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- ABSTRACT

Direct methanol PEM fuel cell (DMFC) is recognized as a new alternative to the
present power sources because of its characteristics of high efficiency, high power
density, low emission and easy fuel carriage. DMFC is expected to find wide
application as a portable or mobile power, exemplified by battery for cellular phones
or engine for electric vehicles. Liguid feed DMFC is receiving more attention because
it is more convenient to use in practice. However, the lack of high performance
membrane electrode assembly (MEA), the heart of DMFC, has become one of the key
obstacles to its application. The goal of this study is to optimize MEAs through
investigation of factors affecting their performance, with an emphasis on elucidating
the effects of methanol crossover.

The performance of liquid DMFC is evaluated as a function of the composition
and structure of MEAs, hot-pressing condition and activation process by means of V-1
polarization and AC impedance spectrometry. It is discovered that a process of MEA
activation may greatly shorten the time needed for the DMFC to attain to the best
discharge state, which is though not changed by it. The investigation reveals that the
performance of a MEA is mainly controlled by the conductivity of membrane, load of
catalyst and CO; holding in the anode, ion conductivity and specific of active area in
both anode and cathode. Matching these factors is the key to improve the DMFC
performance. The experimental results demonstrate that the suitable MEA
hot-pressing temperature and pressure are 120°C and 15.5MPa, respectively. The
optimum catalyst loading in anode is 4 mg Pt/cm’, and the best contents of Nafion
ionomer in anode and cathode layer are 45wt% and 35.3wit%, respectively. The
decrease of active surface area in the anode caused by CO, accumulation is reduced
through treating the diffusion layer and catalyst layer with PTFE, resulting in
increased DMFC performance. Improvement of power output has also been achieved
by increasing the porosity of the anode catalyst layer, so that the CO, produced there
can be easily released. In addition, treating the cathode diffusion layer with PTFE can
further enhance the cell performance. |

In order to better understand the processes and phenomena that determine the
performance of a liquid feed DMFC, a more comprehensive steady-state
mathematical model of DMFC is established. Special attention 15 pard to the
consequences of methanol crossover in cathode reaction and cathode over-potential.
Good agreement 1s found between simulations and experiments in regard to the V-1
character of DMFCs. Based on the theory of parallel electrode reaction, it becomes
possible to obtain quantitatively the value of over-potential caused by methanol
crossover, which is either implicit or not included in the overall cathode over-potential
in previous models. Simulation results show that cathode over-potential under low
current density is considerably increased because of methanol crossover, but its effect
becomes much lower under high current density. It also shows that between the two
parameters characterizing a polymer electrolyte membrane—proton conductivity and
methanol permeability, the former has more impact on the performance of a DMFC,

Key words: Direct methano! fuel cell; proton exchange membrane; electro-catalyst;
model
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HIYERE, FRALTE 80'CHYERTR T S0mW/co’ BIZHEAREE . 2001 &3 E D. Buttin 2 A
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Tablel-2 Advances in the performance of liquid-feed DMFCs

o HRIEAY PERRIR AR
' M PR IR S PREHER BIhE &%
HRE EMEE N 2 2 it
(mg/em?) ('C) H Rt HBIE (mA/em®) (Wiem') SCHR
- R (mV)
M.Hogarth Pt-Ru/C:3 80 2mol/L 0.1 MPa 0.079 1997 [36]
mi .
= Pt/C:1.1 5 |
Pt-Rw/C:2 0.2MPa &
Newcastle 90 2mol/L .11 1998 [37]
_PyC:1 &’
D H Jung P-Ru/C:3 2.5mol/ 0.3MPa &, |
90 550 230 1998 [38]
5 Pt/C:3 LR
Pt-RwC:5 |
A K .Shukla 00 2mol/L HESS. 450 100 1998 [39]
Pt/C:5 .
N Pt-Ru:1 20 0.5mol/ 0.15MPa 0.050 1999 31
iemens ped ) g ' : [31]
Pt-Ru/C | 0.076MPa
LANL 60 1mol/L 0.165 2000 [29]
PY/C e

Bk B3R, B DMFC FrRB R X ERFETEAREEHEANES
FIRAR AL, TIEERELN. RPHRRSREME AR K. &
A%k, THEREATTR{ICERE PtRWC (Pt-Ru B) MM PrvC (Pt B)
I, BFRIREER Nafion M A FBMIK.

1.5. 2 TIEKMHX @R ES DMFC 14 EEAT =20

SEAER, AT ER BN RGN EERT T ENTR, FEAERT
AT, R, EERARNEE SRS NN TS,

(—) BERENEW

BRREFERESHBERXRNIBIED, HIBEHRESEEEMH
ChfEib ), BARRIES), SIS T EMRRENETHEN, WREIFHEK
R ERELEF AR, MK Ravikumar 1 A K. ShuklaFH 5080, B PR S
WREE K, DMFC BRI AL A D, T BR AR, B PEEs
WEARR, @, 70°CHSERE R 2.5molL, T 95CHA 2.0mol/L. LANL
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120mV 1 180mV™™ . HBAE A, EREHRERERRR BRI, ZHE
i EFHZ 4, BEEREED T BEMAER MRS D (FEELES5ERIRE
TR BRI EERE,

B2 AL R AR 0 B B 575 ) il

7 DMFC 1, BERTCRERRESRE, XEMENRENEEY, ©
METHseEE, MR FESESE. BX, HFXBRIERLRE DMFC 48
Fix@BREAEZ—, Bif, AIRAFRBEREHARANMAAZ, FTHEHARERR
KZ. EDMFCHIRS, IRETTANBRTEREBEARZHIRLEFHERE,
il DOW k22 /A 8147 i) DOW J&, H % Asahi AR Aciplex . Asahi Glass
ANE I Flemion . S5 THEA TN C B R £ K Ballard Adraned #4545 B
%. HPERREMESEE Dupont 28 A=) Nafion RFR. X2 Heid
:i:fa_{:ﬁﬁ Al B RS IR,

1.5. 3. INafion [ERYLE#E "+

Nafion JERE R Dupont A8 T 1962 FHER T H R FHEFTH
M. 4k 1964 ENEFERTAIRBRINEG, 1966 4 GE 2 B B g HAE H FE 4
HER R TR . EAETFHEAS, wHAEEREE. VERES.

1.5.3

gy

S



F—E LR

Nafion B4 3 g5 #0419,
-H"CFZ_(:FZ—}}-{CF“CFE _]—n

(O—CF—(F - 0— CF )y~ SOyM'

CF;
Nafion: x=6.6,m=1
M'EREBEF (H'Na' ,Cs"SHBEF). MepgEl bE, XBBTH HFE

—~HMOERRAKNBERLBETE: B SoERRSEEAEEFTEEDE
BRERA)MNZXE. ATERXAVERAESY, EE-FRWUERBRRE
(4.85*10°T/mol), XEEFEBEK(0. 54*10*’%) fEC—CRFEERT —EEF
FERE, HEXRREFEENERENE. ABRAEEETF, 5 H'ES
ERORBRERARTRERET (HD, XARIIAKSTF.

WEEENERRBBEARWNE BT T RESIHR. —MEA A AR
DAEMBERM BT HKEY, 13 ASHRERTHERRERE.

& 13 2FMRBE-AREATEEREED

Fig.1-3 Thrée-regian structure model of perfluorinated ion exchange membtrane,

ZAHRBERR SRR E TR N =K A K2 MK KER- % F 3R
X: CREETEK, ZEEBTEH. &%?fﬂ?ﬁﬁ?ﬁ’]@'%ﬁ; BXEAK
MCKEFTIER, FEABREMNHENLENKST. BB TERE TR,
A i, £RBEREARFEEMESE, WRERFERSLWTEA, mEL
BFEMENSNAER-REESETRWHAE. BFEZEEEKTFH
HiEERAEE, EFEHREEREEEHTERNMAE 14). ME X b
EaT SRR TR R T BISERAEEY. ST 2R Nafion JH, FIREARAN 4~

Snme
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& 1-4 Nafion FR B FRREMFE T 2 EMRERR

Fig, 1-4 Micellar and ion-channel structure of Nafion

1.5.3.2 Nafion ey S HBIdge

Nafion IEEFRERE FURF)EBRBKEE . £ 1-3 788 T =L 7Y
Nafion @%E%ﬁﬁ&% %"'ﬁ“ ﬁ%:

2% 1-3 JLF Nafion &M 88

Table 1-3 Physico-chemical characteristics of Nafion membranes

il i

ERRE TEREREE HIKE H,

i) | SCHR
(e/molSO;) (1 m) () (S/em)

Nafion112 1100 50 0.070° [55]

Nafion115 1100 125 - 0.059" [47

Nafion117 1100 170 23 0.078° [56]

i e 0CHIESE, bEETHESR

ERBEBEARASBENNE FRBPBEIMEBR TS E ETHREKESE
RIEMBAT. HS SOEFEE S, ECAEANER -SO:H £z Ehas
JyeR, {F-SO:H ELUWE, B /LEEEUBEIN HREERD.

