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Affects of Catalyst-Ink Dispersion and the Solvent on
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Abstract

This study discloses a technique to fabricate a highly reproducible and high performance membrane electrode

assembly (MEA) of a polymer electrolyte fuel cell (PEFC). In this study, we optimized (1) the concentration of catalyst

ink, (2) the mixing ratio of water and ethanol as solvents, (3) the dispersion method of catalyst ink, and (4) the aging

effect at low temperature (5 °C) in order to fabricate MEAs with high reproducibility using the doctor blade and transfer

method. As a result, it was confirmed that the concentration of catalyst ink affects the film quality, and the solvent ratio

affects the film thickness. The dispersion of the catalyst ink was improved by the combination of a mechanical mixer and

an ultrasonic horn homogenizer as confirmed by dynamic light scattering. The power generation efficiency of the

hydrogen fuel cell using the catalyst ink in the MEA was improved. The combination of these techniques enables the

fabrication of MEAs with a high quality and reproducibility.

Keywords: Polymer electrolyte fuel cell, Membrane electrode assembly (MEA), Catalyst ink, Dispersion method
F—T— K ERE S IR ER, MRS R MEA), Al s, SEOTE

1. [FC®IZ

FEfifBE R TA N ¥ — o X7 L OREFIL, BEREOMR
RICBWTEELRFEDO DO TH L., ZDLI AR AT
— VAT LORERICE T, TAF IR L LI B
TENIKFOFMERIIEHE A ERCcHLLELLND D,
KFERIEIY, KFEEBRICEIRT 25 ICHW 2 EH
TANARATH D, Fric, BEEEDTFIZEEIEM (polymer
electrolyte fuel cell: PEFC) %, FEHIMEIR CHEIfFS 2 Lic#g
BCTH D70, HFEHAESLNNZ, FTv 7, it vwotz
T T A GEH~DEHAMERICITDA TS 2. Zo
PEFC D KICHBNTIZa R b AR EEL khoTH
D, b ORIREDMRIC I C A & BREHE L v O fiff
EHRfTbN TS, LaL, #L AL iz BEE

2 v TR 3 2 B I I BT e BRI AR & <, 2 0 A
BT 2 HRENE M L % O 2 BT R R R I B
TIEFICHEHETHL EEZLND.

PRRFE & L 2 FRIGHIT 3 2 25 O K ¥ ZnEAER 0 —
2k LT, KEMPEEGHA (MEA, membrane electrode
assembly) DTEHIAZETF L5, —M%IVIC MEA XRS5
FEICAS L A=Ky 2o 24 v 7%, Blum 55
Bt ym DJE X 0L fUHE L L CHER S ¢ TIFil S h 2.
MEA 37 7 — F{ll-cD/KkFEBILK)E (hydrogen oxidation
reaction: HOR) &, %YV — Fl-coOfEFRICKIEG (oxygen
reduction reaction: ORR) 23EZ B & CH v, flo KiE
FOGIC 3 23E k&, JICWE C©H 2 &AL, ORR IC
X O FET ZKOIEEIC X W REMEIELGEI NS, o
T, MEA (3 PEFC OFEEMEZEAL L, %D MEA OfFH
FEZEERERTH L. D MEA DIFRIIR~ 7771k
TfibnTEY, K ~v—7 44 Eica—F LA
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VBRI T 3K 29 R T L — 2T v 2
% [E AT o TR B % [ EEHERE X & 2 7736 57, T RIE
B i 4 v 7 AT B TEES R ThhTw B
8. ZdD MEA ZHic, 7 AYEEYE(GDL, gas diffusion
layer) & £ 8L — X CTHE L BRER I N, o081 %
HNBLHFETPEFC A& v 7 3K I Tw3,
KHIEEICHE VT, PEFC A&y 7DORR%ZHIEL T
MEA DESLICET-%#1T > T 7225, MEA O{EHELZHATHY
BRERPKE L, ZOFHRIES TIIRWERZEFL 7-.
FFIC MEA {FRIRHIC il iR 1o 2 oo g2, (L 72 MEA
DIENEDPIEF IR S & WIS RE L2, 22 TR
roecld, fldsiA v 7 onBEZGIHT 2 2 Tcohbo
MEZ R L, Mg oFRFRoRELEZIT> LT
MEA OS2 fET 2 2 & 2 HIW & L 72, R ICARRFSE
T FI72—71L—FELBFELHAGDbEHIET
MEA OFHIA 18T 2. Z oAk, FEFICESTHD
HHARWAHETH 270, MBoFRERIcEWTRL
BLEEEEOEBICEAIIC W 210 2 ofFRTE
DEBLICE T, [1] il v 7 DRE, [2] BETH B
Kexx ) —NDRAEHE, [3] A v 7 OEUTE, [4]
KRGO To 4 v SO oG, BEML:Z.
noofmghicky, Mo 2L 2y, BEELZEP
TR BEMEERESMET S LICEIL .
COFERIGAEEA v 7 DO EERELSZITTCRB T
ERZEOHITEICL YV RBINS, Zhick-T, YED
ik R ©, BT MEA OIFB-IDSFIRE L 72 25 R 5 S
n, SRoMEEe L ZR VT ofRE, FE5Hk
2HbDEEZTNE,

