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The objectives of this study are to elucidate the mechanism of multiscale
water transport and freezing in PEFCs and to present cell structures and control methods for
improving the cold startup ability. The cold start experiments simulating actual stack environment
with a single cell, visualization of ice distribution in the cell using a cryo-SEM, and analysis of
liquid water in complex porous structure using the lattice Boltzmann simulation and the scale model
experiment were conducted. The results showed the effects of multiscale water transport and freezing

phenomena on the cold start characteristics and new findings for the improving methods such as
wettability control.



% X C—19, F—19—1, Z2—19 (@)

WFZEBR AR S F DY

l%mﬂ%ﬂammﬁﬂ S, R BEESEOBBE I HEREZ I LD T2 D5
FIZBWT, BT U — v p)b X —A s b L TR KBRS LTV 5, PEM R
EAON S TEREEN D OREN CIE, FUNMZ X0 AERT 2 KOE AN TOBFEL, HEEEIESCE
MOREL LA E R ZTIRR & 72 D72, FARRFOK - BVERLNIEFICEEE L 72 5, BRI
A TCERNF =BT I TERREL L THREC, A¥ v 7 2R T 528 EK0OE
VT HBMERBHIET 57 EOXRICE VB Z Z EEL 72> TV D L OO AR
A MO & RS 5 72 0I2iE, BN OKES - BEEE A L. ZhicikSune
%m%%@%%\%ﬁi&@%j%ﬁo_&#zgxﬂkf&éo

HOETRENCEBWT, B Y — FBEEN O A48k ECTRINMZ LW AR LzAKiX, 7 A7
—IVDEMER IO 2B, V737 a0 0EREETHEIERTHDL~A 7 aR—
FALAY— (WPL) ~BET 5, SHI12, IMINICEE SN TWD YT I U R — )LD H AEHL
B (GDL) Z/ LT, 2 URTZ—LDOH AT v R~ HEHEN D, ZDO~/LF A r—)LK
TR AR T, TR S0 AR K OB ki U TS 23 U 28, kS Tl B o Fim R c
BWT, AREDOLIIZBEIL, O CHIET 20, REIFEAEMBH I TWARN,
HH O T0CRRE OFEIRRFIZI VT, K EDOFSy ThEME L. s S5 IR TEHE A 75t
BEED SILTWVWDIRMTH D,

2. WtoHBY

BRI T BREHEL O K S FEREE N6 ORLEN ClX, AR EINDKEBD AT XLV E
N OKEGE L BN LR SN, ZNOOEHEN/O CTEEL R D, ZOAEMRKOHR L, M
AR FoRRAES b & 5] & Z 3R & 72 5 23 R 22 2 B ORI 1 IR 72 D T 7 o T e,
ARGED B, BHANO~ LT A —/LKigik « BREEEZP O MNICT 5 & & bIT, Pk
TREWEZ & ONTIANER Lo 72 b O fihiitE « MPL « 7 A BB SR L OHIE R L2815
ZETHD,

3. WD L
(1) ks F R Eh I 5k Kﬂnf%wtmtw@%%lﬁﬂlf%é o BN ROREE I
25cm® (bemXb5em) TH Y | MIEEREHEE NERHROE L —% (WFfTA b L— MRl - i
BEME 0. bmm, ¥EE 0. 3mm, )7%05m)%%bmwcm(%ﬁﬁﬁélwm“%ﬁ)iaﬁﬁ
THE O AEHEEEN S Y — P 0. 4ng/cn®. 7/ — Rl 0. 1mg/cm® @ PRIMEA, GDL 1% SGL #H5U
DBk MPL f++ % ¢ SIGRACET GDL-28BC % VM=, F£7-. FEBR L 0 AzhiENRE S - Sk E
WLH%mm%ﬁ/ RFEANZER L, i Lz, 77— FMNZIEMKRE, B Y — RMNCIEZER
ZHAE L (WREIL 0. 2A/cm®* TOIEHRKE TR hA 1 10), THIBENICE LV EZRET D 2 }:fﬂ
ﬁ%ﬁﬁf%%ﬁbt 51T, A¥ v 7 NH RO LVEBESEET A7, X 1I2573T X
NI L EEBIRORBNCW BT & T 83— b —F — &l & HICHRE Lz, 2B, BE»S
@W%imﬁﬁ%§< ETMATZAREDORIEIL S Y — Rl XL —2 NEROH L TIT - 72,
EERFIERICHOWTIR, F9AEE 2 EME T 5 N
KE%L@%%5ﬁ%ﬁw Z D%EILNE ijfm“mw Heater
BKEZBRET DD EXBHENN— (T
72o WIZEDTIROEKEE —TFIZT DO
a4 3 R Lo, HiRfZ2mA, '/uR
FEM BRI L 722 K Pl E 21T - 72,
FEET %, BLNEOKD 2 BIEET L7201
-150°C D BREE THBIZE T REZ Cryo-SEM (2 X % Mrid
ﬁ R ITo T, MRZEHENN—TDSMEIE 35%RE
KR TFEEBIFIXRTA T AZMIE LIz, B
ﬂz[:Fﬁ 60 F>C 0. 2A/cm® = Efef L, B/BE, & GDL | Endplate
JARHT, R DRERZ b 2 B E LTz, com  Tnsulacing plte

