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ABSTRACT

The importance of activated carbon as an adsorbent, catalyst and catalyst
support has increased in industrial and environmental applications due to its special
features; a very high surface area absorbency, inertness, and porosity. The surface
structure and porosity of an activated carbon largely depended on the starting
materials and the activation method used. In this study, activated carbons were
prepared from palm kernel shell by chemical activation using zinc chloride, ZnCl,
under both nitrogen flow and vacuum condition. The effects of impregnation ratio
(ZnCl; to palm kernel shell) and activation condition on the surface properties of
carbons were carefully studied in order to optimize these parameters. All the
prepared activated carbons were characterized using FTIR, single point BET surface
area, nitrogen adsorption analysis, FESEM-EDX and Thermogravimetry analysis.
The selected activated carbons were used as a carbon source as well as catalyst
support in the preparation of tungsten carbide, WC. The catalyst was prepared via
sublimation technique where the metal precursor tungsten hexacarbonyl and
activated carbon were milled together and heat-treated at 700°C and 950°C under
helium flow. Two sets of WC catalysts with 6% and 15% tungsten content were
prepared. The heat-treated catalysts were characterized by XRD, single point BET
surface area and FESEM-EDX. The performance of the optimal prepared WC
catalyst was tested on dichlorodifluoromethane, CFC-12 in hydrodehalogenation
reaction. The results show that the impregnation ratio and the activation conditions
had significant effect on the properties of activated carbon prepared. The activated
carbon prepared with ZnCl, impregnation ratio of 1:1 under nitrogen gas flow (AC-
1Z-N) showed the highest surface area, 878 m?g™ with micropore volume of 0.36
cm®g™. The catalyst with 15% tungsten content supported on AC-1Z-N showed
the highest formation of tungsten carbide and found to be very active in the hydro-
dehalogenation reaction of CFC-12.
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ABSTRAK

Kepentingan karbon teraktif sebagai bahan penyerap, mangkin dan
penyokong mangkin semakin meningkat dalam industri kimia disebabkan ciri-ciri
unik seperti luas permukaan yang luas, lengai and struktur keliangannya. Struktur
permukaan dan sifat keliangan karbon teraktif sangat bergantung kepada bahan
pemula dan kaedah pengaktifan. Dalam kajian ini, karbon teraktif telah disediakan
daripada tempurung kelapa sawit melalui kaedah pengaktifan kimia menggunakan
zink klorida, ZnCl; di bawah aliran gas nitrogen dan keadaan vakum. Kesan nisbah
pengisitepuan bahan pengaktif ZnCl, kepada tempurung kelapa sawit telah dikaji
untuk mendapatkan parameter yang optima. Pencirian teliti telah dilakukan
menggunakan FTIR, penjerapan titik tunggal BET, analisis penjerapan nitrogen,
FESEM-EDX dan TGA. Karbon teraktif yang terpilih telah digunakan sebagai
sumber karbon dan juga sebagai bahan penyokong kepada mangkin tungsten karbida,
WC. Mangkin WC telah disediakan melalui teknik pemejalwapan yang mana
tungsten heksakarbonil dan karbon teraktif digiling dan dipanaskan pada suhu 700°C
dan 950°C dalam aliran gas helium. Dua set sampel WC dengan kandungan tungsten
6% dan 15% telah disediakan. Pencirian mangkin WC yang terawat terma telah
dilakukan menggunakan XRD, penjerapan titik tunggal BET dan FESEM-EDX.
Prestasi mangkin telah diuji melalui tindak balas hidrodehalogenasi terhadap
diklorodiflorometana, CFC-12. Keputusan pencirian menunjukkan bahawa nisbah
ZnCl, kepada tempurung kelapa sawit dan keadaan pengaktifan memberi kesan yang
penting terhadap sifat karbon teraktif. Karbon teraktif yang telah disediakan dengan
nisbah ZnCl, kepada tempurung kelapa sawit, 1:1 (AC-1Z-N) mempunyai luas
permukaan yang paling tinggi iaitu 878 m?g™* dengan isipadu mikroliang 0.36 cm®g™.
Mangkin dengan kandungan 15%tungsten yang disokong atas AC-1Z-Nmenunjukkan
pembentukan tungsten karbida yang tertinggi dan didapati sangat aktif dalam tindak-
balas hidrodehalogenasi CFC-12.
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CHAPTER 1

