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INTRODUCTION
Chlorinated Volatile Organic Compounds (VOCs)
in indoor air environments have received
significant attention mainly due to their toxicity
and carcinogenicity.1 Application of traditional
method for indoor VOCs treatment seems
impractical at low concentration. For instant,
adsorption, which has been the most commonly
used method to treat indoor air contaminants, is
practical but ineffective for some types of organic
compounds.2 Recently, Photocatalytic Oxidation
(PCO) has been gaining attention as a possible
alternative method for indoor air purification
because it promises to clean air more efficiently
and effectively.3 PCO uses UV light to activate
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ABSTRACT
This research was carried out by using activated carbon as a support material of nano TiO2
photocatalyst. The preparation of carbon-supported nano TiO2-LDPE film (TiO2-AC/LDPE) was
achieved by cast film extrusion process. The characterization of films were done by UV-Vis
spectroscopy, Scanning Electron Microscopy (SEM) and BET surface area analysis. The photo
catalytic oxidation activity of film was examined using an annular closed system reactor equipped
with a UV – C lamp as energy source. Dichloromethane (DCM) in gas phase was introduced for photo
catalytic oxidation activity tests. The result from SEM reveals the fine dispersion of carbon-supported
nano TiO2 on the film surface with using 3 and 5%wt activated carbon while 10%wt activated carbon
shows the agglomeration on the film. The calculation of energy band gap of carbon-supported with
nano TiO2-LDPE film were 2.75 eV, 2.65 eV and 2.66 eV, respectively with varying the quantity of
activated carbon support at 3, 5 and 10 % (wt.cat/wt. film). The photocatalytic degradation test show
the DCM removal efficiencies of 62%, 55% and 40% with using 3, 5 and 10 % (wt.cat/wt. film)
activated carbon support at 200 minutes treatment period.
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the catalyst to generate hydroxyl radicals (OH*)
which then react with organic contaminants. The
contaminants are then degraded or transformed
into less harmful substances. The photocatalyst
mainly used in the PCO is titanium dioxide (TiO2)
because of its physical and chemical stability, non-
toxicity, lowest cost and resistance to corrosive.
In order to activate TiO2, it is necessary to supply
the light intensity with energy higher than the TiO2
band gap energy (Ebg).
It has been reviewed by number of researchers
that different forms of TiO2 such as thin and thick
film coating, powder, membrane and sol-gel have
been utilized to make this photocatalyst more
efficient and more applicable.2,3 Previous studies
have indicated that the method of  photocatalyst*Author for correspondence
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production and its physical form are among the
most determining parameters influencing the
overall photocatalytic efficiency. Recently, TiO2
film prepared via sol-gel processing4 and the
degradation of organic compounds under UV light
by TiO2 fixed on foam polyethylene sheet have
been reported.5 In this study, the nano-TiO2
incorporating Low Density polyethylene plastic
film (TiO2/LDPE) has been newly introduced as
photocatalyst material. The nano-TiO2 composite
LDPE film was economic and efficient technique
for indoor air treatment application.
A methodology to increase the photocatalytic
activity of the semiconductor consists in adding a
co-adsorbent, as activated carbon (AC). AC
powder has been proposed as catalyst support
due to its high adsorption ability related to its high
specific surface area. Binary materials constituted
by TiO2 and AC have already been proposed as
photocatalysts in solid–solid regime to
photooxidize organic gas pollutants such as
dichloromethane, tr ichloromethane and
formaldehyde.
A remarkable increase in the activity of TiO2 has
been attributed not only to the high surface area
of the composite photocatalyst but also to the low-
strength of adsorption that allows the diffusion of
the pollutants from the adsorbent on activated
carborn to theTiO2 phase. Matos et al.6 suggested
that there is no significant change in the band-
gap energy of TiO2 as a consequence of the
interaction AC–TiO2. In fact the enhanced
photocatalytic activity of the binary AC–TiO2
materials in solid–solid or liquid–solid systems has
been attributed to the interaction between AC and
TiO2 bonds.
The removal efficiency of Dichloromethane
(DCM) in gas phase using nano-TiO2 incorporating
LDPE film as photocatalyst material was
investigated. In addition, the characterizations of
the nano-TiO2 incorporating   LDPE films were
identified by the UV/VIS near-IR

spectrophotometer and the Scanning Electron
Microscope (SEM) to obtain more information
about the efficiency of homogenized and well
mixed nano-TiO2 in the LDPE polymer on
photocatalytic activities of nano-TiO2/LDPE film.
In this paper, dichloromethane was used as the
representative species of VOCs and Titanium
Dioxide (TiO2) with the Activated Carbon (AC),
the substance that increase the photocatalytic
activity of the semiconductor, were used in
Photocatalytic Oxidation (PCO) process.