X1 ks FREENSERR O FH-e
(2) GDL NEEMEARKZEEIEYT  GDL NERD K DZHE)

X LA CRHEE N B2, BB NN ERCE, Sy 7Y —HCa (uyo) &
ZEREKDREELE TR END Z L B> T D, 2 TUulIKDOFE, I K DR, di
FHEENITHY | WEER 7 — VT 585 A —F—F Ca Bk L OREERICIZR RV, £ 2
T\:hE@@%%%TésziD\X#—W%#kbf%%%®gmkﬂbm®é%%ﬁ
EBAREL THAT—NVETNVERERE L, 2B, T I TRKEEBENRITNVY at— 7
ANERKFPICHASEDLZ LICLY, EAWEBETEAIREELZTH L, ZuckvikeEvl
O = A A VOREII M= 16,7 & K & 22K ORI M= 17,5 LWL ATRE & 72 5,
Fz. REEIIX 2.56 X107 N/m Th o7z, AW TIX, GDL % 240 fFIZIERK L7IZ A — L&
FIENWANARMERH I HFEZAWT 3D 7Y & —CH ) L=®, Z o 2 HE L
EZAIFIE 130° Thoto, I BT, BHREADK AR LY~ T (LBMFEHT) 7 DB ZIMEN
RN FHEZERTHED, (ER LAY — VBT IVORBIZHRWERE Z28M L., #iha %2
85° &I AL A A,




4. WFFERR SR

(1) kA TRENFERR  AFETEH, TTe—F—HlEHEHNTAY v 7 PRl SF D FiEk
S BT D T IEOREST 2RI T2, SN OSRROIMANC & — X — Z iR E L - iE & H
WD, BRI DB BRI I R & W2 O SOSEOIRERIEN TX 2oz, F1-, Ht
NEFERIET D Z LIRS CTH -T2 &b, FHETHER SN D el T ok
DIREZ L TE 5 L )1, Wil L —X OIMANCBEERE LIt — 2 —DH&47
PERAMICEEE T A Z L L Le. M2 13- UChHEE L-BIciE#ENn caFicfEE LT LE- =
B LAZ IR T B AT R VIR 0°CLL I RA L TR LA ORER Th 5, BB,
TR, B VIREEZ R LTS, REINKEK LZSGA (X2 ()., EEBEN S 70 BT £
TITEPIEA LT Y, Z it CAmR SN2k @0 ISR L, BT 5 2
LT e P UEHIME T AR 7Z LB 2 b D, BAEEICOWTY, EERBIAA D
20 BV F TR AMER O LF I S TEHALIBEE O KIC X IR FRA LD D, Z Dtk 70
AT & TR OB > T ER 2 ORITE FIClE U CREMEIEIZE > TV 5, T,
By FIEDN IR 5 £ CIEE U725 S S = A AR 2 it g N TR L. BRE oG 2 1
T ThDHEHRINS, BREIZOWTIE, EMOREELBAFENGEE LIRE

(1% Simulated temperature) (2% L. B/AIRE (Temperature) 2 b3 dh AR CX
TWDHZ ERDND, 7k, 60 PRREE TOTEMEIL, B/ OERAN LARORRABESE
DILEMEE LN THDLN, KPIEOHDEEOHNEN RETZEE 2D, i, HEh
RN L7234 ik (K2 (b)), EEhfE 70 BRI S BENME 92 110 I & TR ARE IR
0OCLLEIZER LTW5B, 0CIZITWSRETIIARKITEABENREZ N L CHRET D Z 22355
NTEY, X2 OFEEFHOENTWBEAGRO X A I ZIEL2&B"bbbtEZLND,