INTRODUCTION

Activated carbons are carbonaceous materials that have highly developed
porosity and internal surface area. They are widely used in a number of applications,
such as separation and storage of gases; recovery of chemical products, removal of
organic pollutants from drinking water and also as catalyst support. The increasing
usage and competitiveness of activated carbon prices, has prompted the usage of
agricultural by-products such as coconut shell (Azevedo et al., 2007), pistachio shell
(Lua et al., 2004), saw dust (Mohanty et al., 2005), and walnut shell (Alvim-Ferraz
et al., 2003) as raw materials to prepare activated carbon. The physical properties of
an activated carbon depend on the raw material and its treatment (Manocha, 2003).

Based on a study done by Kawser and Farid (2000), Malaysia generates 7.7
million tonnes of empty fruit bunches 6.0 million tonnes of fibre and 2.4 million
tonnes of palm kernel shell every year. These by-products often considered as waste
and have cause significant disposal problem. Therefore, in this research palm kernel
shell was used as a starting material to prepare activated carbon in addition it is also
a feasible solution to this environmental issue. The prepared activated carbon is then
used as the carbon source as well as catalyst support for tungsten carbide catalyst.

The most important parameters for the catalyst support are inertness, porosity

and surface area (Cameron et al., 1990) Activated carbon is a material that combines



all these characteristics optimally and additionally it has unique properties like its
stability in both acidic and basic media, high surface area, microporosity, and cost
effectiveness (Jankowska et al., 1991, and Auer et al., 1998).

The catalytic properties of tungsten carbide have attracted interest since Levy
and Boudard (1973) first discovered that the carbides of Groups 4 - 6 resemble the
catalytic properties similar to those of Platinum group metals. Since then they have
been investigated for application in heterogeneous catalysis. To date, the use of
tungsten carbide as well as other transition metal carbides as heterogeneous catalysts
has grown (Keller et al., 1991; Moreno-Castilla et al., 2001 and Oxley et al., 2004)

Several methods have been developed for the preparation of tungsten carbide
and mostly involve solid precursor and reducing agent (Gao and Kear, 1997; Liang et
al., 2003). In general the resulting carbide has a low surface area. Therefore in this
research tungsten carbide catalyst supported on activated carbon was prepared to
obtain a high surface area catalyst. The catalyst was then tested on
hydrodehalogenation of dichlorodifluoromethane (CCI,F,; CFC-12).

The widespread application of CFCs in industry including refrigeration, foam
blowing agent and cleaning agent cause severe damage to the ozone layer and
contributed significantly to global warming. Thus, destruction of ozone depleting
substances especially CFCs has been attract many researchers interest since their
production and uses have been phase out under international agreement known as
Montreal Protocol (UNEP 2000). Presently, several treatment technologies are
available such as thermal incineration, catalytic conversion and activated carbon
adsorption. Among them catalytic conversion of CFCs into valuable compounds like
hydrofluorocarbon (HFC) seem to be an attractive technique (Yu et al., 2006).

In past few years, the catalytic performances of transition metal carbide
catalyst for hydrodehalogenation of CFCs have been studied because of their low
cost and Platinum-like behaviour in catalysis (Delannoy et al., 2000 and Oxley et al.,
2004);. Thus, the tungsten carbide catalyst prepared in this research can be a

potential substitute for the traditional catalyst platinum and palladium.



In this study, high surface area tungsten carbide catalyst supported on
activated carbon was prepared. Locally obtained palm kernel shell was used as
starting material to produce activated carbon. The resulting catalyst was then tested

in catalytic hydrodehalogenation reaction of dichlorodifluoromethane, CFC-12.

1.1 Problem Statement

Palm kernel shell, is an abundant tropical waste from palm oil processing
mills in tropical countries like Malaysia and Thailand. They either treat the waste by
disposing it or use it as fuel. To economically utilize these agricultural by-products, it
is proposed to use them as prospective starting materials for the preparation of

activated carbon.