MATERIAL    AND  METHODS
Titanium Dioxide (TiO2, FT3000) with rutile
structure form was purchased from the Ishihara
Sangyo Kaisha Company, Osaka. Activated
carbon was purchased from fluka.  The
commercial grade of  LDPE (JJ4324) used in this
study was supplied by the TPI Polene Co. Ltd.,
Thailand. Certain Melt  Flow Index, MFI (2.16
Kg. at 190°C) of the resin, provides by the
manufacturer are 5.5 g/10min. The commercial
grade of polyethylene graft maleic anhydride (PE-
g-Ma, Compolene COLL) was purchased from
the BenMayer, Ltd.
Photocatalyst nano-TiO2/LDPE composite
film preparation
The TiO2 powder and FT3000, were mixed with
activated carbon by varying activated carbon
contents, e.g.  0, 5, and 10 %wt.  Then
incorporated in LDPE resin using twin screw
extruder. Certain amount of polyethylene graft
maleic anhydride was added during the
compounding process in order to improve the
dispersibility of the nano-TiO2 and enhance the
compatibility between TiO2/ AC and LDPE
matrix. The TiO2- AC /LDPE composite films
with the thickness of 50 micrometers  were
obtained from the blown film extrusion technique
using the operation temperature in a range of
150°C-180°C All of photocatalyst films are
shown in Table 1.

Table 1 : Properties of the nano- TiO2- AC /LDPE  film at various nano-TiO2 contents

Sample TiO2 contents (%wt)
Activated carbon TiO2-AC/LDPE
contents (%wt) composite film

thickness (m)
1 10 3 50
2 10 5 50
3 10 10 50
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Materials characterization
Morphology
The microstructure of the nano TiO2- AC /LDPE
composite film was examined using the Scanning
Electron Microscope (SEM, Model Jx A-840, and
JEOL). In order to prevent the charge build-up
during SEM observation, samples were coated
with gold which was used for ion sputter target.
The sputter rate and time were set for 10 nm
min-1 and 3 min, respectively. The gold film
thickness was approximately 30 nm.7

Optical property
Ultraviolet-Visible Spectra of the photocatalysts
were recorded using the UV-VIS
spectrophotometer (Lamda 35, Perkin Elmer
instrument) equipped with an integrating sphere.
A BaSO4 dye was used as a reference. The scan
ranges from 200 to 900 nm. All spectra were
monitored in the absorbance mode and acquired
under ambient conditions. The band gap energy
of TiO2 thin film can be calculated from
absorbance results.8 The optical absorbance
spectra, the adsorption coefficient and the band
gap of TiO2 film were evaluated. Briefly, the
absorption coefficient was calculated using the
following correlation,  = ln (1/d)/t, where t is the
transmittance and d is the thickness of the film.
The thickness of the film was also evaluated from
the UV spectrum and the average value
corresponding to 360 nm. The band-gap energy
was obtained by plotting the optical absorption
(h)2 and the photon energy (h). Then the

extrapolation of the linear portion of the curve
must be performed to receive the band gap
energy.8,9

BET-surface analysis
Pore size distribution for TiO2-AC sample was
determined at 77 K using an Autosorb-1 surface
area analyzer (Quantachrome, Science
Engineering). The samples were dried at 100oC
for 8 hours prior to the measurement.9,10

Photocatalytic oxidation reactor
The photocatalytic oxidation reactor  used in this
study was an annular closed-system. The reactor
is composed of an UVC lamp with 254 nanometer
wavelength. The UV light intensity was recorded
using a digital radiometer equipped with a UV-C
sensor. The LDPE-nano TiO2-AC composite film
was inserted inside the chamber. The humidity
and temperature were monitored continuously
using the thermo-hygrometer (DT-2 Kingtill). The
reactor was connected with the air compressor
pump which can be adjusted air flow rate from 0
to 5 litres per minute. The gas sample was pumped
through the annular region. The reactor was
designed to direct flow of incoming air towards
the TiO2- AC /LDPE composite film thereby,
enhancing the distribution of the air pollutant onto
the catalytic surface of the film.
The photocatalytic degradation of DCM using the
the TiO2- AC /LDPE composite film were
conducted in the continuous flow reactor at
operating conditions as shown in Table 2. The
gas sample applied for all experiments was from

                   Parameter Representative value
RH (% )         45-55%
Temperature (°C)         26-42
Flow rate (L min-1)         4
Reactor residence time (s)         30
Initial Contaminant concentration Dichloromethane (ppm)         3.25 (±5)
UV light source         6-W ,UV  light
Reactor material         stainless steel
UV light intensity (m W cm-2)         1.2
Dosages  of catalyst film middle ( %wt.cat/wt. film)         3,5,10
Reaction time (min)         200