Fi 2 OBRBIREICB W T T 7oK FREVEBROMBREZE 1ICE L DD, K 21TR LBEUK
P MPL 2 H U725 O R[], 7 Y — RANZHIKM: MPL 238 A U 72855 O R AHC
H5, M2 @DEIITEENKKL CLESTHAEDOMEIL LIZBEORBZ 7R L TEBY | JRE
WRITEBENV R L7285 A LR LG E N A O NTIRESRMFORETH D, EEORS DR
1%, BiKPEMPL &2 W= 3A12-14°C, HKMEMPL 2 W= 3A12-19C & > Tk 0 . HkE
MPL Z W5 Z & TREATEIMMNIHEE RDBELERTTEDHZ ENbND,

2 ODEI2 HYENMED MPL 2 W= 5HE D) /) A — )Lk « gL LT 572
DI, BRI Y — A O it - MPL St Urf% % Cryo—SEM CTHrififigs L 7o R A X 3 1R
9, (a) IFBiZKPE MPL 2 W CilE s 1k L72 X 2 (a) D%, (b)IX Tt & FEED 97 # THKM: MPL
ERWEEAICEREL (4), BmilEEsE-b0Ths, BKMEWPL 2807254 (K3

1.2 5 1.2 7 3
— Voltage Temperature Temperature
5 10 “ 0 g T 0o _
T E. 2 Voltage &
=, g 0.8 PR 0.8 p
g3 S 2 2%F oy
g 06 t £ g806 =
S g Simulated -10 g =% 41 .10 B
» S04 | temperature 5§ © 204 Simulated %‘
7 Resi 15 = 7 E temperature | ;5 =
r 0.2 \QTS_ E 0.2 \@tmce
0.0 : ' 20 0.0 . -20
0 50 100 150 0 50 100 150
Time [sec] Time [sec]
(a) BN (b) ELE L)

X2 ~14CHh 50K TRENSEREROF (BRAKM: MPL 2 #H)
#1  FflEx ORBNEEIZIT DK T B R 5

XRES R

nfE @R | ENEEH RES  ERES REEE R EHEE EES

1 -10 ) - #1 1 -14 O - #2
2 -12 @) - #1 2 -16 ©) - #1
3 -12 @) - #4 3 -18 ©) - #2
4 -13 @) - #1 4 -18 ©) - #3
5 -13 @) - #4 5 -18 ©) - #3
6 -14 x 101 #1 6 -18 ©) - #3
7 -14 @) - #1 7 -19 @) - #1
8 -14 @) - #2 8 -19 x 119 #2
9 -14 x 97 #3 9 -19 x 125 #3
10 -14 x 97 #4 10 -19 x 126 #3
11 -15 X 87 #1 11 -19 x 121 #4
12 -15 x 89 #1 12 -19 x 138 #4
13 -15 X 92 #3 13 -20 x 122 #1
14 -20 x 118 #4




