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Abstract

In this present study, we have synthesized Fe-containing AC(activated carbon)/TiO2 composites with titanium (VI) n-butoxide (TNB) as a tita-
nium source to Fe treated AC through an impregnation method. The result of the textural surface properties demonstrates that there is a slight 
decrease in the BET surface area of composite samples with an increase of the amount of Fe treated. The surface properties of scanning electron 
microscope (SEM) presented a characterization of a porous texture on the Fe-containing AC/TiO2 composites and homogenous compositions for Fe 
and titanium dioxide distributed on the sample surfaces. Fe compound peaks and a titanium dioxide structure were observed in the X-ray diffraction 
patterns for the Fe-containing AC/TiO2 composites. The results of chemical elemental composition for the Fe-containing AC/TiO2 composites showed 
that most of the spectra for these samples gave stronger peaks for C, O, treated Fe components and Ti metal than that of any other elements. From 
the photo degradation results for the piggery waste, the Fe-containing AC/TiO2 composites showed an excellent degradation activity for the che-
mical oxygen demand (COD) due to a photocatalysis of the supported TiO2, radical reaction by Fe species and the adsorptivity and absorptivity of 
porous carbon.

Keywords: Activated carbon, Titanium (IV) n-butoxide, BET, XRD, SEM, Photocatalysis

1. Introduction
1

Recently, carbon/titania complex has been extensively emp-
loyed as a photocatalytic materials for solving environmental 
problems, especially for eliminating toxic chemicals from orga-
nic dyes and waste water.1-3) AC or ACF/TiO2 composites has 
been developed and studied, recently.2,4,5) It was found that those 
photocatalysts could adsorb a large quantity of organic dyes 
like methylene blue (MB) and rhodamine from aqueous solution 
due to the unique properties of carbon and had a higher photo-
activity for dye decomposition under UV irradiation. Carbon/ 
titania-UV system has been widely investigated for a the hete-
rogenous photocatalytic process, during which UV irradiation 
upon the semiconductor can photoactivate TiO2 generating elec-
tron/hole couples with strong redox properties.4-6) The photoca-
talytic performance of carbon/TiO2 composite greatly depends 
upon its physical properties such as microstructure, crystallinity 
and component mixing ratios, due to different preparation condi-
tions and methods.3,5-8) Additionally, it has been reported that 
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porous carbon has some beneficial effects on the photocatalytic 
performance of TiO2

6,7,9) In practical application, the major 
drawback is a weak amount of irradiation of natural solar light, 
due to the fact that only approximately 4~5% of solar radiation 
is effective. Therefore, the development of composite typed 
photocatalysts can overcome the above problem. It is considered 
that metal-carbon hybrid is an attractive and competitive cataly-
sts support when compared to mono component carbon due to 
the combination of its electronics, adsorption, mechanical and 
thermal properties. The unique electronic properties of metal 
supported AC is that it can be semiconducting depending on its 
geometric properties. Composites containing metal-activated 
carbon are believed to provide many applications and exhibit 
cooperatives or synergitic effects among the metal, carbon and 
TiO2. In the case of Fe-C-TiO2, several recent works have empha-
sized on the preparation of the new hybrid materials, but there 
is only one reported study on this matter with low carbon con-
tents (ca. 2 wt.%) for the phenol degradation under UV irradi-
ation.10) Iron compounds can be the most commonly used metal 
sources as a photo decomposer assisted reagent in carbon/TiO2 
composite. The mechanism of decomposition of organic com-
pounds by iron complex reaction under light irradiation is not 
completely clear but many authors claim that the degradation 
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Table 1. The simple properties of the pristine titanium dioxide used
Parameter Crystal type Primary particle size (μm) Secondary particle size (μm) BET surface area (m2/g)

Anatase 30-50 80-150 125

Table 2. Nomenclatures of Fe-containing AC/TiO2 composite prepared with activated carbon treated with Fe salts and TNB (Titanium (IV) 
n-butoxide)
Synthesis procedure Nomenclatures
0.5 M FeCl3 pre-treated Activated Carbon + Titanium (IV) n-butoxide FAT1
1.0 M FeCl3 pre-treated Activated Carbon + Titanium (IV) n-butoxide FAT2
1.5 M FeCl3 pre-treated Activated Carbon + Titanium (IV) n-butoxide FAT3
*Solvent reflux temperature after TNB treatment: ca. 353 K
**Heat treatment temperature: ca. 973 K

probably proceeds by the formation of iron complex.11,12) In 
most cases iron had been used in the form of iron salts as a homo-
geneous catalyst, because it is very efficient for the degradation 
of organic compounds in these solutions. However, heterogene-
ous catalysts like a Fe-containing carbon/TiO2 are interesting 
for waste water, because of a possible multiple use of the catalyst. 
This process can be applied for the decomposition of many orga-
nic compounds such as phenols, dyes, pesticides and a wasted 
water, etc.