Table 2 : Operating conditions for DCM photocatalytic degradation
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a compressed air tube. After the DCM initial
concentration was at steady state, the UV lamp
was turned on. This step is necessary in order for
the DCM to reach the adsorption equilibrium.
The quantitative analysis of pollutant was made
with the Gas Chromatograph (GC) equipped with
a Flam Ionization Detector (model 5890, Hewlett
Packard). The gas sample with the volume of 1 ml
was collected from the reactor using a gas syringe
and  was then injected into the GC-FID with a
capillary column CP sil 8. The injector temperature

b

c

a

Fig. 1 : SEM micrographs of LDPE film filled
TiO2- AC with (a) : 3% AC (b) : 5% AC and
(c) : 10% AC

was set at about 250oC and the initial column
temperature was set at about 50oC and was
increased to 110oC at a rate of 40oC /min.10-12

RESULTS   AND  DISCUSSION
Morphology
SEM micrographs in Fig. 1 show the morphology
of TiO2-AC/LDPE film’s surface. The dispersion
of TiO2-AC in LDPE film at 3%wt activated
carbon reveals the fine dispersion of carbon-
supported TiO2 on the film surface. The dispersion
was poor when increasing activated carbon
contents. It can eliminate the problem of TiO2
agglomeration which provide lower active surface
to be contact with UV-ray.
Pore size distribution
In Fig. 2 shown the pore size distributions of AC
and TiO2/AC which was varying the amount of
AC. It can be clearly seen that the presence of
TiO2 in pores caused the reduction in peak areas.
All the observations show the characteristics of
Activated carbon, mesopore (20-500 Ao) and
macropore (500-1000 Ao) are occurred in
activated carbon particles.13,14

Fig. 2 : Pore size distribution for TiO2/AC with
varying Ac content

For the diameter range of entire pore, the pore
size distribution as shown in Fig.2. TiO2 filled in
Activated carbon lies beneath that of Activated
carbon with unfilled TiO2 sample, an increasing
Activated carbon amount lowered the pore volume
further. This confirms the presence of TiO2 in those
pores, which consequently caused the decrement
of BET surface area of Activated carbon with
adding TiO2 amount as listed in Table 3.
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Table 3 : Specific surface area Activated carbon with TiO2

Sample TiO2 contents Activated carbon contents BET surface area
(%wt) (%wt) (m2/g)

1 10 3 48.41
2 10 5 51.65
3 10 10 53.67
4 - 100 79.43

Table 4 : The effect of various amount of TiO2-AC filled LDPE film on the energy band gaps

Sample TiO2 contents Activated carbon Energy band gaps

(%wt) (%wt)  contents (%wt)  (Eg eV)

1 10 3 2.75

2 10 5 2.65

3 10 10 2.66

4 10 No adding 3.21

Fig. 3 : UV-Vis  absorbance spectra of TiO2-
AC/LDPE composite films

The results from the UV-Vis spectroscopy have
been showed that the  nano TiO2-AC/LDPE film
absorbed appreciably at wavelength less than 360
nm as shown in Fig.3. The optical band gap
energy (Eg) of the nano TiO2-AC/LDPE
composite film at each dosage is reported in
Table 4. The result showed that there is no
significant change in the band-gap energy of TiO2
as a consequence of the interaction TiO2-AC
Photocatalytic activity
Nano TiO2-AC/LDPE film with 3% activated
carbon showed the highest removal efficiency
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Fig. 4 : Photocatalytic Oxidation of Dichloro-
methane at different dosages of TiO2-AC

Wavelength (nm)

(62%), followed by 5% (55% removal efficiency)
and 10% activated carbon (40% removal
efficiency), respectively. The results can be
concluded that the activated carbon supported the
TiO2 ability and improved the photo catalytic
oxidation by provided higher specific surface and
effective site which can be contacted to UV light
and caused the complete effect of photo catalytic
oxidation reaction. However, the dosages of
activated carbon that can be increased
photocatalytic activity of the TiO2-AC/LDPE film
for removal of DCM in dry air were investigated.
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For all experiments, the initial concentration of
dichloromethane, the air flow rate and the UV
light intensity were set at 3.25 ppm, 4 L/min and
1.2 mW / cm2, respectively. At the treatment time
of 200 minute revealed a constant reduced
decomposition. The  nano TiO2-AC / LDPE film
with the activated carbon of 3, 5, and 10 % (wt
cat. /wt film).  Fig. 4 was shown an increasing
of the removal efficiency directly variations by
the dosage of AC. the ability of TiO2 were in the
specific range.

CONCLUSION
In summary, nano TiO2-AC/LDPE films are highly
promising photocatalyst for degradation of volatile
organic compound as dichloromethane at very low
concentration. Moreover, Activated carbon can
be   supported the TiO2 ability and improved the
photocatalytic oxidation process.
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