1.J. Fontanella” 1 D.R. Morris 25 APHRE T Nafion117 89 5 /K BB S &1
KER. MATRERNBSEEKSENZREERESIT AP IFINRE. 4
KEBEEA SOy EFASEZE N (A =[H0V[S0;], M/ MEBET FHN
KRN0 AT 5 E@L%ﬁ%ﬂcﬁﬁﬁﬁiﬁmaﬁﬁiﬁk A KF 5 A,
HSRNEKESEmMEMNE K.

B KEZ 4, Nafion BSHEERSERE. B, BARETEEWHEE
HX.

Nafion FRFIRBEFNFENHAKEE., RSEHHEEEREH. B Skou'™

-13-



H—F LR

MET FEKBWR Nafion BEHISKE, §REx, HHBEHRERKH,
Nafion1l7 BRI EKELFAZHEBEAAENEYE, MREREHN, BHEKER
1% - M.C. Wintersgill % AP N5 T 2 FEE KBS 5 Nafion117 JRA L B 2K,
RHL: (DEAFRBEAMER Nafion I8, HESRUWSESEHKMENBEFERD
— BB QFEBRABRGESEBRIKESKEHRIMNAMET, BiHFERER
FENBESERTRESKVENBER, O)MBNEGESESSHEKE
FERIET, B2 EER R RS2 TEEAKMER S22, Nafion HAEHE
TAEKRERH (MR, FEIE BBEES) e SE, FESHAN
FEE. T, SR FRAURBHNBEFHNSERSRENEZWS,

M. Cappadonia 2 ASEETHRE (1133~27C) REKENBAR FiE
AEER S ) Nafionl17 RIS HEERNEWN. R ER, EBRREEEENTILBE
& Arthenius XA, BEREIIELERSE. TEREREMNELEREK. £%
B REKE BRI AR E-48~ 13 CTE I BTN .

T.A. Zawodzinski %4134 T Nafion117, DOW 1 C J&7E 30°C PRk #:
FKERRP HMEBIT . B TIEN, KERAREEFTEZ2FHMEN: —EH
F B R, HBE— Bk s F sy 8B —RBIRRNER
FIAKERA K= E— ERIREME, KEZHE A R MARRYT BBFRR. KaF
RPN BT ARG TEAKPH BT RN, XEHY MR lyE. 0
GEMITETE R B SRR K S G . SCIR WIS 1Y Nafion117 BB K S E (A =22)
TR RN 20~29H0/H . M. Ise EASRAEK NMR HHENET
Nafion117 JRFIBERE, XMTHEREIKEHAXRNEEASMHE K. X Ren
274078 80°C R DMFC 1 Nafion117 i B RZ s 35 8 34 3.16 HO/H'.

G. Poucelly 22 A 1¥15¢ 1,80, S13% F Nafion117 B {43847 384T T BT
ZRRE, ZEN HAEREMERSE. 3 HS0 E<2M i, HHLTEH
21, HET LSO S&8ED. RIS SBAMEEER T RUMNG RS,

G. Pourcelly U4 81@h& T HY. Na*. Li*. K. ca®*. Mg**. Mn™, AP"
EARKDMNGEHETFERRE T Nafion117 EHBESR, ERFHEHMEMK
S8BT, EHEEEEEFUSHAET FE. MIHEHKEERNZ DN HFE
FHERRIEFEFE: —BKNFESRTEBEF5EER TRINAEEER,
MR TE LT EER, TR TR,

J.Halim &P 5@ % Nafion117. Nafion120 F1 DOW BRI/ EE X HEHE
T, e B AEENREREE R TEBEEREN KD, ER =R
HHERTHE, BEE8AE. BAREREEEXR/DBFN: DOW <Nafionll?
< Nafion120, ErBA=F R BB KNP A : DOW>Nafionl17>Nafion120,

.14 -



$—% 5B

C.L.Gardner VR T Nafionl17 BRI SaitEFmEx. SERERTFT
F R RS EB.56 X 107°S/my KA R EMEAmBE A R HESER.4X107S/cm)
13.6 5.

S.R.Samms ZAspi 52 T Nafion JEIGHGEEM. &R B7R, Nafionll7
FERERT 20CHEBERFHAZEN,: BEET 280C, RABRREHH
oy .
P.D. Beattie £ T O, 7 Nafionl 17 BPEBRENT B EHK. LRE
RERWE, BRENT HRYMEBEENZRNLN S Arhenius KRN, AREEI(L

(303-323°C) B, FBEESE, BERSE (323-343°0C) f, HBERE.

1.5.3. 3 Nafion JEH-F DMFC Ry EEEE B

Nafion JEFF HyO0.PEMFC FERE TRFAIRE, BMIIBEHF X
2.5W/iem®, FTERRLIEEEE 1V, BASH#E 5000hr. BRNAT DMFC & IR
T — ARG R —— F B 5 B (crossover) [ il “ TR~ BIEFRAK
&mt&?ﬁ@ﬁﬂlﬁﬂi BRENIEIY, PREESELSFHBEE TR

, BN{F HERIRE KT Imoll L F IR 40% I FE ST EE R,

DMFC TR, ERPRFENRR T ZEFRERPEIREEY B A
B . XRen %5t Nafion BABEREHTTHR. £2Ex, BEE
Nafionll?7 MR B ALHEBEEN T HT Arhenius AR, HHEHLEN
4.8Kcal/mol (30C~130°C); MfLEE TRNERX FEFEENREW, RN
00°CF FRIFIBOEEIRIE S IM B, Nafionl12 BER PRI B AT KA S T
370mA/em?, #93% Nafion117 B9 =1&. J. Cruickshank UM T H'* FEM
HLSHE A A 4 0.164MeOH/H" .

HRENRR, PREEN DMFCERT —RIIRE. FERAE:

(DR AR BE . 55 BB AR 10 B REZE P RIE R F 55 O, % A k32 R,
S REBRM” AN, FRBARERE. AN, FEROSEHREL
b, SRR T R,

QUERBREHIRT. BRHARYFREEHEREMFHERATE O HERER
RE, dERE “{LEEEK7. Bk, FESRRAFERERERRTHEE RIRE.

QYRR EEEE. BTEARES THAENTIBERNE T2
Al
XEmEG, UFETEN DMFC BBRBAFIEEEI=E, ﬁ?’it%ﬁﬁﬁ%ﬁ
A E . AAREM S0 B EEE % Nafion JE S8 b BA AR B A7 B2 FRE.
SEEFEESHGTBENNEERXRRE CRRE, B ERAZHRES R
A%, REMHFE.,
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FHE HR

J.Cruickshank Rl K. Scott ZEUCIxt e &% B &5 9% AL AT 36 B AT T 0
5. SRR, HHEREXT M N, FEFELUEREEEEKIEE T E.
T AR AN RS B S HEBERBE T, S Surampudi 2 AP 85T
FEEEEE RN DMPC B gER. RUPEHRRE R M BE M i,
SRS TRET 100mV(I=100mA/cm?). SfIRE, X.Ren %A% R EA
SCEPPETEIAR, RSEREEEE TR, BREFEEIEBNH BB
X LR T R RAIAR K. AKuaver 1 W.Vielstich” " 8 LY FHEER i 10
vol%IGINE] 50 vol %A FEEFEERN, B 100mA/em® BEE T HMAKHE
B s 2B AR ANAR . AT L, AATRE DB B B 5 a5 1 A Y e it ek B T A )
AT EA R

AT EUE DMFC RItEEE, AT FASEE R 7 — S b i il X St
MEREFMR: —REEE Nafion BAVEM 3T, URESE/MSEMEE
FOFHBEMERE, B ERERA Cs"E 78 ¥ Nafion BB B4 HY, & AR
PMRRTOKE, BISBENBRER, RMEFENTEEE. TF A Nafion B
F34% HaPOy, T AR EREEY %@ﬁ*ﬂmﬁlﬁ e 2 JT A EE Nafion fH.
RIMTAER AR, RARERERESENHEER, NERGTRIFHEEE, T
XHE—MAETE. BHRBRENBRBEREN NN (PBD R 31,
B (poP) B B stmapmsl moprpm el SrErss| 871
SRR VERT T SR, BEABEFR. 2L, XEBHFRAGTFHEH
B, BEELHANE R EERAENE, Hii DMFC BIAREL FEREA
Nafion .

1.5.4 DMFC YRR L= R M E R B {E{LF

DMFC 1, FHERREBRELRENE 6 BTFEBHRE, REPEEAE N,
i B P ae BALE SRR Pt EAR, FREAIRNEREK. FHit, R
MARFEEE PRSI RIRS DMFC —XKF%. R, dEEER
NMTTE, Pt U2 A iRBEINEERSENN. B2, BTKH Nafion &
{Eh BN DMFC A EERCEX PR TIE, ETS poEAT ERE S S
FIERRZ A, B ERERNEARN. X—RNSEERRNER T HRA
R, PRCT RHMEAA. Bk, EMERSRFRRENERENEZ G, TR
HEAFREBHEDE fér&kﬁﬁifr SRR, RS DMFC HEERER
SR AR E M.