For the past few years a number of studies have been conducted on the
preparation of activated carbon from palm kernel shells. However, so far there is no
research has been done on application of palm kernel shell base activated carbon as
tungsten carbide catalyst support. Tungsten carbide catalyst has exhibited platinum-
like catalytic properties but is difficult to prepare with high surface area. The present
work was devoted to study kernel shell based activated carbon as the carbon source
as well as catalyst support towards synthesis a high surface area tungsten carbide
catalyst. The optimal prepared tungsten carbide catalyst was tested on catalytic
hydrodehalogenation of CFC-12 to find an economic approach to the remediation of
CFCs.



1.2 Objective of the Research

The objectives of this research are as follows:

1) To prepare high surface area activated carbon from palm kernel shells.

2) To study the surface physical properties of the prepared activated

carbon support.

3) To prepare and optimize condition for high surface area tungsten

carbide catalyst using activated carbon.

4) To carry out the catalytic testing of hydrodehalogenation of CFC-12
using the optimal laboratory prepared tungsten carbide catalyst.

1.3 Scope of Studies

The first part of this study is concentrated on preparing the high surface area
activated carbon using locally obtained raw material, palm kernel shells. Activated
carbons were prepared by chemical activation using zinc chloride under both
nitrogen flow and vacuum conditions. The effects of impregnation ratio (ZnCl, to
palm kernel shell) and activation condition on the surface properties of carbons were
studied in order to optimize these parameters. The prepared activated carbons will be
characterized using several techniques which are, Fourier transform infrared (FTIR),
single point BET analysis, nitrogen adsorption, Field emission scanning electron
microscopy (FESEM) and Thermogravimetry analysis (TGA).



The prepared activated carbons used as the carbon source as well as catalyst
support for tungsten carbide catalyst. The catalyst was prepared via sublimation

technique followed by heat-treatment.

Catalytic testing hydrodehalogenation of CFC-12 was carried out using the
optimal laboratory prepared tungsten carbide. The performances of tungsten carbide
catalyst at temperature range from 200°C to 350°C were studied as an alternative for

the expensive commercially available catalyst.



REFERENCES

Abd. Rahim, Y., Zaiton A.M. and Ratna S.D.D. (2005). Preparation of tungsten
carbide from palm kernel shell for the hard metal application. Proceeding Annual

Fundamental Science Seminar.

Ahmad, A.L., Loh, M.M., Aziz, J.A. (2007). Preparation and characterization of
activated carbon from oil palm wood and its evaluation on Methylene blue
adsorption. Dyes and Pigments, 75, 263-272.

Ahmadpour, A. and Do, D.D. (1997). The preparation of activated carbon from
macadamia nutshell by chemical activation. Carbon, 12, 1723-1732.

Almansa, C., Molina-Sabio, M. and Rodriguez-Reinoso, F. (2004). Adsorption of
methane into ZnCl,-activated carbon derived discs. Microporous and Mesoporous
Materials, 76, 185-191.

Alvarez-Merino, M.A., Carrasco-Marin, F., Fierro, J.L.G. and Moreno-Castilla, C.
(2000). Tungsten catalysts supported on activated carbon. I. Preparation and
characterization after their heat treatment in inert atmosphere. Journal of
Catalysis, 192, 363-373.

Alvim-Ferraz, M.C.M. and Gaspar, C.M.T.B (2003). Micropore size distribution of
activated carbons impregnated after carbonization. Journal of Porous Materials,
10, 47-55.



101

Asiah, H. and Noor Khaidawati, M.S.(2005). Introduction to surface and colloid
chemistry. Johor:Universiti Teknologi Malaysia.

Auer, E., Freud, A., Pietsch, J. and Tacke, T. (1998). Carbons as supports for
industrial metal catalysts. Applied Catalysts A: General, 173; 259-271.

Azevedo, D.C.S., Araujo,J.C.S., Bastos-Neto, M., Torres, A.E.B., Jaguaribe, E.F.
and Cavalcante, C.L. (2007). Microporous activated carbon prepared from
coconut shells using chemical activation with zinc chloride. Microporous and
Mesoporous Materials, 100, 361-364.

