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At the cathode, the electrons
and positively char

hydrogen ions combine with
axygen to form water, which
flows out of the cell
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Application and Optimization of CNF
as a Catalyst Support for DMFC and
PEMFC
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1. Carbon Black as catalytic supports for DMFC and PEMFC

CB has advantageous characteristics of high electric conductivity, high surface
area, developed surface and proper kinds and amounts of functional groups,

Optimized application of CNF as high performance catalytic supports for

which are very suitable for the well-dispersion of precious metal. As CB has DMFC and PEMFC
already attained the limitation for improving the catalytic activity, novel support -2 Examination of various CNFs as catalyst supports for DMFC
material for higher catalytic activity should be necessary.
-3 Introduction mesopores to CNF for improving the catalytic activity for
2. Nano-carbon as catalytic supports for DMFC and PEMFC DMFC
Carbon nanotube (CNT) and Carbon nanofiber (CNF) have been extensively = 4 Improving the dispersion of small CNFs for improving catalytic activity

studied as novel catalytic supports during last 2 decades.
3. CNF as a catalytic support for DMFC and PEMFC

of DMFC using nano-dispersion machine

= 5 CNF compositeness on the surface of CB for improving the catalytic
Advantage and disadvantage of CNF ity of
> Advantage: Various structures and surface, higher crystallinity, Higher electric activity of DMFC
conductivity, Surface edges -6 Hybridization of CNF and CB for obtaining the catalytic activity of
> Disadvantage: Low surface area, low dispersion property, small functional

PEMFC

groups
13 14

Satalysis for Sustainable E Production ] )
hap Synth arbon Nanofibers as Better Catalyst Supports for Low-Temperature Fuel Cells, SEM and TEM images of various CNFs
M. Jun. I Mochida, S. Yoon, Wiley-VOH, pg 2009

Tubular CNF | Platelet CNF Herringbone CNF

2. Application of CNFs for the catalytic

supports of DMFC

v’ Examination of the effect of CNF structure on the catalytic
activity for DMFC

Ref.) Seong-Ho Yoon et al. Carbon, 43, (2005), 1828-1838. T
E
M
Preparation Tubular CNF Platelet CNF Herringbone CNF e =l
conditions Thick H-CNF Thin H-CNF Parallel Perpendicular Slope with 50~70°
Catalyst Fe-Ni Fe Cu—Ni Ni-MgO " axis axis axis i g e axis
Temp(°C) 630 600 580 590 od § W
Gases Co/H, Co/H, C,H,/H, C,Hy/H, el
15 16




Characteristics of various CNFs

Tubular Platelet
Structure Herringbone CNF
CNF CNF eb
Code T-CNF P-CNF Thick H-CNF | Thin H-CNF
Diameter (nm) 40-60 100-250 150-350 10-60
Lc (002) 13 30 3 7
X (nm)
R
D dooa
@A) 3.37 3.36 3.45 3.42
N,~BET
SA (m?/g) 90 90 ‘ 250 ‘ 98
Thick H-CNF showed largest surface area,
17

Preparations of catalyst and electrode for DMFC

|] Reference for catalyst preparation

(DAdams and Schriner method (J. Am.
Chem. Soc, 45, 2171-2179, (1923).)
Red:NaNO,. Temperature : 300°C

(@Ethylene glycol reduction method (J.
Am. Chem. Soc, 126, 8028-8037, (2004).)
Red: HOCH,CH,OH. Temperature:160°C

®@Formaldehyde reduction method
(Catalysis Today, 93-95, 523-528, (2004).)
Red: HCHO. Temperature : 90°C
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Methanol oxidation activity of catalysts

Composition of half cell

Reference
electrode
(1M Ag/AgCl )

Counter electrod

- (iw_ (Gold cell, @i cm)

( Pt gauze )
Pt-Ru amounts Pt Ru C
40wt%
w 0.08 0.04 0.18
0.3mg Slurry
Owt%
60wt 0.12 0.06 0.1
0.3mg Slurry

v Pt:Ru (1mol:1mol)
v’ Total catalyst amount for whole electrodes

19

Current (mA)

Methanol oxidation activity of catalysts

[ P-CNF
I T-CNF
L Thin H-CNF
[ E-TEK

Thick H-CNF

04 02 0.0 0.2 0.4 0.6 0.8 1.0

Potential (V, vs. Ag/AgCI)

