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Abstract A variety of ordered mesoporous carbons (OMCs)
were synthesized using ordered mesoporous silicas (OMSs)
as hard templates and the mesophase pitch (MP) as a car-
bon precursor. The synthesis included the mixing of OMS
with MP, the infiltration of OMS with MP at 450–550 °C
and the carbonization of MP in OMS/MP composite fol-
lowed by the dissolution of the OMS template. OMCs with
structures of two-dimensional hexagonal arrays of nanorods
and three-dimensional arrays of nanospheres were obtained
through the replication of silica templates, including large-
pore SBA-15, KIT-6, large-pore FDU-12 and SBA-16. In
particular, 2-D hexagonal array of carbon nanorods (CMK-3
carbon) with (100) interplanar spacing of ∼13 nm as well as
an array of carbon nanospheres arranged in the face-centered
cubic structure with the unit-cell parameter of 33 nm were
successfully prepared. The specific surface areas of the re-
sulting carbons were up to 400 m2/g, and the total pore
volumes were up to 0.43 cm3/g, with the highest values
achieved when the MP infiltration temperature was 500 °C.
The OMCs exhibited narrow mesopore size distributions.
As inferred from XRD, the frameworks of OMCs featured
semi-graphitic structures even though moderate carboniza-
tion temperature (850 °C) was employed.
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1 Introduction

Ordered mesoporous carbons (OMCs) (Ryoo et al. 2001;
Lee et al. 2006; Liang et al. 2008) are unique porous car-
bonaceous materials due to their ordered nanoscale struc-
tures, pore sizes in the mesopore range (typically 2–12 nm),
high specific surface areas and large pore volumes. OMCs
have attracted a lot of attention, mainly due to their potential
advanced applications in the areas of heterogeneous cataly-
sis, chromatography, electrochemical double-layer capaci-
tors and gas storage.

The syntheses of OMCs are based on two strategies,
namely soft templating (Liang et al. 2004; Tanaka et al.
2005; Zhang et al. 2005) and hard templating (Lee et al.
1999; Ryoo et al. 1999; Jun et al. 2000; Joo et al. 2001;
Kleitz et al. 2003; Li et al. 2004; Yang et al. 2004; Vix-
Guterl et al. 2003; Li et al. 2005; Li and Dai 2005; Kruk
et al. 2005; Li and Jaroniec 2004). The former method uti-
lizes self-assembled amphiphilic molecules (surfactants) or
block copolymers as templates to direct carbon precursors
to form cross-linked polymeric network with periodically
arranged voids, which is followed by removal of the tem-
plate, and carbonation (or in some cases, even graphitiza-
tion (Wang et al. 2008)) of the carbon precursor. However,
a more frequently used strategy is the hard templating or
nano-casting method (Ryoo et al. 2001; Lee et al. 1999;
Ryoo et al. 1999; Knox et al. 1986; Knox et al. 1983;
Goeltner and Weissenberger 1998; Yang and Zhao 2005),
in which solid nanoporous structures are applied as tem-
plates to assist carbon precursors to form mesoporous struc-
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tures. The strategy usually involves three major steps: (i) in-
troduction of the carbon precursor to the pores of the tem-
plate, (ii) the carbonation of the carbon precursor in the car-
bon/template composite and (iii) the removal of the tem-
plate. The method affords porous carbons that retain the
morphology of the template (if the latter has a 3-D pore
connectivity) (Ryoo et al. 1999, 2001; Jun et al. 2000),
but are inverse replicas. The pioneering work on the use
of hard templates in the mesoporous carbon synthesis was
done by Knox and co-workers (Knox et al. 1983, 1986) who
successfully synthesized mesoporous carbons using porous
silicas as templates. The first OMC synthesized via hard
templating, which is referred to as CMK-1, was a replica
of MCM-48 silica with Ia3d symmetry (Lee et al. 1999;
Ryoo et al. 1999). Due to the fact that the pore structure
of MCM-48 template consists of two disconnected meso-
pore channel systems, CMK-1 framework consists of two
separate parts that slightly shift with respect to one another
as the template is removed, resulting in a lower symme-
try (Kaneda et al. 2002). Subsequently, the hard templating
strategy has been expanded to successfully produce a large
variety of OMCs with diverse structures. For instance, 2-D
hexagonally ordered arrays of nanorods (CMK-3) (Jun et al.
2000) and nanotubules (CMK-5) (Joo et al. 2001) templated
by SBA-15 silica (Zhao et al. 1998; Ryoo et al. 2000) with
cylindrical mesopores, and carbons with cubic Ia3d sym-
metry templated by KIT-6 silica (Kleitz et al. 2003), were
obtained. In addition, ordered arrays of carbon nanospheres
with Im3m symmetry (Kim et al. 2005b; Guo et al. 2005;
Fan et al. 2003; Fulvio et al. 2008; Li et al. 2009) were
obtained using SBA-16 silica (Zhao et al. 1998) as a tem-
plate, and arrays of carbon nanospheres (Kruk et al. 2005;
Fan et al. 2003; Fan et al. 2005) were synthesized using
FDU-1 (Yu et al. 2000; Matos et al. 2003), FDU-12 (Fan
et al. 2003) and large-pore FDU-12 (Fan et al. 2005) with
Fm3m symmetry as templates. Many OMCs retained the
structural symmetry of their silica templates because of the
connectivity between the mesopores of the template and the
mechanical stability of the resulting carbon frameworks.