Bandosz, J.T. (2006) Activated Carbon Surfaces in Environmental Remediation.

Academic Press.

Bennett, L.H., Cuthill, J.R., Mc Alister, A.J., Erickson, N.E. and Watson, R.E.
(1974). Electronic structure and catalytic behavior of tungsten carbide. Science,
184 (4136), 563-565.

Bertin, E.P.(1975). Principle and Practice of X-ray Spectroscopic Analysis. New

York Plenum Press.

Boonamnuayvitaya, V., Sae-ung, S. and Tanthapanichakoon (2005). Preparation of
activated carbons from coffee residue for the adsorption of formaldehyde.
Separation and Purification Technology, 42, 159-168.

Brzuzy, L.P. and Hites, R.A. (1996). Global mass balance for polychlorinated
dibenzo-p-dioxins and dibenzofurans. Environ. Sci. technol, 30, 1797-1804.

Cameron, D.S., Cooper, S.J., Dodgson, I.L., Harrison, B., and Jenkins, J.W. (1990).

Carbons as supports for precious metal catalyst. Catalysis Today, 7, 113-137.

Caturla, F., Molina-Sabio, M. and Rodriguez-Reinoso, F (1991). Preparation of
activated carbon by chemical activation with ZnCl,. Carbon, 29, 999-1007.


http://pubs.acs.org/cgi-bin/abstract.cgi/esthag/1996/30/i06/abs/es950714n.html
http://pubs.acs.org/cgi-bin/abstract.cgi/esthag/1996/30/i06/abs/es950714n.html

102

Chen, J.G. (1996). Carbide and Nitride Overlayers on Early Transition Metal
Surfaces: Preparation, Characterization, and Reactivities. Chemical Reviews,
96(4), 1477-1498

Claridge, J.B., York, A.P.E., Brungs, AJ., Green, M.L.H. (2000). Study of the
temperature-programmed reaction synthesis of early transition metal carbide and

nitride catalyst materials from oxide precursors. Chem. Mater., 12(1), 132-142.

Corella, J. and Toledo, J.M. (2002). Testing total oxidation catalysts for gas
cleanup in waste incineration at pilot scale. Ind. Eng. Chem. Res., 41,1171-1181

Daud, W.M.AW., Ali, W.S\W. and Sulaiman, M.Z. (2000). The effects of
carbonization temperature on pore development in palm-shell-activated carbon.
Carbon, 38, 1925-1932.

Daud, W.M.A.W and Ali, W.S.W. (2004). Comparison of activated carbon produced

from palm kernel shell and coconut shell. Bioresorce Technology, 93, 63-609.

Daud, W.M.AW., Ali W.S.W. (2004). Comparison on pore development of
activated carbon produced from palm kernel shell and coconut shell. Biosource
Technology, 93, 63-69.

Delannoy, L., Giraudon, J.-M., Granger, P., Leclercqg, L and Leclercqg, G. (2000).
Group VI transition metal carbides as alternatives in the hydrodechorination of

chlorofluorocarbons. Catalysis today, 59, 231-240.

Figueiredo, J.L. Moulijn. J.A. (2005). Carbon and Coal Gasification: Science and
technology. Springer.

Galiatsatou, P., Metaxas, M. and Kasselouri-Rigopoulou, V. (2001). Mesoporous
activated carbon from agricultural byproducts. Microchimica Acta, 136, 147-152.

Gao, L. and Kear, B.H. (1997). Synthesis of nanophase WC powder by a
displacement reaction process. Nanostructured Materials, 9, 205-208.



103

Gergova, K., Petrov, N. and Eser, S. (1994). Adsorption properties and
microstructure of activated carbons produced from agricultural by products by
steam activation. Carbon, 32, 693-702.

Heal, G.R. and Haines, P.J. (2002). Principals of Thermal Analysis and Calorimetry.
Royal Society of Chemistry.10-27.

Hagen, J. (2006). Industrial Catalysis: A Practical Approach. Wiley-VCH.

Houston, J.E., laramore, G.E. and Park, R.L (1974). Surface Electronic Properties of
Tungsten, Tungsten Carbide, and Platinum. Science, 185, 258-260.