1.5, 4.1 AR RES L5 B AL
STHEEHERAZEANTRITENE 1922 4 Muler AT {E. 2017
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5% 5

ek

60 FEACHT 70 4E4X, Shell 22 51 General Blectric AR IR ARE HHa TH
i AL LR B BORR S, HF R PeRu & BHAR. €45 H1E, ZR
SBASHRNEAFINIECGAYEEERSINREREN, BREE—TER
DMFC FHR 4L

WREWEE, FRSEERT Pt IFBEANEEEE. EhTHERE
S UG, £R0 CO MBIEMA Pt b, FEMAET PtIREFGEES, MWNHE
BT HEMRMDE. BNEESERNSHEATNER, m P ELTF
BN TG, W% PtAEESUShEEMALFIAR I AT BARER. TR,
¥H Ru. Sn. RuAITi (i e BT REEZEN T4 Pt

Pt-M (M=Ru. Sn %) TUAHMMEAMERREA “RoaeyE” g™l %
i, MERFEEABRMAKS T, RMERSERNT MOH):

M+ H,O — M(OH )+ H" (1-1
Flnd, HEEE Pt EREBM, BaBE R, EACPEEEY PHCOH), R
ANESE HRIE R PYCO); +

CHsOH + Pt — PHCOH) +3H' (1-2)
P{{COH) —~ PY(CO)+ H' | (1-3)
BE PHCOYS S8 ET MOHR N, TH CO;,

M(OH) + P{CO) - Pt-M +COy + H' (1-4)
e B R M(1-5).

CH;0H + H,0 —CO,+ 6H" + 6¢ (1-5)

WE—SE M ERNPEFRIMER, HE-SNEER: 3IA M X Pt IV
EE RN (1-2) 1 (0-3) MRNER) AR, RN (1-4) KEEHERN
PHOH)+PHCOYRT R EWANNEE . RETEE, £&B M bIEH Pt EARK
SEBTF (RB(-1) AEMBEACEREE, RIET Pt RE CO K£EE. H
B, STHNBHSRIEEPEMBETH PR TRASEFAR TR TRM.

NEBESBEAFTNARAEREEATEE FHEBEEXEENER.
D.Chu ! S.Gilman® B 5Y T BRES KSR R Pt-Ru & S AL BIH U 1L TE
Wi RN, &R2EH, PvRuBERTFHREREN 1 1, HEEAEEEBIRX.
HN. Dinh &) — 5% 8 T PRu BAFRE R TIREN FREELEERN M,
EIMEFEE N 121 B9 PtRu 465, BT Pt BF5 Ru B PRI SEREE (48
HEABR), HINKETERE.,

Hib IR MR LR R A — PR B 77 . B.D. Menicol B4
HBE£0, 5 PRu E4FIEB T 200-500CHESF#HITHAEES, Pt R-FSER
WHIRERETE, FRAFMEN TR, DH Jung SR, PRWC B
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BE G

£ SOOCHES P 4h 5, HEMBL R E RS, R E4ATEH
KK, &5 R R | |

S AAEAEERL, SREFBEERERLHEE (WAaB. BWE)
EhE, HEHEEEMHAKRMIER. B4, BBATRSEAFKSEKE, #
AMEACTIRURLR ST, B KA LR AR . L. Liu A0 C. Pu ™33 L HI3T T DMFC
P Pt-Rw/C 5 Pt-Ru FBHIHERE, 4RFH P-RWC AFR/DHIRBRN, EmME
7~ T LIEYE . HN. Dinh S AP R, PtRu 4RI BRE/N, S
e HR, FIABEK EHIIRERASSBHMHEER, AN LS E 4 Fm
fﬁrfﬁﬂﬁ&ﬁ, BlanHH S B N ThEe R A E LIR A Pt-Ru FIELEN. 5
by BAEBRKRPETUEEASHET, EZHRTFHEM. M. C. Lefebvre 1 Z. G.
Qi EEMT I 3, 4-TZ ZE /T E 2154 TERM ARG /B 5 Z e
MEEY, ARE T EMWEAFTREULABAEN T XHMEEYWRE ST,
HFSEMETFRER. IR, UEITARESHAEEN Pt #UFR
L REAE RS, TRAENENEEN Pt-Ru #4E7) L P-RWC LS,
WHEBRERESS.

Pt-Sn 1 Pt—WO; B R AT R LR & 8 06 S EAH o 1X P F i 47 3¢
R R th AR ﬁﬂ%mﬂémﬁrf PERL (GRS Sn F1 W ZEBSPEIR B IR 5 v
[99100]

BRIJTEAAIZAN, AMTEEFR TR EEE BN =S MAH . PtRuSh,
PtRuOs. PtRuW FU L& &M PtRuSnW, PtRuSnW/C & . EEIfiEHE
5 PRRu/C EALFIABELREA K, T HMESEARBIEE.

ITFHK, JEHRBAELTMAREERIRE. TFRIEGRELTAT R
REMIGERAERTEER X [E5 T BAELF RS, BEREX R
FURFREHMEESE, LaREREIMEIARE . 1H. White & AU
RTERT R, BHELAKERE, £ 045V HBERFERSH
28mA/ecm*. G.T Burstein 2£!'21H Ni(NO,), SE3E4 R N, B PRSI Ni 45
ZIBAF, BIE 67CH HSOs FEFRENIREM. E AN HEELAE
A R AEEE, BREMSRTETREBELH.

1.5. 4. 2 PAREE R L 2 5 s L7

FAEBENMFRTHRERRN (GL1-6) TRLLEENN, ERNHEREEHI
HRINEREF. EEEMR. REEMHENAR, BRRPIENES SR,

O, +4H" + 4¢° — 2H,0 (1-6)
RTRNHBE, AIEEY S0 2MFE, FEAPAEAERY, A L4 4
B, —%E, BELBEHANBT, EEAPETY H0; REFHEHIT

=
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R—E G

g

BEE H,0: B—EdBEARIPE =8 H0,, FHEESGSD
B H,0. IXPIZEEE W R 0,

R 1: M+O,2H +2¢ =MH,0,

T, BEEl

MH,0,+2H"+2e’=M+2H,0(8 MH,0,=M+1/20,+H,0)

S

2 2: 2M+0,=2MO

2MO+2H"+2e=2MOH

2MOH+2H+2e =2M+2H,0

HN BT RN AR (HIR 2) @47, BARMBEZhERN 1.229V(100KPa, 25
T)o HMBRNIEHRE 1 #1417, FRAELERIFERRBAY 0.682V. &
i, REES H0, A5t B ERETEE. EEEN Pt REME
iR ALY ERE L, FEEITHE 2 NN

WimiA N, BEFRETXNEACREHL PtEE S Pt NSeRE. B,
DMFC FA AT W 2 XA Pt RA4ELF. RBEAFNPRESEBIR LR
FHIOLEE XA RETHE, BARTH 1 um Pt REGBEEEY 0.1%, T
Y Pt f&4EWE/NE Snm B, Pt KRB RN 30%™. 5 T/ Pt LA R <A
MmRER, BEELFINFAR, TEAGSUNRERAE Pt. BRI %ESEH
B LLRE MG S8 084 H &40 8E PrC BALR . 'EERELEH Pt LTI
HEPHETM. I Gemini %18 £]+ FE—4 PEMFC R Pt # &} 4-10mg/cm’,
TIINZE (A PUC AL RIFTES B M S 0.4 mg/em? AT .

ki Pt BERKEAR, HREITEXET BTGRPtk B
SEPERHI L. 1. Bett 1% Pt R K NSRS B M HEAT T 675,
KIN Pt & R~H7E 3—40nm 75 B P AL AL S5 1 9 25k o KCF. Blurton 25 A
oSy skub sk MR, 2 Pt MRIARAT 14nm B, E4LIEH: TRE.

F5N, EEE Pt AR T RERANRAE AHETWEATRE, JHEER
i e, MEBER LR Pt S RESANERELFEEE TR, #iFTs
MNEAE ERE. B TESEPEARRSKEE. Hik, X Pt REATR
B— R EHFR TR AR b T2 Pt TR, S .Y HERA GRS
LG IR BAEAEME, HFEERN. OFUE Pt 4S5 LLEZE Pt, KT Ht
B LYEH4dr. A.C.C. Tseung Z!'%Mg Pt IUEEZE SnO $ Bk L, 1 Pt BREIS
. MATEAB, 7E PtEALFIFSIARITE, HAEE Pt FIFEEER R,

B Pt XEG R RN AT R s AN, B2 PyE PYC)YE DMFC AR
fEAFIhEH M. —REMKE, —= Pt A7 EiL AR T E 2 R A

=

i

-19-



B—FE R

PR, SEPRT AN, EERFEHSBE SN RREHEN Pt
ARG . X EORE AN IR T 20 A R R BB RO 454, P T
ATLAR Fe. Co Ziti&BBTIO. (BB A1 —JM MM BB R it
2 DMFC SRIFEE, B —Ba.

