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In this project, heterogeneous catalysts were synthesized and applied in various catalytic reactions which 
were biodiesel productions, monoglyceride production, selective catalytic reduction of NOx, photocatalytic 
degradation of phenol and productions of carbon nanotubes through simple and versati le method of 
catalytic chemical vapour deposition (CVD). Characterization of the synthesized catalysts was carried out 
using surface analyzer, XRD, FTIR, TGA, SEM and TEM. The characteristics of the catalysts were 
investigated in the selected test reaction and it has been proved that the performance of the new 
synthesized catalysts were correlated with the specific catalyst behaviors. The catalytic activity of the 
novel catalysts was assessed in terms of the level of conversion, product yield and selectivity, prior to the 
optimization of various reaction parameters including reaction temperature, reaction time, types of catalyst 
and catalyst loading. 

Abstrak Penyelidikan 
(Perlu disediakan di antara 100 - 200 perkataan di dalam Bahasa Malaysia dan juga Bahasa Ingge 
Abstrak ini akan dimuatkan dalam Laporan Tahunan Sahagian Penyelidikan & Inovasi sebagai satu c 
untuk menyampaikan dapatan projek tuan/puan kepada pihak Universiti & masyarakat luar). 

Dalam projek ini, mangkin heterogen telah disintesis dan diaplikasikan dalam pelbagai tindak balas dan 
bertindak sebagai pemangkin untuk tindak balas penghasilan biodiesel, monoglicerida, tindak balas 
penurunan bermangkin NOx, fotopemangkinan degradasi fenol serta penghasilan nanotiub karbon melalui 
kaedah tindak balas penguraian wap kimia bermangkin. Pencirian bagi mangkin yang telah disintesis telah 
dijalankan dengan menggunakan penganalisis permukaan, XRD, FTIR, TGA, SEM dan TEM. Ciri-ciri dan 
sifat-sifat mangkin tersebut telah dikenalpasti dalam pelbagai ujikaji tindak balas dan didapati sangat 
berkait rapat dengan peranan yang dimainkan oleh mangkin tersebut dalam tindak balas yang tertentu. 
Aktiviti mangkin ini telah dini lai dari seg i tahap penguraian, hasil dan produk tindak balas, serta melibatkan 
proses mendapatkan optimum parameter dalam pelbagai tindak balas termasuklah suhu dan masa tindak 
balas serta jenis dan jumlah mangkin yang digunakan dalam tindak balas tersebut. 
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Ringkasan dapatan Projek Penyelidikan 

In this project, advanced materials were synthesized and used as heterogeneous catalysts in various 
- -catalytic reactions including oleochemical synthesis, biodiesel production, carbon nanotubes productions 

and environment reactions. These catalysts were characterized for their physical, chemical and catalytic 
properties and correlations between these properties and their behavior in the selected reaction were 
established. Significant improvement in the catalytic process was achived using a novel functionalized 
mesoporous catalyst, ultrasonic-assisted process and certain surfactants. Process parameters involved in 
the reaction of production of biodiesel, monoglyceride, NOx reduction, photocatalytic degradation of phenol 
and production of carbon nanotubes were successfully optimized. The stabi lity of the catalyst materials 
under various reaction conditions were demonstrated and elucidated. 
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G. COMPREHENSIVE TECHNICAL REPORT 

This research focused on the development of various heterogeneous catalysts system 

:owards its utilizations in numerous field of applications in industrial processes. The 

)erformance of the catalyst was investigated in the selected catalytic reaction. These includes 

he production of biodiesel, selective catalytic reduction of NOx and S02, synthesis of carbon 

lanotubes (CNTs) and photocatalytic degradation of phenol. 

In this project, various catalyst based on MgO, CaO, BaO, SrO and other mesoporous 

naterial were synthesized at different weight loadings and applied for the production of 

liodiesel. The performance of the new-synthesized catalyst was evaluated through the level of 

onversion and yield of biodiesel's production. It can be deduced that for the unsupported 

atalysts, BaO showed the highest basicity and activity in the transesterification reaction. For 

le supported catalysts, KOH/SBA-15 produced the highest biodiesel yield due to the high 

urface area and straight mesoporous channels of the catalyst. The synthesized catalyst were 

1aracterized by using surface analyzer, XRD, FTIR, SEM and TEM. The characteristics of the 

3talyst were correlated with the specific behaviours of the catalysts in the transesterification 

laction. Various process variables such as temperature, catalyst loading and reaction time 

ere investigated. For this purpose, response surface methology was successfully employed to 

'edict the behavior of different catalyst under various conditions with high degree of accuracy. 

addition, the effect of applying different analytical method was studied for the improvement in 

lta accuracy for the conversion and yield in biodiesel production. The comparison between the 

fect of mechanical stirring and ultrasonic irradiation was investigated. As a results, ultrasonic 

adiation was found to improve the yield of biodiesel between 30 - 65%, depending on the 

talyst. Furthermore, the reaction time needed for achieving 95% yield was reduced from 2 

urs to just about 30 min. It was noticed that this problem was originated from the difficulty in 

tting phase separation after the reaction. The effect of the implementation of ultrasonic 

3diation on the temperature increase in the reactor was also studied. Utilization of ultrasonic 

~diation at higher amplitude will cause the higher tempature increase. The higher amplitude 

I cause the biodiesel yield to be increased to up to 95% in 30 min. 

Furthermore, the synthesized heterogeneous catalyst was also tested for the 

,noglyceride production through the esterification of glycerol with lauric acid. Thus, different 

3se transfer catalyst (PTC) based on clay (montmorillonite) were synthesized. Various 



, 

ocess variables including reaction temperature, ratio of glycerol to lauric acid and catalyst _ 

ading were investigated towards the conversion and selectivity of monoglyceride productions. 

)r the selective catalytic reduction of NOx, bimetallic catalysts of Cu-Zn/ZSM-5 was developed 

, incorporating copper (Cu) and zinc (Zn) onto ZSM-5 zeolite (Si/AI=40) using two different 

ethod of impregnation or ion exchange. Different orders of metal loadings which range range 

~tween 2 wt% and 14wt% was employed. Three reaction parameters of reaction temperature, 

e feed gas mixture of NO and iso-butane concentration was studied. Then, the synthesized 

metallic catalyst was wash coated onto a 400 cell per square inch (cpsi) ceramic monolith with 

diameter of 2.0 cm and a length of 6.0 cm. The catalyst were characterized using SEM, XRD, 

Irface analyzer, FTIR and ultrasonic treatment for washcoating adherence of catalyst coating 

Ito the ceramic monolith. As a results, it was found that the best metal incorporations were by 

Ipregnating the Cu and ion exchange the Zn with the optimum metal loading of Cu and Zn 

~re 6wt. % and 8wt. %, respectively. The best operating conditions were obtained from DOE 

udy showed that the utilization of gas mixture of 900ppm NO, 2000 ppm of iso-butane, 3 v/v 

of O2 and N2 was the optimum inlet gas concentration resu lted for the 90% of NO conversion 

th the used of powdered Cu-Zn/ZSM-5 catalyst with the operating temperature between 300 

~ and 400°C. Besides showing high catalytic activity, the monolithic catalyst was also stable 

r up to 72h with an activity drop of only 10% as well as low activation energy of +30.30 kJ/mol 

3S obtained for the reaction. 

addition, the objective of this research study is to develop a technology for simultaneous 

moval of S02 and NOx utilizing activated carbon (AC) synthesized from palm shell (PS). Thus, 

y-type sorbent (Palm shell activated carbon, PSAC) produced from palm shell for the 

TIultaneous removal of S02 and NO has been developed. The utilization of this abundant 

)mass waste presents an attractive alternative to the current sorption technologies in the 

arket. Palm shell was successfully converted into PSAC using physical activation method 

Insisting of N2 gas as the carbonization agent and CO2 gas as the activation agent. The 

:peri mental results of carbonization and activation of PS revealed that CO2 activation 

mperature, flow rate and retention time were the most important parameters influencing the 

laracteristics of S02 and NO sorption performance of the prepared PSAC. These tbree factors 

lowed significant effects on the BET surface area, total pore volume, burn-off, microposity 

Iction and carbon yield of PSAC. Regression models were successfully developed to capture 

~ correlation between the PSAC preparation variable to the responses. The models were 

litable and persistent to predict the responses from the fixed operating variables. As a results, 



it can be noticed that S02 was successfully removed by the prepared PSAC. In the preliminalY 
~~ - - ---

-preparation of PSAC, it was- found mat the prepared PSAC was not capable of removing NO 

gas simultaneously from the mixed simulated flue gas. Thus, the evaluation of adding various 

types of metal oxides to PSAC was done. Four types of metal which are nickel, ferum, 

vanadium and cerium were introduced. It was found PSAC-supported metal oxides exhibits 

good result in simultaneous removal of S02 and NO from the simulated flue gas. Among the 

impregnated metal oxides, PSAC-Ce showed the most promising adsorbent of both S02 and 

\10. The major adsorber process parameters affecting S02 and NO sorption activity of PSAC­

~e were studied. These includes feed concentration of S02 and NO, relative humidity (RH), 

;pace velocity (SV) and operating temperature. It was found higher SV reduced the S02 and 

~O sorption capacity because higher SV means lower adsorbent dosage. RH was also found to 

mhance S02 sorption capacity. This is owing to the reaction of S02 with water to produce 

i2S04 as by-product. In contrast, the NO sorption capacity dropped badly in the presence of 

umidity/water vapor in the operating system. This was due to low solubility of NO in water. For 

perating parameter effect, it was found that NO sorption enhanced as the temperature was 

3ised from 100°C to 250°C. For S02, the sorption capacity increased up to 150°C, beyond that 

Ie S02 soprtion decreased. Small amounts of NO in the feed could improve the sorbent 

:lpacities for S02, however further increasing the contents of NO in the feed strongly 

3creased the removal capacities of S02. The same phenomenon was observed for NO when a 

nail amount of S02 was introduced into the feed and vice versa. 

In the field of synthesis of carbon nanotubes (CNTs), a fundamental study was 

'nducted in developing effective catalysts for growing carbon nanotubes from natural gas by 

,plying a simple and versati le method of catalytic chemical vapour deposition of methane. 

lis research group has tai lor-made various types of carbon nanotubes, such as multi-walled 

rbon nanotubes (MWNTs), single-walled carbon nanotubes (SWNTs) and V-junction carbon 

notubes (Y-CNTs) through the ingenious catalyst development approach. Methane chemical 

)our decomposition process was studied with three active metal components which are nickel 

), cobalt (Co) and Iron (Fe). Carbon materials such as carbon molecular sieves (CMS) and 

ivated carbon (AC) having different surface properties from various sources were utilized as 

>ports with the objective of achieving CH4 conversion and synthesizing CNTs with different 

rphologies. CMS materials were considered with the aim of achieving better catalyst 

r ibution over their membrane-like molecular sieve pores to produce CNTs with very thin 

neter. It was observed from the studies that the impregnation of active metal components 



-.er the AC support led to the formation of CNTs with different morphologies. The catalyst 

nthesized with AC supports such as Ni/AC, Co/AC and Fe/AC, gave higher methane 

Inversions than CMS-based catalysts. The surface morphological studies confirmed that the 

etal particles distributions on AC surface was better than CMS. It suggested that the 

icroporous nature of AC surface was advantageous for the metal particle to accommodate on 

IpportS surface to facilitate the CH4 gas molecules to interact and get decomposed to form 

\ITs. Furthermore, it was found that the individual active metal like Fe, Co and Ni components 

3yed a significant role in methane conversion based on various process parameter such as 

Ilcinations temperature, reduction and reaction temperatures, gas flow ratio (CH4 :N2) and 

etal loadings. Different morphologies of CNTs with variation in diameter and thickness were 

>tained utilization of Ni/AC, Co/AC and Fe/AC catalysts. 

As mentioned earlier, chemical vapor deposition (CVD) is known to be one of the most 

omising ways for large-scale and cost effective production of CNTs as compared to other high 

)erating temperature processes. However, with the current commonly used batch-wise CVD 

'stem, the CNTs production rate is low and it is not cost effective from the economic point of 

ew. In th is research, the problem as aforementioned was overcome through design and 

brication of a horizontal rotary tubular reactor system which enables the continuous production 

. CNTs. The as-produced carbon deposits collected from the product reservoir were analyzed 

ith scanning electron microscopy, transmission electron microscopy, thermogravimetric 

lalysis, and Raman spectroscopy. CNTs were synthesized via catalytic decomposition of 

ethane over bimetallic Co-Mo/MgO catalyst which was tested earlier to be effective in the 

:ltchwise synthesis. In order to meet the increased demand for CNTs nowadays, new reactor 

)Own as rotary tubular reactor was fabricated for continuous production of CNTs. A new 

mtinuous processing method of CVD was successfully developed for mass production of 

NTs. The CNTs produced from the rotary tubular reactor possess the diameter distribution of 

2.8±4.2nm. The outlet carbon deposits have high purity of 81 .7%, high carbon yield of 446.4%, 

1d high selectivity toward the synthesis of CNTs rather than other kinds of carbon 

:lnostructures. 

In the area of photocatalysis, nano-Ti02 supported on activated carbon (AC) and silica 

el were successfu lly synthesized by sol gel and hydrothermal methods. The satisfactory resu lts 

f phenol photodegradation were obtained using the supported Ti0 2 produced in batch and 

j idized bed reactor. Modification of Ti02 photocatalysts by doping technique was also 



~mployed by immobilization technique to improve the photocatalytic degradation performance of 
---

ri0 2 photocatalysts. Doping of fluorine (F) and cerium (Ce) was employed to improve the 

lerfomance of Ti02 synthesized using sol gel and hydrothermal methods. Doping Ti0 2 with 

:erium was successfu lly used on the photocatalytic degradation of phenol under visible light 

egion in the batch reactor. Ti0 2-F photocatalysts performed excellently on the phenol 

legradation in the fluidized bed reactor. The performance of different nanostructured Ti0 2 (Ti02 

lanotubes) was also investigated in this project in order to improve the overall photocatalytic 

·fficiency, increase the surface area, and also the interfacial charge transfer rate on the phenol 

egradation in the batch reactor under UV region. Ti02-F and Ti02 nanotubes photocatalysts 

(ere immobilized onto quartz sand and silica gel to overcome the photocatalyst recovery 

roblem. 





PENYATA KUMPULAN WANG 

TEMPOH BERAKHIR 7/2011 
Status Projek : AKTIF 

Tajuk Projek CATALYST DEVELOPMENT ITS CHARACTERIZATION & POTENTIAL 

UTILIZATION FOR INDUSTRIAL PROCESSES No Projek (Agensi) : 

2011 19 Pusat Pengajian : Pusat Pengajian Kejuruteraan Kimia Tempoh Projek : 2007 I 10 -

No Akaun : 1001 I 814004 I 
Penyelidik ABDULRAHMAN MOHAMED 

Peruntukan Perbelanjaan Peruntukan 

Vot Keterangan Asal Tahun Lalu Semasa Tanggungan Belanja Jumlah Belanja Baki % 

11000 Gaji 201,600.00 $156,831.16 $0.00 $0.00 $42,612.29 $42,612.29 $2,156.55 0.00 

13000 Sumbangan Majikan 0.00 $67.85 $0.00 $0.00 $0.00 $0.00 ($67.85) 0.00 

15000 Lain-lain Emolumen 0.00 $500.00 $0.00 $0.00 $0.00 $0.00 ($500.00) • 0.00 

$201,600.00 $157,399.01 0.00 $0.00 $42,612.29 $42,612.29 $1,588.70 0.00 

21000 PERJALANAN DAN 25,000.00 $30,571.12 $0.00 $1,178.00 $5,731.86 $6,909.86 ($12,480.98) 0.00 
SARAHIDUP 

22000 PENGANGKUTAN 4,000.00 $0.00 $0.00 $0.00 $0.00 $0.00 $4,000.00 0.00 
BARANG-BARANG 

23000 PERHUBUNGAN 1,500.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,500.00 0.00 
DAN UTILITI 

24000 SEWAAN 6,000.00 $0.00 $0.00 $0.00 $0.00 $0.00 $6,000.00 0.00 

26000 BEKALAN BAHAN 5,000.00 $2,995.00 $0.00 $0.00 $0.00 $0.00 $2,005.00 0.00 
MENTAH 

27000 BEKALAN DAN 70,000.00 $55,203.83 $0.00 $20,248.69 $13,285.44 $33,534.13 ($18,737.96) 0.00 
ALAT PAKAI HABIS 

28000 PENYELENGGARA 25,000.00 $14,903.20 $0.00 $13,210.00 $8,240.00 $21,450.00 ($11,353.20) 0.00 
AN DAN 
PEMBAIKAN KECIL 

29000 PERKHIDMATAN 30,000.00 $11,371.14 $0.00 $8,490.00 $6,552.00 $15,042.00 $3,586.86 0.00 
IKTISAS DAN 
HOSPITALITI 

$166,500.00 $115,044.29 0.00 $43,126.69 $33,809.30 $76,935.99 ($25,480.28) 0.00 

35000 HARTA-HARTA 900,000.00 $849,995.65 $0.00 $1,118.00 $0.00 $1 ,11 8.00 $48,886.35 0.00 
MODAL LAIN 

$900,000.00 $849,995.65 0.00 $1,118.00 $0.00 $1,118.00 $48,886.35 0.00 



SENARAI NAMA PELAJAR 01 BAWAH GERAN RU (814004) 

I'ELAJAR YANG SEDANG MENJALANKAN PENYELIDIKAN-SARJANA 

Bil Nama Pelajar Sarjana/Dokt or Fa lsafah 

1 Seah Choon Ming Sarjana 

2 Norazuwana Shaari Sarjana 

3 Siti Sa lwa Hashim Sarjana 

4 Afriza l Admira l Sarjana 

5 Razea ly Anuar Sarjana 

'ELAJAR YANG SEDANG MENJALANKAN PENYELIDIKAN-DOKTOR FALSAFAH 

Bil Nama Pelajar Sarjana/Doktor Falsafah 

1 Lee Zhi Hua Doktor Falsafah 

2 Nurul Aini Md. Razali Doktor Falsafah 

3 Yeoh Wei Ming Doktor Falsafah 

4 Merhnoush Khavarian Doktor Fa lsafah 

5 Maedahossadat Mohammadi Doktor Fa lsafah 

6 Tri Yogo Wibowo Doktor Fa lsafah 

7 Pang Yean Ling Doktor Fa lsafah 

8 Ali Sabri Badday Doktor Fa lsafah 

9 Zahra Gholami Doktor Fa lsafah 

10 M uhammad Ayoub Doktor Fa lsafah 

11 Atheel Hassan Doktor Fa lsafah 

12 Nor Hasyimi Rahmat Doktor Fa lsafah 

13 Lilis Hermida Doktor Fa lsafah 

14 Hamed Mootabadi Doktor Fa lsafah 

ELAJAR YANG TELAH MENAMATKAN PENGAJIAN-DOKTOR FALSAFAH 

Bil Nama Pelajar Sarjana/ Doktor Fa lsafah 

1 Chai Siang Piao Doktor Fa lsafah 

2 Sumathi Suphasethu Doktor Falsafah 

3 Liu Wei Wei Doktor Falsafah 

4 Hossein Mazehari Doktor Fa lsafah 

5 Irvan Dahalan Doktor Falsafah 

6 Sivakumar Doktor Falsafah 

7 Babak Salamatinia Doktor Falsafah 



LIST OF PATENTS 

(l)lnternational Patent Application no: PCT/MY2008/000143 (2008) 

-A process for producing Carbon Nanotubes (CNTs) 

(2)lnternational Patent Application no : PI 201100 1090 (2011) 

- An Apparatus For Production Of Carbon Nanotubes And The Method Thereof 



Ullil V en')lll 

SAINS 
MALAYSIA _ 

ur Ref: 

ate: 

USMIINNOVI200(0)1003 

9 May 2011 

amakrishna Damodharan 
ASS International Sdn. Bhd. 
uite 8-7-2 Menara Mutiara Bangsar 
31an Liku, Off Jalan Riong 
3100 Bangsar 
uala Lumpur 

ear Sir, 

JTERNATIONAL APPLICATION NO.: PCT/MY2008/000143 

Pejabat Inovasi 
Innovations Office 

Innovations Office 
Building J06, 
Universitl Sains Malaysia, 
11800 USM, Penang, Malaysia. 
Tel: 6046533888/2616/3166 
Fax: 604 '653 4399 
http://www.usm.my/r&i 

ITLE OF INVENTION: A PROCESS FOR PRODUCING CARBON NANOTUBERS (CNTs) 

eferring to your letter received dated 4th April 2011, we are pleased to inform you that the 
niversity has agreed to proceed with the payment for the patent "A PROCESS FOR 
RODUCING CARBON NANOTUBERS (CNTs)". 

1e information regarding the product are 1isted below: 

• APPLICANT 
• AGENT'S FILE REFERENCE 

UNIVERSITI SAINS MALAYSIA 
R DIP 1607 IUS M/08-PCT IS L 

ttached is copy of the Purchase Order No: PSJPNP1000000000533 for your action . 

Ie would be grateful for your immediate response on .this matter. Thank you 

=nsuring a Sustainable Tomorrow" 

Jurs Sincerely, 

'ROFESSOR ZAINUL FADZIRUDDIN ZAINUDDIN) 
irector 
novations Office 

Professor Abdul Rahman Mohamed 
Schools of Chemical Engineering 
USM Engineering Campus 
14300 Nibong Tebal 
Seberang Perai Selatan 



Institute lor .I."'4IanO~clence Design 
OSAKA University 

From Prof. Tadashi Itoh 
Director 

Institute for N anoScience Design, Osaka University 
1-3 Machikaneyama Toyonaka, Osaka, 560-8531, Japan 

Tel:+81-6-6850-6506 
E-Mail: itoh@mp.es.osaka-u.ac.jp 

26103/2009 

To Prof. Dr. Abdul Rahman Mohamed 
School of Chemical Engineering, 
Engineering Campus, Universiti Sains Malaysia, 
SeriAmpangan, 14300 Nibong Tebal, 
Penang, Malaysia. 

Dear Prof. Abdul Rahman Mohamed, 

I am pleased to inform you on behalf of Institute for NanoScience Design, Osaka 
University to accept the appointment of Mr. Lee Kim Yang and Mr. Yeoh Wei Ming 

from 09/05/2009 to 2210512009 as visiting researchers. They can work on the TEM 

study of carbon nanotubes in the institute with our scientific staffs. 

We, Institute for NanoScience Design, understand that all expenses incurred in 

the travel (flight, accommodation, and insurance) will be paid from your research 

grant. Since you also agree that we will not be accountable to them for any 
accidents during their stay, we would like to ask them to join some travel 

insurance during their absence from your university. 

We hope that the students obtain good scientific results and enjoy the stay in 

INSD. 

Yours sincerely 

ckM~ 
Prof. Tadashi Itoh 



Memorandum of Understanding 
Bet\Yeen 

U niversiti Sains Malaysia 
11800 USM, Penang, Malaysia 

(hereafter referred to as "USM") 

And 

Institute for NanoScience Design 
Osaka University, Osaka 560-0043, Japan 

(hereafter referred to as ~'INSD") 
...... ~."' & .. --.. - - - - .... ----

INTENTION OF THE UNDERSTANDING 

This understanding is intended to establish the framework for und~rstaqdin4and 
cooperation between Universiti Sains Malaysia and Institute for NanoScience;.Desrgn in : 

f ... . . • • 

the areas of statT and student exchanges and the sharing of expertise, knowledge and--
information. i- . . ~ 

• \- I . . I 
f 
i 
I 

--~, -. 1 
-7 i 
-j 
{.~ ! 

." , ! 

OB.JECTlVES 

~~,:. i ! 
; , ' . ~ ~ ' .~ . ' i 
~'JvV~~.r~l 

The objectives of the understanding are as follows: 
~ . .-.' .;.i(f' ) ) .- , .... \ ... / ." 5 

• . " 
To promote cross-cultural exchanges between statl and students 'of \both~:~ 
institutions; .",:) 

.... AA 

., To enrich the academic and campus life of both institutions, as well ~s to " . ~ .. ~ 
provide support for academic and non-academic activities: ' ' .' .... -- ,.,~ 

3 To provide opportunities for faculty staff at USM and INSD to undertake joint 
teaching and research; and 

4 To promote the sharing of best practices and experiences. 

Pag.~ I of 4 



COMMITMENTS OF USM and INSD 

In Respect of Staff Exchange 

1 Both institutions will consult on a regular basis, the possibility of staff 
exchange in areas of teaching, research or administration. The period of the 
exchange will not exceed a year. 

2 Both institutions will ensure that the selected staff meets the appropriate work 
requirements as detennined and agreed upon by the two parties. It is also 
agreed that the intended exchange be made known to the host institution at 
least three months in advance. 

3 Where an exchange is affected, the salary, travelling and Hving expenses will 
be the responsibility of the institutions from which the exchange is made 
(hereinafter called "the home institution") unless otherwise negotiated. 

4 The institution in which the exchange is made (hereinafter called "the host 
institution") shall provide accommodation and set working conditions and 
privileges which are at least equivalent to those accorded to resident staff of 
that institution. 

5 Staff is expected to purchase health and travel insurance as required by the 
host country; they must present these documents and their translations to the 
host institution before departure from the home country. 

6 Each institution may nominate up to 1 of its staff members per year to 
participate in the exchange. 

7 The host institution will assist the exchange staff in dealing with 
administrative procedures inclusive of application for visa and other 
immigration matters. 

8 In the case of teaching and research staff members on exchange, advance 
understanding shall be made between the two institutions with respect to 
access to special facilities such as laboratories, dedicated equipment, and the 
like. 

9 The institution in which the exchange is made (hereinafter called "the host 
institution") shall not impose any bench fees for the attachment of staff. 

Page 2 of4 



In Respect of Associated Matters 

1 Both institutions agree to provide on "as needed" basis, orientation of staff in 
respect of language, culture, customs, and other life skills which may be 
necessary for the staff to obtain the maximum benefit from the exchange 
experience. 

2 All individuals on exchange under this understanding shall be subject to the 
laws of the host cOl.mtry and the legislation, in whatever form, governing the 
affairs of the host institution. 

3 Reciprocity will be ensured on a 3-year basis. 

4 Both USM and INSD acknowledge that the provision in this understanding 
represent their mutual intentions and commitment towards staff exchanges and 
sharing of information and facilities in accordance with the terms and 
conditions of this understanding, but this understanding is not intended to 
create any legal binding obligations nor contractual relationship between the 
parties. In the event that a separate legal understanding needs to be executed in 
relation to this, both parties may negotiate in good faith on the terms and 
conditions of a legal understanding to be executed at any other appropriate 
time. 

DURATION AND TERi'\1INATION 

This understanding shall be in force for a period of 5 years from the date 
of signatory by both parties and shall be renewable after re-negotiation 
procedures have been completed. 

2 Either party shall be competent to terminate the understanding on giving at 
least six months prior notice to the other party in writing. However, the 
termination of this agreement shall not affect the implementation of the 
collaborative activities established under it prior to such termination. 
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- -----

COOPERATION UNDERSTANDING 

In Witness Whereof the parties have set their res.pective hands on this 
understanding. 

UNIVERSITI SAINS MALAYSIA 

Dzulkit1i Abdul Razak 

Vice Chancellor 

Date 
'\ ' ( ' "ID(i) ,/·-rr l > i U 

INSTITUTE FOR NANOSCIENCE DESIGN 
OSAKA UNIVERSITY 

by 

J~ J;6tJL. 
Tlli,1ashi Itoh 

Director 

Date 



-1J..'"JIiNS 
------- H 0 ~ D / ,.. G SON 8 H J;) (CO. No. 473883-Hl 
iV\'!!dly U;,I1ff l / b.1i lhm'ff'iltl ,';a fll_~ Aliiim;.., ht Pulm, " llIanX S-1,1f,. v,ill l 

21 Januari 20 11 

KEPADA SESIAPA YANG BERKENAAN 

Pengesahan Penglibatan Dalam Kerja Perundingan 

Dengan hormatnya saya m erujuk kepada perkara di atas. 

ANNIVERSARY 
199-:iJ - 200Q 

2. Dengan ini saya mengesahkan bahawa Prof. Dr. Abdul Rahman 
Mohamed daripada Pusat Pengajian Kejuruteraan Kimia, Universiti 
Sains Malaysia terlibat di dalam kerja perundingan dengan projek 
syarikat seperti yang berikut:-

Pelanggan 
Tajuk 

Nilai 
Tempoh 
Jawatan 

Sekian, terima kasih. 

Yang benar, 

Pengurus Kumpulan 

Felda Palm Industries Sdn Bhd 
Research and Development of Biogass 
Scrubbing System Using Activated Carbon 
From Palm Kernel Shell. 
RM452,688.65 
12 bulan (1/ 9/10-31 / 8 / 11 ) 
Perunding 

Kewanga..'1 & Pembangunan Perniagaan 

, n! "' :v ~ I 1 R I p ' n 



--"'-J;::1\"~ 
--.::::-....:.' 

PEJABAT PENGURUSAN DAN KR~l"IVITI PENYEUDI~ 
RESEARCH CREATIVI'TY AND MANAGE:Me:NT OFFICE 

Ptofesor Abdul Rahman Mohamed 
Pusat Pengajlan Kejuruteraan K1mla 
Unlver.>iti Salns Malaysia 
!Campus Kejuruteraan 
14300 Nlb0n9 Tebal 
PULAU PINANG 

Toon, 

PRQJEK PENYB.lDlKAN PEMBIAYAAN MALAYSIAN TECHNOLOGY DEVELOPMENT 
CORPORATION SON BHD [MTDC] 

oengan segala hormC'ltnya perkara dlatas dlrujul(. 

Sukadta dlmaklumkan bahawa projek penyelldlkan tuan dlatas tajuk NSingle Step Pl-04uction of Qrion 
Nrmotubes ami. ay~gm from NlCturtd G4IN tefah dJlulusJcan ger~m sebanyak RN.z,:uq,oW.OO oleh 
MC'llay$lan Technology Development Corporation Sdn. 8hd. [MTDC]. SelanJutnya untuk tahun 2008, plhak 
MTDC telah meogagihkan peruntu\can sebanyak RM9S0,OOO.OO bagl .tuan menjalankan penyellcllkan 
[Dilmnpir1can maklumat pl!runtukiVI !/Q1tg dilulu6kan untuk p.eriuztilm tultnJ. Untuk makluman tuan, sejumlah 
RMl00,OOO.OO telah ditolak darlpada pefUntukan pertarna bagi tujuan 'Marfcet SUryey Cost'dan 'Legal 
Fee~ Dengan Inl, Jumlah pembayaran tahun pertana tuan bernJlal RMSSO,sOO.OO. Tempoh projek 
untuk 36 bulan (3 tahun) mulal 15 Mac 2008 sehingga 14 Mac 2011, Sila kemukakan IIglOOn perunwkan 
ke ReMO untuk tlndC'lkan selanjutnya. 

HC'lrap maklum, selaras dengan keput:usan Jawatankuasa EksekutIt Nalb caoselor pada 17 Mac 200S yang 
mana tel~ dimaklumkan kepada semua melalui memo RCMO bertarikh 13 Julal 2005 bahawa 2.50/0 
darlpada RMBSO/BOO.OO atau RH21,270.00 akan dlkenakan caj pertchldmatan, 

Sila ambll perhatlan, akaun projek akan dlbulca oJeh Jabatan Bendaharl dan nombot' Inl akan dlmaklumkan 
kepada tuan. SlIa rUjul< tajuk dan nombor projek lni dalam surat menyurat kepada kami. 

seldan, rerlma kaslh. 

"'BERKHIDMAT UNTlJK NEGARA'" 
"Bertil4ing 4.~ pmngk4t Duma : KomUmen 1(~M' 

s.1e. Y. Brs. Profesor Asma Ismail 
limbalan Nalb OsnseJor 
[Penyelldlkan & Inovasij 

Endk Ismail Jamaluddln 
Ketua PenolOI'l9 Bendahari 
Jabatan Bendaharl 
Kampus Kejuruteraan USM 

.. 

] 
Puan Ansuya alp Narhari J 
Penolong Bendaharl 
Unit KtmpulQn Wang Penyelidikan 
Jabatan Bendaharl ---""'" 

CANSELORI 
11 800 USM, Pl,llau Plnang. Malaysia 

Pohon kttjasama tuan untuk 
mt:mbuk4 akaun projek 

Tel; (6)04-6533Saa ext. 2725 / 3895 / 31 78 1 3194 / 3989 1 39S9; Fall: (6)04-656 $466 1 (6)04-656 8470 
E-mail ;dvc_rd@lnotes.l.Ism.my ." . " 



Appendix I 

UNIVERSITI SAINS MALAYSIA 

(a) (b) (c) dl:a-( 
Amount 

Coat 0' Logal Amount c r1TLE Approved 
(RM) Year 1 Market Fee (RM) front Pay 

Budget (RM) Surve.y (RM: 
(RM) 

Development & Production of 
I Innovative Biomaterial for 5,769,500 3,553,500 95,000 5,000 3,45: 

Developing Countries 

I Innovative Technology for the 2,987,500 2,149,500 95,000 5,000 2,041 Produetion of (S)-Ibuprofen 

Development and Production 
of OilZob - A Novel and 1,989,000 1,290,000 95,000 5,000 , 1,19( Reactive Oil Adsorbent from 
Various Rubber Wastes 

Enzymatic Deinking a an 
Environmental Friendly 1,601 ,500 .1,018,000 95,000 5,000 9H Solution for Recycling of 
Printed Waste Papers 

Development & Produotion of 
Dense Hydroxyapatite for 7,598,500 3,432,480 , 95,000 5,000 3,332 
Bone Graft Substitutes 

) 
Single-step Production of 

950,800 95,000 5,000 850 Carbon Nanotubes and 1,340,000 
Hydrogen from Natural Gas 

Development & Production of 1,625,000 1.149,500 95,000 5,000 1,049 Nitrocellulose Membranes 

Development & Production of 1,440,000 910,000 95,000 ' 5,000 810 
Bioconjugates 

:lTAL 24,351,000 14,453)780 760~OOO 40,000 13)653, 



MEMORANDUM OF UNDERSTANDING 

BETWEEN 

FELDA PALM INDUSTRIES SDN BHD 

AND 

UNIVERSITI SAINS MALAYSIA (USM) 

IN REGARDS TO THE RESEARCH & 
DEVELOPMENT OF BIOGAS SCRUBBING 

SYSTEM USING ACTIVATED CARBON FROM 
PALM KERNEL SHELL 



_ This_Memorandum of UnderstandingjMOU) is made on \) ~qy(l.~,\~& 2010 

3etlJVeen, 

=ELDA PALM INDUSTRIES SON. BHD (Company No.359584-V) with its registered 
3.ddress at Level 4, Balai Felda, Jalan Gurney Satu, 54000 Kuala Lumpur, Malaysia 
:"FPISB") 

l\nd, 

UNIVERSITI SAINS MALAYSIA, which is represented by School of Chemical 
Engineering, Universiti Sains Malaysia, Engineering Campus, 14300 Nibong Tebal, 
Pulau Pinang. 
(UUSM") 

WHEREAS: 

1. FPISB is a palm oi l mi ll processing company involved in the milling and 
processing of fresh oil palm fruits and crude palm oil ; 

2. USM is a public university with interests in research activities and which 
functions to carry out and have the charge, conduct and management of any 
property, project, scheme or enterprise, beneficial and advantageous to USM; 

3. FPISB and USM wish to collaborate in the research activities in the area of 
cleaning and improvement of biogas made from palm oil mill effluent (POME) 
subject to the terms and conditions appearing hereinafter (the 
"Collaboration") . 

