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Technology

Porous Garbon Material “ESCARBON™ MCND”
for Catalyst Support of Polymer Electrolyte Fuel Cells

Abstract
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Takashi IlJIMA Masataka HIYOSHI

Nippon Steel Chemical & Material Co., Ltd. has successfully commercialized a newly
developed mesoporous carbon material, ESCARBON™ MCND, manufactured using a cus-
tom-designed synthesis process and technology. The precursor of MCND is silver acetylide
(Ag,C)), and the resulting carbon exhibits a dendritic structure with internal pores parti-
tioned by layers of graphene sheets. The primary pore size is on the order of several nano-
meters. As a result of its unique mesoporous architecture, MCND significantly enhances the
catalytic activity of Polymer Electrolyte Fuel Cells (PEFCs). Furthermore, its structure-
composed of multiple graphene layers-provides excellent oxidation resistance, contributing

to improved catalyst durability.

1. Introduction

Polymer Electrolyte Fuel Cells (PEFCs) have garnered signifi-
cant attention as clean and highly efficient power generation sys-
tems. A critical component of PEFCs is platinum, which functions
as the catalyst. However, due to the high cost of platinum, consider-
able efforts have been made to reduce its usage by micronizing plat-
inum particles to sizes in the range of 2—-5 nm. This strategy increas-
es the catalytic surface area, thereby enhancing activity per unit
weight.!

To stabilize these micronized platinum particles and prevent ag-
glomeration, carbon supports with high specific surface areas are
commonly employed. In addition to offering a large surface area,
the carbon support must possess macropores to facilitate the diffu-
sion of gases and water, as well as exhibit excellent electrical con-
ductivity and oxidation resistance.?

This paper introduces a novel carbon support material-Mesopo-
rous Carbon Nano Dendrites (MCND), commercially known as ES-
CARBON™ MCND. This advanced material has been adopted in
fuel cell vehicles due to its superior performance as a support for
platinum catalysts.

2. ESCARBON™ MCND

MCND is a porous carbon material with a unique structure, syn-
thesized from silver acetylide as its precursor. Owing to its distinc-

tive architecture, MCND has been adopted in fuel cell vehicles as a
catalyst support. Even with a reduced amount of catalyst metal com-
pared to conventional carbon materials, MCND enables high power
generation performance. Furthermore, its structure—composed of
multiple graphene layers—provides practical oxidation resistance.
These features have contributed significantly to the reduction of
platinum catalyst usage and the downsizing of fuel cell systems.®

2.1 MCND preparation procedure

The basic procedure for preparing MCND has been described by
Nishi et al.*® When acetylene is introduced into an ammonia solu-
tion containing silver nitrate, a white precipitate of Ag,C, is formed.
The precipitated Ag C, exhibits a dendritic structure composed of
branches approximately 50 nm in diameter, which develop into
complex branched networks, resulting in the formation of numerous
pores (Fig. 1). The obtained Ag,C, is thoroughly washed to remove
the by-product ammonium nitrate, and the wet Ag,C, material is
placed in a vacuum chamber. After degassing and drying, the vacu-
um chamber is heated to temperatures above 150°C. This thermal
treatment triggers a phase transition of Ag,C, (Ag,C,—2C+2Ag),
resulting in a black powder composed of a mixture of silver and car-
bon. The silver component in the mixture can be removed using a
conventional method, such as washing with nitric acid. After the re-
moval of silver, the material undergoes heat treatment to adjust its
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crystallinity, which optimizes the material’s properties-specifically
electrical conductivity and oxidation resistance-required for fuel cell
support applications. Through this sequence of processes, a porous
carbon material referred to as MCND is obtained.

2.2 Structure of MCND

To investigate the pore structure of mesoporous carbon nanoden-
drites (MCND), nitrogen adsorption measurements and pore size
distribution analysis via mercury intrusion porosimetry were con-
ducted. Table 1 summarizes the representative physical properties
of MCND.

The Brunauer-Emmett-Teller (BET) specific surface area of
MCND is remarkably high at 1200 m*g, demonstrating its potential
effectiveness as a catalyst support. Similarly, the mesopore volume
reaches 0.9 mL/g, underscoring the material’s extensive porous ar-
chitecture. Pore size distribution analysis using the Dollimore-Heal
(DH) method reveals that the mesopores predominantly range from
2 to 10 nm (Fig. 2). Mercury intrusion porosimetry further indicates
the presence of numerous macropores within the 20 to 100 nm range
(Fig. 3).

