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Abstract

In this work, activated carbon (AC) after HNO3 modification was used as the support during the production of supported
TiO2 to increase the high deposition efficiency and the photocatalytic activity. The results of N2 adsorption showed that the
BET surface area of samples decreased with an increasing of the concentration of HNO3 due to the penetration of TiO2. From
XRD data, a single crystal structure of anatase peak was observed in diffraction patterns for the AC coated with titanium
complexes. From the SEM results, almost all particles were aggregated with each other at the carbon surface and AC was
covered with TiO2 particles in all of the samples. The EDX spectra show the presence of C, O, Ti and other elements. It was
also observed a decreasing of amount of C content with increasing Ti and O content from the EDX. The results of FT-IR
revealed that the modified AC contained more surface oxygen bearing groups than that of the original AC. The effect of
surface acidity and basity calculated from Boehm titration method was also evaluated from correlations as a function of
NaOH, NaHCO3, and Na2CO3 uptake. The surface modification of AC by HNO3 leads to an increase in the catalytic
efficiency of AC/TiO2 catalysts, and the catalytic efficiency increases with increasing of HNO3 concentration.
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1. Introduction 

Environmental pollution by pollutants in air and in water
has caused various serious problems for human health. The
decomposition of these pollutants using TiO2 photocatalysts
has been one of the most promising methods for dealing
with the problem [1-3]. For some practical applications, the
particles of photocatalyst TiO2 were either mounted on
adsorbents, or fixed on a substrate by using a binder [4-6].

Early work mainly focused on coating TiO2 on fixed sup-
ports, such as glass fibers, glass, quartz, and stainless steel,
etc [7, 8]. The efficiency of pollutant degradation on TiO2

particles so immobilized is usually decreased because of the
mass transfer limitation. To enhance mass transfer, a system
of particles suspension is preferred for a better mixing of
catalysts with both light beams and pollutants in water.
Therefore, much attention was paid to supporting TiO2 on
particle supports, such as alumina, zeolite, activated carbon,
silica gel and glass beads. The particles are selected so that
they can be easily suspended by either air bubbling or
mechanical stirring [9, 10]. Among these particle supports,
activated carbon is very promising for three reasons. First,
activated carbon is able to adsorb the pollutants and then
release them onto the surface of TiO2. Consequently, a
higher concentration of pollutants around TiO2 than that in
the bulk solution is created leading to an increase in the

degradation rate of the pollutants [11-14]. Second, the charge
transference between TiO2 and AC can cause an acidifi-
cation of surface hydroxylic groups in the TiO2. This will
enhance the interaction between some pollutants and TiO2 to
further promote the degradation. Moreover, the ability to
absorb visible light of the supported TiO2 is also enhanced
[15, 16]. Third, the intermediates produced during degrada-
tion can be also adsorbed by activated carbon and then
further oxidized. Thus, secondary pollution of the intermedi-
ates can be reduced [17].

A proficient way to enhance the mesopores surface area
and the amount of oxygen bearing groups of activated
carbon simultaneously is modified by acid treatment such as
HNO3 oxidization [18]. Therefore, the surface modification
of activated carbon post-treated with HNO3 may lead to a
significant increase in the deposition rate of TiO2. Moreover,
it is also reported that an increase in the concentration of
oxygen bearing groups providing more nucleation sites and
an activated carbon with acidic functional groups can result
in smaller-sized titanium complex particles well dispersed
leading to high catalytic activity [19, 20].

In this present work, we have prepared AC/TiO2 com-
posite after surface modification of activated carbon by acid
treatment. The transformation of titanium n-butoxide (TNB)
to TiO2 on the carbon surface during heat treatment must be
improved. For the preparation of AC/TiO2 composite, the
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main aim of this paper are: (i) to investigate the changes in
textural and surface chemical properties of AC/TiO2 by
surface modification by post treatment of HNO3 with various
concentrations and (ii) to study the effects of photocatalytic
activity of AC/TiO2 composite prepared with TBN. The pre-
pared catalysts were characterized by N2 adsorption, X-ray
diffraction (XRD), scanning electron microscope (SEM) and
energy dispersion X-ray analysis (EDX), FT-IR and Boehm
titration. The catalytic efficiency of the developed catalysts
was evaluated by the photodegradation of an azo compound,
methylene blue. 