¥
| Preparation of MEA |

| CNF+HO
RuCl;-xH,0 + H,0
H,PtCl;-6H,0 + H,d
0.25M NaBH,

| Washing and Filtering I

| Drying at 80°C l
JJ<—— Nafion lonomer + H,Q

I*rushing on Carbon Papei'

MEA : Membrane Electrode Assembly

Half and single cell tests

1Catalyst

—40wtX%Pt-Ru/CNF

—Reference (E-TEK): 60wt%Pt-Ru/C
2 Electrolyte

—1mol MeOH + 1mol H,SO,
3. Temperature : 25°C

TEM images of catalysts (40wt%PtRu)

T-CNF
(40wt%)

P-CNF
(40wt%)

Thin H-CNF
(40wt%)

Thick H-CNF
(40wt%)

50 nm

CNF

20

T—-CNF and Thick H-CNF showed higher dispersion compared to P-CNF and thin H-
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Measurement conditions for half cell

XRD analysis and single cell test of catalyst

‘ XRD of PtRu/CNF catalyst]

20 40 60 80

Single cell test results

‘\E, 200
i L2
O
£
40%PtRu/P-CNF z o
Y 2 120 60°C
g 4 o— ¢ o
. A
NN et I I
2
40%PtRu/Thin H-CNF 8 30°C
% ' . o
; . ‘ ; T-CNF P-CNF  Thick  Thin  E-TEK

H- H-CNF

26 CNF
» PtRu particle size from XRD and maximum power density from s{?‘\gle cell test

c - P Slurry C
ontam[ng amounts o amounts
precious metals (mg/om?) (mg/cm2)
—Reference catalyst—
Catalyst Commercial 60%PtRu/C
amount 5 2
vE-TEK (E-TEK)
v'Johnson Matthey (JM)
—Catalyst— 5 3
40% PtRu/CNF
Electrode size 5% 2.5 cm?
Electrolyte membrane Nafion 115
MEA Pressure 100 kg/cm?
Temperature 135°C. 109
Anode : 2M *%./—JL (2 ml/min)
Flow rate
Cathode Oxygen (200 ml/min)

Short summary

1. Thick H-CNF with many edges showed highest activity among the catalysts,

Higher surface area of H-CNF is needed for improving the

catalytic activity

1

Increasing
Surface area

Introduction of
mesopores

[E— 1

23

PtRu particle power density (mW/cm?)
H4X (nm) 30°C 60°C 90°C
40%PtRu/T-CNF 3.46 33 82 112
40%PtRu/P-CNF 335 52 108 157
40%PtRu/Thick H-CNF 329 46 116 165
40%PtRu/Thin H-CNF 3.42 28 81 98
60%PtRu/C(E-TEK) 2.96 41 112 140

Mesoporous CNF as a catalytic support for

DMFC and PEMFC

v To improve the low surface area of CNF: introduction of
mesopores to CNF

“Carbon nanofibers with radially oriented channels”,
Lim S, Hong SH, Qiao WM, Whitehurst DD, Yoon SH, Mochida I, An B, Yok K
CARBON 45 (1): 173-179 JAN 2007
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SEM and TEM images of mesoporous CNF (NH-CNF)

Thick H-CNF

Mesoporous CNF (NH-CNF)

T
catalyst

Gasification by catalyst and hydrogen

Effect of catalyst supporting amount

Current (mA)

Methanol oxidation activity

—m— E-TEK Catalyst A
F—e— H-CNF

—A— NH-CNF (Y68.2)
L A/

0 10 20 30 40 50 60

Power density (single cell test)

9

5
B 90°C a—a
£ 160 o,
£ . 60°C
'% 1200 N A o-—®
s . 30°C
°
£ e
8_ w0 L} —
dla

10 20 30 40 50 60

Catalyst (PtRu) amount (%)

Half cell tester

» Catalyst activity is saturated at 40
wt % supported,

» 40wt % supporting is settled.