Scanning electron microscopy (SEM) images of heat-treated
MCND (Fig. 4) demonstrate that the dendritic morphology derived

Fig. 1 SEM image of an Ag,C, dendrite monolith

Table 1 Pore characteristics of MCND

BET surface area Micro pore volume Meso pore volume
(m*/g) (mL/g) (mL/g)
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Fig. 2 Pore size distribution (determined by the DH analysis of nitrogen
adsorption isotherms)
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from silver acetylide is preserved following phase transfer and ther-
mal treatment. Large macropores are observed between the dendritic
branches, facilitating the transport of gases and water (Fig. 4a).
These macropores correspond to the 20—100 nm pores identified via
mercury intrusion. Furthermore, the particle surfaces display com-
plex topographical features, such as elevations and depressions,
some of which may contain openings formed by the ejection of sil-
ver during the phase transfer process (Fig. 4b).

Transmission electron microscopy (TEM) images (Fig. 5) reveal
that the branches of MCND contain a multitude of internal pores
enclosed by several layers of graphene sheets. These internal pores,
ranging from 2 to 10 nm, are consistent with the mesopore distribu-
tion shown in Fig. 2 and contribute significantly to the high specific
surface area and mesopore volume. It is also inferred that these in-
ternal pores are interconnected and may be linked to the external
surface through openings created during silver ejection.

In conclusion, MCND exhibits a hierarchical porous structure
comprising interconnected mesopores within the dendritic branches,
robust walls formed by graphitic layers with high oxidation resis-
tance, and large macropores between branches that facilitate gas dif-

dV/d(logD) (mL/g)

0.0 L
10 100
Pore diameter (nm)

1000

Fig. 3 Pore size distribution on the mercury intrusion porosimetry
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Fig. 4 SEM images of MCND
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Fig.5 TEM image of MCND

fusion. These structural features make MCND a promising candi-
date for use as a support material in fuel cell applications.

3. MCND as Fuel Cell Support

In this study, we synthesized a platinum catalyst supported on
MCND (Pt/MCND) and, for comparison, a platinum catalyst sup-
ported on solid carbon black (Niteron #SH, manufactured by Nip-
pon Steel Chemical & Material Co., Ltd.), used as a conventional
Pt/CB. The power generation performance of these catalysts in fuel
cell applications was evaluated, as shown in Fig. 6.

At low current densities, where fuel gas consumption is limited
and mass transport effects are minimal, the cell voltage is primarily
influenced by the intrinsic catalytic activity. In contrast, at high cur-
rent densities, where fuel consumption increases and significant wa-
ter generation occurs, gas diffusivity becomes a critical factor.

Across the entire current density range, PtMCND exhibited su-
perior performance compared to Pt/CB. This indicates that MCND
offers enhanced catalytic activity as well as improved gas diffusivity.

Figure 7 presents SEM and STEM images of the PtMCND cat-
alyst. In the SEM image, platinum particles appear as white spots,
while in the STEM image, they are observed as black spots. The
SEM image primarily reveals particles located on the outer surface,
whereas the STEM image captures both surface and internal parti-
cles. These observations suggest that a significant portion of the
platinum nanoparticles are embedded within the MCND structure.

Figure 8 illustrates the mechanism by which MCND enhances
catalytic activity. In conventional carbon-supported catalysts, plati-
num particles on the outer surface can be covered by ionomer (poly-
mer electrolyte), which may limit their catalytic activity.®” In con-
trast, platinum particles located inside the porous MCND structure

are less affected by ionomer coverage, as the ionomer cannot easily
penetrate the internal pores. Consequently, the catalytic activity of
these internal particles is preserved, contributing to the overall en-
hancement in performance observed with Pt/MCND.

4. Conclusion

Nippon Steel Chemical & Material has successfully commer-
cialized a newly developed mesoporous carbon material, ESCAR-
BON™ MCND, manufactured using a custom-designed synthesis
process and technology. This paper introduced the structural charac-
teristics and functional advantages of ESCARBON™ MCND. Ow-
ing to its unique pore architecture, MCND has been adopted in
commercially available fuel cell vehicles (FCVs), contributing to
the advancement of a hydrogen-based society through the wide-
spread deployment of FCVs. Looking ahead, MCND is expected to
find applications in a broader range of fields beyond fuel cells.
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Fig. 7 SEM (left) image and STEM (right) image of Pt/MCND
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Fig. 8 Influence of ionomer covering depending on catalyst position
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