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Abstract

This study focused on the photocatalytic destruction of dichloromethane (DCM) in indoor air using the nano-
TiO, /LDPE composite film as an economical photocatalyst. The nano-TiO, was dispersed in a polyethylene
matrix to form composite film. The photocatalytic activity of the nano-TiOJLDPE composite films was
evaluated through the degradation of dichloromethane(DCM) under UV-C irradiance at specific wavelength of
254 nm. The percentage of nano-TiO,contents varied from 0, 5. and 10% (wt cat./wt LDPE composite film).
The results derived from the kinetic model revealed that the photocatalytic rates of 5 and 10 wt.% nano-Tio,/
LDPE composite films follow the first order reaction while the rate of the film without TiO, followed the zero
order reaction. At low concentration of DCM, the rate of photocatalytic degradation of the DCM was slower
than that at high DCM concentration. The 10 wt.% of TiO, content of the nano-TiO,/LDPE composite film
yielded the highest degradation efficiency of 78%, followed by the removal efficiency of 55% for the 5 wt.%
of TiO, content of the nano-TiO,/LDPE composite film. In contrast with the composite film containing nano-
TiO,, the LDPE film without adding nano-TiO, expressed the degradation efficiency of 28%.

Key words

Titanium dioxide, Nano-TiO,/LDPE composite film, Dichloromethane, Photocatalytic degradation

Introduction

Chlorinated volatile organic compounds (VOCs) in indoor
airenvironments has received great attention from many scientists
and researchers due to their toxicity and carcinogenicity (Hager et
al., 2005). Unfortunately, application of traditional method for indoor
VOCs treatment seems impractical at low level concentration. For
instant, adsorption process, which has been the most commonly
used method to treatindoor air contaminants, is practical butineffective
for some types of organic compounds (Jo et al., 2004). 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 (Jacoby et. al.,
1996). In the PCO reaction, UV light was used to activate the
catalyst to generate hydroxyl radicals (OH*) which reacted with
organic contaminants. The contaminants were then transformed
into less harmful substances. The photocatalyst mainly used in the
PCO was titanium dioxide (TiO,) because of its physical and
chemical stability, non-toxicity, lowest cost, and resistance to corrosive.
In order to activate TiO,, itis necessary to supply the light intensity
with energy higher than the energy band gap (E_) of TiO, Ithas
been reviewed by numbers of researchers that different forms of
TiO, such as thin and thick film coating, powder, membrane, and
sol-gel have been utilized to make this photocatalyst more efficient
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and more applicable (Hung et al., 2007; Liu et a/., 2006; Sonawane
et al, 2004). Previous studies indicated that the method of
photocatalyst production and its physical form were among the most
determining parameters influencing the overall photocatalytic
efficiency. Recently, TiO, film which was prepared via sol-gel
processing (Yu et af., 2000) and the degradation of organic
compounds under UV light has been reported (Naskar et al., 1998).
In this study, the nano-TiO, incorporating in polyethylene plastic film
(TiO,/LDPE) has been newly introduced as a photocatalyst material.
This is because the nano-TiO,/ LDPE composite film was economic
and efficient technique for indoor air treatment application.

The characterizations of the nano-TiO,/LDPE composite films were
examined by the X-ray diffractometer (XRD), the UV VIS near-IR
spectrophotometer, and the scanning electron microscope (SEM)
to observe how homogenizing and well mixing of nano-TiO, in the
LDPE polymer. In addition, removal efficiencies of dichloromethane
(DCM) in gas phase using nano-TiO, incorporating in LDPE film as
photocatalyst material was investigated.

Materials and Methods

Photocatalyst film and characterization : The TiO, powder,
A220 (Ishihara Kaisha company), with varying contents, e.g. 0, 5,
and 10 wt. %, were incorporated in molten LDPE resins (TP
Polene Co. Ltd.) using the twin screw extruder. Certain amount of
polyethylene graft maleic anhydride was added during the
compounding process in order to improve the dispersion of the
nano-TiO, and enhance the compatibility between TiO, and LDPE
matrix. The nano-TiO,/LDPE composite films with the thickness of
30um were obtained from the blown film extrusion technique using
the operation temperature in arange of 150°C-180°C (Zhiyong et
al., 2007 and Suwannahong et al., 2010).