In addition to the synthesis method used, the selection
of the carbon precursor is another important factor affecting
the properties of the resulting porous carbon. Among vari-
ous carbon precursors, the mesophase pitch (MP) (Mochida
et al. 2000) is particularly interesting, as its stacked layers
of polyaromatic rings in liquid crystalline domains facili-
tate graphitization and render low microporosity (Qiao et al.
2006). MP retains its anisotropic properties in a certain tem-
perature range above its softening point, while the viscos-
ity decreases with temperature until the mesophase-isotropic
transition takes place (Mochida et al. 2000). Although meso-
phase pitch has been known as a precursor for carbon
fibers for several decades, its utility to synthesize meso-
porous carbons has been explored during the last decade

(Li et al. 2002, 2004; Yang et al. 2004; Li and Dai 2005;
Li and Jaroniec 2004; Qiao et al. 2006; Li and Jaroniec 2001;
Gierszal et al. 2006, 2008; Adelhelm et al. 2007; Mohanty
et al. 2009). Li and Jaroniec reported that by using colloidal
silica particles to imprint in the mesophase pitch, one can
achieve carbons with controlled mesopore size depending
on the diameter of the silica particles (Li and Jaroniec 2001).
The resulting mesoporous carbons had uniform spherical
mesopores with narrow size distribution, quite high spe-
cific surface areas (up to 425 m2/g) and large pore vol-
umes (up to 1.61 cm3/g), and their heat treatment at 2400 ◦C
under Ar afforded a graphitized carbon with quite narrow
mesopore size distribution (Li et al. 2002). Later, the meso-
phase pitch has been proven useful in the synthesis of OMCs
templated by SBA-15 (Yang et al. 2004; Li and Dai 2005;
Li and Jaroniec 2004), MCM-48 (Li et al. 2005; Gierszal and
Jaroniec 2005), KIT-6 (Gierszal et al. 2008), and SBA-16
(Gierszal and Jaroniec 2005). Moreover, the surfaces of
some of these OMCs were functionalized by aryl or fluoro
groups to tailor OMC pore diameter and surface properties
(Li et al. 2004; Li and Dai 2005).

Taking advantage of MP as an excellent carbon precur-
sor, and a large variety of available OMS templates, meso-
porous carbons in the form of ordered arrays of nanorods
and nanospheres were synthesized and described herein. It
was found that an optimization of the temperature of the MP
infiltration step of the synthesis was essential in increasing
the specific surface area and facilitated the synthesis of some
OMC structures. In particular, OMCs with 2-D hexagonal
structures of nanorods (CMK-3 carbons) with large inter-
planar spacing (d100 = ∼13 nm) were synthesized. In ad-
dition, carbon inverse replicas of SBA-16 and LP-FDU-12
silicas, that is, body-centered cubic and face-centered cubic
carbon nanostructures, were successfully obtained, the latter
having very large unit-cell size.

