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Uniform porous carbons have many useful applications in Scheme 1

separation and electrode materials and have been reported through

template approaches using zeolites or mesoporous hdbktshis .
case, the porous carbons with uniform pore sizes of typically 0.2 sio, MW/'

to 5.0 nm were fabricated through carbonization of polymers c

arbonization  filled space

templated by the inorganic porous host€olloidal crystalline n Polymerization polymer g Eiching unfilled space
templates based on spherical nanoparticles have been applied for [ on \

the synthesis of much greater uniform meso- and macroporous +CH,0 | Acid-template viy v¥y
materials, which include polymefsnorganic oxide$,and metal$. A_A A_A
Recently, this colloidal approach has been extended to the fabrica-

tion of new porous carbons. Uniform three-dimensional porous * Acid-template: Al-impregnation

carbon replicas were made by CVD or plasma methods of methane OH H*
l-lDISf'BT OH AICI! ‘H{;;A‘ e
ho oA EOH TR

or propylene as a feed gas against porous silica dpd&soporous |)
OH H*
H

'
carbon was also reported using surfactant-stabilized silica particles

prepared from an aqueous Ludox HS-40 silica®debwever, pores
were not distributed in an orderly fashion and not interconnected
to each other. Recently, in our earlier work, the fabrication of new
uniform porous carbons with air balls of 560 nm in diameter

K under vigorous stirring was added into the void space of the
colloidal silica template and then heated to 398 K for 12 h to obtain

interconnected t h other was renorted by carbonization of racross—linked polymer. In the case of Al-implanted silicas, carbon
erconnected 1o each otherwas reported by carbonization of suga Sprecursorsolu’[ionWithoutsulfuricacidwasadded into the template

and polymeP. The carbon capsules with hollow core/mesoporous array in the same way. Each of the composites prepared in two

shells were also synthesized using solid core/mesoporous shell silica,,. . ) .
: . different ways was then carbonized by heating the composites at a
spheres as templat&sHere we report the synthesis of uniform

) i . . .. slow increasing rate of 5 K/min to 1273 K in dry Ar flow. The
porous carbon replicas with interesting morphological variation . - . .
. . . . ‘ resulting silica-carbon composites were subsequently etched off with
against a colloidal crystal template by inducing different poly-

o 48% aqueous HF to dissolve the silica template, and resulting
merization processes of phenol and formaldehyde as a carbon orous carbons were washed, filtered, and dried in an oven at 343
precursor. The processes of controlling the morphology in this work ﬁ The two different rocesseslres Ite d,'n interesting morphological
were simple and were well performed just by altering the acid " o dl P u nt g P gie
alteration in the porous carbon network. The overall synthetic

catalyst sites, which control the initiation sites of the acid-catalyzed d d ibed in Sch 1A hitCGtretchi

condensation reaction from the same precursor. In particular, thesezroze u;zzgre m.Le.'SC” € 'O? Ch'lemr? b grap rgc |nlg

highly ordered uniform porous carbons resulted in much improved and at ch increased, w lle the ban S near cme
due to C-H deformation and methylene cross-links on phenol rings

catalytic activity for methanol oxidation as a catalyst supporter in ; P
decreased during carbonization in infrared speétra.

a fuel cell. . . . .
Several monodisperse silica nanoparticles in the range of 150  Figure 1 shows SEM images of the silica-carbon composites