NOW IT IS HEREBY UNDERSTOOD AS FOLLOWS:-

. . ". '~...., 

I .-. . : ~:' ~~ I 
, _____ ,,_ l 

1. 

1.1 

PRINCIPLES OF COLLABORATION :'~;:':0{~~---::'-=-':::::- ~ \ 

This MOU lays the Ioundation for a broader, co-sponsored progr~~;~~:-_:'ff:~" i 
would Improve effICIenCIes and avoId redundant research actlvltly§ .... :~~Q" '" ~,~ , 
expedite the commercialization of university research findings and Prol;,~UJ~JS~ ~j' I 

1.2 

through leveraging resources and capabi lities within each organization. G) c o '~i I 

The principles of the Collaboration center on the following aspects: ~:'1- :, _ $1 
111\ \ -y J I I \~ ? ! 

Research, improve and develop a new technology in the biOgif.st:v"'''-''~~i 
cleaning field with focus on pollution prevention and gr~~~'"r},! ?If> S 
engineering; ~ ~ ;j~~ < 

i '7: ;; c,;.;:;=.;, '7 \ 

Application of the Research and Development Fund of USM;' r- ~~[~,~:,~ :,~:~.~ tq t ~ 
-< (-

_ .. \ ,:. tC~: . :~~·l (f \ ?' 

~·~~J:.:·;:~~~~~,/v:J:~ 

a. 

b. 

2 



c. Exploration of Rotential commercial uses of the research findings in the-­
field of effluent treatment suitable for POME biogas and new 
technology that comply with the Environmental Quality Act 1974 and 
related laws to provide better solutions for the protection of 
envi ronment and biogas usage; and 

d. Identify any potential intellectual property rights which may arise out of 
or as a result of the Collaboration. For the avoidance of doubt, Parties 
agree that the details of such intellectual property matters shall be 

; mutually discussed and addressed in a separate definitive agreement. 

1.3 Further details in relation to the extent of the Collaboration, the nature, extent 
and depth of the areas of Collaboration as stated in Clause 1.2 are issues that 
wi ll be jointly and mutually discussed and agreed upon between USM ;;md 
FPISB during the course of this Collaboration. . 

1.4 This MOU intends to set a path for the development of an agreement for more 
permanent collaboration. The respective rights and obligations of the Parties 
shall be defined in the future definitive agreement which shall supersede this 
MOU and all other communications between the Parties with respect to the 
Collaboration. 

1.5 This MOU does not commit any of the Parties to provision of any resources 
but is a mutual understanding between the Parties to pursue a collaborative 
and coordinated effort in the specified areas set out in Clause 1.2. 

1.6 Notwithstanding Clause 1.5 above, each party shall bear the costs of 
performing and observing its own obligations under this MOU without charge 
to the other party. 

2. INTENTIONS OF THE PARTIES 

The Parties hereby agree that the essential features of the Collaboration shall be: 

2.1 The Parties possess the relevant technology and know-how in relat ion thereto 
and are wi lling to provide all such technical and business expertise as may be 
required for the implementation of the Collaboration. 

2.2 The Parties wish to explore business opportunities of mutual interest and in 
connection with these opportunities, each Party may disclose to the other 
certain confidential technical and business information which the disclosing 
party desires the receiving party to treat as confidential. 

3 



- 3. - ROLES OF PARTIES 

3.1 Roles of FPI are as follows:-

':.-

a. Liaise with the MTDC relating to the application of Commercialization 
Research and Development Fund (CRDF) for Biogas Cleaning 
Technology; 

b. Coordinate all contracts and communications with the MTDC relating to 
the procurement of the Biogas Cleaning Technology; 

c. Provide team members for the procurement of the Biogas Cleaning 
Technology; 

d. _ Provide a sufficient number of competent personnel to assist in the 
effective and timely Biogas Cleaning Tec.hil610gy report ("Report") as 

. necessary and to carry out any of the activities undertaken pursuant to this 
MOU' ' ' , 

e. Ensure the personnel selected are sufficiently competent to conduct the 
Biogas Cleaning Technology; - , 

f. Engage employees / team members, / assistant consultant needed to 
perform works i.e. collecting data, sampling, literature review etc.; 

. -, 

g. Plan and implement work schedule for the Biogas Cleaning Technology; 
and 

h. Prepare Biogas Cleaning Technology Report. 

3.2 Roles of USM are as follows:-

a. Provide registered consultant and related expertise; 

b. Provide Guide Assistant Consultants for the Biogas Cleaning 
Technology; 

c. Provide relevant technology for the Biogas Cleaning Technology; 

d. Advise FPISB on all elements or aspects of proposal information for 
Biogas Cleaning Technology; 

e. Prepare the scope of work or Term of Reference (TOR) for Biogas 
Cleaning Technology; 

f. Examine and approve the design of the Biogas Cleaning Technology 
before the submission to the Department of Environment (DOE); and 

g. Provide the know-how, knowledge, technical assistant and expertise. 

4 
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- 3.3 The joint roles of FPISB and USM are as follows:-

a. Attend the Biogas Cleaning Technology approval meeting; 

b. Be responsible for and accountable to the Biogas Cleaning Technology 
design project; 

c. Resolve any issues related to the Biogas Cleaning Technology or 
Report; and 

d. Ensure that every action or activity undertaken pursuant to this MOU is 
conducted according to the laws of Malaysia. 

3.4 _ Each party will appoint an individual to serve as the official contact and 
, coordinate the activities of each Party in the performance of this MOU. The 

initial appointees of each Party are as fol low:-

FPISB:-

For Technical and Management Aspects: 

i. Encik Mokhtar Bin Mat Min (Ie no: 570309035637) 

iL Encik Zakaria Bin Salam (IC no: 590905055229) 

iii. Encik Zainuri Bin Busu (IC no: 730607085077) 

For Administrative and Contractual Matters: -

Encik Ismai l Bin Hasan 
(CEO/Senior Executive Director) 

USM :-

For Technical Aspects: 

L Prof, Subhash Bhatia (P. no: F9293351) 

ii. Prof. Bassim H. Hameed (P. no:G1833936) 

iii. Assoc. Prof. Lee Keat Teong (IC no: 770326076031) 

iv. Dr. Irvan Dahlan (P. no: R831504) 

v. Dr. Sumathi Sethupathi (IC no: 780622085310); 

For Administrative and Contractual matters: 

Abdul Rahman Mohamed (I/C NO: 640114075779) 
(Professor, Universiti Sains Malaysia) 

5 



4. RELATIONSHIP OF THE PARTIES 

4.1 Nothing in this MOU shall be deemed to constitute, create, give effect to or 
otherwise recognize a joint venture, partnership, or formal business 
relationship of any kind, and the rights and obligations of the Parties shall be 
limited to those expressly set forth herein. Nothing contained in this MOU 
shall be construed as providing for the sharing of profits or losses arising out 
of the efforts of either or both Parties. 

5. LIMITATION 

5.1 This MOU is. neither a f iscal nor funds obligation document. Nothing in this 
MOU authorizes or is intended to obligate the parties to 'expend, exchange, or 
reimburse funds, services, or supplies, or transfer or receive anything of 
value, or to enter into any contraCt, assistance MOU,inter-agency MOU, or 
other financial obligation. . 

5.2 Any endeavor involving reimbursement or contribution of funds between the 
parties to this MOU will be handled in accordance with applicable laws, 
regulations, and procedures, and will be subject to separate ' subsidiary 
agreements that will be made in writing by representatives/appointee of both 
parties. 

5.3 This MOU in no way restricts either of the parties from partiCipating in any 
activity with other public or private agencies, organizations, or individuals. 

5.4 This MOU does not direct or apply to any person outside FPISB and USM. It 
is strictly for internal management purposes for each of the parties. 

6. CONFIDENTIALITY 

6. 1 Maintenance of Confidentiality: Each party agrees that it shall take 
reasonable measures to protect the secrecy of and avoid disclosure and 
unauthorized use of the Confidential Information of the other party. Without 
limiting the foregoing, each party shall take at least those measures that it 
takes to protect its own most highly confidential information and shall ensure 
that its employees who have access to Confidential Information of the other 
party have signed a non-use and non-disclosure agreement in content similar 
to the provisions hereof, prior to any disclosure of Confidential Information to 
such employees. Neither party shall make any copies of the Confidential 
Information of the other party unless the same are previously approved in 
writing by the other party. Each party shall reproduce the other party's 
proprietary rights notices on any such approved copies, in the same manner 
in which such notices were set forth in or on the original. 
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~.2 No Warranty: All confidential- information is provided "As Is". Each party-­
makes no warranties, express, implied or otherwise, regarding its accuracy, 
completeness or performance. 

6.3 Return of Materials: All documents and other tangible objects containing or 
representing Confidential Information which have been disclosed by either 
party to the other party, and all copies thereof which are in the possession of 
the other party, shall be and remain the property of the disclosing party and 
shall be promptly returned to the disclosing party upon the disclosing party's 
written request. 

7. TERM AND TERMINATION 

7.1 The term of this MOU is for a period of three (3) years from the effective date 
of this MOU unless otherwise terminated pursuant to Clause 7.2 below. 

7.2 Either party may terminate this MOU by giving a thirty (30) days written notice 
to the other party without penalties or liabilit ies. 

8. VARIATION 

Any provision of this MOU may be amended or modified by mutual consent between 
the Parties and such amendment/modification shall be in writing and signed by the 
duly authorised representative of the Parties. 

7 



IN_WITNESS WHEREOF this Memorandum of Understanding has been executed by 
the Parties the day and year first abovestated 

Signed by 
for and on behalf of 
FELDA PALM INDUSTRIES SDN BHD 

Witnessed by: 

~~§i~~~~~ ......................... . 
Signed by 
for and on behalf of 
Universiti Sains Malaysia 

• 

Witnessed by: 

Professor Tan Sri Dato' Dzulkifli Abdul Razak 
(Vice-Chancellor, Universiti Sains Malaysia) 

/Kf2: .• /L._- .. 
............. ~ ........... ............................. . 

Name: Professor Abdul Rahman Mohamed 
NRIC No.: 640114075779 
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SCOPE OF WORK 

1. Palm shell activated carbon (PSAC) made from steam activation will be prepared and 

tested as a comparative to CO2 activated PSAC. The steam activated PSAC is tested 

for future production of PSAC in the current palm oil plant. 

2. A lab scale adsorption experimental set-up for the removal of H2S from a simulated 

biogas wi11 be designed. 

3. The lab scale adsorption experimental set-up will be fabricated and modified 

accordingly to fit the existing flue gas experimental rig. 

4. The feasibility of the prepared PSAC made from C02 and steam activation will be 

tested to remove H2S from biogas. 

5. Modification will be done onto the PSAC to further enhance the removal ofH2S from 

biogas if needed. 

6. The process parameters for H2S removal using PSAC will be optimized. 

7. A complete characterization will be done onto the optimized PSAC. 

8. Finally a complete design ofbiogas cleaning pilot plant (blue print) using PSAC as an 

adsorbent for the removal of H2S from POME biogas will be proposed. 

a. Technical advice will be given regarding the design proposed. 

b. Technical guidance will be given to the contractors during the construction 

of the plant. 

c. Technical support will be given during the commissioning of the plant. 

,A 



ITINERARY 

Activity 1: Literature review 
Activity 2: Modification and establishing equipment 
Activity 3: Equipment set-up and preliminary experimental work 
Activity 4: Experimental work and data collection 
Activity 5: Analysis of experimental results 
Activity 6: Pilot plant design and research report 

Month (September 2010 - September 2011) 

Description 

Activity 1 

Activity 5 

Activity 6 

2 3 4 5 6 7 8 9 10 11 12 

EXPECTED BUDGET RELEASE FROM FELDA 

Month Amount Released Total Relesed 

(RM) (RM) 

1-3 200,000.00 200,000.00 

4-6 100,000.00 300,000.00 

7-9 100,000.00 400,000.00 

10-12 52,688.65 452,688.65 
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2. Kerjasama tuan untuk mengembalikan Sorang Perakuan Geran seperti di Lampiran A 
dan Sorang Agihan Peruntukan seperti di Lampiran B dalam tempoh 2 minggu dari tarikh 
surat ini amatlah dihargai. Jika tiada maklum balas dalam tempoh tersebut, Sahagian 
Penyelidikan & Inovasi menganggap tuan tidak berminat untuk menerima tawaran geran ini. 
Bersama-sama ini disertakan garis Panduan Umum Geran Penyelidikan Fundamental (FRGS) 
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"BERKHIDMAT UNTUK NEGARA" 
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May 2011 

l~ " . TOTAL APPROVEO, .• 
rsES !CATEGORY . ,'" :"' .-'!;.,..{\ '. < SUDGfEi'(RM) 
IOO-SalarV:& AllowanceJGaji & /Jpahan) >< ' ", 
1 Elaun (Staf Projek) I 201,600.001 

100- Travelling Expenses (Perbe/anj aan Perjalanan & Sara Hidup) 
gkutan/Hotel/Sara Hidup I 25,000.001 
31 I 25,000.00 I 
100- Transportation (Pengangkutan Barang-barang) 
gkutan Barang-Barang I 4,000.00 I 
31 I 4,000.001 

100-Communication and Utilities (Perhubungan dan Utiliti) 
lefon, Faksimili 1,500.00 

'00- Rentals (Sewaan) 
I I ~~OOI 
II I 6,000.001 
100- (Bekalan Bahan Mentah) '" 
I Bahan Mentah I 5,000.00 I 
II I 5, 000.00 I 

TQTAL CUMUl.:ATIVE . ;BALANCE OF THE ~r ·" 
EXPENDIT(JR~dRM), I :\~ij GRANT (RM) .• ,," \"-' 
"! .' ,,- .• ,. .' " :" 

199,800.001 1,800.001 
199,800.001 1,800.001 

"C. .G' , 

40,000.001 -15,000.001 
40,000.00 1 -15,000.00 1 

, '-
0.001 4,000.00 1 
0. 001 4, 000.00 1 

0.00 1,500.00 1 
0.00 1,500.00 

,', 

0.00 1 6, 000.00 1 
0.001 6, 000.001 

2,995. 001 2,005.00 1 
2,955.001 2, 005.00 1 

100-' Consumables & Supplies for Research (Bekalan Bahan untuk Penyelidikan) , 
, & Alat Pakai Habis I 70,000,00 I . 73,339.25 1 -3,339.25 1 
II I 70,000.00 I 73,339.25 1 -3, 339.25 1 

'00- Maintenance & Repairs (Upah Penye/engaraan & Pembaikan Kecil ) " 
~an Kecil I 25,000.001 34,033,201 -9,033.201 
II I 25,000.00 I 34,033.20 I -9,033.20 I 

.>:, 

. ".r,: 

i()O-Special/Professional Services/Other Services & Hospitality rPerkhtdmatan Ikhtisas & Perkhidmatan Lain .yang Dibeli'dan Hosoitaliti) 
l1atan Iktisas, Perkhidmatan Hospitaliti I 30,000.001 18, 173.14 1 11,826.861 
II I 30,000.001 18, 173.14 1 11,826.861 
.00- Equipments (Harta Modal- Harta 
;ang lain) ,>' ~ 

odal 
II 

i7.85) 
;00.00) 
em (2,600,00) 

900,000,00 
900,000.00 

1,268,100.00 

851, 113.65 48, 886.35 
851, 113.65 48,886.35 

1,219,454.20 50,677.95 

,~l 1 

1 

1 



~ 
LAPORAN PRESTASI GERAN UNIVERSITI 
PENYELIDlKAN 

I PROGRESS REPORT OF RESEARCH UNIVERSITY GRANT 
:7.UMVE"""7.~. ~'~RI~n~-SA~""""IN:-:::-S 7:"MAU":"':". :~_ ~7:,SIA~·-. ( SESSION 112008 ) 

Maklumat Projek :: Project Identification 

Tajuk Projek 
Project Title 

Pelantar ~enyelidikan 
Research Platform 

Tempoh Projek (ttbbhh) 
Project Duration (yymmdd) 

Tarikh Mula 
Start Date 

Tarikh· Dijangka Tamat 
End Date 

Tarikh Lanjutan Pertama 

Tarikh Tamat 

Ketua Projek 
Project Leader 

Ahli Projek 
Project Members (including GRA) 

: Cata lyst Development, Its Characterization And Potentia l Ut ilizat ion fo r Industria l 
Processes 

: PELANTAR PENYEUDIKAN KEJURUTERAAN & TEKNOLOGI 

: 001200 

: 10 / 10 / 2007 

: 9 / 9 / 20 10 

: 9 / 9 /20 11 

: 9 / 9 / 2011 

: PROFESOR ABDUL RAHMAN BIN MOHAMED 

: PROF MADYA AHMAD ZUHAIRI BIN ABDULLAH 
PROFESOR AZUNA BINTI HARUN @ KAMARUDDIN 
PROFESOR SUBHASH BHATIA 

;)eratusan Prestasi :: Achievement Percentage 

Prestasi projek mengikut penanda aras yang telah dicapai sehingga tempoh ini: 
Project progress according to milestones achieved up to this period: 

0 -25% 

ilasalah/ Kekangan :: Problems/ Constraints 

1) Laboratory modification at School of Chemica l Engineering USM caused a delay of up to 2 months to resea rch work. 
2) Difficulty in getting the optimum conditions for biod iesel production as the error in t he analysis was rather la rge. 
3) Minor modification was needed on the ult rasonic reactor of biodiesel production unit as leakage occurred at several parts. Few 
weeks of delay occurred as t he reactor was sent back to supplier for repair and modifica tion. It was back in operation end of March 
2008 . 
4) Difficulty in t he analysis of t he characteristics ofthe meso porous catalysts. Unreliable results ca used some of t he sample need 
to be retest ed. 

lembangunan Sumber Manusia :: Human Capital Development 

Human Capital Number 
On-Going Graduated 

Pelajar Doktor Falsafah 
PhD Student 
Pelajar Sarjana 
MSc Student 

1 1 

5 1 

6110/2011 1 



Pelajar Tahun Akhir - Sarjana Muda 
Underaraduate Final Year Project 
Pegawai Penyelidik 
Temoorarv Research Officer 
Pembantu Penyelidik 
Temoorarv Research Assistant 
Lain-lain (Sila nyatakan) 
Others (olease soecifv); 
Jumlah 
Total 

tutput Penyelidikan 
)urnal (Jurnal) 

Pengarang Utama 
(Main Author) 

:: Research Output 

: 790310-08-62 - Chai Siang Piao 

4 

Pengarang Bersama 
(Co ,Author ) 

: 640114-07-57 - Abdul Rahman Bin Mohamed 

I 4 

o 

1 

17 

Tajuk Artikel 
(Title of Article) 
Nama Jurnal 

: The Examination Of Nio And CoOx Catalysts Supported On Ai203 and SI02 For Carbon 
Nanotubes Production By Cata lyt ic Chemica l Vapor Deposition Of Methane. 

(Nam e of Journal) 

Periilgkat 
(Level) 

Jenis Jurnal 
(Type of Journal) 

Faktor Impak 
(Impact Factor) 

Bulan Penerbitan 
(Month of Publication) 

Tahun Penerbitan 
(Year of Publication) 

Jilid 
(Volume) 

Bilangan 
(Issue) 

Muka surat 
(Page Number) 

Penerbit 
(Publisher) 

fail berkaitan 
related file 

Pengarang Utama 
(Main Author) 

Pengarang Bersama 
(Co Author) 

Tajuk Artikel 
(Title of Article) 
Nama Jurnal 
(Nam e of Journal) 

Peringkat 
(Level) 

Jenis Jurnal 
(Type of Journal) 

Faktor Impak 
(Impact Factor) 

Bulan Penerbitan 
(Month of Publication) 

Tahun Penerbitan 
(Year of Publication) 

Jilid 
(Volume) 

: Carbon-Sc ience And Technology 

: Antarabangsa (Internatio nal) 

: Berwasit (Referred) 

:0 

: January 

: 2008 

: 1 

: 24-29. 

: Applied Science Innovations Pvt.Ltd,lndia 

: F92933-51 - Subhash Bhatia 

: 71 0914-11 -51 - Ahmad Zuhairi Abdullah 

: A Dsorption Of Butyl Acetate In Air Over Silver- Loaded Y And ZSM -5 Zeo lites: Experimental And 
Modelling Studies.. 

: Journal Of Hazardous Materials. 

: Antarabangsa (International} 

: Berwasit (Referred) 

:0 

: January 

: 2008 

611 0/2011 1 



(Issue) 

Muka surat 
(Page Number) 

- Penerbit 
(Publisher) 

fa il berkaitan 
related file 

Pengarang Utama 
(Main Author) 

Pengarang Bersama 
(Co Author) 

Tajuk Artikel 
(Title of Article) 
Nama Jurnal 
(Name of Journal) 

Peringkat . 
(Level) 

Jenis Jurnal 
(Type of Journal) 

Faktor I mpak 
(I mpact Factor) 

Bulan Penerbitan 
(Month of Publication) 

Tahun Penerbitan 
(Year of Publication) 

Jilid 
(Volum e) 

Bilangan 
(Issue) 

Muka surat 
(Page Number) 

Penerbit 
~Publisher) 

fa il berkaitan 
-elated file 

;)engarang Utama 
Main Author) 

rajuk Artikel 
Title of Article) 
~ama Jurnal 
Name of Journal) 

'eringkat 
Level) 

enis Jurnal 
Type of Journal) 

aktor I mpak 
'mpact Factor) 

ulan Penerbitan 
110nth of Publication) 

ahun Penerbitan 
'ear of Publication) 

lid 
lolume) 

langan 
ssue) 

uka surat 
age Number) 

merbit 
ublisher) 

il berkaitan 
ated file 

: 1-9 

: Elsevier 

: F9293351 - Subhash Bhatia 

: 710914- 11 -5 1 - Ahmad Zuhairi Abdullah 

: Catalytic Oxidation Of Butyl Acetate Over Silver-Loaded Zeolites. 

: Journal Of Hazardous Materials. 

: Anta rabangsa (International) 

: Berw asit (Referred) 

: 0 

: January 

: 2008 

:1 57 

: 480-489 

: Elsevier 

: - Ahm ad Zuhairi Abdullah 

: Improved loose contact diesel soot oxidation by synergic effects between metal ox ides in 
K20 -V20 5/ zsm -5 catalyst 

: Catalyst Communication 

: Antarabangsa (International) 

: Berwasit (Referred) 

: 2 .394 

: January 

:2008 

: 31 

: 1196- 1200 

: Publisher Elsevier 
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'engarang Utama 
Main Author) 

rajuk Artikel 
Title of Article) 
llama Jurnal 
'Name of Journal) 

'eringkat 
'Level) 

lenis Jurnal 
Type of Journal) 

~aktor Impak 
'Impact Factor) 

Bulan Penerbitan 
'Month of Publication) 

fahun Penerbitan 
~Year of Publication) 

lilid 
' Volum e) 

Bilangan 
':I ssue) 

Muka surat 
:Page Number) 

Penerbit 
(Publisher) 

fail berkaitan 
related f ile 
/' 
Tajuk Artikel 
(-Title of Article) 

Nama Jurnal 
(Name of Journal) 

Peringkat 
(Level) 

Jenis Jurnal 
(Type of Journal) 

Faktor Impak 
(Impact Factor) 

Bulan Penerbitan 
(Month of Publication) 

Tahun Penerbitan 
(Year of Publication) 

Jilid 
(Volume) 

Bilangan 
(Issue) 

Muka surat 
(Page Number) 

Penerbit 
(Publisher) 

fail berkaitan 
related file 

Tajuk Artikel 
(Title of Article) 

Nama Jurnal 
(Name of Journal) 

Peringkat 
(Level) 

Jenis Jurnal 
(Type of Journal) 

Faktor Impak 
(Impact Factor) 

: - Ahmad Zuha iri Abdullah 

: Selective catalytic reduction of nitric oxide in diesel engine exhaust over monolithic catalysts 
washcoated with bimetallic Cu-Zn/ZSM -5 

: Environment Asia Journal 

: Antarabangsa (International) 

: Berwasit (Referred) 

:0 

: January 

: 2008 

: Thai Soc iety iof Higher Education Institutes on Environment, Thailand . 

: Development of synergica l mixed metal oxides catalysts for the storage of nitric oxide (NO) 
from diesel eng ine exhaust. 

: Journal of Hazardous Materials 

: Antarabangsa (International) 

: Berwasit (Referred) 

:0 

: January 

: 2008 

: Biocatalytic este rification of citronellol with lairic acid by immobilized lipase on am inopropyl­
graphted mesoporous SBA-15 matrix. 

: Biochemical Engineering Journal 

: Antarabangsa (International) 

: Berwasit (Referred) 

:0 

6110/2011 1 



...,,,, .. ::1 ,, rCIiCI ulLdn 

(Month of Publication) 

Tahun Penerbitan 
(Year of Publication) 

Jilid 
(Volume) 

Bilangan 
(Issue) 

Muka surat 
(Page Number) 

Penerbit 
(Publisher) 

fail berkaitan 
rela ted file 

) 

/ 

/fajuk Artikel 
?;itle of Article) 

Na,ma Jurnal 
(Name of Journal) 

Peringkat 
(Level) 

Jenis Jurnal 
(Type of Journal) 

Faktor Impak 
(Impact Factor) 

Bulan Penerbitan 
(Month of Publication) 

Tahun Penerbitan 
(Year of Publication) 

Jilid 
(Volume) 

Bilangan 
(Issue) 

Muka surat 
(Page Number) 

Penerbit 
(Publisher) 

fa il berkaitan 
"elated file 

: January 

: 2008 

: Characterization and catalytic activity for selective catalytic reduction (SCR) of nitrogen oxides 
in diesel exhaust, 

: Journal of Hazardous Materials 

: Antaraba ngsa (International) 

: Berwasit (Referred) 

:0 

: January 

:2008 

oceeding CKertas PersidanQan - ProsidinQ) 

llama Seminar 
'Name of Seminar) 

rajuk Kertas Kerja 
Title of Paper Work) 

'eringkat 
Level) 

"empat Persidangan 
Place of Conference) 

legara 
Country) 

'arikh Mula Persidangan 
Start Date) 

'arikh Tamat Persidangan 
=nd Date) 

luka surat 
:Jage Number) 

Iii berkaitan 
elated file 

ama Seminar 
Jame of Seminar) 

: Proceedings of The International Co nferences on Environmental Resea rch and Technology 
ICERT 2008 

: ENERGY BALANCE IN PRODUCTION OF BIODIESEL. 

: Antarabangsa (International) 

: Pulau Pinang 

: MALAYSIA 

: 5/28/2008 

: 5/ 30/2008 

: Proceedings of the International Conferences of Environmental Research and Technology 
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Tajuk Kertas Kerja 
(Title of Paper Work) 

Peringkat 
lLevel)--

Tempat Persidangan 
(Place of Conference) 

Negara 
(Country) 

Tarikh Mula Persidangan 
(Start Date) 

Tarikh Tamat Persida nga n 
(End Date) 

Muka surat 
(Page Number) 

fa il berkaitan 
Related file 

Nama Seminar 
(Name of Seminar) 

Tajuk Kertas Kerja 
(Title of Paper Work) 

Peringkat 
(Level) 

Tempat Persidangan 
(Place of Conference) 

Negara 
(Country) 

Tarikh Mula Persidangan 
(Start Date) 

Tarikh Tamat Persidangan 
(End Date) 

Muka surat 
(Page Number) 

fail berkaitan 
Related file 

Nama Seminar 
(Name of Seminar! 

Tajuk Kertas Kerja 
(Title of Paper Work) 

Peringkat 
(Level) 

Tempat Persidangan 
(Place of Conference) 

Negara 
(Country) 

Tarikh Mula Persidangan 
(Start Date) 

Tarikh Tamat Persidangan 
(End Date) 

Muka surat 
(Page Number) 

fa il berkaitan 
Related file 

Nama Seminar 
(Name of Seminar) 

Tajuk Kertas Kerja 
(Title of Paper Work) 

Peringkat 
(Level) 

Te mpat Persidangan 
(Place of Conference) 

Negara 
(Country) 

: Proposed Biodiesel Production and Development Policy in Malaysia 

: Antarabangsa (International) 

: Pulau Pinang 

: MALAYSIA 

: 5/28/2008 

: 5/30/2008 

: Proceedings of the International Conferences and Exhibition on Composited Material and 
Nano -structure 

: Synthesis and Characterization of Oragnic-Inorganic Mesoporous Silica Prepared Through 
Silanation and graphted on Surface Silons 

: Antarabangsa (International) 

: Malacca 

: MALAYSIA 

: 8/5/2008 

: 9/7/2008 

: Proceedings of 2nd Penang International Conferences For Young Chemists In Conjuction With 
2nd 

: The Effect of Ultrasonic Irradiation on The Heterogeneous Catalysts For Biodiesel Production 
From Palm Oil 

: Antarabangsa (International) 

: Pulau Pinang 

: MALAYSIA 

: 6/18/ 2008 

: 6/20/2008 

: Penang International Conference For Young Chemists In Conjunction with 2nd 

: Comparison and Characterization of Different Solid based catalysts for biodiesel production of 
palm oil 

: Antarabangsa (International) 

: Pulau Pinang 

: MALAYSIA 
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• u. 1n.1I . ... "1(1 r't:n;ludngan 
(Start Date) 

Tarikh Tamat Persidangan 
(End Date) 

Muka surat 
(Page Number) 

fail berkaitan 
Related file 

I Nama Seminar 
(Name of Seminar) 

Tajuk Kertas Kerja 
(Title of Paper Work) 

Peringkat 
(Level) 

Tempat Persidangan 
(Place of Conference) 

Negara 
(Country) 

Tarikh Mula Persidangan 
(Start Date) 

Tarikh Tamat Persidangan 
(End Date) 

Muka surat 
(Page Number) 

fail berkaitan 
Related file 

Nama Seminar 
(Nam e of Seminar) 

Tajuk Kertas Kerja 
(Title of Paper Work) 

Peringkat 
(Level) 

Tempat Persidangan 
(Place of Conference) 

Negara 
(Country) 

Tarikh Mula Persidangan 
(Start Date) 

Tarikh Tamat Persidangan 
(End Date) 

Muka surat 
~Page Number) 

fail berkaitan 
~elated file 

: b/lt:!/2008 

: 6/20/2008 

: Proceedings of the International Symposium on Environmental Management. 

: Selective Catalytic Reduction (SCR) of nitric oxides in diesel exhaust over ZSM- S washcoated 
seram ic monolic cata lyts 

: Antarabangsa (International) 

: Tha iland 

: MALAYSIA 

: 9/ 22/ 2008 

: 9/ 23/ 2008 

: Proceeding Of the 2nd Penang International Co nfere nces For Young Chemists In Conjunction 
With 2nd 

: Mesoporous Silica Supported KOH as heterogeneous Solid base catalyst in TransesteriflCation 
process 

: Antarabangsa (International) 

: Pulau Pinang 

: MALAYSIA 

: 6/18/2008 

: 9/ 20/200 8 

Istract (Kertas Persidangan - Abstrak) 
Entry/Tiada Rekod 

ster (Kertas Persidangan - Poster) 

'engarang Bersama 
Co Author) 

.ain-Iain 
Others ) 

lama Seminar 
lIJam e of Seminar) 

ajuk Kertas Kerja 
Title of Paper Work) 

eringkat 
~evel) 

empat Persidangan 
)Iace of Conference) 

: 60 106086708 - Dr. Az lina Harun @ Kamarudin 

: - Umi Natrah Abdo l Karim 

: Penang International Conference For Young Chemists 

: Potential of Carbon Nanotubes as a Biocata lysts Support: A Review 

: Antarabangsa (Inte rnationa l) 

: USM 
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Negara : MALAYSIA 
(Country) 

Tarikh Mula Persidangan : 6/ 18/ 2008 
(Start Date) 

Tarikh Tamat Persidangan : 6/ 20/ 2008 
(End Date) 

Fail berkaitan : 
Related file 

)ok (Buku) 
) Entry/ Tiada Rekod 

lapter in Books (Bab dala m Buku) 
) Entry/ Tiada Rekod 

lesis (Tesis) 

Tajuk Tesis : Catalyt ic Decomposit ion Of Methane Into Carbon Nanotubes And COx- Free Hydrogen In a 
(Title of Thesis) Sing le Step Process 

Tahun dikeluarkan :2008 
(Year of Publication) 

Tarikh Penganugerahan : 1/ 1/ 1900 
I jazah 
(Date of Convocation) 
Universiti :USM J 

( University) 

Pusat Pengajian : P P KEJ KIMIA 
(School) 

Penyelia : Prof. Dr. Abdu l Rahman Bin Mohamed 
(Supervisor) 

Penyelia Bersama : Dr. Syarif Hussein Syarif Zein 
(Co-Supervisor) 

Fail berkaitan : 
Related file 

Tajuk Tesis : Bimeta llic Mono lithic Cata lyst for Selective Catalytic Reduct ion of NOx in Diese l Eng ine Exhaust 
( Title of Thesis) 

Tahun dikeluarkan : 2008 
( Year of Publication) 

Tarikh Penganugerahan : 8/ 14/ 2008 
Ijazah 
'(Date of Convocation) 
Universiti : USM 
(University) 

Pusat Pengajian : P P KEJ KIMIA 
(School) 

Penyelia : Dr. Ahmad Zuha iri 
(Supervisor) 

Penyelia Bersa ma : Prof. Subash Bhatia 
(Co -Supervisor) 

Fail berkaitan : 
Related f ile 

ublicity Material ( Bahan Media ) 
o Entry/Tiada Rekod 

rticle in Mass Media (Artikel dalam Media Massa) 
o Entry/Tiada Rekod 

'erbelanj aa n :: Expenditure 

No. Akaun Projek : 1001/ PJKIMIA /814004 

Penaja : USM (RU) 

Ketegori Penaj a : USM 

Peruntukan Diluluskan (1) : RM 518100 
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pecahan Mengikut Tahun 

Tahun 2007 : RM 273700 

Tahun 2008 : RM 147700 

Tahun 2009 : RM 96700 

Peruntukan Tambahan ( 2 ) : RM 750000 

Pecahan Mengikut Tahun 

Tahun 2008 : RM 500000 

Tahun 2009 : RM 250000 

Jumlah Peruntukan Kese luruhan (1) + (2) : RM 1268100 

Jumlah Peruntukan yang Telah Diterima Hingga Kini (3) : RM 1268 100 

Jumlah Perbelanjaan (4) 

Baki (3) - .(4) 

Jumlah Perbelanjaan (3) 

Baki (2) - (3) 

Pecahan Geran Mengikut Vot 

Vot Butiran Vot 
(Vot Details) 

I 11000 Gaji Dan Upahan 

I 21000 Perbelanjaan Perjaianan Dan Sara Hidup 
22000 IPengangkutan Barang-barang 
23000 IPerhubungan Utiliti 

I 24000 ISewaan 

I 26000 Bekalan Bahan Mentah Dan Bahan Untuk 
Penyelenggaraan 

I 27000 IBekalan Dan Bahan-bahan Lain 
28000 Penyelenggaraan Dan Pembaikan Kecil Yang 

Dibeli 
29000 Perkhidmatan Iktisas Dan Perkhidmatan 

Lain Yang Dibeli Dan Hospitaliti 

I 35000 Harta Modal - Harta Modal Lain 

Jumlah Keseluruhan 
(Grand Total) 

I 
I 
I 
I 
I 

I 
I 

: RM 1163132 

: RM 104968 

: RM 1163132 

: RM 104968 

(A) 
Bajet yang 
diluluskan 

Total Approved 
Budget 
( RM ) 

201600 
25000 

I 4000 
1500 I 
6000 

I 5000 

70000 I 
25000 I 
30000 

150000 

CA) 
12681 00 

( B) 
Tambahan 

Total 
(RM) 

0 
0 
0 
0 
0 
0 

0 
0 

0 

500000 

(B) 
750000 

(e) (A + B) - e 
Bajet yang Baki 

dibelanj akan (Total) 
Total Budget 
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Information (Total Budget Spent) taken from Bursary (Up to April 30 th 2 01 1) 

of Research Findin s 

: atalysts for biodiesel production based on MgO, CaO, BaO, srO and m esoporous materials were synthesized at different weight 
Jadings loadings. 