2 Materials and methods

2.1 Materials

The synthesis and structural properties of SBA-15 with
nominal (BJH) pore diameter ∼16 nm and actual pore di-
ameter 14 nm were described in detail elsewhere (the sam-
ple was denoted 15C1d+100C2d #2) (Kruk and Cao 2007).
SBA-15 with nominal (BJH) pore diameter ∼26 nm and ac-
tual pore diameter ∼19 nm was synthesized at initial tem-
perature of 14 ◦C and hydrothermally treated at 130 ◦C for
2 days, as described elsewhere (Cao et al. 2009) (data shown
in Supporting Figure S1). Due to the high hydrothermal
treatment temperature and extended time, the mesopores of
this material are likely to be connected by large mesoporous
gaps in the walls (Cao et al. 2009). The synthesis of KIT-6
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silica involved a procedure originally reported by Kim et al.
(2005a). with the hydrothermal treatment at 100 ◦C for one
day. The synthesis and characterization of LP-FDU-12 silica
was described in detail elsewhere (Kruk and Hui 2008) (the
sample was denoted 15C + 100C1d + A130C2d). SBA-
16 was synthesized using the synthesis mixture composi-
tion reported by Kleitz et al. (2006). with the hydrother-
mal treatment at 130 ◦C for 2 days. The mesophase pitch
(AR-MP) was provided by Mitsubishi Gas Chemical Com-
pany. Ground MP was thoroughly mixed with silica template
in ethanol (using sonication) and the mixture was dried in
an open container until the solvent evaporated. The mix-
ture was transferred into a ceramic boat and heated in a
tube furnace under nitrogen atmosphere. The temperature
was set at 460–550 ◦C and maintained for 8 hours (16 hours
for SBA-16 replica) (with 5 ◦C/min ramp to the final tem-
perature) for infiltration, and 850 ◦C for 3 hours (5 ◦C/min
ramp) for carbonation. The carbon samples were isolated by
dissolving the silica templates in HF solution overnight. The
products were extensively washed with deionized water and
acetone before drying under vacuum. The mass of MP used
was calculated as a mass of the template used multiplied by
its specific total pore volume and by the density of the meso-
phase pitch (1.23 g/cm3), which corresponds to the mass of
MP that would be capable of completely filling the meso-
pores and micropores of the template.

2.2 Measurement

Small-angle X-ray scattering (SAXS) measurements were
performed at Station D1 of CHESS synchrotron facility at
Cornell University. The samples were placed in a hole in an
aluminum sample holder and secured from both sides us-
ing a Kapton tape. Powder X-ray diffraction measurements
were performed using a PANalytical X-ray Diffractometer
with step size of 0.05 ◦ and angular range of 10–90 ◦. Trans-
mission electron microscopy (TEM) images were recorded
on a Philips CM 100 microscope operated at 80 kV or on a
FEI Tecnai G2 Twin microscope operated at 120 kV. Before
the imaging, the samples were dispersed in ethanol through
sonication and subsequently deposited on a carbon-coated
copper grid. Nitrogen adsorption measurements at −196 ◦C
were carried out using a Micromeritics ASAP 2020 vol-
umetric adsorption analyzer. Samples were degassed un-
der vacuum at 200 ◦C before adsorption measurements. The
specific surface area was determined using the BET method
(Sing et al. 1985) applied to the relative pressure range
0.04–0.20. The total pore volume was calculated from the
amount adsorbed at a relative pressure of 0.99 (Sing et al.
1985). The pore size distribution was calculated from ad-
sorption branches of isotherms using the Barrett-Joyner-
Halenda (BJH) algorithm and the KJS relation between the
pore diameter and the capillary condensation pressure (Kruk
et al. 1997).

3 Results and discussion

3.1 Preparation of 2-D hexagonal arrays of nanorods

SBA-15 with 2-D hexagonal structure of large cylindrical
mesopores (Zhao et al. 1998) is one of the most exten-
sive studied and widely applied OMSs because of its facile
synthesis and beneficial structural properties. SBA-15 has
been proven as an excellent template to fabricate other or-
dered mesoporous materials, including carbons (CMK-3 and
CMK-5) (Jun et al. 2000; Joo et al. 2001; Yang et al. 2004;
Vix-Guterl et al. 2003; Li et al. 2005; Li and Dai 2005;
Kruk et al. 2005, 2007; Li and Jaroniec 2004) via the in-
verse replication process. In spite of extensive activity in this
area, the use of large-pore SBA-15 (LP-SBA-15; pore di-
ameter >12 nm) as a template has been nearly unexplored.
To the best of our knowledge, only Sun et al. (2007) ap-
plied macroporous-mesoporous LP-SBA-15 with d100 inter-
planar spacing of ∼14 nm to synthesize an ordered meso-
porous carbon (as seen from TEM) that retained the mor-
phology of the template and exhibited narrow pore size dis-
tribution (pore diameter ∼6 nm). However, XRD or SAXS
data were not reported, so the crucial information about the
periodicity and unit-cell size is not available. Straightfor-
ward syntheses of LP-SBA-15 with pore diameters up to
∼26 nm have been reported recently (Kruk and Cao 2007;
Cao et al. 2009; Sun et al. 2005), and herein the applicabil-
ity of these templates for the synthesis of CMK-3 carbons is
demonstrated.