Morphology and optical properties : The microstructure of the
nano-TiO,/LDPE composite film was examined by using the
scanning electron microscope (SEM, Model JxA-840, JEOL, Japan).
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" and 3 min,
respectively. The gold film thickness was approximately 30 nm
(Shinde et al., 2008).

The ultraviolet-visible spectra of the photocatalysts were
recorded by the UV-VIS spectrophotometer (Lamda 35, Perkin
Elmer instrument, USA) equipped with the integrating sphere. A
BaS0, dye was used as areference. The scan ranged from 200 to
1,000 nm. All spectra was monitored in the absorbance mode and
acquired under ambient conditions. The band gap energy of the
nano-TiO,/LDPE composite film was calculated from absorbance
results (Shinde et al., 2008). The optical absorbance spectra, the
adsorption coefficient and the band gap energy of the nano-TiO /
L DPE composite film were evaluated. Briefly, the absorption coefficient
was calculated using the following relation, 0t=In (1/d)/ T, where
T isthetransmittance and dis the thickness of the film. The thickness
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of the film was also evaluated from the UV spectrum and the average
value corresponded to 260 nm. The band-gap energy was obtained
by plotting the optical absorption (0hv )? and the photon energy
(hv). Then the extrapalation of the linear portion of the curve must
be performed to receive the band gap energy (Stamate et al.,
2005).

X-ray diffraction (XRD) : The crystalline structures of
photocatalysts were determined by the XRD technigue. XRD pattems
were obtained on the X-ray diffractometer (Model 6000, Shimadzu,
Japan) using Cu K& and radiation with a nickle fitter. The current
and voltage applied were 30 mA and 40 KV, respectively. The scan
ranged from 10° to 80° with a scan rate of 2° min' (Shifu et af., 2009)

Photocatalytic oxidation reactor : The photocatalytic oxidation
reactor used in this study is an annular closed-system. The reactor
is composed of an UV-C lamp with 254 nm wavelength. The UV
lightintensity was recorded using a digital radiometer equipped with
aUV-C sensor. The nano-TiO,/LDPE 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 | min'. The gas sample was
pumped through the annular region. The reactor was designed to
direct flow of incoming air toward the nano-TiO,/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 nano-
TiO_/LDPE composite film was conducted in the continuous flow
reactor at operating conditions as described by Suwannahong et
al. (2010). The gas sample applied for all experiments was from a
compressed air tube. After the DCM initial concentration was at
steady state, the UV-C lamp was turned on. This step is necessary
for the DCM in order to reach the adsorption equilibrium. The
quantitative analysis of pollutant was made with the gas
chromatograph (GC) equipped with a flam ionization detector (FID,
model 5890, Hewlett Packard, USA). The gas sample with the
volume of 1 mlwas 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 was set at about 250°C and the initial
column temperature was set at about 50°C and was increased to
110°C at arate of 40°C min™' (Hung et al., 2007). Since there was
only one contaminant in this study, a single site Langmuir-
Hinshelwood (L-H) mode! was introduced to evaluate photocatalytic
rates (Obee et al., 1996; Obuchi et al., 1999, and Coronado et al ,
2003).

