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Research for the optimum structure of PEM fuel cells based on the observation of
water transport phenomena in the nano-scaling field

Chikahisa, Takemi

13,300,000

MPL

LBM

Pt

The research was conducted to understand the multi-scale transport phenomena

in the polymer electrolyte fuel cells. The research revealed that hydrophilic carbon-fiber MPL
(micro porous layer) gives better water transport ability than the conventional type, resulting in
better cell performance and cold-start capability. The carbon type called “ Vulcan” , which has more
condensed inside-structure than the conventional one, has an ability to increase oxygen transport
rate at the surface of the Pt catalyst. Additionally, the cell performance appears to be improved by
the optimum control of side-chain structure of ionomers and their distribution in the catalyst
layer. The Graphene, which has a structure of mono-layer of carbon atoms, may have possibility of
greatly-reducing Pt amount for the same cell performance. The research also shows the optimum grid
structure of gas diffusion layers by the developed scale-model experiment and Lattice Boltzmann
Simulation.
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(c) CF-MPL at CL side

Resistance [Qcm?]
Voltage [V]

o
o
T

S
o

00 04 08 12 1.6 20 24
Current Density [A/cm?]

X1 BRAKME « Bk & BIAKYE - fHER X2 BIAKYE « SEHER MPL N OEERE K 3 4R
MPL DOPERE Hrig: @ Cryo-SEM [Hj{&
Carbon

Ionomer
Vulcan Ketjen black

25 . 25
— w Rdiss %
% 20 | Rpore = 20 x|
= =Rpt b x
e < Experiment X <
LS 15 F 8
2 m s W
g S £
g x 1 2
sl ™ o o% i % -
= g _
= o7 g s
g =
= 0 0

R A R U SR LS
W S S & & & & & S
»: “- A »* »* 5?‘ V-Q NS b.ﬁb b&"\
(a) Classification of resistance for Vulcan (b) Classification of resistance for Ketjen black

3 fRiiSE U — AR RS (N () oy TFerT7 Ty s (F) L&
SALZEB TSR (B AR S S & AR %0 5 0)

HEeRHEOBRBWENHIBIL L TWD Z X5, ZIUuT vl o 2k &+ 2 g LE
22 10nm LA FOMALA D72 < 1FE A ED AR FNRN I —R R FDOAMUER ICEE STV 5D
ZlickrbolEZOND, —H. 2NN H U TIREENRZERENRDOT L0, royF e
TT T IHRTEREELETELSTDHIENEE LN E VR D,

(3) filfEIN A 4/ ~—I\Z X D FEilH LI

J—R A &R TR E N O 7 e R Uk IZBIR T D A A~ — ORI B
LT, ISHHEEN /2 A Aquivion & Nafion Z W2 O AR EEEZRHEIEPIC OV THONT
L7z, ZOHER, K41/ X 912 Aquivion 2 AW T ERE EERICB WO CEEN
L B0, [RAVERBEIIE TR 225 Z LR SN, ZOEKIZHOWT, BiEE FfER
FIEIC L > THERRIZB T 2B MEIRGLE o L7ofE R, Aquivion TIXEERMmIZHIT 5
B ERNENRKREL 2o TWD I ENRBENTE, ZHIFENEA A /) ~—Th D
Aquivion IZHKMENE W=D, ASREHIZREE L TWVWALZ ENFRKRTHI LD EHESN
oo ZDZEMNDL, A A ~—OISREE L AT SEMEORIENC LY, & HICEMERE
M B LSRN H D 2 ENRE T,



1.0
10 e 1/C 0.8 Ketjen Black
0.21 mg/cm?
0.8 0.8
—_ I/C 0.0 Graphene-based
> 0.044 mg/cm?
— 0.6 =
) 2 06 |
g %
= 0.4 Nafion 1%latm Z 04
> == Nafion 1%2atm § ’
0.2 | et Aquivion 1%]latm S
== Aquivion 1%2atm © 02 F
0.0 L L L
0 50 100 150 200 0.0 -
Current density [mA/cm?] 0 50 100 150

Current density [mA/cm?]

M4 MEREORRDAA /) ~—Th _ - L et
% Aquivion & Nafion OPERELLIL 5 AR/ —MLITTT = LIRE

filifii i & D MERE L

(4) B ICRBIT 57T 7 = DA hENE

TT 7 2 AIRBIRF NI E SN BELR-> TR, &1 &7 b ozt
LGDHEMERH D E LTEHISNBED TS, ZOMENREETHNIT, 7u b kI nER
AF ) ~v—NARELRY) BFE- T by - EBFOHS D AR EEE N E L < JEKT D AlRerE
Wb, TZTTT7 72 MRICASEZMEE L, BMMEROFHNZRAT-, TOMEEX 51TR
T, I 72 EHWEGAICEA A ) =G A TR HE Db L TIEREL D 7~ T
U7 T w7 EREOHRIRIINLTEY ., L BEHEED 0.21 mg/cm2 OHEER Ket jen
Black filiif@ & [F% D IV MEfEA . D392 0.044 mg/cm2 O ASHEETHE LN Z RSN T
Wb, ZHUCED 7T 7 = Ot ERIH O R X 72 RN RSN D ENR D, T2 L,
ZOGEININEINA U E—DER BT DA =BT, T T 7 = R OREEZR T
EIZOWTHIERFA N LETH D,

