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Pore Network Engineering of Fuel Cell Catalyst Layers by Particle
Nanostructuring Technology
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This study aims to realize fuel cell catalysts with high durability and
performance. To achieve this, the morphology of oxide supports was precisely controlled to create a
suitable pore network within the catalyst layer, promoting gas diffusion and water removal. Oxide
nanoparticle supports were synthesized via flame spray pyrolysis and used to construct macroporous
particles. Such macroporous oxide supports were found to help preserve a well-connected pore network
in the catalyst layer even after compression. In addition, proper use of binders allowed control
over the mechanical durability of the macroporous particles and enabled optimization of the catalyst
layer porosity.



B X C—19, F-19—1 Gm)

1. WFERHE S WO 5

HER A C IR LIRFBHEHBOHENEBE L 725, KFEZFLX—OFDEHNI KD S
ThEY, KFEEBE)DEEER L LK T 2EEIX, £ OHRERNHEIFO—2 L rEMIT b
TW5, [ERES FIREFEM (PEFC) 139 TIREIEM B BiEEA~OEANEAL TWDER, 45
BIZHFHEICE EE6T, b T v 708K, SO LSRRt ~D R 2 X %
I ZT, X0 —BOMAME L &SERRE RO 5D, BE, ERfllcizaes MLz —=R
VIMERENTWAR, ZIUIEEBEMIE T CTRGIERAILEEL D W) BERZRREE R
ZTW5D, ZOREEMRT D720, ITHE TIEEEN T CTHREITHIET 28 LW S L
T, BEMSRBBRIEDORBNED T\ 5, SBEREWITE - (L EBEN - ZEEE A
L, BEISHRVEEZ RS> — 5T, —RMIIZT 2 R IROBBIEIII S — R AT TR EREN
hEL, 7 OB AT WO REN B D,

PREFERLE UIZ I T, IR T I3/ AR AR (MEA) & R D REIE IR O I it g &
L CHAIAEN D, ZOfitfE ) 2EE Lo L 220N~/ v flThH 5, BIEFERTH D
=R AR, BB~ 7 nffEEEZ A L TRBY, TASKO®EE L U TENT-HEEEZ BET
Do, BBAEW T ) R FIX, T R TR DBEERICHHEN T2 ZER e LT~ 7 nfla BT 508,
MEA % #LE3 28R IR AIELBIC L - TR FREESIE SN, <~ 7 o AR Iz
2%, ZOFER, HAYBMEOIKTICL 2B L H OB NEESN TS, LER-T
PEFC H&RIZ# L 72RO BIFITED SN TND S DD, W) BRI 7S 3 AN &
BEDMWSAZHFHE T HMTONTIE, WEEBHfERIESNE S TV,

L=, TEmAL (AT TEPERE) ZRER LR 2 L7 REb ki 2 £ 95
7212, AL DOFEREZ KB IZHIE L, H A DHECCA K OPEH 2 etk 3 2 W@y 72l r ~ b
U — 7 i ENICIE T 5 Z E AR R Th D,

2. e EM

AWFFED B HNE, FEBRICT 2 S HIE S =B bR Ak 7 2 SRk L, TANE & PERE 21 2
72 PEFC Hfil 2 BRI 5 2 & Th D, TDT=DIT, MWohi 7R A Rk U 7= it = 2 38\ THIFL
Fw N T —7 fEE L, BREFEAREE b U CEE A T AYEEE & WRIREREE ) - BEH D Rl 5,
FRIZ, KRBUGYS 206 U T80k 7 D 2 FLME & BT AME DO HlE &, 5257 /31 AT o filitiak
i PEREDO Rl 21T - 72,

