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F1E FiR

1. 1 [XC®IZ

[E A o F TR B L &2 B BV B AR & L TR L7256, EITRRIZ CO
RRGGE & — O LW Z L b, B bE2 1T T &3 5 fERBR BT D
fRICF ST DR ZMO TEY, AEEEANLEEN TS, LavL, FHEER
(ZER SN D KOERIITREN RSN TR Y, K2 MPL 28KEBICHE 5 & E
[COWTIERIEA R RN RSN TWD. £ 2T, AUE TR EE(RE &
AAT T T, BN B D A ROK A IR & EARBIEE T 5 FiE 2 ML L, MPL
N ORI 2 A9 5 2 L 2 AT, AETIE, EFERZIAMET 5 #HiERER TR
RIS T DR O —o L LT, iR FIRRBELOA LR~ & &b
(2, ARWFFRICEET 256 E A £ L DD 2 L TARIUMGEDE ;& B A &M T
2.

1. 2 FRAROER
1. 2.1 #BREREEREER

Rz 3 5iRERIE

18 AL FE I AV To 7R MBI, FRMESE O T AL SOAR R E A I LD L35
BEIFEOEFZEE, hxo NEOXHPKELREERNIZM LxE. £72, Uy
MZ &> T B SN AKHEB O KX, KRR B A RSO TRV X —ROEE
2L, BRI LF—Emrli T —KNE o7, 2O F—HEmPliE,
B oA L & HITHKRN B A E =2V F—JH ORI T Oz, 4 HIZ
BLHETANEOHEBIIMAREHI L > TH AN TS, £O—FT, {LABRE
DR ETHE ITHIERBREE kR 2 7oA I S 2 LT D . (b iRBHI B L -
TEFBRILY(NOX), WiEREEY(SOX), —F{bFE(COy)7e &2 RAE ST LN,



NOx, SOx iF K& &#{H% L, COy L, WERAT AL L CRERbZ5 23—
K& 70 b, RrlZ, HIERERALIZHERFIBE O SELEE 2 B AN H D Z &b,
TRRRALS RIS I RS E OB Y $AA N R K TH DA, WELFES 2 OHIEITHA
EORFHIRE L LBEBICERT 5720, FEOREADBZHDORNOBEURTH
L. LInUL7enn s, W15 HERS(OECD) N 2015 4= 10 Al E LD -HEET
1%, FEOIRENFREAT AOHIMBLENT X TERINTZE LTH, 2040 FFE 2 A
(IH 7 CAEBTEDIZRIR L5 2 °C LI (PE 35 Al o K & Hilk) o HAZ % i
ZTCLEIEDORGZRLTWAY, HERZIEFICYAL TR, EEHEH X
PEHHIBUZ T 7o — @58 /1 7t SRR R Th 5.

HIERIRIZAL XK & U CBIE, KFBOFHANEEZEDTND. KFEELZRLF
—IRE LTI A T%E, RILKFBLAMZOL R 2 EOBFAERRET R LY —2 5T
ZRRTE— IR RN X =B HETE 2 80, FIHARFCIREDR T A ZHEH L2,
EWVo RSN DD, Fio, HAFRET RLE —OKFHE AL HEEO
WIRFEEE LT, REIENEZKBICEBR L TIPRT DI LA THL Z D,
KFZBEFH LGNV T =V AT LML ST D Z RN TEL, LaBREHIK
FLRWEHEATRE Rt 2 v AT LOEBLN AR L 72 5. IAETIE, 2014 44 A
IZPREIRE SN = R VX — ARG HEIZ B W T, HIEKIERR LR, = x % —fk
fa DL EMEMEIR 72 & OFRE ORI M, KFBZTEMT 5 DKFEE] OEBE
BisTZ enmanTins®@,

PR B th DL E

FERDAKFEAHRICBNT, EHZED T DB ENREER TH 5. REHE
L, BERALFONNT Ko TKFEBBEDFOMFoRLF—2EEBEIT L
X—ICEWT 5. 2O, BRTR/AFX—LIMNTITK EB LU EEHET, FER
27 V=V RRIEENAIRBTH D, £z, 1EROIAREHI L5 EFHIETIE, &
REFAX—Z2 W) BT R X — 2 ERERTH 2 L3 T& 7, £t
BANAECTLE N, BREEMTIE RO L) ICEEER=XNVFT—255 2
EMTE D70, Hmh=RIL80%EB2 5. WREE LR ULFEMTH 5K
B —IREM L D & AEFERIGZ L > TERZ AL T RITFERETH 5 73,
PRBFEMI IS E Z M8 LT DRV EAICHET L2 2 LN AETH D.

PREFEM B RO IT < Z oI 19 HidE TINDIEH 08, KR




TEBIRE DA E S T2 DI 20 AL O ZAH L ST 5O, & 2 it K% 05
HEAROWEDOEHEVIZL > T, BRT LT —LKERFFHIMGETE L AT

LAFFEHAOERE LTI TH 72 L6, BREFEMITEREZED L Z &
2725, 1965 4E (21X, 7 AU DY = I =5 5T General Electric Company H4 o [
1K 5y T2k E Hh(Polymer electrolyte fuel cell, PEFC) 23 &# S 41, BREMEM O E
AR ER LD, 20, 7 AV ILARICBNTE 11 IR T SHEREED
PR O FEBRSE DN R £ o T2
BirE s FRBHEMOBE & ERIEORR

PREEE ML — XA B E OBV L > THEENTEY, PEFCIEA A&
Pali 2 BEARE & T A RBEM TH 5. PEFC [T OBREIEMIZHE~% &, EE)E
MR g/ N TH D726, HEVHEHER S EE M B TOFRA IR ST
Wb, T, WEEITOLERSDLOD, HWAKFBLIMIG KRBT ALA X ) —
IV, AIRH AR EDRALKBZBELE LTHWD Z ENARETHD. 20 LI,
PEFC 3247 =R VX —Hn D7 V=V BN EARMT ZENTE LD

Table 1-1 Comparison of various kinds of fuel cells.

Polymer

Phosphoric

Molten

Electrolyte ?Ji?g?l Acid Fuel Carbonate Sill:(il%zﬁe
Fuel Cell Cell Fuel Cell
Hydrogen Hydrogen
Fuel Hydrogen Hydrogen Hydrogen Carbon Carbon
Monoxide Monoxide
lon Exchange Phosphoric .
Electrolyte Membrane KOH Acid Li,CO; K,CO;  ZrO,+Y,0,
Operating 20~120°C 50~200C  190~220C  600~700°C 1000°C
temperature
Power
generation 33744 % 70 % 39~46 % 44~66 % 44~72 %
efficiency
Charge H* OH~ H* €042~ 02~
carrier
. CHP,
Main use Automobile, Spaceshi Medium ll\gfdeuir:aloer Portable
Micro CHP P P scale CHP gCHP power

supply




HIERIRIZAL R ROGI D FLE R VG D BLRT A A TH D.

PEFC O FH{LIZBI L TiX, 2015 4 10 A BE, HBETIEREH =2 =k L —
arvvAT A [Zx Ty —h) X3 X A EKEASH L 0 AR EM B B
TMIRAI RERFE SN TWD. =R 7 7 — A%, BoBHE S b HEE 32 (FCCI)
WEDEFER A 2R — g VYV AT ADOFE—4FT, 2015 FEHEIL 3V
= 7 RASt, RASHRFRET, Rlatth — Uy nfiE L Tnd. A—

—IZ X o THARICE T OENRH D03, #HiAT AL LP A, STl %2 /KKK
BLTKREEVEL, ERTOBELNEIEHLZETRELTVNDS. EET
AUTEUIRBEGICRIA LT\, X, sEH ) 700 W RREE, #4477 1000 W
BEOLDONRLL, KT ARASHORFIZINE, =7 7 — 0B ANTHE
M D 4 BIREEZHITE 5 L0 o0 F70, #MH R L KE S ATHE 2
WHETH D Z ERIHETZD, 2012 LRI IRGE S e — R CITEERF T H %
BCEOHREEALTRY, KEROEFHERSE LToRE b HFITWD.
TR 77— AT 2009 FEDOFRFRIENS 6 EXFBLTEY, =7 7 —L/3—
F =Tk D & 2014 FOR R TREHREEHIT 10 T RIZEL TRV, 2015 4
(CRFHRTE AT 15 HRICET D & RiAEh T 5O,

MIRAI (% 2 &% BB BRSNS 4028 2014 45 12 A IZERGE L 728 6HE #h B B 5 (Fuel
cell vehicle, FCV)T, HATIRWIOEEM FCV TH 5. B & 725 /L1 370
Y E ALy 7L TEY, EEtiT 114 kW 258950, 70 MPa T/k#E %
fifs L7256, 650km DEITHRFRET, BB R 3 HRETKR T T 2.
VAT ATINBERIIER L TR 5T, BETELAKEZHWTH IR T 5N
BRI RERHA LT D, £, T A0S, KRN 7F v 2L
HEE 1—1 O Fa ZEBIER 3D 7 7 A A v 2 kg L RS E RO
FHEE(R 1—-1 A2 EMT5 2 & THAMEZ A ESETWS. ZoMich
T APEEES T 7 N AREM O B X0 RFE DX 3.1 KW/L I8 L, [k
ﬁnm&$mﬁ%btx&y7#E22%&@&ﬁ%ﬁﬁﬁibfmé®.ba&
HEhHERASHIC L D &,20154F3 A RE TOZERENL 2500 AIZELTEY,
mmﬁfiﬂmﬁﬁrmﬁﬁéﬁﬁﬁ%mﬂ&ijﬂmaﬁifﬁméﬁé &
ERELTHEO. ok Hic, BARENTIE PEFC ZHIH L7 fgs0 i K AsD
LI OTIRHIBHEALTND.



