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Abstract: TiO2-carbon nanocomposites were synthesized by simply mixing a TiO2 sol with a semi-cured
resorcinol and formaldehyde gel, followed by drying and pyrolysis at 1000 oC in an inert atmosphere.
For comparison, the pure resorcinol and formaldehyde gel and the pure TiO2 gol were also prepared,
dried and pyrolysed in same conditions, respectively. The composites with a low TiO2 content had the
similar pore size distribution (PSD) and crystallographic structure to that of the blank sample (i.e.,
micropore size distribution), However the presence of high content TiO2 in the composites effectively
resulted in an increase in mesoporosity and a crystallographic structure of dominant rutile TiO2 in the
TiO2-carbon nanocomposite.

Keywords: TiO2, carbon, nano-composite, micro- and mesopore size distribution.

1. Introduction
The resorcinol and formaldehyde (RF) sol-gel method has been receiving considerable attention in the
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literature during the past two decades or so[1-6]. By using this sol-gel method, several alkaline and
transition metal ions, can be well dispersed in the RF gels and its carbonized derivatives during the
synthesis process[1, 7-9]. The incorporation of metal ions in the RF gels or its carbonized derivatives
leads to a hybrid material with potential applications as catalyst[7], supercapacitor[10], and lithium-ion
battery anode[11].
TiO2 has been widely used as a photocatalyst for photogeneration of hydrogen from water[12, 13] ,
solar-energy conversion[14], and degradation of organic compounds[15], due to its high oxidative
power, chemical stability, low cost, and non-toxicity. Much attention was also focused on its potential
application in the electrode material of the lithium-ion battery[16-19]. Recently, the activated carbonsupported TiO2 (TiO2/AC) composites became to attract attention[20,21]. The TiO2/AC composites have
high photocatalytic activity in comparison with pure TiO2 powder, because it could create many active
sites for the photocatalytic degradation.
In this communication, we report on the first preparation of the TiO2-carbon composites by mixing a
TiO2 sol with the semi-cured resorcinol and formaldehyde gel, followed by 85 ºC drying and pyrolysis in
an inert atmosphere. It showed that a micro- and mesopore size distribution of the TiO 2-carbon
nanocomposite can be adjusted by changing the TiO2 content in the composite.

2. Experimental
The preparation procedure of TiO2 sol was similar to that reported elsewhere[22]. The synthesis
procedure of the TiO2-carbon nanocomposite was as follows. The RF polymers were synthesized by the
polycondensation of resorcinol (R) and formaldehyde (F) using an initial R:F molar ratio of 1:2.
Deionized water (W) was used as the diluent and the R:W molar ratio was 1:170. n-
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Hexadecyltrimethylammonium bromide (CTAB) and Na2CO3 were used as the surfactant and the basic
catalyst, respectively. The mixture was stirred for 10min, then heated to 85 ºC and maintained at 85 ºC
under continuous stirring until the solution lost fluidity. The slurries were transferred into glass flasks
and sealed. Then, they were placed in an oven at 85 ºC for 4 hours for the semi-cure process.
Subsequently, the semi-cured samples were washed with a certain amount of anhydrous ethanol for 3
times. Fresh solvent was replaced every time after vacuum filtration. The washed samples were mixed
with the TiO2-sol ethanol solution with different contents of TiO2. The mixtures were kept at room
condition for 14 hours, and then were dried at 85 ºC in an oven for 6 hours. After the drying process, the
glass beakers were removed from the oven and left to cool down to room temperature. Then, the dried
samples were milled to powders. Finally, the composites were prepared by pyrolysis of the gel powders
at 1000 ºC in N2. The final TiO2 contents of the composites were 6.4, 12.2, 17.7, 34.1, 50.0, 54.7%,
respectively. The pure RF gel and the pure TiO 2 gol were also prepared, dried and pyrolysed in same
conditions, respectively. The final products were named as blank sample 1 and blank sample 2,
respectively. The surface morphology and particle size of the composites were investigated using field
emission scanning electron microscope (FESEM) (JEOL JSM-7500 FAM, the accelerated voltage and
current were 5.0 kV and 10μA, respectively) and transmission electron microscope (TEM) (JEOL
JEM-2010, accelerated voltage: 200kV, current density: 20 pA/cm2)X-ray diffraction analysis (XRD)
(Cu-Kα, RINT 2200V) was performed to study the crystal structures, crystallite sizes, and phase
formation of the composites. N2 adsorption and desorption isotherms of the blank samples and TiO 2carbon nanocomposite were obtained at 77K with an automatic adsorption apparatus (TriStar 3000). The
BET specific surface area (SSA, SBET) and total pore volume (Vtot) were calculated by using the
Brunauer-Emmett-Teller equation and the single point method, respectively. The average pore diameter
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(D) was estimated from the equation 4 Vtot/ SBET. Micropore SSA (Smic) was calculated by subtracting
external SSA from BET SSA. The corresponding PSD were calculated with the desorption data based on
the BJH method. The TiO2 content was calculated by the loss on ignition of composites at 1000 ºC in air.