3. WHED L
AWFIETIL, BEFARE OB T/ b6, B RO, JEHUKR & T2k 7/ #
ElbzFEm Lz (K 1), WMFERREHOZEARER TR, 3K A e (v y MR
TR SN D E KRR AN—F 2 e, AREEPICERBRCHOERZ RS, Thbx
BEHEEFERIESE L Z LIk o T, [P T b2 A Lc, FERERIZS U v R 7T
KV MEFKRRANA—FICHET D0, ZOMRGHELRES LR T L2 LICLoTH 2R A
R Loy KR THER LICRLTFIE, T T AHEAHZE W TREET A B 08EL, 156
AVTCRL T, B E, RIBRALKFEDOBRERS, X > ¥ ZHEOHIE D72 DIZ, BERSLERZ i L7z,
PERUK R 2 WA RGRBR T, BAE L7 AR LK 2 S —FHITRE o X & o L kAl o
flifesE 2 IS U CIRRUK R 2 AL S, 4 U 7 0 AIC L0 A8 S 7o 0B 22 INEA - R JEL
LT AT s

770 ’f—ﬂjfi‘ﬁﬂj Lf:%ﬁ*ﬁ s AERN-RIEYT /HT AR
T, NT T 4 H
(PTFE A 7 L )T &

Bk R ERV T /4E8iE

Vacuum

0 Lo, RS % T | g\% |
e LT, FEO4EE 1 Product
2F KT RSB S, Filter :
AP BRI X 0 ks Chamber E
LT, k1o 2L !
B 5701, Bk ¥ “spray flame i
VR 725K n :
{ﬁﬂi EI;G ;‘;’;i%g ;ji o L CI:|4/ Air_— Precursor i
(PMMA) ¥+ ﬂzfﬁi |
T, FRHDOYA X Syringe | Utssonic P
IR A FRES 5 2 Lick pump ; atomizer

V&AM Lz, E !
7=, LMK T DR X1 ABIFZE TR L 7 F2BRde



WY A 2 H 3 5 7201, BEEER DS
A 2 —& L THRET 2 8B =

e . _— 0.05 mol/L
JFERAR PRI LT, > Dy, = 6.4 nm
§ 04=1.35
4. WFFERE £
(1) k%ug%?%ﬂ%ﬁgifbc J: %) ﬁé{"ﬂ:x Z“?Tﬁ 0 10 20 30 40 50 60
TV K- DREEE YA X

IRBFEE AR E O v PU— 2 &

RESE « BT 5 7= 01201, B Lipfitids 0.10 mol/L
RORI T HEE 2 BUBRICERETT 5 Z LAk Day 38._91 nsrg
o =1,

oD, AFETIE, KREFAD R
EEAWT, B TRR 2 BRI HAE L 7= g
(LA RORL 72 Gk LTz, JROBHREE SR
JUBMILS R, BR SR Ay BT A it B A
T5Z T, F30m 5K 40nm £ THy

Frequency [-]

I

0O 10 20 30 40 50 60

BRI D 2 L v FREE e o 1.0 mollL
2o K202, JFUEHREE % 0.05~1.0 mol/L T Du =170
5 =1,

FEE L CER LTe b A X% T KD
TEM 4 &R B0 2R T, Gl Sz
RIFIE, — AL 6.4~170m TH Y,
T KT DN AY RIS L= % R U —
JREER L Cu T PERCMIGAIRE L o aomssansomenic & 0 mbHa < A L1z
TIREOT/RTFEMBTABG, B e et

N T SN AV o iz - ot < B s Bl N T

NEETHD, 7/ VA RAOMEEHNDLZ LT, TOEWEREEKEFAHAL TPt R EDES
JBAREE A LD CHEE S5 2 L TE A0, o R BN RAENS, LM L—FT,
BT OBMIRITS 72 INT 5, KREFEGRIEIC LG LT 211X, KK O RRY:
TORINZ XY, F 7R FRIERSEDHINCEE L TWAD Z End, Ki+BoETAmEsnsd =
LTz, HARERKDI E 2D~ 7 0 flb R END 20, ElEAMEHEA L L
TOEWRT oy VBRI TE 5,

Frequency [-]

0 10 20 30 40 50 60
Particle size [nm]

