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Synthesis of Pt / Carbon
Nano Composite
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Synthesis of mesoporous silica template(SBA-15)

The cooperative assembly Preparation of surfactant solution

between surfactant micelles and inorganic species Pluronic P123 in 1.6M HCI solution

O Organic structure—directing agent _ .
Pluronic P123(PEO,,PPO,,PEO,,) Adding TEOS at 35TC

O Silica source : TEOS(tetraethoxy silane)
Si(OCH,CHj), mixing at 35C

E——
W Reaction at 35C for 12h

H,0 - 9
REO,. + yHCI 2 REOp, [(EO)*H50"1, - - --yCI Subsequently reaction at 100 C for 24h

w Filtering & drying

hwdrolvsis

Si(OED) + NH30" 5——> Si(OED, o(OH,"), + NEtOH
Removal of surfactant

REO,,y[(EO)eH30"],----yCI"- - SiOH, Solvent extraction with EtOH
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Characterization of SBA-15

20
Small angle X-ray diffraction pattern

Pore Volume, (cm®/g-A)

4.0 6.0 8.0 100 120 140
Pore Diameter, (A)
Pore size distribution

10 2 2004

XRD pattern
characteristic of highly ordered periodic material
2—-D hexagonal mesophase(space group pé6mm)
indexed as (100), (110), and (200)

Pore size distribution
exhibit a uniform mesopore size of 7.3nm
pore less than 3nm : interconnecting pore

Brunauer—Emmett—Teller specific area
1 947.32 m2g-!
total pore volume : 1.23 cm3g!

rope-like domains
. relatively uniform size of ~1um

e ‘
Science, Vol,279, 1ss.23,

Mesoporous silica template pp548-552,1998
SBA-15



Administrator
    Theories and Applications of Chem. Eng., 2004, Vol. 10, No. 2                                                                                                                                                                   2742

Administrator
  화학공학의 이론과 응용 제10권 제2호 2004년


Theories and Applications of Chem. Eng., 2004, Vol. 10, No. 2

Synthetic route: interconnected-composite rod array

Pt/ordered mesoporous

Ordered mesoporous carbon
carbon

Nanoreactor

Pt-carbon nanocomposite (PtC
nanocomposite)
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Characterization of Pt/ Carbon
Nano Composite
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Mesoporous PtC nanocomposite
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Interconnected-composite rod array
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Interconnected-composite rod array
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Accessible Pt nanoparticles in micropores
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EXAFS analysis

PtC nanocomposite
CN (Pt-Pt), 4.31
R (Pt-C), 0.204 nm

Pt/CMK-3
CN (Pt-Pt), 9.58
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Pt/Vulcan
CN (Pt-Pt), 9.71

PtC nanocompaosite (Br treatment)
~ s‘.’-"‘"‘:‘cjn 1 CN (Pt'Pt), 278
‘..'.';.~--w-,Aot-):.ro:.z.zn ot PRogrpr= R (Pt _ C) ] O . 2 O 1 nm
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Radial distance (nm)

Interconnected-composite rod array
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Structural parameters from EXAFS

Samples (Pt content, wt%o)

Mass activity
(A/g Pt)
0,96V 076V

CN

Structural parameters*

R(A)

G2 (nm)

1* (%)

PtCN arrays (24)

5.9 56.5

2.7310.03
4.311+0.05

2.04110.0008
2.73510.0006

48.9t+1.6
73.51£0.9

13.8

Pt/CMK-3 (24)

4.8 23.8

9.5810.11

2.75710.0004

50.110.1

4.2

Pt/Vulcan XC-72 (24)

4.8

9.7110.03

2.75710.0002

48.010.1

3.1

PtCN arrays treated with
bromide solution (8.5)

10 2 2004

2.12+0.03
0.99+0.03
2.78%0.005

2.014%0.0010
2.437£0.0005
2.736%0.0005

69.3+2.1

38.4%1.7
55.5%£1.2
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FTIR analysis (CO adsorption)

PtC nanocomposite
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Pt/CMK-3
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Wavenumber (cm™)

Before Br-treatment

10 2 2004

Absorbance

PtC nanocomposite

e

Pt/CMK-3

2000 2050 2100 2150
Wavenumber (cm™)

After Br-treatment
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XPS analysis

72 74 76
Binding Energy / eV

PtC nanocomposite

Pt/CMK-3

Pt/Vulcan

PtC nanocomposite
(Br treatment)
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Stability of Pt-clusters in nano composite and commercial catalysis

12wt% Pt-CN

12 wt% Pt-CN 12 wt% Pt-CN, 500°C reduction
A Pt-Pt (N=4.509998, R=2.731703) Pt-Pt (N=4.787008, R=2.738938)

Pt-C (N=1.834332, R=2.038142) £ Pt-C (N=1.014863, R=2.051283)

FT Intensity(A.U.)
FT Intensity(A.U.)