Results and Discussion

Surface morphology of TiO, is one of the mostimportant
factors which can affect the efficiency of photocatalyst. In spite of
readily agglomerating on the LDPE film, the TiO, was found to be
deposited and well dispersed in the polyethylene matrix as seen in
Fig.1. The SEMimages also reveal that number of lump of TiO,
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Table- 1: Band gap energy of the nano-TiO/L.DPE composite film at
various amounts of TiO,.

nano-TiO, contents Band gap energy
(wt.%) (E, eV)

0 293

5 313

10 321

Table- 2: Simplified Langmuir-Hinshelwood form, In(C/C ) = -kKt =-K't, at
different dosages of TiO,

Dosage of TiO, Simplified Langmuir K'{(min") R?
Hinshelwood form

LDPE Compositefilm ~ -0.0016t +1.0351 0.0016 08853

5% wt TiO,, LDPE -0.0032t+1.0727 00032 09544

composite film

10 % wt TiO,, LDPE ~ -0.0062t+0.9324 0.0062 09629

composite film

increased as increase in dosage of TiO,. Moreover, as the amount
of the nano-TiO, content increases the dispersion ability of the TiO,
decreases affecting the efficiency of photocatalytic activity. In order
to overcome such drawback, the compatibilizer was added into the
nano-TiO,/LDPE composite matrix.

As seen from the spectra in Fig.2, virgin LDPE film rarely
absorbed UV light with wavelength lower than 400 nm, while the 5
and 10 wt.% nano-TiO,/LDPE composite films showed strong
absorption. The 10 wt.% nano-TiO /LDPE composite film exhibited
the broadest absorption peak followed by the § wt.% nano-TiO,/
LDPE composite film and the virgin LDPE film, respectively.

The band gap energy of the nano-TiO /LDPE composite
films was estimated using the equation described by Ishu et al.
(2006). The values of the calculated band gap energy of the nano-
TiO,/LDPE film at various dosages of TiO, are summarized in Table 1.
The band gap energy of the 10 wt.% nano-TiO,/LDPE film was
approximately 3.2 eV, which was in a good agreement with other
results (Andronic et al., 2007).

The XRD patterns of both 5 wt.% and 10 wt.% TiO,/
LDPE composite films show clear sharp peaks indicating the
anatase phase. The XRD patterns also reveal that the anatase
peaks (101) obviously increased with the amount of nano-TiO,
(Jiang et al., 2009). Moreover, the XRD peak of 10 wt.% nano-
TiO_/LDPE composite film exhibited a similar intensity as that of
the TiO, powder in anatase form. Consequently, the XRD pattern
of 10 wt.% TiO_/LDPE composite film shows the strongest sharp
peak of anatase phase as shown in Fig.3. The XRD patterns
also revealed an increase in the intensity of the anatase peak as
increasing the nano-TiO, contents which will enhance the
efficiency of photocatalytic degradation of the TiO /LDPE
composite films.
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For DCM photocatalytic degradation using the nano TiO,/
LDPE composite film, the dosages of TiO, were varied from 0, 5,
and 10% (wt cat./wt film) as shown in Fig.4. The nano-TiO,/LDPE
composite film at 10 wt.% TiO, yielded the highest degradation
efficiency (78%), followed by the removal efficiency of 55% of the
nano-TiO/LDPE composite film at 5 wt.% TiO,. While the virgin
LDPE film expressed the degradation efficiency of 28%.

Fig.5 shows the correlation between In (C/C ) at different
dosages of TiO, using the same initial concentration of
dichloromethane and illumination time. The plots indicate that the
slopes of fitted straight line using the least square method followed
the first order kinetic for the 5 wt.% and 10 wt.% nano-TiO, composite
films whereas the reaction of the 0 wt.% nano-TiO, /LDPE composite
film appears to be close toward zero order. The Simplified Langmuir-
Hinshelwood form, In(C/C ) = -kKt = -K', at different dosages of
TiO, are displayed in Table 2.

From the experimental point of view, the lower the initial
DCM concentration, the more difficult adsorption on the photocatalyst
surface of the DCM. The obtained result leaded to lower adsorption
constantrates of photocatalyst because the photooxidation rate was
controlled by the catalyst surface in photochemical reaction
(Bouanimba et al., 2011).

Acknowledgments

The authors would like to express gratitude to Department of
Environmental Engineering, Faculty of Engineering, Kasetsart
University and Department of Chemical Engineering, Faculty of
Engineering, Ubon Ratchathani University. The National Metal and
Material Technology Center (MTEC) is also recognized.