3. Results and discussion
PSD curves of the blank sample 1, the blank sample 2 and the TiO2-carbon nanocomposites are shown
in Figure 1a. It follows that the blank sample 1 mainly contains micropores and has a high BET
surface area (542.58m2·g-1). When TiO2 content is < 34.1 wt.%, the composites have the similar PSD
with that of the blank sample 1, namely, the micropore size distribution. However, the composites
with lower TiO2 content have the lower BET surface area than those of the blank sample 1. For TiO2
content ≥ 34.1 %, Figure 1a showed that the mesopore peak appeared. It is noteworthy that the ratio
of the intensity of the mesopore (3~4nm) peak to that of the micropore peak increased obviously with
the increase of the TiO2 contents of the composites, indicating that the mesoporosity of the composites
with a high TiO2 content was much more developed than those of the composite with a low or zero
TiO2 content. Despite this, the BET surface areas of the composite with a high TiO 2 content also
deteriorated. For the blank sample 2, it has a very low BET surface area (2.76 m2·g-1) and no obvious
micropore peaks or mesopore peaks can be observed.
The XRD patterns of the blank sample 1, the blank sample 2 and the TiO2-carbon nanocomposite are
shown in Figure 1b. It is noticeable that when TiO2 content < 34.1%, the composites have the similar
structure with that of the blank sample 1. i.e., two broad peaks associated with the (002) and (10l)
reflections from carbon are dominant, except that the weak rutile (110) peak and anatase (110) peak
for the 12.2% TiO2 content, and a weak rutile (110) peak for the 17.5 % TiO2 content were observed,
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respectively. According to Bragg equation, interplanar space (d002) calculated to the blank sample 1
are about 0.42nm, > 0.35nm, indicating a considerably low-graphitization-degree carbon or
amorphous carbon[23, 24]. When TiO2 content ≥ 34.1%, sharp rutile peaks were dominant, and weak
anatase (110) peaks could be still observed. C (002) peak almost disappeared and only weak (10l)
peak (2θ=43.1º) probably attributed to graphitic carbon remained. For the blank sample 2, the 43.1º
peak disappeared and only the narrower rutile TiO2 peaks could be observed.
Figure 2 shows the morphologies of TiO2-carbon nanocomposite containing 50 % of TiO2. From the
TEM (Figure 2a), we can observe that a lot of TiO2 particles were well dispersed on the surfaces of the
carbon nano-spheres. The diameters of TiO2 particle and carbon sphere are 10~20nm and ca. 90 nm,
respectively. The typical HRTEM image of the composite is shown in Figure 2b. The d-spacing of
0.295 nm corresponds to the (001) plane of rutile. The XRD pattern of composite containing 50.0 % of
TiO2 (Figure 1b) showed narrow diffraction peaks, which correspond to the rutile TiO2. By Scherre’s
formula, the diameter of TiO2 particle was calculated to be 19nm, which is consistent with the result of
HRTEM. From the TEM image (Figure 3) of the blank sample 2, the rutile TiO2 particles aggregated
and the diameter of the particles is ca. 200nm, which is larger than those of the composite containing
50% of TiO2. This indicates that the carbon can inhibit the growth and aggregation of TiO2 particles.

4. Conclusions
In summary, we report a novel method to prepare TiO2-carbon composites. The composites with a
low TiO2 content had the similar pore size distribution (PSD) and crystallographic structure to that of the
carbon derived from the RF polymer (i.e., micropore size distribution), but the presence of high content
TiO2 in the composites effectively resulted in an increase in mesoporosity and a presence of a
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crystallographic structure of dominant rutile TiO2 in the TiO2-carbon nanocomposites. The TiO2-carbon
nanocomposites with both mesopore and micropore distribution probably makes it suitable for an
application as a material for electrodes of the secondary battery or an efficient photocatalyst.
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Figure 1a

Figure 1b

Figure1 PSDs (a) and XRD patterns (b) for the blank samples and the TiO 2-carbon nanocomposites
with different real TiO2 contents

Figure 2a

Figure 2b

Figure 2 the morphologies of TiO2-carbon nanocomposite containing 50 % of TiO2
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Figure 3 TEM image of the blank sample 2
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