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In this study, the effects of various carbon nanostructures on the catalytic
performances of carbon supported platinum (Pt/C) electrocatalysts were evaluated experimentally and
numerically. The Pt/C catalysts were prepared using a hybrid method involving the preparation of
dense, hollow, and porous carbon particle via aerosol spray pyrolysis followed by microwave-assisted
Pt deposition. Electrochemical surface area of porous Pt/C catalyst was more than twice than those
of hollow or dense Pt/C. The effects of pore size on electrocatalysis were also studied. The results
showed the importance of a balance between mesopores and macropores for effective catalysis with a
high charge transfer rate. A fluid flow model showed that good oxygen transport contributed to the
catalytic activity. Furthermore, the addition of N dopin? to porous carbon may further increase the
electrocatalytic performance. While, the formation of hollow spherical carbon gave a good
capacitance performance.
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Nanomaterial with an ordered structure
may exhibit much higher performance than
that of the disordered structure
Morphological control of carbon based
catalyst in my previous researches has
been proved as an effective strategy to
enhance the catalytic performance of
proton exchange membrane fuel cell
(PEMFC). Well-structured porous carbon
particles were successfully prepared by
spray pyrolysis of a dual polymer
system. Further development of carbon—
based particle is crucial for wider
application in energy devices

Structuring strategy is highly desirable
yet very challenging to design
nanostructured carbon particles because
the host generally
hydrophobic in natures, which are not
compatible with organic template to make
a homogeneous mixture. Hence, it is
highly required to find an alternative
carbon source

carbon NPs are

Development of a self-organized dual
polymer system is necessary to address
this issue. This research focus on the
use of polymer materials as the carbon
source and template. To the best of my
knowledge, there was no report of
designing hierarchically—nanostructured
carbon particles from polymers via
aerosol route for energy application.
Formation mechanisms will be evaluated
by  investigating the electrostatic
forces between the polymers
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The purpose of this research 1is to

develop carbon-based materials with
controlled morphology for energy
applications

(1) Synthesis of nanostructured carbon
particles from polymers precursor via
aerosol process. Self-organization of

two polymers will be carefully
evaluated.
(2)  Functionalization and catalytic

activity measurement of the nano-—
structured carbon particles by metal

deposition and atom doping

effect of
their

(3) Simulation of the
nanostructured morphologies on
hydrodynamic profile

3. WAk
(1) Spray synthesis of nanostructured
carbon particles from polymers.

One—step spray pyrolysis consist of a
vertical tubular furnace with four
controllable  temperatures;
nebulizer and two—fluid nozzle sprayer as

ultrasonic

a droplet generator; and electrostatic
precipitator as particle collector. To
provide an option for scientific and
industrial world,
inexpensive and organic
materials was used as the carbon source.
Various experimental conditions, such as

polymers which are

abundant

temperature of furnace, carrier gas flow
rate, droplet generator,
type and surface charge were evaluated in
detail with respect to its effect to the
morphology of final product

and polymers

(2) Ultralow Pt loading of carbon—based
nanoparticle for catalyst in PEMFC.
Morphology control of carbon as a
catalyst support gives high impact to the
catalytic performance. However, high
amount of Pt loading is still necessary
to obtain high catalytic performance. As
the preferred solution, this topic will
be addressed: (i) improve the electron
donor behavior of catalyst by nitrogen
(N) doping; (ii) use 1inexpensive and
abundant polymer materials for
graphitized—carbon source

(3) Simulation of the effect of nano-
structured morphologies on their
hydrodynamic profile

A computational simulation was conducted
to illustrate the theoretical flow
pattern of dissolved oxygen inside the
catalyst layer during oxygen reduction
reaction (ORR) activity tests. The
simulation was performed in two steps
The first step was calculation of the
electrolyte velocity on the surface of
the catalyst layer, using FlexPDE 6.0. In
the second step, the velocity
distribution inside the catalyst layer
was simulated using Autodesk Simulation
CFD 2015.

(4) Carbon-based material for capacitive
energy storage

Hollow and porous carbon were synthesized
from polymers by controlling the charge
of template (i.e. anion or cation). The
controlled morphology of electrode
ensures electrochemically accessible for
ions.

4. BFFERR

From the results of 2015-2016 research,
the following results and knowledge were
obtained

(1) Synthesis of highly dispersed and



controllable size polystyrene latex
(PSL) nanoparticles for template
application.

Highly dispersed cationic PSL
nanoparticles were successfully
synthesised via a modified emulsion

polymerisation method. Specifically, of
2,2’ —azobis[2-(2-imidazolin—-2-y1)

propane] di-hydrochloride (VA-044) as
the initiator and acetone/water as the
solvent afforded
synthesis of cationic PSL particles as
small as 31 nm in diameter. The addition

medium successful

of acetone increased the solubility of
styrene and reduced the surface tension
between the PSL particle surface and
aqueous  phase. Additionally, rapid
diffusion of acetone contributed to the
droplets 1in the
emulsion system, further enabling the
formation of PSL nanoparticles. The VA-
044 initiator could effectively control
the stability of both the surface charge
and size of PSL particles

formation of small

(2) Synthesis of nanostructured carbon
particles from polymers precursor via
aerosol process

Nanostructured hollow and hierarchical
porous carbon particles were prepared by
spray pyrolysis of a self-organized dual
polymer system comprising phenolic resin
(as the host material) and charged
polystyrene latex (PSL, as the
template). The  morphology of  the
prepared particles can be tailored by
tuning the attractive or repulsive
forces between the precursor components

