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ABSTRACT

In this study, we used activated carbon (AC) and charcoal (CH) as carbon sources with TiO
2
 powder to prepare spherical

carbons containing titania (SCCT) by using phenolic resin (PR) as a bonding agent. The physicochemical characteristics of the

SCCT samples were examined by BET, XRD, SEM, EDX, iodine adsorption and compressive strength. The photocatalytic activity

was evaluated by measuring the removal efficiency of three kinds of organic dyes: methylene blue (MB), methyl orange (MO) and

rhodamine B (Rh.B) under a UV/SCCT system. In addition, evaluation of chemical oxygen demand (COD) of piggery waste was

done at regular intervals and gave a good idea about the mineralization of wastewater.
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1. Introduction

ecently, with developments in the dye industry, water

conditions have become worse. As there is an increasing

social concern for purifying wastewater and drinking water,

many advanced oxidation processes (AOPs) have been

proposed to solve these critical problems. Especially, the

presence of organic dyes in both surface and groundwater

supplies has received considerable public attention in recent

years. The AOPs deserve more study for potential applications

because of their destructivity, lower energy consumption,

milder conditions, easy controllability and handy operation.1-3)

Among the AOPs, the UV/photocatalyst process is one of the

most promising ways to remove various organic pollutants

in water.4) This process has advantages over other AOPs in

that it can degrade the majority of organic molecules

without the use of additional chemicals except for

photocatalysts; the process also does not produce sludge and

harmful by-products. From the discovery of photocatalysts,

in 1972,5) TiO
2
 has been considered to be a promising

photocatalyst, and its principle of reaction is simple.

Irradiation by light of energy greater than the band gap,

which separates the vacant conduction band (CB) and the

filled valence band (VB) excites an electron from VB to CB

resulting in the formation of an excited electron (e−)-positive

hole (h+) pair. These e− and h+ recue and oxidize, respectively,

chemical species on surface of TiO
2
.6) The UV/TiO

2
 system is

classified into two types: slurry type and fixed type. The

slurry type is known to exhibit a remarkable reaction rate,

which is due to the dispersion of nano-sized particles that

have large surface area. However, the slurry type has some

limitations, including filtration and separation of TiO
2
 in

water after completion of the photocatalytic reaction.

Because of above mentioned problems, the use of TiO
2

suspensions is substituted by photocatalyst immobilization

on support.7) For this purpose, TiO
2
 immobilized on a carbon

surface has been developed.8-11) However, the carbon

supports, except for porous materials, serve only as support

structures and have high specific gravity, which prevents

their dispersion in the UV/TiO
2
 reactor. Therefore, spherical

carbons containing TiO
2 

as a novel photocatalyst are

required with activation and crystallization of the

photocatalyst process. It was confirmed that the spherical

shape of the carbon has rapid adsorption and large

adsorption amount for organic molecules.12,13)

In this study, activated carbon (AC) and charcoal (CH) as

carbon sources were used to prepare spherical carbons

containing TiO
2
 photocatalysts through the shape/activation

process. The physicochemical characteristics of the spherical

AC samples were measured and a photodegradation test of

organic dyes and piggery waste was carried out.

2. Experimental Procedure

2.1. Materials

The activated carbon (Hanil Green Tech, Korea) and

R
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charcoal (Hanil Green Tech, Korea) were used as carbon

precursors for the preparation of the SCCT samples.

Phenolic resin was used as a bonding agent, and was pur-

chased from Kangnam Chemical Co., Ltd (Korea). Alcohol

(95%) was used as a dispersing agent, and was purchased

from Samchun Pure Chemical Co., Ltd (Korea). For prepar-

ing and forming the spherical carbons, a shaped mould,

shaker sieve and shaker were used, which we made our-

selves. The appearances of these machines were recorded in

detail in our previous studies.12,13) An aqueous piggery urine

effluent with chemical oxygen demand (COD) levels of 417 mg/L

was used.

2.2. Preparation of spherical carbons containing

titania (SCCT)

The method of SCCT production includes four stages, i.e.,

formation, crystallization, carbonization and activation.

