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Abstract  FAT compounds photocatalysts were prepared with TiOSO4·xH2O (TOS) by a sol‐gel method. The 
samples were characterized by scanning electron microscopy (SEM), BET specific surface area, X‐ray diffraction 
analysis (XRD) and energy dispersive X‐ray spectroscopy (EDX). The SEM results showed that ferric 
compounds and titanium dioxide were fixed onto the AC surfaces. The XRD results showed that Fe‐AC/TiO2 
composites mostly contained anatase phase. EDX showed the presence of C, O, and Ti with Fe peaks in all 
samples. The photocatalytic activities were evaluated by the photocatalytic oxidation of methylene blue (MB) 
solution, via compare photodegradation of MB solution under visible light and UV light separately. Fe‐AC/TiO2 
composites had an excellent photocatalytic under strong visible light irradiation. A small amount of Fe ions in 
AC/TiO2 particles could obviously enhance their photocatalytic activity.

요  약  FAT복합체는 TOS (TiOSO4·xH2O)를 사용하여 솔-겔 방법으로 제조한다. 시료들은 SEM, 비표면적, XRD 및 
EDX를 사용하여 분석하였다. SEM결과로서 Fe 와 TiO2 입자가 AC 표면에 분포하고 있다. XRD 결과에서 Fe‐
AC/TiO2 복합체는 다 anatase결정상을 하고 있다. 그리고 EDX 결과에서 C, O, Ti 및 Fe 원소가 Fe‐AC/TiO2 복합체
에 다 존재하고 있다. 복합체의 광촉매 활성은 가시광선과 UV광선을 사용하고 메틸렌불루(MB)의 분해 효과에 의해 
측정한다. Fe-AC/TiO2 복합체는 강한 가시광선 조사에서 우수한 광촉매 효과가 나타난다. AC/TiO2 복합체에 있는 소
량 존재하는 Fe 원소가 그들의 광촉매 활성을 강화할 수 있다.
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1. Introduction

In order to obtain drinking water from polluted 
groundwater, persistent organic compounds have to be 
removed. Their low concentration and stability pose 
special demands on the purification procedures. Carey et 
al. were the first to report the destruction of such organic 
trace pollutants by means of photocatalysis, the irradiation 
of a semiconductor with UV light in the presence of 
oxygen [1, 2].

In recent years, there has been amount of research and 
development in the area of photocatalytic degradation and 
heterogeneous photocatalysis. Photo catalysis has been 
recognised as a promising candidate for purification of 
water and air, and has since been studied extensively as 
an alternative to currently used technologies, such as 
chlorination, ozonation and adsorption on activated carbon 
[3, 4]. The principles and applications of photocatalysis 
have been excellently reviewed, especially its utilization 
for water and air detoxification [5, 6]. Due to its good 
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photostability and non‐toxicity, titanium dioxide has by 
far most often been used and investigated as a 
photocatalyst. A major drawback of TiO2 is the large 
bandgap of 3.2 eV, so wavelengths below 400 nm are 
necessary for excitation, which limits the photosensitivity to 
the UV part of the solar spectrum. Since the concentration 
of UV radiation in the actual daylight is strongly affected 
by clouds, day time and annual seasons, efficient use of the 
visible part of the spectrum would greatly enhance the 
usefulness of such photocatalysts [7, 8].

Another problem is the high recombination rate of 
photo‐generated electron–hole pairs which can be limited 
by introducing charge traps for electrons and/or holes, 
thus prolonging the recombination time [9]. Many 
methods have been proposed to solve these problems, but 
doping TiO2 with foreign ions is one of the most 
promising strategies for sensitizing TiO2 to visible light 
and also for forming charge traps to keep electron–hole 
pairs separate [10]. 