1.5.5 EEIK

TRE R R R FARHE., MR, BRRARN, HEfHs NaRmy #EaEld
J=. DMFC B8 H AR 7R, EAREABE B AHBRAER, Fft
il BRI FRZARNX. BY), ¥ THBRRRNK, FE%E
KHASETEREY (I Nafion) KBEHERFEAFE, ke HHTBEK.
ERXF ik & RMEE A Nafion M HABIES ., BE, KBHEFTEFX
B AMEAG R A Nafion W F 7 EGI&MALTE. ok, T oG s
WAl HE AL Nafion JERE, LUSHN s (L 75 S il BR A B T AR

MRIGTE B FACHNE LB BTN RG], BB R EE T ET 9 R
PLMERNE . B ERERLZDIRE . Bl M1 B8R AVWESE:. 54
SCRRIR S, B S BB STHLA SR B 1P 75 3 o1 Ve R el AR e ) LA 4 AR AR ),
AL TR IR AT 7 i 0T R ABIRYE (Spray). ¥ B iE(Paste). ¥4 (Decal) %, {H
KEBFETIEELTRF. HEBEATIGRER “BXK”, BRARNERK LS
HRAEY BERE, 2TRE, ARE EsaEERES. X —RF 5 IR
P TEAR SRR EFTEM, §RT ZAHRKENRIER, RTFTERE, RN
HNER. XMHEREEERNRSEREIFS, FFUEWREDLE. §—F55E
MR FRY, EEFIRABEERASEE. B ERX—RHE, P —/NE
LA AT BETE £ Rk g i |

bR L W R A B2 5h, B AR BT 35T (Sputter)i: N Fl F DMFC JEH,
Reyw &N, HEERER: £ESF T PtRu F Pt &84 3194 B Nafion
KM, 4% C/Nafion/ B AER & YRITE Nafion /Pt R, EFEBEH, B
MELHIZ HoSO, B BI/KRHRE ST HE—BAERERMKE. CK Witham
GO AR SR (BARAEL RS E AR, HUET DMFC 1
Efe. SRR, ATWAEHRZHFRERELTIEETE 0.03-1mg Pt/em® I,
Pt-Ru ZEHEE7E 145-2000nm 2 (8], Nafion f&_F Pt-Ru M A XRD {1 & 54k
FHEHIB A Pt-Ru RIS, £ 90C T, FEIKBEBRIRE N 1.0mol/L, %5
714 0.2MPa B, EHTE 300mA/cm” BB RIREE T, HKETH 0395V 1
LK

Sk L, BRIRBERNEWEFEMEWEFTER—P7E, DUARIN A H
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B R

WHEHE T RER, B/MEEREEEE, XEHBARER. SRR,

AR N E.

TR FRLER, WEEENBRARE T EHT TR
FEMNEBIN, SR REEPRBAENIELTUBRE RSB AR
PERE. (B TR E R AN F%.?!‘ﬁ%ﬂ%jﬂ%ﬂﬁl, BHNE HESRAELHER.

M. Hogarth & APeIgtsr T, 4

N, RERERBARDEER 0053 W/om® . KScott LA BT AE KM
BEH 10.0MPa. I8/ 130°C. BTJE) 180s. 7 M.S. Wilson BT 4 ISE Fa iy 25

IR KM% 125°C. 10.0MPa,

ERER 135 C, BE)% 180s, 5125 30.0 Mpa

120s.

M. Hogarth S APIESLIE HR I, S BReBBAEIE 51k 7.5MPa. HRKAE

]\% 2 Smm, ﬁ?_:E 350 Cﬁ.—ﬂr

. BERY MARUNEEER/NT 4 1/3, REREMET 25%L L.,

WEBITRE, BEAEAREAUERE 5K

M. Hogarth ZPNE 5% 527 BIHAE 16 7 05 65 FURP 250 s b PE B AT B0 . 417
1% FA R U 38 Z 5 (PTFE) Y K S5 -0 4L 12 BT Nafion ¥ H B &I&
o 7 97TCTF UHE—KESERE. SREREMNO1MPE, %A
BT3¢ B DMFC REThEE B4 0.155Wiem®. T34 PTFE X547, ¥ Nafion
- W EEMARREERES, FrEERaechREFERms 0.17Wem?. £
EWAN, FEBR PTFE A] GEmk/ T IR AR AU RK I s PH

P. Argyropoulos ZH 2151 22 T 4 0 B APk w8 B DMFC FIAR CO, 38 i
TARIEW. RABK (Toray 27, BE) B 8EN, SHSHBEERE

IR ADBAFEER RS,
THEMEEIT . TR

R, FEHB DR EIRHH.

B CO, ABR AN ET 8E, B
(E-TEK, RHE) E7 HEN, SEREEER
A, BRA0 B AR S AR R DMFC

HT /UZ. TRSRERE, BATEEF WA PTFE FEEHE —EFkt
HEE BRI RE. PTFE BB EMARN 13%-20% R B EH 4580, PTFE
SR, WRAKFEEL TR, AHKAHEYA. AK Shukla 49528
H, S—E&FHTHERTE GIEBHREN 2mol/L) #UEY 60%H, =i
i%&%ﬁﬁﬁ*&ﬁ%@?ﬁi@k 26 5. St PR, MR8 4mes

BYREE,

B L, BE DMFC BEREANHATEE PEMFC BESHE g
e, XSS DMFC BB . SRR NAR, WENER. %E
ZHEHERES EHES. UL, HUEERE DWFC N 5EEENNT ®ER
BURESH, TIPRERSEHEBEEMEH. AMTELESH SRS
¥ DMFC 88RO, Wit e ey, UIREaMmpiaites.
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1.5.6. DMFC BYMERIRFS

1990 IR, DMFC TS EE T —F 1R, TEER 485 DMFC
ARSI E , {EHAE RS R AL R B R B 256, 5 T it — 48
BB, PIAENEESSRFRF L DMFC MERA4HMEN, TR
I Nafion . MR, B0 d R F it B SR A TR ST . I BRI 3T R4 T )
WHAMERA BB EMAREOTEAIS, TR AR
IR IR MFH DMFC R W IR AR KIE . SCRR[114)%¢ Nafion FRH) F AT
AEBIBISIHAT TV, A SC R B0 DMFC Bk i Bpy & e,

1997 %, K. Scott F1 W.Taama' 13 S48 1 T4 At 8} DMFC #2225 — 4
WA (EEITHERBRR AW EAET BRI, (ORERNT SERE, T
UATEY MUBR B ERER B0, RS E SRR ST 5% 2R
Ay Q)F BRI AES B LEEE N ET I S R B RS (HEL
SEERNREBTES RN, B TE o 5 s %%ﬁmﬁ%ﬁ%%ﬂ{%k%ﬂ
HATHER . GBARAE ERESEEH ISR N,

PERE T, EFIMRR: SR, BARESNLT, "RESTaN s
ZEMFRNERPIRR, FHERMRGEEBOEEREBRAD, TERFE,
Nafion [R7E B A IR b T RSMEERE. |

ZARB 5 BRI Fick B4, Tafel TERKBERTE R AR ERZE TR
HMEHAR . FATRFN Nafion B RRAYT s, BRERE - ABRBHFEN TS
AL, RERIXLER BRAARAR (1—7), (Fa178 itk S0 s

Pj;'ﬂ'” EL‘EH T} - ’? ?? Eroxsy - ??ﬂhmfﬂ (: 1 — 7)

RV, REBWIERE, E,, WRELF THIRTSEEMHE, 72, 7° 4
Al R PR BIRIG I s, 7, B P R SR 1 it PR 9 2% M ohiine 7& 9L
TSI P R A e A

BRI R EIR, BREREERR, AT 8ESELEEERTE Nafion
REBRUANEFEL, KNYMRE TR, Sdfgit,

BT Tafel AR REE MK B EREERFRLBAT R AT E Y,
ZIRECR A AR b B3 0, A EBRaRT R
MW I~V 5. Foh, R 2 TIRER bR R R B, a0
P ENSLrEERAEER EEETFIRE. I TERX—E%, K Scott Z

B % B AR DMFC %55, K. Scott 2 AUMSHE G T — AN B HE Y
WAV . (DBRBSEEBE. () P EFMAREAWRNELEE A2, (3) B
RN B R NVEHEE; (4 PIRMFERSTUERRE—BE, (5) FiB
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H—F 5k

HERIRE AE; (6) Nafion RESWEE; (7) BEERAGEEHERESE (<i0um),

HNERAE R 0] 20 . BT IR, ZEREENN T DMFC B R4S

B (EZAAHEFHE DMFC FEIRMERB A FERET 440 T:

(1) B CO Sk H B 5 A7 (B 4K) R s

(2) B (EBREDN S

(3) TR (B AR)_L % 2

(4) BKEL CO, B R BILIRE.