References

Andronic, L. and Anca Duta: TiO, thin films for dyes photodegradation. Thin
Solid Films, 515, 6294-6297 (2007).

Bouanimba, N., R. Zouaghi, N. Laid and T. Sehili: Factors influencing the
photocatalytic decolorization of bromophenol blue in aqueous solution
with different types of TiO2 as photocatalysts. Desalination, 278,
224-230 (2011).

Coronado, M.J., M.E. Zorn, |. Tejedor and M.A. Anderson: Photocatalytic
oxidation of ketones in the gas phase over TiO, thin films: A kinetic
study on the influence of water vapor. Appl. Catal. Environ., 43, 329-
344 (2003).

Hager, S., R. Bauer and G. Kudielka: Photocatalytic oxidation of gaseous
chlorinated organic over titanium dioxide. Chemosphere, 41, 1219-
1225 (2000).

Liu, H., Z. Lian, X. Ye and W. Shangguan: Kinetic analysis of photocatalytic
oxidation of gas-phase formaldehyde over titanium dioxide.
Chemosphere, 60, 630-635 (2005).

Hung, W., Ssu-Han Fu, Jeou-Jen Tseng, Hsin Chu and Tzu Ko: Study on
photocatalytic degradation of gaseous dichloromethane using pure
and iron ion-doped TiO, prepared by the sol-gel method.
Chemosphere, 66, 2142-2151 (2007).

Ishu, S., K. Tripathi and P.B. Barman: Influence of composition on the
optical band gap in a Ge,0Se,, In_thin films. Chalcogenide Lett., 3.
121-124 (2006).

Jiang, F., Zheng Zheng, Zhaoyi Xu and Shourong Zheng: Preparation and
characterization of SiO,-pillared H,Ti,O, and its photocatalytic activity
for methylene blue degradation. J. Hazard. Mater., 164, 1250-1256




Photocatalytic destruction of dichloromethane

(2009).

Jacoby, W.A., D.M. Blake, J.A. Fennell, J.E. Boulter, L.M. Vargo, M.C.
George and S.K. Dolberg: Heterogeneous photocatalysis for controi
of volatile organic compounds in indoor air. J. Air Waste Manage.
Assoc., 46. 891-898 (1996).

Jo, W. and Kun-Ho Park: Heterogeneous photocatalysis of aromatic and
chlorinated volatile organic compounds (VOCs) for non-occupational
indoor air application. Chemosphere, 57, 555-565 (2004).

Liu, Q., Mi Zhou, Qiang Liu, Jin Zhang and Zhong-gi Zhu: Synthesis of
photocatalytic TiO, nanoparticles at low cost. Trans. Nonf. Met. Soc.
Chi., 16, 411-413 (2006).

Naskar, S., S. Arumugom Pillay and Manas Chanda: Photocatalytic
degradation of organic dyes in aqueous Solution with TiO,
nanopariicles immobilized on foamed polyethylene sheet. J. Photoch.
Photobio., 113, 257-264 (1998).

Obee, N.T.: Photooxidation of sub-part-per-million toluene and formaldehyde
levels on titania using a glass-plate reactor. Environ. Sci. Technol.,
30, 3578-3584 (1996).

Obuchi, E., T. Sakamoto, K. Nakano and F. Shiraishi: Photocatalytic
decomposition of acetaldehyde over TiO/SiO, catalyst .Chem. Eng.
Sci., 54,1525-1530(1999).

Stamate, M., I. Vascan, |. Lazar, G. Lazar, |. Caraman and M. Caraman:
Optical and surface properties TiO, thin films deposited by DC magnetron

959

sputtering method. J. Optoelectron Adv., T, 771-774 (2005).

Shifu, C., Zhao Wei, Zhang Sujuan and Liu Wei: Preparation, characterization
and photocataiytic activity of N-containing ZnO power. Chem. Eng.
J.. 148, 263-269 (2009).