Two approaches have been applied to extend the shift 
of photoresponse towards visible range of the titania 
materials: one direction is doping of metal ions, anions 
and synthesis of reduced form of TiOx photocatalysts 
[11]; and the other is ion implantation [12, 13]. However, 
the ion implantation is quite expensive and possible only 
in the high crystalline TiO2. Metal elements doping is one 
of the typical approaches to extend the spectral response 
of the titanium dioxide to visible‐light region by providing 
defect states in the band gap [14]. Some metal elements 
such as Fe, Cu, Mn, Cr and Ni have been employed to 
tune the electronic structure and enhance the photocatalytic 
activity of the titanium dioxide [15]. Doping with metal 
ions may extend the photo‐response of TiO2 into the 
visible spectrum by introducing additional energy levels 
in the band gap of TiO2. Among these transition metals, 
Fe, Cu, and Mn are able to trap both electrons and holes, 
while Cr and Ni are capable of trapping only single 
charge carriers [16]. Fe3+ ion with the band gap of 2.6 eV 
seems to be an interesting dopant in order to extend the 
absorption threshold towards visible range [17]. Prepared 
Fe3+ ion doped titania showed the high activity for the 
photocatalytic under visible light due to the red shift 
towards visible range. 

AC was made excellent alternative because it could 
concentrate pollutants through adsorption around the 

loaded TiO2 leading to an increase in the degradation of 
the pollutants [18]. AC is cheap and can debase the cost 
of photocatalyst. In addition, the interaction between 
pollutants and the surface of AC/TiO2 was also enhanced 
to further promote the degradation [19]. Consequently, 
AC/TiO2 is considered to be a promising photocatalyst 
with an industrial application prospect [20].

In this present work, we reported a new type of 
photocatalyst based on TiO2, which was prepared by sol‐
gel process using Fe(NO3)3 as a dopant. The catalyst 
characterizations were determined by employing BET, 
SEM, XRD and EDX instruments. Fe-AC/TiO2 
compounds were irradiation with visible light and UV 
light to compare the photocatalytic activity. An effective 
photodegradation of the methylene blue aqueous solution 
was achieved under visible light (λ>420nm) irradiation.

2. Experimental Procedure

2.1. Materials

All chemicals were used as received without further 
purification. Active carbon was prepared from coconut. 
Fe(NO3)3 and TiOSO4·xH2O (TOS) were purchased from 
Solvachim and Merck, respectively. H2O2 was purchased 
from Daejung chemicals metals Co., Ltd which was used 
to dissolve TOS. Methylene blue was supplied by Duksan 
pure chemical Co., Ltd.

2.2. Preparation of Fe-AC compounds 

Activated carbon was mulled for 5 hours, and treated 
with phosphoric acid (0.1M), drying at 373 K for 5 hours, 
oxidation carbon powders were prepared. 12 g oxidation 
carbon powders were mixed with 50 ml Fe(NO3)3 solution 
(0.1M). After churn 1 hour and drying at 373 K, the 
mixture was heat treatment at 773 K. And then Fe treated 
AC compounds (Fe-AC) were formed.

2.3. Preparation of Fe-AC/TiO2 

photocatalysts 

A typical procedure is as follows: Due to TOS was 
easily dissolved by oxydol (H2O2) solution, 3 g, 4 g and 
5 g TOS were added to 50 ml of oxydol (H2O2), respectively. 
After stirring for 1 hour, TOS‐H2O2 solution was obtained. 
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And then 3 g Fe-AC compounds were added to each 
TOS-H2O2 solution, respectively. Churn the mixture for 
1h. Then the supported TiO2 particles were first dried at 
323 K for 6 hours and calcined at 773 K for 2 hours 
each. Fe-AC/TiO2 photocatalyst composites were obtained. 
The designations for different prepared materials are 
summarized in Table 1. (FAT1, FAT2, FAT3). Fig. 1 is 
the course for preparation of Fe‐AC/TiO2 photocatalysts.

[Fig.1] The preparation procedure of Fe-AC/TiO2 

photocatalysts.