2. Experimental

2.1. Materials

The powdered typed activated carbon (ca. 80 μm) was
purchased from Dong Yang Carbon Co., Ltd. Titanium n-
butoxide (TNB, 99%) was obtained from ACROS,
ORGANICS, USA. The HNO3 (66%) for the surface modi-
fication of activated carbon was obtained from Duksan Pure
Chemical Co., Ltd. The Methylene blue (MB, C16H18N3S·
Cl·3H2O) was analytical grade which was also purchased
from Duksan Pure Chemical Co., Ltd. 

2.2. Preparation of AC/TiO2 composites

For the preparation 5.0 g of powdered activated carbon
was boiled in None, 0.05, 0.1 and 0.5 mol/L HNO3 solution
at 373 K for 60 min to obtain sufficient oxygen-containing
groups. The oxidized activated carbon put into 200 mL TBN
solution. The mixing solution was stirred by using a Hot
plate & stirrer (DMS Co., DS-201HS, Korea) at 343-353 K
for 5 h. The obtained mixture was subjected to heat treat-
ment at 973 K for 1 h. The preparation conditions, concen-
tration of used HNO3 are listed in Table 1, together with the
nomenclatures used in the present paper.

2.3. Characterization

Surface textures were measured using an adsorption ap-
paratus (ASAP 2010, Micrometrics, USA) at 77 K. Before
the experiment the samples were heated at 473 K and then
out gassed at this temperature under a vacuum of 1.33 × 10−3

Pa to a constant pressure. The isotherms were used to calcu-
late the specific surface area and pore volume. Scanning
electron microscopy (SEM, JSM-5200 JEOL, Japan) was
used to observe the surface state and pore structure of AC/
TiO2 composites. The crystal structure of TiO2 was identified
by X-ray diffraction (XRD, Shimatz XD-D1, Japan). For the
elemental analysis of AC/TiO2 samples, EDX was also used.
The AC/TiO2 composites prepared by surface modification
of activated carbon post-treated with nitric acid were ex-

amined by a KBr method using Fourier transform infrared
(FT-IR) spectroscopy. Discs for the method were prepared
by first mixing 1 mg of powdered oxidized AC with 600 mg
of KBr (for FT-IR spectroscopy) in an agitate mortar, and
then pressing the resulting mixture successively under a
pressure of 450 Pa for 3 minutes. The spectra of the samples
were measured between 4000 and 500 cm−1 using a FTS
3000MX (Biored Co. USA) spectrophotometer.

2.4. Boehm titration

Surface acidic oxygen functional groups and basic groups/
sites were determined using Boehm titration [21-23]. On the
Boehm titration different batch of 1 g of AC/TiO2 composite
were in contact with 50 mL of solutions of NaHCO3 (0.05
M), NaCO3 (0.05 M) and NaOH (0.05 M) for acidic groups,
and HCl (0.05 M) for basic groups/sites, respectively, at
room temperature for more than 2 days. Subsequently, the
aqueous solutions were back titrated with HCl (0.05 M) for
acidic and NaOH (0.05 M) for basic groups. According to
the method, NaHCO3 neutralizes only carboxylic groups,
lactones are determined by the difference between the groups
neutralized by Na2CO3 and NaHCO3, and the difference
between the groups neutralized by NaOH and Na2CO3 is
phenols [24], and HCl does basic groups. Neutralization
points were known using pH indicators of phenolphthalein
solution for titration. In order to neutralize basic groups/sites,
remaining HCl in the solution is back titrated with NaOH
(0.05 M).

2.5. Photocatalytic degradation of Methylene blue (MB)

Methylene blue (MB) was dissolved in purified water to a
concentration of 5.0×10−5 mol/L. Powder samples of 0.05 g
were dispersed into 70 mL MB solution thus prepared in a
glass bottle. The bottle was irradiated under UV Lamp (356
nm, 1.2 mW/cm2) for 10 min, 30 min, 40 min, and 50 min in
the dark. The blue color of the solution faded gradually with
time due to the adsorption and decomposition of MB. The
concentration of MB after photo-degradation by AC/TiO2

composite was determined by using a UV/VIS spectrophoto-

Table 1. Nomenclatures of AC/TiO2 Composites Prepared with
Different Concentrations of Nitric Acid to Activated Carbon 