The LP-SBA-15 template applied in our study had a large
(100) interplanar spacing (14.0 nm), a large pore diameter
of 14.3 nm (nominal BJH pore diameter ∼16 nm), high sur-
face area (550 m2/g) and large pore volume (1.36 cm3/g)
(Kruk and Cao 2007). The process of infiltration with
the carbon precursor (MP) is illustrated in Fig. 1. When
the temperature was raised above MPs softening temper-
ature (∼285 ◦C), MP became less viscous and infiltrated
the cylindrical nanochannels of LP-SBA-15. The subse-
quent carbonation process at 850 ◦C was likely to facil-
itate intermolecular cross-linking to form semi-graphitic
carbon framework (see below). Finally, the silica template
was removed by HF etching. The resulting carbon samples
showed highly ordered 2-D hexagonal (CMK-3 type) struc-
tures, as seen from SAXS patterns (Fig. 2(a)) with diffrac-
tion peaks indexed as (100), (110) and (200). The forma-
tion of inverse replicas of SBA-15 in the case of carbon
and other framework compositions has been explained as a
result of the micropore/mesopore connections between the
ordered mesopores of SBA-15, as these connecting pores al-
low for the formation of connections between the nanorods
in the structure of the inverse replica (Jun et al. 2000).
It is demonstrated herein that the increase in the unit-cell
size and a related increase in the pore wall thickness does
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Fig. 1 The scheme of the process for preparing ordered mesoporous
carbons using the template (e.g., large-pore SBA-15 silica) and the
mesophase pitch carbon precursor. The pore diameter of the 2-D
hexagonal arrays of nanorods provides the information about the di-
mensions of space between three adjacent nanorods

not have an adverse effect on the ability to form highly or-
dered CMK-3 carbons. There is no obvious difference in
(100) interplanar spacings (∼13 nm) for all the CMK-3
samples synthesized with different infiltration temperatures,
indicating a good reproducibility of the dimensions of the
nanostructure. A low extent of contraction of the unit cell
during the carbon formation process (from d100 = 14 nm for
the silica template to 13 nm) can be attributed to a high car-
bon yield for the pitch carbonization and an excellent ther-
mal stability of the silica template and the produced carbon
nanostructure.

The obtained carbon samples were further analyzed by
nitrogen adsorption. As shown in Fig. 2(b), the carbon sam-
ples prepared at different infiltration temperatures had sim-
ilar Type IV adsorption-desorption isotherms. The capillary
condensation steps occurred in the relative pressure range
from 0.45 to 0.65 and the isotherms leveled off at higher rel-
ative pressure, indicating uniform pore structures and low

Fig. 2 (a) SAXS patterns,
(b) nitrogen adsorption
isotherms and (c) pore size
distributions of mesoporous
carbon samples prepared using
the LP-SBA-15 template and
different MP infiltration
temperatures
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Fig. 3 TEM images of
mesoporous carbons prepared
using LP-SBA-15 templates of
pore diameter (a) ∼19 nm, and
(b) 14 nm. The infiltration
temperature was 500 ◦C

external surface areas. The adsorption isotherms of our car-
bons were similar to that reported by Sun et al. (2007)
for their macroporous-mesoporous carbon prepared using
a similar template. However, these researchers did not re-
port X-ray diffraction/scattering data, so overall periodicity
of their carbon is not clear.

Interestingly, the BET specific surface area and pore
volume of the CMK-3 samples reached the maximum
(340 m2/g and 0.40 cm3/g, respectively) when the infiltra-
tion temperature was 500 ◦C. It is known that the viscosity
of the MP will gradually decrease with the rising tempera-
ture so the higher temperature is likely to be beneficial for
MP infiltration into LP-SBA-15 nano-channels and thus ex-
pected to lead to higher pore volume and specific surface
area. However, the phenomenon observed here might be
due to the cross-linking of pitch molecules when imprinting
temperature is much higher (e.g., 550 ◦C) than the MP soft-
ening temperature, and close to the carbonation temperature
(850 ◦C), and/or to the mesophase–isotropic phase transi-
tion (Mochida et al. 2000) taking place at excessively high
temperatures. Either possibility would lead to higher viscos-
ity and reduced mobility of MP, which may have negative
effect on the BET specific surface area and pore volume. To
rule out the possibility of an effect specific to LP-SBA-15
template, another template (KIT-6) with 3-D cubic structure
was studied and found to exhibit a similar trend (data not
shown).