!) Characterization of those catalysts us ing surface analyzer, XRD, FTIR, SEM and TEM. 

:) Finalize the experimental design using response surface methodology (RSM) to minimize the number of experimental runs to 
letermine conditions for biodiesel production using ultrasonic reactor. Process variables such as temperature (50 -90 ~C), catalyst 
Jading (1 - 5 %) and reaction time (30 - 120 min) were investigated while the conversion and biodiesel yield were the process 
larameter. 
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l) Identification of analytical method for improved data accuracy for conversion and yield in biodiesel production. The problem 
Higinated from the difficulty in getting phase separation after the reaction . 

Vlonoglyceride production 

L) Synthesis of different phase transfer catalysts (PTC) based on clay (Montmorillonite) . Different PTCs were used such as sodium, 
:ributyl ammonium, cetyltrimethyl ammonium and tributyl ammonium. 

2) Process study for the esterification of glycerol with lauric acid for monoglycerid.e. pJ:oduction. Process variables used were 
:emperature (100-150 C), glycerol : lauric acid ratio (1-6) and catalyst loading (0 .5 g) while the conversion and selectivity were the 
)rocess parameters. 

::sterification of Glycerol with Lauric Acid over various catalyst 

: atalyst Operating Condition Conversion of lauric acid Se lectivity of Monolaurate 
remperature of Reaction, C Mol ratio gly/lauric acid Cat loading,g Time of reaction, hours 
\laMMT 13060.5876.130167.2676 
<10MMT 13060.5880.835068.7206 
rBKI0 130 6 0 .5 8 72.9806 68.8878 
:TMMT 130 6 0.5 8 66.6783 71.5928 
rBMMT 13060.5879.583271.4733 
rBMMT 120 6 0 .5 8 41.5577 70.3882 
rBMMT 10060.587.494175.7297 
rBMMT, US 150 6 0.5 877.353662.0474 
rBMMT, US 130 6 0.5 8 49.4572 49.4572 
!l.mberlyst 1612060.5865.048876.8511 
rBMMT 13010.4 8 '53.882648.7973 

\lotes: 
\laMMT: SodiumMontmorilionite 
<10MMT : Montmorillonite K10 
rBK10 : Tributhyl Ammonium - K10 
: TMMT: Cethyl trim ethyl Ammonium - Montmorillonite 
fBMMT : Tributhyl Ammonium - Montmorillonite 
JS : Using Ultrasonic 

3elective catalytic reduction of NOx 

1) Bimetallic catalysts (Cu-Zn/ZSM-5) was developed by incorporating copper (Cu) and zinc (Zn) onto ZSM-5 zeolite (SijAI=40) 
Jsing either impregnation or ion exchange in different orders with metal loadings range between 2 wt. % and 14 wt. %. Then, the 
:Jimetallic catalyst was washcoated onto a 400 cell per square inch (cpsi) ceramic monolith with a diameter of 2.0 cm and a length 
)f 6.0 cm , 

2) The catalyst were characterized using SEM, XRD, surface analyzer, FTIR and ultrasound treatment for washcoating adherence of 
:atalyst coating onto the ceramic monolith. 

3) The activity study was performed in a glass reactor 15 mm and 25.4 mm intemal diameter for powdered and structured 
:atalysts, respectively. It was operated between 200 Iffic and 550 Inlc at 13,000 h-1 of GHSV. The feed gas mixture was 1,000 
opm of NO, 1,500 ppm of iso -butane, 3 v/v % 0 2 and N2 balance. 
4) The design of experiment with 3 parameters was studied whereby the NO and iso -butane concentration were between 900 and 
2,000 ppm and the temperature between 300 Inlc and 400 InlC. 

The best metal incorporation methods were by impregnating the Cu and ion exchange the Zn while the optimum metals load ing 
",ere 6 wt. % and 8 wt. % of Cu and Zn, respectively. The best operating conditions were obtained from DOE study whereby a 
T1ixture of 900 ppm of NO, 2,000 ppm of iso-butane, 3 v/v % of 02 and N2 balance as the inlet gas should be used to result in 90 
Yo of NO conversion for powdered Cu-Zn/ZSM -5 catalyst at between 300 [ilc and 400 [ilC. 1.8 g of Cu-Zn/ ZSM-5 cata lyst with 6 
"'t. % of Cu and 8 wt. % of Zn obtained by 2 time of washcoating step onto the ceramic monolith showed about 88 % conversion 
:Jf NO in the same operating conditions. Besides showing high catalytic activity, the monolithic catalyst was also stable for up to 72 
h with an activity drop of only 10 %. Furthermore, low activation energy of +30.30 kJ/mol was obtained for the reaction. 
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6110/2011 1 



, ~ t PENYELIDlKAN - --IW;MI 
LAPORAN PRESTASI GERAN UNIVERSITI 

. : . . .,' I PROGRESS REPORT OF RESEARCH UNIVERSITY GRANT 

UNlVERStnsAINS MAlAYStA ( SESSION 112009 ) 

Maklumat Projek :: Project Identification 

Tajuk Projek 
Project Title 

Pelantar Penyelidikan 
Research Platform 

Tempoh Projek (ttbbhh) 
Project Duration (yymmdd) 

Tarikh Mula 
Start Date 

Tarikh Dijangka Tamat 
End Date 

Tarikh Lanjutan Pertama 

Tarikh Tamat 

Ketua Projek 
Project Leader 

Ahli Projek 
Project Members (including GRA) 

: Catalyst Development , Its Characterization And Potential Utilization fo r Industrial 
Processes 

: PELANTAR PENYEUDIKAN KEJURUTERAAN & TEKNOLOGI 

:001200 

: 10 / 10 / 200 7 

:9 / 9 / 2010 

: 9/9/20 11 

: 9/9/ 2011 

: PROFESOR ABDUL RAHMAN BIN MOHAMED 

: PROF MADYA AHMAD ZUHAIRI BIN ABDULLAH 
PROFESOR AZUNA BINTI HARUN @ KAMARUDDIN 
PROFESOR SUBHASH BHATIA 

'eratusan Prestasi :: Achievement Percentage 

Prestasi projek mengikut penanda aras yang telah dicapai sehingga tempoh ini: 
Project progress according to milestones achieved up to this period: 

51 -75 % 

'1asalah/ Kekangan :: Problems/ Constraints 

1) Labo ratory modificatio n at School of Chemica l Engineering USM caused a delay of up to 2 mo nths to resea rch work. 

2) Difficulty in t he analysis of the characteristics of t he ca t alysts. Surface analysis generally takes about 2-3 months due to long 
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ngkasan Penemuan Projek Penyelidikan :: Summary of Research Findings 

odiesel production using ultrasonic reactor 

I Catalysts for biodiesel production based on MgO, CaO, BaO, SrO and meso porous materials were synthesized at different 
eight loadings loadings. For the unsupported catalysts, BaO showed the highest basicity and activity in the transesterification 
action. For the supported cata lysts, KOH/SBA-15 produced the highest biodiesel yield due to high surface area and straight 
esoporous channels of the cata lyst. 

I Characterization of those catalysts using surface ana lyzer, XRD, FTIR, SEM and TEM . The characteristics of the catalysts were 
Irrelated with the specific cata lytic behaviors of the catalysts in the transesterification reaction. 

I Finalize t he experimenta l design using response s.urface methodology (RSM) to minimize the number of experimental runs to 
~term ine cond itions for biodiesel production using ultrasonic reactor. Process variables such as temperature (50-90 ~C), cata lyst 
ading (1 - 5 %) and react ion time (30 - 120 min) were investigated while t he conversion and biodiesel yield were the process 
Irameter. For this purpose, response surface methodology was successfu lly employed to predict the behavior of different 
Italysts under vario us conditions with high degree of accuracy. 

I Identification of ana lytical method for improved data accuracy for conversion and yield in biodiesel production . The problem 
'iginated from the difficulty in getting phase separation after the reaction. 

I Comparison between the effect of mechanical stirring and ultrasonic irradiation in the transesterificat ion process. Ultrasonic 
'adiation was demonstrated to improve the yield of biodiesel between 30-65 %, depending on the catalyst. The reaction time to 
:hieve 95 % yield was reduced from about 2 h to just about 30 min. 

I Study on the effect of ultrasonic irrad iation on the temperature increase in the reactor. Various catalyst to o il ratio s were tested . 
trason ic irradiation at higher amplitude caused higher temperature increase (up to 65 ~C). The effect was more pronounced 
hen sma ller volum e of reactants was used. Higher amplitude also caused the increase in biodiesel yield to up to 95 % in 30 m in. 

I The reusability of the catalyst for up to 3 cycles of operation was also tested. Minimal loss of activity was demonstrated by the 
Italyst (20 %w/w KOH/ SBA- 15) but further use resulted in about 30 % loss of activity due to leaching. 
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The effects of catalyst components on the synthesis of carbon nanotubes (CNTs) are always the concern of many. The aim 
of this work is to examine the dependence of the morphology of CNTs formed on the nature of NiO and CoO. catalysts 
supported on Ah03 and Si02 at two different synthesis temperatures, i.e. 550°C and 700°C, respectively. Catalytic chemical 
vapor deposition (CCVD) of methane was adopted for synthesizing the nanotubes materials. The developed catalysts were 

. characterized by X-ray diffraction (XRD) and temperature programmed reduction (TPR). The morphology of the produced 
carbon nanostructures was analyzed by transmission electron microscopy (TEM). The experimental result shows that CNTs 
were presence on the surfaces of most of the tested catalysts. The yield of the CNTs produced over these catalysts was 
calculated. It was found that the yield decreased in the order of NiO/Si02>CoO./Si02>CoO./Ah03>NiO/AI203 for the 
reaction at 550°C and in the order of NiO/Si02>CoO.lAh03>CoO.lSi02>NiO/Ah03 at 700°C. The morphological analysis 
reveals that the structure of the CNTs depends upon the effects of metal-support interaction (MSI) and the synthesis 
temperature. 

1. Introduction: 
Carbon nanotubes (CNTs), exhibiting superior unique 

structural, mechanical, optical and electrical properties [I], 
have great potential applications in advance technologies, 
such as quantum wires, field-effect transistors, field emitters, 
diodes, etc. [2-5]. Since their discovery in 1991 [6], 
research in the field of CNTs has undergone an exponential 
growth. In general, there are three principal methods 
adopted in producing CNTs: laser ablation, electric-arc­
discharge and catalytic chemical vapor deposition (CCVD). 
By comparison, CCVD method is of great interest since it 
produces CNTs at a lower temperature, higher yield and at 
relatively low cost. 

Different carbon-containing molecules, including 
methane, acetylene, ethylene, propylene, benzene, toluene, 
hexane, alcohol and acetone have been used as carbon 
feedstock in synthesizing CNTs [7,8]. Among these 
hydrocarbons, methane was used in this study, concerning 
methane is the primary composition of natural gas which is 
cheap and highly abundant worldwide. Furthermore, 
methane has high stability at elevated temperatures in 
preventing self-pyrolysis [9,10]. Self-pyrolysis of 
hydrocarbons will lead to the formation of amorphous 
carbon which is the impurity of the nanotubes product. 

Previously, we have reported that Ti02 supported NiO 
catalyst records the lowest activation energy in methane 
decomposition into CNTs and hydrogen [I I]. In this paper, 
we will further examine the roles of metal oxides (CoO. 
and NiO) and catalysts supports (alumina and silica) as well 
as the effect of synthesis temperatures on the morphologies 
and the yield of the CNTs produced via CCVD of methane. 

2. Experimental: 
2. J Preparation of supported catalysts: 

All the catalysts used in this study were prepared by 
conventional impregnation method. Ni(N03h.6H20 
(supplied by Aldrich) and Co(N03).6H20 (suppJieaoy-­
Aldrich) were used as the metal sources of NiO and CoO. 
with each loading amount adjusted to 10 wt% for all the 
prepared catalyst samples. Both metals in nitrate form were 
first dissolved in distilled water and then impregnated onto 
Si02 powders (Cab-osil, supplied by RdH) and Ah03 
(supplied by Ajax), respectively. The impregnated samples 
were dried at 105°C for 12 hours and calcined in air at 
600°C for 5 hours. The catalysts were then sieved to a size 
of 425-600 JIm. The synthesized catalysts were tested in the 
reaction without a preceding reduction in hydrogen flow. 
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Abstract 

Malaysia is currently the world's largest producer and exporter of palm oil. Malaysia produces 
about 47% of the world's supply of palm oil. Malaysia also accounts the highest percentage of global 
vegetable oils and fats trade in year 2005. Besides producing oils and fats, at present there is a 
continuous increasing interest concerning oil palm renewable energy. One of the· major attentions is 
bio-diesel from palm oil. Bio-diesel implementation in Malaysia is important because of 
environmental protection and energy supply security reasons. This palm oil bio-diesel is 
biodegradable, non-toxic, and has significantly fewer emissions than petroleum-based diesel 
(petro-diesel) when burned. In addition to this oil, palm is also a well-known plant for its other 
sources of renewable energy, for example huge quantities of biomass by-products are developed to 
produce value added products such as methane gas, bio-plastic, organic acids, bio-compost, ply­
wood, activated carbon, and animal feedstock. Even waste effluent; palm oil mill effluent (POME) 
has been converted to produce energy. Oil palm has created many opportunities and social benefits 
for the locals. In the above perspective, the objective of the present work is to give a concise and up­
to-date picture of the present status of oil palm industry enhancing sustainable and renewable energy. 
This work also aims to identify the prospects of Malaysian oil palm industry towards utilization of 
oil palm as a source of renewable energy. 
© 2007 Elsevier Ltd. All rights reserved. 
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Mesoporous SBA-15 was synthesized under acidic condition at 40 ' C with a non-ionic triblock copolymer 
(P123) as the template. The synthesis gel composition used was 1 Si02:O.017 P123:2.9 HCl:202.6 H20. 
Functionalization of SBA-15 with 3-aminopropyltriethoxysilane (APTES) by post-synthesis method was 
performed under reflux for 2 h. The mesoporous samples were characterized using Fourier transform 
infrared (FT-lR), nitrogen adsorption, transmission electron microscopy (TEM) and scanning electron 
microscopy (SEM). They were then utilized as supports for the immobilization oflipase to be subsequently 
used for the esterification of citronellol and lauric acid. Leaching and reusability tests were also conducted 
on the immobilized enzymes. Functionalization resulted in about 10% improvement in enzyme loading, 
leading to higher activity. The immobilized enzyme was also more stable to low pH and high temperature 
while showing better retention (up to 95%) of enzyme molecules. Immobilized lipase maintained 90% 
of its esterification activity in non-aqueous system even after 4 cycles of use. The improvements were 
associated with enhanced surface hydrophobicity, changes in pore shapes and stronger enzyme-support 
interactions with minimal effects to the enzymatic activity. 

luction 

's are one of the enzymes of considerable physiological 
strial significance [1,2]. However, they are unstable and 
rery from the reaction mixture is usually difficult. The 
zation of these enzymes within mineral hosts is a pop­
challenging approach to design new biocatalysts with 

j future applications [3.4]. The immobilized Iipases have 
vantages over soluble counterparts in terms of stability, 
-:y and applicability to continuous processing. They also 
:ter stability to pH while having low substrate-inhibition 
]. The handling of immobilized Iipases is relatively easy as 
lily strongly bind to a· solid phase and easy to be separated 
reaction mixture [6]. The stability of the immobilization 
pends on the immobilization method and type of sup­
cefore, it is important to choose the most suitable support 
bilize enzymes. so that the enhancement of thermal and 
lal stabilities, the minimization operating cost and the 
ty of the enzyme can be achieved [2]. 
ed mesoporous silicas, in particular SBA-15, have been 
be promising host matrixes for immobilization of enzymes 
e research works on various conversions have been ini-
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tiated by several research groups [3,7]. SBA-15 has a BET surface 
areas of between 690 and 1040 m2 /g, large pore sizes of between 
50 and 100 A and unusually large pore volumes of up to 2.5 cm3 /g. 
Its silica wall thickness ranges from 3.1 to 6.4 nm [3]. In addition, 
the pore size of SBA-15 can be easily tuned by employing different 
swelling agents and the functionalization of its surface could render 
it suitable for specific catalytic applications [8]. All these charac­
teristics make the materials potential candidates to act as suitable 
support materials for large molecules like enzymes. In our earlier 
work, a highly porous SBA-15 material with well-organized array of 
straight channels and narrow pore size distribution has been devel­
oped [9]. The correlations between its surface characteristics and 
the synthesis conditions have also been successfully elucidated. 

Though SBA-15 support has been demonstrated to protect 
the enzyme from aggregation [10], the insufficient strength of 
interaction between enzyme and the mesoporous support causes 
significant enzyme leaching from the support [3]. Thus, surface 
modification of mesoporous silicas with organofunctionalities was 
actively investigated to reduce the degree of enzyme leaching 
[2.3,8 ]. Through organic functionalization of the internal surface, 
certain functional groups can be attached to the surface of the 
mesoporous material to strengthen interactions with the enzyme. 
In addition, the surface functionalization also partially reduces the 
pore openings, especially at the external surface. This will 'trap' the 
enzyme molecules within the pores but still allowing reactant and 
product molecules to diffuse in and out of the pores [3]. 
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;O.'C':;:' D several research groups [3,7 ]. SBA-15 has a BET surface 
c:reas of between 690 and 1040 m 2 /g. large pore sizes of between 
50 and 100 A and unusually large pore volumes of up to 25 cm3 /g. 
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Ihe pore size of SBA-15 can be easily tuned by employing different 
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Optimizing the production of microporous activated carbon from waste palm shell was done by applying 
experimental design methodology. The product. palm shell activated carbon was tested for removal of 
S02 gas from flue gas. The activated carbon production was mathematically described as a function of 
parameters such as flow rate. activation time and activation temperature of carbonization. These param­
eters were modeled using response surface methodology. The experiments were carried out as a central 
composite design consisting of 32 experiments. Quadratic models were developed for surface area. total 
pore volume. and microporosity in term of micropore fraction. The models were used to obtain the opti­
mum process condition for the production of microporous palm shell activated carbon useful for S02 
removal. The optimized palm shell activated carbon with surface area of 973 m2/g. total pore volume 
of 0.78 cc/g and micropore fraction of 70.5% showed an excellent agreement with the amount predicted 
by the statistical analysis. Palm shell activated carbon with higher surface area and microporosity frac­
tion showed good adsorption affinity for 502 removal. 

Iction 

ed carbon is one of the most effective adsorbents. be­
:s well-developed porous structures. large active surface 
;ood mechanical properties. Activated carbons have been 
lany adsorption processes ranging from liquid to gas 
1999). Commercial activated carbons can be manufac­
n a variety of carbonaceous precursors such as lignite. 
d. and various agricultural and forest by-products. by 
hysical or steam-pyrolysis or chemical method. In phys­
sses gases such N2 and CO2 will be used whereas for 
processes the starting materials are impregnated with a 
ng agent (example ZnCl2• H3P04 and KOH). Steam-pyro­
me using high-temperature steam (Zhang et al.. 2004; 
and Zabaniotou. 2007). 

tly interests are growing in the use of low-cost and abun­
lilable lignocellulosic material as the precursor for the 
In of activated carbon. One of these is oil palm fruit waste 
m shell which is abundantly available from the palm oil 
~ mills in Malaysia. Despite its wide use already for bio­
production. there is still much to be done to optimize 
Ition of biomass for cogeneration in Malaysia (Sumathi 
8). 
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Palm shell (also known as endocarp) has been used as starting 
material for preparing activated carbon for various applications 
(Sumathi et al.. 2008; Lua and Guo. 1998; Lua et al.. 2006). Guo 
and Lua (2002. 2003) have studied the adsorption of 502 with 
and without impregnation. However. there is no report in the liter­
ature referring to an optimum production of microporous palm 
shell activated carbon (PSAC) to remove 502• particularly from flue 
gas by using response surface methodology (RSM) approach. 

Removal of 502 from flue gas has gained the interest of many 
researchers. This is because 502 is one of the main precursors of 
acid rain and human fatalities (De Nevers. 2000). Most of the global 
productions of 502 come from combustion of fossil fuels such as 
coal and oil. To minimize the adverse impacts. many efforts have 
been taken to eliminate the 502 emission. One of the most promis­
ing existing flue gas desulphurization technologies is dry removal 
of 502 using activated carbon. This method has been reported by 
many researchers as a capable approach to remove 502 from flue 
gas (Qiang et al.. 2005; Tseng et al.. 2003). 

Hence. in this study. RSM optimization has been applied to pre­
pare PSAC. RSM is a collection of statistical and mathematical tech­
niques useful for developing. improving and optimizing processes. 
RSM was originally developed by Box and Wilson (1951). Re­
searches related to RSM applications performed for optimization 
of activated carbon production are very rare. In the present work. 
the preparation of micro porous activated carbon from palm shell 
and its potential for flue gas desulphurization were focused. This 
preparation procedure involves many factors. Thus. in assessing 



............. " .......... , '-, ,~ .. . ......... "'~ Vv'v'lvv 01 IU I 'Vv I I II VIU~y 

Vol. 3, No.2 (2008) 109 - 116 
© School of Engineering, Taylor's University College 

REMOVAL OF S02 AND NO OVER RICE HUSK ASH 
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Abstract 

The activity of rice husk ash (RHA)/CaO-based sorbent supported with various 
metal oxides for the removal of SOz and NO from simulated flue gas of 
combustion process has been studied. In this study, RHA/CaO-based sorbents 
were impregnated with an appropriate metal nitrates solution followed by 
drying and ' calcinations, which resulted in the sorbent having the following 
active phases; MgO, MnO, CoO, ZnO, Alz0 3, FeZ03, and CeOz. The sorbent­
catalysts were tested in a fixed bed reactor by passing mixture gas consisting of 
SOz (2000 ppm), NO (500 ppm), Oz (10 %), water vapor (50%) and Nz as a 
balance at a total flow rate of 150 mL/min and reaction temperature of 87°C. 
The results showed that RHAiCaO sorbents impregnated with CeOz displayed 
the highest sorption capacity among other impregnated metal oxides for the 
simultaneous removal of SOz and NO. Infrared spectroscopic results indicate 
the formation of both sulfate (SO/-) and nitrate (N03-) species due to a catalytic 
role played by CeOz. 

Keywords: Rice husk ash (RHA), Metal oxides, Sorbent-catalysts, SOz, NO. 

1. Introduction 

It is well known that acid rain is one of the most serious environmental issues 
related to large-scale fossil fuel combustion, especially in urban areas. Sulfur 
oxides (SOx) and nitric oxides (NOx) are the main anthropogenic acid gases that 
not only lead to formation of acid precipitation, but also impose adverse effects 
on human health, aquatic ecosystems, crops and manmade materials. Typically, 
SOx and NOx in flue gases consist of more than 98% of sulfur dioxide (S02) [1] 

109 



1 "1 '.Jllu!tal I~t~ ,1 .. 'U. l ll· ( IdhJq\ ~ III ; \ ' 

"dh)<!i •• f t h':lTIlo.:a l l.n~ill<:'Ting. I ' ''\:1 HAPCOl2004 

A Review on Carbon Nanotubes Production via Catalytic 
Methane Decomposition 

ABSTRACT 

S.P. Chai, S.H.S. Zein, and A.R. Mohamed' 

School of Chemical Engineering, Engineering Campus 
Universiti Sains Malaysia, Seri Ampangan, 
14300 Nibong Tebal, P.Pinang, Malaysia. 

Email: .chrahman@eng.usm.my 

Methane decomposition is a promising approach to produce high purity, high yield 
and perfect orientation of carbon nanotubes and is viable for scaling up its production at a 
relatively low cost. The current research of methane decomposition is widely focusing on 
the aptness of catalyst system and the reaction conditions for optimizing the production of 
carbon nanotubes. The appropriate interaction of metal-support is vital in improving the 
catalyst activity, deactivation rate and selectivity of the carbon nanotubes for lower 
activation energy consumption. In this case, the traditional catalysts, iron group metals 
(Fe, Ni, Co) supported on silica, alumina. magnesia, titania, zirconia and graphite are 
extensively used. Methane decomposition is an attractive process in view of its 
potentiality in producing single-walled carbon nanotubes (S\VNTs) and multi-walled 
carbon nanotubes (MWNTs), depending on the specific range of reaction temperature and 
a particular catalyst system in use. Therefore, selectivity of SWNTs and MWNTs is 
possible to be achieved by altering the composition of metal and support in a catalytic 
process. Large-scale production of carbon nanotubes remains a question due to the lack of 
comprehensive knowledge of the carbon nanotubes growth mechanism. The catalytic 
process and the morphology of the carbon nanotubes formed can be vividly revealed if the 
carbon nanotubes growth mechanism is well understood. Three main growth mechanisms 
have been reported, including ba~e growth model, tips growth model and base-tips growth 
model. Conversely, the growth mechanism is an arguable issue that needs further 
investigation to clarify it. This paper reviews the cataiysis for the production of carbon 
nanotubes via methane decomposition, the morphology of carbon nanotubes produced and 
the proposed growth mechanisms, in order to create more understanding on carbon 
nanotubes and their related studies. 

Keywords: Carbon nanotubes. catalytic filamentous carbon, catalytic methane 
decomposition, catalysis 

1.0 INTRODUCTION 
Carbon nanotubes have been receiving fabulous research interest from scientists 

worldwide, since it was first discovered by Sumio Iijima in 1991 (Iijima, 1991), to explore 
their application and to develop the efficient carbon nanotubes synthesis system. Carbon 
nanotubes have structure similar to graphene sheet rolled into a cylinder form with a 
diameter ranging from 0.8 to 300 nm. Carbon nanotubes can be categoriz.ed into single­
walled carbon nanotubcs (SWNTs) and multi-walled carbon nanotubcs (MWNTs) 
depending on the number of graphene layer. SWNTs consist of single layer graphene 
sheet and M\VNTs consist of several layers of graphene sheets rolled into a cylinder. 

Along the years, various synthesis processes such as electric-are-discharge (lijima. 
1991; Iijima e l a I., 1993; Bethune et a1. . 1993) and laser ablation (Thess et al.. 1996) have 
been used in the production of carbon nanotubes. However, all these processes have 
significant drawbacks and limitations. Electric-are-discharge method, a technique used to 
synthesize full erene, is reported to yield significantly less carbon nanotubes with large 
amount of undesirable carbonaceous byproducts. Laser ablation is the most recent 
achievement in producinghigh Iy pure carbon nanotubes. but the high cost of operation 
and equipment as we ll as loll' production rate limit the plausible scaling up in the 
production 0 f nanotubes. 

60 



Journal of Hazardous Materials 161 (2009) 570-574 

- Contents lists available at ScienceDirect 

Journal of Hazardous Materials 

VIER jou rna I h 0 mepage : www.elsevier.com/locate/j h azmat 

:ommunication 

Jation of various additives on the preparation 
:e husk ash (RHA)jCaO-based sorbent for flue 
lesulfurization (FGD) at low temperature 

Dahlan, Keat Teong Lee, Azlina Harun Kamaruddin, Abdul Rahman Mohamed * 
~hemical Engineering. Universiti Sains Malaysia. Engineering Campus. Seri Ampangan. 14300 Nibong Tebal. Pulau Pinang. Malaysia 

CLE INFO ABSTRA C T 

~ory: 

17 July 2007 
n revised form 7 March 2008 
24 March 2008 
~nline 29 March 2008 

ash 

on capacities (SSC) 

This paper examines the effectiveness of 10 additives toward improving S02 sorption capacities (SSC) of 
rice husk ash (RHA)/lime (CaO) sorbent. The additives examined are NaOH. CaCh, LiCI. NaHC03 • NaBr. 
BaCh. KOH. K2HP04 • FeCi] and MgCh. Most ofthe additives tested increased the SSC ofRHA/CaO sorbent. 
whereby NaOH gave highest SSC (30 mg S02/g sorbent) at optimum concentration (0.25 mol/l) compared 
to other additives examined. The SSC ofRHA/CaO sorbent prepared with NaOH addition was also increases 
from 17.2 to 39.5 mg S02/g sorbent as the water vapor increases from 0% RH to 80% RH. This is probably due 
to the fact that most of additives tested act as deliquescent material. and its existence increases the amount 
of water collected on the surface of the sorbent, which played an important role in the reaction between 
the dry-type sorbent and S02. Although most of the additives were shown to have positive effect on the 
SSC of the RHA/CaO sorbent, some were found to have negative or insignificant effect. Thus, this study 
demonstrates that proper selection of additives can improve the SSC of RHA/CaO sorbent significantly. 

oduction 

rain and the acidification of the environment has emerged 
ious global problem during recent decades. Sulfur diox­
), represents 98% of the sulfur oxide pollutants generated 
from large-scale fossil fuel combustion, is commonly 
I as the most important precursor to acid rain [1,2]. The 
of S02-containing gasses has received considerable atten­
'ecent decades due to a variety of effects caused by this 
t. Dry sorbent injection control technologies is among the 
nethod which has been widely accepted by reason of being 
lith less equipment, lower capital and operating costs,lim­
mdary waste generation, and fewer problems of corrosion 
ng-up [3-5 ]. Nevertheless, acid gas sorption capacities are 
y lower than those achieved with wet control technologies. 
'e, enhancing the sorption capacities of dry sorbent toward 
been an important issue for dry-type methods applica-

~ are a number of dry-type sorbents that have been con­
in the literature for usage in desulfurization process. 
ly, we have reported the preparation of siliceous/calcium 
sorbents prepared from coal fly ash [6,7], oil palm ash [8,9] 
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and rice husk ash [10]. It was found that, those prepared sorbent 
have higher S02 sorption capacity (SSC) relating to higher surface 
areas due to the fact that coal fly ash, oil palm ash and rice husk 
ash are a pozzolanic material (mainly consist ofSi02/AI20 3 ). These 
pozzolanic materials can react with Ca-based in the presence of 
water to form calcium silicate hydrates (near-amorphous/poorly 
crystallized compounds) which have a very high surface area. 
Apart from that, the structural properties and sorption capacities of 
these types of sorbents are also affected by siliceous material/Ca­
based ratio and the hydration conditions. Among those sorbents 
prepared, rice husk ash (RHA)/CaO sorbent shows highest SSe. 
However, our recent study on RHA/CaO sorbent [11] revealed that 
higher sse did not show any correlation with specific surface area. 
On the other hand, many studies indicate that relative humid­
ity has the greatest impact on the sse of dry ea-based sorbents 
at low temperature [1 2- 17]. The relative humidity is consecu­
tively connected to moisture content of the solids. In addition, 
some additives have been employed to alter the moisture con­
tent on the prepared sorbent surface in equilibrium with a gas 
phase of a given relative humidity [18- 23]. Thus, the use of additive 
would then be expected to improve the sorbent sse in de sul­
furization processes in the way of altering the sorbent particle's 
physical/chemical properties. Therefore, the scope of this work is 
to evaluate the effectiveness of various additives in the preparation 
of RHA-based sorbent for desulfurization process at low tempera­
ture. 
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otubes 

Effects of FeD, loaded on CoO,/ Ah03 catalyst on the yield and morphology of the prod uced carbon nanotubes 
were studied. The findings showed that the addition of a small amount of FeD, on the CoO,/ AI20 3 catalyst 
provoked the formation of carbon nanotubes with a thin wall structure. The results also revealed that an 
increase in FeD, content decreased the yield of carbon nanotubes. An optimized weight ratio of CoO, to FeD, 
was found to be 8:2 (w /w) whereby the catalyst of this composition grew carbon nanotubes with a thin wall 
structure and not of diminutive carbon yield. 

croscopy 
,composition 

uction 

n nanotubes have created an active area of current research 
)f their unique structural, mechanical, and electrical proper­
hey are generally considered as promising building blocks for 
! devices. Several nanoelectronics devices based on carbon 
s such as quantum wires, field effect transistors, field 
md diodes have been demonstrated [2- 5]. It is well accepted 
properties of carbon nanotubes, including electrical and 
:al properties depend strongly on their chirality, diameter, 
thickness [6-8 ]. The interaction or coupling between the 

nt graphene layers for carbon nanotubes with thick walls 
n their physical and chemical properties being more 
ted. On the other hand, carbon nanotubes with smaller 
) and thinner walls are much needed in the miniaturization 
Dnic applications due to their excellent electronic and 
properties. 
evious results showed that the NiO/Ti~ catalyst was effective in 
~ carbon nanotubes from methane and the activation energy for 
ss was one of the lowest ever reported in the literature [9]. 
the produced carbon nanotubes possessed a larger diameter 
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(-40 nm) and a thick wall morphology. We had also demonstrated that 
FeOx might induce the formation of carbon nanotubes with a thin wall 
structure [10]. Nevertheless, no further study was carried out to investigate 
the influence of FeOx on the morphology of nanotubes grown. Hence, this 
letter is aimed at reporting the effect of FeOx loaded on the CoOx/ AlZ03 
catalyst on carbon yield and morphology of the carbon nanotubes 
synthesized via methane decomposition. 

