those potentials，出eeffective alloy element to pt w伺kensthe Pt-CO bond. The exact mechanism is not 
proposed here. Several Pt・allo戸 includingPtRu PtMo， PtSn， PtW， PtWox e釦.have been inv白tigated，b凶
exωpt PtRu， no stable anodes hぉ b関 nidentified for r伺 IPEFC.Theb田ttolerant anode for hydrogen 
containing CO is PtRu[14]. The most current approach on the anode development is on the improvement of 
catalyst of catalyst composition and preparation. Accordingly， it hぉbeenshown that: i) PtRu at the 
composition企omPto.sRUo，s句Pto.3RUo.7is the best anode to solve CO poisoning effect without any lost of 
activity because there is sufficient Ru incorporated in pt lattice and， ii) the preparation ofthin catalys包
layers (5・20μm)allow higher tolerance to CO. They can be made by using either伺ta1戸tloading of 40 
w仇 ptand 20 wt % Ru or high EI配trodePtsur歯切首伺withPtRu ink preparations. There is still a big 
challenge related to the development oflow Ioading of伺句1ys包釦dhigh e伍cientanode for refonned 
hydrogen fueI∞ntaining more than 100 ppm ofCO and for direct carbon compound Fuel Cells. The 
approach of synergetic materials could be an interesting ∞nceptfor 血edevelopment of effectiveω凶戸包
PEFC anode.百liscon閃ptωnbe supported by quantum-chemical calculations ofCO， H and OH 
adsorption ene喝ieson伺飽l戸臼sur危.ceusing ab initio simulation bぉedon density functional theory and 
solid鉱atephysics[27]. We have shown that PtSn and PtMo s戸t田nsare better CO oxidation s戸temsthan 
Pt-Ru system[28].For Pt-Ru systems， a pt over-lay，ぽenhanc回 thePt-Ru tolerance to CO oxidation. But 
attention may be paid relative to results based on simulation， because simulations involve a lot of 
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pr'Ocess， the ref'Ormed白elmust be 'passed thr'Ough a shift reactor and a catalytic pre伽ential'Oxidati'On 
(CPOX) react'Or. This reduces CO c'On旬ntin hydr'Ogen at less than 100 ppm in which must 島ed血es匂ck.
Accordingly， significant additi'Onal ∞stand∞mplexity 'Ofthe stack must be considered due 句 ref'Ormer
shift react'Or and CPOX react'Or. This complexity and∞st can be av'Oided by feeding directly the stack with 
Iight c1油'On-c'Omp'Ounds.Am'Ong the Iight carb'On-c'Omp'Ounds， methan'Ol is the m'Ost s加diedfor fuel CeII 
appIi伺ti'On.Very recent r，回ults[30]have sh'Own that p'Ower density 'Of200 mW  can be 'Obtained at 120 oC， 
using 0.5 M CH30H， cataI戸tl'Oading 'Of 3mg.Pt.cm・2at the cath'Ode with a 50% reducti'On 'Of methan'Ol 
cross-'Overthr'Ough Nafi'On 115 compared t'O 1M 'OfCH30H; butthe cr'Oss-over stiII exists. Even with this 
perf'Ormance， me由加'01白elstiIl exhibited week p'Oints which sh'Ould be組kenint'O acc'Ount bef'Ore mぉs
producti'On 'Of commerciaI Direct Me由an'OlPEFC produc包.S'Ome 'Ofthe methan'Ol Iimita1i'Ons訂e:i) 
handling related句 t'Oxicity; ii) an'Ode p'Ois'Oning related t'O the CO intermedi威信f'Ormedduring its 
'Oxidati'On path (s田 problem'OfCO p'Ois'Oning切組l戸包insecti'On 5.2); iii) cr'Oss-'Over thr'Ough membran回
which creat自由ecath'Ode dep'Olarisati'On. S'Ome 'Other light carb'On-c'Omp'Ound sh'Ould be deeply investigated 
beca凶 ethey have m'Ore str'Ong interesting p'Oints than me旬hn'Olf'Or PEFC appIicati'Ons. Few'Ofthem訂e
Iisted in table 1. 