A, PARPERRLE CEED %ﬁ%%ﬂﬁﬁ:ﬁ: (1-8) FIR:
1 1 1 1 1

Ky K K, K, &

HEK RRESEARELK I EERRY, K, BEA (B BERRLY,
K Bt Lol BAERARH, &K RIBUTSH PREILNENEEE ., B
WERRY, MEEIHERBET BUNEHEERE., £+, #
BANE B T R RUS A R E X il i I-v $5Em. Sh T fRl
SGREXBHED S, ZHEEMET M ERETRBEENEER AR (1-9),
%h?ﬁ?ﬁﬁ@ﬁ?:ﬁﬁ%i&%ﬂm%mﬁh |

-1 372
RT g} Pco,a Po,
EGL = m’! (1""' )+E‘Eln< EI(TX Me,a )I ”ﬁ(_f_%__“) ( Qﬁ )

(1-8)

(1-9)

o

P P

Hoh B B TF MR, B, NIRRT E R, 4 hLRIENS

REFEEHXHSE, RASEESR, TAHRMBHES, FAERNERE, |
RECIRERSPRIAMERZI, 0, Peoa~ Po, T p° HHIRAEFE

FIvERE S FRIR CO, BIE . BAfRE S HIE S FArHEE A7 3 EOP A (1—10)

lﬂ‘aﬂ :E{mp"?}a”vt_??ohmic (1-10)

B[R RMBRIREREY,, . BRESRERH, HFSREAN DU
REERLU SRS lE IS R PEBE BT . PR B BRRBEC T 0.5mol/L B, PHAR F AR
MHBERARALEPEREARSMER, LFEERKEET 0.5mol/L H,
ERMARMERERENHATEEE D, BB LERERRENBEEE
10°-107 /s 2081, BFFTHA0, XEEN PFEREEAXEHEESY COo, fEkF
PR R, BT EZH CO, UISHREELY #8ZE, AT FiE
T REPHERES, FERERREE/]D. SR ERPRBTESIENH
WEREIRRL AN 0.5V,
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e B

sERR b, H B DMFC B A S XA PUC B PeRw/C {EMEMAF, HIEFIE
FI AT 10 m. FRWEEE DMPC SBEDEHIRELEN M EELR D IE
B, BRRAEEY, ORETERRNEE R TERIRE, SRER Rk
Meims. B, XRNTERNSSPREEETRAAL 0.5V ERRKEH.

A.A Kulikovsky "R S T {EiiEl DMFC fi -8, BRI EESETH
BEE. SV EEMELABRERNS . B FREEEERAREEnE
WHIER R ERN,. BRIERER, WIGRME (cib, BEZ A SQEED
MEBEEAREFAERENERER, FRPFENSARAEY . R
FHELAE A, FERRERE, EEHEF SR, BT 88K (shaded zone).
TARER, FEOKESHS, BUEREEER. ATRXENEER. &R
5, BB RS ERGERERNME. §RTER, BHP BT
MHEAN SN FEEHBERERRGRBGSHT, B4R T hiE
R, ERBEBREEENERA, REXH IS, AAKulikovsky A, R
FA—FH B A (embeded) FNMHR (MHBHME SRR BHEERM, B
BIRFECTENT RERATER) JLUSNA SR FHRENEERR, #5
AR, HRNHFEREET, CREXERETENHBE ST,
R B B S TRt .

gk BRIk, 3 DMPC BB, FRITF AT SRR SEES
SEBEROTR, FEIEBHRT. HEITANT DMFC BB FRTEAR
TE, EEREFEIESEN DMPC S, BAE RS RGNSk
FATH, NHFEZEEN DMFC KEAENERHR B8, EERS
WHEEZR., Bk, ELEMNEEERANTR,

L6 AINEENMERETENS

B B4 DMFC 880, P 8518 T R 45120 DMFC SR EMCRE Y —.
BEBARARENIEERLR: (OERELTRT PR R S E EEE
(2) FRESAFAAR RS SR it R TR (3) B AR IIAE LRI 45 4 A
Ak, EERAFREERE. BT BB NIRRT RESHRAA T
SRR, BE B RILFUTS RALEEBREE, AT BERSR R R e
— P B SRR, EALTEEEEE DMPC BSERMTIRSeE. Bk, B
%wmﬁ%%# AR AL R AR A SRR B B BT, Bk, BARM
W CO. FIBMKE B B e EERW, BEENHRHRAE Nk B
B AR BRDRL RS MEAT BT RO 3E: B4h, BET DMPC HTRIRIT REISR A%,




F—HE FR

WZXT DMFC WHRBEFBESTEEERRIERNNZNERE.

VR B USR] DMEC Rk, BERiMEteE. B8 Y
FMRBRGFEET, FREBRRNBEAREE. EAMEE. 26, #E
TH MR AR EW TR, DA SN RS kit ge. R, KT/
RERT HEME . BEUNEPHERFBEEROENHTEEN, I HE
AR T H R R S AR PR R CO, MIBA A RN . AN IR 44 DMFC #
A2, ERBET MR DMFC B3R, ETLE oS RTa:
A R R B, BEPE. 8. FFAERBRANESTE. Rk
HEAAE . HREGRERANREEAS 1208, BT RRAE “HiTs
RN R SR FE A, R BB G S 5t fe X B it
BRI,

'\.

_25%.



B MREER DMPC BEa Ml & . i SRS

W kR DNFC B AREYEI & . SEIL 51t aE

DMFC BREREZAEHEY 5UE. BUFE. Nafion JE. BHELT
B B EKEKENNERSE K. Bk, NRTFEEMARE, FHRELTE.
Nafion AL F BOIER—~&. NETEBEHNAE, . Ry 8ER
RN izl R AT R T 2R AT IR BIRE 52 2 (a3 5 A /5 1Y 3 B
FE. BREBVREIHERAX T ZH&EEE, BXEA#HE DMFC
EAMESRGHOHRIAL. Frel, BIOTEH LENHESEHITIEATHA.

T 4 R BoR, RIRUERG B EES A B E AR v 2E 3 B ER R
Ao B, BTN A PROE (IR AR SR 1B B B iE T, X 48 HE AR R 1R v 00 A 28 R[] A
REmmteE, CLAMEBEATDT R SERENAS M EBRERERE X,

Bah, REBEENRELSSEBAN TEREFEDMEX, BEFHMREE
THMEH., HEFRSEENERFEFES A8l (AE—5), B
EHESABMEERE TIERENRS DMFC B GET7EE.

AT/ERHBR —BEREEBENTE, BFRTESEKEETE. Bis
fHF e A0 AR S0 SR AR R DMFC IR iR B ge ., FH R AR E
PR AL AT, ot T ARBRESG TR BRE B ERE.

2.1 MR, W S

2. 1.1 LR

RELEREWHRSY, BITRHACEZ ™ S ER PYC il Pt-Ru/C, /EA DMFC
BRARFIBH MR AL A . 3R 2-1 FUH T 8 % E Johnson Matthey 4 &) BIX PIFP L
ﬁﬂ%::gﬁﬁmjﬁ;ﬁ{n

R 2-1. B AL = E A BRTR S
Tabel2-1.Main properties of electro-catalysts form Johnson Matthey Company.

B PYC __Pt-Ru/C
Pt & B/wt% 19.0-21.0 18.0-21.0
Ru & B/wi% ;o 9.0-11.0
Z KB /wt% < <2
XRD A FH R~/om 2.6 2.5
Pt L FARmg 110

AR, HAMERZEE Dupont 2 ) 1 Nafionl 15 H{E 7‘9 Fﬁfﬁbﬁﬂ% P 3ES
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B WEE DMFC RATHI& . B SR

[ Dupont 2 84718 dwi% Nafion BBAE BB EAEHENRT B4,
PREMAEH LEFTXNBEME TR ASETNABRAERS (B
0.3mm) X HZ Toray 45 TGP-H-090 B4 (B 0.28mm).

2.1.2 EEZLRMNE

£2—2 FELBOUE
Table2-2 Experimental apparatus

{2 ER R EE ]
S 43R 7 A Autolab-PGSTATE20 fre
ERE 1) PHILIPS XL30 ESEM % Philips
R e I B / BIRERTIAT
AREHRIFA LCb201 WINOPAL

22XBAEERE

2.2. INafion BERYFALER

% Nafionl15 FSIRZE Svol%H,0, KW A 1h, MEBREPHENR
B BB, BEETKREMPEERA 1.0molL H.SO 3 &Mk th, M
SRR HR, REBEREXETKTE h BHEETKREER4-5
W, UEBREFREEN H50, BERLETFHOEEFTEETKS, &H.

2.2.2 Nafion BRYIE

KA TRAE RS ITRIE, S EEHE TR Nafionl15 B AR
A1k,

BB Ll6cm® MRS B ME S (EEN 035mm), FEET
IKBEH W EA1HA Nafion BERTHBM, HERERKERFNF: RERE—E
BETHEREZS, #TAE. FERSHZERH Nafion B, BMTEETFAPE
lh; HUHEE, FRTEETFKP.

2.2. 3R SERNMNE
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BE AAE DMPC BEIBNEIE . ik S

Nafion 8 F1-F DMFC I, BUEEAEBIRFIBHM 2 ], A7 LA SRE T REH
MR EERD MRERERICON. FURH, ROTRAH ERkl
BEREFANHSR. MWERERACRE RSN, LERLE 21§k,

B2 RENERETER
Fig.2-1 Cell for membrane conductivity measurement.