Commercial Pt/C

- e

Before reduction After reduction
(Avg. Particle size 2~3nm)) (Avg. Particle size 6~7nm))
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Application of Pt/Carbon nano composite :

Direct Methanol Fuel Cell (DMFC)
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Electrochemical reaction of DMFC

1. Half-cell reaction for the anodic oxidation
CH,OH + H,O0 - CO, + 6H" + 6e"
2. Half-cell reaction for the cathodic reduction

6H* + 3/20, + 6e- > 3H,0

local cathode potential

oo o T

o o100% efficienct
Cell Yoltage ( <1.18 )
ef Yorage Membrane

anode kinetic logss

0,045 / local anode potential 4

Current , &

- MEA

Bipolar

Plate
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Methanol cross-over

Ec (ideal) vs. SHE

Ecell {ideal)
I MeOQOH cross-over
Natlwde

Region|

Region
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Ea (ideal) vs. SHE

Current density / Acm-2

10 2 2004
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Pt particle size distribution

Fresh MEA Failed MEA: Cathode

Catalyst Particle Size for Fresh MEA Cathode Parlicle Size
N = 2547
n=675 I Mean = 4.99 nm
Mean = 2.926 nm Median = 3.66 nm
Median=1.776 nm

N o o R . bt Loy
10 15 20 30 40

Particle Size (nm) Particle Size (nm)

After 1200 hrs

OAK RIDGE NATIONAL LABORATORY
U. 5. DEPARTMENT OF ENERGY

10 2 2004
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Approach In this study
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Oxygen electroreduction
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200 400 600 800 1000
Potential (mV vs. NHE)

Electrocatalytic mass activity for oxygen reduction with Pt-carbon
nanocomposite (12 wt% Pt) (V), Pt-carbon nanocomposite arrays (24 wt% Pt)
(L), Pt/CMK-3 (24 wt% Pt) (&), Pt/Vulcan XC-72 (24 wt% Pt) (@) and Pt-carbon
nanocomposite arrays (8.5 wt% Pt) () and Pt/CMK-3 (Q) after treatment with
bromide solution.
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Oxygen electroreduction mass activity

Mass activity Structural parameters®
Samples (Pt content, wt%o) (A/g Pt)
0,96 V 0.76 V Ir CN R(A) G¢ (nm) 2 (%)

2.734+0.03  2.041+0.0008  48.9+1.6
cavs (2 5 56.5
el LI 39 36-3 4314005  2.73540.0006 73.5+0.9 %

Pt/CMK-3 (24) 4.8 23.8 9.5810.11 2.7571£0.0004  50.1+0.1 4.2

Pt/Vulcan XC-72 (24) 4.8 : 9.7110.03 2.75740.0002  48.010.1 3.1

2.12+0.03 2.014%0.0010 69.3+2.1
0.99+0.03 2.437£0.0005 38.4%1.7
2.78%0.005 2.736x0.0005 55.5%£1.2

PtCN arrays treated with
bromide solution (8.5)

10 2 2004
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Methanol-tolerant PtC nano composite (I)

2M Methanol
4AM Methanol

£g888

8

Cathode potential (mV)
00
=

00
o
o

20 40
Cell Temperature Current density (A/gPt)

Open-circuit voltages of cathode (a) at various cell temperature and methanol
concentration at anode and polarization curves of cathode (b) for DMFC at 80°C
using commercial 20 wt% Pt/C (EC-20-PTC, empty) and 24% PtC nano composite
(filled) with 2M (squares) and 4M (circles) methanol solution.

10 2 2004
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Methanol-tolerant PtC nano composite

a)

Vv'~¢\
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Ly

|MHCIO, + xM CH,OH 1M HCIO, + xM CH,0H
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20 400 600 800 1000
Potential (mV vs. NHE) Potential (mV vs. NHE)

Electrocatalytic mass activity of 12 wt% PtC nano composite (a) and commercial
20 wt% Pt/C (Electrochem, Inc., EC-20-PTC) (b) for the oxygen reduction in
oxygen-saturated 1M HCIO, with xM CH,0OH (x =0, 0.5 and 2).
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Conclusions
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