KOREA

UNIVERSITY

Phosphorus-doped ordered mesoporous carbon :

effect of size on electrocatalytic activity towards

oxygen reduction in alkaline conditions

Dae-Soo Yang, Jinsol Park, Min Young Song, Hyun-Yeol Park and Jong-Sung Yu*

Energy Materials Lab.,

Dept. of Advanced Materials Chemistry,
Korea University,

Sejong, Chungnam 339-700, Korea
E-mail : jsyu212@korea.ac.kr




Fuel Cell et

PAFC (Phosphoric acid FC)
* Electrolyte : H;PO,
» Operating temperature : 190~200°C

. PEMFC (Proton exchange membrane FC)
s e O Bowes « Electrolyte : Nafion

Graphite ‘Gasket i : Cathode End Flate  Operating temperature : 25~80°C

DMFC(Direct methanol FC)

* Electrolyte : Nafion

'Pperating temperature : 25~90°C

FC (alkaline FC)

e Electrolyte : KOH

* Operating temperature : 80~90°C
|

* Electrolyte : Li,CO, or K,CO,
 Operating temperature : 650°C
2H, + 0, — 2H,0 ”

AE°=12V, AG° =-463.1 kJ ‘

Anode flow channel

* Electrolyte : ZrO,
 Operating temperature : 600~1000°C

<
Cellular Lap-top

Transportation Power plant
phone computer




Introduction

= Fuel cells (FCs) are envisioned as one best possible solution due to their
high energy density, high efficiency and negligible emission of harmful
gases.

= The foremost limitations in low temperature FCs are the kinetically
sluggish oxygen reduction reaction (ORR) at the cathode and corrosion of
Pt catalysts.

= Recently, PGM-free doped carbons have been reported as highly efficient and
cheap ORR catalysts, particularly using nitrogen-doped carbon.

= [n this work, metal-free P-doped ordered mesoporous carbon (POMC)
nanorods were prepared using nanocasting method and studied as an
electrocatalyst for ORR in alkaline conditions.

= Effect of POMCs with different rod length on ORR performance was also
studied.




Catalyt corrosion EORES

Theoretical Cell Potential [E° = 1.23 V at 25°C]
Electrical efficiency losses

. CAthiode activation

(—!— Cell resistance
typical MEA :

perfomance - Mass transport

N\

Power density, W-cm?

Voltage, V
2 8

o
N

[=]

200 400 600 800 1000 1200 1400
Current Density, mA-cm=2

nmass
fransport
losses

Journal of Power Sources 195 (2010) 4098-4103




— L
hEE L T A

Pt/C
initial
— after 30,000 cycles

04 06 08 10

E/VRHE

1.2

Voltage (V)

0.0 01 0.2 0.3 04 05 06 0.7 0.8 09 1.0 1.1 1.2 1.3 14 1.5

V)

iR-corrected Potential, E

R-cormecied

0.5
0.001

Current Density (A/lcm2)

R

Hold Time at 1.2 WV
Oh
50 h

—_— 100 h

0.01 0.1

Current Density (A cm™)

International Journal of Hydrogen Energy37(2012)8451-8458



Introduction

= Fuel cells (FCs) are envisioned as one best possible solution due to their high
energy density, high efficiency and negligible emission of harmful gases.

= The foremost limitations in low temperature FCs are the kinetically sluggish
oxygen reduction reaction (ORR) at the cathode and corrosion of Pt catalysts.

= Recently, PGM-free doped carbons have been reported as highly efficient
and cheap ORR catalysts, particularly using nitrogen-doped carbon.

» In this work, metal-free P-doped ordered mesoporous carbon (POMC)
nanorods were prepared using nanocasting method and studied as an
electrocatalyst for ORR in alkaline conditions.

» Effect of POMCs with different rod length on ORR performance was also
studied.




Size-Tunable Synthesis of SBA-15 Silica with Rodlike Morphology using HCI

e Pluronics P123 (PEO,,PPO,,PEQO,) in
deionized water and HCI with different HCI
concentrations in the range of 0.1~5.0 M.

e TOES added.
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Effects of HCI concentration on length
and diameter of SBA-15 particles. Inset
represents the aspect ratios of the SBA-15
particles as a function of HCI
concentration.
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Phosphorus-doped ardered mesoporous carbons (POMC) with different rod lengths*™

Schematic illustration of POMC preparation
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FE-SEM and TEM images of POMCs with different sizes:
. (length of 1.5, 1.0, and 0.7 pum and thickness of 0.2, 0.4, and 0.8 um,

respectively)




Surface properties of POMCs with different sizes
N, sorption isotherms with pore size distribution
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500 nm S00 nm

POMC-1 813.5 0.41 1.5-0.2 93.7:49:14
POMC-2 930.3 0.42 1.0-04 926:6.0: 14
POMC-3 1181.9 0.45 0.7-0.8 93.5:51;14
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The physical parameters and electrochemical properties of POMCs with different sizes.

. Electron- Onset P
SBET Vmicro Vmeso Vtotal Pore size transferred potential content Rct/g

(m3g1) (cm3g) (em3g!) (cmig) (nm) number (7) (Vvs Ag/AgCl)  (atomic. %)

1120 0.44 1.39 1.83 33 2.4 -0.23
814 0.41 0.99 1.40 3.1 3.4 -0.15
930 0.42 1.24 1.66 3.2 3.6 -0.14
1182 0.45 1.42 1.87 3.4 3.9 -0.11
261 0.01 0.39 0.40 - 4.0 -0.06




Electrochemical properties of OMC, POMC and Pt/C
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Electron- Onset P

transferred potential content Rct/g

SBET Vmicro Vmeso Vtotal Pore size
(m?gh) (ecm’g’)  (em’g') (cm’g!) (nm) number (1) (V vs Ag/AgCl)  (atomic. %)

1120 0.44 1.39 1.83 33 2.4 -0.23
814 0.41 0.99 1.40 3.1 3.4 -0.15
930 0.42 1.24 1.66 3.2 3.6 -0.14
1182 0.45 1.42 1.87 3.4 3.9 -0.11
261 0.01 0.39 0.40 - 4.0 -0.06




Conclusions

1. We have demonstrated the fabrication of a novel P-doped OMC cathode
by a simple, cost-effective, and readily reproducible approach.

2. The resulting metal-free POMC catalysts exhibited outstanding
electrocatalytic activity, long-term stability, and excellent resistance to
alcohol crossover effects for ORR.

3. The effect of rod length of the prepared POMC on catalytic ORR
performance was also investigated, showing increase in activity with
decrease in rod length of POMC, probably due to increased surface area
and decreased resistance of shorter rod.

4. Overall, with proper optimization on P-loading amount and distribution,
which are now in progress, the future replacement of expensive Pt/\VVC
catalyst can be achieved by more stable and effective P-doped carbon-for
practical applications of fuel cells.



Future Work : metal-free N, P and S doped carbons
SBA-15 silica with different aspect-ratios

Plate-like
SBA-15




Synthesis of plate-like CMK-3 and CMK-5 carbons

carbonization

SBA-15 silica/carbon Plate-like
composite CMK-3 carbon

Plate-like S, Ciching
SBA-15 silica

carbonization

SBA-15 silica/ surface Plate-like
coated carbon composite CMK-5 carbon
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Multimodal porous carbon Hollow nanocapsule
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