2. Experimental 

Co(N03h .6HzO (supplied by Aldrich) and Fe(N03 h.9HzO (sup­
plied by Merck) were used as metal sources for the preparation of 
CoOx and FeOx• Alumina (supplied by Ajax) was used as a catalyst 
support. All the catalysts used in this study were prepared using a 
conventional impregnation method. The experimental setup and the 
catalyst preparation procedures had been reported previously [10-
12]. The synthesis of carbon nanotubes was carried out at atmospheric 
pressure in a stainless steel fixed-bed reactor at a temperature of 
700°C. The product gases were analyzed using on-line gas 
chromatography (Hewlett-Packard Series 6890, USA). Carbon nano­
tubes deposited on the catalysts were analyzed using a transmission 
electron microscope (TEM) (Philips, CM12) and a scanning electron 
microscopy (SEM) image of the catalyst particles was taken using LEO 
Supra 50 VP FESEM. An X-ray diffraction (XRD) pattern of the catalyst 
after reaction was measured by Bruker D8 Advance Powder 
Diffractometer. Intensity was measured by step scanning in the 28 
range of20- 70° with a step of 0.02° and a measuring time of2 s/point. 
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The oxides of cobalt, iron. and nickel catalysts were tested in chemical vapor deposition ((VD) of methane 
in synthesizing single-walled carbon nanotubes (SWNTs). All catalysts used in this study were prepared 
using impregnation method and calcined at temperatures ranging from 300 to 850 "e. The catalyst samples 
after CVD of methane were characterized using transmission electron microscopy (TEM). The TEM study 
elucidates that iron oxide serves as an effective catalyst for growing SWNTs. The presence of SWNTs on 
the catalyst was confirmed in the Raman study. 

led carbon nanotubes 
'apor deposition 

.icroscopy 

duction 

;ince the discovery of carbon nanotubes (CNTs) by Iijima 
[1). the innovative materials have been one of the most 
, studied fields nowadays. The firstly discovered CNTs were 
tiled CNTs (MWNTs). Two years later. in 1993. single­
NTs (SWNTs) were synthesized by Iijima and lchihashi [2] 
une et al. [3 ]. The unique electronic and mechanical prop­
SWNTs have made them suitable for several applications 
have become the most welcome of all CNTs. For instance. 
re very useful in the miniature electronics applications [4] . 
~veral methods such as laser ablation, arc-discharge and 
chemical vapor deposition (CCVO) have been effectively 
j in growing SWNTs [5]. Nevertheless, laser ablation and 
arge have significant drawbacks for large-scale production 
i, resulted from their intensive power requirement and the 
j nature ofCNTs produced from both methods which make 
of purification and application of the samples difficult [6]. 
rally accepted that CCVO is a promising method for pro­
NNTs on a larger scale for the reasons that CCVO method 
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is not only simple and economical, but it is also efficient to give rise 
to the production of high purity CNTs. 

It is known that the choice of metal plays a determinant factor 
in the formation ofSWNTs [7]. Previously, our studies showed that 
catalyst calcination temperature has significantly influenced the 
morphology of the grown CNTs [8]. We also reported that alumina 
is a suitable catalyst support for growing SWNTs [9]. In continuation 
of the previous studies, the present work is aimed at examining the 
effects of the three most commonly used metal oxides. viz. cobalt, 
iron. and nickel oxides, supported on alumina and their calcination 
temperatures on selectively synthesizing SWNTs. 

2. Experimental 

The synthesis of SWNTs was carried out at atmospheric pressure in a fixed bed 
quartz reactor that was inserted into a stainless steel tube at a reaction temperature 
of950··C. The diameter and length of the quartz tube reactor were 19 and 690 mm. 
respectively. The detailed experimental setup and catalyst preparation procedure 
were reported previously (8-10). The loading amount of cobalt. iron. and nickel 
oxides. denoted as CoOx • FeOx • and NiO. respectively. was adjusted to 5 wt% with 
respect to the total catalyst weight. The dried catalyst samples were calcined in 
air at 300. 600. and 850 "C. The CCVD process was carried out for 30 min. The car­
bon deposited on the catalyst was analyzed via a transmission electron microscopy 
(TEM) system (Philips. model CMI2) for studying the morphology of the deposited 
carbon. The presence of SWNTs was further identified using Raman spectroscopy 
Uobin Yvon Horiba HR800UV) 
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;h(RHA} 

In this work. the removal ofS02 and NO from simulated flue gas from combustion process was investigated 
in a fixed-bed reactor using rice husk ash (RHA)jCaO-based sorbent. Various metal precursors were used 
in order to select the best metal impregnated over RHAjCaO sorbents. The results showed that RHAjCaO 
sorbents impregnated with Ce02 had the highest sorption capacity among other impregnated metal 
oxides for the simultaneous removal ofS02 and NO. Infrared spectroscopic results indicated the formation 
of both sulfate (S042-) and nitrate (N03 - ) species due to the catalytic role played by Ce02. Apart from 
that, the catalytic activity of the RHAjCaOjCe02 sorbent was found to be closely related to its physical 
properties (specific surface area, total pore volume and average pore diameter). 

luetion 

lin has been identified as one of the most serious threats 
Ibal environment ever faced in human history. Undoubt­
nost dominant air pollutants contributing to acid rain are 
des (SOx}and nitric oxides (NOx). The major sources of SOx 
~mission by human activities are from the combustion of 
s, mainly in electric power plant. The SOx and NOx formed 
ieleased into the environmental together with the boiler 
'ypically, SOx and NOx in flue gases consists of more than 
lfurdioxide (502 ) [I] and over 90- 95% of nitric oxide (NO) 
'quently, considerable attention has been given to removal 
d NO from flue gas combustion system. Nevertheless, the 
Imon technology used to date still uses two separate sys­
~move these pollutants. For example, the SNOX process of 
'psoe which combine the wet-gas sulfuric acid process for 
,val and the selective catalytic reduction (SCR) process for 
val of NO [~ ] . 

pts have been made to find a suitable method for the 
If 502 and NO simultaneously. Dry sorption method is now 
~d to be the most attractive way to treat waste gases con­
)2 and NO. These methods have the advantages of being 
ith less equipment, lower capital and operating costs, and 
~condary waste generation [4,5 ]. At the moment, there are 
'reports on removal 502 and NO simultaneously by the dry 
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method. Some of these reports include: Ca-based sorbent [6.7], Ca­
based with fly ash [8]. natural manganese ore [9]. activated carbon 
[10-12 ], activated carbon-impregnated catalyst [13- 15] and metal 
catalyst [16- 19]. Apart from these, the simultaneous removal of 502 

and NO at low temperature using sorbent prepared from siliceous 
materials are also very limited, especially using rice husk ash (RHA). 
RHA is an agricultural waste material that available abundantly in 
rice-producing countries such as Malaysia. It was estimated that 
more than 22.8 million metric tons of RHA is produced annually 
worldwide, of which Malaysia alone produces more than 77,000 
metric tons of RHA annually [20 ]. 

Previously, we had reported the sorption characteristics of 502 

by RHAfCaO sorbent [21 - 25 ]. However, this sorbent was unable to 
remove NO gases. Currently, a wide range of metals/metal oxides 
have been reported to have good activities for NO removal from 
waste gases. In this work, RHA/CaO sorbent has been prepared by 
employing impregnation method with various metal oxides. This 
was done with a view to improve its ability to capture 502 and 
NO from simulated flue gas. The experiments were performed in a 
fixed-bed reactor at low temperature. 

2. Experimental 

2.1. Preparation of sorbent 

The raw rice hush ash (RHA) used in this work was collected 
directly without any pretreatment from Kilang Beras & Minyak 
Sin Guan Hup Sdn. Bhd., Nibong Tebal, Malaysia and the CaO was 
obtained from BDH Laboratories, England. Prior to use, the RHA 



't/ CARBON MATERIALS 
me 24, Issue 2, June 2009 
le English edition of the Chinese language journal 

this article as: New Carbon Materials, 2009, 24(2) :119-123. 

Available online at www.sciencedirect.com 
... -" 

-.;' ScienceDirect 
RESEARCH PAPER 

'nthesis of high purity multi-walled carbon nanotubes 
er Co-Mo/MgO catalyst by the catalytic chemical vapor 
~position of methane 

-Ming Yeoh\ Kim-Yang Lee\ Siang-Piao Chai2, Keat-Teong Lee\ Abdul Rahman Mohamed1* 

)01 of Chemical Engineering, Engineering Campus, Universiti Sains Malaysia, Seri Ampangan, 14300 Nibong Tebal, S.P.S. Pulau Pinang, 

Isia; 

)01 of Engineering, Monash University, Jalan Lagoon Selatan, 46150 Bandar Sunway, Selangor, Malaysia 

.bstract: Nearly unifonn diameter multi-walled carbon nanotubes (MWCNTs) were synthesized over a magnesia supported Co-Mo 

imetallic catalyst through the catalytic chemical vapor deposition of methane. The bimetallic catalyst with a composition of 

:o:Mo:MgO=5:20:75 (mass ratio) was prepared by a sol-gel method. Thennagravimetric analysis shows that MWCNTs were synthe­

ized in high yield. The selectivity of the catalyst for MWCNTs over undesired amorphous carbon was 91.17%. Transmission electron 

licroscopy indicates that the MWCNTs grown on the catalyst have an average diameter of 6.2 ± 0.5 nm (mean ± standard deviation). 

'hrough simple purification by mild acid treatment, the catalyst residue for the purified samples was reduced to 0.72%. 

~ey Words: Catalysis, Multi-walled carbon nanotubes, Easily purified catalyst, Catalytic chemical vapor deposition 

ntroduction 

=:arbon nanotubes (CNTs), discovered by Sumio Iijima in 
1), have attracted much attention from the research 

lUnity owing to their superior physical and chemical 
:rties(2), such as high tenacity, high electron conductivity, 

ior surface property, excellent field emission property, 
, and semiconductor properties[3-4). These properties of 

. render them to have potential applications in the areas 
!ctronic, energy storage, nanocomposites, and medical 
,. 10) 

fhe common strategies for synthesizing CNTs can be di­
into the following categories: arc-discharge, laser abla­
and chemical vapor deposition (CVD) methodsII1

•
I3

). 

ischarge and laser ablation methods require high tem­
Ires, i.e., above 1000'(, to synthesize CNTs. Although 

processes enable the production of high quality CNTs, 
ace the limitations of mass and cost-effective production. 
method is relatively simple, economical, and easy to 

up. CVD has been widely used, owing to its potential to 
ce large amount of CNTs of high purity and the ease of 
llling reaction conditions to produce the desired type of 

1 nanostructures . 

t is expected that CNTs with high purity and uniform 
yare of high market demand with the applications of 

expanded. After the CVD process, the as-produced 
are required to be purified in order to remove catalyst 

:d date: 2 March 2009; Revised date: 27 May 2009 
sponding author. E-mail: chrahman@eng. usm.my 

from CNTs. One of the criteria for catalyst is its ease to be 
removed from the raw product to simplify the purification 

procedure. The properties of CNTs depend strongly on their 
chirality that is closely related to CNT diameters [14.16). There­

fore, the only way to obtain CNTs with uniform properties for 
their application purposes is to synthesize CNTs with uniform 
diameter in high purity and yield. 

Previously, we have reported that MWCNTs with narrow 

diameter distribution were grown on Co-Mol Ah03 through 
the control of calcination and reduction temperature [1 7.18). 

However, alumina support is a very stable material that is inert 

to both mild acid and alkali, which make the purification 
process of CNTs difficult. In the present study, MgO was 
chosen as support material for Co-Mo catalyst, which was 

prepared by sol-gel method. After the CVD, the 
as-synthesized CNTs were purified by a simple mild acid 
treatment. The CNTs before and after purification were char­

acterized by TEM and TGA. The findings are reported and 
discussed in this article. 

2 Experimental 

2.1 Preparation of Co-Mo/MgO catalyst 

A mixture of Co(N03h'6H20, (NH4)6M07024·4H20, and 
Mg(N03k6H20 was dissolved in distilled water to prepare 

Co-Mo/MgO catalyst with a mass ratio of 
Co:Mo:MgO=5:20:75. Citric acid with 3 times weight of the 

~ht©2009, Institute of Coal Chemistry, Chinese Academy of Sciences. Published by Elsevier Limited. All rights reserved. 
).10 16/S 1872.5805(08)6004 1-4 
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surface methodology 
lsfer 
~d reactor 
oking oil 

This study aimed to develop an optimal continuous procedure of lipase-catalyzes transesterification of 
waste cooking palm oil in a packed bed reactor to investigate the possibility of large scale production fur­
ther. Response surface methodology (RSM) based on central composite rotatable design (CCRD) was used 
to optimize the two important reaction variables packed bed height (cm) and substrate flow rate(ml/min) 
for the transesterification of waste cooking palm oil in a continuous packed bed reactor. The optimum 
condition for the transesterification of waste cooking palm oil was as follows: 10.53 cm packed bed 
height and 0.57 ml/min substrate flow rate. The optimum predicted fatty acid methyl ester (FAME) yield 
was 80.3% and the actual value was 79%. The above results shows that the RSMstudy based on CCRD is 
adaptable for FAME yield studied for the current transesterification system. The effect of mass transfer in 
the packed bed reactor has also been studied. Models for FAME yield have been developed for cases of 
reaction control and mass transfer control. The results showed very good agreement compatibility 
between mass transfer model and the experimental results obtained from immobilized lipase packed 
bed reactor operation, showing that in this case the FAME yield was mass transfer controlled. 

Iduction 

rnative fuel source are currently of interest as crude oil 
soar to record high. Biodiesel, also known as fatty acid 
ester (FAME), has become more attractive as an alternative 
:ource because of its environmental benefit such as biode­
e, nontoxic and low emission profiles (Canakci, 2007; 
,tti et aI., 2007; Lara Pizarro and Park, 2003). Presently 
ial production of biodiesel from waste cooking oil is per­
by chemical alkaline or acidic processes. However, chemi-

lsesterification has some unavoidable drawbacks such as 
nergy and methanol consumption, difficulty in glycerol 
y, and a large amount of alkaline wastewater from the cat­
Ie et aI., 2008; Haas et aI., 2003; Lu et aI., 2007). 
>ntly, enzymatic methanolysis using lipases has become 
ttractive in biodiesel production, since it is considered to 
~ffective way to overcome the drawbacks involved in the 
al process. Particularly, the by-product, glycerol, can be eas­
wered without complex treatment (Ha et aI., 2007). The 
roblem of enzyme catalyzed process is the high cost of the 
used as catalyst and the cost of raw material which ac-
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counts for about 70% of the total cost (Wang et aI., 2008). There­
fore, researchers are always looking for other effort to reduce the 
cost of biodiesel production. Waste cooking oil, originated from 
restaurants and household disposals, is creating serious problems 
of environmental control. Production of biodiesel with waste cook­
ing oil as feedstock not only could reduce disposal problems, but, 
more importantly, would decrease the cost of biodiesel (Chen et 
aI., 2005). Several studies showed that enzymatic methanolysis 
with waste cooking oil was a promising alternative as a feedstock 
for biodiesel production (Wang et aI., 2008; Watanabe et aI., 2001; 
Nie et aI., 2006; Li et aI., 2006). The key step in enzymatic process 
lies in the successful immobilization of the enzyme, which allows 
for its easy recovery and reused (Modi et aI., 2007), High opera­
tional stability of the immobilized enzyme was reported in several 
studies (Watanabe et aI., 2001; Nie et aI., 2006; Li et aI., 2006; Shi­
mada et aI., 2002; Royon et aI., 2007), making it possible in a batch 
system, or its long use in a continuous one, which reduces the inci­
dence of catalyst cost. 

Although lipase catalyzed transesterification has significant 
benefits, the industrial application technology has been slow. For 
widespread industrial use to occur the process has to be techni­
cally and economically feasible, The packed bed reactor (PBR) has 
been extensively investigated by several researchers for use in 
industrial scale application (Watanabe et aI., 2001 ; Nie et aI., 
2006; Royon et aI., 2007), The packed bed reactor is one of the most 
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': 11.3 o,:L~" a,::.tc ~G Gcve.GP an op:LTIal co;-.rlnuous procedure of lipase-catalyzes transesterification of 
was~e cr,': :<11;<:, :;>31111 oil in a ::lacked bed reactor to invest igate the possibility oflarge scale production fur­
t.1e:, .(e52JnSt sU"lace me;:l;oQoiogy ' RS:VI) based on central composite rotatable design (CCRD) was used 
[Q c;Jm~' .. L.:' ('l e 'wo Importam react~Oi1 variables packed bed height (cm ) and substrate flow rate(mljmin) 
fo r ,:le t "c i1se,ce,ific2 tion ofwasJ:e cooking palm oil in a continuous packed bed reactor. The optimum 
condi: icn ior rhe u?nsesrerificarion of wasre cooking palm oil was as follows: 10.53 cm packed bed 
he;E,h: < .. :C 0.::7 .T!:'mL1 stlbstrate fiow rare. The optimum predicted fatty acid methyl ester (FAME) yield 
was 80 .:0;, ai',Q ',ne aCIua; value w;s 79%. The above results shows that the RSM study based on CCRD is 
3Li! _ .~:: " .-c.· ". ' .. '.'E y!=ld -:: "Q:ec. :0: :"e Llfrem transesteri fication sysrem. The effect of mass transfer in 
I'.e ;2.c.:::~. ~::c. :e.:.c,o; hc.s a;sG ::'2e:, >mciiec , ,\ilodeis for fAivlE yield have been developed fo r cases of 
; f e.e.Ol', "on;,'c, 2nc. mass tranSle: comroi . Tne results showed very good agreement compatibility 
;:,t :" ice .' :."" ,;c.:.sit . n:ooe! a i'.u ,ne experimental resuits obtained from immobilized lipase packed 
be:: [(" c. ,:::.) : o')e'2~10n , snuv!Jing that in this case rhe FAME yield was mass transfer controlled. 

tion 

ve fuel source are currently of iCc :'e;:~ as cl'ude oil 
tc reco:c high. Biodiese1. al sc k:-.:'.\ -~ =. ~. f,- -~r.V 2:id 

r (FAME), has become more atrrac::ve c.~ " p 2'rernatlve 
'e because of its environm ental be~, cfi ' o.lC" a<; oiode­
omoxic and low emiss ion prof Pes ":' n;:' .. c:i 2007 ; 
:t a l.. 2007; Lara Pizarro and !"2. <, ;;'-,':;3:. ~:~'esent!y 

roductioE of biodiesel fro ri': wasti' C J~ :':'l'S c'; .5 ;:Je:­
hemica; alka line or acidic prscess ~~ :-' . .. '." ,'0-' :l1e ':~,i­

erificalion has sarne lj ila\ 'Jij3b~2 ~~'o .' ~.: .; .-.;..·.:::r. 3S 
/ and metha,l ol cOEsurm;:tio:l, ::.i:~c'" -, l:~fCCJl 

.d a large amount of a!kClli ne w.;:.s (e '.ca'" ":.)~'. :he ca~­

ai. , 2008 ; :-{aas et 3L, 2003 ; ::'u 2 ' " ," 7 
enzym atic methanoly s;s clsir.g :~:.::.": :.:E j;:ouJ!., e 

rive in bi odie~e! p roductlcl: s~.-'c:! ~ " :c :~~=.-=rc= to 
'ive v·.ray to overcoce Ihe c.",;:v/:,,;:- , ::: .. ~~ :- c. ;:"l !::t-.E 
)cess. Paftic1.2 larly, the t,Y-:::.JC:1c!. ~'-, c.: :1. ~'~r: ::e ee.s-· 
d wi ~tout cor;.-:plex ~te aL-:'--:'~i.--:' : '.-. =- -: , .~. ,_::=- -.-~. -!~'-'e 

1'n of enzyrn:: :3::alyzec.~ ~r:·CeS S : ~ . ~c ~:~ .:.:-:..:::: :.-~ '.: rle 

u g a"':'':!lC:-, T:: ... --GO 459;54',7 : .: ... _ 
?sses: Cllc.zE:-:c.f~:_g.u s ::~ .. :-1!:', c :~! .-:- ~ _ :;, ......... __ 

3ee fror. t maHer \E 2008 !: lsev;f ·' . t:;. F:t r:~ ' , ' ... /:-... 
ionech.2008.07.0:O ' 
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CO\"'1f S fm abom 70% of the total cost (Wang et a!. . 2008 ), There­
for",. researchers are alw ays iooking for other effort to reduce the 
cos: of biodiesel production, Waste cooking oil, originated from 
;·e s::c;:..:rc:ms and household disposals. is creating serious problems 
or e'wironm enral control. Production ofbiodiesel with waste cook­
mg oii as feedsto ck not only could reduce disposal problems, but, 
Xlc :e :r.':-lQ'·''' ;ltly. wou ld decrease t he cost of biodiesel (Chen et 
2.:. , 20eS;' Se':eral studies showed t hat enzymatic methanolysis 
w; ','1 w aSIc cooking oi i w as a promising alternative as a feedstock 
:-: ~ '::,io;:iiese: prod Lict i::m (Wang et a l. . 2008; Watanabe et 21. , 2001; 
''te CI ::': . 20C:3 : ~~ er a!., 20(6). The key step in enzym atic process 
" e S<il t~ e s:.lccessful immobilization of the enzyme. which allows 
~J:' :rs casy recovery and reused (Modi et a l. . 2007), High opera­
~iG:''' ..;~ab i~j~! cf the immobil ized enzyme was reported in several 
:: . cies ~\Na,anabe et a I., 2001: Nie et al.. 2006; Li et a I., 2006; Shi­
',~ ;C::i: e : 2,; .. 2 ~C2 ; RCJ)'on e;: al.. 2007 ). making it possible in a batch 
s:'''':!' .~'' or i:5 !ong :.:se in a continuous one , which reduces the inci­
:\e ~!c,= cr cat3~ys-: cost. 

/·.: ~h:Lgl: :ipas2 catalyzed ~ ransestedication has significant 
:: ::r.L~ ·:::, :r.c ;:1c dsr;-ia: ar.; p;;'::ation tech" o!ogy has been slow. For 
·f<.:'..:'''pcec:s ir-.dc.str ial use :0 occur the process has to be techni­
::Z.'~r ;,'.0 2CC·-.cr.l ica lly fe.; s i~l le. The packed bed reactor :PBR) has 
JtC' :-: ~'.{::er,,·\,ely inv2s tig2;:cd by sever"l researchers for use in 
'-, ,<~ ".i ; C: .!2 2pp !icat ion :W atanabe et aI., 2001 ; Nie et aI., 
2~;C~. :"--'Y) : 2: 3',. 2007 ;. T~l~ ;:Jackec t ed reactor is one of the most 
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ior. 

In ti'llS presem WO~K. farty acia methyl ester (FAME) was produced from waste cooking palm oil (WCPO) 
by Ij1) 3s e<2:: '- ~ jZ " ~. re2: ti:n. The can'ytic activities of several commerciallipases and different organic 
SO,Ve l' [ \vere s:::reened. i'lovozyne 435 was found to be more effective in cata lyzing the transesterifica­
rio'1 of it. CP('; liv: (h me[hanol. tert-Butanoi was used as the reaction medium. which eliminated both 
ne§:3tive ,,,ffect caused by excessive methanol and glycerol as the byproduct. Several variables such as 
effect of 'l1e(!1anol/oil molar ratio. effect of lipase quantity and effect of agitation speed (rpm) were 
exa_" ,; !1cC :n 2. 02ee)'_ SYSLem . Transesteri fication ofWCPO can reach up to 88% FAME yield under optimum 
cOEc,iti:;G : n'efnanolj oii molar rane 4 : i , 4% Novozyme 43 5 based on oil weight. 200 rpm and 12 h 
r2a c~ i0 :'l "me ,. K,'lencs of lipase-Catalyzed uansesterification of WCPO in ten-butanol system was also 
_:lV'Oscigc: ' ",2. ,"_ !'::x!ei cased on Pmg ?ong Bi Bi with only inhibition by methanol was found to fit the 
' :1 ,: _" , r.; , ~ Q"_ :~ , ,ftC u:e Kinetics parameters were evalua(ed by non-linear regression analysis. 

tion 

Nn ,hat there is finite amoum of ioss i; :ueiS 1,10 me 
;erved cO'J! d be d epleted in less ::~~':1 i. :'C Y2::1!-:=; a;:: "C :-le 
of consumption [1] . Developing rel'lewd Dle , eSO'-l l'ces 

:herefore necessary. Biodiesel, also '<:1C ', ' ,1 2 .' fa :rv acid 
' (FAME ) has become m ore anracc;ve :0.:: an 2_Lcdla"ve 
:e because of its e nvironme.'1[2: !:::e_~e:": sC'ch 2S 
!Ie. nontox:c and lo\v 2:ni5s io~ ):C:~ :e: : ~-- :". " 
'. ':r,e indus:rial prc cL.lCt ior. J: : :c ' :e '::' "t."'\ ;s 
by transesterifi ca-cion of \Na s ·.~e ~i~ ,".S;.- ~ :. :~(arne 

lUke The convent iona l {:1-. 2Lli c .:. ~ :C~"-2: fc ';:':T:!12Sis 
21s, bioCdtc!yt ic roet£: ? e:Tili L3 cc:. ':: L:' :a!" :~' :Lt; r~y: 

catio'1 of a wide viF ie ty of oi: f,oeCl ~'-oc~o : .-. : '~E ::: r c- s e'1~ 

Y.lrit iEs , S:.lch as free f; 'Cty a:id s ~::' ':A : ~::.::::: ,;:. ' :E~on c;nd 
of t r!e bicc iesc l fuels l::tOCtl': : 2\-:' C:~7.y :.:.?~:~ ::: .~~:.f ,,' ~? ~ i·2T 

he absence of soap byprc,dl:c : ::: ' 
-,----G-f--ci.de paln-: cH- { CPC} l-:L S heeL ",:'- :: :.::::;"! s .':=~: :':. V./ 

t he b iod iesel producLo=-, ~ s ~.'lc~=.~l:::: :: ~_- E ~ ~. _-g::s: 

p3!n"! on i:1 ::h2 \;vc r!c . 1\l2tc~y s :2 = __ -.'C!' ~ ~. 7 . . ~'=:',_!','~'; ~.C'~. 

d pal !TL od prod uc[l on cod G2~f :-; " .!'. ::,.[' . : ~, ~·:s C,,""' ~ 

UtG 22% of t !12 VJo rld ~J~2.~ )_'c c·: ... ,...: ::~.- h. :/.-:,,= -,, ':5 C":" 

see f:o\! ~ macer 't 2008 E:sevie r . td ::... :"g ' r:­
rccbio.2008.08 .010 
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Oi l 30ard ). P".lm oil is the mo st productive oil beari ng plant 
s;JEc;es . 1"2:m oil has the highest yi eld of around 4000 kg per 
hectare compared IO that of m her vegetable oils [6] . Fu rthermore 
paIn: oE is less susceptible to the vagaries of weather com pare to 
other crops . Therefore , i t would be economically intui tive to 
consice r pa lm oi i as a favorabl e feed stock for biodiesel production 
'T 

t-j C\NeVe~ t he CPO cu:-reL': price is R!Vi31 98Jtonne wh ich is too 
e:qe:-,_sive and has limited t~e CPO use as diesel (unpubl ished data 
~~Jm l\Ji alaysian Pall-:1 Oil Boc:rd5). Waste cooking palm oil (WCPO) 
;':' :;:':1 rest2l:rants and household is inexpensive compared to CPO, 
~hus i: :s a prom ising alterm :ive to CPO for biodiesel production, 
~ejucj ng the cost of the feed stocks is necessary fo r biodiesel to be 
cO'~1Fierc ia ]]y viable to compete w ith t he petroleum diesel. 
c;_ rre,~ tiy priced a: RM2400jtonne (u!1published da ca from 
~' ~3:- ; o:-:a! ECOEOnl!C CGuncil 1\1alays ia ). 

:.:;:'''_51: a:,served ;l;gh syn:hesis act ivity and good stability in t he 
:~jd;G~Jil0bi c solvem like hexc.ne but ,he hydrophilic cornpounds 
·,.sed as subsna::e (2; cohol ) or obtained as prod uct (glycerol) are 
:r_'r.~:s ::b le :;-, hyd i-C:Jhobic re 2.ction medium . Problem J f solubi­
:;Z.'_::J :~ resdrs ' n ;:he absC':'ption of po'ar molecule s onto t he 
~~d rc ::\i; i c sc:ppon i2adii1g tc! 1mA' t ransesterification rate [8J , To 
5:'> ~~:-;.~s ?;~o~:' l e r:-! ~f:'t-tU"l:c l'! O! \Nas usee as an ideal SOiVE!1 L \Nith 
c:, :: 2:--,=;;:'~ =-, 2: 1I1CL:[, -:- cf re rt- b·~!c:.nol as Lhc reaction nlec i :..:n1, both 
~-__ ,": :12;-,c13 >ld byprc uu Ct glycero l are so lub le , so the n egatiVe effect 
:" ';5("::' by ;rethanc : a;:d glycerol on li pase catalytic activiry could 
::f:: :-o·_ii.!ly e ~i r:. !.~ D2:e :: ~9l . 
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fraction yield 
additives 

Catalytic cracking of crude palm oil (CPO) and used palm oil (UPO) were studied in a transport riser reac­
tor for the production ofbiofuels at a reaction temperature of 450 oC, with residence time of20 sand cat­
alyst-to-oil ratio (CTO) of 5 g g- I. The effect of HZSM-5 (differrent Si/AI ratios), beta zeolite, SBA-15 and 
AISBA-15 were studied as physically mixed additives with cracking catalyst Rare earth-Y (REY). REY cat­
alyst alone gave 75.8 wt% conversion with 34.5 wt% of gasoline fraction yield using CPO, whereas with 
UPO, the conversion was 70.9 wt% with gasoline fraction yield of 33.0 wt%, HZSM-5, beta zeolite, SBA-
15 and AISBA-15 as additives with REY increased the conversion and the yield of organic liquid product. 
The transport riser reactor can be used for the continuous production of biofuels from cracking of CPO 
and UPO over REY catalyst. 

t riser reactor 

Iduction 

Jel is defined as liquid or gaseous fuel for transport purpose 
1 be produced from the utilization of biomass substrates or 
urce (Stocker, 2008). The increasing interest for biofuels 
:ion is due to the depletion of fossil fuel. Plant oils, espe­
aim oil has attracted attention of researchers to develop 
ron mentally friendly and high quality fuel, which is free 
gen and sulfur (Tamunaidu, 2006). In recent years, there 
en several studies on the production of hydrocarbons (Le. 
~ I, biogasoline) from plant oils such as castor, soybean, ca­
,tton (Albuquerque et aI., 2009), algal oil (Sharif Hossain 
008) and palm oil (Twaiq et al., 1999; Yean-Sang et al., 
using types of catalysts, 
ytic cracking is one of the routes for obtaining liquid fuels 
Itain linear and cyclic paraffins, olefins, aldehydes, ketones 
)oxylic acids (Chew and Bhatia, 2008). Different reaction 

have been described for studying catalytic cracking on 
oratory-scale. One of the most common systems used for 
: cracking studies of gas oil and palm oil is the fixed bed mi­
lity test or MAT unit (Tamunaidu and Bhatia, 2007). There 
~ral studies reported on the production of biofuels from 
11m oil (CPO), used palm oil (UPO) and palm oil-based fatty 
ture (FAM), using zeolites as a cracking catalyst in a micro­
Twaiq et al., 1999; Yean-Sang et al., 2004a,b). The gasoline, 

Jonding author. Tel.: +60 4 5996409; fax: +60 4 5941013. 
address: chbhatia@eng.usm.my (5. Bhatia). 

1$ - see front matter © 2008 Elsevier Ltd. All rights reserved. 
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kerosene and diesel fractions obtained from CPO, UPO or FAM were 
similar in compositions to the commercial petroleum products as 
determined from gas chromatography analysis (Yean-Sang et al., 
2004a). 

Li et al. (2009) studied the catalytic cracking of cottonseed oil in 
a fixed-fluidized bed reactor. In the presence of fluidized catalytic 
cracking (FCC) equilibrium catalyst (zeolite), liquid product rich 
in gasoline and diesel fraction was produced. The maximum yield 
of light fuel oil (65.6 wt% at 360 °C) and gasoline fraction (33.7 wt% 
at 205 °C) were obtained at optimum condition. Lappas et al. 
(2008) was able to obtain conversions higher than 85 wt% for cat­
alytic cracking of wax performed in a bench scale automated fixed 
bed unit using commercially available FCC catalysts. 

Various catalysts are reported for cracking of triglycerides. The 
choice of the catalyst plays an important role in the cracking of tri­
glyceride. Since zeolites are extremely active, therefore it has been 
tested extensively for catalytic cracking, especially of vegetable oil 
by several researchers (Twaiq et al., 1999; Yean-Sang et al., 2004a). 
The common zeolites are H- Y, H-Beta, H-mordenite, Ultra-stable Y 
(USY) and HZSM-5. There are also studies of catalytic cracking of 
palm oil over various mesoporous catalysts such as MCM-41 and 
SBA-15 (Twaiq et al., 2003a,b, 2004; Yean-Sang et al., 2004c) beside 
microporous zeolite catalysts. Different catalysts will lead to differ­
ent product distribution of catalytic cracking (Chew and Bhatia, 
2008). Corma et al. (2007) studied catalytic cracking of glycerol 
and sorbitol, in the presence of 6 different catalysts, including a 
fresh FCC catalyst, an equilibrium FCC catalyst with metal impuri­
ties (ECat), a mesoporous AI 20 3 , a USY zeolite (Y), a ZSM5-based 
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:-Iydrodynamic study of zeolite-based composite cracking 
:atalyst in a transport riser reactor 
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ABSTRACT 

A composite catalyst containing H-Y zeolite and kaolin suitable for catalytic cracking of palm oil for the production 
ofbiofuels was synthesized by sol-gel-sieve method. In this study, we report the results of the hydrodynamic studies 
using a composite catalyst in a transport riser reactor. The hydrodynamic study confirms that the pressure difference 
across the transport riser reactor varies with the superficial gas velocity and it becomes significant at the bend section 
of the reactor. The pressure buildup occurs when the superficial fluid velocity reaches bubbling fluidization velocity. A 
model incorporating different dimensionless groups correlated with the pressure difference in transport riser reactor 
at different operating conditions. The proposed model predicted the pressure drop within an average error of ±20% 
in a transport riser reactor. 

© 2009 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 

Keywords: Composite cracking catalyst; Transport riser reactor; Hydrodynamic studies; Pressure drop; Superficial gas 
velocity 

Introduction 

'he depletion of crude oil has attracted researchers to explore 
he alternative energy source. Palm oil is one of the alterna­
ive feedstock which can be used to produce an environmental 
riendly and high quality biofuels that are free of nitrogen and 
ulfur (Ooi et aI., 2004b; Tamunaidu and Bhatia, 2007). Cur­
:!ntly, a substantial amount of the crude palm oil is used to 
·roduce biodiesel by reacting crude palm oil with methanol 
J convert it into methyl esters. However, biodiesel cannot be 
.sed in gasoline engines and there is a need to develop a direct 
'rocess to convert palm oil into bio-gasoline suitable for gaso­
. ne engines. Zeolites as the cracking catalyst for palm oil could 
ffectively produce variety ofliquid hydrocarbon fuels (1\vaiq 
tal., 2003a,b; Ooi et aI., 2004a,b; Wachter, 2005; Tamunaidu 
nd Bhatia, 2007). The catalytic cracking process could take 
lace at lower temperature compared to thermal cracking and 
he coke is deposited on the catalyst during cracking process 
~ading to catalyst deactivation. Hence, the removal of coke in 
he catalyst is done in separate reactor by burning the coke 
1 the presence of air and the regenerated catalyst is recycled 
ack to the cracking reactor . 

• Corresponding author. Tel.: +6045996409; fax: +6045941013. 
E-mail address:chbhatia@eng.usm.my (S. Bhatia). 

Fluid catalytic cracking (FCC) process has been used in 
the refinery for the production of gasoline, kerosene, diesel 
and olefins from gas oil. Transport riser reactor is an integral 
part of the catalytic cracking process. Our past research has 
shown that the catalytic cracking of palm oil for the produc­
tion of biofuels could be carried out in transport riser reactor 
(Tamunaidu and Bhatia, 2007). However, there is a need of suit­
able cracking catalyst to be used in a transport riser reactor for 
obtaining reasonable yield of bio-gasoline in order to make 
the process economical. The activity of the catalyst increased 
with the increasing of alumina content up to an optimum level 
then decreased with the further increase of alumina content 
due to the decreasing of the crystallinity (1\vaiq et aI., 2003b) . 
Extensive works have been done in developing the cracking 
catalyst for bio-gasoline production (1\vaiq et aI., 2003c; Ooi et 
aI., 2004a,b). 