Preparation method Nomenclatures

Activated Carbon + Non (HNO3) + Titanium 
n-butoxide (99.99%)

AT

Activated Carbon + 0.05M HNO3 + Titanium 
n-butoxide (99.99%)

AT1

Activated Carbon + 0.10M HNO3 + Titanium 
n-butoxide (99.99%)

AT2

Activated Carbon + 0.50M HNO3 + Titanium 
n-butoxide (99.99%)

AT3
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meter (660 nm, Genspec III (Hitachi), Japan) [25]. From the
experiments in the dark, the adsorption of MB into the
samples could be followed. In the experiments under UV
irradiation, the color fading was due to both adsorption and
decomposition of MB by the sample powders.

3. Results and Discussion

3.1. Physical properties of AC/TiO2 composites

The nitrogen adsorption isotherms obtained at 77 K for the
AC/TiO2 composites prepared by surface modification of
activated carbon post-treated with HNO3 were presented in
Fig. 1. For comparison, the isotherms in the Fig. 1 show that
the total sorption uptake decreases with an increasing
concentration of acid treatment. Differences in the shape of
these isotherms are not very significant, evidencing general
similarities in the pore structure of the AC/TiO2 composites.
It can be also seen that the N2 adsorption capacity of AT is
much larger than that of AT1, AT2 and AT3, suggesting the
pore structure of AT is much more than that of AT1, AT2

and AT3. The porosities of these samples are listed in Table
2. A slight decrease in the BET surface area of activated
carbon after the HNO3 modification has also been reported
[26]. In this work, the BET surface area, pore volume and
average pore diameter decreased due to the penetration of
TiO2, and recovered somewhat on heat treatment for
crystallization.

It is well known that the crystal structure of the deposited
material is mainly determined by the deposition temperature.
Fig. 2 depicts XRD pattern of AT, AT1, AT2 and AT3 pre-
pared under a deposition temperature of 973 K. The peaks at
25.3, 37.8, 48.0, 53.8, 54.9 and 62.5 are the diffractions of
(101), (004), (200), (105), (211) and (204) planes of anatase,
indicating the prepared TiO2 existed in anatase state.
Therefore, it can be concluded that the developed TiO2 has a
single crystal structure, i.e., anatase. So it is suggesting the
modification of activated carbon by HNO3 has no effect on
the crystal structure of TiO2. It has been reported that the
diffraction peak of TiO2 on the modified activated carbon is
broader than that on the original activated carbon, indicating
the modification of activated carbon by HNO3 can result in
much smaller TiO2 particles [26]. 

These observations are understandable because the modifi-
cation of activated carbon by HNO3 enhances the concen-
tration of oxygen bearing groups, which provides more
nucleation sites of TiO2 leading to the formation of smaller-
sized titanium complex particles well dispersed. On the other
hand, an AC with acidic functional groups and a well
developed porosity commonly result in the particles well
dispersed [19, 20]. Quantum yields of the photocatalytic
reaction commonly increases as the particle size of TiO2

decreases. So the increase in the photocatalytic activity of
TiO2 resulting from the modification of smaller TiO2 particles
well dispersed.

The surface morphology and crystal grown state of TiO2

on the activated carbon surfaces were observed by scanning
electron microscopy. The samples obtained after heating at

Fig. 1. Adsoption isotherm of N2 at 77 K on the AC/TiO2 com-
posites prepared with activated carbon modified by HNO3.

Table 2. Textural Properties of Pristine Materials and AC/TiO2

Composites

Sample

Parameter

SBET 

(m2/g)

Total Pore 
Volume
(cm3/g) 

Average Pore 
Diameter

(Å)

As-received TiO2 132 − −
As-received AC 1650 0.1201 7.37
AT 933 0.0823 6.68
AT1 924 0.0835 5.54
AT2 838 0.0765 5.42
AT3 787 0.0711 5.39

Fig. 2. XRD patterns for the AC/TiO2 composites prepared with
activated carbon modified by HNO3.
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973 K looked black, so the particles of TiO2 were covered
with carbon which produced by the carbonization. The TiO2

coating of solid particles has been reported on various
ceramics, including graphite and metals [27-31]. SEM
micrographs of samples, AT, AT1, AT2 and AT3, are shown
in Fig. 3. After 973 K heating, almost all particles were
aggregated with each other in all of the samples. It was also
observed that activated carbon was covered with TiO2

particles (ascertained in the EDX microanalysis). The TiO2

particles were regularly dispersed on activated carbon surface
and a homogeneous distribution of activated carbon with
providing the large surface area can be promoting the photo-
catalytic efficiency for the removal of MB in aqueous
solution.