\N ed by tad wnter Generated water 1s taken up quickly by the 5D fine-mesh flow Seld.
N 1 '
=, - » ?

Wide ribs in flow field
(Much generated water under the ribe)
Narmw ribsin flow field
(Lawss generated water under the ribs)

he electrode contact area is small to prevent

0‘ dispersionis not good,
accumulated water from inhibiting O, diffusion.

espedally under the nbs.

Cell pitch 1.68

Figure 1-1  Structure of the 3D fine-mesh flow field ©.

1. 2. 2 BEFEESFRANEMOME L BERE

PEFC O Eh{EIREE
PEFC DIEENFFL A2 K LXK A2 K 1—2 (Z7F. PEFC I, BREIOKE) &R
LAI(FBR) 2 BREHBR(T 2 — R), BEFEMm( Y — RIcEhEhfa L, Th b &K
JIESEDHETHRET D, T/ — R e EnkEE, KA-DITRT o1
7/ — Rt (Catalyst layer, CLIIZB W T 7' b L EFICERET .

H, = 2H* + 2e~ (1—1)
KFA A 13 m 5 5 (Polymer electrolyte membrane, PEM)Z i@ > T Y — K~ &
BEhL, EFII/NEREIE A @S Th Y — RICBET 5. 2oL X, PEM KD %
BATWIRNE BRIFICKFBA T 2EET HZ LM TERY. 20D, BAIF7R
FEEMREZ BT 270121 PEM ZREICROZEVPUETH L. Y — T
L, 7/ —REOBEILTETAKRFA T EETD, Y — R Lotk
7-lRFE & CL N TRUE LAKDBAER S NS ((1—2)).

~0, +2H* + 2™ > Hy0 (1—2)
PEFC TIEZOMBOIEN HEBERTFNVFX—%155. ZO(LFEZ LT =5
BRIV F—Z2 R BT UGSE B FIZHE SN TE X D, PEFC (HEFRISIC
BFAXTAOABMTANFE —DOEE, BERZRVXF—ICEHRLTND. £7
XD BB F L F—G [KImol[iL TENREEDEIZ LV AU DEFA B\ LT,
AR L T TE DR NAF—] LERIN, KAL) TREEINS.




Cathode

Separator GDL MPLCL PEM CL MPL GDL Separator

Figure 1-2  Principle of the PEFC power generation.

G=H-TS 1—3)
ZZT, Hk/molliZ=> Z b —, S[kimolKliZ—> heb—Z2FKLTW5S. £
7o, BEMSISZBW TE— RIS, U E-> TBEIT %% %% n (PEFC Tt
2), RRFEIMOEES E[VIET 5 ER(L— 4L 500

AG = —nFE (1—4)
T/, BEhR g [JIZAH OB LT AG DfEFIcHs0T, X1-3 FHW
HEeAXA-b)TEREND.

— 46 _ TS (1—5)
AH AH
25°C, 1 atm OFEAEIRAEIZIS\VNT, AG 1%-237 kd/mol, AH (%-286 kl/mol (HHV)T
bHZ M, K(1—4), 1—5%2H\\5Z LT, PEFC OHEGHELEIX 1.23V,
HERIHEIL 83 koD ENTES., L, PEFC ZEBICFEEI S D &,
B RERTAELLZBMETEICL > THOLNLEFITEREEN L VK25, K
1-3 12— xm97e 1 - V OB K 2R L, WEEIC L 2 EERE T IZ OV TER

+%. PEFC TliE, LD 3FEOMEILENZET 55,



Hy(9) + 1/, 02(9)

woas| -
TP
AH= —286 [k] /mol] D
>
H
e
IR B
AG®= —273 [k] /mol]
__
________ v

100D & B [Alem?]
Figure 1-3 Polarization curve of the PEFC.
- EM LR EE - EMRERE TOESIFERISIZBNT, 7k??%ﬁ§??%ﬁb@%ﬁ§ﬂz
THIOICEBENO—HEH WD Z & TAELLIH
- PUREE AT RO T a b ARG R k%@iﬁuu@ﬂ?h?ﬁﬁ
ERT S, A—LDMEANIHE D Teb A — LB L BTN D.
CREWELE EREmEICKT 5EXETFRISICRE W T, nE Th HKFHE
CEFEORBIZEI VAT L2EEE. ERKREIS 78S S
RN EITEKT S ARUKPEUICERES RN & T, K
SV E DN BRI ISR SRS & TAEL D.
PEFC D#8 R
PEFC DOREAMRIX, K 1—4 (27T & 5 IZEIKE 7 F 15 (Polymer electrolyte
membrane, PEM)Z .0 & L7-FEEHEE & 70> TW D, PEM O AN 13 il 1 e
(Catalyst layer, CL)23 847 & 41Tk Y, PEM & CL 75:/\20@71%0)755%?%): ER AT
(Catalyst coated membrane, CCM) & FE5S. PEM (21, BIFET IoN—Tnunj—
R ANT x EEPFSA) S HWH L TE Y, E. I du Pont de Nemours and



Separator PEM GDL

Gas flow channel

Separator // /Land

MPL CL

Figure 1-4 Configuration of the PEFC.

Company @ Nafion 23X TH 523, HAE RSO Flemion 72 & H AR{EZED
R LIZ@ma TR AL TWS. PEMIZT / — RTEHEL7Z 7w b a2 Y
— F~BE# S E2&E 2RO, £, Lo 2 & TEF Oz <1Eh,
BOGH ARG L TEERCT 5 2 L2 <& bE-D. CL X, AN #HES
NI — R kLT & @ FREEDIREM TR SN D ZUE/E T, CL NTIX

Tr7a A v— NNEaTEREIZEDIV I — R OEER)D L CTFEEL T
WHEZEZ LTS, CCM OAMANZIE, #APLEE (Gas diffusion layer, GDL)
DLE LTV 5. GDL OFEMITIE, HIZH—R o ==l —R 7 v 203 H
WwWhivd. GDL iﬁmﬁX%Tﬁﬁﬁéﬁ‘( CLIZH)—IZHAGT 2720 DM TH
W, CL & GDL OAMANCALET BB L — X DELKAFHE b TS, £72,
JEFE THE 7oK Z RN HI R S E2%&E b RF>. CCM &9 %5 GDL @ Al

I%, M2 FLE JE (Micro porous layer, MPL) 234 S LT 5. MPL O EHZ I

FIZH =Ry X —L R U T hT 74 rxF L (Polytetrafluoroethylene,
PTFE)2S W6 TE Y, GDL £V bl 2L fLEJE 2 5. MPLICIE, Bk
KPEBED A L, CCM Dfri#, ZEMIRHLOKNR: EOMEN D H Z L1 HlE S
TW5. GDL BEOMPL OEREIZES L CIXREI T34 5. CCM & GDL(MPL
G~ L7zb 0%, FEEMBEA R (Membrane electrode assembly, MEA) & I
5. MEA (Z—xfOB AN —2 THRENTEY, BN —ZITIEUOST A Z i



THEOOFT ¥ RNV EEBEITH> 7 KRHDH. PEM 2Lt L, CL, GDL,
TR —F FE TOWMAE BV EFEDY, PEFC OR/MERRBENMN TH 5. RIfi TR L
72X 91, PEFC eV OHGRIEE L 123V LW, EEOFEHARIXEL
ZEINCFERE L CHAOBEBEZEO TS, ZNEAY v 7 LS,

1. 2. 3 HRELHES &ML OHE

H AYLHE (Gas diffusion layer, GDL)i%, CL & /8L — X DFESBIFEA L LN
YWEBER W CEERKEZH S ZHEE THSH. —kAY72 PEFC M@ GDL 121
IRFEREHED A & L TR BN, ZhucgekitEom L4 BB & LT PTFE F O #
KPEDRE %GR SE D AN, GDL IT/KFZRWEHE R EDORIGH A% CL ~
BJ—I1Zfa 3 21E0y, FRCRIS TER SN KO Akt s¥ 5.  V— R CL
THARR SN AKITERE LA L THENT 52 &0, SEREEETIIELY
%< DEFRKBENVNICHET D, WBRICARRKDS B LNIZHE T 2 & 6T A
DN HE~DORAGBPLE SN D728, mE e I CIEROG S R 72 523,
GDL #f¥ % Z & T, #MetEIE DL FUEE S T A & BOSH BRI S & 5
ZEDAREE 2 D.

MPL(Micro porous layer)i% GDL ® i flillZ &4 ST\ 5 ZfLUEfE T, S OfiH
& LT, %< @ GDLIZIE MPL 23845 4L T 5. MPL X, FFIC &bt
RIS R A RET D, Bl X 512, BENIER GBS EEERNICIZIZ &
DKPERSND A, MPL ZHWD Z & TEAOHEKIEREN M L, SEREE
WICBWTCHERRBOBENIREL D 2 XML TWS. Lo, MPL O
ANZ K DMERER B A = X AFFERITIIH 6T o T 0.

PRI (SEM) THUS L 7= —#% )72 GDL B8 X O MPL o Fm i & LT, SGL
Technologies GmbH(SGL)#. ¢ SIGRACET®GDL 24BC D £2 {4 % [X 1—5 (2~
F7o, #£1-212 PEFC O ILEE O IEAR 221k % £ L w51, SGL24BC O
GDL J& =134 250 um C, 5wt%® PTFE A &R SN TW5. K1-5@%kY, ®
FHRHEDSFE B > THERR S LD GDL OB E N BlEiT& 5. £7-, PTFE 73
M 2 T A Te K 9120 LCHB Y, PTFE 1% GDL (KM &2 54 5721 T
1372<, GDL OMEEHEZMMRT 2RN H D5 2 LR TE 5. GDL DZE4L

S



(a) GDL surface (b) MPL surface
Figure 1-5 SEM images of the GDL and MPL surfaces.