Q) kKFavAZHWE~r aR—F ABEBEAEDEK

SRR LITEA LR R ERMEICTH Y, mEM F CTHREMICHERTETH D, TD
728, EEMNEETHERERIY A PEFC OfEEHMRICEA T2 2 & CEN MM 2 584E 5
Ly —707, BAHRIRIL, H—RU LHEBL TR I 7 F v —RN IR ELTE ST, filflE
DH AEARTNE L 720, MEEMET T2 L WIBERH S, [EA) [2MZ T EHkE)
PRERAL R 2l L 72 R EE A 2 BHE 3 2 72121, BIE DIERE &2 RS2 I HIE L T (7%
Kit-DF  #EEL), T ADILEC /K OBEH AR 2 U LR v b U — 7 Z it (2 5
TOMENRDH D,

AWFZETIE, MALEERT AT L —RELTHRY AZ 7 VAT L (PMMA) Fif-% )5
BHAK I /8 S, B BRI Nb-SnO> T/ Ki - & & HICKRTICEEZET L Z L2k, K—F

Carbon

1.0 —— NTO NPs
—— NTO agg
‘ ——— 100P-NTO
S 087 —— 300P-NTO
~
806
8
Ke)
= 0.4
)
(@]
0.2
0.0

00 05 10 15 20 25

PP 500 nm X : Current Density / A cm™
¥ 3 Nb-SnO, 7~/ KiF (a), Nb-SnO, MK (b), PMMA kif% 100 nm % W TARL L 72 —F X Nb-
SnO, KiF (), FBETV300nm Z AW TARK L7-AR—F & Nb-SnO, ki (d) ® SEM L, Zh b ok
B LUK PYC Z A L LTHV 7 MEA O I-V £ (o)



AR A RN AEPES D 2 & R T,

X3 1%, 7DV A XD PMMA K 1% W CTHRR L 72K — 7 A Nb-SnO2 K71 SEM Hjf§ T
b5, N, ENT 47T ry s e UTHER L Nb-SnO2 F 7 Ki 10 SEM 4% [X] 3a |Z7R
ﬁ“Nb&@%/ﬁ%@ﬁ%ﬁ%i%ummf%w,:n%%ﬁﬁbfﬁﬁﬁﬁ%%ﬁbfwé
Z e S IVTZ, PMMA Z 2L I TICAE/K LI2SE1TiE, X 3b iR d X 912, Nb-SnO:
T RITITEE L CERIRODEES KR E A LTz, ZHIC fd‘b *j_ 23 100 nm (X 3¢) 3 L8300 nm
(4 3d) @ PMMA Ki{% ZZEERINT 5 &, 155172 Nb-SnO: SR D NI PMMA O A
‘JE U= 7L E TR S D Z E I S Lz, Ziud, PMMA KL 123G ki D

WPE- T L, TOBNRZERE L TE-7-Z EICRNT 5,

&L,_h6®ﬁﬁ5PMMAM%%%X%%VT%%LKT Z A Nb-SnO» Ki - % filtiEHH 4
&L THW BB E Y L OMERERE 2 350 L 72, X 3e 12, o8 o -V FtEa R L
7oo LEHE DRGSR, % 300 nm ® PMMA ki 1% W CIARL L 7=~ 2 rn R —F A Nb-SnO, ki 1%
iR & U735, BREIRBEOEEMNZRD Sz, 2L, i -NICER Sz K&
7p~ 7 a AL i@ fil g PN 0D ZE R B S KIS U, BOUGS AT ADSARANIET H5 2 & TH
APLHARFIMER L7272 & B2 v, ZORERIE, A OGS 2 PMMA RT3 A
R K-> THIET S Z & T, BREFEMOMRER ENARETH D L ERLTWD,