The hydrodynamic plays an important role in the design 
of transport riser reactor. The full scale-up of circulating flu ­
idized beds requires at least five dimensionless groups, four 
groups are required in the inertial limit and three groups are 
sufficient for similarity (Van der Meer et aI., 1999). The riser 
diameter influences in opposite manner for Geldart A par-

Received 24 June 2008; Received in revised form 23 October 2008; Accepted 6 December 2008 
263-8762/$ - see front matter © 2009 The Institution of Chemical Engineers. Published by Elsevier B.v. All rights reserved. . . 
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ct 

sel soot oxidation in loose contact with 15 wt.% CuO/ , V20 S/ , Fe203/ and K20-V20S/ZSM-5 catalysts at a ratio of 9: 1 was stud­
!Os/ZSM-5 was the most active with a peak activity at 450°C. Further improvement was achieved with the incorporation of 
Yo K20, attributed to the mobility of potassium upon melting. Chemical interactions between the K20 and extra framework sil­
suited in potassium silicate formation. Sintering of oxides towards the end of the oxidation process resulted in a delay in the com-
of soot oxidation. 

I Elsevier B.V. All rights reserved. 

is: Diesel soot; Oxidation; K20 - V20S/ZSM-5; Loose contact; Synergic effect 

oduction 

ide many other types of pollutants emitted, diesel 
s usually emit significant amount of soot and nitro­
:ides (NOx). To protect the environment, the two 
mts have to be removed from the exhaust gas. As 
~ulations on diesel engine emissions becoming more 
nt, the engine modification and the exhaust after 
ent are needed. While NOx can be removed by cat­
reduction processes [1], soot particulates are com-

collected on a catalytic filter and periodically 
:d to CO2 [2]. The catalyst in the trap must be suffi-
active to oxidize the soot within the exhaust gas 

atures (300-400°C) [3]. The catalysts' activity and 
yare key factors in determining its applicability in 
nercial scale. 
dysts investigated for soot filter are such as noble 
[2], transition metals [4], perovskites [5] and alkali 
[6] and the soot-catalyst contact appears to be the 
aportant problem [2]. Soot oxidation would initiate 

sponding author. Tel. : +6045996411; fax: +604594 1013. 
'I address: chzuhairi@eng.usm.my (A.Z. Abdullah). 

7/$ - see front matter © 2007 Elsevier B.V. All rights reserved. 
16/j.catcom.2007. 11.003 

from areas that have contact with the catalyst. This contact 
will involve in various pathways for the local transport of 
reactive oxygen species from the active catalytic species 
to the soot [7]. The nature of the contact (loose or tight) 
can therefore affect the relative effectiveness of a catalyst 
in promoting soot oxidation. Loose contact always shows 
reduced activity compared to tight contact for all composi­
tions, but the degree of degradation varies from compound 
to compound [6]. Hinot et al. [2] stressed that soot particles 
could not be effectively oxidized unless the catalyst is 
deposited uniformly in the soot clusters. However, some 
benefit could also be obtained from loose contact as oxygen 
diffusion is facilitated. Therefore, soot particles embedded 
deep into the soot-catalyst mass could simultaneously 
undergo oxidation with those exposed to the oxygen at 
the external surface. 

As loose contact between the catalyst and soot always 
leads to lower oxidation activity than the tight contact, 
active catalytic formulations should also include other 
components with high mobility [6]. Potassium has been 
proposed to increase the effective contact with the soot 
due to its high mobility [6,8]. However, report on the 
combination of transition metal and potassium as the soot 
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bstract 

Selective catalytic reduction (SCR) of nitric oxide (NO) in diesel engine exhaust over Cu-ZnlZSM-5 washcoated 
ramic monolithic catalysts is reported. The washcoat component was prepared by ion-exchanging ZSM-5 (SilAl=40) 
ith zinc while copper was incorporated through impregnation. The dispersed wash coat component was then incorporated 
to 400 cpsi ceramic monolith through a dipping process with the final loadings between 19.6 wt. % and 31.4 wt. %. The 
~R process was studied with a feed comprising of900 ppm NO, 2,000 ppm iso butane and 3 % oxygen at gas hourly space 
locities (GHSV) between 5,000 and 13,000 h· l

. NO conversion increased until a loading of23.6 wt. % to give a conversion 
. 88 % at 400°C. The activity dropped at higher loadings due to the partial blockage of cell openings and diffusion 
nitations while unstable washcoating adherence was also demonstrated. After an initial deactivation of about 10% in the 
'st 48 h, this catalyst showed stable residual activity. Between 325 and 375°C, minimal effect on the activity was detected 
len the space time was reduced from 0.94 s to 0.24 s, suggesting the absence of external mass transfer limitations for up 
a GHSV of 16,000 h· l . 

?ywords: NO; selective catalytic reduction; ZSM-5; ceramic monolith; performance. 

Introduction 

Diesel engine owes its popularity to its high fuel 
ficiency, reliability, durability and relatively low fuel 
ice. This engine is run under oxygen excess condition 
a so called lean-burn operation. However, the 

,eration increases the production of toxic gas e.g. 
tric oxides (NO) which cause severe environmental 
.d health problems. Catalytic processes have been 
idely investigated for NO x removal and selective 
talytic reduction (SCR) being the most popular one 
olis et aI., 200 I; Pisarello et ai., 2002; Bennici et 
., 2005). The SCR technology is still immature and 
veral drawbacks are yet to be satisfactorily 
.dressed. 

For a deNO
x 

unit, pressure drop is a key issue 
)denbrand et ai., 1999; Makkee et ai., 2002). In a 
r exhaust or a power plant flue gas system, the 
essure drop should ideally be below 10-20 mbar 
eijger et ai., 2001). Additional demands comprise 
w sensitivity to dust and resistance to thermal shock. 
ructured packings, like monolithic are gaining interest 
r application in NO

x 
reduction (Zamaro et ai., 2005; 

leno-Lopez et ai., 2005) as the pressure drop in 
ese catalysts is significantly lower than that of 
ldomly packed bed catalysts (Cybulski et ai., 1999). 
nong various types of monolith, ceramic monoliths 
ing the most widely used substrate material, mainly 

because of its relatively low manufacturing costs and 
high thermal stability (Heck et ai., 2001). However, 
the specific surface of most structured supports is 
below 1 m2/g, which is way too low for catalytic 
purposes. The specific surface area can be enhanced 
up to about 40 m2/g by washcoating with suitable 
microporous or mesoporous materials. As zeolites have 
a specific surface area 0000-700 m2/g, a monolayer 
of zeolite may serve the need for surface area and 
porosity (Seijger et ai., 2001). The ZSM-5 washcoated 
ceramic monolith catalysts provide interesting 
advantage in the SCR ofN ° x starts receiving attention 
among researchers (Zamaro et ai., 2005; Li et ai., 
2008). ZSM-5 possesses high surface area of about 
370 m2/g and has been demonstrated to have high 
hydrothermal stability and suitability in many 
environmental catalysis applications in our earlier works 
(Deeng et al., 2004; Abdullah et ai., 2003; Abdullah 
et al., 2006). 

Among metals studied as the active component 
of the catalyst are Cu (Deeng et ai., 2004), Pt (Ismail 
et ai., 2002) and Co (Ren et ai., 2002). By reviewing 
the results, Cu should provide superiority on the basis 
of high activity, high stability, low toxicity and low cost. 
Therefore, it was used in this study. Recently, the 
bimetallic catalysts have created particular interest due 
to the promoting effect between metal species (Ismail 
et ai., 2002). The second metal should be able to 
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SWCNTs are important materials in manufacturing advanced devices like field effect transistor 
and field emitters. Fe203/MgO catalyst was developed to grow SWCNTs and was used in 
chemical vapor deposition (CVD) of methane. The catalyst was prepared by mixing iron powder 
(Fe203) with MgO at the prescribed stoichiometry ratio. The findings show that SWCNTs in 
bundle form were grown over the catalyst. Most of the observed bundles are broad with each 
bundle constitutes more than 20 individual SWCNTs. Raman analysis indicates that these 
nanotubes possessed highly graphitized structure. Comparing with other catalyst preparation 
methods, this approach creates better efficiency in the synthesis and reproducibility of SWCNTs 
in the methane CVD. 

Keywords : Single-walled carbon nanotubes; chemical vapor deposition; electron microscopy; 
Raman spectroscopy. 

1. Introduction 

The discovery of single-walled carbon nanotubes 
(SWCNTs) by Iijima and Ichihashi1 in 1993 
had attracted many researchers to investigate the 
properties and the potential applications of this 

tCorresponding author. 

77 

ultra-small tube. SWCNTs have been proven to 
be a good interconnection and active component 
in nanoscale electronic devices .2 Recent researches 
also demonstrated that SWCNTs are important 
materials for manufacturing nanodevices, such as 
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erformance of an activated carbon made from waste 
alm shell in simultaneous adsorption of SOx and NOx 
f flue gas at low temperature 

SUMATHI, S. BHATIA, K.T. LEE & A. R. MOHAMEot 

hool of Chemical Eng ineering, Eng ineering Campus, Universiti Sa ins Malaysia, 14300 Nibong Tebal, Pu lau Pinang, Malays ia 

lis study examined the individual and simultaneous adsorption of SOx (S02) and NOx (NO-N02) on 
tivated carbon prepared from waste palm shell. The adsorption process was examined in a fixed bed 
actor at low temperatures (100 - 300·C). For individual adsorption without any catalytic activation, 
)x showed good adsorption whereas NOx was very much poor. In the simultaneous adsorption of SOx 
d NOx, SOx showed greater adsorption affinity than NOx' For palm shell activated carbon (PSAC) im­
egnated with metal catalyst (Ni and Ce) the concentration adsorbed profile showed that the amount of 
)x adsorbed decreased regularly, while the amount of the adsorbed NOx increased irregularly. The 
operties of the pure and impregnated PSAC were analyzed by BET, SEM and EDX. These investiga­
,ns indicated that PSAC impregnated with metal catalyst is the determining factor in the adsorption of 
>xand NOx simultaneously. 

m shell, activated carbon, flue gas, SOx, NOx 

Introduction 

lissions of sulfur dioxide (SOx) and nitrogen oxide 
Ox) from the progressive industrialization of power 
tnt flue gases may cause many environmental hazards, 
rticularly acid rain and ground-layer ozone formation. 
Ie to its high toxicity and negative impact on the 
>bal environment, interest in reducing these emissions 
lultaneously has been increasing lately. Among the 
no us reducing methods are flue gas desulphurization 
3D) and selective catalytic reduction (SCR). The lit­
ltures show that CuOIAh03-based catalysts and acti­
:ed carbon-based catalyst are active for simultaneous 
noval[l - 41, but the purpose of this study is to remove 

Ix and NOx gases simultaneously at low temperature. 
is is because flue gas temperatures at stack burners 
Ige from 120 to 250 ·C. Earlier studies revealed that 

ivated carbon (AC) showed promising future to re­
Ive SOx and NOx gas simultaneously[5,61. Therefore, 
: activated carbon-based catalysts which are active for 

this purpose in the temperature range of below 100·C 
were developed[71. 

The AC adsorption process is known to have high 
adsorption capacities for variety of toxic gases because 
of its high surface area and micro-porous structure. In 
addition to this, its content of acidic and basic surface 
sites[8- 101 and the presence of suitable metal derivatives 

favor the process of adsorption of certain chemical gas 
adsorption[II ,121. Some first series transition metals were 
used as catalyst for NOx and SOx removal by AC[131. 

Palm shell activated carbon (PSAC) made from waste 
palm shell can be used as an alternative to the existing 
commercially available AC for this study purpose. Previ­
ous studies discovered that PSAC can be used to remove 
S02 and H2S gas[l4- 161 but none have been reported to 

remove either NOx or the simultaneous removal of NOx 
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11 activated carbon (PSAC) 
.des 

This work examines the impregnated carbon-based sorbents for simultaneous removal of502 and NOx 
from simulated flue gas. The carbon-based sorbents were prepared using palm shell activated carbon 
(P5AC) impregnated with several metal oxides (Ni. V. Fe and Ce). The removal of502 and NOx from the 
simulated flue gas was investigated in a fixed-bed reactor. The results showed that PSAC impregnated 
with Ce02 (P5AC-Ce) reported the highest sorption capacity among other impregnated metal oxides for 
the simultaneous removal of 502 and NOx. P5AC-Ce showed the longest breakthrough time of 165 and 
115 min for 502 and NOx. respectively, The properties of the pure and impregnated P5AC were analyzed 
by BET. FTIR and XRF, The physical-chemical features of the P5AC-Ce sorbent indicated a catalytic activity 
in both the sorption of502 and NOx. The formation of both sulfate (5042-) and nitrate (N03-) species on 
spent P5AC-Ce further prove the catalytic role played by Ce02. 

Dducticn 

Idwide, air pollution is a growing threat to human health 
. natural environment. One of the major effects of air pol­
s acid rain and it is caused by sulfur dioxides (SOx) and 
[} oxides (NOx) gases. Fuel combustion processes and power 
.re the largest contributor of these gases in the form of flue 
ypical composition of coal-fired power plant flue gas con­
lout 500- 2000 ppm of S02 and over 125ppm of NOx [1). 
ts high toxicity and negative impact on the global environ­
lajor effect has been taken to reduce both these emissions 
neous!y, 
ng the widely used reducing methods are flue gas desulfur­
FGD) and selective catalytic reduction (SCR). The literatures 
lat CuO/Al20 3-based catalysts and activated carbon-based 
are active for simultaneous removal of both the toxic gases 
part from these, the simultaneous removal of S02 and NOx 
r temperatures are preferred comparatively because flue 
Iperatures at stack burners range at lower temperature, 
I 120 to 250 °(' Earlier studies revealed that activated car­
) showed a promising future to remove SOx and NOx gas 
1eously [6,7)l1owever these studies are done at elevated 
ltures (300 °C and above ). 
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One of the latest types of AC in the current market is biomass 
based AC [8). Currently in Malaysia palm shell based AC is gradually 
finding its way out for a useful utilization [9). Hence it can be very 
handful as well as economical to use palm shell activated carbon 
(PSAC) as an alternative to the existing commercially available AC 
for this study, 

Previous studies discovered that the locally made PSAC can be 
used to remove S02 and H2S gas [10-12) but none have been 
reported to remove NOx or the simultaneous removal of both NOx 
and 502. Presently there are a number of studies that report the 
usage of metal oxides for simultaneous removal of S02 and NOx 
[13- 15). Prior to this study we had also reported the sorption char­
acteristics ofP5AC to remove 502 and NOx [16). However P5AC was 
unable to remove NOx gas. Thus in this work the usage of PSAC as 
a modified (impregnated with various metal oxides) sorbent were 
tested for its possibility in capturing both S02 and NOx simulta­
neously from a simulated coal-fired power plant flue gas at low 
temperature. 

2. Experimental 

2.1. Preparation ofsorbent 

The PSAC used in this work was prepared by physical acti­
vation using C02 gas. The details of the preparation method 
can be seen elsewhere [16). Prior to the impregnation process 
the P5AC was sieved to a size of 1 mm. The PSAC was sub­
jected to pore volume impregnation by metal oxides. First the 
PSAC was impregnated with metal nitrate of an appropriate con-



Renewable and Sustainable Energy Reviews 14 (2010) 1591-1599 

Contents lists available at ScienceDirect 

Renewable and Sustainable Energy Revie.ws 

VIER journal homepage: www.elsevier.com/ locatelrser 

nation of carbon molecular sieve from lignocellulosic biomass: A review 

Rahman Mohamed a,*, Maedeh Mohammadi b ,l, Ghasem Najafpou r Darzi b,l 

Chemical Engineering. Engineering Campus. Universiti Sains Malaysia. 14300 Nibong Tebal. Penang. Malaysia 
r Chemical Engineering. Noushirvani University of Technology. Babol. Iran 

LE INFO ABSTRACT 

Jly: 
~2 December 2009 
! 1 January 2010 

~har 

llecular sieve 
losic biomass 

A literature review on preparation of carbon molecular sieve (CMS) from lignocellulosic biomass is 
presented. The effect of various operation parameters such as pyrolytic temperature, flow rate of the 
carbonizing agent and time of pyrolysis on the carbonization of the lignocellulosic biomass as a carbon 
precursor was reviewed. Various physical and chemical processes for the activation of the biomass­
based char and their effects on textural properties of the activated char were discussed. Conversion of 
activated chars to CMS as the final stage of the preparation process through different techniques of 
chemical vapor deposition (CVO) and controlled pyrolysis was assessed. Survey of literature revealed 
that production ofCMS with BET surface area of 1247 m2/g and micropore volume of 0.51 cm3/g, under 
appropriate conditions has been reported. Also, maximum selectivity of7.6 and 400 for separation of O2/ 

N2 and CO2/CH4 was devoted to palm shell and coconut shell-based CMS, respectively. 
© 2010 Elsevier Ltd. All rights reserved. 
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duction 

'ation and purification of gaseous mixtures is an important 
the chemical and petrochemical industries. Nowadays, 
a growing demand for high purity products which boosts 
Jrtance of gas separation processes. Gas adsorption as a 
treatment technique is proved to be effective in processes 
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which involve the gas separation and purification [1,2]. Although 
adsorption may be a costly method however, utilizing low cost 
materials as adsorbent makes the adsorption process cost effective. 
Lignocellulosic biomasses are attractive materials as precursors for 
preparation of carbonaceous materials used in adsorption pro­
cesses [3.4] . 

Biomass is the only renewable source of carbon which can be 
converted to solid, liquid and gaseous product through various 
conversion processes. Currently, biomass provides about 14% of 
the word's energy consumption [5], but still large quantities of 
biomass have no specific use. They are burned in open air or 
dumped which generate pollutants including dust and acid rain 
gases such as sulfur dioxide and nitrogen oxides. According to the 
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Decomposition of oil palm fruit press fiber (FPF) to various liquid products in subcritical water was inves­
tigated using a high-pressure autoclave reactor with and without the presence of catalyst. When the reac­
tion was carried in the absence of catalyst. the conversion of solid to liquid products increased from 54.9% 
at 483 K to 75.8% at 603 K. Simultaneously. the liquid yield increased from 28.8% to 39.1%. The liquid 
products were sub-categorized to bio-oil (benzene soluble. diethylether soluble, acetone soluble) and 
water soluble. When 10% ZnCb was added, the conversion increased slightly but gaseous products 
increased significantly. However, when 10% Na2C03 and 10% NaOH were added independently, the solid 
conversion increased to almost 90%. In the presence of catalyst. the liquid products were mainly bio-oil 
compounds. Although solid conversion increased at higher reaction temperature, but the liquid yield did 
not increase at higher temperature. 

roduction 

wadays, the world is facing multiple problems such as global 
ing, acid rain and depletion of energy resources. All these 
~ms are directly related to the high dependency of world 
y source on non-renewable fossil fuels such as petroleum, 
11 gas, and coal. Therefore, there is an urgent need to develop 
ative, new, cheap, clean, and renewable energy resources, 
I have the potential to solve the environment problems men­
I above. There are various alternative energy resources avail­
lcluding hydro, biomass, wind, solar, hydrogen and nuclear, 
ler biomass has been receiving considerable attention lately. 
ISS is popular because it is widely available in many parts of 
orld. Using indigenous source of biomass for energy supply 
lOid the domination by certain countries. Furthermore, the 
biomass as a substitute for fossil fuels can reduce the carbon 
lt in the atmosphere as carbon dioxide is absorbed by plant 
otosynthesis during growth (Demirbas; 2001). 
mass can generally be divided to four wide categories: (i) 
:y waste and residues, including mill wood waste, tree and 
waste, thinning and urban wood waste, bark and sawdust. 
ergy crops, including short rotation woody crops, herbaceous 
crops, grasses and starch crops. (iii) Aquatic biomass such as 
eds. (iiii) Agricultural residues and waste biomass, such as 
wastes derived from cultivation of crops, municipal solid 
animal waste, food processing waste and etc. (Demirbas, 

'esponding author, Tel.: +60 4 5996410; fax: +60 4 5941013, 
ail address: ehrahman@eng,usm,my (A,R, Mohamed). 

:24/$ - see front matter © 2009 Elsevier Ltd. All rights reserved. 
016/i·biorteeh.2009,08.042 

© 2009 Elsevier Ltd. All rights reserved. 

2001, 2007; LEDE. 1999; Meng et aI., 2006). Malaysia, being a 
country that actively promotes agricultural activities has abundant 
biomass wastes. Oil palm is the most important agriculture crop in 
Malaysia, since Malaysia is one of the main palm oil producing and 
exporting countries in the world. In year 2008, 4.88 million hect­
ares of land in Malaysia is covered by oil palm cultivation which 
produces 90.40 million tonnes of fresh fruit bunches (FFB). The 
amount of oil palm biomass produced by these oil palm planta­
tions in year 2008 is estimated to be about 37.0 million tons, con­
sisting of 22% empty fruit bunch (EFB), 13.5% fruit press fiber (FPF) 
and 5.5% shell (Malaysia Palm Oil Council (MPOC), 2004 and 
Malaysia Palm oil Board (MPOB) January, 2009). Indiscriminate 
disposal of these wastes will cause serious environmental prob­
lems. On the other hand, lately, it has been proven that biomass 
sources can become an economical source of renewable energy. 
Therefore, developing new technologies for converting oil palm 
biomass to energy sources (liquid or gas) becomes an attractive re­
search area. 

Biomass conversion to energy could be divided into three main 
approaches: direct combustion processes (e.g. burning wood for 
heating and cooking, etc.), biochemical processes (such as methane 
fermentation and alcoholic fermentation, etc.), and thermochemi­
cal processes. Thermochemical processes may be further subdi­
vided into pyrolysis, gasification and liquefaction (high-pressure 
liquefaction, sub to supercritical fluid (SCF)). These processes con­
vert waste biomass into energy rich products. Each technology has 
its own advantages, depending on the type of biomass source and 
the form of energy needed (Mirza et aI., 2008). For instance, pyro­
lysis and gasification has the advantage of non requirement of high 
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The effects of CoO. to MoO. ratio and loading amount of CoOx-MoO. for Ab03 supported catalysts on 
methane decomposition into carbon nanotubes (CNTs) were investigated. The reaction was performed 
in a fixed-bed vertical reactor at 700 °C. It has been shown that a small amount of molybdenum added 
brought about considerable increases in carbon yield. The highest carbon yield was recorded for the 
catalyst CoO.:MoO. with weight ratio of8:2. The examination of catalyst activity and carbon morphology 
reveals that an increase in the molybdenum content reduced the carbon yield and formed CNTs of smaller 
diameter and narrower diameter distribution. The study also shows that CoO.-MoO. loading determines 
the yield of carbon and the diameter ofCNTs. The yield of carbon reached the maximum at 30 wt% loading. 
and subsequent increases in the loading amount decreased the yield. In addition. severe agglomeration 
of CoOx-MoO. alloy particles for high loaded CoOx-MoO.-containing catalysts led to the formation of 
larger alloy clusters that grew CNTs with comparatively larger diameters. 

dion 

insic properties of carbon nanotubes (CNTs) make them 
tial applications in fields such as quantum wires, field­
;istors, field emitters, diodes, gas sensor, electric power 
d conductive polymers (1). The versatility of CNTs has 
tudies not only in growing this structure, but also on 
.w CNTs with specific architectures. After the catalytic 
CNTs was first reported by Yacaman et al. in 1993 
been generally accepted that catalytic method holds 
ltages over other synthesis methods, such as laser abla­
:-discharge, for large-scale production of CNTs. This 
tble to catalytic growth which involves simple equip­
p, lower reaction temperature and higher nanotube 

'e many articles which reported the influences of catalyst 
ts on effective cracking of hydrocarbon gases into CNTs 
compatibility of the catalyst components in growing 
.ding the active metal, promoter and support, is indeed 
msition metals, such as Co, Ni or Fe, are commonly used 
the growth of CNTs in catalytic chemical vapor deposi­
ell known that catalyst promoters play role in increasing 
lrbon yield and the selectivity for the formation of the 
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specific nanotube morphology, all of which are lacking in individual 
metals. Possible promoters, including Fe, Co, Mn, Mg, AI, Ni, Mo, Cu, 
Pd, Pt. etc., have been studied in decomposition process for CNTs 
production [3,6-14). In our previous findings, MoOx was found to 
be an effective promoter for CoOx used for producing CNTs of bet­
ter morphology and yield (1 5). Particularly relevant to the current 
work, the significance of Co-Mo catalysts supported on various 
oxides for the synthesis of CNTs has also been reported by other 
research groups lately [16- 22). Co- Mo catalysts have effectively 
been used to grow single-walled carbon nanotubes from carbon 
monoxide [20,21) or alcohol (22). It is known that a promoter can 
alter the morphology of active metal to suit the growth of CNTs 
or anticipate in enhancing or weakening metal- support interac­
tion of the catalyst system, indirectly participating in the catalytic 
growth of CNTs. For this reason, the ratio of active metal to pro­
moter is crucial and it is believed that an optimum ratio will give 
the highest rate of CNTs formation (9). On the other hand, it is also 
widely accepted that active metal is the main component of cata­
lyst that controls the diameter of the CNTs and the loading amount 
of the metal determines the size distribution of the active metal 
[23,24). Thus, the influence of metal loading on the size of CNTs 
is identified as an important parameter to be optimized in CNTs 
synthesis. 

Our previous studies also divulge that calcination and reduction 
temperature for CoOx-MoOx/Alz03 catalysts has significant effects 
on carbon yield, quality and morphology of the CNTs obtained from 
methane decomposition and the suitable calcination and reduction 
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Cerium (Ce) supported on palm-shell-activated carbon (PSAC) has been found to significantly increase its 
activity in simultaneous removal S02 and NO from simulated flue gas. In the present study, the role ofCe 
on S02 and NO removal was studied through reaction adsorption. The catalyst was characterized using 
BET, EDAX, and SEM. It was found that PSAC could remove S02 only without the addition of Ce, and 
NO could be removed in the presence of Ce loaded over PSAC. The experimental results showed 
Cel0/PSAC catalyst at 100 °C yield the best breakthrough time for simultaneous removal of NO and 
S02' NO removal lasted for 115 min, whereas S02 for 165 min. As the Ce content was increased from 5 to 
12%, NO conversion increased significantly, but dropped with further increase in Ce content. Higher 
temperatures do not encourage the simultaneous adsorption of S02 and NO. It was found that S02 and 
NO create competitive phenomenon toward the active sites ofPSAC and Ce/PSAC. S02 removal was not 
affected by the addition ofCe because PSAC played an important role ofS02 adsorption and Ce presences 
promoted the adsorption rate. 

Introduction 

rrently in Malaysia, it is estimated that the power 
ns flue fas emission load is about 16% from the total 
)llutant. S02 and NO are the 2 major contributors of 
r stations flue gas. Hence serious efforts have to be taken 
jer to curb this problem before it diversifies. Among 
JS emission control technologies available today, cal­
based flue gas desulphurization and selective catalytic 
tion (SCR) by NH3 are the most effective technologies 
)2 and NO removal, respectively.2-5 However, in order 
ler the capital cost of equipment and operating cost, it is 
.ble to remove S02 and NO simultaneously in a single 

rrently, catalysts supported over activated carbon (AC) 
sorbents are well-known for their potential of removing 
nd NO simultaneously. There are mainly two types of 
st-sorbents, activated carbon/coke (all termed AC) at 
:ratures of 140-150 °C6

•
7 and CuO/ Ah03 to be used at 

:ratures of 350-400 °C8
•
9 are reported. The AC-based 

)logy is profitable because of its readiness of being 
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retrofitted into current boiler systems, which reduces the 
equipment costs and warrants higher boiler efficiencies. Nor­
mally in this technology, S02 is removed first at the lower part 
of the reactor then NO is removed by SCR. Recently metal 
oxides supported over AC have drawn interest because it 
could do the job simultaneously in a single-step process. Many 
types of metal oxides have been studied, including Fe, Mn, Ca, 
Y, Cu, and Cr oxides in comparison to AC alone lO- 13 but so 
far none have reported the usage of Cerium (Ce). In Malaysia, 
palm shell biomass generated during the palm oil refining 
process can be utilized in the production of activated carbon. 
Hence in this research, palm-shell-activated carbon (PSAC) 
has been successfully supported with Ce metal oxide to 
remove S02 and NO gases. The reaction mechanism pre­
sented the role of Ce supported over PSAC in simultaneous 
removal ofS02 and NO. 

2. Experimental Section 

2.1. Catalyst Preparation. The AC used is a palm-shell­
derived product made from physical activation with N2 and 
CO2 gas. The details and quality of the PSAC has been repor­
ted elsewhere. 14 The Ce/PSAC catalyst was prepared 
through a conventional pore volume impregnation procedure 
using an appropriate aqueous solution of cerium nitrate 
(Ce(N03)3·6H20). After the impregnation, the sample was 
dried in air at 110 °C for 12 h and calcined in Argon gas at 
500°C for 4 h. The Ce/PSAC samples prepared are termed 

(10) Tseng, H.; Wey, M.; Liang, Y; Chen, K. Carbon . 2003, 41,1079. 
(I I) Yanli, W.; Zhanggen, H.; Zhengyu, L.; Qingya, L. Carbon . 2004, 

42, 423. 
(12) Pasel, J.; Kabner, P.; Montanari, B.; Gazzano, M.; Vaccari, A.; 

Makowski, W.; Lojewski, T.; Dziembaj, R.; Papp, H .. App. Catal., B 
1998,18,199. 

(13) Zhu, Z.; Liu, Z.; Niu, H.; Liu, S.; Hu, T.; Liu, T.; Xie, Y. 1. Catal. 
2001, 197,6. 

(14) Sumathi, S.; Bhatia, S.; Lee, K . T.; Mohamed, A. R. Bioresour. 
Technol. 2008, 100,1614. 

11:1 2009 American Chemical Society 427 pubs.acs.org/EF 
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~~. 01 '~Ft' oJ1Ai:: 0FAt7fl~.£-¥-Ej 0VJ~'il sieving =;Aj ~ ;t:: ~6::: ~At ~~l(CMS)Qj WAj ~ Al5:.<'itS1cJ-. .:z..TIj--"8 ~ Ail 

t7-11.£ 0lif-OiAl:: "['II ~6:::~ .TIj-Aj, 0l~~ ~6::: ~Aj~ .TIj--"8, .:z.2.j.Il poly furfuryl ~2% .Il~At ~?,j- .TIj-Aj 01cJ-. 0l~~ ~6::: 

rAj~oJl Qj<5R 0FAt 7fl~.£-¥-Ej ~~ Oi~ ~Aj~(CA)~ CMSQj WAj ~ ~~ %J.li %~.£ Al-%£l~cJ-. 0FAt7fl~.£-¥-Ej ~~ 
I~ AC~ €-tll~ cJ-g ACoJl rJl~ ~~Qj furfuryl ~2%.TIj- ~~ ~"[il<'il 1:: tll ~ iPj<'itS1cJ-. ACoJl poly furfuryl ~2%Qj ~ 

-~ ~6:::~.TIj-AjoJl ~Ai *"6}J<'itS1cJ-. 01 ~7jl.Il~At7t ~?,j-!8 AC:: ~~Aj ~7c! ~~.TIj-700 - 900 °Cg.5:.oJ1 Ai ~6:::~.TIj-AJ ~ 

1 ~cJ- . .2.:': ulAilAil..:g- %~~ micrometricAtQj ASAPI2020~ 0l%<'it<=4 ~.6:j£l~cJ-. ~.TIj-.£ ACoJl rJl~ ~~Qj furfuryl ~2 

-TIt.¥. ~ ~"[il t;l ~ tll:: 1 :2.5.£ ~ AJ £1 ~cJ-. 7 A ol<'itQj ulAilAil.:g. ~ 700°C, 800 °c .:z.2.j.Il900 °c oJl).-l l.5 A1z!- %'il- .Il~At 
- ~?,j-!8 ACoJl ~Aj £l~cJ-. l.5 A1z!- %'il- 900°C oJ1Ai ~6:::~.g.5:.:: CMSWAj ~ ~~ ~~Qj ~~.Q..£ ~'&l~cJ-. 0li':j~ 
: ~<'itoJ1Ai A~Aj:@ CMS:: 5. 884 AQj.::r~ 3.71 ~ ~::cJ-. 

'AiIOj: ~6::: ~At~~l, ~Aj ~6:::, .Il~At ~?,j- t:lJ~, polyfurfuryl ~j!% 

BSTRACf. In this work, an intention to synthesize the carbon molecular sieve (CMS) with ideal sieving properties from palm 
ell has been attempted. The process includes three main stages: carbonization, carhon dioxide activation and polymer 
position using polyfurfuryl alcohols. Palm shell based activated carbon (AC) produced by carbon dioxide activation was used 
raw material in synthesis ofCMS. After preparing palm shell based AC, optimum concentration ratio of furfuryl alcohols and 
rmaldehyde to AC for CMS synthesis was obtained in this study. Deposition of poly furfuryl alcohols on the palm shell based 
::: was then carried out prior to carbonization. These polymer deposited AC was subjected to carbonization at 700-900°C under 
!rt condition. All the microporous materials were analyzed using micromeritics ASAPI2020. The results show that optimum 
ncentration ratio of furfuryl alcohol and formaldehyde to AC is 1:2.5 . The micropore with pore width less than 7 A was 
~med on the polymer deposited AC at 700°C, 800°C and 900°C for 1.5 hours. Carbonization temperature at 900°C for 1.5 hours 
IS found to be optimum for CMS synthesis. The CMS produced under this condition has pore width of 5.884 A. 

!ywonls: Carbon Molecular Sieve, Activated Carbon, Polymer deposition method, polyfurfuryl alcohol 

INTRODUCTION 

Over the last four decades, Malaysia has become the 
.rld largest palm oil producer and currently the industry 
:onsidered as backbone of agriculture in Malaysia occupy­
; about 60% of the total cultivated land in the country. I 
ese oil palm mills produce a lot of by-products, such as 
m shell. Palm shell has high carbon content, especially 

-323-

after carbonization process. It is a good precursor for pro­
duction of AC with high porosity. These activated carbons 

can possibly be converted into CMS through deposition 
method.2

-
5 

CMS can be defined as substances with discrete pore struc­
tures that can differentiate between molecules on the basis 
of size. CMS have most of the pores in the molecular size 
range allowing separation and purification of gas mixture 



Bioresource Technology 101 (2010) 7641-7647 

Contents lists available at ScienceDirect 

Bioresource Technology 

EYlER jou rna I ho m epage: www .. e lsevier.com/locat e/bi ortech 

/supercritical liquefaction of oil palm fruit press fiber for the production of 
·oil: Effect of solvents 

ein Mazaheri, Keat Teong Lee, Subhash Bhatia, Abdul Rahman Mohamed * 
.f Chemical Engineering. Universiti Sains Malaysia. Engineering Campus. Seri Ampangan. 14300 Nibong rebal. Pulau Pinang. Ma laysia 

ICLE INFO ABSTRACT 

listory: 
d 2 February 2010 
d in revised form 21 April 2010 
d 25 April 2010 
Ie online 26 May 2010 

1s: 

:tion 
1 fruit press fiber (FPF) 

Thermal decomposition of oil palm fruit press fiber (FPF) with sub/supercritical methanol. ethanol. ace­
tone. and lA-dioxane treatments were investigated using a high-pressure autoclave reactor. When FPF 
was decomposed with methanol. ethanol. and acetone from 483 to 603 K. the highest degree of conver­
sion obtained were 81.5%. 77.8%. and 67.9% while the highest liquid product yield (LP) obtained were 
38.0%. 36.9%. and 38.5%. respectively. For the case of 1 A-dioxane. the conversion of FPF increased from 
18.30% to 80.00%. while LP yield increased dramatically from 13.30% to 50.90% (consisting of 42.3% 
bio-oil compounds) when the reaction temperature was increased from 483 to 563 K. However. the con­
version of FPF and LP yield decreased to 69.60% and 24.10%. respectively. when the temperature was fur­
ther increased to 603 K. Comparison between all the solvents. subcritical lA-dioxane treatment was 
found very effective in the degradation of FPF to produce bio-oil component. 