Table 1-2  Structural parameters for the porous layers in the PEFC (12).

CL MPL GDL
Porosity 20~30 % ~50% 70~90%
Mean Pore Radius ~0.05um ~0.5um ~10pm
Thickness 10~50um 10~100um 200~400um

X, K&E72HDOTZEALEN 100 pm B2 2L LKNOBIETE 5. £, B
EHANHEEDOEANHFEEL TND I ENRGICBIETEHZ &0 D, GDL X
BWEREZGLTCND 2 ENbD. —FH T, MPL I GDL £ i d
% L RO MR D 72 Vg R E 2 TR L TV % (X 1—5(b)). GDL i & (38
720 MPL OZEfLEZX N BEET D Z L13# L <, GDL ICHAIEFIC/HNERZE4L
T MPL ML ESIVTWD Z E N ERTE S, F£72, MPL REIZITEH D7 T v
IRFELTND I ERNHRTE 5. Hizir 52k sL, 75 v 271%, 1§ 60um
BEDOZ 7y 7006100 ym A —X—0OBE K7 7 v 7 £ T, MPLEIE D 3.4 %
BEICABRANCOMT 2 L5 TWnd. 77 vy 7 OESE, & KT MPL JEX
CRSORS ERDZERHEEINTND. 1-5b0) THRTEXD7 7 v/
100 um LA EOBE CTHEAE L CTE Y, Hizir H OBIEER L REEOEmZ2 7R LT\ 5.

_10-



1. 2. 4 BFEFFRAHELORBERICAITI-RE

K%Ti FCV %5l PEFC DAKE M K AZ A 7= iR E & fifgai 9~ 5. PEFC D

IR & BB A B D & < REMZNZICHEENE STV D, R ilo
A & LT, =2 2 MERL AT Lo/, iAYER B ERET B 503,
a2 M ORBIIFHCEZELRRETH 5. AR O MIRAI O5E, Hmflitsix 723
TR ERZ T ADHEBEICEREFET, 7V — 30X — [ B B AL %)
REMP &R FEEBBGNC X2 A E X THRZ 7 AOMEFE L A T
X D TIE ARV, 2T BECHO TV D AN K& ARER L2 > TV D,
2008 O [ESLAFFEBA S IE N HT = R L — - FEEFITR A B SRS (NEDO) D 1 7
[Z XX, FCVL BIC B A4 1T 80 kKW O /NMilEL 7 5 2T 32 g, 150 kW D
R 7 5 2T 60(g, 250 kW D KRHE Y 5 2T 150g L ETH 5 L ShnTnpM,
2015 4F-0 [ Ak 1 1 g 2472 Y 4000 FI75> 5 5000 FIFLEE THERS L TV 2 W) = L /s
5, ¢m$772fiéékff30ﬁH%@zxkﬂ%$#é.MmArmi
FefffoEARIC X0 QAR IR U3 IEBL TW 588 oo, ﬁ&ﬁ%:
i%ﬁ<ﬁ%ﬁﬂ@tbﬁﬁé&m$ﬁﬁzgf%é RRFE 2 B Y &< B
ICHESNREE LT, A7 7BEIEINTWD .ba&ﬁ%ﬁ%ﬁéﬁ
DI X D &, 2015 49 HBUE CTRENCHPI P EDEH AR AT — 3 O
1 81 AT T AEIC 5 HHEEL HHH Y VALY REHAD L EHERICD
. FT, KREBGDOKEBAT— a N ZRETHEICET T 5720, KEBEAT
— a3 UBMFE LR VWHE S 2 < FCV RO &> TWD . RIFFEFEA N
2014 R\ L D F L b7z KSR - RBIEMEIE n — P~ v 7] TlE, KEXAT—V
a v OFNFEHERD FCV O & A7 & 3K EF I BLE & ek o3 & %
RESEL L RAENTEY), 2EELMTOKRFZEAT — 3 » OFE AR
PEEND.

ZDXHIZ, PEFC O RITIIKIRE L THE L OFENE SN TWVDH A, K
WFZE CTILHFIC PEFC DK EHRE /) DR i kX 2@ b2 B8 L T, MPL 12
MEYCTTHERITo72. M1—61XFCVICBIT D AKX v 7 a2 FDOBIROHNGR
ROAFZ RO LAHRE R L TOEW. KT, N A% v 71505 a Ak
DEGITBR TIE S F A BA TWDH, FRMICII3FTFETI/RNL TS, =

-11-
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Figure 1-6  Cost breakdown of the PEFC system and stack ®©.

i, AE&ZHAVIBERE A N Th D72, FHAMICHEE 2 2 MUEO 729
DOEMBARNED I, AX v 7ICHEDDa X NOEIENRIFRRE BT 5
DETFRIND. —HT, a2 ORI, IEHEST A v MEIZD
WTITHHRBIZ A X v 712 HO D2 A NOFEIGR ER L TWDZ e, B
2Ly 7 AX MEBDOTZDIZIZZ NS O3 2 MEBIZENT20ERND D
EERD. FFIZ MPL 1%, BELANOKSEBICZ KB4 5%2%5—) T, MPL
MK EBENZ LD LA LEEEDNEREHESNICTRS TR, 7T v
T4 TR EZITI U E T HKRGEBEOM EICXY BELHTZ 0 ORERE
TR ETIIE, A% v 7 R T 5B ABEE S5 2 ENAREERD, R
Yy ax s OERBICEBRTE 572, MPL O /Klis AR MRIH & K& HRE I
M EiZa 2 MEROBLENO AR TH D, R &bk~ RSO A ER
S PEFC OARREME R 2 H%IFL L, OV TR OKFES O FHL & HIERERE(L O
PN BER D EBEZDHND.
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1. 3 E{THARDEIR

ARETTIE, B/VNKEEHRRIZEBIT 5 MPL O% 5 2 R 7 efTif%E % TRLo 4
DOBLRIZ T TR T 5. £72, EATHROSHA S MPL & KEEEDHFZEIZ
BWTEDL I 7HANMELE SN TWANEHT 5.

MPL AS/kEXIC 5 X S8

BN OKEERE /1) EIZ MPL 3% 595 2 & 27”2 L72AF2E1%, 1990 44X
BANPDREFR SN TN AL 19095 42 Wilson 5 723%63% L 7= SCHkiZ MPL #F%8
DEANZ D72 2 KT, EARDOREL D 1 —R U ZAEEMPL & ITFERRS 1L
TRV Z AW TREMREZ B L T 5™, Wilson b2k 5 &, RMEEET
%, CL LT HZAEROEARDRELS RDICONIEENRENMET 52 &
DHESINTEY, ZBHAENPRELRDLTET, ZHEREE CL OREIT/FET
DT RE L, BEOMMKEZAET S LR LTS, Ei, RN CElR
T DBREA Y — NI 2 LVEBOM 5B ULETH D Lim LT 5. 1998 FFiT
Passalacqua © 23 %83k L7 3CHk S MPL IS IC 31 2 91 o4 %8¢, GDL & CL @
FHCBKWLER Z e L=l — R @2 AT 5 2 & C, FrlCmEREERICE TS
FBMRENH LT 252 A2 RLTVAEHA, ZoOXE TS MPL &0 5 FEFRIZ AV
HITWRWA, I —REIX A —AR 77 v 7 (Vulcan XC-72)I1Z 40 wt% > PTFE
M Z L CTIER SN TERY, BREDOBUKE MPL S1RIER — DR TH S.
Passalacqua H I FE 7z, I—ARrEEHkieZ & ThH Y — NUIDAERKZ S L TH
BIEREA T LEHD Z LA MR L TWA®, 2%, Bix 2230k L > T, MPL
DA X 2K EBRR IO L& ZDBERNBER, v Iab—Ta WO
SDRmLHNTEY, BEOTERDY MPL 1XARKE SN SBRET D Z &
THEAMEREZ & o, KOBEBRE N Z2m LS5 LR LT s®E@D weber & &
Pasaogullari ©1%, MPL 237 YV — R T / — NMUl~O KON Z IS E 5
2T, #Y— Nl GDL Z @i 2K EEZ KBS TS LHm LT @),
Gostick 5 & Lu B, MPL ® 7 J v 7 EKIRIE & 72V GDL N OR/K i %
Wb S5 & EEL TS @) Owejan 513 MPL N D /KRS S 2 5 Dl
JEHOO MPL % W72 PEREFERSIZ 2 0§, MPL I GDL INOiR/K A CL 21 (R
ERKT DL 2B L RBLTWA®, Fi, b Y — FIEEERN OfMASE
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ABLZ L > THESINLD MPL WA BT 5 AKX OEERR S 2 i1, 8% OfElx
FHEZBONTIERBREER TH > THKERT 7 v 7 ABERKE +7512BR
ETEHILEETFRLTNS.
MPL/CL REDHZ RN REMREICS X 2BE

MPL O#&ENZBE T 2R T 5224, 7Y — Nl MPL & CL [ S
E IR MERER K OUKGEBEE ST DM EIZBIfR L T\ 5 & L TR O STk
THEESND X917 - -0 @6 Hizir 5% Kalidindi 513%% ¥ — F MPL/CL
RN AAET D HBRSEK OB GET & 725 Z & T, CL RE~DOMBBE MG EN
S5 L FELTHEE ) Hizir 513 EE & SEM 2 VT MPL B LW
CL OREFKRAZFHIL TEY, MFOHIDFREORBR AL L T\ 5 &
LTWa®) Kalidindi 51333 2 L—3 3 0k v, REIIAET 2 BBk K
OWEZS TR T2 LT, REICHEN R WEGEEITH A~ L RAEREE 4
BFESEDERBLTWE®, Zenyuk 51%, 7 T v 712 K 5 AR — 722 i o4
(TR 2 BINESE 5 e L TnD®) E7-, Zenyuk HIFERE S I 21—
Ya sk, MPLORERIR (77 v 7 g, BEBIOREM ) 283 EMERER
IZH-2 D22 R L TEBY, FlEOBEKEDNRIICERET S Z & THREMEN
) B9 2% &R LT 50 Bajpai 5, Swamy H133 I 2 L—3 3 2 kY Rd
DEMHERHPE, WEEERELZ T ) G Bajpai 51, FmElREIT
F—2HBICEEER T A SR I L, MERNEKTHZ SN D L lmEEOHEK
ICEPEER T2 IT L E2RTRLTVA®, sSwamy B, V7 Fx 31
IS T EDOZRIC LY F v /L T OEMIEHIN ) 7 T OBmMIEIT L D &<
RBHZEEHRELTHE®. L, FREOMENLLIZTYIal—Ta itk
HHOT, FEmOM & AKDEERE S ORR A, FEMRE LSS m T s DKy
@ a7 PIC L D EBRIISHRGE L 7oF 2R3 72 <, B2 D FEBRIRRGEDS &6 5
Ths.