(3) HEEMNLY AL VX —F V- mRE~ 7 vl — T AL D Ak

~ 7 aR—7 AEiEE OB ERIHT S Z LT, RBENICTER S D ZERE K
MEICEEIN L, BREFEMMERE DN M LT 5 Z &N bhotz, — T, KETuv A TAR LI~/ 1
AR—F Z Nb-SnO2 B7 T 1 IR E MK <, MEA Z/ERT AR ME v 212 LY, KT
TOMEEEHMERFT D ENTEFICHEL, YYIORGEY OMILE B ENIC 5T 52 &
1L TE Do T, PREHMERIERE & A D Foi bl T, Al s 2 8us ICHIE - 5 72012
L, IMEZ vt A2 9 DEBIRE 2R bbb~ 7 ail—7 2R OERPMLETH
%,

AL TIE, R—T 2bZ1T 9 BEOFEERER 1 KL oA v 24— & U CERT 8% M
AL IRIBRARZIRINT 5 Z L1k v (X 3a), @M~ 7 aiR—7 Zp-OfER 25272, X 3b
WRT LIS, A F—RINEOEINCEE- T, v 7 aR—F 2R FROZERENMET L,
BB E TR LT MEABFER S iz, ZHuE, FUERRIRICUIN LTz A > 2 — R IR 23—
WRLFEBRCHTIH 2 Z & ic k0, e EgE 2k LB 2o b, it T, Znb
DRI EFRARIZ N C PEFC PEREZ LB L= & 2 A, A X —% 20 wt% W =58 10K
HbEWREKEBMBELZ R LTI, XM Uy A —%2RNT5 2 LI X0 ERERNER I LD 72 DRL
%@%W%WR%#WLLT%%ELﬁﬁﬂﬁﬁéﬂéﬂ WA U HE—DFANIC LV &4 R
ﬁ@ﬁﬁ@w% VETHDLAVILETENRMHELTLEI D, ZEDONA X —OHE A

@ﬁ?%a%t TEEZLN, 20wWt%E W) IIMENRKEEE o7& DD,

a b

Without RuO blnder With RuO, binder

_ 0 ——Carbon
1.0{ RH = 100% e
——NTO/RuO,-0
—NTO/RuO -20

o
®

—NTO/RuO -30
—NTO/RuO -50

061
041
NTO + PMMA Precursor NTO +PMMA 0]
in water droplets  in RuCl, aq. 0.0
()PMMA @ NTO o Ru species 00 05 10 15 20 25

Current Density (A/cm?)
3 EHRE~ 7 0 R—F ZRF DR T A (), A LTEEBE~ 7 o R—F 2R+ SEM 4
(b), @IRE~ 7 vAR—TF ZKA% Hv 72 MEA O 1-V Rtk



9 7 0 0

Ho Thi Thanh Nguyen Hirano Tomoyuki Narui Ryosuke Tsutsumi Hiroshi Kishi Miho Yoshikawa 35
Yusuke Cao Kiet Le Anh Ogi Takashi
Effect of annealing treatment on nanostructure and electrical conductivity of flame-made Ir- 2024

1r02/Ti102 particles

Advanced Powder Technology

104568 104568

DOl
10.1016/j .apt.2024.104568

Hirano Tomoyuki Tsuboi Takama Ho Thi Thanh Nguyen Tanabe Eishi Takano Aoi Kataoka 24
Mikihiro Ogi Takashi
Macroporous Structures of Nb-Sn02 Particles as a Catalyst Support Induce High Porosity and 2024

Performance in Polymer Electrolyte Fuel Cell Catalyst Layers

Nano Letters

10426 10433

Dol
10.1021/acs-nanolett.4c01150

Ho Thi Thanh Nguyen Hirano Tomoyuki Takano Aoi Miyasaka Syu Tanabe Eishi Maeda Makoto
Septiani Eka Lutfi Cao Kiet Le Anh 0Ogi Takashi

Conductive Ru02 binders enhance mechanical stability of macroporous Nb-Sn02 particles as 2025
cathode catalyst supports for high-performance PEFCs
RSC Applied Interfaces -
DOl
10.1039/D4LF00404C
Ho Thi Thanh Nguyen Hirano Tomoyuki Narui Ryosuke Imaoka Shota Takano Aoi Miyasaka Syu 8
Tanabe Eishi Septiani Eka Lutfi Cao Kiet Le Anh Ogi Takashi
Flame Spray Pyrolysis Achieves Size-Tunable Niobium-doped Tin Oxide Nanoparticles for Improved 2025
Catalyst Performance in PEFCs
ACS Applied Energy Materials 4640 4647