In this study, we have focused on the characterization of the 
obtained Fe complex in the porous AC and the formation of TiO2 
derived from TNB. The conversion of TNB to TiO2 during heat 
treatment is important in the preparation of Fe containing AC/TiO2 
composites. Moreover, the morphological studies of the obtained 
Fe complex and the converted TiO2 are strongly affected by the 
porous structure of ACs, if the Fe complex and TiO2 was pro-
perly formed in the restricted space in AC. We have studied the 
chemical and morphological structure of Fe- containing AC/TiO2 
composites by means of BET surface properties, X-ray diffrac-
tion (XRD), scanning electron microscope (SEM) and energy 
dispersive X-ray (EDX). It was confirmed that Fe containing 
AC/TiO2 composites have an excellent activity for the decom-
position of piggery waste by UV/VIS spectrophotometer.

2. Experimental

2.1. Materials 

The used porous and granular activated carbons were prepared 
from coconut shell. The coconut shell was pre-carbonized first 
at 773 K, and then activated by steam diluted with nitrogen in a 
cylinder quartz tube at a temperature range of 1023 K for 30 min. 
These activated carbons were washed with deionized water and 
dried overnight in vacuum dry oven at 683 K. For the compari-
son, the TiO2 photocatalysts was commercially available (Duk- 
San Pure Chemical Co., Korea). The simple properties of the 
TiO2 are listed in Table 1. For the treatment of Fe compound, 
Fe(NO3)2･9H2O was obtained from Duksan Pure Chemical Co. 
(99+ %, ACS reagent, Korea) and used as received. In order to 
be free from impurities, doubly distilled water was used. In the 
process of metal treatment, 20 g of activated carbon was dipped 
into 100 mL of 0.5, 1.0 and 1.5 M ferric nitrate solutions and 

stirred for 24 hr at room temperature. Then, air and bubbles in 
the solution were removed under a vacuum pressure of about 
1.33 Pa for 20 min, and then the solution was discarded. These 
obtained samples were then dried at 383 K for 48 hr in an air 
atmosphere. For the TNB treatment, we prepared Fe-containing 
activated carbon slurry solutions with pristine concentrations of 
20 mL of titanium n-butoxide (TNB, C16H36O4Ti, Acros Organics, 
USA) for the preparation of Fe-containing AC/TiO2 composites. 
For the preparation, 5 g of powdered Fe containing activated 
carbon was mixed in to 20 mL of TNB aqueous solutions and 
stirred for 5 hr at 333 K. Then, the solvent in the mixtures was 
vaporized at 343 K for 1 hr. The powder mixtures of TNB to 
Fe-containing activated carbon were heated at 973 K for 1 hr. 
The nomenclatures of the prepared samples are listed in Table 
2. For the effluent characterization, the work involved the treat-
ment of aqueous piggery urine effluent with chemical oxygen 
demand (COD) levels approaching 50000 mg/L from a piggery 
farm. The levels can be reduced to under 155~165 mg/L by a 
physico-chemical primary treatment step (coagulation). Samples 
under these level were used for a characterization of the powdered 
Fe-containing AC/TiO2 composites.

2.2. Characterization

For the measurements of textural surface properties, nitrogen 
isotherms were measured using a BEL Sorp analyzer (BEL, Japan) 
at 77 K. XRD (Shimatz XD-D1, Japan) analysis using Cu Kα 
radiation was performed to assess the crystallinity of the synthe-
sized catalysts. SEM (JSM-5200 JOEL, Japan) was used to ob-
serve the surface state and structure of the Fe-containing AC/ 
TiO2 composites. EDX spectra were also obtained from the 
elemental analyzer for the samples prepared. For the measurement 
of photo-degradation effects, UV-VIS spectra for the aqueous 
solutions decomposed with Fe-containing AC/TiO2 composites 
were recorded using a Genspec III (Hitachi, Japan) spectrometer. 
For the analysis of COD, spectrophotometer (PhotoLab S6, 
WTW) was also used. These analyses were carried out accord-
ing to standard cell test methods (Merck, Germany).