Table 1 : S'Ome light carb'On comp'Ound fuels fOl・DirectPEFC and s'Ome properties 

Type 'OfFuel F'Ormula S'OlubiIity in Vap'Our p問団ureMelting p'Oint 

Methan'Ol CH30H 

Dimethylether 
(DME) (CH3)20) 
Me'血y1aI ( (CH30)2CH2) 

EthylaI (CH30)2(CH2)3 

1，3 -di'Ox'Olane C3民02
Trimeth'O巧met・
hane(T勘品。 (CH30)3CH2) 
Tri'Oxane CH20)3 
Ethan'Ol CH3CH20H 

water(250C， gII) (20 oC)， bar (m. p.)'Or b'OiIing 
p'Oint(b.pよOc

αコ 0.13 65 (b. p) 

78 5.2 -23 (b. p) 
33 0.44 42 (b. p) 

90 0.78 88 (b. p) 

∞ 75 (b. p) 

αコ 101 (b. p) 

αコ 64 (b. p) 

αコ 0.056 79 (b. p) . 
n is the number 'Of electr'Ons transfeπed by c'Omplete electro-'Oxidati'On 'Of 'One m'Olecule 

-n 

6 

12 
16 

28 

18 

20 

12 
12 

Dimethyleth町 (DME)(CH3)20)is an inter，白tingfuel because: i) it is 1白st'Oxic than Methan'Ol; ii) it has n'O 
C-C b'Onding and its∞mplete 'Oxidati'On t'O CO凶岱 12electr'Ons inst伺d'Of6 elec甘onsforme由加'01
c'Omple缶'Oxidati'Ont'O CO2; iii) it mass producti'On seems ωbe m'Ore p'Ossible; iv)社isp'O岱ible伺 ndidatet'O
replace di白el白elf'Or c'Ompressi'On-ignited engine and; v) the techn'Ol'Ogy 'Ofhandling and s句rageis
a1r伺dyavailable even its vap'Our prl偲sureis higher than methan'Ol. Recent preIiminary studies d'One 'On血e
Direct DME PEFC[32， 33] have sh'Own that: i) the cell p'Ower density is similar t'O me血an'Ol;ii) the cell 
to句le伍ciencyis better血anmethan'Ol and; iii) n'O 'Oxidati'On 'OfDME wぉ'Observedat白e伺th'Ode.
Thea∞taIS are methyla~ ethylaI and 1 ，3-di'Ox'Olane. The m'Olecularあrmula'OfmethylaI is (CH30)2CH2 and 
its 'Other s)11'Onyms are dimethyl 'Orth'Oformate， dimethoxymethane 'Or methylene dimethylether. The 
m'Olecular f'Ormular 'Of ethylaI is (CH30)2(CH~3 and its other s)11onyms are dieth'Oxymethane or 
diethylf'OrmaI. The m'Olecular formular of 1 ，3-di'Ox'Olane is (C3民02)and its '0出町s)11'Onymsare dihydro・
1，3-di'Ox'Ole， di'Oxacycl'Opentane， ethylene glyc'Ol f'OrmaIine， 'Or formaI glyc'Ol. S'Ome 'Other related白elsIike 
凶me由YI'Orth'Of'Ormate((CH30)3CH~)， syn'Onym 'Of仕ime白0勾methaneand tri'Oxane ((CH20)3) are aIs'O 
interesting due t'O the same raisons indica飽dab'Ove f'Or DME. 
Wehave白tabIisheda programme 'Of research 'On the development 'Of direct a回旬IsPEFC (DAPEFC) f'Or 
p'Ortable appIicati'On. The aim 'Ofthis programme is t'O look f'Or伺凶戸包andmembrane which may be v町y
suitable f'Or e伍cientDAPEFC. We studied the elec甘0・'Oxidati'On'Of acetals in a haI手cell'On vari'Ous an'Ode 
cataI戸包[34].The elec仕0・'Oxidati'On'Of acetaIs exhibited higher current density than methan'Ol 'Oxidati'On 
(Fig.6). Electr'O・'Oxidati'On'OfmethaI， ethylaI and 1，3-di'Ox'Olane has been perf'Ormed 'On vari'Ous comp'Osite 
electr'Od郎 andthe comparis'On 'Oftheir current density at 0.7 v'Olt is sh'Own in Fig. 7. As sh'Own， the highest 
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W鎚1.0Volt and the cu町田ltdensity at 0.40 Volt w笛 118mA.αn-2 at 950C. For fuel cells based on 