2. EEAE

AIFFETD MEA OIERLL, [fldsA v 7 offRl] & TR
U= —7 4 VL b~ Ol O], S~ D
fikiifE DM E | © 3 DD TRRIC X VT o7z, (Fig. la) MEA
DIFElC BT L 2 MEHE, B8 h — K Rt
(PYC, TECIOES0E, HHE®E ¥k o), =427 —n
(B LA ), 20 wit%F 7 4 F v 45 B (Sigma-
Aldrich), [E{&& 7T (Nafion™NR211, Chemours), 7 A7k
#U8(GDL-28BC, SGL Carbon)T® 3.

MEA OEEUZLAFOFNEIC X W {To 7=, 5, fillgif v
7 DIESL AT 572, 20mg D PYC ByRICHEEAK, =&/ —
N, 538l DF 7 4 A VAHEROIAE Tl A 7. &KL
IR ) —LDOEIIEREERDIHTHRRSE, F 744V 5
B DRI, PUCICEENDEH—KR v & F 7 4 F Vbl
KEINZERSOEN 111 Eh2EELEZ R»T, #
Fiik—vFREIF A4 F—(UX-050, ZHEBLEEERES
th)& A A1 =71 I %% —(T 10 basic ULTRA-TURRAX®,
IKA), BESH#ESs & O E Y A (YOUKAI-KUN USS-1,
RS B AREEEEIN 2 2 2 & TR % i
&, A v 7 2137 EEOMFARRIC o W TR
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EROETHA~S, fiEOBMIZ, R ~—7 4141
Il 1.2em DIEFHTROREZ AT 2B E# 60 um O 7 — 7
FwRZELTCER, 227 2—7 L — Fikoigg
Yo ka—7 4 v L7 (Fig. 1b) FZ2—71L—F,
i £ v 7 B CEEREE, —0 1 em DIESBICEZ
5L TRY v —7 4 N LICHERE S N il 21572, fi
L o B R TR~ DERE I, B E TR % Al £
ERV~w—T 4L, YY)y INN—v—}, EFERTHE
A, v 7L A(H300-01, ASONE)TIZA & MET 2 Z &
WX VfTo7. &y b 7L ROEERASML 137°C, 2MPa &

L, 1 B cER L, &FFc2 oM omeE e IEx21T - 7-.
DL ED#IEIC X b MEA %157z, (Fig. lc)