WPL BN A R EMREICEZ HE

A& EAERROBURNSIER 28D 5 —H T, 1ERIZBKETH >72 MPL (2
BUKMEM B Z WD Z & TEIRE, [RBEELLO5EM4TH AR L2
BLLIZLE WO MENRNL SOOI L —F L0 2 ESnTna 6 MpL o Bl
HRAEFEZIE I NV—TFI L > TR DN, EO 7 NV—THHUKM MPL 2w
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HERERDOBKM MPL Z WL X0 HRENRM ET D EHEL TV,
Tanuma SIET A A/ ~—IZ X > THAKLE L= —HR 7 7 A4 "—Z HWTHL
KM MPL ZERLL, &AM EE SR W THEUKME MPL IEERK M MPL & FH W
5 E0 b EOREEMEEZ TS L@t LT ) wang & i3l o B
% 2 T D RFERL T2 VTR DO ¥ 5 MPL 2 8/FR L, MPL OiFiu ik
E v APERED AR 2 TV 5 Schweiss H1%, 7®FL 7T v 2 L PTFE
THERR S LD BRKME MPL IZBUKMEDO T VY r— MNMBHEEZIRAT HZ LT
MPL Z#K(L L, KM MPL 28 RSB D b ARO[ EICH 535
L EHELTWSE) Hirakata 13 MPL & GDL ORIZ#KME % FLUE & % Bl i
L TR Z B L, WiREEERSE IRV TS LB E A K &2 ]I 5
Z L TCL2 D GDL~DKEE 2R L TR AR ESE D EHEL T D
() Kitahara & & F.< 7> B2 EH KM MPL ZBA% L TR Y, FAKME MPL 2484
LviEEminie, IRt e BICHEMERNM ET 22 2R LTWD
NN NS DHFFEDIFE L A L BRFEBIEGERBRIC L 5 B APERE D Hlg THUKME
MPL OENLMEZ FR L TWD—F T, MPL OBIKIIZ X 23BN _EO K
FA LN >TELT, BROIMEENRD LN TN D.

IV RKEERROTARILICEET 8%

S OB MPL ORI DS KR 5 2 5 58 % SIS mm 3 2 72 DI2IT,
MPL T 31T B KEEBR G O il AL N EHEIZ 72 5 . B /LN O A RRKBEH 288 D
AR, BRI E L L CCD I A T 72 & T2 ety F it 890 X
Mo P E T 2 R U a0 G5 i T b 5. R RIRIE, IS F
Y RVNIZ I T 2 A T OBEKZF B 2 8152 LT-FE3 2 <, Yang 1%, %
T E W In-situ BlZ212 L W GDL 725 F v RV DS PEH S D8R T-X0,
F ¥ FOVNICHEH S N2 IE SIS R R T 287 2828 L T 5. Nishida
S, KRB Z ELVNICHEAT D 2 & CRFERF ORI EBELTND
U9 BUFAREFENE, MEA KBNS % TIE S F OB A b Al k4% =
EMMARETH D, Sasabe H=<° Deevanhxay 512X D HR LEKFED 7 L —TIT,
WMXMRT AT T 7 0 2HNDZ T MPLERIZEBIT 2 A K PEH @ In-situ ]
SRR LT 50U sasabe Hic kB &, MPL 249 % 2 & T GDL NDiEAK
WRNME SN 2 L2 ESHFROBRAKSABELY 7R L Tk,
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Deevanhxay & (XK BFEIZMPL D7 Z v 7 il -> T GDLNIZHESIND Z & %28
BHERNL R L TNDE®, Lee b3 v ru hnr XTI OF T 7 0 20
% Z & TRV A & Ak L, MPL 242 Z & T MPL/ICL Rimicii) 5
WoKERB 2T 5 2 & 2R LTnb®) —J T, Hartnig iZs > 7w hr o X
WTTOH 7T 7 412K o CRBIREEKICIB VTS MPL NIZIIZE & A SHRKD
FFAELZRWEHER L TR0, ARk MPL NZ A L L T L GDL N #E K
A TERET 2 L ZEEZ L TWAOY Hatzell 5 & T IOV 5 7 412 L DL
JEHN D In-situ BIEZOFEIR & MPL 233 258V BKMEOMEIZESE, ARKiE
MPL N ZZ8& & LCilil LEERET 5 & B2 L TW5H®A LaL, HEMFIEK
SRR 1B 2 B 25 0 Z2 [ S i RE O AT B B L O BVREIEIZRRE D & Y, MPL Y
D~A 7 aF ) KRB G2 BT 2 2 L3 L <, KR E LT MPL it
55 D KBS 1T 52 RITITAEA ST e,

1. 4 XRARDEWEEEDOHE

[ A = o0 F- TR B L (PEFC) I, B EhEHE) DR EE M ER & LRI Lz
A, FEEMRIC CO 2 —UIHEH LA Z &, HUERIERE (L RIE D iRk (A H 72
TNRA AL LTARIGREEPLEEN TS, L, AEEEOZHIZIE, =
A N OHIBSCHEE VBT ) ORERIOERDH EBLETHD. ZDOHD—
DOFHRE LT, BANOKSEEIESOR ERXFT D, BERIZEIED &
LTAERSN DKL, &5 FBEPEM)D 7 0 b AEME 2 /iR 5 720125 5 1%
FEBEMNIZE D DN 5035, B 72 K ORI B A O BE H~ D fiik 2
BAE L CHREIK T2R(T 7 v T 1 v 7)), FEMEEOR LICZE L mIcE
T 24K ZEEICEHT L EARODOLND.

PEFC DRI T 2 Wil U 8 (MPL)IX, 7 — Rt (CL)N TA R =
WIZKDSE NS OPEH 2 e L COKYEHEENZm EXE 5 SbhTwn
5. LML, MPLRY 7 7 v 27— )LOMMMIREE CTh 5728, Ktz (e
T L EK OFFEIXNEE 2D TWD . KEBEES O EiX, BEELH7o b D3
BREH O EE, BABROEKBIZL DA X v 7 a A FOFIEZE FTEEICT 5720,
MPL D /K s BEAE O fRTIE, PEFC AR ZIZMIT - OMETH 5.
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Z ORI U, ARG SCTIRERS B ERE & AT T U MBI 35 1 B AR oK
O3A5 B EAEB AT 5 FIE A ST LT MPL RO KB 2822 L, MPL O/Kif
BRI Z BRE Lo, £, KEEFEAEOMIA 4208 L T b 7o i 2 i,
B H R L7 MPL B &2 Fat L=,

1T, IAFEAME T 2 HIERBR B RE I 5H T 2 iR SR O —> & LT, PEFC
DOHMAMEZIRRD & & (I, AL L TN ROMEZ R~ £,
PEFC 21X U & T 2 ABIEMOMEE, PEFC DA &3 5720 O, RIF5
CBIHS BREA R C R E L 0D T L TARMEDALE ST LM LT,

H2 W, EBRTHWEEREERXOERTIEICOW TR, RERIC
T /ANRIBRRE L, IEFERE A R(MEA), BIEERIEE DT, EBREMESTF
NEIZDWTREHE L7z, £/, SREE(IEOBIZEERE, FIHICOW TR L2
23, U B EGIE TR BV 2 K 50 A1 A3 I8 FEIRF D IR /K 43 A1 13 HELE FTRE R L 7.

553 W TIE, NI L 5 CL RFOWEAKDAMBIEIZ L - T, CLEMIZE
(T D WK IZ MPL 23 5- 2 2 5038 A fifAr LTz, MPL DA (2 X 2 F8EMRE A LT
L7 A, MPLZAT 20 AIBEGDL)IL T 7 v 7 1 > 7 Wil Hm
238V, MPL Z /272 WIGEITH A, mEREENE CEEMICHRETELZ &
WRENT. £, £HEBIZLY, MPLAY ® GDL Ti, v 1/ T CL £
(KA R L, MPL Z#57=72 GDL TlI CL R &MRITH/K N HE LT\
ZE&MB, KA MPL X GDL & CL FE O MM KV Bk S5 HBIC T 9
HZENRENTZ. MPL L0 b REAMV GDL TiE, HmlZZE oK 72 jk
WECDTEOWKNBIHE LT, 7797407 %FEoILizeBExons. M
DD I NGB LS 2495 MPL X, St ORI Z (K8 L < MPL & CL
DEHH @D DH T LT CL REIZIH T DWKIEHE 2 L, mEREEE Ch
FE PSR TEREEBE I LN D.