3

(a) BZKME MPL

3

(b) #i/KME MPL

B3 -14CHh 6 OKA TEBIREOfRIESE & MPL O S F DK 534m

1.2 5
(a)). MPL & filfit)e S (oK O & B35 Z LN T 14C g
T, OMPL NERICIXIFIEKIIBIZE S oTz, Thk 10 e o
0. AERK DM & MPL O R S E) L 72 ImA E
HfFEFRLCHAE L, ZOXKBERRETHZ EICXVER ;E“ s
RIS, BBEENEELERE Ao TS L TT T P
FEAD A Do I BUKMENPL & IV Z35E (M3 (b)), 2% fw”%’ ok
RE KB ARITBEE S NT, WPL NI CORIAA  F 5, \ e
Z BRI NTZ, 2K Y BUKYE MPL (3l & MPL % Temperature =
R OB A FBE L. MPL N CHifE &t = S8 5 “m?\k;iif; 11
ZETHRBONKERETIATE MR, KA | SN~
AHE L 72 DR 2K T5 2 LN TE - LR S 00 o 0 st
NnNd, I, FE TOXEMKOEEEL, #EHbo Time [sec]
HICO AN THLEEABND, ok, BUKME WL A e KT B S
FBUKNEDTDIZT A F ) ~—2FHLTEY, Th e géﬁ%i@ﬁmziﬁfﬁé%
AR ORFFRE /M RICHEE LT 5 020
Z L BB HEO—ETH S, E A o onyout
Fi, S0COMILRDOEBMMKERS 2 015 | N
L L. FIAT U FRDOHETED = DI g —dry-out condition
WOEKIREEE 71 b U HBUEL & B4l z 010 ¢
THMGET V& ERAE R FLICHEE L <
fo ZOEFMCEY, BBOMOEOE g 005 T
ARRE 2 KT B VIKGL & AW EBIE KO gow ,
BHERBARMMODIRESND RTA T U b © 0 ) 6 3
%E%ﬁ: M TELZ L AR Lf:g% Cell resistance [Qcmz]
NX 5T ° AR e 5 N #
753‘;.5.7:‘,1,??5%%%; ) %ﬁiingf 5 KFI7A47 7 MREAESLME (-30C)
TEMTRIAT U b &RlEET & 2 12 g
THd, BUKIENPL 2 R4 70 FEER 1.0 | %)
BT — FUICACSZ Lot kT Gog | R 15 =
AT U MERLERRBHEBEL TN D, S5 52 | -10 2
12, NAREO D —R oL — & dLE %g' : Cell Voltage | -15 g
:erj.ﬁﬁ Lgﬁﬁﬁ%#%%ﬁﬁ L. EpKOBR £ é 04 Simulated Temperature | -20 §
X HEENMZEIEZR L -30CH 5 0°CLLE - g5 02 r . 25 B
CHEEIEL LI LE ([M6), = E oo S CellResistance | 7,
=T, BKPEMPL & Y — RAITCEEAHT 2 & 0 50 100 150 200 250 300 350
EEBIT, DO R TZAT U FESTED Time [sec]
W22 AT v 7OERAM FIEE LTWVWD, 6 -30°CH 5 DK T RE D Rk T

ALy 7 R D & L O W B BE AR
FERICKE L, K B ER AR, mE
BREICKHSAIHE T, BAREF Tl k
VIR E AL S T & D TR~ O R RE
BRIz, oL —X B & W B CIERL
L. BARENZIS U5 % SOGE D B HH
BiATe HEEEBRZTHZ LT, (EROHE

JVEBRD S OKIE R W EMERED ) &5 Metal flow

ML (®W7), —hicky, R5q7wm  plae
R L2 AR B S B EEA
REEFIEO L EMARE R Hisits

(Z3E L7 E R EE A~ ) B X
LR DR L bR RE L LT,

Fiberglass separator part CCM g

Gas inlet

Gas inlet -

MPL | ] !
Endplate

DL
W BRI RE U

X 7



a) 8. 9ms 1% lbl 4. 2ms

(a) BH GDL (b) FEmHEIEKAL GDL 8% GDL) (Fm#E KAk GDL)
B4 8  LBM DFHHGEE & RV 9 LBMEMRAKER (EAKDHER)

- -e\
o

(a) Eifi (b) {HIE (@) (b) {HIE
10 EEFERE (8.04%. @ GDL) B1 1 EBERFER (5.2 9%, kb

(mmmw BT K R BT BRI A DL LBMIZ L ¥ . GDL N DK & T L=, X
8IT/RT & 5 ApiEhp ﬂ~%ﬁkammmmt%ﬁ%ﬁmm%ﬁbtmm%ﬁ%kLto%h
PEDY60° DU 7% GDL EEBICERE L TW5, ZDOSMHTY 7 FONED GDL EEBIZ /N A% E L.
%:ﬂ%ﬁ%ﬁﬂéﬁfmmW%@ﬁ@é@%ﬁ%btoE%ﬁ%ﬁﬂbtﬁ*ﬁ%&*wm
® GDL T ~PEH SN EHZOFETZIX 9IZRT, Ca = 3X107 L7225 X D ITHRAKDE S Z ik
EL, DL & U 7HEEIFIEER R E LTS, KLY 7 FICBIET S 2. 2ms £ TiX DL NEIF