Hu, Z., Srinivasan M.P., Ni, Y. and Shi, X.F. (2000). Mesoporous high surface area
activated carbon produced from coconut shell. Adsorption Science and
Technology:Proceedings of the Second Pacific Basin Conference, 269-273.

Hu, Z., Srinivasan M.P.and Ni, Y.(2001). Novel activation process for preparing

highly microporous and mesoporous activated carbons. Carbon, 39, 877-886.

Hussain, A. and Mohd Saiyudin, N.K.W. (2005). Introduction to Surface and Colloid
Chemistry. Monograph 1% ed. Universiti Teknologi Malaysia.

loannidou, 1. and Zabaniotou, A. (2007). Agricultural residues as precursors for
activated carbon production-A Review. Renewable and Sustainable Energy
Reviews, 11, 1966-2005.

Jankowska, H., Swatkowski, A. and Choma, J. (1991). Active Carbon. Poland: Ellis

Horwood.

Jaroniec M., Gilpin R.K., Rainier J. and Choma J. (1996). Characterization of
microporous carbons by using TGA curves measured under controlled conditions.
Thermochimica Acta, 272, 65-73.



104

Kawser Md., j. and farid nash, A. (2000). Oil Palm Shell as a source of phenol.
Journal of Oil Palm Research, 12 (1), 86-94.

Keller, V.,Cheval, M., Vayer, M., Ducros, R. and Maire G. (1991). Tungsten
carbides as substitutes of platinoids in heteogeneous catalysis. I. The effect of
surface composition on reaction of Methycyclopentane on tungsten carbides.
Catalysis Letter, 10, 137-148.

Khalili, N.R., Campbell, M., Sandi, G. and Golas, J. (2000). Production of micro-
and mesoporous activated carbon from paper mill sludge. 1. Effect of zinc chloride
activation. Carbon, 38, 1905-1915.

Kim, J.C. and Kim, B.K. (2004). Synthesis of nanosized tungsten carbide powder by
the chemical vapor condensation process. Scripta Materialia, 50, 969-972.

Kinoshita, K. (1987). Carbon, Electrochemical and Physicochemical Properties.

Wiley-Interscience.

Knozinger, H., Ertl, G and Weitkamp, J. (1999). Preparation of Solid Catalysts.
Willey-VCH.

Landau, M.V. (1997). Deep hydrotreating of middle distillates from crude and shale
oils.Catalysis Today, 36 (4), 393-429.

Lange N.A. (1985). Handbook of Chemistry. 13th ed. New York: McGraw Hill.
Lemaitre, J., Vidick, B. and Delmon, B.(1986). Control of the catalytic activity of
tungsten carbides. I: Preparation of highly dispersed tungsten carbides. Journal of

Catalysis, 99, 415-427.

Levy, R.B and Boudard, M. (1973). Platinum-like of tungsten carbide in surface
catalysis. Science, 181, 547-549.



105

Liang, C., Tian, F., Wei, Z., Xin, Q. and Li, C. (2003). The synthesis of
nanostructured W-,C on ultrahigh surface area carbon materials via carbothermal

hydrogen reduction. Nanotechnology, 14, 955-958.

Lua, A. C. and Guo, J (1998). Preparation and characterization of chars from oil
palm waste. Carbon, 36 (11), 1663-1670.

Lua, A.C.,, Lau, F.Y. and Guo, J. (2000). Preparation and characterization of
activated carbon from oil-palm shells. Sustainable Energy and Environmental
Technologies: Proceeding of the third Asia Pacific Conference, 425-429.

Lua, A. C.and Yang, T. (2004). Effect of activation temperature on the textural and
chemical properties of potassium hydroxide activated carbon prepared from

pistachio-nut shell. Journal of Colloid and interface Science, 274, 594-601

Lua, A.C. and Yang, T. (2005). Characteristics of activated carbon prepared from
pistachio-nut shell by zinc chloride activation under nitrogen and vacuum

conditions. Journal of Colloid and Interface Science, 290, 505-513.