2.2.1. Formation of SCCT

First, AC, TiO
2
 and PR were mixed with different ratios:

66 : 4 : 30, 64 : 6 : 30 and 62 : 8 : 30, respectively. CH, TiO
2

and PR with other mix ratios were used (71 : 4 : 25, 69 : 6 :

25 and 67 : 8 : 25), respectively. The premixes were added to

20%~30% alcohol. The mixture was then put into the

shaped mould to form agglomerates; a shaker and a sieve

with size 30~50 mesh was used with a shaking rate of 50

round/min and heating at 80~90oC. After shaking for 10~

15 min, the agglomerates formed spheres and dried at 100~

200oC.

2.2.2. Crystallization of SCCT

In the first part of this experimental work, the agglomerates

were formed in spherical shapes. These spherical agglomer-

ates were heat-treated at 350~500oC for 1 h with a heating

rate of 6oC/min to obtain nanocrystalline TiO
2 
particles.

2.2.3. Carbonization and Activation of SCCT

The spherical agglomerates were heated in an inert atmo-

sphere with N
2
 at a flow rate of 150 mL/min at 700oC for

2 h. Then, the carbonized spherical agglomerates were

heated with CO
2
 at a flow rate of 150 mL/min at about

950oC for 2 h with a heating rate of 10oC/min to form SCCT.

The manufacturing process and nomenclature of the SCCT

are shown in Fig. 1 and Table 1, respectively.

2.3. Characterization

The surface morphology and structure of the SCCT was

examined in an SEM (JSM-5200, JEOL, Japan). XRD was

used for crystal phase identification of the SCCT. XRD pat-

terns were obtained at room temperature with a Shimata

Fig. 1. Manufacturing procedure of SCCT samples.
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XD-D1 (Japan) using CuKα radiation. EDX spectra were

also obtained in order to determine the elemental informa-

tion of the SCCT. The BET surface area by N
2
 adsorption

method was measured at 77 K using a BET analyzer

(Monosorb, USA). UV-vis absorption parameters for organic

dye solutions degraded by SCCT were recorded by a UV-vis

(Optizen Pop Mecasys Co., Ltd., Korea) spectrophotometer.

The COD analyses were measured with a cell test spectro-

photometer (PhotoLab S6, WTW, Germany) in accordance

with standard cell test methods (Merck, Germany).

2.4. Iodine number determination

The iodine number was determined based on ASTM D

4607-8614) by using the sodium thiosulfate volumetric

method. The SCCT was passed through a 325 mesh screen.

Standard iodine solution was added to SCCT (0.5 g) and

after equilibration time of 30 s, the residual iodine concen-

tration was determined by titration with standard sodium

thiosulfate with starch as an indicator. The iodine number

was defined as the quantity of iodine adsorbed (in mg/g of

carbon) at a residual iodine concentration.

2.5. Strength measurement

Strength measurement was determined based on JIS R 7212

by using one-point bending (Instron 4201) with a support dis-

tance of 30 mm/min and cross head speed of 0.5 mm/min. The

diameter size of sample was about 5 mm, and the strength

density was calculated by the following equation:

σ
F
=3PL/2BD2

Where σ
F
 is strength density (kg/m2), P is breaking load

(kg), L is support distance (cm), B is width of sample (cm)

and D is thickness of sample (cm).

2.6. Pressure drop measurement

Pressure drop of sample was measured by a circulating

pipe with an inside diameter of 27 mm and a length of 12 m.

The samples in the tank were introduced into the pipe by a

pump (2NE-20A) with a capacity of 3.5 m3/h. The pressure

drop was determined by changing the velocity in the range

of 0.25~1.7 m/sec in the pipe. The Hazen-Williams equation

for calculating the pressure drop due to frication for a given

pipe diameter and flow rate is as follows:

∆P=6.174×Q1.85×105/(C1.85 ×d4.87)

where, P = frictional pressure drop, kg/cm2

Q = flow rate, L/min

D = pipe inside diameter, mm

C = Hanzen-Williams C factor, dimensionaless (120).

2.7. Photodegradation of organic dyes

The photochemical data is presented as behavior of

organic dyes (MB, Rh.B and MO) degraded by SCCT

samples in a 100 mL glass container and UV irradiation

system. The two spherical agglomerates with average mass

at around 0.09 g were suspended in 50 mL of organic dye (MB,

Rh.B and MO) solution with a concentration of 1.0×10-6 M.