The BET specific surface area and pore volume of the
obtained carbons are much less than those for carbons pro-
duced from many other carbon precursors, especially su-
crose, as these precursors give rise to carbons with consid-
erable amount of microporosity, leading to very high spe-
cific surface area and pore volume (Jun et al. 2000). How-
ever, OMCs from mesophase pitch and some other precur-
sors giving rise to semi-graphitic carbon frameworks with
low microporosity (Li and Jaroniec 2004; Gierszal et al.

2008) commonly exhibit specific surface areas and pore vol-
umes comparable to the carbons from our optimized synthe-
sis. The pore size distributions (PSDs) in Fig. 2(c) indicated
that the pore diameters of the carbon samples were inde-
pendent of the imprinting temperature. PSDs were relatively
narrow and had a maximum around 5.8 nm. This pore size is
larger than pore wall thickness of the LP-SBA-15 template
(∼2 nm) because the pore diameter shown on PSD reflects
primarily the dimensions of the pore space between three
adjacent carbon nanorods (see Fig. 1) (Joo et al. 2002). The
pore diameter of CMK-3 prepared from MP using large-pore
SBA-15 was larger than the pore diameter of CMK-3 tem-
plated by regular SBA-15 silica derived from MP (Li and
Jaroniec 2004) or petroleum pitch (Vix-Guterl et al. 2003).
This is consistent with Equation (3) of Joo et al. (2002),
which indicates that the pore diameter of CMK-3 scales with
the (100) interplanar spacing.

SBA-15 with even larger pore diameter (19 nm, nomi-
nal BJH pore diameter 26 nm) was also used to obtain or-
dered array of carbon nano-rods. TEM images in Fig. 3(a)
revealed that both kinds of the SBA-15 inverse replicas con-
tained arrays of uniform nano-rods, whose diameters were
roughly estimated from TEM as ∼12 nm and ∼16 nm for
carbons templated by the silicas with pore diameters of
14 nm and 19 nm, respectively. It must be pointed out that
most of the carbon nanostructures observed in TEM images
were nanorods rather than hollow tubes or broken rods, in-
dicating that the MP infiltration process can introduce high
loading of carbon to nearly totally fill the mesopores. This
provides an insight as to why the tendency to create sec-
ondary porosity was not observed and the contraction of the
lattice during the inverse replication process was low. The
present results show that LP-SBA-15 is a facile template
for the synthesis of CMK-3 carbons, which was mentioned
elsewhere without presenting the experimental results (Kruk
and Cao 2007), the latter being reported here for the first
time.
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Fig. 4 (a) The nitrogen
adsorption isotherm with SAXS
pattern (inset) and pore size
distribution (inset), and
(b) TEM image of OMC
prepared using the LP-FDU-12
template with infiltration
temperature of 500 ◦C; (c) The
nitrogen adsorption isotherm
with SAXS pattern (inset) and
pore size distribution (inset),
and (d) TEM image of OMC
prepared using the SBA-16
template with infiltration
temperature of 500 ◦C

3.2 Preparation of mesoporous carbons from 3-D OMS
templates

The MP infiltration process described above is also capable
of producing OMCs using KIT-6 (Kleitz et al. 2003; Kim
et al. 2005a) template with 3-D bicontinuous structure and
Ia3d symmetry (data not shown), as well as SBA-16 (Zhao
et al. 1998) with body-centered cubic structure and Im3m
symmetry, and large-pore FDU-12 (LP-FDU-12) (Fan et al.
2005; Kruk and Hui 2008) with face centered cubic structure
and Fm3m symmetry.