TESLL 72 MEA |3 JARI BEHE 2 L (EFIFR e 1h) & E AL
SEAETE(HZ-7000, Jb=}8E TRt % V> 72 2 fr s i
ZiTo7-. TEMIIIER L 72 MEA ZEHL, &L —20%
EAEE 1 cm? AHOTFATmEZ A L2, AT RIE, T
J = FIIKFEFA, 1Y —Fi 7921 OEZRELBEORE
HAZRMERAL, vAVHNOWED 100%E %5 X HICHAD
B IR A U7z, 72, HIERFD &L DR IT 80°C & 7
2X)ice—&2—TMAL CEXILEHEZT-72. BR
{L2E T & 2 5Tl F, LEESM 2R Azt % SmA/s O
WECREIL, 1-V iR %2157-. MEA OWHEIREDBIZ L
FEERE T BEMEIISM-6510, JEOL)Z W Tfio7-. 4 v
2 D5 ELD FHM I3 BIFEEELIE (nanoSAQLA, KERE )%
Motz ok EzHlE L 7.

(a} (b) Catalyst layer formation diagram

= . Drying at rcom temperature.
| Preparation of catalystink | Formation by doctor blade.  Catalyst layer formation on

the film is completed.
/
™ |

Catalyst layer formation
on polymer film )
| (C} Catalyst layer transfer diagram

Presses film and polymer

at high MEA is

Transferred to solid
and high pressure.

polymer membrane

by hot press _ ’
| MEAiscompleted | S ’
Fig. 1 (a)Block diagram of MEA fabrication procedure

(b)Experimental schematic diagram in catalyst layer formation
(c)Experimental schematic diagram in catalyst layer transfer

3. MREEE

HEMEO R MEA OFRTTEDTELICH D, (1) fil
WA Y7 DRE, ) BIEThiKkEzx /) —LDRAL
O (3) A v 2 ORBUTE, ) KRGO TOA
Py IOMBORE EITo7. UTDOK/ELs L avicT,
ZNENOBEIHE OfER L HEREZRT.

3.1 A U DREDREL
T T TIE. 3R MIcE o T, MEA D THIO HE 8D 0.3
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mg/em? & 72 % X 5 ICEGE L7z (Pt: C: nafion = 46.8 : 53.2 :
532 (wiww)& b, flIEEEA 1.0 mg/em? © & &, HE
B3 03mg/em? & 72 3). ZOIETOMUEA v 2 OIEHLZ
AEWARESFAF =L A=A FF— %P L TE
B 7z, A v o OIRFEZACRE O g o HEHIE I B
W, KE100p ICEELTzX ) — OB EL T ¥
& (Fig.2a) &, X7 —A% 100l iCfEHELTKOE
AL X B 7284 (Fig. 2b) @ 2 fEEE O ERHE 21T - 7-.
KEBEELT, =&/ —LDE% 125,130, 140, 150, 160 ul
s e oMo EHERIZNE N, 092,
0.73, 1.0, 0.78, 0.67 mg T&H o 7=. (Fig. 2a) KIZ, TX /) —
L EE L C/KDE% 125,130, 140, 150, 160 pl ’”*ﬂ:éwr

7= L & OflilE o FEERIX, ZnE i 0.77,0.75,1.0,0.83,

0.65mg TH o7z, (Fig.2b) TNb XY, KE&xx/—1D
HRickodke oz ) —ADEFHED 240 ul D& E T,
O ERPRAL 2D, E—HEOERETHS 1.0 mg
il LRI N, 4 v 7 DIEE ORI 378
RS 240 pl LAt E& CEENRA T 2 HAIRA v 7D
MEOKTIRERNZS 2 EEZLNDE. £T, BEE0H
32400l XY DS IGAIE, A Vo DEBERFHEICR D
ZET, AVIDRENMETT2EE2ON5. RiC, &
BEOARIA 240 L0 D HVEER, A v 7 ORER
Ry, A v 7 DIER DR A4 v 7 D43 43
T3 b, 4Avrog—WriEtbh, 4V
I OREMET T2 LEZLNE. b DREOKTIC
XY, F72—=71v—Fikic X 2 dER o, il
E@h5#§<ﬁbii#ﬁTLtk%1%hé.ML;
D, MBS B ol 2 IR X, AR 20 mg 1O LI
BOAFE (FK+xT X7 —n) (F240pl TH B &I HE
ErnGEohsz. Kbk /) —nrolFRICBEL TIEROEA
THRET L 72.