800 nm were prepared on the basis of a reported méthod. (insert) ant_j the resulting silicfa_-free carbon repli_cas with differc_ent
Aluminum was incorporated into some of the silica particles through MorPhologies. An Al-grafted silica array resulted in surface coating
the impregnation method to generate strong acid catalyst'3ites. (Surface templating) as shown in the silica-carbon composite and
Elemental analysis indicated a Si/Al mole ratio of about 14 for the € corresponding carbon replica in Figure 1a. In this case, the
resulting Al-implanted silica particles. The particles dispersed in Pelymerization was initiated on the particle surface by the acid
water were then allowed to sink down slowly and were dried at catalyst sites on Al-implanted silica surface. The resulting hollow
333 K in an oven after gently removing water above the silica €°ré carbon capsules with about 200 nm (about 20% shrinkage
deposit. Subsequently, the dried array of the silica spheres wasduring replication from a 250 nm sphere) in diameter and 20 nm
sintered slightly at their points of contact to provide connectivity shell thickness were three-dimensionally interconnected through
in resulting carbon replica by heating the array at about 1073 K contact points appearing as small holes. However, when the acid
for 2 h. Al-implanted silica particles themselves have strong acid catalyst is mixed with the precursor solution, the polymerization
sites on the surfaces, while pure silica particles needed sulfuric acidoccurs everywhere to fill up the entire space between the particles.
as an acid catalyst added externally to initiate the polymerization Figure 1b clearly shows the formation of ordered nanoporous carbon
of phenol and formaldehyde. The mixture with molar composition framework (volume templating) with complete filling of the entire
of 1.0 phenol:0.8 formaldehyde:0.1 sulfuric acid prepared at 353 void around the silica spheres. Each of the spherical pores is also
interconnected through small holes. Similar volume and surface
*To whom correspondence should be addressed. E-mail: jsyu@mail.hannam.ac.krtemplated porous carbons were reported eaflidowever, the
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and 132 /g for micropores and meso- or macropores, respectively)
and 86 ni/g (31 nt/g and 55 g for micropores and meso- or
macropores), respectively. The catalyst loading resulted in a drastic
decrease in the surface areas. The catalysts may be mainly
distributed in micropore areas as evidenced from the significant
decrease of the micropores. The improved activity for the methanol
oxidation is considered to be due to the higher surface area of the
porous carbon for the catalyst dispersion, and also in part due to
‘;ﬁ _ ! "L nmn : the three-dimensionally interconnected uniform macropores which
L — W A8 s favor efficient fuel and product diffusion in the porous carbon
Figure 1. SEM images of carbon-colloidal silica composite (insert) and supporter as compared with the Vulcan carbons with randomly
the corresponding silica-free carbon replica prepared (a) by surface gistrinuted pores of varying sizes which may make fuel and product
templating and (b) by volume templating, using 250 nm silica spheres. Some diffusion difficult. Porous carbon with partially isolated pores with
of the silica spheres are seen in the composite in the insert of (b). . : ; o .
no interconnection gave poor catalytic activity, supporting the
0.6 implication of pore connectivity.

The colloidal silica template presented in this work was a simple
and viable route for production of uniform bulk macroporous
carbons, whose pore sizes can be easily controlled by monitoring
the sizes of silica spherés18Thus, this method can cover an even
smaller or larger range of pore sizes. The morphology of the
resulting carbons was easily controlled by simply altering acid
catalyst sites. In particular, the carbon with an interconnected
uniform pore array demonstrated its possibility as a good catalyst
supporter in a direct methanol fuel cell. Further work with different
pore sizes as catalyst supporters is under progress.
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Figure 2. Comparison of the voltage and power density responses of the ACknOWIedgment. The authors thank Korea Energy Manage-.
volume templated porous carbon-supported PHE0)(50) alloy catalyst ment Cooperation (2000) for support, Prof. Sung at KJIST for unit
(——) and the E-TEK counterpartv—)in a direct methanol fuel cell. cell measurements, and KBSI for SEM and TEM images.

The DMFCs were operated at 303 K with the flow rate of 2 mL/min of 2

M CH3OH at anode, 300 mL/min of £yas at cathode, and Nafion 115 as Supporting Information Available: CV activity data, TEM images,
electrolyte. Anode: 80 wt % porous carbon-supporteefRt alloy catalyst XRD patterns and chemical states (determined by XPS) of the PtRu,
(3.0 mg/cni) and 60 wt % E-TEK PtRu alloy catalyst (4.1 mg/cfj, stability data, and TG analysis of the porous carbons and preparation
respectively. Cathode: Johnson Matthey Pt black (5.6 mgicm methods for electrode and MEA (PDF). This material is available free

. of charge via the Internet at http:/pubs.acs.org.
porous carbons were prepared from several different carbon 9 plip g

precursors and carbonization processes.
High surface area and well-developed porosity are essential for
a catalyst supporter to result in high catalytic activities. To
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