2.4. Characterization of prepared 

photocatalyst

Several techniques were used for characterization of the 
Fe-AC/TiO2 composites. Crystalline phase, particle size and 
morphology of photocatalysts nanocrystals were 
investigated by specific surface area (BET), X-ray 
diffraction analysis (XRD), energy dispersive X-ray 
spectroscopy (EDX), and scanning electron microscopy 
(SEM), respectively. The specific surface area (BET) was 
determined by N2 adsorption measurements at 77 K 
(Monosorb, USA). XRD (Shimatz XD‐D1, Japan) analysis 
using CuKa (λ=1.5418 Å) radiation was performed to 
assess the crystalline phases. EDX spectra were used for 
the elemental analysis of the samples. SEM measurements 
were performed using a JEOL apparatus (JSM‐5200 JOEL, 
Japan) operating at 10 kV on specimens upon which a thin 
layer of gold or carbon had been evaporated. The pH meter 
(HI8134) was purchased from Hanna instruments of Italy.

2.5. Photocatalytic activity measurements 

To characterize the photocatalytic activity of the 

nanocomposites under visible light and UV light 
irradiation, experiments on photodegradation of methyl 
blue, a common contaminant in wastewater, were carried 
out at room temperature. The photocatalytic test‐reaction 
chosen to characterize the samples which contained 
different amount of titania was the total degradation of 
methylene blue solution selected as a model organic 
pollutant. The static batch photo-reactor was a cylindrical 
flask. Photoactivity of the catalysts was measured for the 
methylene blue solution decomposition in water. 
Photocatalysts in the mass of 0.03 g were added to the 50 
ml of methylene blue solution with concentration of 
1.0×10‐4 M and that mixture was lay for at least 2 hours 
in the dark until saturation of adsorption. After adsorption, 
photodecomposition of MB solution was performed under 
visible light. place the photo-reactor under visible light 
(35W led lamp) irradiation  for 10 min, 30 min, 60 min, 
90 min, 120 min and 150 min, respectively to research the 
degradation of MB solution. The experiment of UV light 
was processed as described above.

3. Results and discussion

3.1 X-ray diffraction

Fig. 2 exhibits the XRD patterns of Fe treated AC/TiO2 
compounds. XRD analysis was carried out to confirm the 
TiO2 polymorphs and their crystalline phases. A is 
anatase, R is rutile, F is iron. Fig. 2 shows the X-ray 
diffraction patterns of AC/TiO2 with different dosage of 
TiO2. The peaks corresponding to the anatase TiO2 phase 
appeared at 25.3, 37.5, 48.0, 53.8, 54.9, and 62.5 were 
diffractions of (101), (004), (200), (105), (211), and (204) 
planes of anatase, it indicated that the prepared TiO2 
existed in an anatase phase [21]. From Fig. 2 there are six 
typical peaks with 2θ values of 27.52°, 36.20°, 41.44° 
and 54.48°, corresponding to (110), (101), (111) and 
(211) crystal planes of rutile TiO2 [22], respectively. 
Further observation shows that with increasing TiO2, XRD 
peak intensities of anatase steadily become strong and 
narrow. There is not any peak assigned to the iron oxide 
nor is FexTiO2y observed. One possible reason for this 
might be that the amount of Fe is too low to be detected 
by XRD. On the other hand, the radius of Ti4+ (0.68 Å) 
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and Fe3+ (0.64 Å) is almost the same; therefore, the Fe3+ 
ions could enter into the crystal structure of titania and be 
located at the interstices or occupy some of the lattice 
sites of the TiO2, forming an iron‐titanium solid solution 
[23, 24]. The XRD patterns of the Fe-TiO2 show the same 
feature as anatase. Therefore, the TiO2 units are 
successfully introduced into the Fe-AC structure rather 
than existing in separate free solid phase [25]. The 
molecular distribution of TiO2 units into Fe‐AC compound 
and forming a stable composite could be occurred during 
the process of hydrolysis of TOS in the presence of 
oxydol solution (0.1M).