9% 4 T TIE, Cryo-SEM Z M\ 7= MEA NIAEBLZLIC XV, MPL PNEBOD Kk
WAL Z AT L=, MPL NImESlE L v, —iy7e &L OEERSE Tk MPL NI
TARKITAFERE T, ERKIIAKE L CMPLNZ@IRT 5 2 LR Eni. 7,
BAVNKIREICI T H MPL/ICL i O F 52O\ T bt L, FmEaMExm b
S W72 APLEERR(GDE) A MEA X — %) 705575 MEA IZHe, R L D
WA U CHERE A 17 &5 2 ERH LN o7z, WSRO/ E, 15
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£ MEA OF % 3V T RENZITBK P HE L TRV, 3FETHEIL L. CLEZm DK
Ko —BT 52 LR TE7=. —J T, GDE & MEA T mIZHIK D i
BLRWZ EAHB L7, MPL & CL ZEET 28515 TIE, MHFOREOM S
2 X0 FERNCRHIBR A E U3 <, mEDOND S 20T ¥ 3V F CTIRREBRICE T 5
KRR &% LIz £ B EIN 5. GDE KX OFATE Lis Wit 2 (ER9 5 7=
O, (HEDEAKIZ X & T FE O AKMTRE MBI TRE L 720, REEELEOH K
ZRHITEL EEZIOND.

#55 WmTIE, AMRORKBEETHLEmNNEEIZE L7 MPL 2, ZHET
PFT2 00 R SRR RE LT, 1V JE SRR 7 A 2 K D38 EMERERER X
D, EHIEEICE L7 MPL #5ED—2 & EBEX LNDBKIED—R L 7 7 A 3
—(CF)MPL %, S &A1 2 IREWEEOHERZMHT 5 2 & Ttk
fEm BT ET L Z AR anTo. ImauE, 22, B2 A %7 MPL & v
THBIEREZ Lele L7455, #HIKPE CEMPL (C & 2 il E o B R, -
FROZFEBRLWUNCHFT DL TEBL, ENhr—D2THXRIT D &FEEMERN
M E L7z EARENTZ. Cryo-SEM Wikl LR/ A o Db K v, Bk
£ CFMPL I% CL 7> b Ok 2 RE L, ik L2k Z MPL N TAR IS
BB A3 5 Z RSz, £z, BKME CFMPL IZAERMUKDIE Lo7 0
RIS MEA WAL LT WVMERIINBE SFEICB N TH @V IEEMEREEZ R LTz,
LEORREZRE XD L, BRESMHTORAE, &HJEEEE FIEEICT 5 MPL
& 121X MPL/ICL Jtii, MPL N, CLIN® MPLIEEETA LA 7 7 v T 4 v T %
9 DEEREN RO DD EE X HD. MPLICL RIS T D iR % Jii
TAHLOIIE, FREOHBEZHD> S ELIBENRANTHDLEEZEXOND. FTo,
TANOBEFRHEIZIB VT, MPL NIZEIT 2BRBRILH LM S CLNIZEIT D
PR EREE MG EBE 52 5 B2 LD, MPL OZEfLARILK &
BKIGIC X 2 BEEOKREZ £, CL WOIRKPEH A2 S 5 MPL 103Kk 9
Lo,

HOETIIMME LT, AMFEZEBLTELNAEMERBIOER 2L LD,
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$28 RBREKFIUFE

2. 1 [FLHIC

AETIE, AFETHWATEERIEE & BEBERERBROFIELHENTT5. &
7z, BIEFIETH 5 EGEEEIEDOHRBIIINA T, HOKSAMOFHEEZEROmAF
BB ATOKGAOLE 2 LD, Bk EE LA TR DAL DK 5370 A3 E H 1HE s
DENRNBKRGMZRLTNDD, TORBHEIIOWVWTHIRIET 5.

2. 2 EBREE
2. 2. 1 NERHER

AKFETIE, K 2—1 ISR T/INIOB AL EEH L. BREEEIEIC L DK
SABE T, BEMENERICELZEEITHAIL TREOKEZ BHESE, 18
BRENTERS BV ZRBET OILERH L0, BEEO/NS /NI OE LV E
W2 K 2—2 IZRK BNV OBEL R AFFE THW S B/VIERD T X 912 MEA,
TNV —F, EEROBBEE L o> T\ 5. CCM L # i35 GDL A EiZiL MPL
NEMENTEY, CCM 2HLELT, 7/ —Feh Y — REAHREETH
%. CCM DA HEfEIL 1.8 cm?(0.9 cmx2.0 cm) Tdh 5. — IR LI R
0, KeELOEASRL—F LEBRIT—HKBEER-STEY, EXAvFElisi
TSAEBPEMIER SN TS (M 2—3). HARBEOMEIEIL, F¥F/L 5K,
7Y RARDIWAITA b L— MREEEE T, & -TEITFEIE 1.0 mm, JHEES 0.5
mm, MERES11.5mm, UV 7R 1.0mm TH5DH. BAOKEREIZIE M-3 DA AT
EWEZANVFEOARFERLTEY, 7/ — NMlsRKICRUET Y, Y — Kl
R DEET D, R NOREDIT My 2 FET 52T, EAOHEEEH
B2 N TEs. BUVBREOREIL EEMOEEEZCEZFIALTITo T
5.
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End plate_Separator GDL CCM GDL

MEA

Figure 2-2  Structure of the small cell.

Figure 2-3 Bipolar plate with channels.

2. 2. 2 FH{E A MEA

FEBRCTHWZFHEH MEA OIS Z AT 5. AR TIEL, EBRISUC T
D MEA Z Wz, 260 MEA 13 A AR I 7 Rt & i F iR thic L -
TERINTEY, TNENOREEZ LT CiAT 5.

CL RE#i%E A MEA

HIEO CLEEHOBIZIZIE, BAITTHASHED MEA 2 H L7=. CCM
(21%, RS PRIMEA®SS70(H 44 & 0.4 mg/cm?) & VT3 Y, GDL |% SGL
Technologies GmbH # ¢ SIGRACET®GDL 25BA % 7213 25BC % U 7=. SGL25BA
%, BUKESHZE S 190 um DO B —AR o ~_—s3—GDL T, MPL 24/ L CW\\73
VY. SGL25BC 1%, SGL25BA @ F|IIZERKM: MPL 2845 L7 H DT, JE X% 235
um Th 5. FIETIE, —EBEEEEREL O CL RE A4 L FIAMSE CHERLE
THED, NSO GDLIE, &y hF L AR EO— LA T S 2 CCM &
fEfE LT\ 5.
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B R SR A ERE % MEA

B4 BCEM L MPL IHEEELZICIE, BE RS E B AT/
S8 2 FEFE O W B 22 H #5575 (Decal transfer method)MEA % FV 7=, JIEAH T
BRSO EREE MEA X, MPL/ICL FE OB EMEN AR X ORIk Sy
ICH 2 HHEBEZRSLNITHOICEH Lz, B5EE, MEA fERIZIB W T
—RENCEH S ARETH D, X 2—4 ITERERIC L D MEA OERLFEZ R
) EBEETIE, ETASEBI R, TAF/ ~v—, K, =¥ ) —LERE
LCtEs > 7 218D, BEBREI—R U OMRITT /— K Y — RKTRZRY,
7/ — FliZ Pt20%/C TH4 (T 0.05 mglcm?, & — FiZ Pt56%-Co/C TH& &L
0.3 mglcm? THh 5. IC HiFILIZ 0.8 TEDL LRV, ZDA V%, N—a—F—
% FAuNC Ethylene tetrafluoroethylene(ETFE) 7 « /L A2 847 (Wire-rod coating) L C
CL 2R3 5. Z® CL & PEM(Flemion : /& 25 ym)%Z 7 » k7' L %(160°C, 3
MPa, 2 SfICk > T—&{LL T CCM %#{Ef4 5. GDL @955, 7/ — Kl
GDL I Freudenberg-NOK 1 MPL £} & GDL(X0086 1X92 CX320)%, 77~ — Rl
[Z[F*ED MPL {7 % GDL(H2315 T10X6 CX96)% AV T\ 5. CCM &7/ — R, %
Y — K GDL %, v F 7L A(160°C, 3MPa, 243fi)T—(t L T MEA % Ef!
LTW5. EBEIEICL D MEA (ERID A Y » MTIE, MO 72200 FAF I il o
Y7 B LU TCCLERMT 27120, =R CLEZEM TE L LRETbHNS.
— 5T, Ay hTVRIZL>TMEA ZERLT 5720, CLBENSLTLS 7T v 7
MELSRDT AV bbb DH.