(5) JKAR T EEENRFE O R

NRAR BT v 7 AOBREFEM CIIRAER L X TELIEWMAERRD NS, TDT=
OICFEAETCHNONL TWEERBEHOE AL —X T, I—R oMo XL —203HN 5
NAFEEMENRE ., ZOBE. I—Ri M L — XISV RETRERBKEL 2 HT-DI0,
BROKETERENNEE S 725, 22T, D—RoB L —Z 2 oBBlEmZ x4 L L, -30C
2O OKEE A HEE L C MPL A& IC L A IRIREBINEO i 21772 o 72, £ OREE, ERt (1) O#f%E
THETEAT72 > 728K YE « HEHEIR O MPL (235 Z LT X » T, i OBk YE « Rk MPL & e
CHREBIM I A RKR A MPL HIZ E TRENT 2 FIG 08K E <, BITOKA FEEFEZ 6T 5
T ENHER SN, I, EEIRFOERE EHENEICOW TR EZ B 2R o oS, X6 1R
SND LT KT ARABITEE SN ERE RO E /KFZEIZIS U T, EEFIEICIX 0. 04A/cm2
TR OIRERBEE CREI L, £ 30 812 0. 07A/cm2 FREICERBE A2 EiF 5 L 9 ZRiEiikikic X
ST, —30CHHLORENARETH D Z LI ENT,

— O, :
30°C Measured
1.0 Temperature\ ro
-5
08 I-R free voltage
£5 10T
—S= g,
=206 s
¥ Voltage 15 g
SET ou Calculated g
z 35 =
z = Temperature -20
-]

Resistance

0
5

R n n : T 330
0 50 100 150 200 250 300 350
Time [sec]

6 KR MBS OEE - #i5T - B/ WRE ORIk

(6) A —/VETIVERI I ONBM GHRIC L 5 5t 7 A JEHUE  (GDL) it

M S 2 FF> DL NOERNEAKEENZ A LN T 57201, E L v T7 ) —HCHE
TN RA[F AR B2 5H) 300 EICHER LIm A — VT L& VT ER - Bl 5 Tk
WL L721ED, B ALY~y (BN sHROEEbE1Te -7 (K7 38), WIZZOmMFiEE
FAN THEMERRHERS & T DB K 25 8h 2 AT U 72 5. 22 FLAR AR oI U 69 5 B K S B



DFFEEAES 5 Z LB TE T2, TNH DO ORR, B L—% U T FOWREKE A L— X
HEH9™ 5 7260 @ GDL #lfifE O BC AT A E AT B R HE B9~ 2 M L3S b7z,

5.

Front Side Region B Front Side Front Side

Pore

Pore o

*=0.16 *=0.33 t*=045
(a) Experiment

Front Side Region B Side

—

Pore 3

APorc o

*=0.16 1*=0.33
(b) Simulation

X7 T AYEHE N OERGEAKRFEINZ T2 A r— 7 L FEER (EX)
& LBM Bl fEtrfs 8 (FIX) ok

ERRERI LS

(MRS sC) (B 3 4F)

@

Aoyama Yusuke, Tabe Yutaka, Nozaki Ryo, Suzuki Kengo, Chikahisa Takemi, Tanuma
Toshihiro, Analysis of Water Transport inside Hydrophilic Carbon Fiber Micro-Porous
Layers with High-Performance Operation in PEFC, Journal of The Electrochemical
Society, #wif, 165, 2018, F484~F491

Tabe Yutaka, Sakaida Satoshi, Chikahisa Takemi, Scale model experiments for
evaluation of liquid water transport in the gas diffusion layer of PEFCs, Journal of
Thermal Science and Technology, ##t4, 13, 2018, 1-15

Sakaida Satoshi, Tabe Yutaka, Chikahisa Takemi, Large scale simulation of liquid water
transport in a gas diffusion layer of polymer electrolyte membrane fuel cells using the
lattice Boltzmann method, Journal of Power Sources, ##cf, 361, 2017, 133~143

(FR¥R) Gt 171F)

@

@

@ @ @ 6

Onishi Fumito, Tabe Yutaka, Chikahisa Takemi, Experimental Study on the Balance
between Microscopic Water Production and Temperature Rise during Cold Startup in
PEFC, ECS Transactions, 86, 2018, 89~96, Cancun, Mexico