·ercritical 

'oduction 

m oil is the most important Malaysian agriculture crop. It is 
Ited that around 4.88 million hectares of land in Malaysia 
sed for palm oil cultivation in 2008. Malaysia is one of the 
palm oil producing and exporting countries in the world 
produces about 37.00 million tones of palm oil biomasses 

ting five million tons oil palm fruit pressed fiber (FPF) in 
Mazaheri et al.. 2010). In the past two decades. in spite of 
Ig energy resources such as hydro. wind. solar and nuclear 
• biomass has been regarded as a new energy resource be­
it is very cheap. clean and abundantly available in many 
If the world (Demirbas. 2001). Besides. the damages resulted 
.sing fossil fuel such as air pollution. green house effect. toxic 
global warming and acid rain on one part. and increasing day 
of the crude oil price on the other part. makes it important 

: for a new energy resource such as biomass and the conver­
lethods for utilizing it. Furthermore rising consumption of 
s kinds of energy such as gas. oil and coal and limitation in 
'uel resources have increased the importance of this subject 
lfold. Therefore. it seems that finding a new method for con­
~ the huge biomass energy resources to useable energy is 
Ible. 
'rmochemical treatment is one of the potential ways to 
t biomass to biofuel. Under the umbrella of thermochemi­
atment. recently sub/supercritical fluid has (SCF) attracted 

esponding author. Tel.: +60 4 5996410; fax: +60 4 5941013. 
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more attention than other processes because the process is envi­
ronmentally friendly and can be carried out at relatively lower 
temperature. A fluid is named supercritical when its temperature 
and pressure goes higher than the critical pressure (Pc) and crit­
ical temperature (Tc) that indicates the end of the vapor liquid 
coexistence curve as well as gases and liquids are indistinguish­
able fluids and any difference between liquid and gaseous phases 
disappears. In fact. matter that exists in the region above the crit­
ical points (e.g .. Tc and Pc). which is a new phase. is called super­
critical fluid (SCF). Supercritical fluids have liquid like properties 
such as high density that means more dissolving power proper­
ties which allow the solvation of many compounds in supercriti­
cal fluids. Besides. supercritical fluids also have gas like properties 
such as high diffusivity and low viscosity which enhance mass 
transfer rates of reactants to the active biomass's molecules and 
readily penetrate porous and fibrous solids. Therefore. reactions 
which are limited by the rates of diffusion. rather than natural 
kinetics. will proceed faster in supercritical fluids than in liquids. 
These drastic changes mean that SCF is adjustable for different 
applications (Tucker. 1999). Since it is well-known that the 
dielectric constant. viscosity. and other physical properties of 
SCF are functions of density. and since density varies with pres­
sure. these properties are also strongly pressure-dependent. In 
other words. small changes in pressure lead to significant changes 
in density. which in turn alters all density dependent solvent 
properties such as dielectric constant and thermal conductivity. 
The ability to change the physical properties of the solvent by 
simply manipulating the pressure or temperature is unique to 
supercritical systems (Jessop et al.. 1999). 
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I activated carbon (PSAC) 

<ide 

The simultaneous removal of S02 and NO from simulated flue gas by cerium oxide supported over palm 
shell activated carbon (Ce/PSAC) was studied in a fixed bed adsorber. The effects of adsorber temperature. 
presence of humidity, feed gas concentration and space velocity were studied as the process parameter. 
The results were illustrated as sorption breakthrough curves. From the experimental results, it was found 
that at higher space velocity, the S02 and NO sorption capacity was reduced. Humidity enhanced the 
502 sorption capacity but deterred the NO sorption at percentage more than 15%. Temperature played 
an important role in the simultaneous removal of 502 and NO by cerium supported over P5AC. The 
maximum simultaneous sorption capacity of502 and NO was achieved at temperature 150 O( with 121.7 
and 3.5 mg/g, respectively. This study shows that cheap biomass based activated carbon can be a potential 
sorbent for simultaneous removal of502 and NO from flue gas. 

)duction 

acidification of land and water through air pollution has 
j extra attention in recent years due to its growing threat 
m health and nature. One of the prominent contributors 
ollution is fuel combustion process with stationary and 
sources. The most widespread and dangerous outputs of 
cess are oxides of nitrogen (NOx) and oxides of sulfur (SOx) 
re are a number of technologies available to remove these 
pollutants. The literatures show that calcium based flue 

llfurization, selective catalytic reduction (SCR) by NH3 and 
03-based catalysts are the most effective technologies for 
'JO removal [2- 5]. However in order to lower the capital 
quipment and operating cost. it is desirable to remove S02 
simultaneously in a single unit with a cheap sorbent. One 
)od choices is via activated carbon (AC). 
~ are many types of AC prepared from various carbona­
aterials and impregnated with a variety of additives. Some 
AC have been used to remove NOx and SOx simultane-

esearchers reported that metal oxides supported over AC 
lwn interest because it could do the job simultaneously in a 
ep process. Many types of metal oxides have been studied, 
g Fe, Mn. Ca, V, Cu and Cr oxides in comparison to AC alone 
Ir none have reported on cerium (Ce) [6-13 ]. 
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Currently interests are growing in the use of low-cost and abun­
dantly available lignocellulosic material as the precursor for the 
preparation of AC. One alike is palm shell activated carbon (PSAC) 
made from oil palm fruit waste, i.e. palm shell which is abundantly 
available from the palm oil processing mills in Malaysia [14]. Palm 
shell based AC with and without impregnation have been used to 
remove S02 [15- 18], however none have reported on NO removal 
or simultaneous removal of NO and S02' 

In the present work, the potential ofPSAC as a modified (impreg­
nated with cerium oxide) sorbent was tested for its possibility in 
sorbing both S02 and NO gas simultaneously from a simulated flue 
gas at different process operating conditions. 

2. Experimental 

2.1. Preparation of sorbent 

The PSAC was first prepared by thermal charring of the palm 
shell. Then it is followed by a physical activation using C02 
gas at temperature 11 00 0c. Details of the preparation method 
are reported elsewhere [17]. Prior to the impregnation process, 
PSAC was sieved to a size of 1 mm. The PSAC was subjected to 
pore volume impregnation by cerium nitrate. First, the PSAC was 
impregnated with cerium nitrate (Ce(N03 h ·6H2 0) of an appropri­
ate concentration to obtain around 10 wt% of metal content per 
gram ofPSAC(10ml of10wt% metal solution/gram ofPSAC).ln this 
study cerium nitrate from Fluka was used as the metal precursor. 
During the impregnation, the solution of metal nitrate was con­
tinuously mixed with PSAC for 5 h. Then the samples were heated 
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ivated carbon 

ltherm 

The adsorption ofS02 and NO onto palm shell activated carbon supported with cerium oxide (Ce/PSAC) 
was studied in a fixed bed adsorber. This paper reports the adsorption equilibrium of S02 and NO in a 
simulated flue gas on Ce/PSAC. The experimental results show that within the experimental conditions at 
different inlet concentration ofS02/NO. the adsorption capacities ofCe/PSAC can be well fitted by Lang­
muir compared to Freundlich adsorption isotherms. The binary mixtures of S02 and NO at different initial 
concentration can be well-correlated by the extended Jain and Snoeyink US) Langmuir model compared 
to extended Langmuir model. The physical properties of Ce/PSAC were calculated and it was consistent 
with the isotherm parameters obtained from the adsorption results. The adsorption was controlled by 
physisorption. 

ction 

tion processes and its emission i.e. flue gas has been a 
;etback to nature as well as human kind. It has been 
Jat S02 and NO contained in flue gas are the primary 
)onsible for the acid rain and ground-layer ozone for­
e to these factors. interest in reducing these emissions 
usly has been increasing lately to save the global health. 
famous reducing methods are dry-type methods such 

. catalytic reduction. adsorption and flue gas desulphur-
5J. 
'd carbon as an agent fo r adsorption has been used 
ears in many field. Gas-phase adsorption by activated 
separation process in which adsorbate molecules are 
to the pore surface of solid activated carbon [6J. Acti­

m is predominantly amorphous material that has large 
a and pore volume. Activated carbons are made from 
tarting material [7J. For gaseous removal. activated car­
from bituminous coal and coconut are the prominent 
Irrently palm shell-based activated carbon is introduced 
;e applications because it has similar property as coconut 

cussions w ere made in the literature about adsorption 
f S02. 0 2. CO2• N2. CH4 and H2S on palm shell acti­
In (PSAC) [10- 14J. However none have been reported 
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on NO removal or simultaneous removal of S02 and NO. More­
over these researchers did not study the adsorption kinetics using 
model isotherms. Bae and Lee [lSJ. examined the adsorption kinet­
ics of 8 different gases (02• H2 • N2• Ar. CO. C02. S02 and CH4) 
on a carbon molecular sieve using three different isotherms. i.e. 
Dubunin- Radushkevich (DR). Langmuir and Freundlich- Langmuir 
(LF). luray et al. [16J developed a transient kinetic model using 
Langmuir ideal surface and Elovich real surface model for simul­
taneous adsorption of NO and SO over Na/'Y-AIO sorbent. 

In this study. the most commonly used adsorption isotherm 
equations i.e. Langmuir and Freundlich w ere used to describe single 
gas adsorption of S02 and NO over Ce/PSAC. A modified extended 
Langmuir (MEL) was used to predict the binary mixture. Different 
inlet concentrations (i.e. 1000- 2S00 mg/1 ofS02 and 100- 700mg/1 
of NO) and equilibrium temperatures (i.e. 100-300 °C) were used 
to describe the adsorption isotherm and heat of adsorption. 

2. Materials and methods 

2. 1. Preparation of sorbent 

The PSAC was prepared by physical activation using CO2 gas. 
The details ofthe preparation method are reported elsewhere [17J. 
Prior to t he impregnation process. PSAC was sieved to a size of 
1 mm. The PSAC was subjected to pore volume impregnation by 
cerium metal nitrate. First the PSAC was impregnated with cerium 
metal nitrate (Ce(N03l3·6H20) of an appropriate concentration to 
obtain around 10 wt% of metal content per gram of PSAC (10 ml 
of 10wt% metal solution/g of PSAC). In this study cerium nitrate 
from Fluka was used as the metal precursors. During the impreg-
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Abstract: This study examined the S02 and NO sorption capacity of modified Palm Shell Activated Carbon 
(PSAC). The PSAC was modified using vanadium and cerium metal oxides and the effects were studied for 
simultaneous removal of S02 and NO at temperatures of 100-300°C. The weight percentage of metal added and 
their calcination temperature were also analyzed. It was found that cerium based PSAC showed a higher 
sorption capacity compared to vanadium. Calcination procedure plays an important role in provoking the oxide 
fonnation from the impregnated metal nitrates. A 10010 loading ofCe onto PSAC resulted in 121.7 mg g-l of S02 
and 3.5 mg g- l of NO sorption capacity g- l of CelPSAC at temperature 150°C compared to vanadium which 
shows a much lower sorption capacity. Lower temperatures are favorable for the S02 removal and higher 
temperature are favorable for NO reduction. 

Key words: Palm shell, SO" NO, simultaneous, cerium, vanadium 

INfRODUCTION 

Emissions from combustion processes such as sulfur 
dioxide (S02) and Nitrogen Oxide (NO) has been causing 
many environmental hazards, particularly acid rain and 
ground layer ozone fonnation. Reducing these emissions 
simultaneously has been a target for many 
environmentalists. Among the famous methods and 
technologies, dry sorption is still considered to be one of 
the most attractive ways to treat waste gases containing 
S02 and NO. This method has the advantage of being 
simple with less equipment, lower capital and operating 
costs and limited secondary waste generation 
(Ishizuka et al., 2000; Lin et al., 2(03). At present, there 
are only a limited number of reports on simultaneous 
removal of S02 and NO by dry method. Some of latest 
reports include: Ca-based sorbent (Nimmo et al., 2004; 
Pisupati and Bhalla, 2008; Dahlan, 2008), CuO based 
catalyst (Liu et aI., 2009; Rodas-Grapain et aI., 2(05), pure 
activated carbon (Zhu et a!., 2005; Qiang et aI., 2005), 
activated carbon impregnated catalyst (Ma et al., 2(08), 
Activated Carbon Fiber (ACF) (Mochida et aI., 2000) and 
honeycomb catalyst (Wang etaI., 2004; Yanli etal., 2004). 

Activated carbon seems to be one of the most 
promising bases for simultaneous removal because the 
:;ystem can run at temperatures below 200°C and space 
velocities lower than 1000 h- 1 (Nishijima et aI., 1980). 
A.ny cheap material with high carbon content, low in 
tn-organics can be used as a raw material for the 

production of activated carbon (Ioannidou and 
Zabaniotou, 2007). One of the latest types of activated 
carbon is activated carbon made from waste oil palm 
biomasses. Palm shell has been used to produce activated 
carbon and its product has been widely used for many 
applications in particularly to remove gaseous pollutant 
such as S02, CO2 andH2S (Guo andLua, 2002a; Guo eta!., 
2007; Lua and Guo, 2(01). Aroua et al. (2008) have 
reported the usage of carbon molecular sieve produced 
from palm shell to remove CO 2, O2 and N 2' Up to the date, 
PSAC have not been reported on NO removal nor 
simultaneous removal of S02 and NO by other 
researchers. 

Hence, the aim of this investigation is to study the 
simultaneous adsorption of S02 and NO from simulated 
flue gas on PSAC by varying: (1) type of metal support, 
(2) effect of calcination, (3) weight percentage of metal 
support and (4) effect of adsorber temperature. Vanadium 
and cerium were chosen as the metal catalysts. Productive 
results could promote the use of palm shell made 
activated carbon in desulphurization and denitrification 
processes simultaneously, since the calcium-based 
sorbents systems have shown some severe limitations. 

MATERIALS AND METHODS 

Preparation of activated carbon catalysts: An activated 
carbon prepared by physical activation with CO 2 gas from 
palm shell was used in this study. Details of the 
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One of the remarkable achievements in the field of nanotechnology is Carbon Nanotubes (CNT) synthesis. Since their discovery 
in 1991 by Iijima, CNTs have attracted much attention across the world. The CNTs are broadly classified into single-walled carbon 
nanotubes (SWNTs) and muItiwalled carbon nanotubes (MWNTs). The most distinguished features ofSWNTs and MWNTs are 
their electrical, mechanical, chemical, and electronic properties which in turn find their potential applications in almost all fields 
of science, engineering, and technology. Based on the previous research studies to till date, chemical vapour deposition (CVD) is 
considered to be the simplest method with high energy efficiency and precise control of reaction parameters compared to other 
different methods for synthesizing CNTs. Since production of CNTs is becoming the most important factor in the applications 
point of view, most industries today are opting for the CVD technique. This paper reviewed the synthesis of CNT by CVD especially 
focusing on methane CVD. Various parameters influencing the reaction and CNT growth were also discussed. A detailed review 
was made over the different types of CVD process, influence of metal, supports, metal-support interaction, effect of promoters, 
and reaction parameters role in CNTs growth. 

troduction 

III nanotubes (CNTs) are sheets of graphite rolled 
:ubes and possess excellent properties due to their 
letric structure [1) . They are broadly classified into 
-walled carbon nanotubes (SWNTs) and multiwalled 
n nanotubes (MWNTs). Among them SWNTs are the 
laterials to the emerging field of nanotechnology [2). 
have reached the forefront of many industrial research 

:ts nowadays. Due to their high strength, stiffness, and 
ical conductivity [3], CNTs are designated as one of 
lost attractive materials for reinforcing the material 
mposites [4, 5) and for nanoelectronics applications. 
:etical and experimental elastic modulus (lTPa) and 
~ strength of these materials are in the range of tens 
'a, respectively [6). In general, CNTs can be produced 

by carbon arc discharge method (CA) [7), chemical vapour 
deposition method (CVD) [8) , pulsed laser vaporization 
technique (PLV) [9], and high-pressure carbon monoxide 
conversion (HiPco) process [10) . In CA and PLV methods, 
although high quality materials can be produced, the high 
temperature employed for evaporating the carbon atoms 
from solid carbon sources (over 3000 K) make them difficult 
to scale up the process in a cost-effective way. Hence, chem­
ical vapour decomposition (CVD} has gained importance 
owing to its easiest and economic way of production in a 
larger scale [ 11) . CVD method is believed as the most suitable 
synthesis method in terms of product quality and quantity 
[12) . A review by Baddour and Briens, 2005, concluded 
that catalytic technique such as CVD is simple, inexpensive, 
energy-efficient and can produce high purity CNTs in high 
yield (>75%) [13) . As the applications for CNTs range from 
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The ambient so no catalytic degradation of congo red, methyl orange, and methylene blue by titanium 
dioxide (Ti02) catalyst at initial concentrations between 10 and 50 mg/L, catalyst loadings between 1.0 
and 3.0 mg/L and hydrogen peroxide (H20 2) concentrations up to 600 mg/L is reported. A 20 kHz ultra­
sonic processor at 50 Wwas used to accelerate the reaction. The catalysts were exposed to heat treatments 
between 400 and 1000 · C for up to 4 h to induce phase change. Sana catalysts with small amount of rutile 
phase showed better sonocatalytic activity but excessive rutile phase should be avoided. Ti02 heated to 
800 · C for 2 h showed the highest sonocatalytic activity and the degradation of dyes was influenced by 
their chemical structures, chemical phases and characteristics of the catalysts. Congo red exhibited the 
highest degradation rate, attributed to multiple labile azo bonds to cause highest reactivity with the free 
radicals generated. An initial concentration of 10 mg/L, 1.5 gIL of catalyst loading and 450 ppm of H20 2 
gave the best congo red removal efficiency of above 80% in 180 min. Rate coefficients for the sonocatalytic 
process was successfully established and the reused catalyst showed an activity drop by merely 10%. 

duction 

ntly, it is estimated that about 10,000 different types of 
: ial dyes and pigments exist and over 700,000 tones are 
j annually [1 .2 ). About 10- 20% of the total world produc­
yes is lost during the dyeing process and is released into 
ents (3) . Industrial dyestuffs constitute one of the largest 
f organic compounds that cause an increasing environ­
:mcern (4). Therefore. a lot of studies have been dedicated 
lis wastewater by using advanced oxidation process which 
hydroxyl (· OH) radicals to mineralize the organic com­
Different degrees of success have been reported but the 
could subject to some common drawbacks like high capi­
nning costs. the needs for toxic chemicals and low removal 
'. especially at low concentrations. Photocatalytic degra­
another plausible method but its practicality is generally 
lith heavily colored effluent. high photocatalyst loading 
volume operation due to low penetration of the UV light 

'plication of ultrasounds in water with a frequency range 
'n 18 and 100 MHz can result the phenomenon of acoustic 
I . It involves the formation, growth and collapse of cav­
~s that entrapped dissolved gases or vapors surrounding 

onding author. Tel.: +60 45996411; fax: +604594 1013. 
:ldress: chzuhairi@eng.usm.my(A.Z. Abdullah). 

; - see front matter © 2009 Elsevier B.V. All rights reserved. 
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water [5.6.7). Subsequently. many local hot spots with extremely 
high temperature (up to 5000 K) and high pressure (up to 1000 atm) 
are generated to consequently induce the dissociation of water 
(Eqs. (1 )- ( 4 )). oxygen molecules (Eqs. (5)- (8)) and hydrogen per­
oxide (H20 2) (Eq. (9)) in the case of its addition into the effluent 
[5.7.8). 

· OH + H· ~ H20 

2·0H ~ H20 2 

2·0H ~ H20 . + O· 

02~bo . 
Ti02 

· 0 + H20 ~ 2· 0 H 

0 2 + H· ~ · 0 2H 

· 0 2H + · 0 2H ~ H20 2 + O2 

H2 02~b . OH 
Ti02 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

As a semiconductor material. Ti02 is characterized by a filled 
valence band and an empty conduction band [3.4). In the pres­
ence of suitable energy source. the excitation of electron from the 
valence band to the conduction band could occur. With the pres­
ence of UV light or ultrasonic irradiation as the energy source. 
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,d meso porous catalyst 
JI1 

KjSBA 15 was ll1vestigated fo r ,he transesterifi cation of palm oil. The influence of temperature. reactants' 
ratio. catalyst loading and reaction !ir"1e on the biodiesel yield was studied using a Central Composite Design 
(CCD). The process optimization using Response Surface Methodology (RSM ) was performed and the 
interactions betvveen the operational variables were elucidated. The optimum conditions were found to be 
70 "( for the reaction temperature. 11.6 mol/mol for methanol to oil ratio. 3.91 wt.% for the catalyst loading 
and 5 h for the reaction time to achieve 93% of biodiesel yield. High catalytiC activity was attributed to high 
5urface area of ti1e catalyst and the relatively easy diffusion of reactants in the mesopores. The effect of 
catalyst loading ana reaction time was relatively more dominant in affecting the biodiesel yield. High 
potemial or SBA-i S as catalyst fo[ biooiesel production was demonstrated. 

.on 

Dnal fossil energy resources are limited Ol:ld greenhouse 
s are becoming a greater concern. research is now being 
lards the use of alternative renewable fuels th at are 
ulfilling an increasing energy demand. Biodiesel, an 
iese! fuel, is a promising. non-toxic end eco-friendly fuel 
entiona!ly produced by transesterification process of oils 
presence of catalysts in the process plays an importan~ 

roving in the reaction rate and yield [2). Due to 
al problem. easier catalyst se;:>a;-atior' , and economic 
Tent research trend in catalysis has bee;. ;ocusing on the 
)n of homogeneous catalytic system into heterogeneous 
It should be noted that biodiesei :-:eeds ,0 t":2ve fuE 

"'ith either ASTM D6751-07 or £1', ~L2 14 . 2803 st2f:cao'ds 
; a fuel. The comp:iai:ce is b,,"sica.l:y inf1:.,e:lcec'. by ;~~an~' 

as the purity of the fatty acid me:h~ i es::e,'s CO:-::enL, the 
le purifica tion process, the o:.-igi:lal ~G~.stituen.~s ~ r: zhe 
etc. [2 ]. 
numerous heterogeneoL's catalysts cu;~er.t.y avaL?'J:" t:1at 
~he-transester! ficatiGn reactions. A grE2: \t2d-:2ty of C3.t;;.t..-sts 
ine-earth rnetals oxides and hyd:~ox. ~C~fS r < ~ : C ~kaE rl!e'~a l s 

fdroxides or salts SGPpo::ted on alU:llir~a {15 6], zeo:;tes ~7~, 
, ao weil 2S some sol:d acids ' 2] L'2V!', 1:;2=r. ':li"st:iiatec 
; reaction conditions and with a variable cegrees :/sLiccess. 
turn L:-le salts inro r,'!u;:e stab~e fcrrn~ tta: (an DeL::T :-esis: 

lng aUI;-:O:'. Te:.: -:-50 4 59S 3<~ :: :ax : -:-6C 4 ~93 1Cl3. 
~ss: cb.zL,!1,:d!"i:Pc:1g.us:;:.;~-:: (A.7.. ,!'.~du~:dr. ~ 

see fro :1t matter © 2009 Elsevier BV. All rig:! fs rese:·vec. 
proc.2009.03.023 
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leaching during the reaction. Zeolites are one of the catalyst supports 
ttd[ '12ve attracted strong attention in the field of catalysis due to their 
unique pore system, high surface area and high stability_ However, these 
materials present severe limitations when large reactant molecules are 
involved. especially in liquid-phase systems as is frequently the case in 
the synthesis of fine chemicals_ It is due to the fact that mass transfer 
Ii;n;r2rions are very severe for the microporous materials [8]. Similarly, 
G!~2jystS with small pores are not suitable for biodiesel production 
)eca"J se of the diffusion limitation of the large fatty acid molecules 
(t:iglyceride ). Therefore, many researchers now turn into with 
mescporous materials instead of zeolites to be applied as the catalyst 
SU)PO:-L in order to overcome this limitation. 

T'1 2 advantage of using ordered mesoporous solids in catalysis are 
tte ~elatively large pores which facilitate mass transfer and the very 
l-:;g+_ ,;.:rface area which allows high concentration of active sites per 
;n;ss of :naterial [8]. Mesoporous SBA-15 possesses a high surface area 
:6·:)~ - 1000 m2/ g) and is formed by a hexagonal array of uniform 
tubu~c.r chan:lels with tunable pore diameters (5-30 nm ) and thicker 
pore IfJ2 :15 (3-6 nm ) [9J. It has high thermal stability which promises 
g~Ea~ opportunity fo r the application as catalysts or catalytic supports 
i ,,)1 :-;owever. the process of transesterification is affected by various 
~"ctcrs . depending upon the reaction condition used. Some of the 
e;fects are free fatty acid and moisture of the source of oil, type of oil, 
c:a:~'st type and loading. molar ratio of alcohol to oil , type of alcohol, 
"<'.oc::,)!] ::me and temperature. mixing intensity and effect of solvents 
'1 " f..e;:ent studies have also revealed that functionalized mesopor-
0'. s c-':(3 . such as t;n oxide-modified mesoporous SBA-15 [1 2], 
: ' ro.:·Lm-grafted mesoporous silica [13 ] and Mg-MCM-41 [14] 
.;:- /e2fed to be very promising in catalyzing various transesterification 
:e,,:='0::5. Despite l::ghly promising catalyst reported for various 



Sains Malaysiana 39(5)(2010): 805-809 

Optimization of Process Parameters for Alkaline-Catalysed Transesterification of 
Palm Oil Using Response Surface Methodology 

(Pengoptimuman Parameter Proses untuk Transesterifikasi Minyak Sawit 
Bermangkin Alkali Menggunakan Kaedah Sambutan) 

N. RAZALI, H. MOOTABADI, B. SALAMATINIA, K.T. LEE & A.Z. ABDULLAH* 

ABSTRACT 

Biodiesel (fatty acid methyl esters) was synthesizedjrom direct transesterification of vegetable oils, where the corresponding 
Iriglycerides react with methanol in the presence of a suitable catalyst. The alkali catalysts are the most common catalyst 
'.tsed in biodiesel industry because the process proves faster and the reaction conditions are moderate compared to the 
2cid catalyst. In the present study, biodiesel production using heterogeneous alkaline-catalysed transesterification process 
'KOH supported on SBA 15) was proposed. The influence of reaction temperature Xl (50 - 90°C), ratio of methanol to oil, 
r

2 
(6:1 - 14:1 mol/mol), amount of catalyst, Xl (l - 5wt. %), and reaction time, xi2 - 6h) to the reaction was studied. 

These four conditions were studied using design of experiment (DOE), based on four-variable central composite design 
'CCD) with a = 2. The process variables were optimised using the Response Surface Methodology (RSM) in obtaining the 
naximum yield of biodiesel. This method was also applied to determine the significance and interaction of the variables 
iffecting the biodiesel production. The biodiesel produced in the experiment was analysed by gas chromatography, which 
~onsidered five major fatty acid methyl esters. The optimal conditions of response were found to be 70°C for reaction 
emperature, JJ .6 wt/wt of ratio methanol to oil, 3.91wt. % of weight of catalyst and 5 hfor reaction time with 93% of 
7iodiesel yield for predicted value and 87.3% from experimental. 

'(eywords: Base catalyst; biodiesel; response surface methodology 

ABSTRAK 

1iodiesel telah disintesis daripada transesterifikasi langsung minyak sayuran yang melibatkan trigliserida bertindak balas 
iengan metanol dengan kehadiran mangkin yang sesuai. Mangkin beralkali adalah mangkin yang biasanya digunakan 
ii dalam industri biodiesel kerana proses terbukti lebih cepat dan keadaan tindak balas sederhana berbanding dengan 
nang kin berasid. Dalam kajian ini, penghasilan biodiesel menggunakan proses transesterifikasi bermangkinkan heterogen 
leralkali (KOH disokong di atas SBA-15) telah dikaji. Kesan suhu tindak balas, Xl (50 - 90°C), nisbah metanol kepada 
ninyak, x

2 
(6:1 - 14:1 mol/mol), berat mangkin, Xl (l-5wt. %), dan masa, x

4
(2 - 6 h) terhadap tindak balas dikaji. Empat 

:eadaan ini telah dikaji menggunakan reka bentuk eksperimen (DOE) berdasarkan kepada empat pembolehubah reka bentuk 
~abungan berpusat (CCD) dengan a = 2. Pembolehubah proses telah dioptimumkan menggunakan kaedah sambutan 
lermukaan (RSM) dalam mendapatkan hasil biodiesel yang maksimum. Kaedah ini juga digunakan untuk menentukan 
:epentingan dan interaksi pembolehubah-pembolehubah yang mempengaruhi hasil biodiesel. Biodiesel yang dihasilkan 
elah dianalisis melalui kromatografi yang mengambilkira lima metil ester asid lemak utama. Keadaan optimum sambutan 
fidapati pada suhu tindak balas 70°C, nisbah metanol kepada minyak 11 .6 mol/mol, berat mangkin 3.91 wt.% dan 5 jam 
'lasa tindak balas dengan 93% hasil biodiesel keluaran untuk nilai jangkaan dan 87.3% daripada eksperimen. 

;'ata kunci: Biodiesel; kaedah sambutan permukaan; mangkin beralkali 

INTRODUCTION 

)ue to environmental, green chemistry and economic 
oncerns, current research trend in catalysis has been 
ocused on the transformation of homogeneous catalytic 
ystem into heterogeneous systems. The replacement 
.f homogeneous catalysts by heterogeneous catalysts 
lould have various advantages, most important being 
1e application of easier working up procedures, the easy 
atalyst separation from the reaction mixture and the 
~duction of environment pollutants (Venkatesan et al. 
004). Besides that, the process of transesterification is 

affected by various factors depending upon the reaction 
condition used. Some of the effects are free fatty acid and 
moisture of the source of oil, type of oil, catalyst type and 
concentration, molar ratio of alcohol to oil, type of alcohol, 
reaction time and temperature, mixing intensity and effect 
of solvents (Lopez et al. 2005; Meher et al. 2004) The 
economic and environmental interest in using oil and fats 
are also involved in the production of biodiesel. 

The objective of this study was to optimize process 
variables of transesterification. The process variables 
studied were reaction temperature, ratio of methanol to 
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Abstract: Mesoporous silica SEA -15 was synthes ised with two different sets of synthesis 
conditions and was characterised using nitrogen adsorption, X-ray diffraction (XRD), 
transmission electron miC7oscoPY (rEM) and scanning electron microscopy (SEM). The 
effects of the ratio of tetraethylorthosilicate/triblockcopolymer (TEOS/Tep) (1. 52-3.38) 
and pH (1.3-3.0) were particularly studied. Well-ordered hexagonal mesoporous silicas 
were formed at a TEOS/Tep ratio of 2.25 and a pH above 2. The highest surface area 
and an intense XRD pattern were shown by those synthesised at a ratio of 1.52 (669 m2/g 
and 0.5 cdg) . A high TEGS amount disturbed the condensation of the silica network, 
causingfailure in the formalion of the Si-O-Si network. 

Keywords: mesoporous, SBA-15 , TEOS/TCP ratio, pH, characteristics 

Abstrak: Silika mesolior.g SEA - f5 telah dihasilkan melalui dua set keadaan sintesis 
yang berbeza dan dicirixan menggunakan kaedah penjerapan nitrogen, pembelauan 
sinar )( (XRD), mikroskop eiektron rransmisi (TEM) dan mikroskop electron imbasan 
(SEM) . Kesan nisbah rerraetilortosilikat/kopolimer triblok (TEOS/Tep) (1 .52-3.38) dan 
pH (13-3.0) telah dikaji secara khusus. Silika heksagon mesoliang yang teratur telah 
terbentuk pada nisbah TEOS/Tep 225 dan pH melebihi 2. Luas permukaan tertinggi dan 
pola XRD paling kum ditunjukkan oleh silica y ang disintesis pada nisbah 1. 52 (669 m2/g 
dan 0.5 cc!g). Amaun TEOS yang terlampau tinggi mengganggu kondensasi jaringan 
silika menyebabkan kegagalan daiam pembentukanjaringan Si-O-Si. 

Katakunci: mesoliang, SBA- 1 5, nisbah TEOS/TCP, pH, ciri-ciri 

1. INTRODUCTION 

The presence .)f ordered r,anopo;:'ous materials has been known for more 
than a century. ! Since the di scovery of M41S mesoporous materials in 1992, 
there has been an increasing interest in the design of novel porous materials 
tailored with various ~' Ote :::- rgan isations and dimensions for potential applications 
in separation, catalysi s, chemical sensing and optical coating.2

,3 The use of 
mesoporous m&.teri E,' " ~;f VC\1-4 1 as carriers for basic guest species has been 
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Glycerol emerges as a significant worth chemical that can be converted into high value products. In the 
pros?eC': cfl:Jio:'efiner:y indusrries and great demand towards renewable sources. glycerol has proved to 
have t remenaous potential to be transformed, thus supersede conventional petroleum derived fuel 
addi tive. Various types of oxygenated biocomponents and rigorous studies of glycerol transformation 
imo fwel 2ddi~ives are presented in this review paper. Particular focus is given to etherification, 
acerylation and acetalation processes with specific behaviors in the respective reaction system. 
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better lifecycle of CO2 for global warming alleviation) as well as 
engine performance (enhance lubricity, high cetane number for 
complete combustion) [1.2 ] has enticed Asia to use biodiesel as 
alternative fuels and innovative solution to curb the polluted air 
emiIted from growing vehicle population [3] . 