Shinde, PS., S.B. Sadale, P.S. Patil, P.N. Bhosale, A. Bruger, M. Neumann-
Spaliart and C.H. Bhosale: Properties of spray deposited titanium
dioxide thin films and their application in photoelectrocatalysis. Sol.
Energ. Mat. Sol., 92, 283-290 (2008).

Sonawane, S.R., S.G. Hegde and MK. Dongore: Preparation of titanium
(IV) oxide thin film photocatalyst by sol-ge! dip coating. Mater. Chem.
Phys., 71, 744-750 (2003).

Suwannahong, K., W. Liengcharcensit and W. Sanongraj: TiO, composite
film prepared by the blown film extrusion technique. In Proceeding:
The Asian-Pacific Regional Conference on Practical Environmental
Technologies. Ubonratchathani, Thailand (2010).

Yu, L. Q. and H.J.H. Brouwers: Indoor air purification using heterogeneous
photocatalytic oxidation.Part I: Experimental study App. Catal.
Environ., 92, 454-461 (2009).

Zhiyong. Y., E. Mielczarski, J. Mielczarski, D. Laub, Ph. Buffat, U. Kiehm,
P. Albers, K. Lee, A. Kulik, L. Kiwi-Minsker, A. Renken and J. Kiwi:
Preparation, stabilization and characterization of TiO, on thin
polyethylene films (LDPE). Photocatalytic applications. Water Res.,
41, 862-874 (2007).

Journal of Environmental Biology «September 2012+






Journal of Environmental Biology

Paper in a Journal

Migal, M. G.: The cladoceran trophic status in the nitrogen limited ecosystem
of lake Kinneret (Israel). J. Environ. Biol., 32, 455-462 (2011).

Seo, Yoo-Na and Mi- Young Lee : Inhibitory effect of antioxidants on the
benz{alanthracene-induced oxidative DNA damage in lymphocyte.
J. Environ. Biol., 32, 7-10 (2011).

Sharma, M., S.C. Pant, J.C. Pant and R Vijayaraghavan : Nitrogen and
sulphur mustard induced histopathological observations in mouse
visceral organs. J. Environ. Biol., 32, 891 - 905 (2010).

Book

APHA: Standard methods for examination of water and wastewater.
215t Edn. APHA, AWWA, WPCF, Washington DC, USA (2005).

Zakrzewski, S. F.: Environmental Toxicology. Oxford University Press,
Inc., New York, 3¢ Edn. (2002).

Chapter in a Book

Wilkinson, C.F.: Introduction and overview. In: The effects of pesticides on
human health (Eds.. S.R. Bakers and C.F. Wilkinson). Princeton

Scientific Publishing Co. Inc., Princeton, NJ. p. 5 (1990).

. The abbreviations et al., idem and ibid should not be used in reference
section. - .

e  Unpublished research including online and personal communication
should not be cited in the Text and the Reference sections.
e  Footnotes should be avoided.

4) Manuscript Submission

Manuscript should be submitted by post with the following mandatory
elements:

1. One hard-copy of the Manuscript
2. CD of the Manuscript

3. Editor Fee

4. Panel of four Reviewers

Soft-copy of the Manuscript should be sent by e-mail to: editor@jeb.co.in

Acknowledgement of the manuscript will be sent to the Corresponding author
and the Manuscript Registration Number (MRN) will be assigned. Please use
this number for all further communications.

The process of review shall start only after the Editor Fee is credited
to our Bank account.

A panel of four potential reviewers (scientists / experts of the field) for
reviewing the Manuscript should be provided on a separate page with
their complete contact details including postal address, e-mail, and
telephone.

Submission of a Manuscript to this Journal implies that it is not under
consideration for publication elsewhere, and has been approved by all the
authors and the concerned institutions.

Submission which does not conform to the guidelines may not be considered
for publication

Materials contained in the Manuscript represent the opinion of the author(s)
alone and should not be construed as the opinion of the Editors orfand
the Publisher.