AA S 7 HRASHE O MEA IX, MPL Zi@i89 5 A /K OMIRELZ R ET H7-

Decal transfer method

1. Wire-rod coating 2. Decal transfer to 3. Assemble the MEA
to substrate membrane by hot-press by hot-press
Catalyst ink
icoating N
[Substrate (ETFE) ] : | Hot-press

:Substrate (ETFE

MPL
GDL

Figure 2-4  Procedure of the decal transfer method ©.
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WIZER L7=. CCM (21X, RHEBZEA MEA L [FH#ED PRIMEA®SS70(H & fHF &
0.4 mglem?) & AV TH Y, GDLIZFH&ID CNW20B(E & 233 um, MPL &) % ifi
RIZHWTWS. FFMITRATH 50, BEEEFELE O ETCCM & GDL iF—
leshTnws eEZ N5,
M #R 22 A GDE & MEA

Wrim &1 22 H Gas diffusion electrode(GDE){E MEA 1%, % 4 B X OV 5 = CHENE
L7- MPLT O W 812212 iV 7=, GDE & X GDL @ i Z CL &2 3% 1) 7= B C,
Z ® GDE %# i\ % MEA 7 GDE & MEA To 5. [X12—5 12 GDE #£I2 & %5 MEA
DVERIFIEZ 736D, KT THU- GDE 1 MEA 1, %4 23% 2—11TFRL
72 5 FEFEDO MPL % 4 Y — FANZHWTW S A, MEA OERLGIEIXIZIER—Th
%. £9, MPL & Si/z GDL 1T, APEOEREE MEA TiR7- D & [FER
DH Y — Rt > 7 N —a—F —|Z K> CTEE MPL RmIZEBAL, Y —
R CLZ/E®4 5. ZdDCL, MPL, GDL X —{AkL 72>/~ %BLILEE) GDE T
»HbH. BY—F GDE &, 7 /— Kl CL ff&® PEM, 7 /— Rl MPL &
GDL(X0086 1X92 CX320)% s > k7 L A(160 °C, 3 MPa, 2 43Iz L » CT—1&1(k
LT MEA #{E#9 5. AR#HLD GDE £ MEA 1%, 7/ — ROERIZIZ—EH 72
EREEEACCRY, B Y — Nilo A GDE i TERI L 7=, GDE #kic X » CT/ER
SNZMEA DAY v hELTE, #Y—KCLAEINIZKWZ &L, MPL £H
IZ CL #EEEBAM L CWAT=®HIZ A Y — K MPL/CL Sl DR E259E MEA &
HRTRSLSTELRBFET OGNS, —FH T, MPL REIZfEA o 7 & BB
T 570, A RO T A A ) ~—72 MPL NICEZE L TCLEY, EMiESE

Gas diffusion electrode (GDE) method

1. Wire-rod coating to MPL 2. Hot-pressing to membrane

Catalyst ink [Membrane -~ ]

| Hot-press

lcoaﬁng

MPL:
GDE

GDL

Figure 2-5 Procedure of the GDE method ©°.
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Table 2-1 Composition of the MPL produced by Asahi Glass Co., Ltd..

Hydrophobic  Hydrophilic  Hydrophobic  Hydrophilic  Hydrophilic

CB CB CF CF thin CF
Wettability Hydrophobic  Hydrophilic  Hydrophobic  Hydrophilic <&
Material Carbon black, C;;t;in Carbon fiber, C:;LZ?n «
PTFE . ’ PTFE SN
ionomer ionomer
Amount of
solid in 1.0 mg/cm? & 3.0 mg/cm? & 1.0 mg/cm?
MPL slurry
MPL
thickness 15 um & 40 um & 15 um
Mean pore
- (54) _ (54)
Jameter 0.068 um 0.208 um &

Dayha— AR RHHELHD.

%5 B TIE, MPL OIFIMECHEE D, FBEMHRSABUK D RICE 2 5 2% T
ND1DIT, R2—1ITRT K O ITRBEMEL, HTiviE, ESDORA 5 5 FEEHD MPL
71— RAIMPLIZHWTWA. 24D O MPL I, IREMEL, PTFE(B/KME MPL
DFE), TAA ) ~—, K, =X ) —NVERELIEA VI ENX—a—4—T
GDL(H2315)Ic &4 L, A > 7 #¥Af L7= GDL % Bk MPL O34 1% 350 °C,
BHKME MPL O35 413 80 °C CTEVLEE L CIERIT 5. RFEMEHIL, Cabot
Corporation D H —R > 77 v 7 (Mulcan®XC72R) &, L < IXHEFnE TR &t
DI —RT7 7 A4 /3—=(VGCF-H)Z W TW5. FEMIZE 5 ZETHRRDH M, I—=R
V77 AN—FHWIZMPLIX, A=A T T v ERWE MPL L0 ZEILERNK
V. FE 7o, BUKME MPL OB E LT, TA 4 ~—&BNRT DHLER2N
70, MIBAEO T A LA ZENFREEE R, a X MIEAHIFETE 5.
—J7C, BiKME MPL 30 BUCHWEA L IO T A 34 ) ~—% BN 5120
ICEIECOBMBENAMIEL 72D, MPL OERla A FOENEZF &2 LT 5.
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Figure 2-6  Schematic diagram of the experimental apparatus.
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Figure 2-7 Photo of the thermostatic chamber.
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Figure 2-8 Procedure of the performance measurement.
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Table 2-2  Experimental conditions.

70°C/ 70°C/ 70°c/ 35°C/ 35°C/ 5 0C Cold
100%RH  81%RH 50%RH 100%RH  76%RH start
Cell
tempera 70°C < & 35°C & 50C -10°C
ture
Bubbler
tempera 70°C 65 °C 55 9C 35°C 30°C - -
ture
Piping
tempera 90°C & & & < - -
ture
H, fl 1
,flow 00 ¢ ¢ ¢ ¢ c 30
rate sccm sccm
Air/O,
400 70
flow & & < < <
sccm sccm
rate
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Figure 2-9 Times to reach constant current densities.
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Figure 2-10 Procedure of the freezing method.
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Figure 2-11 Time to reach subfreezing temperature.
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Figure 2-13 Photo of jigs for observation.

Figure 2-12 Photo of the microscope.

Figure 2-14 Usage example for the jig.
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Figure 2-15 Photo of the cryo-SEM.
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Figure 2-16 Photo of observation apparatus. Figure 2-17 Photo of sample holders.
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Figure 2-18 Micrograph of the ice distribution on the CL surface.
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(a) Before sublimation (b) After sublimation
Figure 2-19 Cryo-SEM image of the ice distribution at the MPL/CL interface.
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Figure 2-20 Photo of the transparent acrylic cell ©®,
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After stopped Frozen

Figure 2-21 Water distributions at the MPL/acrylic interface in cell stopped and frozen state ©®.
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After stopped Frozen
Figure 2-22 Water distributions at the GDL/land interface in cell stopped and frozen state ©©.
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Figure 2-23 Cryo-SEM images inside the MPL and CL after wet purge.
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Covered
with ice

(b) Cooled with liquid nitrogen

Figure 2-24  Differences of the ice distribution in cooling time.
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(a) Picture of CL surface (b)  Histogram
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(e) Iceidentified by combination
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\ vr D e
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Figure 3-1 Method for identifying ice on the CL surface by binary image processing.
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Figure 3-2 Binary images of the CL surface (a) with and (b) without the ice, and (c)

subtracted image ((b) is subtracted from (a)) showing only the ice covered areas.
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Figure 3-3 Polarization curves with and without the MPL at 35 °C operation.
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Figure 3-4 Plot of cell voltages and resistances for the operation at 35 °C for
current densities of (a) 0.5 and (b) 0.7 A/cm?, both with 100 %RH.
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(@) Micrograph of CL surface (b) Subtracted image
Figure 3-5 Micrograph and processed images of the water distribution on the cathode
CL surface at 0.5 A/cm? and 100 %RH operation with the MPL.
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Table 3-1 Percentages of ice covered areas on the cathode CL surface at 0.5 A/cm?

and 100 %RH operation with the MPL.

Image Ice covered area in image with ice Ice covered area calculated using
number (%) subtracted image (%)
Under Under Both Under Under Both
channels lands areas channels lands areas
1 5.3 3.8 4.6 3.6 1.7 2.7
2 12.1 1.6 6.7 11.8 0.6 6.2
3 10.0 1.6 5.8 9.9 1.4 5.6
4 9.1 1.9 5.5 8.5 1.6 5.1
Average 9.1 2.2 5.7 8.5 13 4.9

0.5 A/cm?, 100 %RH, MPL 4

3—6 12, MPL %L GDL % i\ C& LR 35 °C, FHXHEE 100 %, Eifi#
0.5 Alem? C 1 RF[IEHE L 72 #% 00 CL & K /0 A OB ER {4 (X 3—6(a)) & —fE1k
2B (X 3—6(h) 2T . £z, £ 322X 3—6(b)DIKARZ EE(L LK
BreFrdd. K3—6I1R-T LT, MPLELDOEAIE MPL A Y DA & R
D, KIZZY RTFIZHoAMM LTS, KX, 7> RIF v xR A6
LTWA—FT,kEZRTANVEZ BLDOOEDDEDIEK 3—50b)ICHR5 &K
L, NS EDRFEPIZ O/ L TN D.

MPL % L D355, & 3—2 O TKOMERBILMRDENELI-L IV bR
VY. A, MPL 23EW L GDL M EIC CL ICHET 572, CL Rl GDL Mk
IMIE LRI L, KOMICEEL G2 E2 505, X 3—6(b) itk i ic
3B 57202 GDL flliff & b o8 A< RSN TWNWDH72D, MPL AV D5
RIS &, MPL 2 L O TIIOKRDAMIE ) A ARG 2 DR REL ol
EEZBND. £ 32 AOESEBROERCERICLD &, F v /L FiEkiC
O LKDOENEIE, 2.8~5.6%, 72 FFH#HBIL85%~13.7%THV, 7 FFIC
FVZDKBGA LTINS, ik & oKD 5 2 EE OB ST <, F
¥ RV FIE PR OK B R 72 <, T 2 R RIE RIIR O K 23 Bl )0 72,
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Figure 3-6 Micrograph and processed images of the water distribution on the cathode
CL surface at 0.5 A/cm? and 100 %RH operation without the MPL.
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Table 3-2  Percentages of ice covered areas on the cathode CL surface at 0.5 A/cm?

and 100 %RH operation without the MPL.

