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Pore-size control in the sol–gel synthesis of mesoporous silicon carbide
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Chemical reactions operating at high temperatures and
extreme conditions usually require catalyst and sepa-
ration materials possessing good thermal and chemi-
cal stability [1]. Silicon carbide materials are potential
candidates for such applications due to their excellent
thermal and chemical stability [2, 3]. As a prospective
catalyst support, it should have a high specific surface
area and suitable pore structure [4]; however, SiC mate-
rials currently lack these qualities. Because the materi-
als are often produced at very high temperatures usually
above 1000 ◦C, it is very difficult to control SiC crystal
growth to form porous structures. Despite these lim-
itations, many researchers are devoted to developing
novel routes for the synthesis of porous SiC materials
with high surface areas [5–8].

In reported works, Ledoux and coworkers devel-
oped a shape-memory synthesis method to prepare
porous SiC [4, 5, 9]. In the method, porous carbon was
employed as a starting template, and gaseous silicon
monoxide was flowed through the starting carbon. The
porous SiC was produced by the reaction of SiO and the
carbon template. In another method, Vix-Guterl et al.
employed porous SiO2 as a starting template and then
infiltrated carbon into the porous template [6, 10]. The
porous SiC was produced via the carbothermal reduc-
tion of SiO2. The two methods above are effective for
the preparation of porous SiC, but both of them require
two steps to obtain the desired product. Other routes are
also employed for the preparation of porous SiC [11–
13]; however, the surface area and pore size cannot be
directly controlled in these methods.

The sol–gel process is a promising technique for
fabricating and tailoring nanostructured materials [14,
15]. The technique has been used to prepare nanostruc-
tured SiC materials [16–18]. In our previous works,
a carbonaceous silica sol–gel from tetraethoxysilane
(TEOS) and phenolic resin was used to synthesize SiC
nanowires and mesoporous SiC [17, 18]. In this letter,
we propose a method to control the specific surface area
and pore size of mesoporous SiC by employing differ-
ent amounts of nickel nitrate in the sol–gel process.

A typical sol–gel process for synthesis of the meso-
porous SiC is described as follows. Twelve grams of
phenolic resin (condensation polymer from formalde-
hyde and phenol, softening point 80–90 ◦C) and 0.8 g
nickel were dissolved in 35 ml ethanol. Subsequently,
50 ml TEOS (AR grade) and 8 ml oxalic acid aque-
ous solution (3.4% wt.%) were added to the ethanol
solution. 0.8 ml hexamethylenetetramine aqueous
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solution (35 wt.%) was added to enhance gelation after
the mixture had been stirred at room temperature for
48 hr. Finally, the gel was aged and dried at 100 ◦C for
24 hr to get a xerogel. The SiC product was produced
by heating the xerogel at 1250 ◦C for 20 hr in an argon
environment (flow rate 40 cm3 min−1).

From the above process, a light green SiC sample
was obtained after removal of residual carbon, silica,
and other impurities. The sample is β-SiC according
to X-ray powder diffraction (XRD). A Micromeritics
ASAP-2000 porosimeter, using N2 as adsorptive, was
employed to measure the surface area and pore size
of the sample, as shown in Fig. 1. From the figure the
N2 adsorption-desorption isotherms exhibit two abrupt
changes when the relative pressure is about 0.4 and 0.8,
respectively. The changes suggest that the sample has
two kinds of pores. The pore size distribution from the
BJH method confirms that one has a size about 3.5 nm
and the other about 15 nm [19]. Both pore sizes fall into
the defined size range of mesopores, from 2 to 50 nm.