Despite the rapid pace of biodiesel development and commer­
:i3!ization , t here are several key challenges emerging and these 
:TIL\st be addressed efficiently. One key problem that is being 
~lltjmate focused is the inevi table low value production of glycerol 
0.5 ca-product of biodiesel from transesterification and esterifica­
~ i un of vegetable oil [4 ]. Stoichiometrically. glycerol is produced by 
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The use of uitrasonic processor in the hererogeneous rransesterification of palm oil for biodiesel production 
1--.25 been i:1Vest:gated. Response surface methodology was employed to statistically evaluate and optimize 
the b:o.:1iesel production process catalyzed by two alkaline earth metal oxide catalysts i.e. BaO and SrO. SEM. 
surface ana lysis. MS analysis and the Hammett indicator methods were used for characterization of the 
c2ralys~c . Four c:ifferent variables including reaction time (10- 60 min). alcohol to oil molar ratio (3:1-15:1). 
catalyst loading (0.5-3.0 wt.%) and ultrasonic amplitude (25-100%) were optimized. Mathematical models 
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The demand for biodiesel in the worid is sharply increasing. Thus. 
:ncreasing the production rate for biodiesel in order to meet the 
deiT.and seems to be essentiaL Therefore. new accelerating technol­
ogies are of great interest among researchers in this area. Ultrasonic 
i2.diations ca:1 accelerate the biodiesel production rate w ith homog­
enous catalyst [1 .11 ]. Hanh et aL [2 ] found that the methanolysis of oil 
i:1 a:::UeOLS cataiyst solutions (e.g. NaOH. KOH) can be accelerated by 
.OV, f:equency ultrasound which led to the intensification of the 
:''0/012. : proCeSS. Reports on the benefi cial use of ultrasound for 
tJr:1ogeneous catalytic process fo r biodiesel production are also 
pU)!lshed very recently [1,2.12]. Despite widely investigated for 
2ccelefc.ti;1g !:omogeneous reaction systems. heterogeneous biodiesel 
7~'Gc:ctc process has never been intensified using ul trasonic 
c'.crgy. The benefi t offered to the homogeneous process is theoret­
'':2::~! possible in the case of heterogeneous process in a similar 
::-12::~er. However. report on the use of ultrasonic-assist ed heteroge­
T:C\!S process for the production of this renew able fuel is still hardly 
:CL.:lG if' the literature. 

!";~ 1 shows the five step reaction mechanism generally proposed for 
rt:' c' ::,'e of l:iet,;l oxide catalyst in the trans esterification reaction. Steps 1 
2.-.ct 2 describe the adsorption of alcohol and fatty acid on tvvo neigh­
::':-::-.g :ree catdlytic sites. respectively. In step 3. the two adsorbed 
S;:~ .. ~)s ~e2ct to focn a surfaCe interrnediates. These surface intermedi­
~ ::5 '.vi" i:~:rher decompose in step 4 and finally desorb (step 5). 
,""C:COl ji,~g to Hattori et a1. [13 ]. the rate-determining step of this 
::-.2ch3:1is:-:-. 'Nit] catalysts having a higher basicity. such as BaO and SrO. 
:s ~he si.1~facE: reaction step. Forward reaction promotes the formation of 
O's:ec , rc ~2sult in l:igh 'Jiod;esel yield. In this respect. higher alcohol 
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;sisted transesterification 

us catalyst 
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The ultrasonic-assisted transesterification of palm oil in the presence of alkaline earth metal oxide cata­
lysts (CaO, SrO and BaO) was investigated. Batch process assisted by 20 kHz ultrasonic cavitation was car­
ried out to study the effect of reaction time (10-60 min), alcohol to palm oil molar ratio (3:1 - 15:1), 
catalysts loading (0.5-3%) and varying of ultrasonic amplitudes (25-100%). The activities of the catalysts 
were mainly related to their basic strength. The catalytic activity was in the sequence of CaO < SrO < BaO. 
At optimum conditions, 60 min was required to achieve 95% yield compared to 2- 4 h with conventional 
stirring. Also, the yields achieved in 60 min increased from 5.5% to 77.3% (CaO), 48.2% to 95.2% (srO), and 
67.3% to 95.2 (BaO). Fifty percentage amplitude of ultrasonic irradiation was deemed the most suitable 
value and physical changes on the catalysts after the ultrasonic-assisted reaction were successfully elu­
cidated. BaO catalyst underwent relatively more severe activity drop in the catalyst reusability test. Cat­
alysts dissolution was found to be mainly responsible for activity drop ofthe reused catalysts, especially 
with BaO catalyst. 

ction 

~l is an eco-friendly and alternative energy source for 
ines that can be synthesized by transesterification of 
;)i1 or animal fat with alcohols [1]. The reaction can be 
>y alkalis, acids, or enzymes [2]. Alkali-catalyzed transe­
n is much faster than acid-catalyzed transesterification 
;t often used commercially [1]. Nevertheless, the alkali 
mpounds have some drawbacks, i.e. they must be neu­
ter the reaction, thus, eliminating the possibility for 
ility of the catalyst [3,4]. The neutralization process also 
arge amount of wastewater that deserves treatment, to 
:ant increase in the production costs [5] . 
'eneous catalysis have many advantages: they are rela­
·corrosive, environmentally benign and present fewer 
oblems. They are also much easier to be separated from 
.ucts and can be designed to give higher activity, selec­
onger catalyst lifetimes [6]. Alkaline-earth metals oxi­
droxides [7- 9], alkali metals (Na and K) hydroxides or 
rted on y-alumina [3,10-11], zeolites [12], hydrotalcites 
~ been investigated with a variable degree of success. 
Iponent alkaline earth metal oxides (BaO, SrO, CaO, 
h have higher basicity, lower solubility in alcohol and 
. producing higher biodiesel yield have also been 
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reported [9]. However, complete behavior of these catalysts in 
the transesterification process is yet to be fully understood [9,14]. 

As oil and methanol are not completely miscible, the mixing 
efficiency can affect the course of the trans esterification reaction. 
The reaction can only occur in the interfacial region between the 
methanol, oil and catalyst and the alkaline earth oxide catalysts 
are essentially insoluble in the two phases. Continuous and vigor­
ous mixing is then required to increase the area of contact between 
the three phases [15,16]. The mixing process generally increases 
energy input for biodiesel production process, yet the biodiesel 
yield is generally lower then that in the homogeneous process [9]. 

Low frequency ultrasound is theoretically seen as an efficient, 
time saving and economically functional method to accelerate bio­
diesel production process [17] . Ultrasonic mixing can produce 
smaller droplets of the reacting phases than conventional agita­
tion, leading to a drastic increase in the interfacial area and im­
proved mass transfer [18]. As a result, the mixing requirement 
during the process is also significantly lowered, translating in re­
duced energy consumption [15]. Ultrasonic can also 'grind' the cat­
alyst into smaller particles to create new active sites for the 
subsequent reaction. Thus, the solid catalyst is expected to last 
longer in the ultrasonic-assisted process. 

The main aim of this study was to characterize the effects of 
ultrasonic energy in presence of alkaline earth metal oxides as het­
erogeneous catalysts. As reported in literature, most of the transe­
sterification processes for biodiesel production use some oils other 
than palm oil such as rapeseed oil [19] and soybean oil [4,8,10]. As 
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Com?osite catalyses HZSM-5 jal umina (CZA) and AI-MCM-41/alumina «( MA) were synthesized and tested 
for che:~ ca:a1yti.:: cracking activity in t he production of biofuel from palm oil. Both composite cata lysts 
were cha!'acrerized for their structure, acidity and surface morphology. The addition of alumina in the 
composite catalysts improved their hydrothermal stability due to the changes in the surface morphology. 
The deactivation of the catalysIs was studied by obtaining time on stream data by varying the palm oil 
to catalyst ratio or' 8-16. The deactivation data were analyzed using different activity models and the 
deactivation ;:;arameters were determined. 

leis 

uction 

oduction of biofuel from paim oi l has ;}een extensively 
;ing zeolites as t he cracking catalysts ;1-3;. Zeoli te ZSM­
:arkable properties and performan ce ,I; ?C:: ,).'ocess [9 ], 
-41 mesoporous material are reponed as prorn is ing and 
ata!ysts [2,3] for biofuel productiof, in the cara ryti c crack-
11 oil due IO higher diffusivity of bu lky molecules [1-8] . 
·ntional catalyst for gas oil cracking ccn :'=':::5 zeolite [hat 
he major surface area as well as activ<: si tes ar.e' thus !s t he 
onent that controls catalyst activi LY a :-,j sele:'::v;':y [iO· . 
I d isperse zeolite in the matrix and ':,:: i j 1C re .;: ~e :;:5 t llermal 
lthermal stabilities, a lum.i l13 ;5 ad ded as ;; bir,de r wi th­
lemical bonds between m atrix c:nc 2eo l; ~e . Tl'.2 p;'esence 
ind macropo res ir. t he catalyst is dc s::-e: r2 ir~ : :-e~se the 
'lectivity during cat21ytic crachcg : ~ 1 .. 
IMCM-41 [4] and Bet2.jMCM-4·' ~£] ~.~ '::0 '-;:'CSi ~2 cata-
also been reported in t :1E paIn: 0;' C:,C](:' ~ ~. cCCiLse of 

ng interest in the ordered po~c :..:.~ _T2. "=::ri.:. ;~ .\f1:~) cor-!­
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in lerms of process t ime or the deactivating agent i.e ., coke on the 
::dtalyst, without explicit link to the operating conditions. 

The effect of coke could be suppressed by changing the oper­
ating parameters of reaction process, for example by increasing 
pressure and decreasing the cracking conversion/temperature ratio 
;10]. However, the changes in these p rocess parameters have limita­
.:ions. Therefore the development of catalyst resistance to coking is 
an alternative solution to this p roblem. The understand ing of cat­
alyst deactivation allows the development of improved catalysts 
being less sensitive to t he deactivation and perform better. 

Since composite catalysts have been investigated for the produc­
:ion of biofue l from palm oi l in terms of products selectivity [4,8], 
I~ erefore it will be interesting to study their ca talyst deactivation 
( s~2bi!ity ) . The composites composed of low crystall in e materials 
like alumiaa could help in this respect. In t he presen t study, the 
catalytic ac~ivity, hydrothermal stability and deactivation of the 
composite catalysts contain ing HZSM-5, and Al-MCM-41 with alu­
;11ina as binder in the production ofbiofuel from palm oi l cracking 
.i'E re ported. The effect of time on stream (TOS) on catalyst deacti­
vation is reported and deactivation parameters are obtained using 
c:fferent activity models. 

2. E).;pel':mentai 

2.; . C:arQlyst prepararion 

.2. :.: . Alu mina 
2 M Al203 (boehmite sol) was p repared fo llowingYoldas process 

: 12; \"/i::h some modifications. This method describes a direct p repa­
ra:ion of the h igh-concentration boehmite sol. 21.1 g of a luminum 
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Efforts in minimizing mass transfer effects in enzymatic transesterification of crude palm oil in a biphasic 
system have always been the compromise between enzyme loading and agitation speed. Therefore, effect of 
enzyme loading and agitation speed on fatty acid methyl ester (FAME) productivity in terms of intrinsic 
and external mass transfer limitations and the effective reaction time were determined using factorial 
design. FAME yield response was significantly affected by agitation speed, enzyme loading and reaction 
time, whereas initial reaction rate was solely dependent on the enzyme loading. Graphical plots of 
experimental results revealed that the mass transfer effect for the transport of reactant from bulk liquid to 
immobilized lipase and within the intrapartic1e of immobilized lipase were absent at 150 rpm and 6.65% 
enzyme loading. Optimization conditions for a kinetically controlled domain proposed by the response 
surface methodology established 100% FAME yield in 4 h reaction time at initial reaction rate of2.77% 
FAME yield per min. 

Introduction 

lllsesterification is the reaction of a fat or oil with an 
01 to form esters and glycerol. Enzymatic transesterifica­
'or fatty acid methyl ester (FAME) production with mild 
lting conditions and high specificity in product synthesis 
nvents several difficulties arising during chemical pro-
19. There are two principal considerations in the econo­
)fbiodiesel production: (a) the costs offeed (oil and acyl 
01) and (b) the process operation cost. I

-
5 Expenses on 

eed are attributed to 60-75% of transesterification 
lction COSt.6- 8 

daysia is known as the largest palm oil producers with 
million tons of crude palm oil (CPO) production. 
it becomes a great incentive to promote the develop­
of biodiesel production from CPO.13 The cost for 
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Table 1. Designated Candidate Points for Process Variables with 
Corresponding Studied Ranges 

factorial design: four levels - three factors study levels 

dependent variables independent variables 2 3 4 

FAME yield A: agitation speed (rpm): 150 175 200 225 
initial reaction rate B: enzyme loading (%): 2.5a 5.0" 7.5" 10.0· 

C: reaction time (h): 0.00 2.00 4.00 6.00 

"The percentage of enzyme quantities used in weight per unit weight 
of CPO. 

CPO resulted from palm oil extraction is relatively low 
compared to refined vegetable oil that undergoes process 
degumming, bleaching, deoderization, and hydrogena­
tion. Besides, CPO contains high triglycerides, that is, 
over 96%, and low free fatty acid is also another added 
advantage . 

Hexane, petroleum ether, acetone, and other organic 
solvent have been adopted to dissolve hydrophobic vege­
table oil into methanol for homogeneous reaction mixture 
in addition to removing byproduct glycerol periodically. 
Consequently, lipase inactivation caused by insoluble 
methanol and byproduct glycerol can be omitted . How­
ever, these hydrophobic organic solvents were unable to 
completely dilute both methanol and glycerol. Thus, lipase 
still exhibits poor stability in such reaction media. The 
use of moderate polarity tert-butanol (log P = 0.35) dis­
solves completely the hydrophilic methanol and glycerol 
together with the hydrophobic vegetable oil when all 
components are present in equilibrium state. Thus, both 
the negative effects caused by excessive methanol and 
byproduct glycerol could be totally eliminated. 14 The 
application of tert-butanol as reaction medium have 
resulted in high biodiesel yield of 95% catalyzed by 
the combined Lipozyme TL 1M and Novozym 435, and 

(14) Nie, K.; Xie, F.; Wang, F.; Tan, T. J. Mol. Cawl., B 2006,43, 
142-147. 

© 2009 American Chemical Society 4651 pubs.acs.org/EF 
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act Crude palm oil (CPO) transesterification with 
nol at room temperature is an important factor for 
zing biodiesel processing costs with respect to energy 
in addition, good stability of expensive lipase activity 
nsured and is reported in this study. The enzyme 
g, agitation speed and reaction time at a constant 
ing temperature of 30°C were studied to find 
'able operational conditions using a factorial design. 
ical analysis was used to assist the enzymatic 
;;terification so that a reduced mass transfer effect was 
ed to obtain high FAME yields. The combination of 
1m enzyme loading of 6.67 wt% and 150 rpm agita­
peed for the system at 30°C gave 81.73% FAME 
It 4 h and a production rate of 85.86% FAME yieldlh. 
.gh viscosity of CPO observed at 30°C compared to 
hindered the achievement of 96.15% FAME yield at 
temperature. It was found that an increase of 10 °c 
lbly deactivated the lipase, but was compensated by 
hanced FAME production rate with 96.15% FAME 
after only 4 h reaction time. Thus, 40°C was con­
j the most suitable operating temperature for lipo­
TL 1M to catalyze CPO transesterification. 

ords Transesterification · 
acid methyl ester (FAME) . Lipase · Temperature· 
ical analysis . Biodiesel . Palm oil . Mass transfer 
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Introduction 

The use of refined edible vegetable oil as a feedstock for 
biodiesel production allows for a simple conversion 
method and promises the highest conversion rate through 
the transesterification reaction. The sustainable cultivation 
of edible vegetable oil guarantees that the oil supply is 
sufficient for food consumption, consumer products as well 
as biodiesel production. Crude palm oil (CPO; Elaeis 
guineensis) is currently one of the most attractive feed­
stocks for renewable energy production. This is mainly 
because it is the least expensive of the vegetable oils and 
has a high yield of CPO, with 4.2 tonnes per hectare pro­
duced annually. Malaysia is well known as the world's 
largest producer and exporter of palm oil, with CPO pro­
duction increasing dramatically from 8.3 million tonnes in 
1998 to 15.8 million tonnes in 2009 [1]. The large avail­
ability of palm oil is attributed to the high oil palm yield 
per area of land, with the palm oil possessing the highest 
fossil energy balance and the lowest production costs 
relative to other energy crops [2] . For biodiesel to be 
commercially viable, the cost of the feedstocks must be 
inexpensive. It is therefore logical to use cheap CPO in the 
transesterification reaction as it conforms to the process 
requirement of low production costs. 

Refined palm oil has given better results than CPO in 
terms of biodiesel production. However, in addition to the 
free fatty acid and water content, refined palm oil and CPO 
also differ in their phospholipid contents. Phospholipids as 
the main component of oil gum actually contribute to the 
high viscosity in CPO and thus lead to a significant mass 
transfer effect [3]. The methanolysis of refined palm oil 
without phospholipids progresses faster with Novozym 
435, 4.65 (g biodiesel/h/g lipase), by more than half com­
pared to unrefined palm oil, 2.02 (g biodiesel/h/g lipase) 
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Abstract. Multi walled carbon nanotubes (MWNTs) were synthesized via methane chemical 
vapor decomposition using low-cost activated carbon (AC) as support for Fe and Ni catalyst. 
Maximum methane conversions of 98% and 42% were observed on Fe and Ni catalysts respec­
tively at reaction temperature of 750°C by on-line gas chromatography. Bundles of MWNTs with 
an average internal dia - 20nm at 850°C over Ni catalyst and thin-walled CNTs (dia - 8 nm) 
formed over Fe catalysts were confirmed by morphological studies by transmission electron 
microscopy. CNTs formed over Fe catalyst illustrated a typical tip-growth phenomenon. The for­
mation of MWNTs was further supported with the data obtained from thermogravimetric analysis. 
The ideal condition for CNT growth was noticed under NJCH4 gas flow ratio of 2: 1 rather than HJ 
CH

4 
atmosphere. 

1. INTRODUCTION 

Carbon nanotubes (CNTs) are a new form of carbon 
molecules with many outstanding properties which 
makes them potentially useful in various applica­
tions such as electronic, mechanical, composite, 
medical, etc. , [1 -5]. In general, CNTs has been clas­
sified either as metallic or semi-conducting that 
depends strongly on their chirality and diameter. 
Among CNT synthesis methods, chemical vapour 
decomposition (CVO) is the most suitable method 
at low temperatures when compared with other tech­
niques [6]. In this process, various inorganic po­
rous materials such as alumina [7], silica [8], mag­
nesium oxide [9] and Zeolites [10] were investigated 
as support materials by numerous researchers in 
producing various diameter ranges of single-walled 
carbon nanotubes (SWNTs) and MWNTs [11]. How-

ever, while considering high quantity and lower pro­
duction cost of CNTs, it is necessary to trace a new 
support material to overcome current drawbacks like 
higher production cost and purification issues. In 
recent years, carbon itself finds more importance in 
catalytic reactions either as a catalyst or as sup­
ports owing to its fascinating physical and chemi­
cal characteristics. The potential use of carbon as 
catalyst support has not yet been fully exploited, 
even though there is considerable volume of litera­
ture devoted to this field in last 20 years [1 2-14]. 
Since malaysia being the leading producer of acti­
vated carbon from its palm industry, there is abun­
dant resource for its cheaper availability. Hence, our 
present study was focused on using low-cost AC 
(derived from wood base material) as support for Fe 
and Ni catalysts with the aim to grow CNTs of differ­
ent morphologies. 

Corresponding author: A.R.Mohamed, e-mail: chrahman@eng.usm.my 
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Optimizing photocatalytic degradation of phenol by TiO/GAC 
using response surface methodology 
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Abstract- Ti02 deposited on granular activated carbon (TiO/GAC) was used for photocatalytic degradation of phenol. 
The effects of photocatalyst loading, initial substrate concentration and addition of an oxidizing agent as H20 2 were 
investigated using a one-factor-at-a-time experiment. Central composite design, an experimental design for response 
surface methodology (RSM), was used for the modelling and optimization of the phenol degradation. Analysis ofvari­
ance (ANOVA) indicated that the proposed quadratic model was in agreement with the experimental case with R2 and 
R~<y correlation coefficients of 0.9760 and 0.9544, respectively. Accordingly, the optimum conditions for phenol deg­
radation were a photocatalyst loading of two layers, initial phenol concentration of34.44 mg L - I and H20 2 concentration 
of326.90 mg L-1

• The TiOjGAC was used for five cycles with phenol degradation efficiency still higher than 90%. 
Finally, the phenol that remained adsorbed on GAC was able to migrate to Ti02 and then photocatalytically be degraded. 

Key words: Ti02, Granular Activated Carbon, Phenol, Photocatalytic Degradation, Response Surface Methodology 

INTRODUCTION 

ltamination of water by phenol and its derivatives is a seri­
oblem experienced by nations throughout the developed and 
.ping countries. Phenols have been widely used by many indus­
Ich as petrochemical, petroleum refineries, phenolic resin manu­
ng, textile, paint:, plastic, paper-making and iron smelting [1]. 
leases of these untreated organic pollutants into the environment 
high priority concern since they are harmful to organisms at 
)ncentrations and many of them have been listed as hazard­
)llutants by both the US Environmental Protection Agency 
Ie European Commission [2,3]. The ingestion of such con­
lted water into the human body also can cause paralysis of 
ntral nervous system and danlage the kidney, liver and pan­
[4]. Due to their high toxicity and recalcitrant nature, the re­
I to innocuous levels is an arduous process for many biologi­
lysical and chemical processes [5,6]. Therefore, suitable and 
nt wastewater treatment methods for removing the phenols 
he wastewater must be considered. 
~ use of the heterogeneous photocatalysis for the oxidation of 
ic and inorganic pollutants in both water and air has been ac­
studied in the past 20 years [2,5,7-12]. The preferential use 
\ for the photocatalytic degradation of organic pollutants is 
on its low cost:, non-toxicity and photochemical stability. This 
,s is based on the fonnation of nonselective and highly reac­
Idicals such as hydroxyl radicals (oOH), which can attack a 
range of organic pollutants by converting them into carbon 
Ie, water and other associated inorganic salts. However, fine 
powder is generally accompanied by complications arising 
the need for separation of the powder from the treated pollut-

10m correspondence should be addressed. 
I: chrahman@eng.usm.my 
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ants, which prevents the large-scale applications of this promising 
method. 

Several efforts have been adopted to enhance the separation per­
fonnance ofTi02, such as immobilization ofTi02 onto various sup­
ports [11-18]. But the photocatalytic efficiency of pollutant degra­
dation is usually decreased due to the mass transfer limitation when 
some materials without adsorption ability, such as glass and stainless 
steel are used as supports [13,14]. To enhance the mass transfer, 
some sorbents as the supporter of photocatalyst have drawn the at­
tention of researchers. These sorbents used often contain silica gel 
[15], zeolite [11,17] and activated carbon (Ae) [12,16,18]. Among 
them, AC is most commonly employed as catalyst support for TI02 
due to its unique characteristics such as large specific surface area, 
highly developed porosity, strong adsorption capacity and superior­
ity of low cost. Ao et al. [16] have prepared nanocrystal anatase 
TI02 particles deposited on AC at low temperature by sol-gel method. 
Their work showed that phenol pollutants were adsorbed by AC, 
and then migrated continuously onto the surface ofTI02 for subse­
quent photocatalytic degradation. In the same vein, Ravichandran 
et al. [18] investigated the photocatalytic activity of immobilized 
commercial Ti02 (Degussa P25) onto AC. Their results also indi­
cated that there was a synergistic effect and a common interface, in 
which the adsorbed pollutants on AC were transferred to TI02-P25. 
Hence, when combining the roles of both adsorption and photocat­
alytic degradation, TiO/AC is expected to be a promising photocat­
alyst for the removal of organic pollutants from aqueous solution. 

Furthennore, it was stated that the photocatalytic degradation ef­
ficiency of this process is dependent on numerous process parame­
ters such as photocatalyst loading, initial substrate concentration, pH 
value, light intensity, air flow rate and presence of added oxidant 
species; working conditions are case-specific and need to be care­
fully optimized. The majority of recent studies concerned with the 
effects of these process parameters on the photocatalytic degradation 
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}Cion kinetic model 

In this study. the kinetic parameters of rice husk ash (RHA)/CaO/Ce02 sorbent for S02 and NO sorptions 
were investigated in a laboratory-scale stainless steel fixed-bed reactor. Data experiments were obtained 
from our previous results and additional independent experiments were carried out at different condi­
tions. The initial sorption rate constant (ko) and deactivation rate constant (kd ) for S02/NO sorptions 
were obtained from the nonlinear regression analysis of the experimental breakthrough data using deac­
tivation kinetic model. Both the initial sorption rate constants and deactivation rate constants increased 
with increasing temperature. except at operating temperature of 170 °C. The activation energy and fre­
quency factor for the 502 sorption were found to be 18.0 kllmol and 7.37 x 105 cm3 /(gmin). respectively. 
Whereas the activation energy and frequency factor for the NO sorption. were estimated to be 5.64 kllmol 
and 2.19 x 104 cm3/(gmin). respectively. The deactivation kinetic model was found to give a very good 
agreement with the experimental data of the 502/NO sorptions. 

roduction 

aning flue gases from sulfur oxides (SOx) and nitric oxides 
has become an issue of great importance to governmental 
tory agencies and general public due to their negative effect 
is the environment and human health. Normally SOx and 
Ihich consists of more than 98% of sulfur dioxide (502) (1) 
er 90-95% of nitric oxide (NO) [2). are generated mainly from 
nbustion of fossil fuels in power stations as well as chemical 
and metallurgy processes. Attempts have been made to find a 
e method for the removal of 502 and NO simultaneously. Dry 
m method is now considered to be the most attractive way 
t waste gases containing 502 and NO due to the drawbacks 
sorption methods [3,4). There are several dry-type sorbents 
lve been considered in the previous study for simultaneous 
~l of 502 and NO. 
\. which is produced from the burning of rice husk. has been 
in this study as a raw material in the preparation of dry-type 

t since it is available abundantly in rice-producing countries 
llaysia. RHA also contains high amount of silica. However. 
IS low sorption capacity when used alone to remove acidic 
rherefore. this agricultural waste-siliceous starting material 
:0 be activated with other materials and the silica in RHA 
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plays an important role in the formation of reactive species which 
is responsible for high sorption capacity [5,6) . 

Previously, we had reported the sorption characteristics of 502 
and NO over rice husk ash (RHA)-based sorbent at low temper­
ature [5-11 ). Nevertheless, our previous reports only dealt with 
activity measurement related to sorbent preparation conditions 
and effects of reactor operating conditions. Our previous results 
also showed that the highest sorption capacity for the simultaneous 
removal of 502 and NO was obtained using RHA/CaO/Ce02 sorbent. 
Currently, the optimum preparative parameters for this kind of sor­
bent had also been reported [1 2). On the other hand, the reaction 
between the siliceous/calcium dry-type sorbents and S02 /NO is 
very scarcely reported. The reaction between this siliceous/calcium 
dry-type sorbents and S02/NO are very complicated due to the 
complex composition of the sorbent. The sorption of these pol­
lutant gases (S02/NO) on the sorbents is not a simple physical 
sorption processes, but also may be described as chemisorption or 
as gas-solid non-catalytic reactions. 

There are various kinetic models that have been employed to 
estimate kinetic parameters in gas-solid reaction, mainly involves 
single component sorbent (such as CaO, Ca(OHlz and CaC03) and it 
was carried out mainly at high operating temperature. These kinet­
ics models included shrinking unreacted core model [1 3), changing 
grain size model [1 4 ) and random pore model [15). Most of these 
models contain large number of adjustable parameters related to 
the pore structure, to the product layer and pore diffusion resis­
tances as well as the surface sorption rate parameters. In addition, 
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Efforts in minimizing mass transfer effects in enzymatic transesterificati on of crude palm oil in a biphasic 
system have always been the compromise between enzyme loading and agitation speed. Therefore, effect of 
enzyme loading and agitation speed on fatty acid methyl ester (FAME) productivity in terms of intrinsic 
and external mass transfer limitations and the effective reaction time were determined using factorial 
design. FAME yield response \vas significantly affected by agitation speed, enzyme loading and reaction 
time, whereas initial reaction rate was solely dependent on the enzyme loading. Graphical plots of 
experimental results revealed tna: the rn ass us.mfer effect for the transport of reactant from bulk liquid to 
immobilized lipase and within tbe intraparticle of immobilized lipase were absent at 150 rpm and 6.65% 
enzyme loading. Optimization condiTjons for a kinetically controlled domain proposed by the response 
surface methodology establi shed 100% FAME yield in 4 h reaction time at initial reaction rate of 2.77% 
FAME yield per min. 

Introduction 

llsesterification is the reaction of a fat or oil ,vith an 
,I to form esters and glycerol. Enzymatic transesterifica­
r fatty acid methyl ester (FAME) production with mild 
ing conditions and hig!: specifici ty in product synthesis 
lvents several difficc:!ties a rising duri' lg chemical pro­
~. There are two principal consideratio::1s i" the econo­
fbiodiesel productio:1: (a) the costs oLeed (oi: and acyl 
,I) and (b) the process operation cost. : -5 Expenses on 
ed are attributed to 60-75% of n m sesterification 
~tion cost .6- 8 

laysia isknown as ttc largest palm oi: prod"kcers wi th 
nillion tons of crude palm oil (CPO) production . 
t becomes a great incentive to prom cle the develop­
of biodiesel production from CPO!3 The COSt for 
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Table 1. Designated Candidate Points for Process Variables with 
Corresponding Studied Ranges 

factorial design: four levels - three factors study levels 

dependent variables independent variables 2 3 4 

FAME yield A: agitation speed (rpm): ISO 175 200 225 
initial ,eaction rate B: enzyme loading (%): 2.5" 5.0" 7.5" 10.0" 

C: reaction time (h): 0.00 2.00 4.00 6.00 

"The percentage of enzyme quantities used in weight per unit weight 
cfCPO. 

CPO resulted from palm oil extraction is relatively low 
compared to refined vegetable oil that undergoes process 
degumming, bleaching, deoderization, and hydrogena­
tion. Besides, CPO contains high triglycerides , that is, 
over 96% , and low free fatty acid is also another added 
advantage. 

Hexane, petroleum ether, acetone, and other organic 
so lvent have been adopted to dissolve hydrophobic vege­
table oil into methanol for homogeneous reaction mixture 
in addition to removing byproduct glycerol periodically. 
Consequently, lipase inactivation caused by insoluble 
methanol and byproduct glycerol can be omitted . H ow­
ever, these hydrophobic organic solvents were unable to 
completely dilute both methanol and glycerol. Thus, lipase 
st ill exhibi ts poor stability in such reaction media. The 
use of moderate polari ty tert-butanol (log P = 0. 35) dis­
so lves completely the hydrophilic methanol and glycerol 
together with the hydrophobic vegetable oil when all 
components are present in equilibrium state, Thus, both 
the negative effects caused bv excessive methanol and 
byprod~uct glycerol could be -totally eliminated. 14 The 
appiication of lert-butanol as reaction medium have 
resuired in high biodiesel yield of 95% catalyzed by 
the combined Lipozyme TL 1M and Novozym 435, and 

(14) Nie, K. ; Xie. F .; Wa ng, F.; Tan, T J. Mol. CaUlI., B 2006,43, 
i42-1 47 . 
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ABSTRACT 

Monoglycerides are valuab~e compounds with wide applications as emulsifiers in food, 
pharmaceutical and cosmetic industries. They can be produced by esterification of glycerols 
with fatty acids . Traditional ;lomogeneous catalysts are usually used in the reaction for 
commercial scale productions . The processes utilizing homogeneous catalysts possess some 
drawbacks due to environmental aspect, such as corrosiveness, hazards of waste catalysts, etc. 
Because of simplicity in cata~ysIs ier:-,oval and minimization of the amount of waste formed, 
the utilization of heterogeneous or solid acid catalysts, as an alternative for this process, is an 
emerging topic on the aspect of the green-chemical processes. However, diffusion limitation 
of liquids within porous solids dicIates that the use of mesoporous materials with pore 
diameter ranging from 20°}\' "LO 1000 A is expected to be successful in liquid-phase reactions. 
T~le ciscovery of a famiiy of 0rc.ered :nesoporous silicas opens up new possibilities for 
prepar~ng heterogeneous caralys"[s for jquid phase reactions. This review highlights on recent 
developmems in the syntl:esis v~ :.l(;soporous functionalized acid catalysts, for esterification 
of glycerols by fatty acids to prodL,ce i-'J.01lOglycerides. 

Keywords: Monoglycerides; Esterification; Glycerol; Mesoporous Functionalized Acid 
Catalysts 

INTRODUCTIO" T 

Monoglycerides are valuable compounds that are used as emulsifiers in food, 
pharmaceutical and cosmetic industries. Y1onoglycerides are composed of a hydrophilic head 
and hydrophobic tail This composition gives them detergency characteristics. They increase 
permeability of skin and thus make mug absorptions easy [1 ]. 

Currently, :he comme,'cia; scale production of monoglyceride is through direct 
esterification of glycerols wi:h :'s.:ty acids [Fig. 1] that generally relies on traditional 
homogeneous catalys!s using strcD~ mineral acids, such as sulfuric acid and phosphoric acid 
[1,2, 3]. However, this technology ;;ossesses severe drawbacks, such as the generation 

-OH ~OCOR 

'--OH+RCOOH-;;:f-OH +HzO. 
- ;JH LOH 

Figure 1: Direr:: ~s:t~rification of Glycerols and Fatty Acid [1] 

of large amount of by producI<; , hig" energy demand and environmental aspects . Techniques 
for the purification of monoglycerices e.g., distillation are limited to food applications as such 
process steps are expensive [Ll. ~ . Tht replacement of homogeneous catalysts by heterogeneous 
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Efforts in minimizing mass transfer effects in enzymatic transesterification of crude palm oil in a biphasic 
system have always been the compromise between enzyme loading and agitation speed. Therefore, effect of 
enzyme loading and agitation speed on fany acid me~hyl ester (FAME) productivity in terms of intrinsic 
and external mass transfer limitations and the effective reaction time were determined using factorial 
design. FAME yield response was significantly affected by agitation speed, enzyme loading and reaction 
time, whereas initial reaction rate was solely dependent on the enzyme loading. Graphical plots of 
experimental results revealed t11a: the me.ss transfer effect for the transport of reactant from bulk liquid to 
immobilized lipase and within the imraparticle of immobilized lipase were absent at 150 rpm and 6.65% 
enzyme loading. Optimization condiTio~1s for a kinetically controlled domain proposed by the response 
surface methodology establishec 100% FAME yield in 4 h reaction time at initial reaction rate of 2.77% 
FAME yield per min. 

Introduction 

Isesteri fication is the reaction of a fat or oi: witi an 
I to form esters and glyceroL Enzymatic transesterifica­
r fatty acid methyl ester (FAME) production with mild 
ng conditions and high specificity in p!'od'Jc~ synt!1esis 
vents several difficulties arising during c:1emical pro-
· There are two principai considerations i:1 the econo-
· biodiesel production: (a) the costS o~- :e;;ci (0;, and aCyl 
I) and (b) the process operation cost. : -5 Expenses on 
:d are attributed to 60-75% of trc.asesterification 
:tion cost 6 - 8 

:lysia is known as the larges;: pa.lm oi ' produ.::ers with 
lillion tons of c;-ude palm oil (CPO) production . 
: becomes a great incentive to promc,e the cievelop­
)f biodiesei production i'rom CPO. d The cost for 
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Table 1. Designated Candidate P oints for Process Variables with 
Corresponding Studied Ranges 

fac torial design: four levels - three factors study levels 

dependem variables independent variables 2 3 4 

FAME yield A: agitation speed (rpm): 150 175 200 225 
in it:al reaction rate B: enzyme loading (%): 2.5a 5.0" 7.5" 1O.0a 

C: reaction time (h): 0.00 2.00 4.00 6.00 

" The percentage of enzyme quantities used in weight per unit weight 
crep~ . 

CPO resulted from palm oil extraction is relatively low 
compared to refined vegetable oil that undergoes process 
degumming, bleaching, deoderization, and hydrogena­
tion. Besides, CPO contains high triglycerides, that is, 
over 96%, and low free fatty acid is also another added 
advantage . 