1: BEERZBEER: 2. MEELEE 3 FHETRE; 4 B 5

SR Sy Hfrma Y

1: Teflon cell; 2: upper electrode; 3: lower electrode; 4: membrane; 5: FRA

RRBET £, TAAEHRHEZE, THARN EXEOER 20mm, LBk

TREHZ 6mm, BERTMME. WS Tefon MELE. M5EH. TH
R R R, R AR L B M Y 2R, XA TE RO E I AT {RAE At o
TR SRR E ARG KT iR SRR SR R, AT 388 S 5 P A (R T A e A
i, BT AGHPRERARE. WRAN, LHUELE T HHNRe#EN. |
EEAEADBEE TR, RERARES RBE-RENERSED, ZFTR
FRGR LT R ERE. BEEE M SERRMES N GUiER
A WE. WWERMGERE, TTUNBRERREETHESE,

PR A SRR S WA
R =RxA (2-1)
o= (R4 (2:2)

Hrh R AMRATE PR, 1 ABE, A BEMFRER, R HMEHME, Hopp
1, RSB 0.01mm) i, A BUE BT REEH,

2.2.4 Nafionl15 BEEREE T ALNME

EANE NN AEMNEF T EE P RENET R, HNIBEENRE
RETHE 2-2.
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B_& ffhute DMFC RERIGI&. Fi G

Y

1: BB ER 2. THENSHEMN 3. NEO 4 BOS: BIEF 6 BB
7. BT 8 REFH 9 ﬁ}H/ﬁ${§%%ﬁ%§ 10: wEHN

1-diaphragm diffusion cell 2-stainless steel grid 3-feed inlet 4-membrane 5-stirrer bat

6-stirrer 7-circling pump  8-defferential refractometer 9-analog/digital converter  10-computer

2-2 FET RENELEE

Fig.2-2 Apparatus for methanol permeability measurement

Rl 1. IERASFRE RSN 25mm BFEEZHM, SMNEEFBRAR
16ml. FEEBEFRKPRBED 24hr f5HRFIREZERH KL T ERARNAHHM
2B, W=E&HXFHEENE, HRKKER. FHEN, 1EHRA—ElRE
RIFE- KR, TEPMALK. Fa s, #1, IENERERRE
TEAHS, RFERMERMRERL. 1 ZRBEEHREE D RERH
MR FRE L E . 1 EERR A AR R L m 247 5 O B R o D
HENERELIEN

B R P LRI R W UL -F SRR (solution-diffusion mechanism)
FHig, Rut - PURES T MBI 1 SEBIRE C, B RERLXER
L,

¢, =

ADCmH 2C]0HAI =\ COS ”ﬂ[ 2 2 2
—expl-n*m*Dr/l (2-1)
Vv, V,l Zl: ol "’)]

B WTFETIER | EMFEKRE, Vo i TEEREH, A hEEIRR,
I, R B, D H 4310 FRERT (7 SREAER R, R,
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BT W DMPC ReaERBIE . Sk yhae

HECRE, B RR, EXELA

C, = -"3{7‘—*’[95: - f‘ﬁ—) ' (2:2)
v, 6
B 22 40, —ERES I EEREMN R ES LR, HENMEN
AC,

Sm?rPoH§%%%II§§%ﬁE%%%ﬁ,HW%M@%@@E@@,

RENBEMTENUE, TEELKMBERS, #iTRETEHP.
Yy bn

P= SA_CIO. (2-3>
FERFEREAERTEOBIRY, TAGEERLTHER D, BEEEE
R P R B 1k 2—4 R Y,
D =_}i ] 24)

H
FESCHER[12011E, B 30°C90C2 8, FRETE Nafion BT HBHEARH S

% 0.4,
2.2.5 BEBREYSI&

RE—ERBENHRNARELHETRER D, A ol EEFKH
2ol FABRER, B0 8 30min, FMEPIMAER Nafion ¥, BHEESE
30min. £ S0CTHREAMERSYRER, BEEREERS (GUESR) B}
ERRT, BSTERREA]L—E/E Nafion V¥4 BISIBAMABIIR. HEH
RIRE TRAELYEFERERN, &t TAE, SIRHEEY dom’
REELER

2.2.6 DMFC HOATHEMEEE IR

SRR, REEMPECREREE BRI NE, RNErETHE 2-3.
PR K SR R R, SR 0 LA R AR B B e IR SR AR SR
FEPAVELL 20mL/min R ARBER A E TR (BESEREE
MED BN EKRR, KRNNPERELG R FIREEE. FEREH
Toml/min MIREHAR. WEN, BEdUEEESNEERE T RBMReE
TUARR R o A PRIE AR TERRAS LA, IR B A B RE R B = A PR B — T RE .

2.2.7 DNFC BB L2 1ERERE

BT EE Pt/C SAERPHEMNT BUERHRE, HafitRSaEs
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B_F fiikisl DMFC BaRmH &, B Gk

S HAE (OHE) #Mbl. PRI SO E it SRR B S AR AR (R 24 HE AT, 16
N 0. IMPa 05 (RIE) MERHBEHRAE 5 th AR RIS Al o

7E HLH G TE R PR HCMIRER , LAPERAE o T AR e, WA A b 2 bt b
W M4 T AR R i P R A A, O B A T TAESRIEAAF T, [
HL PR A 2. Omol /L PRV, PARIEN 0. IMPa .. MG FURBREL
S FRR M Py BB M, 7EBRAR AR EA £ B Tk . P BSs da F h
1. OKHz-0. 5Hz .

N i &

&l 2-3 DMFC JiX R R E
Fig.2-3. Sketch of the DMFC experimental setup.

2.3 HEFRHFRERMEEMNENE

2.3.1 AERE

RITERFAAERE THEMEEBEA RN, BAFRKEE, HEH
ah, FUHATHR BRI, BEROHRREN BbR Rt REmnE 2-4
From. TTLAEE), SRR Bl i B SR MK, (BRI R R
K, B EREARRENARTERAE TR, ®EN 1200, B
HEREREE
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Fig.2-4 Effect of hot-pressing temperature on the performance of MEAs.
Hot-pressing pressure: 22.1MPa, Hot-pressing time: 120s. anode and
cathode: 2mg Pticny’, 21.4 with Nafion, Diffusion layer: carbon cloth .

Nafion BRIEA MBS TELSY, THEEEESLEIENEW. Bl
HT R 2-4 RIS, AT Nafion M SHIFRE ML RHRITTHIR.

B 2-5 @77 T Nafionll5 [BRH BEBMEEENTN. ATUESH, HaS
SEMAERENABERE TH. X5 Nafion 2T 85 b SRl
AL ETRABRAETERRNRAREI R, emeEdgd.
BARMT ESHRE, ERANBRBREEARRT KEEFER. ERLRET,
B FHERRSHERON RS, YEEs ok, BFREE RS, B0
RRFFEARS MARTETRE, BREATHEETFHRE, BTHREER
SHEHAFERTRECHE Y, BREAETRESEE. SRS EAIEL
AR, o AR RS RACh BEER, B, TERMREERET, RE
ME, BRBGRE, PFEORERTE, BEEMEE, IR0
K, BRASERK, ATX—HTRATHITRE, BBl e R4 REH
ACRHHTAK M, AL AR E EHRIERTEPRA! B, Bm 121018,
¥ Nafionil? JE7F 106°CHI N FIRE, B & KEMTER FFRABHEKE,
FME MR T, MENRSERETES.

Nafion115 BEAUFART I REREHA R B W E 2-6 Bz, RIRREA&EE
PHEZEAEBS B IR M. AN, XRAMEH FRRERE A SERA TS S5
gL, BEMIEA, TESETPREESPH#EIEA,
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&l 2-5 R AR Nafion115 (R B S &R M.
Fig2-5 Effect of hot-pressing temperature on the conductivity of Nafionl15
membrane, (Hot-pressing pressure: 22.1MPa, hot-pressing time: 120s)

5 0018
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B 2-6 MEREN REENPEFEREOZE.
Fig 2-6. Effect of hot-pressing temperature on the thickness and methanol
permeability of Nafion1l5 membrane. (hot-pressing pressure: 22.1MPa,
hot-pressing time: 120s)

gt BRERER, BAIXE 2-4 WRMEOREN TR . AEEEE,
Nafionll5 R EARR, BRESELNEZANMSERGIHE, MR
FORELEPEINGR, H7ERR AR & 02 (o) W% PR ) B, etk B AL e ]
FHALFIEF Nafion BAHIEH L ERBRTE S A, MERETT R B8
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BIE MR DMFC BERRIEIE, BULEERE

o& Nafion FURIFIEE RE ., FESHILAIBR 2 MEFEAER, A mER
[ ERIBT LR = AE A E, B R . BRERRE R R — P
P25, Nafionlls FEAJZSEMENEE, WPHBE M. SHER, BREETIEAD
Nafion &4 5 Nafionlls JEAFMFMELED, HERUEEENLEEED
&NE, FEELFIENHESETR. MU, HTF Nafion BSHEa Rt
Ay, B AT RELE Nafion FEXTIRBEE AR, XrjRefE#iL/ZF Nafion
AL R AR b ) BBV PR R U BN TR K. BTl ASREAEREN 120°CH

IR HIE AR R BT .
2.4.2 BIEIE

& 2- T&H;%T?*‘-)'?Ujﬁﬁﬁ%*ﬁl’}“ﬁ B, TUER, @R ARIED

s 77

ReCHE AR AR I B, (BRI KR AR PR AR RO T %, 7E 15.5Mpa T IR HIHOIR A

RIEREREE.