3.2 Elemental analysis

Energy Dispersive X-ray (EDX) detector observation 
(Fig. 3) revealed the inclusive element of the prepared 
samples. FAT3 has the most TiO2 units because the 
largest TOS was added in the process of sample 
preparation. The other element like Si, Cu, Zn were found 
in Fig. 3, maybe these elements are content in phosphoric 
acid. The spectra show the presence of C, O, and Ti, as 
major elements, with strong Fe peaks. The peak of Ti was 
increased with enhance the dosage of TOS during the 
process of prepare Fe-AC/TiO2 composites.

3.3 Surface characteristics

The surface characteristics of Fe-AC/TiO2 compounds 
are shown in Fig. 4 It’s the catalyst surface morphology 
by scanning electron microscopy (SEM) at 1000 
magnifications and 3000 magnifications, can be clearly 
seen that AC was covered with TiO2 particles. 

[Fig.2] XRD for Fe‐AC/TiO2 compounds. A: anatase, R: 

rutile, F: Fe and titanium.

(a)

(b)

(c)

[Fig.3] EDX elemental microanalysis of Fe‐AC/TiO2 

compounds (a) FAT1, (b) FAT2, and (c) FAT3

 

(a)                           (b)

 

(c)                           (d)

 

(e)                            (f)

[Fig.4] SEM images of Fe‐AC/TiO2 compounds:(a), (c), 

and (e) 1,000 times magnification for FAT1, 

FAT2, FAT3; (b), (d), and (f) 2000 times 

magnification for FAT1, FAT2, FAT3
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TiO2 particles were regularly dispersed on the AC 
surfaces and some large clusters were found with an 
irregular agglomerate dispersion. It is considered that a 
good dispersion of small particles on the AC surface 
could provide evidence for the existence of more reactive 
sites for photodecompositon of the dye. From SEM image 
we can see FAT3 compounds has the most TiO2 particles. 
In Figure (e) and (f) the AC particles were covered with 
larger TiO2 particles which is more than that of FAT1 and 
FAT2 compounds.

The surface areas were calculated using N2 adsorption 
measurements at 77 K. Table 1. shows that increased the 
mass of TiO2 units which is the inclusion into Fe-AC 
structure, the surface areas decreased. The smaller 
crystallite size caused the larger the specific surface areas. 
The Fe-doping usually inhibits the growth of TiO2 
crystallite and heat‐treatment of the samples at 773K 
cause the aggregation and sintering of TiO2 particles [26]. 

[Table 1] BET surface areas for Fe‐AC/TiO2 compounds

Sample name Surface area

FAT1 533.333 m
2

/g

FAT2 456.923 m
2

/g

FAT3 399.830 m2/g

3.4 Photocatalytic decomposition of MB

Initially, control tests on degradation of MB solution 
(ca. 1×10‐4 M) were carried out in specified conditions 
described below: the date are obtained following a two 
step experiments. The first step is placed in dark to 
adsorb dye, and the second step is under light to degrade 
MB in solution. Because the surface area for FAT1 is 
much lower than FAT2, FAT3, so its adsorptive property 
is lower than other samples at our experiments condition. 
From Fig. 5 a mass of the initial amounts of the dye are 
adsorbed onto all the adsorbents (catalytsts) following a 
120 mins adsorption in the dark. Photocatalytic ability of 
our prepared catalysts in adsorbing and degradation of 
MB has been shown in Fig. 5. 

Fig. 5 shows the time series of MB (methylene blue) 
photodegradation using Fe-AC/TiO2 compounds under UV 
light and visible light irradiation, respectively. Image (a) 
is the curves for MB solution photodegradation under UV 
light. From Image (a) we can see FAT3 has the best 
photocatalytic activity, because FAT3 have the most 

-150 -100 -50 0 50 100 150

0.0

0.2

0.4

0.6

0.8

1.0

M
B 

so
lu

tio
n(

A)

Time(min)

 FAT1
 FAT2
 FAT3

Adsorbtion of MB

Degradation of MB

(a)

-150 -100 -50 0 50 100 150

0.0

0.2

0.4

0.6

0.8

1.0

Time(min)

M
B

 s
ol

ut
io

n(
A)