For elemental analysis of AC/TiO2 composites after heat
treatment, samples were analyzed by the EDX. The EDX
spectra of AC/TiO2 composites are shown in Fig. 4. The
rustles of typical EDX elemental microanalysis of AC/TiO2

composites after heat treatment are shown in Table 3. The
results show the presence of C, O, Ti and other elements,
i.e., Cu, K, Si and so on. Because the AC contain the
impurities other elements, i.e., Cu, K, Si and so on were also
shown in Table 3. In case of most of samples, carbon and
titanium are present as major elements in the AC/TiO2

composites. It can be also seen that a decreasing of amount
of C content with increasing Ti and O content in Table 3, as
the carbon surface is much more oxidized due to the
increasing concentration of HNO3, and the functional groups
of activated carbon surfaces by acid treatment are affects due
to the dispersion of the Ti.

3.2. FT-IR Chemical functional group study

FT-IR spectra of AC/TiO2 composite prepared by surface
modification of activated carbon post-treated with HNO3

were depicted in Fig. 5. After modification, the band at 1380
cm−1 ascribed to alcoholic C-O stretching vibration shows a
defined peak and at 1719 cm−1 ascribed to N-O stretching
vibration. From the results, it observed that characteristic
bands in the region of 1400-1300 cm−1 corresponding to C-H
bonds or to aromatic C=C bonds and various substitution
modes of the aromatic ring appear. It was observed that
intensity of these new bands increase with increasing of acid
concentration. It can be consider that increase of a number of
functional groups is concerned with formation of titanium
complexes on carbon surfaces by transformation of TNB. A
new band at 1595 cm−1 corresponding to Ti-O is found: A
new band at 1660 cm−1 corresponding to quinone or conju-

Fig. 3. SEM micrographs of the AC/TiO2 composites prepared with activated carbon modified by HNO3; (a) AT (×2000), (b) AT1
(×2000), (c) AT2 (×2000) and (d) AT3 (×2000). 
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gated ketone is also found: Bands in the region of 1650-1860
cm−1 which are assigned to the C=O stretching vibration
corresponding to carbonyl and carboxyl groups, are more
pronounced than the original activated carbon [32]. Bands in
the region of 3100-3500 cm−1 attributed to O-H deformation
vibration in carboxyl groups were found. These results di-
rectly reveal that the oxidized activated carbon contains

more surface oxygen bearing groups than the original
activated carbon. 

3.3. Boehm titration oxygen group study

The type and quality of oxygen groups are determined by
the Boehm titration method. The results obtained from the
method proposed by Boehm are collected in Table 4. It can
be observed that the total acidity and the distributions of
groups of various strengths have very different values. The
effect of surface acidity and basicity was also evaluated from
correlations as a function of NaOH, NaHCO3 and Na2CO3

uptake. It is noteworthy that carboxylic groups and basic
groups were increased by nitric acid oxidation. This may
contribute to the increasing local pH of this carbon surface
due to acid treatment. A positive influence of the acidic
groups on the carbon surface by acid treatment is also de-
monstrated from Boehm titration. It is considered that the
affinity of activated carbon depends on the amount of
surface functional groups. When a distribution of acidic
groups is properly introduced, active sites on the carbon
surface should play an important role. As expected, acid
oxidation introduces a significant number of oxygen-contain-
ing groups in almost each category classified by Boehm. It
could be considered that the increases of functional groups

Fig. 4. EDX elemental microanalysis of the AC/TiO2 compos-
ites prepared with activated carbon modified by HNO3; (a) AT,
(b) AT1, (c) AT2 and (d) AT3.