Image Ice covered area in image with ice Ice covered area calculated using
number (%) subtracted image (%)
Under Under Both Under Under Both
channels lands areas channels lands areas
1 6.3 15.6 10.1 5.6 8.5 7.0
2 4.7 219 13.3 4.5 13.7 9.1
3 5.4 13.4 9.4 5.4 11.2 8.3
4 2.9 13.1 8.0 2.8 12.7 7.8
Average 4.8 16.0 10.4 4.6 11.5 8.0

0.7 A/cm®*, 100 %RH, MPL &

BB E ) CL REDKGAAIZH 2 D BEHDHT-0I12, EREEE 0.7
Alem® |2 RSB THIEE2{T-o72. K3—712, MPLA Y GDL Z AW\ TR/ViRE
35°C, FHXHEEE 100 %, FEIREE 0.7 Alem? T 1 BeRE#EE: L 7= #% 0 CL Ko
OB (X 3—7(1)) & bz EE (X 3—7(b) &2 rd. F£iz, F3—-3I1T#E
SEBRERWTERI LIOKOGMEGEE L DD, MPL Y 054, CL Kif
DKL 0.5 Alem® DFER L FREICTF ¥ F W7 v RFTREL B L. KITTF
XY RV TFOFEBICEF L TEY, 70 FFICRZEAEFEL TWHRN. Fx =3
VRN T K OEE1X 10.3~15.3 % T, 72 R F?D 0.9~2.3 %iZtb~2% EH 5
@<, KIZCLREOF ¥ R/ TFHEBUZEPT L TWDL Z ERDNd. £,
KOEIEITHBIC L A FERITT L A LR, 05Am? DEA, F ¥ XV FREIC
5 KDOEIE1E 3.6~11.8 %, 7 K FIX06~1.72% TH VY, T N FHEETIE
@m&ﬁwhﬁ L BKOEBEIFITKRE 7222 D, BEREEO EHIX

IZF ¥ RV TR AEMEETNDLEFZD.
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Figure 3-7 Micrograph and processed images of the water distribution on the cathode
CL surface at 0.7 A/cm? and 100 %RH operation with the MPL.
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Table 3-3 Percentages of ice covered areas on the cathode CL surface at 0.7 A/cm?

and 100 %RH operation with MPL.

Image Ice covered area calculated using subtracted
number image (%)
Under channels Under lands Both areas

1 10.3 2.3 6.3

2 15.3 1.5 8.4

3 13.0 0.9 7.0

4 12.6 1.5 7.0
Average 12.8 1.6 7.2

0.7 A/cm?, 100 %RH, MPL %E

3—81Z, MPL#EL GDL Z M\ CTEIRBIEZE 0.7 Alem* IC EH S 72540
BIERE R (M 3—8(0)) & B L2253 (X 3—8(b)) &~ T . FEBREMFHIEX 3—7
MPL A0 OGELFERRTHD. T, RI—AIZESEBZH W TEREL LK
iz E LD AV, KT CLREEKIZT v 2T FOXRIRL< oL
TW5. F7-, 0.5Am? 5tk & REEIS, KOEBIGITHRIC L A ZEITITE AL R
V. CL RENZZAAT 2KOBRIT/NS <, KERTEHWEZ B RIRICESS

B4 LTV 5. Z O[T, MPLE L GDL @ 0.5 Alcm? D334 & [AEE 7273,
0.7 Alem? DM TR CL RIS HE D DEIAN EFH LTS, Ko, Fv 11

THRERIC I T Bk DEIG A 0.5 Alem® 50D 2.8~5.6 %705 4.5~12.3 %~ & N L
TW5. CLEBEEKRIZEDDKDOEAIL 1L %T, 0.5 Alcm? %t 8.0 %k Y
BNZ ED, Ty 3V FRERIC 5D DKkOEIE O FFARS, CL BERAEKRIZED
HKDEED FRIZORN T EZ NS,
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Figure 3-8 Micrograph and processed images of the water distribution on the cathode
CL surface at 0.7 A/cm? and 100 %RH operation without MPL.
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Table 3-4 Percentages of ice covered areas on the cathode CL surface at 0.7 A/cm?
and 100 %RH operation without MPL.

Image Ice covered area calculated using subtracted
number image (%)
Under channels Under lands Both areas

1 4.5 8.6 6.5

2 6.2 8.0 7.1

3 12.3 13.0 12.6

4 9.4 10.5 9.9
Average 8.1 10.0 9.1

3. 3. 3 RKHHmERTBIMEREIZMPL A5 Z KA

AREITIE, KA L BRI MPL N5 2 DB ERT D, BRICHT-
D, MPL O&%EIZ MR 572012, 3. 3. 2 B0 FEBRSM) DA RHEE %
76 %IZZEH L7z, BI/LIRFE 35°C, AHXHEE 76 %, BHHE 0.5 Alcm* B Lt
JRLEE 35°C, HHXHTEEE 76 %, TEHHEE 0.7 Alem? DS I D K43 DB EZHE e
ML=, K 3—91Z, MPL A Y GDL % F\W\ T4t Cidis L 7=t O FE 72
CL RiE & (b =N EB)Z =T, 60 0EB G KIET ¥ R/ FREIZE <
DIKINA L TN D,

ZNETOBIER RIS MPL OFEIZ L 2K MOREEE L5 &, MPL
AV GDL DA, AR E R EEOIKAF ¥ RV T CL REIT AL —IT04M0 L
TW5—FT, MPL AIEEWEE T CL FHI 5D D D/ S 72 K5 5k
KERRIILLS ML TND. ZONMAEEOEWE, CL RmIZHIT KD
JEZHMSOREIZER T 5 B2 5105, MPL ITFRWBUKYE & o 7222 L4 A
T 5720, CLEmMDIEAK? MPLINIZEAT L Z ENREE LY. £ D7 DHEKA K
VRHFENZIEN Y, HEEO K& iRk E LTEESRZEEBE 265, MPL
NIENGA, CL &8T5 GDL X ZEFLED K E W2 ORI K 2S GDL NIZ LRy
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Figure 3-9 Subtracted images of water distribution on the cathode CL surface with
MPL under various conditions.
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Figure 3-10 Average percentages of ice covered areas on the cathode CL surface.
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Figure 3-11  Cell voltages and resistances for the 35 °C operation before and after a

cold start shutdown with operation at —10 °C.
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Figure 3-12 The ice distribution on the cathode CL surface after the cold start
operation at —10 °C.
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Figure 4-1 Polarization curves in the 35 °C and 5 °C conditions.
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Figure 4-2  Plot of cell voltages and resistances for the operation at 35 °C and 5 °C.
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(a) Cathode MEA (b) Inside MPL
Figure 4-3 SEM images of the cathode side MEA.
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ration (b) 5 °C operation

() 35°C ope
Figure 4-4 Cryo-SEM images inside the MPL after operation.
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(@) 35 °C operation (b) 5 °C operation

Figure 4-5 Cryo-SEM images at the MPL/CL interface after operation.
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Table 4-1 Parameters and values for analysis of the water transport in the MPL.

Parameters

Values
F Faraday's constant (C/mol) 96500
R Universal gas constant (J/mol+*K) 8.31
1 Fraction of released heat though the layer 0.5(26)
Uy Enthalpy potential for fuel cell reaction (V) 1.48
keff  Effective through-plane thermal conductivity (W/m=K) 0.0979)

Table 4-2  Water vapor transport rates through the MPL at 5 °C, 35 °C, and 70 °C.

Temperature Vapor Effective Cell voltage Water vapor
saturation diffusion transport rate
pressure coefficient (fw)
5°C 0.873 kPa 8.03*10°® m?/s 0.364 V 0.242
35°C 5.63 kPa 9.60*10°%m?/s 0.560 V 1.09
70°C 31.2 kPa 1.16%10°m?/s 0.613V 4.82

TIIKDAERGEE D 5 5 DOKAREERENZHTH I &b, Aii CEIZ L7 35
°C X VIREENE WS TIE, ARKITAKE LTMPLAZBEET 5 L& bRD.
— 5T, B/VREMROVEIE T, MPL OKASEERE I BIEFIT/NE L 2572
W, 5 °C FMETIHANANELAE LTMPL Z@icaFIcEiEL-EE 26N
5. UEZEEE XD &, — 072V OEERSA TIEAERSKITAR E LT MPL
NZBIET 2 & BETE 5.
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Figure 4-6  Characteristics of the MEA using the GDE and decal transfer methods.
(a) polarization curves and (b) resistances.
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Figure 4-7 Differences of performance of the MEA using the GDE and decal transfer

methods. (a) IR-corredted voltages and (b) oxygen gains.
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Figure 4-8 Plot of (a) voltages and (b) resistances of the cell using the the GDE and
decal transfer methods.
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(a) GDE method (b) Decal transfer method
Figure 4-9 SEM images of the cathode MPL/CL interface.
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(b) Under. channel (Decal)

Figure 4-10 Cryo-SEM images of the cathode MPL/CL interface in the 70 °C condition.
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(b) Under, channel (Decal). . "1
o * b e 55

Figure 4-11  Cryo-SEM images inside the MPL in 70 °C condition.
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Type A Type B

No ice layer at MPL/CL interface, No ice layer at MPL/CL interface,
no ice in pores of MPL. small amount of ice in pores of MPL.
Type C Type D

Ice layer

No ice layer at MPL/CL interface, Ice layer at MPL/CL interface,
much ice in pores of MPL. no ice in pores of MPL.

Figure 4-12 Schematic diagrams of the ice distributions in the vicinity of the MPL.
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Figure 4-13 Cryo-SEM images in the vicinity of the MPL in the 35 °C condition.
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Figure 4-14 Cryo-SEM images in the vicinity of the MPL in the 5 °C condition.
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Table 4-3 Ice distribution classifications at the location in the vicinity of the MPL for

the positions, operating conditions, and cathode fabrication methods.