Dol
10.1021/acsaem.5c00266




Ho Thi Thanh Nguyen Hirano Tomoyuki Narui Ryosuke Tsutsumi Hiroshi Kishi Miho Yoshikawa 6

Yusuke Cao Kiet Le Anh Ogi Takashi

Flame-Made Ir-1r02/Ti02 Particles as Anode Catalyst Support for Improved Durability in Polymer 2023

Electrolyte Fuel Cells

ACS Applied Energy Materials 6064 6071
DOl

10.1021/acsaem.3c00536

Tomoyuki Hirano Norito Kadowaki Akira Ichimiya Ryosuke Narui Takashi Ogi 84

Tubular flame synthesis of alumina particles: Effect of the addition of energetic materials to 2023

precursors

Science and Technology of Energetic Materials 40~44
DOl

10.34571/stem.84.3-4_40

Hirano Tomoyuki Tsuboi Takama Ho Thi Thanh Nguyen Tanabe Eishi Takano Aoi Kataoka 6

Mikihiro Ogi Takashi

Porosity Engineering of Pt-Loaded Nb-Sn02 Catalyst Layers in Polymer Electrolyte Fuel Cells 2023

ACS Applied Energy Materials

12364 12370

Dol
10.1021/acsaem.3c02165

60

2023

494 501

DOl
10.4164/sptj .60.494




Nur Syakirah Nabilah Saipul Bahri, , , 61

2024

DOl

16 0 1

Tomoyuki Hirano, Takashi Ogi

Macroporous Structures of Flame-made Nb-SnO2 Particle as a Catalyst Support Induce High Porosity and Performance in Fuel
Cell Catalyst Layers

Expert Workshop on Nanoparticles Synthesis

2024
Pt/Nb-Sn02
55
2024
Sh-Sn02
55

2024




Sh-Sn02

41
2024
Ho Thi Thanh Nguyen
1rOx/Ti02
40
2023
Zn0@Ti02
54
2023

Phong Hoai Le Kiet Le Anh Cao

54

2023




Ho Thi Thanh Nguyen

Ir-1r02/Ti02
54
2023
Ho Thi Thanh Nguyen
Ir/Ti02
2023
2023
2023
2023

Phong Hoai Le Kiet Le Anh Cao

2023

2023




Nur Syakirah Nabilah Saipul Bahri Tue Tri Nguyen

2023

2023

Pt/Nb-Sn02

89

2024

Eka Lutfi Septiani, Shunki Yamashita, Kiet Le Anh Cao, Tomoyuki Hirano, Nobuhiro Okuda, Hiroyuki Matsumoto, Yasushi Enokido,
Takashi Ogi

One-Step Aerosol Synthesis of Si0O2-Coated FeNi Particles by Using Swirler Connector-Assisted Spray Pyrolysis

89

2024

Nur Syakirah Nabilah Saipul Bahri, Tue Tri Nguyen, , , , ,

Controlling the magnetical responsiveness of cellulose nanofiber particles embedded with iron oxide nanoparticles

International chemical Engineering Symposium (IChES) 2024

2024




Eka Lutfi Septiani, , s ,

Production of silica-coated FeNi particles via aerosol process assisted by a swirling flow

International chemical Engineering Symposium (IChES) 2024

2024
2
2025
536
, Nur Syakirah Nabilah Saipul Bahri, ( ) 2023
() 576
1
2023-146287 2023




HP
https://tomoyukihirano.com/

Thermal Fluid Materials Engineering Laboratory

https://ww.hu-tme.com/

Institut Teknologi Bandung

Institut Teknologi Sepuluh
Nopember

University of Brawijaya