Then, the mixed solution was placed in the dark for at least

2 h in order to establish an adsorption-desorption equilibrium,

which was hereafter considered as the initial concentration

(c
0
) after dark adsorption. Experiments were then carried

out under UV irradiation with stirring. Solution was then

withdrawn regularly from the reactor at 60 min, 120 min,

180 min, and 240 min; afterwards, 10 mL of solution was

taken out. The clean transparent solution was analyzed by

using a UV-vis spectrophotometer. The extent of dye

degradation was estimated spectrophotometrically at the

absorption maximum (λ
max

) of the concerned dye. Molecular

structure of the dyes is shown in Table 2.

2.8. COD test

The photocatalytic activities were also tested by measur-

ing the degradation of piggery waste in aqueous media in a

100 mL glass container which was then irradiated with

Table 1. Preparation Method and Nomenclature

Preparation method (wt%) Nomenclature

Activated Carbons (66)+
TiO

2
 (4) Phenol Resin (30)

ATP1

Activated Carbons (64)+
TiO

2
 (6) Phenol Resin (30)

ATP2

Activated Carbons (62)+
TiO

2
 (8) Phenol Resin (30)

ATP3

Charcoal (71)+TiO
2
 (4) Phenol Resin (25) CTP1

Charcoal (69)+TiO
2
 (6) Phenol Resin (25) CTP2

Charcoal (67)+TiO
2
 (8) Phenol Resin (25) CTP3

Table 2. Structural Representation of Selected Organic Dyes

Name of dyes Molecular structure of dyes

MB λmax=
660 nm

MO λmax=
476 nm

Rh.B λmax=
550 nm
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20 W UV light at 365 nm; light was used at the distance of

100 mm from the solution in a darkness box. The suspended

sample (0.5 g) was kept at 0.01 g/mL. Then, the suspended

solution was placed in the dark for at least 2 h in order to

establish an adsorption-desorption equilibrium, which was

hereafter considered as the initial concentration (c
0
) after

dark adsorption. Experiments were then carried out under

UV irradiation with stirring, with measurements taken at

300 min. The samples were withdrawn regularly from the

reaction and the SCCT samples were removed through a

centrifuge. The clean transparent solutions were tested

with a COD cell test photometer.

3. Results and Discussion

3.1. Structure and morphology

Fig. 2 shows SEM images of SCCT samples (ATP2 and

CTP2) with low- and high-magnifications, respectively. It

can be seen that the hollow channels of carbons were inter-

rupted by mixing with PR. And because TiO
2
 particulates

are uniformly dispersed over the carbons, no obvious aggre-

gation of titania particle was found. It was considered that

good particle dispersion can produce high photocatalytic

activity.

Fig. 3 shows the changes of BET surface area of SCCT

before and after activation. It is clearly seen that these

surface areas were almost not changed with different

amounts of TiO
2
 before activation. It was considered that

the pores of the carbons can be completely blocked due to

the introduction of PR. However, compared with the surface

area after activation, the BET surface area of the SCCT was

much improved, about 2~3 times improved. It can be consid-

ered that the pores of the carbons were re-formed by pyroge-

nation of PR at high temperature during activation. In a

comparison of SCCT with AC and CH, it is obvious that the

surface area of SCCT with AC is higher than that of SCCT

with CH due to high pore volume.

Fig. 4 shows the XRD patterns of SCCT samples (ATP2

and CTP2) with carbon, TiO
2
 and phenol resin binder.

These results show the highly crystalline nature of SCCT

samples. The XRD results indicated that the SCCT samples

contained a mixed type of anatase and rutile nanocrystal-

lites. The major peaks were diffractions from (204) planes of

anatase, and (110), (101), (111) and (211) of rutile. The weak

peaks of carbon correspond to the (002) reflection and to the

(10) band. In addition, the peaks of ‘SiO
2
’ as impurity ele-

ments were detected, which peaks may have been derived

from carbon sources, which also agreed with the EDX

results.