FESHFMICBEIL TV, U 2500 o - RITEmISHE K 283512 6DL N TR
LR LTLEWY, SN ETIZ8 Ims 2T 5 (X9 (a), —FH, RiEcHAKELLEED
DOTIEY 7 FICEE L2 HEKIE DL NI CORE Z 8l 4, 4. 2ms THEH S5 Z & 03bns
% (M9 (), ZZTGCDL NOZERRARFEICRT L CHRIET HKRKOBEEZFHET S &, BKLALH %
Nz 7238 DK D EITBAMCAIRZ NN 2 72 WA K 39% 12 LT Y | KiEZ etk
Roni,

WIZA G — VBT IVEREI T T2EREZ T, LBM E[RERIC Ca = 3X10° 725 L9512
:a/ﬁ4w®&ﬂﬁﬁ% RE LT, DIEROENMED 130° OFEEAZX 1 0I1ZFR-T, Eﬁl@
)7@43 B4V PVEOBTHENLTWDEILS Y a— 2 F A VRTFEL TV D

THD, 80 BTV a—rFANVETF vy VIR SN D, £ OREOZFEET LBM OFER &
T PRIZ ) = FANANRHERE L TWAZ A1 0 L VHERTE 5, — ., Rm#% 85°
DIENMEITE L7ZHDONRK 1 1 ThHhD, X1 0EHELTGLNETTOYY a—2rFALd
IR BRESENT 5. 20V 7EBUTT ¥ RVIAKBPEHEINTWE Z ERbnb, iz,
IBM L H#ELTH GDL NER T U a— 2 F A ANKEETICHH ER TS & v 5 i b —3
#%0__Tﬁmm%@%mZ&w%ékwmmmm CHET B KO BRI B 5 720

MG 5.2 53 DR 65%IZID L TV ARERTH -T2,

_ne;w FMmBKIGIZ £ D GDL N OB K O REIIHII R DGR T 7=, S HIT, Rl
BAKAL 2 FZBE D GDL 103E ] L T BB AMERERTM SEBR 21T\, ﬁﬁFFT(%FuLMDWﬁ%
ZA L CE, RFIED T APEEEIE D O ~DPEKER Fh R E2 MR L T 5,

< GIHSCHER >

@D F. Onishi, et al.. Experimental Study on the Balance between Microscopic Water
Production and Temperature Rise during Cold Startup in PEFC, ECS Transactions. 86(13) .
2018, 89-96

@ FHiE i S, PEFC H AILHEN OWKZFENC KT TRV 2T . A A2 2019
R R R AR, J03110P29, 2019



13 13 0 12

Sakaida Satoshi Tabe Yutaka Chikahisa Takemi Tanaka Kotaro Konno Mitsuru 166(10)

Analysis of Water Transport in Anisotropic Gas Diffusion Layers for Improved Flooding 2019

Performance of PEFC

Journal of The Electrochemical Society F627-F636
DOl

10.1149/2.1051910jes

Sakaida Satoshi Tanaka Kotaro Konno Mitsuru Tabe Yutaka 92(8)

Water Transport in Gas Diffusion Layer of PEFC with Wettability Distribution in Thickness 2019

Direction

ECS Transactions 205-212
DOl

10.1149/09208.0205ecst

Kitami Yuki Tabe Yutaka Chikahisa Takemi 92(8)

Control of the Balance between Vapor and Heat Transfer for the Reduction of Oxygen Transport 2019

Resistance in High Current Density PEFC Operation

ECS Transactions 213-221
DOl

10.1149/09208.0213ecst

Aoyama Yusuke Tabe Yutaka Nozaki Ryo Suzuki Kengo Chikahisa Takemi Tanuma Toshihiro 165

Analysis of Water Transport inside Hydrophilic Carbon Fiber Micro-Porous Layers with High- 2018

Performance Operation in PEFC

Journal of The Electrochemical Society F484 F491

DOl
doi: 10.1149/2.0801807jes




TABE Yutaka SAKAIDA Satoshi CHIKAHISA Takemi 13

Scale model experiments for evaluation of liquid water transport in the gas diffusion layer of 2018

PEFCs

Journal of Thermal Science and Technology 1 15
DOl

doi: 10.1299/jtst.2018jtst0025

Onishi Fumito Tabe Yutaka Chikahisa Takemi 86

Experimental Study on the Balance between Microscopic Water Production and Temperature Rise 2018

during Cold Startup in PEFC

ECS Transactions 89 96
DOl

doi:10.1149/08613.0089%ecst

Sakaida Satoshi Tabe Yutaka Chikahisa Takemi Tanaka Kotaro Konno Mitsuru 86

Study on PEFC Gas Diffusion Layer with Designed Wettability Pattern Tolerant to Flooding 2018