LP-FDU-12 is OMS with face-centered cubic structure
of spherical pores of diameter up to 27 nm, which are con-
nected with one another through passages that can be made
large in size (Fan et al. 2005; Kruk and Hui 2008). The
successful preparation of OMC using LP-FDU-12 template
was indicated by the SAXS pattern that featured peaks and
shoulders that can be identified as (111), (220) and (311) re-

flections of the face-centered cubic structure (Fm3m sym-
metry) (Fig. 4(a)). Previously, FDU-1, FDU-12 and LP-
FDU-12 were used as templates for OMCs (Kruk et al. 2005;
Fan et al. 2003; Fan et al. 2005), but the resulting carbons
never featured such a well-resolved and indexable XRD or
SAXS pattern. The calculated unit cell size was 32.9 nm,
which is 9% lower than the unit cell size of 36.3 nm for
the silica template. The unit cell size for the considered car-
bon is particularly large, and exceeds the unit-cell size for
LP-FDU-12 carbon described in some detail earlier (Fan
et al. 2005). This suggests that the use of LP-FDU-12 tem-
plates with large unit-cell size opens an avenue to hard-
templated OMCs with unprecedented unit-cell sizes and
pore diameters. The BET specific surface area, pore vol-
ume and pore diameter of the LP-FDU-12-templated carbon
were 297 m2/g, 0.40 cm3/g and 10.8 nm (Fig. 4(a)), respec-
tively. The adsorption isotherm was similar to that reported
earlier for FDU-1 replica prepared using polyacrylonitrile
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as a carbon precursor (Kruk et al. 2005). The TEM image
for the LP-FDU-12 inverse replica carbon showed a well-
ordered structure composed of nanospheres of size ∼ 20 nm
(Fig. 4(b)). OMC was also successfully synthesized using
SBA-16 template, which had a body-centered cubic struc-
ture and spherical mesopores of diameter ∼11 nm (which is
likely to be underestimated by ∼2 nm based on prior stud-
ies) (Matos et al. 2003). The resulting OMC obtained via the
infiltration with MP at 500 ◦C for extended period of time
had a pore diameter of 6.6 nm, the specific surface area of
500 m2/g and pore volume of 0.62 cm3/g (Fig. 4(c)). The ad-
sorption isotherm of our carbon is similar to the isotherms
reported earlier for the carbon inverse replicas of SBA-16
(Fan et al. 2003; Fulvio et al. 2009), but in our case, the cap-
illary condensation step was much more pronounced and the
isotherm sharply leveled off after the capillary condensation
was completed, suggesting the absence of any appreciable
secondary mesoporosity. This indicates that the MP affords
SBA-16 carbon inverse replicas that are comparable to or
even of better quality than those from other carbon sources.
The carbon featured a rather narrow single peak on its SAXS
pattern. From TEM image (Fig. 4(d)), the estimated diame-
ter of highly ordered nanospheres was ∼11 nm, very close
to the pore size of its SBA-16 template.

3.3 Framework properties of carbon samples

To confirm that MP has an advantage of affording semi-
graphitic structures (Yang et al. 2004; Gierszal et al. 2008),
one of the carbons templated by KIT-6 was examined by
XRD. The diffraction pattern featured characteristic (002)
reflection at ∼25 ◦ corresponding to 0.36 nm graphite layer
spacing, a less intense peak at ∼44 ◦ for (100) and/or (101)
reflection and a weak (110) reflection at ∼79 ◦ (Kruk et al.
2007). It is clear that the MP-derived carbon had an appre-
ciable ordering on atomic scale (despite rather low carbon-
ation temperature), but the carbon was still far from a per-
fectly graphitized structure (d002 = 0.343 nm). It is known
that in the case of templated pitch-based carbons, graphene
sheets have preferred perpendicular orientation with respect
to the template’s mesopore surface (Yang et al. 2004).

4 Conclusions

The results presented here demonstrated that the MP infil-
tration at 500 ◦C provided a simple way to synthesize high-
quality ordered mesoporous carbons. The method is effec-
tive for synthesis of carbons with desired pore geometries,
such as 2-D hexagonal arrays of nanorods, or 3-D cubic
structures templated by KIT-6, LP-FDU-12 and SBA-16 sil-
icas. The resulting carbons show quite high specific surface
areas (up to 500 m2/g) and moderate pore volumes (up to

Fig. 5 XRD pattern of KIT-6-templated carbon (infiltration tempera-
ture of 500 ◦C)

0.62 cm3/g). It is interesting that there was an optimal infil-
tration temperature (500 ◦C) under which the resulting car-
bon sample has the highest surface area and pore volume,
which appears to be independent of the type of the template.
XRD showed that the obtained mesoporous carbons have
semi-graphitic frameworks.
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