The nickel employed in the sol–gel preparation plays
an important role in the SiC synthesis. As previously
reported [16, 17], the usual product from the above
sol–gel process was SiC whiskers when no nickel is
employed. However, a small quantity of nickel nitrate
changes the morphology of SiC product. Furthermore,
the specific surface area and pore size of the SiC prod-
uct can be controlled by adjusting the Ni/Si molar ratio
in the xerogel. In the typical synthesis, the Ni/Si ra-
tio is 0.0123 and the SiC sample is specified as SiC-
[Ni]-0.0123, where the square brackets indicate that
nickel had been employed and the number represents
the molar ratio. A series of SiC samples were synthe-
sized through the sol–gel route by employing different
concentrations of nickel, and their surface areas and
pore sizes are summarized in Table I. From Table I, the
surface area increases with increasing Ni/Si ratio, and
approaches a maximum of 204 m2/g when the ratio is
0.0123. Above this ratio, the specific surface area be-
gins to decrease. The pore size and volume also display
similar dependence on the Ni/Si ratio.

By scanning electron microscope (SEM) and trans-
mission electron microscope (TEM) observations, the
sample without nickel is completely whiskery and the
second one consists of whiskery and porous SiC. Sam-
ples 3, 4 and 5 mostly are mesoporous SiC, and they
have continuously increased pore diameters. The TEM
images of samples 3 and 4 are shown in Fig. 2. Sample 6
is composed of porous and granular SiC, and the last
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TABL E I Pore parameters of silicon carbide samples. The pore size
here is the location of the main peaks in the BJH pore distribution

BET surface Pore size Pore volume
area/m2 g−1 (nm) (cm3 g−1)

1. SiC-[Ni]-0 48 45 0.108
2. SiC-[Ni]-0.0077 47 45 (4) 0.134
3. SiC-[Ni]-0.0123 204 3.5 (15) 0.343
4. SiC-[Ni]-0.0154 112 10 0.286
5. SiC-[Ni]-0.0185 64 30 0.175
6. SiC-[Ni]-0.0308 42 40 0.144
7. SiC-[Ni]-0.154 5 >100 0.01

Figure 1 Nitrogen adsorption-desorption isotherms of the purified SiC
sample (SiC-[Ni]-0.0123). The inset picture displays the corresponding
pore-size distribution from the BJH method.

Figure 2 TEM images of two mesoporous SiC samples. The top displays
two kinds of pores and the bottom shows a uniform pore structure.

Figure 3 The granularity analysis (Coulter N4 Plus) results of two sols
with and without nickel.

one mainly consists of SiC grains with sizes ranging
from 50 to 200 nm.

The role of nickel in the preparation is rather com-
plicated. At first, charged nickel ions in the sol–gel
process may result in the self-organization of primary
colloidal particles. The self-organization usually gener-
ates large secondary grains consisting of phenolic resin
and embeded silica particles. The granularity analysis
results show that the primary colloidal particles have
sizes smaller than 10 nm while the secondary grains
have sizes larger than 1000 nm, as shown in Fig. 3. The
secondary grains can produce a great deal of SiO2/C in-
terfaces after carbonization. The SiC produced at the in-
terfaces through carbothermal reduction forms a meso-
porous framework. On the other hand, nickel may still
act as a catalyst in the SiC formation as reported in liter-
ature [5, 7]. Melted nickel particles react with silica and
produce various nickel silicide active phases including
Ni2Si,

SiO2 + 2Ni + 2C → Ni2Si + 2CO (1)

Subsequently the melted alloy drops roll on interfaces
and react with carbon,

Ni2Si + C → SiC + 2Ni (2)

The nickel generated from reaction (2) again par-
ticipates in reaction (1). Several nickel silicide active
phases can be detected from XRD patterns of unpuri-
fied SiC rough products. However superfluous nickel
can cause sintering of the mesoporous SiC, which usu-
ally results in collapse of the porous framework. Si-
multaneously, largened alloy drops can dissolve more
SiC. The dissolved SiC can be recrystallized out and
form spherical particles when the system temperature
decreases [20, 21]. These lead to the very low surface
area of sample 7.

In conclusion, we present here a method to control the
surface area and pore size of mesoporous SiC in the sol–
gel preparation. The key of the method is to aggregate
the primary colloidal particles with suitable size though
employing different amount of nickel nitrate.
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