ECS Transactions 111 118
DOl

doi:10.1149/08613.0111ecst

liri Takumi Tabe Yutaka Chikahisa Takemi 86

Experimental Analysis of Oxygen Transport Resistance for Different Types of lonomer in PEFC 2018

Catalyst

ECS Transactions 141 150

DOl
doi:10.1149/08613.0141ecst




Satake Takayasu Tabe Yutaka Chikahisa Takemi 86

Analysis of Oxygen Transport Resistances in the Catalyst Layers with Different Carbon Supports 2018

in PEFC

ECS Transactions 171 178
DOl

doi:10.1149/08613.0171ecst

Sakaida Satoshi Tabe Yutaka Chikahisa Takemi 361

Large scale simulation of liquid water transport in a gas diffusion layer of polymer 2017

electrolyte membrane fuel cells using the lattice Boltzmann method

Journal of Power Sources 133 143
DOl

10.1016/j - jpowsour .2017.06.054

Sakaida Satoshi Tabe Yutaka Chikahisa Takemi 80

Study on Gas Diffusion Layer Structure Tolerant to Flooding in PEFC by Scale Model Experiment 2017

and LBM Simulation

ECS Transactions 123 131
DOl

10.1149/08008.0123ecst

Tabe Yutaka Satake Takayasu liri Takumi Hayashi Tomoya Chikahisa Takemi 80

Experimental Evaluation of Dominant Transport Resistances of Oxygen in Catalyst Layers of PEFC 2017

ECS Transactions 205 214

DOl
10.1149/08008.0205ecst




Nozaki Ryo Tabe Yutaka Chikahisa Takemi Tanuma Toshihiro

80

Analysis of Oxygen Transport Resistance Components and Water Transport Phenomena with 2017
Hydrophilic and Hydrophobic MPL in PEFC
ECS Transactions 335 344

DOl
10.1149/08008.0335ecst

23 0 5

PEFC

56

2019

PEFC

56

2019

56

2019




PEFC

56

2019

PEFC

24

2019

Can Enes Muhammet

PEFC

2019

2019

Zhan Jiapeng Hirai Ken Tabe Yutaka

Study on Cold Start Characteristics of PEFC with Adiabatic Temperature Rise

2019

2019




Hirai Ken Tabe Yutaka

Water Transport in PEFC Cold Startup with Temperature Rise Simulating Adiabatic Condition

236th ECS meeting

2019

Yada Keisuke Tabe Yutaka

Development of Graphene-Based PEFC Catalyst Layer for Reduction of Oxygen Transport Resistance

236th ECS meeting

2019

Tabe Yutaka Yada Keisuke liri Takumi Chikahisa Takemi

EXPERIMENTAL EVALUATION OF OXYGEN TRANSPORT RESISTANCES AND INFLUENCE OF CATALYST LAYER STRUCTURE IN PEFC

The Second Pacific Rim Thermal Engineering Conference

2019

PEFC

55

2018




55

2018

PEM

55

2018

PEFC

55

2018

Abhay Kumar Takumi liri Takayasu Satake Yutaka Tabe Takemi Chikahisa

Trial of applying graphene nano platelet to catalyst layers of a PEFC

16th International Heat Transfer Conference (IHTC-16)

2018




- LBM

2018

2018

Can Enes Muhammet Yutaka Tabe Takemi Chikahisa Satoshi Sakaida

Effect of wettability design on water transport in GDL of PEFCs analyzed by scale model experiment and LBM simulation

2018

PEFC

54

2017

LBM PEFC

54

2017




PEFC MPL

54

2017

PEFC

2017

2017

Kumar Abhay Tabe Yutaka Chikahisa Takemi

Graphene reinforced Nafion&reg; based proton exchange membrane for polymer electrolyte membrane fuel cells

2017

2017

Kumar Abhay Tabe Yutaka Chikahisa Takemi

Trial of Applying Monolayer Graphene for Proton Exchange Membrane and Catalyst Layer in PEM Fuel Cells

The Ninth JSME-KSME Thermal and Fluids Engineering Conference

2017




(CHIKAHISA Takenmi)

(00155300)

(10101)