Table 3. EDX Elemental Microanalysis of AC/TiO2 Composites
Prepared with Different Concentrations of Nitric Acid to Acti-
vated Carbon

Sample (wt.%) Ti C O Cu Others

AT 18.5 57.8 21.1 1.17 1.37
AT1 20.3 56.6 21.2 0.83 1.19
AT2 23.3 51.5 23.2 0.77 1.24
AT3 24.5 49.5 23.6 1.03 1.37

Fig. 5. FT-IR spectra for the AC/TiO2 composites prepared with
activated carbon modified by HNO3.

Table 4. Number of Surface Species (meg/g) Obtained from
Boehm Titration

Sample
Functional Group (meg/g)

Carboxylic Lactonic Phenolic Acidic Basic

AT 0.125 0.510 0.413 1.048 0.033
AT1 0.135 0.530 0.431 1.096 0.038
AT2 0.141 0.538 0.432 1.111 0.037
AT3 0.149 0.544 0.445 1.138 0.043
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on the carbon surface increase the formation of titanium
complexes with original functional groups.

3.4. Photocatalytic activity of AC/TiO2 composites

Fig. 6 shows the absorbance of AC/TiO2 composites in
MB solution concentration of 5×10−5 mol/L under UV
irradiation after 10 min, 30 min, 40 min, and 50 min. It can
be demonstrated that the absorbencies of AT, AT1, AT2 and
AT3 were decreased by following the order of UV irradi-
ation time with 10 min, 30 min, 40 min and 50 min. This
implies that the transparent of the MB concentration highly
increase by photocatalytic degradation effect of AC/TiO2

catalysts. Fig. 7 depicts the changes in MB concentration
under UV irradiation in the solution. MB removal with AC/
TiO2 photocatalysts is carried out to observe the UV photo-
lysis effect for the MB solution. The changes are plotted on
the relative concentration (c/c0) of MB in the aqueous
solution with UV irradiation time for sample series. It is
observed that MB solution is quite unstable with variation of
concentration when it is irradiated under UV with AC/TiO2

catalysts, suggesting that the disappearance of MB caused by
UV irradiation is presented. The relationship was shown
approximately linearity properties depending on irradiation
time, as reported on similar modified TiO2 samples [33, 34].
Because the present of the activated carbon in AC/TiO2

composites had a large adsorptivity, as above mentioned, it is
believed that the decrease of MB concentration in the aque-
ous solution can be occurred in two physical phenomena
such as adsorption by activated carbon and photocatalytic
decomposition by TiO2. It is also observed that the surface
modification of activated carbon by HNO3 leads to an
increase in the catalytic efficiency of AC/TiO2 catalysts, and

Fig. 6. UV-VIS spectra of MB concentration by AC/TiO2 composites with various time conditions; (a) AT, (b) AT1, (c) AT2, (d) AT3.

Fig. 7. Dependence of relative concentration of MB in the aque-
ous solution on time of UV irradiation for the AC/TiO2 compos-
ites prepared with activated carbon modified by HNO3.



114 M.-L. Chen and W.-C. Oh / Carbon Science Vol. 8, No. 2 (2007) 108-114

the catalytic efficiency increases with an increasing of HNO3

concentration. The reason of this observation is that the
surface modification of activated carbon by HNO3 enhances
the loading of TiO2 resulting in the increase in active material.

4. Conclusions

AC/TiO2 composite prepared after surface modification of
activated carbon by acid treatment provided high deposition
efficiency and photocatalytic activity. The results of N2 ad-
sorption showed that the BET surface area of samples
decreased with the concentration of HNO3 increasing due to
the penetration of TiO2. From XRD data, a single crystal
structure anatase peak was observed in diffraction patterns
for the AC/TiO2 composites. From the SEM results, almost
all particles were aggregated with each other and activated
carbon was covered with TiO2 particles in all of the samples.
The EDX spectra show the presence of C, O, Ti and other
elements. It was also observed a decreasing of amount of C
content with increasing Ti and O content from the EDX. The
results of FT-IR revealed that the modified AC contained
more surface oxygen bearing groups than that of the original
activated carbon. The effect of surface acidity and basity
calculated from Boehm titration method was also evaluated
from correlations as a function of NaOH, NaHCO3, and
Na2CO3 uptake. The surface modification of activated carbon
by HNO3 leads to an increase in the catalytic efficiency of
AC/TiO2 catalysts, and the catalytic efficiency increases with
increasing of HNO3 concentration.
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