(a) (b)
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Fig.2 (a) Catalyst layer weights measured when water is
fixed in 100 pl and the amount of ethanol is changed

(b) Catalyst layer weights measured when ethanol is fixed in
100 pl and the amount of water is changed

3.2 BETHAIKEIZ/ —IILDOEALEOEEL
A4 v 2 OELE (=k+1 2 ) —0) HERAEL X ¥
TYEHIL 72 MEA © SEM Wi E{§REI% & K FEMELE R O
BYFRERE 21T o 7. MEA OfFBUCHTV 2 A v 7 13, 78
BoAHEEZ 240 & L, BEERE—VvFEYFAF—L
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AHNZFINIFF— R B L CERLL 72, W0 R I3k
I &) —VREHERSZ NE N 100:140, 140:100, 120:120
& L7z AFH L 7- MEA DWiHIXIOBISHER % £ 12 1 Fig.
3a, 3b, 3c TR, RAHIS 100:140, 140:100, 120:120
D MEA DZNENOBEEIX, 9.8 um, 7.4 um, 10.7 pm T
B o7z, BELLFED 140:100 © MEA 13 120:120 © MEA &
EeiE LT 3.3 um #< 7o 72, BAHES 100:140 D MEA
1%, 120:120 ® MEA & IR L TRk E nE IR R b i
ot WHEBEICL > THRONEEES S, 100:140,
140:100 3 X ' 120:120 ® MEA Dffitf@ 01X, Zh
ZI1.0gem?, 14g/em® BXY 09gem® TH o7z, 0F
D, K:xzx)—=NEAEHED 120:120 OfEE R b %
FEEME L, PIRICRUR S X UKD IRE AT RE Ze ol 22 & &
DLEDHDEHERINS., WMic, KTk —ViEA
LS 140:100 o flt g 13 25 B A3 80 > 72 30 1S NER 22 i A3
7, BEICEA v 7 OETES D b TV S
Lﬂ%@W%%ﬁmbfm%%ﬂ$@%¢§bfﬁm
RAIEL 120:120 TEH L 72 MEA 23 b REWEHIR
I CeH -7 (Fig.3d). 1A/em? LUT ORE % EfEICEE
LCiE, =&/ =17\ [Twater: EtOH = 140:100] @
MEA DFAEBEDME L 72 o 72, KBS EE LA
BEAXENTH Y, ottt A&F / NToE
ZAbZ KA (electrochemical surface area: ECSA) D223
RKEWTEPHMONTWE D, KiffFEcERL z&ToD
MEA (Z[F] Uit % VT w3 2 & 55, H4h72H4: ECSA
DREIPRENRICHELGZ T LEILND,
140:100 ® MEA 23\ TiZ, 120:120 & 100:140 D MEA &
L <, Xl E o BE R E o, W@ﬁﬁ&?é
C&T, BERLENHSAEMRIEAMET L, BAEEE
EFLZEEZOND,
¥7- 1A/em? L EoSESEREEHEIRTIE, K:ixzx /) —
»EAw%%mMMfﬁ%L%wmquuO@wm
EHB L CTEEDKE T 2SR X 140:100 & [FfEEE T
¥ L7z, PEFC TRERE Fﬁk%(&é&%@ Cofas 5
TIEYOAET & BEREEATRATH Y, SXICE
DEHRIC K 5 TANF —DIBEPEE L5 2 2EBH LN
Tw3 13, X 5T, 100:140 D MEA IcH\WTl, 7o b v
RWRFEN T, KOWHES 120:120 © MEA & gL T LT
o, BEBRTOERICA->TW2 LN,
¥ 72, 100:140 ® MEA & 120:120 ® MEA D filifitfE o %5 i
KK EREPE D, D FRIRICKE RESEE L &
WeHEllENnNg., XoT, ZoROBEERT OERIZZER
RS L TR CKTIIRL, TAA/ ~—IC X bk
INE7TutvoOBTHLNEEREZLNSE. ZOE
Bric X v, filusg v o oEiEom@Ea iy, Kkexox )
— VDR ES 111 THE LI RGO,