XRD analysis and single cell test

XRD of PtRu/CNF

40%PtRu/NH-CNF

40%PtRu/Thick H-CNF

60%PtRu/C(E-TEK)

Single cell test

8
8

160

120

80

40

Max. power density (mW/cﬁl

90°Cc

NH-CNF Thick H-CNF E-TEK

20 40 60 80
20
» PtRu particle size from XRD and maximum power density from single cell test
PtRu particle Maximum power di (mW/cm?)
size(nm) 30°C 60°C 90°C
40%PtRu/ (NH-CNF) 3513 66 122 197
40%PtRu/Thick H-CNF 3.39 46 112 165
60%PtRu/C(E-TEK) 2.96 45 102 113

28

100KV  X50,000

TEM

40% of catalysts are well dispersed on the surface of NH-CNF

SEM and TEM images of PtRu40% supported NH-CNF

2012/12/18



Short summary

1. NH-CNF was successfully obtained through the partial
gasification of Thick H-CNF. NH-CNF showed higher surface
area compared to thick H-CNF.

2. PtRu/NH-CNF showed higher oxidation activity of methanol
compared to that of PtRu/thick H-CNF.

3. 40wt% of PtRu supporting is determined as most adequate for
NH-CNF.

Increase of
Adoption of thin CNF
outer SA

29

SEM and TEM images of various small CNFs

FMM CcM NM NFM
Catalyst Fe: Mo: MgO Co: MgO Ni: MgO Ni: Fe: MgO
Diameter 5-15 7-20 10-60 20-50
(nm)
SEM
TEM
Structure Tubular Herringbone Herringbone Herringbone
N,—BET
275 247 98 11
SA(m?/g)
31

Thin CNF as a catalytic support
for DMFC

v Smaller CNF (5-50nm) shows larger outer surface area, but small CNF
shows agglomerated state which can be very difficult to disperse.

v Nano—dispersion machine was applied to disperse small CNF at first.

v' Small CNF was used as catalyst support for DMFC

“Selective synthesis of thin carbon nanofibers: I. Over nickel-iron alloys supported on carbon black”
Carbon, 12, 1765-1781, 2004

Seongyop Lim, Seong-Ho Yoon, Yozo Korai and Isao Mochida

57. “Selective synthesis of thin carbon nanofibers: I, Over nickel-iron of nanoparticles prepared through burning of support”,
CARBON 42 (89): 1773-1781 2004, Lim S, Yoon SH, Mochida I

30

SEM images of PtRu supported various small CNFs

FMM (40wt%PtRu) CM (40wt%PtRu)
v T T eh k ”

CM shows better
dispersed state of PtRu
4 compared to other CNFs

32
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TEM images of PtRu supported various small CNFs

FMM (40wt%PtRu) CM (40wt%PtRu)

Particle size of PtRu

FMM:2.88nm CM:2.82 nm

i, .

1520 25 30 35 40 4515 20 25 3.0 35 4.0 45
Particle size (nm) Particle size (nm)

NM (40wt%PtRu) NFM (40wt%PtRu)
g NM:2.88nm NFM:2.79 nm

All...Aln.

15 20 25 30 35 40 15 20 25 30 35 40
Particle size (nm) Particle size (nm)

CM showed better dispersion of PtRu compared to other small CNFs and the particle size of

PtRu was estimated by 2.79-2.88 nm.
33

Improvement of dispersion state of small CNF by Nano-disperser

Problem of small CNF

Solution of problem

v'Premix T.K.FILMICS 56-50 type

Activity evaluation of PtRu/small CNFs (Non—dispersed states)

— XRD of PtRu catalysts —

Single cell test
£
M % 200 Non-dispersed CM

= A A
2 47 60°C

NM (40wts) | 8 120 N
a { ] A o
5 _— \A/
S 80 ®

NEM (40wt%) g ° 30°C

JM (60wt g O m "

% o 50 0 FMM  CM  NM_ NFM

26
» XRD analysis and maximum power density of PtRu/small CNFs (Non—
dispersed states)

Sample PtRu particle | Maxi power density (mW/cm?)
(PtRu %) size (nm) 30°C 60°C 90°C
FMM (40wt%) 2.64 25 80 144
CM (40wt%) 2.63 35 102 182
NM (40wt%) 2.64 28 81 97
NFM (40wt%) 2.60 44 101 147 || Metal catalyst was
accumulated locally
Jonson Matthey (60wt%) 2.80 55 121 162

34

Dispersion effect of small CNF by nano—dispersion machine

Dispersion condition
v'1time: 16,500 rpm.
for 1min

v Agglomerated size decreased with increasing the time of dispersion

36
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TEM images of PtRu/small CNF (Dispersed state)

Better PtRu dispersed state can be obtained with increasing CNF dispersion.