For elemental analysis of SCCT samples (ATP2 and

CTP2), these samples were analyzed by EDX. The EDX

spectra of SCCT samples are shown in Fig. 5. The results

show the presence of C, O, Ti and other elements, i.e., Cu, K,

Si, and so on. In the case of two samples, carbon and tita-

nium are present as major elements.

Fig. 2. SEM images of spherical carbons containing TiO
2
 pho-

tocatalysts; (a) ATP, (b) CTP.

Fig. 3. BET surface area of SCCT samples before and after
activation.

Fig. 4. XRD patterns of SCCT samples.
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3.2. Iodine adsorption capability of SCCT

In general, the iodine adsorption capability of the granu-

lar activated carbons and powder activated carbons is about

900~1200 mg/g.14) However, the iodine adsorption capability

is markedly decreased when carbons are treated with metal

or formed in different shapes.15,16) Fig. 6 shows the changes

of iodine adsorption capability of SCCT samples before and

after activation. In a comparison of the iodine adsorption

capability of the SCCT samples before activation, the sam-

ples after activation has much more iodine adsorption capa-

bility. Because PR was pyrolyzed and the pores were re-

formed, high iodine adsorption capability resulted. The

iodine adsorption capability of SCCT samples decreased

with increasing amount of PR. However, in a comparison of

ATP and CTP samples, the iodine adsorption capability was

complicatedly changed. It can be considered that the iodine

adsorption capability was influenced by introduction of TiO
2

particles. 

3.3. Strength of SCCT

Fig. 7 shows the strength values of SCCT samples before

and after activation. In our previous study,13) it was deter-

mined that the strength values of spherical activated carbon

are increased with an increasing amount of PR. This indi-

cated that the PR as bonding agent has a significant influ-

ence on the strength of SCCT samples. As shown in Fig. 7,

the samples before activation have much more strength

value than those after activation due to pyrolysis of PR.

Especially, addition of TiO
2
 can increase the strength value

of carbon to a certain extent.

3.4. Photocatalytic activity of SCCT

The investigation of the photocatalytic activity of SCCT

was carried out by the degradation of different organic dyes

in an aqueous solution. For comparison of reaction rates

among different SCCT samples and organic dyes, a pseudo-

first-order reaction equation was introduced, as follows:

−dC/dt=kC (1)

where C is the organic dye concentration at time t and k is

the apparent reaction rate constant. This equation can be

integrated to give the following form:

−ln(C/C
0
)=kt (2)

Figs. 8 and 9 shows the degradation of different organic

dyes as a function time in the presence of different SCCT

samples with activated carbon and SCCT samples with

charcoal under UV irradiation, respectively. According to

the above kinetic model, the rate constants k of different

organic dyes for each SCCT sample are listed in Table 3.

According to Table 3, the order of the photodegradation rate

of organic dyes on the SCCT samples was as follows:

ATP8>ATP6>ATP4, CTP8>CTP6>CTP4, which suggests

that the TiO
2
 content enhanced the photodegradation rate

of organic dyes. Here, the photocatalytic activity of SCCT

samples depended strongly on two factors: adsorption

Fig. 5. EDX elemental microanalysis of
 
SCCT samples: (a)

ATP and (b) CTP.

Fig. 6. Iodine adsorption capacity of SCCT samples before
and after activation.

Fig. 7. Strength intensity of SCCT samples before and after
activation.



January 2011 Synthesis of Spherical Carbons Containing Titania and Their Physicochemical and Photochemical Properties 11

behavior and the formation of electron-hole pairs. It was

considered that the photo-induced electrons transferred

through carbon species to adsorbed organic dyes resulted

from migration of electrons and holes to the TiO
2
 surface.

Fig. 8. Apparent first order kinetics of organic dye degrada-
tion for ATP samples under UV irradiation. (a) MB,
(b) MO, and (c) Rh.B.

Fig. 9. Apparent first order kinetics of organic dye degrada-
tion for CTP samples under UV irradiation. (a) MB,
(b) MO, and (c) Rh.B.
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The electron transfer process was more efficient if the spe-

cies were pre-adsorbed on the carbon species surface.