--m— 11.05MPa §
—@— 13 25MPs
--h— 15 46MFMa
—— 14 .68MPa
—uf— 22 DB P e
c—ee— 24 30MP R
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] 2-7 # I 7 5 R R 4R E A B 1
Fig.2-7. Effect of pressure on the performance of MEAs. Hot-pressing
temperature; 120°C. Hot-pressing time: 120s. Anode and cathode: 2mg
Pt/ctn’, 21.4 wt.% Nafion.. Diffusion layer: carbon cloth.

Nafionlls BEHIESBNEERABSHEE X R>AWNE 2-8

&3

2-9

Fiim. AT LUEE], SRR A, R R XIRE B SRR R G LR E R,

AR Nafion FRZSH MW EHRABBEEDTRL. Hk, F3CGAX

&

2-7

B LneERafEldH TARAMREMAN. BHWAREEIMKT EUAMNE
Nafion B&HHARKEIE, Nafion SE4LFIMEMATEE, EfMEANERS
M FEEBEEN., SR, B8 XER IEGE Nafion RS EATIEZE.
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EAFIERST BUR ZRIREM. bR SR RS A e, X575 ERFLR
TEARR T IRBHRERE. B, KA RBBRELARERRA. XEA
AR EE Y, BREASEREENPRRNIGT, KL —HEE

2 e X S b s 55— 7 TR A P AR G B8 R B AR B B 7= A K HE i T
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Fig.2-8. Effect of hot-pressing pressure on the conductivity of Nafion115
membrane. Hot-pressing temperature: 120°C, Hot-pressing time:.120s
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Fig.2-9 Effect of hot-pressing pressure on permeability of Nafionll5
membrane. Hot-pressing temperature:120°C, Hot-pressing time:120s
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BE WSS DMPC BEEKEI& ., B

2.4.3 A% (e}

PR BT (A R e R RE R B AR T 2-10. #A R AT 8] 4 20s I, EAOHE
R ZE, MR EHEEE 60s BUE, EKEEXSEMERNERAK. BERE
JE IR AR T LA TR, #hFR e (8] 46 DU B e AR () 1407 5 Nafion F3 2 8] ARG &5
AR, BIRBEAESTH, MHEHEEEN, MEEX—H1E.

Cell votage(mV)

Current density(mAcm™®)

& 2-10 SN R B s AR 1 BE R e
Fig.2-10. Effect of pressing time on the performance of MEAs.

Hot-pressing temperature: 120°C. Hot-pressing pressure: 15.5MPa. Anode
and cathode: 2mg Pticm®, 21.4 wi% Nafion, Diffusion layer: carbon cloth.

MRS R CIE N, ERUER 608 B, BERHROHE LR
el R I E B RE . T, B AE & HTE 15.5MPa.
120°CH 120s.

2.4 BREIHEYHWL

7 PR RN T, TR R T I R B 5 e T rAR B
AT, EM B R R EATIE . K Scot ZPE T ERRT, &
FRsEERnS, FPERKER 205, Eat g TRERE RERE.
HAHTRERS WAL B, WESE PEMFC #, HHHL T RUMIE,
B, ATEGA X — IR IR R BN . XA 68 £ B £ 75 A A0 T8 I R riL A%
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Fig2-11 V-I curves of MEAs that were conditioned with water at 80°C.
Anode and cathode: 2mg Pt/cm?, 21.4 wt% Nafion, Diffusion layer: Toray

carbon paper.
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Fig 2-12 Effect of activation time on the resistance of DMFC
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Fig 2-13 V-1 curves of MEAs that were activated by current. Anode and
cathode: 2mg Pt/cm?, 21.4 wt% Nafion, Diffusion layer: Toray carbon paper.
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Fig 2-14 V-1 curves of MEAs that were activated by H,SO4 solution.
Anode and cathode: 2mg Pt/em®, 21.4 wt% Nafion, Diffusion layer:

Toray carbon paper.

39



B AR DMPC BRI

st

R Ru-OH 821

700 -

—m— activated with method ¢

500 \n

x*

S

O

~. '

.y
=
=

Call Veltageimy)
[N ]
=
|3

200 -

0 -

1) -k\ | —%— without activation

.

™

" h r T t L) i
o 50 160 188

: ¥ ¥ ! T I
209G 25 306

Current density{mAcm™)

& 2-15 KA @SR B e v B
Fig 2-15 V-I curves of MEAS that were activated with method c.
Anode and cathode: 2mg Ptem’, 21.4 wit% Nafion, Diffusion layer:

Toray carbon paper.
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Fig 2-16 Effect of activation method on the performance of DMFC.
Anode and cathode: Zmg Ptfcmz, 21.4 wi% Nafion, Diffusion layer: Toray |
carbon paper. |
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Fig2-17 Effect of conditioning on the stability of performance of MEAs-
Anode and cathode: 2mg Pr/em?®, 21.4 wt% Nafion, Diffusion layer:

Toray carbon paper. (discharged at 100mA/cm?)
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Fig2-18. Effect of methanol concentration on the performance of DMFC.
Anode and cathode: 4mg Pt/cm?, 21.4 wt% Nafion, Diffusion layer: Toray

carbon paper. (80°C, oxygen pressure 0.1MPa.)
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Fig 2-19 Voltammograms of the DMFC anode under different methanol
concentration. Anode and cathode: 4mg Prem®, 21.4 wt% Nafion,
Diffusion layer: Toray carbon paper. (80°C, 10mV/s.)
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Fig 2-20. Effect of methanol concentration on the open circuit voltage of the
DMFC. Anode and cathode: 4mg Pt/om’, 21.4 wi% Nafion, Diffusion layer:
Toray carbon paper. (80°C, oxygen pressure 0.1MPa.}

ST i T Nafion IFIEEERARS, MRUNTFEREELEIZHE, FX
EEAL RN . BT RN SEMNEERNER T ARAH B SEBEBLAT
% . E, DMFC HIIRMee s RE ek L& U4Ex. B 2-20 Box, Bl
Tr g o [ B R EEOR AEE M OK T F . R ERERR E AR, PEF BB,
TR B B TR AU E, X5 D.H. JungPM g BB, S AFRKER

L

44



BT Wik DMFC BEaRasie. Eih5Hs

FAAR M REiR S AR B R T AR e FREMFE R, BRI R TR, EIRE
WA, BN HEMRBESZERENEEEAT, BERERFEREA
2.0mol/L. B & 3 & iE.

2.5.2 B TIERE

B 2.0mol/L | S JE /10 0.1MPa i, T{EREXT DMFC ik EE
R anE 2-21 fioR. &S S0CHEEE| 80°C, MMMAIITIEEEH 601mV 1
KE) 655mV; LA 150mAem™ R FEEHCAE, HEM 120mV HKE 410mV.
& 2-22 Box, TAEREH SOCIRE T 80°C, MR THER % & ) 26mW/em? 1 K
2} 67 mW/em®. AIBAEE X Rb SRR, TR T BARR NS EM B A
FHSRERIRR,

DMFC TAER N Rk & N sh 1) 4 i f & 2-23 . BaiRE B
S50CHEZ 80°CHY, FEE MR MBI IEEAMM 0.30V(vs. DHE) FFEZ 0.25V(vs.
DHE)A A . FEMREAL T, PHREMNHRR/D, BEE FAMBERNK: E8E
FIEAL R, RABEEMEKNEETREEMY K. X5 T Page P R EB-FiM-
KAERPEEEMAE. MAar g, EEEM (RECRBRER) THE% Ru
X LA AL Ru-OH MR NZ2—Me RN, BERRMAEGHIFZE. RE RN
TR E T LR R FER A AR, F H,0 RREERABAL T RRE M (2-6)
HIFEALEE, ERL Ru-OH, SRR NMREHRA TR, Rai (s
RERE) T, FEEkiEERE T Ru-OH 5 FREEMLF RN RN EE, &

700
60D —m—507C
LU —A—70C

9 -\\\\Q\' v 80T
g, 400 \\. \\' :
g N,
:.g 300 | \*\ ‘\T\H
E 200 - '\.\\ \‘\

100- ~N

0 | J T T T T T ' 1 v 1
0 50 100 150 200 250 300

Current density (mAcm?)