5) Computer Disk

A CD of the Manuscript is to be submitted at two stages:
a) at the time of initial manuscript submission
b) at the time of revised manuscript submission

6) Submission of Revised Manuscript
Afler receiving the Reviewer Reports, the Manuscript may be sent back to

the corresponding author for revision. The revised Manuscript should be
submitted by post with the following mandatory elements:

a) One hard-copy of the final revised version of the manuscript

b)  CD of the final revised manuscript in Microsoft-Word (2003 or higher version)
c) Certification and Copyright transfer agreement form—completed and signed
d)  Author's Checklist - completed and signed

Soft-copy of the final revised Manuscript should be sent by e-mail to:
editor@jeb.co.in

The hard-copy of the final revised Manuscript should exactly match the soft
copy sent by e-mail and CD. Label the CD with the Manuscrpt Registration
Number (MRN) along with the Author(s) names.

The Journal is published directly in page set. Authors are, therefore, advised
to mark the positions for Figures and Tables in the left margin of the Manuscnpt.

7) Page Proofs

Page-proofs will be sent to the Comresponding author only once for approval,
and for minor corrections. Please mark printer's errors in red and author’s
alterations in blue. Excessive changes / alterations made in page-proofs by
Authors will be charged as per line reset.

8) Fees and Payments

There are two separate Fees that are applied to Authors: Editor Fee, and
Page Fee

Editor Fee must accompany each paper at the time of first submission, and
it is Non-Refundable. The fee details are as follows:

| For ndabased Autors._ | || INR 1200

T For outside-india-based Authors || USDB0

Page Fee invoice will be sent to the Corresponding author after the Manuscript
has been accepted for publication post-review. Page Fee shouid be paid
immediately after the receipt of the invoice. Page Fee will make the
comesponding author entitled to receive FREE not only the PDF of the paper
but also 05 reprints (hard copies) and a copy of the issue of the Journal (with
published paper).

An Extra Fee may be applicable to some manuscripts depending on the
usage of colored figures, extensive tables, and excessive changes in page
proofs. This would be assessed on a case-by-case basis, and the authors
would be invoiced for it along with the Page Fee.

india-based Authors should make all payments in the form of Bank's Demand
Draft in favor of: Triveni Enterprises, payable at: Lucknow, India

Outside-India based Authors should make all payments only by direct
wire-transfer to our bank account in India.

9) Copyright

Copyright of all the papers published in Journal of Environmental Biology
belongs to Triveni Enterprises, Lucknow, India.

10) Contact and Correspondence

All communication should be addressed to the Editor, the contact details are
as follows:

Postal Address Journal of Environmental Biology. Editor-in-chief
1/206, Vikas Nagar,

Lucknow - 226 022 (india)

E-mail editor@jeb.co.in

+91 522 4017359 (O)
+91 '522 2769018 (R) J

Telephones




RNI: 25574/ 79 J. Environ. Biol. (Bimonthly)

Announcement : An Open Access Journal

Journal of Environmental Biology is now online with completely open access

The full text of all articles published in Journal of Environmental Biology from 2006 onwards, can now be accessed at the
website of the Journal: www.jeb.co.in with each new issue being published online also, immediately after the print-issue
publication. All the articles are published online with an open access, and an online-copy of both the abstract as well as
the full text of the article can be downloaded free of cost. Archives of issues earlier than 2006 are also in the process of
getting published online.

One of the main focus of the Journal is to provide authors and their research, a global visibility through the printed
publication as well as through the world-wide-web, across the scientific and research community. Journal encourages
free-flow of knowledge and ideas across the global research community to drive innovation, and is committed to publish

the full text of the research that it publishes on the web—with a fully openaccess to all.

The Journal website can also be used to search the contents of all the online-issues of the Journal on specific keywords.

Owner, Publisher, Printer KIRAN DALELA, Printed at Triveni Enterprises. 1/206. Vikas Nagar, Lucknow - 226 022
o and Published from /206, Vikas Nagar, Lucknow - 226 022
22 E dtor:BF R C. Dalela
. s