Strong electrostatic attraction between
the phenolic resin and highly positively
charged PSL  formed hollow carbon
particles. Weaker attractive force, as
in the case of particles with a small
positive charge, or repulsions due to
negatively charged PSL, resulted in
porous carbon particles. The influence
of spray pyrolysis parameters on the
carbon morphology, such as temperature
of furnace, carrier—gas flow rate, and
mass ratio of phenolic resin to PSL,
were also investigated thoroughly. It
was found that precursor with a mass
ratio of phenolic resin to PSL particles
of 0.63 produced well-structured porous
carbon particles with hexagonally close—
packed pores

(3) Experimental and theoretical
approach to evaluation of nanostructured
carbon particles

predict the final
particle size of dense carbon particles
derived from phenolic resin and porous

Correlations to

carbon particles derived from phenolic

resin and a PSL template, synthesized via
spray pyrolysis, have been developed. A
residual introduced as a
variable to represent the shrinkage

during phenolic resin decomposition. In

ratio was

the porous carbon particle correlation,
both residual ratio and porosity were
considered in determining the particle
size. Using the correlations to predict
mean particle diameters showed good
agreement with experimental results. The
size of dense carbon particles was found
to be strongly influenced by the
concentration of the phenolic resin. Up
to a limiting concentration, the addition
of PSL also influenced the size of porous
carbon particles. The predicted particle
size distributions were narrower than
experimental results, possibly due to the
segregation and agglomeration of the
droplets inside the tubular furnace, but
particle size distribution was still
well-predicted by the
correlations

developed

(4) Electrocatalytic activity of nano-
structured Pt/C particles from hybrid
aerosol-colloid process

An optimum nanostructure and pore size of
catalyst supports is very important in
achieving high catalytic performances. In
this instance, the effects of various
carbon nanostructures on the catalytic
performances of carbon—supported platinum
(Pt/C) electrocatalysts were evaluated

The Pt/C catalysts were prepared using a
hybrid method involving the preparation

of dense, hollow, and porous
nanostructured carbon particle via
aerosol spray pyrolysis followed by
microwave—assisted Pt deposition.

Electrochemical characterization of the
catalysts showed that the porous Pt/C
catalyst gave the best performance; its
electrochemical surface area was much
higher, more than twice than those of
hollow or dense Pt/C. The effects of pore
size on electrocatalysis were also
studied.

(5) Modelling of morphology—dependent
electrocatalytic activity of
structured Pt/C particles

The effects of the catalyst support and
pore size on the electrocatalytic
performance were studied numerically by
fluid dynamic
analyzed in terms of electrochemical
kinetics. It was found  that the
performance of the porous carbon Pt/C

nano—

simulations, which were

catalyst was the best among the other
morphologies of catalyst, probably
because of the presence of interconnected
pores, which allowed better oxygen trans—



port to the catalyst surface
Furthermore, good oxygen  transport
promoted effective charge transfer and
consequently active
surface area of the catalyst. These
results prove the effectiveness of the
fluid dynamic approach in qualitatively
estimating the electrocatalytic
performance by observing hydrodynamic

phenomena within the catalyst layer.

increased the

(6) Controlled surface topography of
particle nanostructures by spray drying
process.

The previous results shown in (4) and
(5) showed the importance of a balance
between meso— and macro—pores for
effective catalysis with a high charge
Therefore, it is
important to successfully prepared well-
defined self-organization with coffee-
ring-type structures using of carbon
source polymer and PSL building block.
The complexity of the particle
distributions of binary and ternary
clusters with different sizes and
composition ratios of building block NPs
(e.g. PSL, silica, etc.) was discussed

A better understanding of how finite
groups of different NPs self-organize in
a moving droplet to form a confined
geometry may aid in controlling the
structure of matter at multiple length
scales. Interestingly, the configuration
of the large microsphere clusters was
found to be influenced by the presence
of the small particles, which formed a
ring—like structure. This configuration
can be used to estimate the balance of
carbon pores with various sizes

transfer rate.

(7) Synthesis of nitrogen—functionalized
macroporous carbon particles

In this study, we developed the first
synthesis of macroporous carbon
particles with high nitrogen content
from a melamine resin via spray
pyrolysis. A dual-polymer precursor
consisting of melamine resin and a PSL
template was used to control the carbon
particle morphology. The pore size and
porous structure were adjusted by
changing the PSL particle size and the
PSL/melamine resin ratio, respectively.
A PSL/melamine resin ratio of 1.6 : 1
gave the best morphology. The nitrogen
content of the particles obtained at
carbonization temperatures between 600
and 1000 C ranged from b5.44% to 39.2%.
The nitrogen content was approximately
two to 10 times higher than those

achieved using a hydrothermal route
High-nitrogen content  hollow
spheres (HCSs) with precisely
controllable shell thicknesses (14.2-66.6
nm) and particle size (58.2-320 nm) were
also synthesized by a microwave—assisted

carbon

polymerization and carbonization process
from 3—aminophenol as a carbon source and
PSL particles as a template. The nitrogen
content in the HCSs prepared at 550 C was
15.62%, higher than that in most reported
HCSs. We found that shell thickness and
particle size could be adjusted by
changing the 3-aminophenol/PSL ratio and
PSL particle size, respectively. The
synthesized HCSs took the advantage of N-—
doping, indicated by their high
capacitive  performance (about 17. 3%
higher than that of commercial activated
carbon), long—term cyclic stability, and
high energy and power densities.
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