2.3. Photocatalytic Activities

Photocatalytic activities were evaluated by a piggery waste 
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Table 3. Textural properties of pristine materials and Fe-containing AC/TiO2 composite samples

Sample
Parameter
SBET (m2/g) Micropore Volume (cm3/g) Average Pore Diameter (nm)

As-received AC 1083 0.5665 2.79
FAT1 416.4 0.2320 2.59
FAT2 414.8 0.2127 2.14
FAT3 357.9 0.1902 2.13

degradation in aqueous media under ultraviolet light irradiation. 
For the UV irradiation, the reaction tube was located axially and 
held in UV lamp (20 W, 365 nm) box. The lamp was used at 
the distance of 100 mm from the aqueous solution in a darkness 
box. The amount of suspended Fe-containing AC/TiO2 compo-
sites was kept at 0.005 g/mL. Before turning on illumination, 
the suspension containing piggery waste and Fe-containing AC/ 
TiO2 composites was stirred with magnetic stirrer in the dark 
condition for irradiation time to establish an adsorption-desorp-
tion equilibrium. The suspension was irradiated with ultraviolet 
light as a function of irradiation time. Samples were then with-
drawn regularly from the reactor and removal of dispersed pow-
ders through centrifuge. The clean transparent solutions were 
tested by a COD cell test photometer and analyzed by UV/VIS 
spectroscopy. The trial absorption from 215 nm to 350 nm 
regions for the piggery waste by UV/VIS spectroscopy was 
attempted for a photodegradation by Fe-containing AC/TiO2 
composite. 

3. Results and Discussion

3.1. The Surface Characterizations 

Fig. 1 shows the adsorption isotherms of N2 at 77 K onto the 
pristine activated carbon and the Fe-containing AC/TiO2 com-
posites. All of the isotherms were Type I classified with an 
IUPAC. The formation of micropores can be clearly confirmed 
by the shape of the isotherms. All of the Fe-containing AC/TiO2 
composites gave Type I isotherms characterized by plateau that 
is nearly horizontal to the p/p0 axis with catastrophically increa-
sing of adsorbed volume in low relative pressure region. This 
means that all the Fe-containing AC/TiO2 composites are micro-
porous. The isotherms presented in Fig. 1 revealed that the total 
sorption uptake decreases with an increase of the amount of iron 
salt treated. The surface textural properties of pristine material 
and Fe-containing AC/TiO2 composites are shown Table 3. The 
BET surface area and the total pore volume decrease with the 
distribution of iron and titanium complexes on the activated 
carbon surfaces. Oh et al 5,13) reported that the BET surface areas 
of porous carbon matrix on the preparation of carbon-titania 
composites are considerably decreased due to a blocking of the 
narrow pores by surface complexes introduced by pre-treated 
acids. From this table, all of surface textural parameters for these 
composites were considerably more decreased than that of the 
pristine activated carbon due to a blocking of micropores of 
iron and titanium complexes by a surface transformation of 
activated carbon. It is considered that the formation of iron and

Fig. 1. Nitrogen adsorption isotherms obtained from the pristine acti-
vated carbon and powdered Fe-containing AC/TiO2 composites.

Fig. 2. Comparison of pore size distribution for the pristine activated 
carbon and Fe-containing AC/TiO2 composites.

titanium complexes can be transformed to a pore structure in 
the activated carbon surfaces. The variations of the surface 
parameters among the composite series can be increase the 
removal efficiency of organic compounds by an adsorptivity. 
The pore size distributions (PSD) calculated for the pristine 
activated carbon and the Fe-containing AC/TiO2 composites 
using the BJH method are shown in Fig. 2. There was major 
peak located in the range from 0.6 to 1.1 nm, which is a micro-
pore range. The pore volumes of the micropores decrease with 
an increase of the amount of iron salt, due to result of chemical 
and physical changes of an external surface in the Fe-containing 
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(c)

(e)

(b)

(d)

(f)
Fig. 3. SEM images obtained from powdered Fe-containing AC/TiO2 composites; (a) FAT1 (over all scale), (b) FAT1 (close up), 
(c) FAT2 (over all scale), (d) FAT2 (close up), (e) FAT3 (over all scale) and (f) FAT3 (close up).