XRD analysis of PtRu/CM (Dispersed state)

XRD of PtRu/CM

Pt (111
t Pt)(200) CM (40wt »Particle size of PtRu by XRD
CNF(002) Pt (220) pt (311
CMZO (40Wt0d) (S;trgzlz) PtRu p(e:]rrtri‘t)ﬂe size
CM (40wt%) 263
CM30 (40wt%)
CM 20 (40wt%) 214
CM40 (40wt%d) CM 30 (40wt%) 2.28
CM 40 (40wt%) 2.16
CM30 (40WER) 14 50 aowtsy 2.29

20

Particle size of PtRu supported on the dispersed CM is smaller than non—dispersed
CM

38

Voltage(V)

BB

&

Max. power density (mW/cfh
8 8

i

Current Density(mA/cf)

Maximum power density by SCT

[ A—A— 4
[ A
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r oo o o
- o
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] n N o
L ./ u
0w % 4 50 Jomson

Number of dispersion (times)

Current Density(mA/cA)

Current Density(mA/cf)

60°C
01 100 o 20 o7, w0
—o— CMA0(0w%) osf 0
05 o8] 20
o § \ CMS0(40mi%6) € o
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< < 20
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Power Density(mW/ch)

»>Maximum power density of PtRu/CM (dispersed state)

YT BAENEE (mW/cm?)
(PtRu%) 30°C 60°C 90°C
CM (40wt%) 35 102 182
CM 20 (40wt%) 61 154 218
CM 30 (40wt%) 62 156 224
CM 40 (40wt%) 60 147 215
CM 50 (40wt%) 52 144 191
Johnson Matthey (60wt%) 55 121 162

Improvement of MEA state of CM30(40wt% PtRu)

o o o
30°C 60°C 90°C

o o 20 o a0

== v 350
o8] € % e "Gk\ —— oucusonsio) |
05 S o - 20 3 o5 w5

< g o enasnne, g < 0
2 o4 S Soe E L . N 0SS od £
5 % & ‘. 3 & G
g oy 2 20s 2 w2 g o g
5 & 2 ‘u::\“ g £ 150 @
S o2 S 2 oy %\ w S 3 o 0 S
3 . T T
o : o S T w 3
< . < <

o
010 20 w0 40 S0 s o 0o we o s 1m0 1w o am w0 B i 2w

Current Density(mA/ci)

Current Density(mA/cf)

»Maximum power density of CM30
» (Effect of MEA preparation temperature

MEA Max. power density (mW/cm?)
temperatir - 300c 60°C  90°C
135¢C 62 156 224
155¢°C 69 183 262

MEA prepared at 135°C showed cracks and defects in the boundary layers of catalyst and
membrane, which can increase the resistance.

40
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TEM images and XRD of CM30 catalysts

XRD of PtRu/CM30
Pt (I1D)

40wt%-CM30|

Pt (200)
Pt (ZZO?,t (

CNF(002)

50wt%-CM30]

60wt%-CM3(Q

»PtRu particle size of CM30 catalysts
40-50wt% supporting
showed better

dispersions of PtRu.

PtRu %-CM 30  PtRu particle size (nm)

40wt%-CM 30 228
50wt%-CM 30 225
60wt%-CM 30 2,63

41

Short summary

1. Various small CNFs were successfully prepared,

2. CM which showed relatively independent fiber coagulum has higher catalytic
activity compared to FMM, NM and NFM.

3. The proper dispersion of CM (30) using nano—disperser improved the catalytic
activity compared to non—dispersed state of CM.

4. CM(30) showed maximum power density of 72, 194, 292 mW/cm?at 30, 60, and
90°C, respectively.

Simple method for
Dispersion state of CNF — CNF dispersion

43

Single cell test of PtRu/CM30

o o
60°C 90°C
o7 250 o7 e
(Owt%-CN30, —v— 60wiv-Jhnson Matthe l\ =+ 400 CMI30, —v— 60w%-Jnson Miatth

—*— 50wt%-CM30, 70wt%-Jhnson Matthelf 350
3 e 08 30 3
S g 0 S
3 0= o 3
s s wES g
T 2 g 27 20 2

s 3 s

s o 3 w QS S
H H H
o “© 3 50 3
a o a

i

0 o o
0 10 20 0 40 S0 @ o 0 a0 oo w0 10 150 0 w0 s 10 w0 2000
Current Density(mA/cf) Current Density(mA/ci) Current Density(mA/cf)