Degradation of MB

Adsorbtion of MB

 FAT1
 FAT2
 FAT3

(b)

[Fig.5] MB solution on time of adsorption and light 

irradiation for Fe‐AC/TiO2 compounds. (a) is 

irradiation under UV light, (b) is irradiation under 

visible light.

content of TiO2, which can degradation the dye as a 
photocatalyst. It is clearly show a sharp decrease in 
concentration of MB in the initial 120 mins for 
Fe-AC/TiO2 compounds which is due to adsorption. Then 
the reduction of the dye concentration is continued with 
an oppositely gentle slope which is due to 
photodereadation. (b) is the curves for MB solution 
photodegradtion under visible light. We found that 
Fe-AC/TiO2 compounds had a good photocatalytic activity 
under visible light irradiation, although TiO2 is only 
active under UV light, because of its relatively large band 
gap energy of TiO2 (3.2 eV) [27]. Prepared Fe3+ ion 
treated AC/TiO2 compounds showed a high activity for 
the photocatalytic under visible light due to the red shift 
toward the visible range in this present work [28-31]. In 
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the first case, it was seen that the electronic properties of 
the photocatalyst gets modified to a large extent and the 
photocatalyst starts showing absorption of light in the 
visible region of the spectrum. The doped TiO2 
semiconductor with metal ions from the transition series 
such as V, Cr, Mn and Fe brings about a red shift in the 
absorption pattern of the TiO2 semiconduction catalyst. 
Such red shifts were observed only after calcination of the 
metal ion implanted in the TiO2 semiconduction [32, 33].

Fig. 5 can not clearly explain the contrast between two 
kind of methods, so we made the Fig. 6. In Fig. 6, the 
column is express the quantitative change of MB solution 
during under the light irradiation for 150 minutes. Fig. 6 
is the quantitative change of the MB solution degradation, 
using Fe-AC/TiO2 compounds under both UV light and 
visible light irradiation. Fig. 6 shows the Fe-AC/TiO2 
compounds have a high activity for the photocatalytic 
under UV light and visible light, but the degradation of 
MB under the UV light is batter then under visible light. 
Visible light is between 390nm to 780nm, UV light is 
below 400nm. The onset of the absorption edge for pure 
TiO2 is ca. 390 nm, which is consistent with the intrinsic 
bandgap absorption of pure anatase TiO2 (~3.2 eV) [34]. 
It is apparent that the diffuse reflectance spectra of all 
Fe-TiO2 grains exhibit a red shift ankelid increased 
absorption in the visible‐light range [35]. On the inner of 
Fe-AC/TiO2 compounds the anatase phase is much more 
than Fe-TiO2 grains, we can find from Fig. 2. So 
Fe-AC/TiO2 compounds have a batter photocatalytic 
activity under UV light.
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[Fig.6] Quantitative change of the MB solution 

degradation, using Fe‐AC/TiO2 compounds under 

both UV light and visible light irradiation.

4. Conclusions

The Fe ion and TiO2 units were covered on the AC 
surface and were developed through a deposition process 
of a sol‐gel method in this paper. SEM shows that 
Fe-AC/TiO2 composites were synthesized by immobilizing 
TiO2 particles on the surface of the AC and Fe studded 
on the composites. The XRD data shows that the 
Fe-AC/TiO2 composites contained a mixture of anatase 
and rutile phase forms. C and O with Ti, and Fe peaks 
were found from the EDX results. The MB decomposition 
processes confirmed the adsorption and photocatalytic 
reaction on the composites. The Fe-AC/TiO2 samples 
show a strong adsorption and can efficiently decompose 
the methylene blue (MB) solution under visible light. The 
iron ion acceded to photoactivator can enhance the 
degradation reaction rate for the MB solution. And the 
iron ion can reduce the band gap energy of TiO2, which 
made TiO2 particles active under visible light. 
Fe-AC/TiO2 composites can decomposition MB molecule 
under UV light and visible light, and also have a good 
photodegradation activity.
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