AC/TiO2 composites.
SEM images shown in Fig. 3 were representative of a large 

body of SEM observations. These images of the Fe-containing 
AC/TiO2 composites provide information about the distribution 
of metal or metal complexes. These images present results from 
the characterization of porous texture and surface metal complex 
localizations for all the materials used. The SEM images revea-
led that the titanium complexes containing particles are evenly 

distributed in all types of the Fe-containing AC/TiO2 composites. 
The average particle size estimated from SEM observations, 
however, in the composites prepared from iron and titanium 
sources was considerably small size. It was observed that the 
titanium complexes particles on the carbon surfaces became 
pronounced and coarse. But, the iron complexes particles were 
not observed due to ionic size. A homogeneous distribution of 
titanium dioxide on the large surface area can be effective for 
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an efficient catalytically for the removal of organic dyes and 
COD. Because porosity strongly influences to the adsorption 
capacity of organic dyes and COD, this aspect will have to be 
taken into account for further analysis of the removal of pollu-
tants like an organic dyes and COD. It can be estimated that 
charge transfer efficiency of the electron from the photocatalyst 
particle homogeneous distributed iron complex is effectively 
promoted by the recombination rate of electron-hole pairs of 
the photocatalyst. 

3.2. Structural and Chemical Identifications

In Fig. 4, changes in XRD pattern are shown for the pristine 
activated carbon and the Fe-containing AC/TiO2 composites. 
The TiO2 structure revealed typical anatase and retile mixed 
type. After the heat treatment at 973 K for 1 h, the major peaks 
at 25.3, 37.8, 48.0, 53.8, 54.9 and 62.5 are diffractions of the 
(101), (004), (200), (105), (211) and (204) planes of anatase, 
indicating the prepared TiO2 existed in anatase state. Other 
crystal phase peaks are found at 27.4, 36.1, 41.2 and 54.3 that 
belong to the diffraction peaks of (110), (101), (111) and (211) 
of rutile. In the former studies for the TiO2 formation from 
TNB8,14,15), the XRD results revealed that the anatase phase 
appeared with a comparatively low temperature process and the 
rutile phase has occurred at relatively high temperature. The 
Fe+2TiO2 phase appeared due to the insertion of the iron into 
the TiO2 catalyst. It can be concluded that the Fe+2TiO2 deve-
loped Fe-containing AC/TiO2 composites has formed to proce-
dure at the transformation of TNB to TiO2 by heat treatment for 
the all samples. The existence of Fe2O3 phase in the Fe-containing 
AC/TiO2 composite can be reasonably caused the increase of 
concentration of Fe ion spices by the formation of Fe3+ ions in 
solutions.

For the elemental microanalysis of the Fe containing AC/TiO2 
composites as a function of the amount of iron salt treatments, 
these samples were analyzed by EDX. These EDX spectra of 
Fe-containing AC/TiO2 composites are shown in Fig. 5. These 
spectra showed the presence of C, O and Fe with strong Ti peaks.

Fig. 4. XRD patterns of the pristine activated carbon and powdered 
Fe-containing AC/TiO2 composites; (a) pristine activated carbon, (b) 
FAT1, (c) FAT2 and (d) FAT3 (  : Fe+2TiO3,  : Anatase,  : Rutile 
and  : Fe2O3).

(a)

(b)

(c)
Fig. 5. Typical EDX microanalyses for the Fe-containing AC/TiO2 com-
posites; (a) FAT1, (b) FAT2 and (c) FAT3.

Table 4. EDX elemental microanalysis of Fe-containing AC/TiO2 com-
posites
Sample (wt.%) C O Ti Fe
FAT1 65.7 26.1 7.54 0.63
FAT2 62.2 26.1 9.79 1.90
FAT3 61.2 26.7 9.10 2.78

Most of these samples were richer in carbon and major oxygen 
than any other elements. The results of EDX elemental micro-
analysis of the Fe-containing AC/TiO2 composites are listed in 
Table 4. In the case of most of the samples, C. Fe and Ti were 
confirmed as componential elements in the Fe-containing AC/ 
TiO2 samples. Carbon coated solid particles and composite 
typed carbon from elemental analyses have been reported with 
various titania typed16,17), due to the quantitative importance of 
componential elements in the carbon-titania photocatalysts. 
These results suggest that the spectra corresponding to almost 
all sample was decreased in C elements and increased in O and 
Ti elements. 