Maximum power density by single cell test

PtRu50%/CM showed the

PtRuwt% Maximum power density (mW/cm?) A X

highest maximum power

30°C 60°C 90°C . L

density which is very
40wt%-CM30 69 183 262 similar with commercial
50wt%-CM30 72 194 292 70% JM catalyst.
60wt%-CM30 72 183 276
60wt%-Johnson Matthey 64 157 233
70wt%-Johnson Matthey 74 196 297

42

CNF composite as a catalytic support

for DMFC

v’ The proper dispersion of small CNF was very effective to improve the
catalytic activity using special type of nano—disperser.

v' Simple method to obtain well dispersed state of small CNF was tried through
the introduction of CNF-CB compositeness

Electro catalytic Activity of Fuel Cell C: by Carbon iber/Carbon Black Hi i Mun-
Suk Jun®2, Ruitao Lv®3, Jin Miyawaki?, Isao Mochida?, Feiyu Kang?, Seong-Ho Yoon? * paper submitted.

44
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Compositeness of CNF & Carbon Black

v'Improving CNF dispersion

S

(Carbon Black (CB)|  |[10%FeNi28)-CB |

45

Time : 10 min, 30 min,
60 min, and 2hs

500°C, 560°C
CH,

XRD analysis of CNF-CB composites

XRD of PtRu/CNF-CB

Pt (11 CNF-V
Pt (200PWt%)
C (002) t (220)Pt (311,

CNF-B

CNF-V

CNF-B

»PtRu particle size of catalysts

H>F )L (PtRu %) PtRu®M $i1F
H A X (hm)
CNF-B (40wt%) 2.83
CNF-V (40wt%) 2.75
CNF-B (60wt%) 298
CNF-V (60wt%) 2.92

onN

47

CNF-CB composites ™ Preparation: 2hs, 500°C

Vulcan XC-72R (VC) CNF-VC (CNF-V)
BET SA: 213m%/g BET SA 198m%/g

4 FRr

46

SEM & TEM images of PtRu/CNF-CB

CNF-B CNF-V CNF-B CNF-V
(40wt%PtRu) (40wt%PtRu) (60wt%PtRu) (60wt%PtRu)

PtRu/CNF-CB showed many bulk phases in SEM images
PtRu/CNF-CB did not show well dispersed PtRu on the support surfaces.

48
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Single cell test of PtRu/CNF-CB

- BN

8
Power Density(mW/ch

30°C 60°C 90°C
I Aol ) N B e s e - :6 ot o]
Gest s g oh amem TS g o - onmem Tl
% o 200 % 05"
§ - g% o4 o Sos
£ N 2.8 o w € P
S A\ 8% 08 £
01 ‘:\\E % 04 ’ :n § oaf ;
ORI T TR O R R R R ) o e
Current Density (mA/ch Current Density(mA/cf) Current Density(mA/cf)
»Maximum power density of PtRu/CNF-CB
Ho7)L Maximum power density (mW/cm?2)
(PtRu %) 30°C 60°C 90°C
CNF-B (40wt%) 34 93 165
CNF-V (40wt%) 55 123 207
CNF-B (60wt%) 44 130 191
CNF-V (60wt%) 37 106 188
Johnson matthey (60wt%) 55 121 162
49

SA and pore distribution of CNF-VC by N,-BET

N, adsorption/desorption isotherms at 77K BJH-plots
T ™ —a— Vulcan XC-72R —=— Vulacn XC-72R
% .  —*—CNFV10 100 —+— CNF-V10
£ —+— CNF-V30 Ji — 4~ CNF-V30
S w —v— CNF-V60 d 1200 —v— CNF-V60
g 5
E 200 % 80
< 100 .
£ ° “1:/ \/ \4'
ok . e S,
> 0.0 0.2 ] 04 06 08 10 1 10 100
Relative Pressure (P/Po) Pore radius (nm)
- Partial ratio of Pore volume
T N, BZET Total vsolume '
SA (m?/g) (em3/g) Mesopore (%) Micropore (%)
Raw Vulcan XC-72R 213 0.61 87 13
CNF-V10 332 0.73 88 12
CNF-V30 328 0.39 74 26
CNF-V60 285 035 76 24