Sakaida Satoshi, Tabe Yutaka, Chikahisa Takemi, Tanaka Kotaro, Konno Mitsuru,
Study on PEFC Gas Diffusion Layer with Designed Wettability Pattern Tolerant to
Flooding, ECS Transactions, 86, 2018, 111~118, Cancun, Mexico

Iiri Takumi, Tabe Yutaka, Chikahisa Takemi, Experimental Analysis of Oxygen
Transport Resistance for Different Types of Ionomer in PEFC Catalyst, ECS
Transactions, 86, 2018, 141~150, Cancun, Mexico

Satake Takayasu, Tabe Yutaka, Chikahisa Takemi, Analysis of Oxygen Transport
Resistances in the Catalyst Layers with Different Carbon Supports in PEFC, ECS
Transactions, 86, 2018, 171~178, Cancun, Mexico

B, HEE, TARE, PEFC OIRIE - @RS T30 2 iilg N ok o i Rkt
AT, 5 55 [l A RSB VAR Y 7 A 2018 4F, AL

SRR, BEE, AR, BERE S TR EmOMEENA 4/ ~—B L O —AR
FEAET0E 3 2 BR R ISHRPTLE RS, 5 55 Rl A AMBEAS VAR U w7 A 2018 4, FLIR
RGN, S, EARE. PEM EREEMORE EFEFRIZI T DK A T REVREE,
%5 55 [\l H AR VR Y T A 2018 4E, ALIE

a2k, HEE:, EAETE, PEFC &7 Y — NS 23517 5 7 — R A IRREIE 23 B S i ik




(ZMAE SBT3 55 B A AR AR DT A 2018 4, FLIR

Abhay Kumar, Takumi Iiri, Takayasu Satake, Yutaka Tabe, Takemi Chikahisa, Trial of
applying graphene nano platelet to catalyst layers of a PEFC, 16th International Heat
Transfer Conference THTC-16), 2018, Beijing, China

Y. Tabe, T. Hayashi, T. Chikahisa, Analysis of Dominant Resistances of Oxygen
Transport in PEFC Catalyst Layers with Various Structures, Asian Conference on
Thermal Sciences 2017 (1st ACTS), 2017, Jeju island, Korea

S. Sakaida, Y. Tabe, T. Chikahisa, Study on Liquid Water Behavior in Gas Diffusion
Layer of PEFC by Enlarged Scale Model Experiment and Lattice Boltzmann Method,
Asian Conference on Thermal Sciences 2017 (1st ACTS), 2017, Jeju island, Korea

Y. Tabe, T. Satake, T. Iiri, T. Hayashi, and T. Chikahisa, Experimental Evaluation of
Dominant Transport Resistances of Oxygen in Catalyst Layers of PEFC, ECS
Transactions, 80(8), 2017, pp. 205-214, Washington, DC, USA

Ryo Nozaki, Yutaka Tabe, Takemi Chikahisa, Toshihiro Tanuma, Analysis of oxygen
transport resistance components and water transport phenomena with hydrophilic and
hydrophobic MPL in PEFC, 232nd ECS Meeting, ECS Transactions, 2017 , Washington,
DC, USA

T. Hayashi, Y. Tabe, and T. Chikahisa, Model and Experimental Analysis of Transport
Resistances of Oxygen in Various Structures of PEFC Catalyst Layer, ECS Transactions,
75 (14), 2016, pp-373-383, Honolulu, Hawaii

N. Wakatake, Y. Tabe, and T. Chikahisa, Water Transport in Ionomer and Ice Formation
during Cold Startup with Supercooled State in PEFC, ECS Transactions, 75 (14), 2016,
pp. 623-630, Honolulu, Hawaii

HILHIr, gaARMHE, HEE, mARSE, BAKMET—R 7 7 A /3—MPL 2 & 2 EiLE 5>
FIRELEMD 7 T v T 4 TUGEA D=5, 5 53 BIHARGEL VAR T L 2016 E
5 H. KBk

ik, gnARMRE, BEE, ARSE, BERE S FIREIEIZ 3T DAt g T —R v/
T AT~ — R D R R SRS R AE SRR AT 55 53 IR H Na?:%& VURY T A 2016
F5H., Kbk

(M=) G o)

(7 M PEHE)
ORee Gt o)

6. WFZERER
(1) W7oy
O WEHSEERSL - HE B
o —~<F7K4 : Tabe Yutaka
ATEIF e R4 - dbifEE K
R4 . TEFEsT
W4 . ST
Mot E T (841) : 80374578
@ W EERAL - KE W17

1 —~<7K4 : Oshima Nobuyuki
AT EAFZeEB 4« ARiRE KT
R4 o LEEETERE

W4 . R
Wt E S (841) © 10217135

KB K P58, IFREO BT L BLICBWTE/RT 2O TY, Dz, RO RV R DARE
DONTIE, FOEFFITHESS SO TIER L, ZONFERRICE T 2 RIFPHEEIT, MEEEAIRRESNET,