Nafion@ 117 membranes modified with sili∞tungstic acid and on Pt/cr03，血eopen-circuit voltage wぉ

0.98 Volt and the current density at 0.40 Volt wa 108 mA.cm・2while fuelωIls b錨edon non-modified 

Nafion⑧ 117 membranes e油ib詰ed釦 open-circuitvoltage of 0.8 Volt and血ec町rentdensity at 0.40 Volt 

W鎚 42mA.cm-2(Fig.lO). It was a1so shown白紙propanefuel cells using釦 odesb錨edon Pt-RulC anode 

(42mW.cm・2)exhibit a similar m鉱 imumpower density to that e油ibi凶 byfuelωIls baed on Pt-crOJC-

anode (46 mW.cm-2)， while DPFC using a PtlC・basedanode exhib恥dlower maximum power density (18 

mW.cm勺thanfuel cells based on出ePt-crOJC anωe(46mW.cm勺(fig.ll).
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8) Conclusion 

The current cost ( at 50 000 $ US/kW) ofPEFC stack technology for s旬tionaryor electrical vehicle 
application is not favourable for commercialisation. Several issues are responsible for由ishigh cost.官m
first consider抵ionis the materials cost (ω匂l戸包，membranes， bipolar plat白).It seerns血atthe pt loading 
used in the 調印-0ιthe-art旬chnologydoes not a1low significant reduction ofthe catal戸t∞stin the stack. 
With about 10 g ofPt per kW， the problerns ofplatinum for PEFC applications seem to be relatedω: i) the 
intrinsic cost and/or availability ofthe platinum me匂1;ii) the Iimited performance ofPt for oxygen 
reduction and/or iii) the non-optimisation ofthe catalyst utilisation. This optimisation can be achieved by 

making very thin catalyst layer (1白sthan 50μm) on the ca飽lystsupport. Even with this further 
optimisation， new catalyst development is one of the keyelement for performance enhancement and∞st 
cut. High旬mperatur白 newlow ∞st ionomer po伽nerelectrolyte and/or ∞mpositepo切nerelectroly崎町e
the key factors for breakthrough in membrane cost and inぽ伺却はackperformances. Even with moulded 
method offabrication， graphite bipolar plate would not allow signi目白ntbr伺kthroughin the ∞st 
reduction ofthe plates. Accordinglぁdevelopmentofnew bipolar pla缶s( Iight metaI alloys， metal or∞ated 
metals， composite， etc. ) is necessary. The se∞nd issue is the absence of automation of components and 
stack fabrication. Cost reduction related to mass production will be achieved if appropriate卸旬mation
S戸旬mforthe ∞mponen包andstack are developed. The third issue is relatedぬtheimprovement ofthe 
stack performance ( new ox沼encatalysts， high旬mperatureelectro砂防，etc.) durめi1ity，reliめil勾~while 
maintaining high power density and specific energy density. These issu回 arethe key pat溜netersto be 
improved for low cost mass production PEFC stacks. We may have some dr伺rns:i) Find an available and 
low-cost non-noble metal catalyst which is very e館cientfor oxygen and hydrogen reactions in PEFC 
operating conditions at旬mper机汀白higher由an150 oC.; ii) Find a low ∞st high tempera知r笛 proton
electrolyte which may perform well in such conditions; iii) Find a conducting， low ∞st and Iight material 
for bipolar and end plat回 applications.Th白edreams may keep us very active be白山eifwe wantto 
achieve mぉsproduction of market PEFC products， we must reduce the stack cost and improve its 
performance， durability and reliability. To achieve this goal the development ofNew Materials is the key 
ぬcωrtomeet th 
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