51

v Long CNF growth time triggered the bulk phase of CNFs

SEM images of CNF-VC composites

CNF growth time: 10 min—CNF/VC=1/1 (w/w)
(CNF-V10)

Vulean XC-72R

Q

CNF growth time :60 min— CNF/VC=5/1 (w/w)
(CNF-V60)
. -

CNF growth time : 30min— CNF/VC=3/1 (w/w)
(CNF-V30)

v CNF growth amount was successfully controlled by the control of growth time.
v’ Bulk phase of CNF showed after 60 min of the CNF growth time on CB surface.

50

SEM & TEM images of CNF-V composites

Vulcan XC-72R
(40wWt%PtRu)

CNF-V10
(40wt%PtRu)

CNF-V30 CNF-V60
(40wt%PtRu) (40wt%PtRu)
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XRD & TGA analyses of 40%PtRu/CNF-VC

XRD of PtRu/CNF-VC

CNF-V60 (40wt%

Pt (200)
Pt (220)Pt (311

Pt (111),

CNF-V30 (40wt%,

CNF-V10 (40wt%

Vulcan XC-72R (40wt%)

20 40 60 80

20

» Particle size of PtRu

HoI) PtRuM #iF
(PtRu %) H4Z (nm)
Vulcan XC-72R (40wt%) 297
CNF-V10 (40wt%) 2.33
CNF-V30 (40wt%) 2.77
CNF-V60 (40wt%) 291

v The longer CNF growth time increased

the particle size of PtRu

54

Single cell test = 40wt%PtRu/CNF-V10

Voltage(V)

o o o
30°C 60°C 90°C
o7 10 o 250 o7, w0
— = CNFVI0U35C — e CNEvI0u3O —a— CNEVI00350)
os Corss]l, & o g 00 ““
S S
05 . = E 05 N 200 E 05 z:
o £ ooss. s ",
0] o S o ot 100 S S o
~ 4 L s N 3 o
o3 - \ w 2 803 2 ‘-\ . @2 Boa - . =
o 08 AN S S AN ~
N 0 8 g i
01 N 3 o N \ w0 F 01 \“‘3\-\ 50
~ ], € TS I R
0 a0 20 S0 40 50 w0 o 0w o s 1m0 i%e o am w0 0 w0 20w
Current Density(mA/cr) Current Density(mA/cf) Current Density(mA/ci)

»Maximum power density of PtRu/CNF-V10

MEA preparation

Max. power density(mW/cm?)

30°C 60°C 90°C
135°C 57 145 226
155°C 69 168 272

Power Density(mwich)

SEM images of MEA™ 40wt%PtRu/CNF-V10

Nafion membrane
Boundary

MEA prepared at 135°C showed some cracks in the layer boundary.

Short summary

1. CNF-CB composites were successfully prepared.

2. Too long CNF growth time caused bad effect to increase the CNF bulk
phases, and resulted in increasing the catalyst particle size.

3. The optimization of CNF growth time improved the catalytic activity, and the CNF
time of 10 min gave the maximum power density of 69, 168, 272 mW/cm? at 30, 60,
and 90°C, respectively.
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Mesoporous TCNF as a catalytic support for

PEMFC

1. Very special type of mesoporous CNFs were produced by modified
Hummer’s method. Introduced mesopores can increase the surface
area of basic CNF.

2. Catalytic activity of PEMFC was examined using such mesoporous
CNFs

Meso-Channel Development in Graphitic Carbon Nanofibers with Various Structures, DonghuiLong"*, Wei Li’, Jin Miyawaki’, Licheng
Ling*, Isao Mochida’, Seong-Ho Yoon™', Paper is under review in ACS Nano

Development and control of mesopores in PCNFs

Structural evolution from PCNFs to mesoporous PCNFs

(1) Strong oxidation of CNFs caused
large amounts of oxygen functional
groups to be intercalated in the
graphene layers, increasing the
interlayer spacing.