Kb A4 )L F —



Maito TANABE, Yuuki KOSHINO, Ryuki TSU]JI, Hisaaki GYOTEN and Seigo ITO

— water E10H = 120120
~ — waler EIOH = 100 140
—— waler EI0H = 140100

T _

i L L u
0 05 10 15 20
Current density | A em”

Fig.3 Cross-sectional observation of MEAs made with each
ratio of ink by SEM (a)MEA prepared with water-ethanol ink at
100:140 (b)MEA prepared with water-ethanol ink at 140:100
(c)MEA prepared with water-ethanol ink at 120:120
(d)Electrochemical measurements of each MEA prepared with
each ink

3.3 ML LU DREHEDRE
DESTEOR L ML v 22D v 7 BRIV
MEA 7% #&fif L, BIRY5EEGELIZE(DLS, Dynamic light scattering)
I X BRIRENE & EXULFHER R oL L7, BETiC
FWT il 4 v 703k s =2 ) —VRAEIE R 1200120 &
L7z, A v 7 DalhEe LTRIFR TR, 8FEF—v
FEVFAF L AA=AN I FH—, WRAEREE X OHE
BHIEANAD 3 TEEOHEEERZFIH L2, A v 213,
BEM A — v TV I 4 F—0BEHIE 3 % 10 ¥
A MER LA v, BEES—VvFEYFAF -8
LHIRE 3L A=A I 3 — DI DMERE
S5 A ZAER LA v 7, BEAERES X OS2
Z200BERA L4 v o 2L £ 3, ThZhoA
VIZIRL, DLS #HWNRME L EML 2. $2, %
nNEnNoAvr7icea ) —AENA%Z LT, DLS TOHI
ExAREL L 7=,

&Y v 7D DLS I X 2MERR % Fig. 42 1T,
FRF—VRESFAF L A A=A I FH— 2P,
FEWRA—v I FAF—0REMHH, BEAEEBLO
BEHARDBEMH L 7289 v 7O RT3, %
NFN 1804 nm, 1955mm LK 2049 nm TH o7z, &
DR LY, BERF—VFRESFAF - AH=ZAN3
FH—%PEFHLZBEIC, 4 v 2 NO R % b il
BT 5 T LRI N

R, BERF—VFRESFAF L AH=ANI Y
— Dt L, BERF— Vv FESFAF—DHEZRHHL
A v 7 %HAWT MEA Z{FRIL, ZhZhd MEA DEX
LA HIE & FEhi L 72 (Fig.4b). WEFHEF—v T F 4 ¥
—DHEERCTIERIL /2 MEA 1%, @EEF—vF TS
AP = Ah=AnIFH—%fHL HERL %~ MEA &
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Ho U TR R R B RIS 5\ CHRERIE MK T 3 2 555
BIFL NIz, Z OFERILIEE O MALIBIR DB TcH B &
NG, zhicx L ClERS— vy FEYFA =L
AA=ANI FF—%GEHL TERLL 72 MEA (3, BFHK
F—VHREIFAF—DHEMHHL TER L7 MEA &b
LT, fdE oML B L, itk BEEME
MEOMIMC XY, REHESAELZEEZONS, C
OMIfLE D X, DLS DR TRHIEDRER L b, Ml A4
VIO EEOR EICXoTh b AN EEILLND.
DAIEX Y, AWfFEIc B 2 Bl il 4 v 27 D4 EOT I,
BEWRE—VRESFAF - AH=AA I FH—%0tH
TEHERLYRVWEEEL .