This observation of the photodegradation rate confirmed

that the degradation of the organic dyes was indeed caused

by the SCCT samples. However, no specific trend was

observed as the ultimate gaseous and volatile products

would simply escape from the reaction mixture. In the deg-

radation of large molecules such as those of the three

organic dyes, numerous degradation products will be pro-

duced so that the identification of specific products is

deemed unnecessary. According to Fig. 8, Fig. 9 and Table 3,

the degradation efficiency of organic dyes with all the SCCT

samples generally followed the order of: MB>MO>Rh.B. 

Consistent behavior of the photocatalytic degradation pro-

cess with all the SCCT samples suggests that the behavior

was mainly influenced by the molecular structures of the

organic materials rather than the characteristics of the

SCCT samples.17,18) Meanwhile, MB and MO are of almost

similar molecular size. However, the former dye showed

lower stability due to the presence of one charged site in the

ring, while that of methyl orange was located at the exter-

nal portion of the ring. In this respect, a similar result was

reported by Lachheb et al.19) for the case of photocatalytic

degradation using anatase of TiO
2
. However, the large mol-

ecule of Rh.B was generally non-susceptible to attack by

free radicals during the reaction. It was reported that the

photocatalytic degradation efficiency of Rh.B was lower,

which was thought to be highly associated with molecular

size.20)

In a comparison of the SCCT samples with different car-

bon sources, the ATP samples presented a higher photocat-

alytic activity than that of the CTP samples, which might be

limited by different aperture structures of carbon. As we

know, AC has characteristics of large surface area and wide

pore size distribution from micro- to macro-sized pores.21) As

mentioned above, the adsorption behavior can influence the

photocatalytic activity for the SCCT samples. According to

the BET surface area of the SCCT samples, though the ATP

samples contained a little more PR than the CTP samples,

the surface area of the ATP samples was still higher than

that of the CTP samples. It can be considered that the pho-

tocatalytic activity was mainly influenced by the structure

of carbon rather than by the content of PR.

3.5. Photocatalytic activity in the piggery waste 

Fig. 10 presents the changes of the chemical oxygen

demand (COD) in piggery wastewater. The COD parameter

is defined as the mg O
2
 consumed per liter of sample under

UV irradiation. The average value of the initial COD of raw

waste exceeds 417 mg/L. The removal percentage of COD

values of the piggery wastewater in the SCCT samples pho-

tocatalysis treatment was found to be distributed between

70% and 80%. These results indicate that the photocata-

lytic activity of the SCCT samples can be effectual for appli-

cation to piggery wastewater. Similar to the mechanism of

the degradation of organic dyes, the phenomenon may be

due to the photocatalytic reactions that occur in the SCCT

sample.

4. Conclusions

Spherical carbons containing TiO
2
, which were found to be

uniformly dispersed on the activated carbon and charcoal as

carbon source surface through the results of SEM imaging,

were obtained through a synthesis process with phenolic

resin as a bonding agent. Through the results of BET sur-

face area evaluation, the samples were found to have good

BET specific surface area after activation. The chemical

compositions of the SCCT samples were characterized by

XRD and EDX, which showed carbon and TiO
2
 as major

components in the SCCT samples. The iodine adsorption

capability and strength values of the SCCT samples were

obtained after activation; these values can influence the

content of TiO
2
. These SCCT samples were used for remov-

ing organic dyes to investigate photochemical activity and

applicability in UV systems. The SCCT samples showed

that they could better effectuate the removal of organic dyes

in aqueous solutions and in piggery wastewater under UV

irradiation. Overall, the SCCT samples demonstrated

usability in UV systems for water purification.

Table 3. Photodegradation Rate Constant of SCCT Samples
for Different Organic Dyes

Samples
k
app

 (min−1)

MB MO Rh.B

ATP1 1.24×10−3 0.89×10−3 0.76×10−3

ATP2 1.40×10−3 1.12×10−3 0.92×10−3

ATP3 1.63×10−3 1.31×10−3 1.08×10−3

CTP1 1.03×10−3 0.75×10−3 0.59×10−3

CTP2 1.13×10−3 0.94×10−3 0.77×10−3

CTP3 1.25×10−3 0.99×10−3 0.95×10−3

Fig. 10. Results of COD removal efficiencies for the SCCT
samples of piggery wastewater.
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