70°C 35°C 5°C
Channel Land Channel Land Channel Land
GDE method A A B B C C
Decal method D A D B D C
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Figure 5-1 Relation between the porosity and the wettability of the MPL used

in the chapter five.
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MPL/GDL interface

MPL/GDL interface MPL/GDL mterface
A Thin CFMPL

MPL/CL mterface MPL/CL interface MPL/CL mterface

Figure 5-2 Comparison of the cathode side MPL structures.
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Hydrophobic CBMPL
—— Hydrophilic CFMPL
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Figure 5-3 Characteristics of the MEA using the hydrophobic CBMPL
and hydrophilic CFMPL.
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Figure 5-4 Plot of voltages and resistances of the cell using the hydrophobic
CBMPLand hydrophilic CFMPL.
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Figure 5-5 Differences of performance of the MEA using the hydrophobic and
hydrophilic MPL. (a) IR-corredted voltages and (b) oxygen gains.
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Figure 5-6 Differences of performance of the MEA using the CFMPL.

(a) IR-corredted voltages and (b) oxygen gains.
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FUZ GDE IEZ ANWT WA 20, F ¥ %/ F/T > K TFHE T MPL UK Ik &
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CBMPL/GDL interface

(c) CBMPL at Clsside

CBMPL/CL interface

Figure 5-7 Cryo-SEM images inside the hydrophobic CBMPL.
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Figure 5-8 Cryo-SEM images inside the CL with the hydrophobic CBMPL.
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CFMPL/CL interface

Figure 5-9 Cryo-SEM images in the vicinity of the hydrophobic CFMPL.
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(a) CEFMPL/CL interface

IVIPL

Figure 5-10 Cryo-SEM images (a) inside the hydrophobic CFMPL at the CL side
and (b) inside the CL.
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CBMPL/GDL interface

(a) Whole cBMPL
= | _:t’\ :

CBMPL/CL interface

Figure 5-11 Cryo-SEM images inside the hydrophilic CBMPL.
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SRR LT N

Figure 5-12 Cryo-SEM images inside the CL with the hydrophilic CBMPL.
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CFMPL/GDL interface

(b) CFMPL at GDL side

PL at Cl¥side

CFMPL/CL interface

Figure 5-13 Cryo-SEM images in the vicinity of the hydrophilic CFMPL.

Wy

Figure 5-14 Cryo-SEM images inside the CL.
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CFMPL/GDL interface

(a) Whole CFMPL

(;:)CFM PL at CL side

~5

CFMPL/CL interface

Figure 5-15 Cryo-SEM images in the vicinity of the hydrophilic CFMPL

operationg at 1.4 A/cm?.

[

Figure 5-16 Cryo-SEM images inside the CL.
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Figure 5-17 Schematic diagrams of the water transport phenomena inside the
hydrophilic CFMPL.
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CFMPL/GDL interface

Figure 5-18 Cryo-SEM images in the vicinity of the thin hydrophilic CFMPL.
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Figure 5-19 Performance of the MEA using the hydrophobic and hydrophilic MPL
under air/Heliox operations. (a) voltages and (b) voltage difference.
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FHLBEAS D BLG N Y L e O ¥E KRNI B G- L T D ATREME S R &
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DI TE 00 Srdiiug, AN S FOFHHBITREI D K&
GDL =° MPL W TXHELRI & 720, BEEH A 2T 2 5K 0 1 O AMEZRIC LY
U D, ZRRSRIEDSFIEEE L, (5—1)I27” 7 Fuller-Schettler-Giddings
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D =L 2L (5—2)

3 TM;

Z 2T D [MAs)iE 7 X —t HEEARE, v [m]iEZEALES, R [Imol- K]IE—fR R E
¥chsd, NGE—2DLV, 7 X— dEHIIZEARICEE L, a0 A E I
K LW Z ENND. £z, 7TA T~ —NOPEE G [ ENITHEF LWz,
G AEN 2B L S THREMRAIG T2 2 & T, BAABREBELICE
T AT E ZNUNDEELZY D 3T HIENTELEBZ 2N,
1Y — NI T 5 BRADIE S 2 AL SETBR D, JEHUREL & BRI O BIfR
R E5-LICELDD. £, K520 Ik 22 b S THS L= 38 &EME
REZRT. O TILHRERZ IR T S B 72 DI ZBRIE N % 2 [IEICEE Lz
Bf, BRBRIRED 252 LR 5720, BRIEE 10 WHHETE D 2 KIEOZ5MED
RELTWD. X5—20 (a)ix#iAkME: CFMPL, X 5—20 (b)iZ#k/k: CBMPL %
WTHAS LR TH D, 728, Bk CBMPL (355 4 CHEMA L7 AR T
X tt8 D PRIMEA®S570/CNW20B & WV T 4. BV N ORI BV Thy
TN XE 72556, 1 RUEEER & BRRIRIE 10 %/2 KUEEIR L k35 &, 4
FILBAREL DS Ho 53 DEE SR PR E 10 %/2 KEER D[R EIE 1L, 1 XTEEIROE
DHRGIER T T 5 ETHREND. LL, ITIEELLD MPL Z WG
b, BEFRIRIE 10 %/2 KU IR O R B i 1L 1 KUEEER D 8 FIFE L O Z 7R~ L
TWnb. ZOZ &, BAVNOBRFRILBIZIE W TH TIREAAN O O T 503 &
WRTEEMEZ R L T\ 5. — T, 1 RJEEiRE 2 [UEEiR A i35 &, WE5R
JEBIZ BT TIPS OIS XE T H D56, BERIREN 2 512722 &
[RALVEMEE D 25 EH T2 e TRINDS D, ERMEIX 2EICERLTW
RN ZAUE, EBIEEO LRI ERUKEOEIND, EANDT T vT 4
THEAMEI T2 L &, BFIEBOFEGNEENDLITZDTHLEBEZLND.

Table 5-1 Relation between the operating condition, difusion coefficient and

oxygen concentration.

Condition Molecular diffusion Knudsen diffusion  Oxygen concentration
Air 1latm Dy Dy Coz
Air 2atm 1/2*D,, Dy 2*C,,

0,10% 2atm 1/2*D,, Dy Cos
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Figure 5-20 Comparison of the cell performance under three types of the cathode gas

pressure conditions. (a) hydrophilic CFMPL and (b) hydrophobic CBMPL (Gore).
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Figure 5-21  Performance of the MEA using the hydrophilic CFMPL and
hydrophobic CBMPL (Gore) at the limiting current density of 1.8 A/cm?.
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Figure 5-22  Oxygen transport resistance of the MEA using the hydrophilic CFMPL
and hydrophobic CBMPL (Gore) at the limiting current density of 1.8 A/cm?.

AT B D OREEIREHEIT b BIKYE CEMPL % AW 72354 DIF 5 23 Bk MPL
ZAWIELEE XV /NE <, FRICEINTRAF L 22O HRHHT Ry IZK & 227808
ATLTWD. 7797 4 7 BRELRTWVERBEOARERSEMIZIHSWNT, BlAkE
CFMPL W25 D Ry /NS W2 &IE, CLIND 7 T w7 A4 U I RBESN
TWNWDHEBEZDIENTED. TD=w, [X5—22 [ LT D8 K P EA
& L CTHIKME CEMPL 2% CL N2~ B O KIERE 2 RS 5 B8 % R D5 R C
oL ERD. B, AL MEA OHAROZEER EOBLENG, FEM LB
(TN O DOBENRFED & DD, AFHT FIEIZ L 0 BUKYE CFMPL OfEAIIC &
LYERUERRNZIRRT LI LN TELLFEZD.

5. 5 HKMEH—RL T 74 /3—NMPL DERES &K Uik o it
5. 5. 1 {(EBiREix
INFETORREID, R EINEERRSS TIEE KM CFMPL 2 W5 2

ECHREMERENM ETAZ EHL, mHJERRICE L7 MPL #E&EICxHT 5
—ODEEPRENTZ. KEITIEEE & 2255 THUKYE CFMPL O3 EMRER L OY

-114-



WK AR Z B L, & 7 EER I L7 MPL FEISERGET O 72 D F 72 5 Fi b
2135,

FF, WAKRBIHE LT WVERSKIFICB T 2882/ 57202, 5 °C &
ZEBT I EMRERIE &K \%ﬁ%ﬁﬁ%bt ¥, FEMRAETIE, 28 LL
TBKYE CBMPL Z2 W B O ERME L HFRE L T dH. K 5—-2312,5 °C 5%
R8BI 2 WV HRELEE 7 A v &7 . 5 °C FIFITB W T, Bk CFMPL

(THUKYE CBMPL XV SEREEBICE T 2E LNV, £, BUKME CEMPL
1.0
(a) Cell temperature: 5 °C

0.8 | Voltage

§ Y 06 | Hydrophilic CF

)

g S04 |

3

P Resistance

(2 0.2

l b o E L I L F X 3

0.0 :

0.0 0.2 04 06 08 10 12 14 16
Current density [A/cm?]

(b)

Hydrophilic CF

0.0

0.0 0.2 04 06 08 10 12 14 1.6
Current density [A/cm?]

Figure 5-23 Differences of performance of the MEA using the hydrophobic and
hydrophilic MPL under 5 °C condition. (a) voltages and (b) oxygen gains.
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Figure 5-24  Plot of (a) voltages and (b) resistances of the cell using the hydrophobic
and hydrophilic MPL under 5 °C condition.
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CFMPL/GDL interface

(a) Whole,CFMPL

| F 2 % .
CFMPL/CL interface

Figure 5-25 Cryo-SEM images in the vicinity of the hydrophilic CFMPL
under 5 °C condition.
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Figure 5-26 Differences of performance of the MEA using the hydrophobic and
hydrophilic MPL under 50 %RH condition. (a) voltages and (b) oxygen gains.
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Figure 5-27 Plot of (a) voltages and (b) resistances of the cell using the hydrophobic
and hydrophilic MPL under 50 %RH condition.
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el

Figure 5-28 Cryo-SEM images in the vicinity of the hydrophilic CFMPL

under 50 %RH condition.
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(a)\GL bfthe: MEA using the Rydrophilic CFMPL

Figure 5-29  Cryo-SEM images inside the CL under 50 %RH condition.
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