(@) (b)
L —— Ultrasonic hom 1.0 —
“f 60 + r::::nnlcal mixer %m&‘:rmh‘r
Ultr ic hom e
§ 50r - - um:mmmf% RSN hom oty
‘g >
2 40 ‘%
2 3o} z
© 2
E 20f s
E 10}
=z
0feta 0.2 L L L
100 200 300 400 0.0 0.5 1.0 1.5

Particle size | nm

Current density / A cm’

Fig. 4 (a) Results of particle size measurements using DLS
for samples with inks prepared by each dispersion method

(b) Electrochemical measurement results of MEA prepared
using only an ultrasonic horn homogenizer and MEA prepared
using both an ultrasonic horn homogenizer and a mechanical
mixer

3.4 EEH(°C) TOfMIES I DIA DT DRRE
T, BFiEHGEZA Y Y ZORROME ORE R
BT, TAVVIE, SERO 4 v 7 R EEESC)IC
T—W#E L CTIiTo 7. APV ZICn=itf v 73
Kz —NEAIEE 1200120 &L L, BEKF— v
EVFAYF =L A=A I FH—DPFHIC X D HEfH L
2. TASVIHIBDA v BEHLCERLL 72 MEA ©
BLRALFHEDH R Fig. S ISR s. =AYV rBof v
7 %EA L7 MEA 13, =AYV IRiDA v 7 2ERLT
MEA & WL €, KEREEHEIR CIIABENEIMET L
b DO, EEREEHEIICE W CEERT OREINNX
{7022 EPMER SN2, ZOE VI ATV ZITE Y
TAL ) =—%, R AL ThELEEEZD
N3, EEBEREEHEIBICOWTE, ZAP YT YT A4
Fw—fiica Lz 2T, Tu b v OEERESIC
RO BT B ICho el NSG. LaL, K
ERFBEEBICE VTR, =42 78ie g L i
HOTAF )~ —DELHREL, fE~ER I W EHERE
PMET L7720, REMEMET L oHEHE NS,
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1.0k —— Aiged ink
= = Fresh ink
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Fig. 5 Electrochemical measurements of MEA prepared
with ink before and after aging.

o
4. HEEHH

AW T3 B DB Y, PEFC DLDEERTH % MEA OfE
iz \»T (1) A v 7 ORE, QBIECch K TR
J —VOREWE, (3) A v 2 o5EE, 4) KiRF
(5°0)TDILA LY IFRICOVTENETND R Z R
L7 b RELE T 2HTO MEA D5 E (Fig.6a) &
(L% L2 O GE(Fig. 6b) 2 /nd. Fitmdifbz e L
RWIREED MEA I, Ml Ic SRRFEEL, KEWMEKD
FEFIE D 0 7228, LRl 2 EMT 5 2 & T, FED
KO KT SEE I L7 (Fig. 6¢).

LALE2 S, A v o v o [T 5 O 538 23 il e o fi
BICKRE B2 KITL, KEBREIEe Vv TOREICD
RERFEX G525 L HHL 2, CoWFgeiERIE, &
L ORI OAEFIC X Y, MEA OMRERZ X bl B+
BT LHARETH DL HRHELCnD, 72, ABFSEIC
BT 5 MEA OfF#LL, &2 20 mg &\ 5 A& CfF#
BUHETH Y, FRTRES A TH 5. K53, MEA %
F 7z kR M v OIFFERIE O —Bhic e iEE T H 3.

= Optimazed MEA
= = Staed MEA

Potential / V
o
o

LY L

L '
00 05 1.0 15 20
Current density / Acm®

Fig. 6 (a) Cracked catalyst layer prepared before this study
(b) Catalyst layer after this study (c) Electrochemical
measurement results of each MEA prepared before and after
this study
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