(2) These intercalated components

PCNFs ——PCNFs
(a) oxidized PCNFs (b) ——oxidized PCNFs|
MG-PCNFs

——MG-PCNFs

Intensity (a.u.)
Intensity (a.u.)

t/ k"‘w""\-‘\l\___~_~ vaporized rapidly during the heat
| S N W treatment, forcing apart adjacent
20 40 0 80 292 288 264 20 graphene sheets and thus forming
20 (degree) Binding energy (eV) mesoporous channels.
E 800
(c) ::ﬁ:::d . 5 (d) :I:zc:{Fesd oonrs (3) The porosity of mesoporous
5 —eeens | S o vopones 4| PCNFs could be adjusted by changing
s § the oxidization degree of PCNFs. The
% g 40 BET surface areas and total pore
§ € volume were controlled in the range
= (1‘2 200 o of 69-429 m2g?! and 0.2 to 1.35cm3
I\ 0 e WA=t
§ | boommocmmmdSRAREREE
0 20 180 10 % 0 % S g0 o0z o4 08 o8 10

Chemical shift (ppm) Relative pressure (P/P,)

Development and ¢

Introduction

kMoo, Oxidized
HS0.  PONF  Hest  PCNF

Developing a general method based on the
oxidation and heat expansion to

introduce the mesoporous channels

into CNFs.

PCNF

Mesoporous herringbone CNFs

u/u

50nm =7

BET surface area = 227 m?g™*
total pore volume = 0.6 cm3g*

BET surface area = 168 m? g™
total pore volume = 0.35 cm3g?
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Mesoporous CNFs as fuel cell supports Cyclovoltammomet d Oxygen Reduction Reaction

Mesoporous CNFs supported Pt nanoparticles as catalysts for fuel cell .
N b ¥ & c) 7 R T e ] 03 02
S ; g P d v
£ repare L e
£ mesoporous £ .
CNFs exhibited o "
a4 high surface " 2
£ (Ve RiE) : =
area and good B 7 T B
:s - (b) crystallini ty,so EN (vs. Ag/AGCI) EN (vs. AG/AGC])
380 o 9%
E 260
Em the potential PH/PCNF 71 Pt/PCNF 0.7048
- candidates for PY/NFM 95 GYNEM 07203
D fuel cell catalyst P/MTCNE 129 Ee/MICHR 07109
e n;(vnv‘:. :r:a” v supports Pt/MTCNF 120 Pt/MTCNF Wik
e . Pt/MGPCNF 70 Pt/MGPCNF 0.6984
: @fmmg) 1 HISPEC4000 64 HiSPEC4000 0.6707
H
g7 "z 1)  Preparation: Suntel, Polyol method (40%) 1) MGPCNF: large slope
Sae 0§ 2) Pt surface increased very much. 2) Compared to Pt/NFM, Lower onset but large slope.
os - 3)  Now under reproduction experiments

Current Density (Alcm’)

Pore distribution of MIEA = nied improvement pOints ;

PCNF-CB hybridization as a catalytic support for
PEMFC

0z
02¢ —— MTCNF MEA- 110118-1 ‘

—— PCNF+Vulkan(3:1) -MEA -1101104-1

022
—— PCNF -MEA -100916-1

1. Catalytic activity of PEMFC was examined using such mesoporous

CNFs
2. Pt/(CNF+CB), Hybridization of CNF & CB was tried to optimize the

pore distribution of MEA.

Log Differential Infrusion (mL/g)

Pore size Diameter (nm)

64
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Development of PCNF+CB Hybrid catalyst

PCNF as a catalyst support for PEMFC
- Low performance of MEA (Low utilization catalyst)
- Large pore distribution and low porosity

Too sensitive to humidity of the cell inside

¥

CNF (activity) + CB (Homogeneous small porosity)

¥ ¥

Increasing the utilization of catalyst Prohibition ofi:;iedgoodmg of cell

PCNF+CB Ball Mill Mixing

1) Tab density (5000 times, 3 time test)

0 - 045 Time Tab density Tab density
o166 / NEM4XC-72R PCNF+XC-72R
0166 B / [ 1 0.1516 0.1563
o161 — [e* 3 0.1613 0.1429

EDt I o [ox & 6 0.1613 01726

% :i: ,mé 12 0.1615 0.1667

8 sl [ © 2 0.1668 0.3336
o] | ad 36 0.1668 0.3576
oasz{ | [ a8 0.1667 0.3337
S A 2 0695 o173

Preparation of catalyst

[ Ball mill mixing of PCNF+Carbon black ]

L
Mixing time control
- Tab density
-SEM
- Pore size and distribution
- Resistivity
!