Manocha, M.S (2003). Porous Carbons. Sadhana, 28, 335-348.

Marsh, H. and Rodriguez-Reinoso, F. (2006). Activated carbon. Elsevier.

Minkova, V., Razvigorova, M., Goranova, M., Ljutzkanov, L.and Angelova, G.
(1991). Effect of water vapour on the pyrolysis of solid fuels. 1. Effect of water
vapour during the pyrolysis of solid fuels on the yield and composition of the
liquid products. Fuel, 70, 713-719.

Mohanty, K., Das, D. and Biswas, M.N. (2005). Adsorption of phenol from aqueous
solutions using activated carbons prepared from Tectona grandis sawdust by
ZnCl; activation. Chemical Engineering Journal, 115, 121-131.



106

Molina-Sabio M. and Rodriguez-Reinoso F. (2004). Role of chemical activation in
the development of carbon porosity. Colloids and Surface A: Physicochem. Eng.
Aspects, 241, 15-25.

Morena-Castilla, C., Alvarez-Merino, M.A., Carrasco-Marin, F., and Fierro, J.L.G.
(2001). Tungsten and tungsten carbide supported on activated carbon: surface

structures and performance for ehylene hydrogenation. Langmuir, 17, 1752-1756.

Mowla, D., Do, D.D., Katsumi Kaneko. (2003). Adsorption of water vapor on
activated carbon: A brief overview. Chemistry and Physics of Carbon, 28, 230-
241.

Oatley, C.W. (1972). The scanning Electron Microscopy. Cambridge: Cambridge
University Press, 66-78.

Oxley, J.D., Mdleleni, M.M, and Suslick K.S. (2004). Hydrodehalogenation with
sonochemically prepared Mo,C and W,C. Catalysis Today, 88, 139-151.

Oyama S.T. and Keiffer R.(1992). Carbides. In: Kirk-Othmer. Encyclopedia of
Chemical Technology. 4th ed. New York: John Wiley & Sons.

Oyama, S.T. (1996). Chemistry of Transition Metal Carbides and Nitrides.Springer.

Patterson, P.M, Das, T.K, Davis, B.B. (2003).Carbon monoxide hydrogenation over
molybdenum and tungsten carbides. Applied Catalysis A:General, 251, 449-455.

Perego, G. (1998). Characterization of heterogeneous catalyst by X-ray diffraction
techniques. Catalysis Today, 41, 251-259.

Perez, M.C., Martinez de Lecea, C.S. and Solano, L.A. (1997). Platinum supported
on activated carbon cloths as catalyst for nitrobenzene hydrogenation. Applied
catalysis A: General, 151, 461-475.



107

Perez-Cadenas, A.F., Moreno-Castilla, C., Maldonad-Hodar, F.J. and Fierro, J.L.G.
(2003). Tungsten oxide catalysts supported on activated carbons: Effect of
tungsten precursor and treatment on dispersion, distribution, and surface acidity of

catalysts. Journal of Catalysis, 217, 30-37.

Ponec V., Knor Z. and Cemy S. (1974). Adsorption on Solid. Butterworth: London.

Putun A.E., Ozbay, N., Onal, E.P. and Putun, E. (2005). Fixed-bed pyrolysis of
cotton stalk for liquid and solid products. Fuel Process Technology, 86, 1207-
1219.

Prauchner, J.M. and Rodriguez-Reinoso. F. (2007). Preparation of granular activated
carbons for adsorption of natural gas. Microporous and Mesoporous Materials,
109, 581- 584.

Radovic, R.L. (2001). Chemistry and Physics of Carbon: A Series of Advances. CRC

Press.

Rao, P.K., Rao, K.S. and Padmasri, A.H. (2003). Transformation of
chlorofluorocarbons through catalytic hydrodehalogenation. CATTECH, 7(6),
218-225.

Ratna S.D.D, Abd. Rahim, Y., Zaiton A.M. and Vicinisvarri 1. (2005). Comparison
and physical characterization of various source of high surface area carbon
prepared by different types of activation. Simposium Kimia Analisis Malaysia
18.

Ratna, S.D.D., (2007). Preparation and characterization of tungsten carbide from

carbon of palm kernel shells. Universiti Teknologi Malaysia. Master Thesis.