3.3. Photocatalytic Effect for the Piggery Waste

The average value of the initial COD of raw waste was over 
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50,000 mg/L. The analytical results for the primitive piggery 
waste are described in reported literatures.18,19) The average 
COD values of the waste after first chemical and physical treat-
ment were distributed between 127~150 mg/L. But, these values 
were decreased to under 58 mg/L by a treatment with Fe-conta-
ining AC/TiO2 composites. The results of the catalytic effect 
using Fe-containing AC/TiO2 composites are shown in Fig. 6. 
Almost all the samples revealed a significant COD removal 
efficiency ranging between 20 to 58 mg/L after a treatment of 
Fe-containing AC/TiO2 composites. The result obtained from 
sample FAT3, especially, showed a high removal efficiency 
that contributed to a reduction in the COD. According to the 
results, COD removed by a treatment with Fe-containing AC/ 
TiO2 composites also seems to have an excellent removal effect 
in all cases. The removal efficiencies of COD in the waste were 
distributed between 84-54%. The results of COD removal effect 
as a function of the degradation time by the Fe-containing AC/ 
TiO2 composites for the piggery waste revealed unstable values. 
The apparent photodegradation effect might be due to the com-
bination of the presence of UV light and an oxidation effect by 
the dissolved oxygen in the suspension. Because it is an irradia-
tion under UV light with Fe-containing AC/TiO2 composites, it 
was considered that the waste is quite unstable with a variation 
of the concentration. From the earlier studies,6,20-22) it was con-
cluded that the synergitic effects for the MB degradation should 
be attributed to the both effects between a photocatalysis of the 
supported TiO2 and an adsorptivity of the carbons. In this case, 
however, the apparent photodegradation was more effective than 
that of AC/TiO2. This implies that the decomposition reaction 
of Fe compounds in the composite for the organic compounds 
is highly increased by the photocatalytic degradation effect of 
the Fe-containing AC/TiO2 composite. It is considered that Fe 
compounds in the composite operated as a new synergitic factor. 
From the results of UV/VIS spectra for the piggery waste after 
a photolysis, we attempted to compare the relative yields of the 
photoproducts formed at different irradiation times. The UV 
spectra of piggery waste against the Fe-containing AC/TiO2 
composite under various time conditions are shown in Fig. 7.

Fig. 6. Results of COD removal efficiencies by Fe-containing AC/TiO2 
composites for the piggery waste.

           (a)

          (b)

         (c)
Fig. 7. UV spectra of piggery waste against the Fe-containing AC/TiO2 
composites under various irradiation time conditions; (a) FAT1, (b) 
FAT2 and (c) FAT3.

The intensity of the absorbance maxima values can be estimate 
by photoproduct formed as a function of irradiation time. It is 
considered that the decrease of the absorbance maxima is propor-
tional to the concentration decreased of the transient formed 
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after the UV light excitation. In this study, the trial absorption 
from 215 nm to 350 nm regions with piggery waste products 
was tried to the photodegradation by Fe-containing AC/TiO2 
composite. It was shown that the maxima values has a tendency 
to move into a long wavelength and decrease to a lower absor-
bance region with an increasing irradiation time. This implies 
that the light transparency with a decrease of piggery waste 
concentration is highly increased due to the photocatalytic com-
bination effects. The photoactivity of Fe-containing AC/ TiO2 
composites was supposed to be governed by the reduction of 
Fe3+ to Fe2+ in OH- solution under UV light which gave rise of 
OH· radicals. The high amounts of Fe contents in the Fe-con-
taining AC/TiO2 composites were responsible for their high pho-
toactivity for piggery waste. This kind of behavior could be 
explained by the photo-Fenton reaction of Fe3+ reduction to Fe2+ 
under UV irradiation as mentioned above. From these results, it 
can be concluded that the decomposition of piggery waste on 
the Fe-containing AC/TiO2 composites proceeded by synegitic 
effects such as a radical, photocatalytic reaction and an adsorp-
tion.

4. Conclusion

In this study, we present the preparation and characterization 
of Fe-containing AC/TiO2 composite synthesized from activated 
carbon and TNB. The adsorption and surface properties, structural 
and chemical composition were investigated through prepara-
tion of the Fe-containing AC/TiO2 composite. The result of the 
textural surface properties demonstrates that there is a slight 
decrease in the BET surface area and pore size of composites 
with increasing of the amount of Fe salt. From the SEM results, 
the TiO2 particles were irregularly dispersed on the activated 
carbon surface and some large clusters were found with irregular 
agglomerate dispersion, but the iron complexes particles were 
not observed due to ionic size. In the XRD patterns for the Fe- 
containing AC/TiO2 composite, the diffraction patterns are cer-
tainly observed the peaks of anatase, rutile and Fe+2TiO2 phase. 
The EDX spectra revealed the presence of major elements such 
as C, Fe and O with strong Ti peaks. According to the photocata-
lytic results, COD removal by a treatment with Fe-containing 
AC/TiO2 composites seems to have an excellent removal effect 
in all cases. It can be concluded that the decomposition of pig-
gery waste on the Fe-containing AC/TiO2 composites proceeded 
by synegitic effects such as a radical, photocatalytic reaction 
and an adsorption.
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