& 2-21 $E X% DMFC R HERE AT B o
Fig2-21. Effect of temperature on the performance of the DMFC. Anode and
cathode: 4mg Pt/cm’, 21.4 wt% Nafion, Diffusion layer: Toray carbon paper.
(methanol concerntration 2.0mol/L, oxygen pressure 0.1MPa.)
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Fig2-22. Effect of temperature on the performance of DMFC. Anode and
cathode: 4mg Pt/icm?, 21.4 wt% Nafion, Diffusion layer: Toray carbon paper.
(methanol concerntration 2.0mol/L, oxygen pressure 0.1MPa.)
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Fig2-23. Effect of temperature on the oxidation of methanol in DMF(C’s
anode. {methanol concerntration 2.0mol/L, oxygen pressure 0.1MPa.)
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Fig2-24. Effect of temperature on the internal resistance of a DMFC at OCV.
(methanol concerntration 2,0mol/L, oxygen pressure 0.1MPa.)
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Fig2-25 Effect of oxygen pressure on the performance of the DMFC. Anode
and cathode: 4mg Pt/cm?, 21.4 wit% Nafion, Diffusion layer: Toray carbon
paper (80°C, methanol concerntration 2.0mol/L.)
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Fig.3-1. SEM photos of different materials as diffusion layers for MEAS. a: carbon paper,
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Fig.3-2. The effect of material for the diffusion layers on the performance of
MEA. anode and cathode: 4mg Ptiom’, 21.4 wt% Nafion.
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Fig3-3. Effect of the thickness of carbon paper for cathode diffusion
layer on the performance of DMFC. Cathode: 4mg Ptfcmz, 21.4wt%
Nafion. Anode: 4mg Pt/em®, 21.4w1% Nafion, carbon paper 1.
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Fig. 3-4. Effect of the thickness of anodic carbon paper on the
performance of DMFC. anode: 4mg Pt/em’®, 21.4 wt% Nafion. Cathode:
4mg Pt/cm’, 21.4 wt%. Nafion, carbon paperl.
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Fig 3-6 Influence of the PTFE content of carbon paper on the V-I
characteristics of DMFC. Both anode and cathode: 4mg Ptiem’, 21.4
wi% Nafion, 0.1 mm carbon paper diffusion layer.
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Fig 3-8, Influence of carbon powder layer on the performance of DMFC.
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Fig.4-1 The performances of DMFCs with different anode Pt loading.
Anode: Nafion 21.4wt%. Cathode: Pt 4mg/em®, Nafion 35.3wt%.
Diffusion layer: carbon paper.
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Fig.4-3 The performances of DMFCs with different anode Pt loading.
Anode: Nafion 21.4wt%. Cathode: Pt ng/cmz, Nafion 35.3wt%.
Diffusion layer: carbon cloth.
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Fig.4-4 The performances of DMFCs with different cathode Pt loading,
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Fig.4-10. The impedance plots of DMFC with different Nafion loading in

DMFC’s cathode at 250mAcm’. Cathode: Pt 4mg/em’. Anode: Pt

4mg/em?, Nafion 21.4wt%.
SCER[140-142 ]R8 T PEMFC S EY Nafion BILE B, HRAITE 41,
it bk 3 4-1 FIAEF ST AT LAE B, DMFC B 4% 4 671 2 Nafion B4 8 (35.3
wi%) 5 PEMFC EARK,

# 4- 1. AR E B E B Nafion B S BI0HE.

Table4-1. A comparison of optimum Nafion loading form different works.

st E HEE PUC Pt & E  Nafion BIEEE @t
(mg/em?) (Wi%) (wt %)

Y. Uchida 0.5 25 33 140

E.A. Ticianelli 0.4 10 36 141

E. Antolini 0.2 20 40 142
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Fig.4-11. Effect of the amount of PTFE in the anodic catalyst layer on the
performance of DMFC. Anode: Pt 4mg/em®, Nafion 45.0wt%, Cathode: Pt
4mg/em®, Nafion 35.3wt%.
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Fig4-13. Effect of pore-makers on the performance of DMFCs with

lower anode catalyst loading. Anode: Pt 2mg/em®, Nafion 45.0wt%,
Cathode: Pt ng/cmz.r Nafion 35.3wt%.
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Fig 4-14. Influence of the amount of pore-maker on the performance of
DMFEC.Anode: Pt 4mg/em®, Nafion 45.0wt%. Cathode: Pt 4mg/em’,
Nafion 35.3wt%.
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Fig 4-15. Influence of the amount of pore-maker on the performance of
DMFC with lower anode catalyst. Anode: Pt 4mg/cm?, Nafion 21.4wt%,
Cathode: Pt 4mg/em®, Nafion 21 4wt%.
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A% Fr* ~B.Fn®
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4F RT RT
K.Broka 1 P. Ekdunge! " S8 L ERNEE FE Y
dN - ]
R, == _yfl o 1 (5-68)
2 aCo DY, Je|

L5 47 AR BN R ER GHERES 545 XSMFD, « 3EHET,

o, EWEAC, (TR ERATHREREE, SHERAR, §HEAFEN
R Nafion BRI, a HEMLFFS BT, A. Parthasarathy 5015
BT SKHR I T Nafion FEERMTHARERE,, » C. Mar X LiEE

A& EPSEEES
logo iy 0, )=3.507 -‘{1—32?1 (5-69)

RE\HATEERE B, EXFEREMT TRESAREN, NBRERENEN
AL Tl X K.

7t =E, (o —97) (5-703
R o] AHRECTIER B, o N MELTE Nafion B-S4HEIEAL. ty

BT EG-T0OFI(5-62), 7 REFHR ARSI A S8R E T EE%ﬁﬁﬁnT%%
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Heh §o7 ftsod Rl R AR EEFERAIEERSYHNEIBESE,
55 =gV o, (5-74)
5o =(g: )% s, | (5-75)

Hrbo, flg, ARGURPASERFIENCEHRELHENERTE, oM

¢ AL AR AR SRR
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o == ref

M m

exp

1268 1
T, T

|

g

(S/cm)

(5-75)

KoY RELBETERAOBRTE, BIMFXAEXLREAE 80T FHTW

Nafion115 BH B8 0.04188/cm) B HAE, KA LRE

o, =0.0418exp 1268[ L _ 1) (S/em) (5-76)
353 7T
F B 7 Nafion & 894 8 R B (S-77)k B
-6 1 d -1 -
D,,..,, =4.96x107 exp 2436( ~ } (ems™) (5-77)
333 T
i, WRETEAK Y ERR |
1 ]
D, .. =73x107° exp| 2436 — cm’s™ (5-78)
Mo-W P[ [353 Tﬂ { )
BEirgr et PR RREALRIIELEEY 70 Wmol™, DRI PHARAT # B I 2
%M%%%%ﬁﬁﬁkﬁ%Tﬂ%ﬁi
I ST :
o e = o €Xpl 8420 ~7 1] (Acm™) (5-79)
9 ref ]
Hop i BRERERT, &4 FPRELCHRBRERE (LE5-1.
HERRR IR 5-1 fror.
* 5-1 RAEIZSE
Table5-1 Physical parameters used in the model calculations.

Av(ng'l) 110 HE Ry 83 Ty (mgcm“z) 4 . LA
Co, ner (molm™) 12 [157) Zn{nm) 150 | [161]
C oty (MOILT) 1.0 (131 @, (vole) 0.77 R

Cp(molL™) 12X 107 1118 @, (vol%) 0.3
ki(em’s'Pa’) 1.8x 10" [118] P, (vol%) 0.3
k> (cmzs'latm"l) 6186exp(-7100/T) | [115] & s (vol%) 0.77 ik R T |
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4% 5-1
SR 1 B SR ¥ 541 SR
K, (em’) 3.03x10™" [118] D 0.3
K, (cm’) 3.03 % 10™ [118] ¢ 0.4
Li(cm) 0.028 {1 T 8., 03 .
L2-L1(cm) 0.02 SE A0 {H @, 0.5 [134]
L3-L2 (c¢m) 0.016 LA @, 0.5
L4-L3(cm) 0.02 | s, 0.5 [157]
L5-Ld{cm) 0.028 ST | f. 1.0 [157]
/, (cm) 0.016 SR {H J (1 m) 0.08 [162]
Layg(um) 3 [155] o (Sem™) 4000 [157]
igie (R Acm™) | 45 (0.35V,80°C) [158] A w 3.16 [67]
Iy 0.5 [159] Pu0 (kgL™) 1000
- 1.0 [157]
. BPCRFHBEREE, HBHERBELERMAFS D).
5.1. 7T1h8&H
R FHIRFEAKREFESENIAT, B4 x=0 4,
Ca - Cjecfd
Me =0 .Mr: ( 5-78)
Pxig ” Prr,_)‘fud
LKA Cle Fn poed oy i 3R - PR AR 5P B R vl S Ak Rl e A
kT S ESELANERE (x=L1) &, FTFHR
17, =0 (5-79)
7 x=L2 &b, HTFHBENE, RTFORETHEBIBEAGR, Bl
1::1',2 = ]cch’ (5"80)
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T HRBAERNEEBERNRE, BILENRRECTIEARD (x=13)
AhE=]

Iors =1 (5-81)

EBE A REREELSE, Bax=13 4
HdP ;:-*LS
dx

d o .
J Vi x=13 =0 (5-82)
dx

= ()

X
PH"‘

ngxﬁfa3 = PE}'
x=L3

Hepi=0,HCO,, Py RAKBIERE.
7F x=L4 &b, PAIRMEALTIE T B
£, =0 (5-83)

SRR BT B TESN, FEANKERERN Co, SRR, B
.[H:: EX_—’LS 5&

Yo, x=15 = 1.0

(5-84)

1 VW x=rs = Yoo, aars = 0

€ _ pleed
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Fig.5-7 Effect of the pressure of oxygen on the performance of the modeling
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Fig 5-11. Variation of oxygen concentration in cathode catalyst layer.
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