Richardson, J.T. (1989). Principal of Catalyst Development. Plenum Press, New
York and London. 194,



108

Rodrigues, J.A., Cruz, G.M., Buglia, G., Boudart, M. and Djega-Mariadassou.
(1997). Nitride and carbide of molybdenum and tungsten as substitutes of iridium

for the catalysts used for space communication. Catalysis Letter, 45, 1-3.

Rodriguez-Reinoso, F. and Solano, A.L. (1989). Microporous structure of activated
carbons as revealed by adsorption methods. In: Thrower, A. (Ed.), Chemistry and
Physics of Carbon P, 21, 2-141.

Rodriguez-Reinoso F., Molina-Sabio M .and Gonzalez M.T. (1995). The use of
steam and CO; as activating agents in the preparation of activated carbons.

Carbon, 33, 15-23.

Rodriguez-Reinoso, F. (1997). The role of carbon materials in heterogeneous
catalysis. Carbon, 36 (3), 159-175.

Scott, R.P.W. and Perry, JA. (1998). Introduction to Analytical Gas
Chromatography. CRC press.

Soderstrom, G. and Marklund, S.(2002). The influence of bromine in the formation

of halogenated dioxins in combustion processes. Environ. Sci. Technol, 36, 1959.

Sourabh S., Pansare, Walter T., James G. and Goodwin Jr.(2007). Ammonia
decomposition on tungsten carbide. Catalysis Communications, 8, 649-654.

Stiles, B.A. (1987). Catalyst Supports and Supported Catalysts. Butterworths.

Stuart, B. (2004). Infrared spectroscopy: Fundamental and applications. John Wiley
and Sons. 71-94.

Suhas, P.J.M., Carrott, M.M.L., Carrott, R. (2007). Lignin-from natural adsorbent to
activated carbon: A review. Bioresource Technology, 98, 2301-2312.

Toth L.E. (1971).Transition Metal Carbides and Nitrides. New York: Academic

Press.



109

UNEP (2000) http://www.unep.org/ozone/pdf/Montreal-Protocol2000.pdf.

Vicinisvarri I., Abd. Rahim Y., Asiah H. and Ratna S.D.D. (2006). Preparation and
Characterization of Tungsten Catalyst on Activated Carbon. Proceding Annual

Fundamental Science Seminar.

Wachowski, L., Kirszensztenjn, P. and Foltynowicz. (2001). Ecological replament of
ozone—depleting substances.Polish Journal of Enviromental Studies, 10, 415-435.
Wayne, R.P. (2000). Chemistry of Atmosphere. Eds. T.J. International Ltd.
Padstow. Cornell.

Winterbottom, J.M., King, M.B. (1999). Reactor Design for Chemical Engineers.
CRC Press.

Xiao, T., York, A.P.E., Williams, V.C., Al-Megren, H., Hanif, A., Zhou, X., Green,
M. L. H. (2000). Preparation of molybdenum Carbides using butane and their
catalytic performance. Chem Mater, 12(12), 3896-3905.

Youssef, A.M., Radwan, N.R.E., Adbel-Gawad, I. and Singer and G.A.A. (2005).
Colloids and Surfaces A: Physicochem. Eng. Aspects, 252, 143-151.

Yu, H., Kennedy, E.M., Adesina, A.A. and Dlugogorski, B.Z. (2006). A review of
CFC and halon treatment technologies- The nature and role of catalysts. Catalysis
Survey from Asia, 10 (1), 40-54.

Yu, K., Gu, Z., Ji, R,, Lan-Lan, L., Ding, F., Zhang, C. and Liu, S. (2007). Effect of
pore size on the performance of mesoporous material supported chiral Mn(ll1)
salen complex for the epoxidation of unfunctionalized olefins. Journal of
Catalysis, 252, 312-320.

Zhong-rui, L., Yi-Lu, F., Jiang, M., Tian-duo, H., Liu, t. and Ya-ning, X. (2001).
Active carbon supported Mo-K catalysts used for alcohol synthesis. Journal of
Catalysis, 199, 155-161.