Pt supporting
- Half cell, TEM

l

MEA Preparation and Test
- IV evaluation, Porosity

PCNF+CB Ball Mill Mixing

3) Resistivity according to Pressure

p[mQ-cm]
40 ——pcNF3g 207
35 A —=—Vulkan »
XC-72R
30 30

e PV31
\ \ 1hr ball mill
25 —4— 45kgf/cm2
=>=PV31
\\ 6hr ball mill —m—50kgf/cm2
20

Y —H=PV31 2 136kgf/cm2
12hr ball mill
® ~0—PV31 1 T
24hr ball mill
b PV31 10 7
48hr ball mill
5 5
PV31
72hr ball mill
o (] T
4 20 136 1 "6 ."12. 24 h4S 72
Pressure[kgf/cm2] Ball mill Time [hour]
» Resistivity was changed according to mixing time.
» 12hs <Mixing time< 48hs (Optimized condition)

2012/12/18
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PCNF+CB Ball Mill Mixing

4) Porosity of electrode (Hg porosimeter)

Log Differential Intrusion (mL/g)

T T T
60 90 120

Pore size Diameter (nm)

» Porosity can control by the mixing time.
» 12hs < Optimized porosity < 24hs

TEM images of 40%Pt/PCNF+CB

Preparation of 40%Pt/PCNF+CB

JJ&\\/\/ Sample Name
| 40% Pt on PV(12hr)_P110128

;

Size Size

(XRD) | (TEM)
10g base 2.99 29
40% Pt on PV(16hr)_P110124-2 6 26
3g base

246 2.8

2.87 2.8

40% Pt on PV(20hr)_P110124-1
3g base
40% Pt on PV(24hr)_P101221-2
39 base

20 25 3 35 40 45 S0 S5 60 65 70 75 80

Preparation of 40%Pt/PCNF+CB

5) Half cell and single cell test(Mixing time: 16, 20 and 24hs)

iImA

04 02 o0 0z o4
ENV (vs. Ag/AGC])

24 hs 107
20 hs 95
16 hs 75
12 hs 72

iImA

00 02 04 05 08 10
EN (vs. Ag/AGCl)

0.7280 V » TEM image
0.7006 V » The utilization of
’ catalyst increased.
0.6976 V
0.6702V

2012/12/18
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Evaluation of 40%Pt/PCNF+CB

1004

s el R

peratng concton | |

Cell Temp 70C 16HR

o005 StoichH2/Ar = 14125 | | 5= 20HR
channetan.Ca3 —a—2aHR

Voltage [V]

VoltagedV)

0565

\\\ a0 PUPVS .
Operatng condon | || 727
ortempT0C = 16HR

060 Stoich H2/Air = 14125 | | =~ 20HR

channelAn3-Ca3 —8—24HR

0554

Voltage [V]

0504

08 09 10 11 12 13 14 1s
Current Density [Alcm’]

=> Catalytic activity

0% PUPVS.

channel:An:3-Ca'3

E——— 24 -0.256
—8—16HR
oo 20 0.242
—8—24HR
16 0.23
12 -0.259

=Longer mixing time
over 20 hs re-
increased resistivity.

=> Resistivity
reincreased over 20 h
mixing

07 o8
- @0.7vV @0.6V
24 0.50 930
20 0.51 960
16 0.52 1.03
12 0.46 870

Total summary

> CNF is the very promising support material for the catalysts

of MCFC and PEMFC.

effective.

- CNF-CB composites

- Mesoporous CNF, small CNF

4 Outer surface area with well-dispersed CNF is very

> Hybridization of CNF with CB was very effective to
optimize the MEA porosity.

Evaluation of 40%Pt/PCNF+CB

1.0
—&— NEXCARB-MP-PVS401
09 —e— commercial A
i —&— commercial B
0.8+

Voltage [V]

0.7 E
0.6 N\“\“\‘N

0.5

frg
0.0 0.2 04 06 08 10 12 1
Current Density [A/cmz]

4 16

Operating Condition

1) Cell Temp’ : 70°C
2) Humidifier Temp’
Anode / Cathode = 70 °C / 60 °C
3) Flow H2/Air = x1.4/x2.5
4) Ambient pressure
5) Electrode Size : 25
6) Min flow : 400mA/m’*

Very similar performance
with Gore Japan MEA
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