Hexane, petroleum ether, acetone, and other organic 
solvent have been adopted to dissolve hydrophobic vege­
table oil into methanol for homogeneous reaction mixture 
in addition to removing byproduct glycerol periodically . 
Consequently, lipase inactivation caused by insoluble 
methanol and byproduct glycerol can be omitted. How­
ever, these hydrophobic organic solvents were unable to 
completeiy dilute both methanol and glycerol. Thus, lipase 
stili exhibits poor stability in such reaction media. The 
use of moderate polarity ten-butanol (log P = 0.35) dis­
so ives complete ly the hydrophilic methanol and glycerol 
wgether with the hydrophobic vegetable oil when all 
components are present in equili brium state. Thus, both 
~hc negative effects caused by excessive methanol and 
::,yproduci glycerol could be totally eliminated. 14 The 
application of tert-butanol as reaction medium have 
resulted in high biodiesel yield of 95% catalyzed by 
the combined Lipozyme TL IM and Novozym 435, and 

(14) Nie. K.; Xie. F.; Wang, F.; Tan, T. J. Mol. Cala/., B 2006,43, 
i{~2-147. 

\: 2802 ~~.2 " OC ". C·.2~. ca Scc.e:y 4651 puos.acs.org/EF 
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isted transesterificarion 

; cara!yst 

The ultrasonic-assisted transesterification of palm oil in the presence of alkaline earth metal oxide cata­
lysts ~ CaO , s:<:) al~d B"O) was inves~igated. Batch process assisted by 20 kHz ultrasonic cavitation was car­
ried OUI -:c s::ud)! the effect of reaction t ime (10-60 min), alcohol to palm oil molar ratio (3 :1 - 15:1). 
catalysts :oac!I!g ~ 0.5-3%) and varying of ultrasonic amplitudes (25-100%). The activities of the catalysts 
were main:~' :-e.2.ted to their basic 3uengrh. The catalytic activity was in the sequence of CaD < SrO < BaD. 
At optimum conditions, 60 min was required to achieve 95% yield compared to 2-4 h with conventional 
stirri!~g . /\,so, ::,e Yields achieved :n 60 min increased from 5.5% to 77.3% (CaO), 48.2% to 95.2% (SrO), and 
67.3% w '15.2 (baO). Fifty percentage amplirude of ultrasonic irradiation was deemed the most suitable 
va lue a1:S pt:js!cai manges on ,he c"raiysrs after the ultrasonic-assisted reaction were successfully elu­
cidarec.. BcD cat<.lys[ underwent relatively more severe activiry drop in the catalyst reusability test. Cat­
a,ys'c, C!SSOIL;: !'::' .~ ".I2.S found w be mi.:nly responsible for activity drop ofthe reused catalysts, especially 
VJi:::-. 32 0

: '::~_~_ •• ;~:. 

tion 

is an eco-friendly and alternative energy source for 
les thaI can be synthesized by transes~2;-;ficc.: imi of 
I or animal fat w ith alcohols [1 J. The reacricr. can be 

1 alkalis, acids, or enzymes [2] . Al!<ali-cac3.1yzeC! rranse-
is much fasler than acid-catalyzed u2 ':ses:er:ncation 
often used commercially [1] . ever~heless rhe alkali 

lpounds h2.ve some drawbacks, I.e. the:.' ;,lUS: !:le 'le:.l­
~r the i·eactio ;-_. :hus, 2liminati ng thc ;;J5o:b::i-:y fo;­
. ty of the catalyst: :3.4]. The :,e'JtraIizari::;- ::':,,:2SS a:sc 
rge amoum of w asre'l,'ater thaI desen'2< ~:2~" T e:1t, ':8 

n t increase in the productioil cos:s [5: 
neo'-1S catalysis have many advan!c.Je, .. :'12';' '" 'e reia­
orrosiVe, e;-:"'imnr.lentally benig;-, 3_,C ~:b:;-n: [2we" 
blems. They a:-2 ;;.Iso 111:.1ch easier ':0 ·.)f SO)c :c. ::-:'. fro1:1 
cts and C;;!:l be (es:g:1ed to tvc l-.i,; ,-.2: c.;::' ·, :-:~ , :oe\ec­
nger catalys'~ t:ff:tirnEs [6 1. An,21!~-.E-c: _-~:-: ;-;.:~~~s oxi­
roxices '7 - 9:, all<c.~i r,-,2ta;5 ;Na <. 'lei '<;,ycr:::x.des or 
~ej on y-alurnjna ~ 3,10-11}, 2eol::::e~ '~ 2~ , -~~ c:!' - :?L:::ite~ 

beef. i:.:vesr:gc.:f:C v:!'i:"~_ 2. \'a:-i2. :'~2 :-: 2;:: '~-2 -= .. :C::eSS. 
,o r-IfnI al!(~E':c E~!'~~ !""!1et2~ ox ~,:c~ (~_:'1 =. = ::3.0 
have higher ~)asiciTy, lovv,=:- scILt"l:'::y ::-. :.'~"': -;C ~ 2:-tC 

producir,g :1ig:ei" biodiesE:~ y!-:!c. 1-~ . .'2 2. ~~ ~:e::n 

ng c::..::ho:-. ;c: .: ."..3C L. 5;9641-;' :c.x: - ',j2·.,. :7~ 

'S.::: cr.z":!1.;.;r:':; =.~,,;, . ~s::-... -,::y .A.2.. AC; .... L': .. 

ei.2009.12.023 

© 2010 Elsevier Ltd. All rights reserved. 

re~8rted [9]. However, complete behavior of these catalysts in 
the transesterification process is yet to be fu lly understood [9.14J. 

As oil and methanol are not completely miscible, the mixing 
efficiency can affect the course of the transesterification reaction. 
The reaction can only occur in the interfacial region between the 
mechanol. oi l and caralyst and the alkaline earth oxide catalysts 
a~2 ESS2:1tic.!ly insoluble in t he two phases. Continuous and vigor­
ous m ixing is thEn reouired to increase the area of contact between 
rhe three phases [15, 16J. The m ixing process generally increases 
e:~erg) inpLc for biodiesel production process, yet the biodiesel 
yie:c is generally lower then that in t he homogeneous process [9J . 

~.O\V frequency ultrasound is theoretically seen as an efficient, 
i:intE: scving 2,nc 2cor:omically functional method to accelerate b io­
C:;2sel production process [1 7J. Ultrasonic mixing can produce 
siT,a::er droplers of ~he reacting phases than conventional agita­
: ;0:" :eading to 2 drastic increase in the interfacia l area and im­
;J~o' :e: ::lass traEsfer [1 8J. As a result, the m ixing requirement 
dUTi~~ r:,e process is also significantly lowered, translating in re­
dc:ced 2':.erg:-: cOLsu;-.ption [15J . Ultrasonic can also 'grind ' the cat­
alyoT il~ro smaller ;nnicJes to create new active si tes for the 
s_!: ~':::;:':en: :eac:::CE. Thus, the solid catalyst is expected to last 
'~ +-'6c ':- ~:-. t!-:~ ·..:~t::-asc"".:c- a. s sisted process. 

"1--.E mai:'_ c.in. of :his study was to characterize the effects of 
.L~c,so,.: :: energj' :n presence of a lkaline earth metal oxides as het­
E r::,g2.,e,J~lS cata!ys:s . As reported in literature, most of the transe­
oi.E:·:f.L=:::or, Pi'CC:SSeS for bioc;esel production use some oils other 
::- c :~ _~2 ::T' oi' s_·cr. as rapeseed oil [19] and soybean oil [4,8,10J. As 
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The 2.r.;bie!',;: sonocatalytic degradation of congo red, methyl orange, and methylene blue by titanium 
diox;c.c ~ :'02 ; c2ra1ysr ~t i.: i'.: i2! concentrations between 10 and 50 mg/L, catalyst loadings between 1.0 
2nd 3.0 mglL and hydrogen peroxide (H202) concentrations up to 600 mg/L is reported. A 20 kHz ultra­
sonic processor a;: 50 Wwas used to accelerate the reaction. The catalysts were exposed to heattreatments 
berweefl400 ant, 1000 C for up to 4 h [Q induce phase change. Sonocatalys ts with small amount of rutile 
phase shGwea better sonocaralytic activity but excessive rutile phase should be avoided. Ti02 heated to 
800 C fOf 2 ;1 showed tile highest sonocatalytic activity and the degradation of dyes was influenced by 
their c!!e:nical structures, cne.;']ica! phases and characteristics of the caralysts. Congo red exhibited the 
" igneS;: degi'adacion rate, anri i:l ured [Q multiple labile azo bonds to cause highest reactivity with the free 
;adica 's gtnel·",eo. An i~,itia l concentranon of 10 mgjL, 1.5 giL of catalyst loading and 450 ppm of H202 
ga'vc ue boOS': CO .1g0 red ,emova; efficiency of above 80% in 180 min. Rate coefficients for the sonocatalytic 
·.Jr~lCco:s 'N~S ,. JCLessiudy estab:ished and the reused catalyst showed an activity drop by merely 10%. 

llcHen 

tly, it is estimated ::hat about 1 0,:'00 cYfere~1: types of 
ial dyes and pigments exist and over no,ooc to::es are 
annually [12 ]. About 10-20% of the rota l world produc­
es is lost during the dyeing process a!-.:.' is I-eleasec into 
nts [3] . Industrial dyestuffs consti tute one 0: the iargest 
. organic compounds that cause an increaslI1g environ­
ncem [4]. Therefo re, a 10: of studies DaVE 't:;:;e:~ dec:catec' 
is wastewater by U5jr.g adva nced O}:i':izt::" _: .. ,;:c~ss '.lhic"'i 
lydroxyl ('OH ) radicals to minerni'ze :~c :'-'5n;": com­
}iffe:-en'c degreES of SLlccess h aVe bcec "Epor:ed t:.:r rli~ 
:oulc subj~ct to SO~Te C01l1E10n Cia.°:'.'t 2.:ks. ~~~(c ~~~g;~ cc.~; -

1ning costs t th= neE-c.s fCl-toxic cr:e".T,j cc.ls 2 ;":L .0 N :·c:'-:10\·'Ci! 
, eSPecially 2: lov,: cc:1ce:-y~l-a tio~-:s. ?hJt ~, ":2:::=" !,)r~: ... - ~t:5i·::'­

!nother p ia t..:sible :'"tcthoc. bLt its p ·c.::-=~:'?l i 0r~:; 6f :-~':' r 2"l~y 

ith he2vily celored e~~uent, hig~ )~lJr~ , :2.:2.~~ S'~ ~j;ci.-!g 
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vvater [5,6,7] . Subsequently, many local hot spots with extremely 
nigh 'Lemperarure (up to 5000 K) and high pressure (up to 1000 atm) 
n:'" generared to consequently induce the dissociation of water 
~ ECiS. (1 )-(4)), oxygen molecules (Eqs. (5)-(8 )) and hydrogen per­
oxide (H2 0 2 ) (Eq. (9)) in the case of its addition into t he effluent 
' " 7,,' d,. ,~J. 

2'01-{ 

(1 ) 

(2) 

(3) 

(4) 

(5) 

Jorume-opera::cn-dt:c:c-1D'\N-pe::e~:::'~c;"_::_:= UV itg::_ 0:< - H' -> '02 H 

(6) 

(7) 

(8) plica ti on of l.ll:raSJ i.Llds i:-! vl/ater 'v\":'(- :;: '·;- ~:-l~ _ ~::1C~' .-a.;;gt 
n 18 anc 1 00 ~v'~Hz ::2 -:" reslIt Lhe 1= ::e,~(: "T.er: J."' ... :- ;cc, .. :.) :~ c 
" It invol\'es '~he fcrr.i .; :-~;)n, grov,r::-. ;, :r:. ~c.~ -I2.~::.S l: ::':- :C-.' -

ond ~ ~g 2L:rr.Of Te:. +60 ,; 599 5411: ~2X: ··:::c L! 5~' t : r! "3:. 
jdress' chzcnau":@eng. _1 Sr j."11Y A..Z .A.bol!11~~ . 

; - seE fron t marrer ~ LuGS c. 5c-\' lc: o.'v . n .. +:.5 .... ~s (=.:ic.'v\:- .... 

fj.jhazmaI .20J9.J8.060 

(9) 

.""-5 a semiconducror material, Ti02 is characterized by a filled 
, ·.:: 'er.ce band and an empty conduction band [3,4]. In the pres­
",!':r:e of suitable energy source, the excitation of electron from the 
J2i e"lce band to the conduction band could occur. Wi th the pres­
= :Cc of liV light or ultrasonic irradiarion as the energy source, 
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Optimization of Process Pararneters for Alkaline-Catalysed Transesterification of 
Palm Oil Using Response Surface Methodology 

(Pengop[inuman Parameter Proses untuk Transesterifikasi Minyak Sawit 
Bermangkin Alkali Menggunakan Kaedah Sambutan) 

N. R AZALI, H. MOOT.A.. BADI, B. SALAMA'fiNlA, K.T. LEE & A.Z. ABDULLAH" 

ABSTRACT 

?iodiesel (farry acid methyl esters) WQS s\·],rhesl::.edfrom direcr transesterification ojvegetable oils, where the corresponding 
riglycerides react with methanol in [he presellce cia suitable catalyst. The alkali catalysts are the most common catalyst 
:sed in biodiese! industry because [he .orccess proves fasTer and the reaction conditions are moderate compared to the 
:cid catalyst. In the presenr sTudy, biodiese! proauclion using heterogeneous alkaLine-catalysed transesterification process 
KOH supported on SEA 15) was proposeo. 'The influence ofrec:cfion temperature XI (50 - 90°C), ratio ojmethanol to oil, 
2 (6:1 - 14:1 mollmol), amount ojcmo/y)!. x (1 - 5wt,% ), and reaction time. xi 2 - 6h) to the reaction was studied, 
n esejour conditions were STUdied lIsing de.,ign o/experiment (DOE), based on four- variable central composite design 
':CD) with a = 2. The process variables "'"ere optimised using the Response Surfa ce Methodology (RSM) in obtaining the 
laximum yield of biodiesel This merhod was also applied to determine the significance and interaction ojthe variables 
ffecting the biodiese! production. The biodzesel produced in the experiment was analysed by gas chromatography, which 
onsidered five major jatty acid methyl esters. The optimal conditions oj response were jound to be 70°C jor reaction 
~mperature, JJ.6 Wt/Wi oj ratio meThanOL TO oil, 3.91wt. % 0] weif5hr oj catalyst and 5 h for reaction time with 93% oj 
iodiesel yieldjor predicted value and 87.3c~ f.'cm eXiJerimemal. 

'eywords : Base c:atal';'sr: biodiese!: re~l")m:se surface merhoCi%gy 

ABSTRAK 

iodiesellelah elisimesis daripada tr:Fls(:s,e'://csi !angsung !"1in.'lak sayuran yang melibatkan trigliserida bertindak balas 
~ngan metanol dengan kehadiran mangkill. :,'ong sesuai . Mangkin beralkali adalah mangkin yang biasanya digunakan 
i dalam industri biodiese! kerana prose.)' rer.lJni<.ri lebih cepar dan keadaan tindak balas sederhana berbanding dengan 
:angkin berasid. Dalam kajian ini, penghasilan biodiesel menggunakan proses lranseslerifikasi bermangkinkan heterogen 
~ralka!i (KOH disokong di mas SEA- l5; Tela!? dikaji . K:2san suhu rindak balas, x , (50 - 90°C), nisbah metanol kepada 
inyak, x

2 
(6:] - 14:1 mol/molj , berm l1':C!ngkh. x (J -.5wr. %j, dar. masa, xA2 - 6 h) rerhadaptindakbalasdikaji. Empat 

~adaan ini lelah dikaji rnen ggur>..aka>1 rel(u be>?fUK eKSDerimen i DOE) berdasarkan kepada empat pembolehubah reka bentuk 
lbungan berousal (eCD) dengan 0 = .2. Fembolehubah proses telah dioplimumkan menggunakan kaedah sambutan 
~rmukaan (RSM) dalam mei?dapati~an ;lOsi! hI0C!ie'e! yang maksimum. Kaedah ini juga digunakan untuk menentukan 
'pentingan dan imeraksi pembo!e.i)ubc-/i-perrltJcielubC!h yang mempengaruhi hasil biodiesel. Biodiesel yang dihasilkan 
lah dianalisis melalui krommogra/l "C;1,~ vr;o,' ,?cml;flki"a lima meril ester asid lemak ulama. Keadaan optimum sambutan 
dapari pada suhu !indak fJata s 70 ce . ;"i)·:;, ) l' iC:'f/; '; ()/I(epaaCi minyak 11.6 mol/mol. berat mangkin 3.91 wt. % dan 5 jam 
asa tindak balas dengan 03o/c has;! bic 7!E"e! kefilua'? unruk nilai jangkaan dan 87.3% daripada eksperimen, 

hTRODL'CTIO\. 

ue to environmental. green che ':;'s;"\ ?,: C = ,~ (w o::r.:c 

,ncerns , CL~Tent rese3.:'ch ~_'e n:: ..... , :; ? __ .. ~.l~ ·s .:: 'l::.S je.:-:-1 
cused on the transforrr:ation of hOi"'Clc§:<:neo\.:s c8.talytic 
stem into heterogeneous sy ste1':::;. ':' ~" e replacement 
homogeneous c ataly,;,., ::l) r,e~;;"0~ t. ... e,)L. ~ 22tta lJ SiS 

)uld have various c.d\'3!' tages . mcs ~ , :11 '(\ ("Fd o;::!!,g 
~ app!i catio'1 of easier \\'ori.::ing ",'. 0 1'( ;,;':'.~.\re, :"c ea~y 
talysc separaci on fror:: :he re ,,-~ :; o :' ". , \ . " 0' c ;, d (f..e 
juctiol! of enviro'1!"'er:l ")O !IU~Y"" " ' "''' 0,, :,''' ~T :0 1. 
·04) . Besides that: t ..... c nr~)::\~ ss '.:~ . _n.~ ::~-:s [e;. !::c~ '.:or.. :s 

a!'~'·~cted by various factors depending upon the reaction 
condition used. Some of the effects are free fatty acid and 
:T:o:smre of the source of oil, type of oil, catalyst type and 
concentration, molar ratio of alcohol to oil, type of alcohol, 
reaction time and temperature, mixing intensity and effect 
()~' solvents (Lonez et a!. 2005: Mcher et al. 2004) The 
7conomic and envIronmental interest in using oil and fats 
~ :-e also involved in the ?roduction of biodiesel. 

The objective of thi s study was to optimize process 
\ 'CJ r abIes of tran"eqeri ncation . The process variables 
sl'JeiIed were reaction [em perature, ratio of methanol to 



3ioreSOtE-Ce Technology 10"1 (2010) 7641-7647 

Coments l ists ava ilable at ScienceDirect ~-=-~IOR~~U(l(t 1-
]fCHll01CXii 

Bioresource Technology 

11I1I1 
journai hor.L e pag e: www .elsevier .com/locate/biortech 

lpercritical liquefaction Jf oil paln1 frui t press fiber for the production of 
l: Effect of solvents 

Mazaheri, Keat Teong Lee, 5L:bhash Bhatia, Abdul Rahman Mohamed * 

~mical Engineering. Universiri Sa ins A1aiays!r Enf1~=t?ri;;g CCT,1PUS. Sen .Ampa~gQn. 14300 Nibong rebal. Pulau Pinang, Malaysia 

LE [NF O 

v: 
ebruary 2010 
:evi sed form 21 .A.prii 201 0 
.A.prij 2010 

!ine 26 May 2010 

··.·"er:-'ai deco:npos!rion of Oii palO fru it press fiber (FPF) with subjsupercritical methanol. ethanol. ace­
"cue '-.d ~ L.<~'cxar.e rreat!"r.ens Vie;'e i!:vestigated using a high-pressure autoclave reactor. When FPF 
wC.s Ce:o'1'pcsE:d with metha:101. ,, ':hanol, and acetone from 483 to 603 K, the highest degree of conver-
5:C:1 ol',:a:nea were 81.5%, 77,8%. and 67,9% while the highest liquid product yield (LP) obtained were 
38,0% 36,9%, end 38 .5%, respectively. For the case of l A-dioxane. the conversion of FPF increased from 
18.30;1" 1:0 80,00%, 'Nhile LP yield increased dramatically from 13.30% to 50.90% (consisting of 42.3% 

.J;C-c: (O(:"'JG..lnd,j w[,en the recccion temperature was increased from 483 to 563 K. However. the con­
'/ersiv" of r;Or ,,:1(' L? yieid ciecreased w 69,60% and 24,10%. respectively. when the temperature was fur­
':i~e:' :,:rec.sec. cO 603 J( Cor,1parison between all [he soivents. subcrirical l A-dioxane treatment was 
'O.:.L er~.' " ,,';:c,'ve tn [;,e deg:';;aa:ioll of FPF to produce bio-oi l component. 

ti':2-1 

retian 

il is the most imporrant Malaysia,-, ?g·.~ .. il:,-:e crop, it :s 
Ihat around 4.88 million hectares C d J~ .::i ii~ MclaYS!3 

for palm oil cultivation in 2008 , :v;ai n sia is ~ne of Ihe 
f1 oil producing and exporting CCC!C:i2S ' .' me world 
dUCeS about 37.00 million tones 0; [,- .- , aU ':;iomasses 
five million tons oil palm fmiI Ye<S ~d "i ')E:' ():"PF) .'1 

~aheri et al. 2010), ;n t he pasr n.'c :,' :; (c05, :r. spire of 
lergy resources such as hydro. v,' 1( 5 lao ct:-.C: :,u::lea;' 
lmass has been regarded as ape' e-.' 'g:' ,"c,ouce De­
; very cheap. clean and abc1da,·,< .. ' ' .;.2 ':- ,.0 ::, ,,-:ar.~ 

e world (Dem; rbas. 200~:. B=s;~cs 'J: : ~ ,.X 2.;ICS ,esL:!tf::' 
; fossil fllel such as oil' poll'"ticn, gr,": ' . ~ L!, ,' ~:~ec: coxic 
,a l w2.rmiilg and acid :-ai ·:. Jrl c'" e ~: " ': ' ::: .. :c::as':::.s d<.:, 
he cruce oi! price on rr,e 0::'2,' r:::.~': ,'-. 
a new energy resoc:rce su: i', :: s::,' ,:'., 

ods for ~ri:iE zing ;t. FLrthe,"~':':"2 . ~;- , 
ids Gf energy such 2.5 gas. :;:: ;:-.:' ~~? 
reSCU;'CeS r~av2 increas::c ~l1e ~.l.1 ::.,-=-'::::.1 

L Therefo:·e. it seems :~a: ·.";1::'~:~~? ',2 

e huge biomass energy r2S0:.:.tC2~ :-c 
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,ilO:-e attention than other processes because the process is envi­
:·8L'T>el'.ta!ly friendly and can be carried out at relatively lower 
remperarure , A fluid is named superc!'itica! when its temperature 
and oressure goes higher than the critical pressure (Pc) and crit­
ical temperature (Tcl that indicates the end of the vapor liquid 
coexistence curve as weU as gases and liquids are indistinguish­
-'.c!e ~uic.s and any difference between liquid and gaseous phases 
c isi"..j:Jea's, Ir: fac,:. matter that exists in the region above the crit­
:c::,! paines (e.g .. Tc and Pc), which is a new phase. is called super­
ci:ical f! uid (SCF). Supercr~tical flui ds have liquid like properties 
Scl::h as high density that means more dissolving power proper­
:ies v,·,-.ich allow the solvation of many compounds in supercriti­
=::,i ~L:ids, Besides, supercriti cal fluiGS also have gas like properties 
sue:' 2S ~ig!1 diffusivi~y and low viscosity which enhance mass 
-:'? ,::'"r .-ates of reactants to the active biomass's molecules and 
" E~j;ly peneuare porous and fibrous so lids. Therefore, reactions 
"illid. arc limited by the rates of diffusion. rather than natural 
:, i:~::cs, lI'IiD proceed fasIe, in supercitical fluids than in liquids. 
-:-":ES2 c.rastic ch.mges mean that SCI' is adjustable for different 
c:Dp;,ca:ions (Tucker. 1999;. Since it is well-known that the 
d;,,:e~:ric constaEt, viscosity, and other physical properties of 
S:::::-: "r2 LE'lCtions (If" density, and si::ce density varies with pres­
"C2, ,hese Droperries are also strongly pressure-de;Jendent. In 
~ = : -: 2~' -,:.'c.-ds. srr:2~1 Ch31.g25 in preS5LifE: ~ead t o significant changes 
' :', ::~nsi;::J , whic'1 i:~ tLrn alters all density dependent solvent 
:; lc>~;ef:if-S such as dielecf!c constant and thermal conductivity. 
"~~~c ;b;lity to chai1ge the physic::'l properties of the solvent by 
-':-'-'i:':.' r:'..;;~ip;.:laling :hE pressure Oi' temperature is unique to 
o.'.:~.':i-cri::cal systems Jessop et a\., 1999). 



iniernalJonal Journal pubhshed by the Th ai SOC le!y o f ~"lIgi'" .. a Ed :.. :, c..':;A ~ st ... :650"': E::v, ronmer t 

Availab le online at www.tshe.org/EA 
Environme ntAsia 1 (2009) 10-16 

Selective Catalytic Reduction of~itric Oxide in Diesel Engine Exhaust over Monolithic 
CfttaiYH:s \XTa§Lc~)ated with Bimetallic Cu-Zn/ZSM-S 

Ahmad Z uhai ri Abdullah , Hamidah Abdullah and Subhash Bhatia 

School of Chem icui i.. r'g;ineering, u mversiti Sains Malaysia, Engineering Campus, 
. -, 3 ~ ~ ,\'. :' ong Teba!, ? eYtUng, Malaysia. 

bstract 

Selective catalytic reduction (SCR ) " :';~:;= ::l '(; de ~\:O)n c.i esel engine exhaust over Cu-Zn/ZSM-5 washcoated 
ramic monolithic catalysts is re~c'iec ~-r. e v·ashcoat component was prepared by ion-exchanging ZSM-5 (Si/AI=40) 
th zinc while copper was incorpofr.red_.:rough :mpregnation. The dispersed washcoat component was then incorporated 
0 400 cpsi ceramic monolith throJgh a dippi:1g process with the final loadings between 19.6 wt. % and 3 1.4 wt. %. The 
:R process was studied with a feec cOlr,c,:-isicg of 900 ppm -:-\0, 2,000 ppm iso butane and 3 % oxygen at gas hourly space 
locities (GHSV) between 5,000 arc 13.::)0 " . :"0 conversion inc reased until a loading of23.6 wt. % to give a conversion 
88 % aI 400 °C The activity dmpPE G a~ i")igher ioad ings due to the partial blockage of cell openings and diffusion 
litations while unstable washcoating ~,:" e;-e ,,:;e was also demonstrated. After an initial deactivation of about 1 0 % in the 
;t 48 h, th is catalyst showed stab le re s:,_,:ai c;-::Ti/ ;t:; . Between 325 and 375°C, minimal effect on the activity was detected 
ien the space time was reduced froYp 0.04 s t·J 0.24 s. suggesting the absence of external mass transfer limitations for up 
lGHSV of16,000 h· '. 

ywords: NO: seiective catalytic reouc" ')n : ZS \1-5: ceramic monol ith; performance. 

D· I' . iese engine owes Its p Oj:; L!.2 __ -, . 

Ic iency, reliability, durabiiity a~G :-C.:X\ e:; iow fuel 
ceo This engine is rUll under oxygel':' eXCess ::;C:1d ition 
a so calle') lean-burn operari oc f-i.,)\vever. the 
~ration increases the product;o;~ (,_c tcxic gas e .g . 
ric oxides C- -0 ) Wll :ch callse ~,,~, e.- ~ ei' . _or:oneii i:& , 

:i health problems. Cc.x8.,yt ic ~ .-oc ~ JSeS ,lave bee" 
jely investigated -;01' N O

x 
re'-._0\ ':. Zt. :'':' sel ec'~,',e 

aly tic reo J ct ion (SCR) beini'O,.ic (.-.c s ~ oCtlUU? .. :- Oi ,e 

llis et aI., 200 1; P;sarel !o e: ",I., ~,Jc'2 ~?e1f; , c ; ~: 

200 :5 ) . The SCR re.:;;-,nology .S s .. ;: ~ . : .. _;&. ~u _·':" a;,.:: 
fera l d rawb aCK S ar e yet Lv Je 3i...,is:·ac·ccr i; _, 

lressed. 
!2 ,1' a de~C un~t, o;essur,:ui:-r 

( , l~ ~~ey .sSuc-, . 
:ie nbrand et aI. , : 9;'; : :yraI(C(CC ~ . _ i.. 2vJL). :n "-
exhaust Oi'" a p O'-A'-er ? !~r: .~ !'.Jt:: :::J-S .;ys. ~e..--; .. -Ln.s 

ssurc drop should idea .:y Ce Ceo - ., ! v2J ,'; ,ON 

ij ge;- et ai., 200 I). Add iriona. de.: aL.::!:; con-_orise 
I serisitiv;[y ;:o d ust anG [esisca:' .:; ;0; :._ ·.t:C:·t~ .&' sho..:,\. . 

.lCI;JreO pacKings, liKe f:l 0 nv liLL. 2 u.. ::' F5:.. .r ... :,:? i!!lere St 

appl icat ion in 1'-..0, red Jcticn (LoX: :..,0" ~, L . _~QC~ : 

~no- Llopcz (;1' Qt:., 2C('S) as ~ ."1":; ~-' ...... ~s~,.c c:·vp . .. 1 

SE: 2,at&lys1~s ~s s ign :t'i":3.;lJ)- !J' '.,. _~ :3. .. '. "L- :~ ...J:' 
J Orii (Y ps-c:zed ~ed. 0G:.L& ly..; i:s (L/ SL. J.e .. ~ .::::.1 .. . 0 ij!j I' 

.. O~1g: va~' i ()J ; t) p c :; .J ~- I!!(;:-!cL~ .. -_. 2(,' _ .. ~ ......... JtlJ.!l:-: ~ 

tg the .-!1")Sl \\ ioc!;' .... :;~G s:J. bs ta ...... c .d ~~:: _ .. ~ ... :T.G..,d-L \ 

because of its relative ly low manufacturing costs and 
l1igh thermal stab il ity (Heck et al. , 2001). However, 
the spec ific surface of most structured supports is 
'Je iow 1 m2/g, which is way too low for catalytic 
purposes. The specific surface area can be enhanced 
..l iJ w about 40 m2/g by washcoating with suitable 

.','" . .:roporous or rr.esoporous materials. As zeolites have 
a specifi c surface area of300-700 m2/g, a monolayer 
vf' zeolite may serve the need fo r surface area and 
)0wsity (Seijger et aI. , 200 1). The ZSM-5 wash coated 
c(; ram ic mono lith catalysts provide interesti ng 
ad, antage in the SCR of N 0 x s·Lan:; receiving attention 
c;.mong researchers (Zamaro el al., 2005; Li et aI., 
20CS) . ZSM-5 possesses high surface area of about 
) 7:; m-/g and has been demonst;-ated to have high 
" '(.folhermal sta b il ity and su-itab fl ity in many 
~;,\I ;;onmental catalysis applications in our earlier works 
Deeng er ai., 2004 ; Abdu llah el al., 2003; Abdullah 

21 v. •. , 2006) . 
Among metals stud ied as the active component 

::,.' "I e c3:raiYSI are eu (Deeng el aI. , 2004), Pt (Ismail 
2 , 01. . 2u(2) anci Co (Ren et al., 2002). By reviewing 
jic i'esu i s, Cu should provide SUPeriority on the basis 
,Lo .-.,gh activ ity, high stability, low toxicity and low cost. 
-,-nere[ote, it was used in th is study. Recen tly, the 
:. .r.1 er2.L i ~ catalysts have created particu lar interest due 
.(. ~'!e pro;noting effect between Lletal species (I smai l 
; (,I. . 20( 2) . The second m eta; should be ao le to 
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. catalyst additives on ttlE production. of biofuels from palm oil cracking 
lsport riser reactor 

g Chew. Subhash Bhatia " 
11 Engineering, Engineering Campus, Universiti S.J:~S M~.ic'-i'si;], Se:-! Ampangan, 14300 Nibong Tebal , Puiau Pinang, Malaysia 

E N 1:: 0 

ler 2008 
;ed form 9 Cecembe. 2GC8 
elTlbef 2008 
9 J2!' Uary 2009 

Calalyrlc c'·ackir.g ol crude palm oil (CPO) and used palm oil (UPO) were studied in a transport riser reac­
tor for ':he proaecGlon ofbiofuels ae a reaction Iemperaw re of 450 °(' with residence time of 20 sand cat­
alysI-to-ci~ r?tic ; eTO . of:5 g g' ' . The effeer of HZS M-:5 (di fferrent Si/AI ratios), beta zeolit e, SBA-15 and 
AISBA-,:: wefE s:udieG as physicaiiy mixed addit ives with cracking catalyst Rare earth-Y (REY). REY cat­
aiysr a!0·.~2 g2,Ve 75.8 wt% converSiOn with 34.5 Wt% of gasoline fraction yield using CPO, w hereas with 
uPO, Ihe cor:,;e;'sion was 70.9 wt% willi gaso line fraction yield of 33.0 wt%. HZSM-5, beta zeolite, SBA­
,.5 and ,-'"ISBA.- ] 5 CiS additives with REY increased tlie conversion and the yield of organic liquid product. 
The :;an5:)Or: r:Sef reac[Qr can be usee fo r ,he com inuous producrion of biofuels from cracking of CPO 

yic:c: 

orr. 

ieflnec as ! ~qc.id or gaseous fue l fc~~ tr2. _-:spc:·~ ~~lr~cse 

roduced from the utilizati on of biomass sUDs::rates or 
Stocker, 2008). The increasing imecf:;;: for biofuels 
due w the depletion of fossi l :,' ei. Pl?n~ c ::s, espe­

ii! has attracted ar-~ention of researcr.e~~s tc develcp 
~mally friendly and high qualiIY fue l, wl, :c!1 is free 
nd suJfu:" (!2!TlUi!di~ ~._ 2CO·S). '!. ~ =-ece ··-'~· ' . ~[ _!" s :!:e:-e 
veral stucies en :=he ~j~-C'G~.ic!iGr ~~ h ~'(>·c;c?":;~C:l~ (1 .:: . 
gasclinc) ~~-O r:'l pI2. r:: oils su[:h 3.5 (G.s'=~ 0" s ·~j 02c,~, C3-

~.A.lb :"lquerqUt er 21. LGC~S) , ,:~ ~gc.~ cil : Sh.?_~:!: L~C53c_ ~ ~:. 

and pa!r!l oil (T\'~l c.: (l 2-= 31 1S9S ' Yt"·· .. 1-:Z. :-<s· c=r itl-, 
types of c2t21ysts. 
racking is Oll::: of ~~~ic rO'Y[E S ~'o:- ':::;'~?:.~: . g ~~~.'...: ~j f"JelS 
i ~~lea.r anci cyclic p~ ~-cfG. ~-:s G ef !~s 3 ~~E. :/(2::", .(.:-tC:-.fS 

~C a.cids ((112).& ar:d B1:;!'·-ia -; ,J:-~~~~~:: r~ -.'.. ~2.CI~OL 

: been descr:bed fo~~ Sl" _Gy:r.g : ;;~a~y .. . ~ r.: -: ~ <iil~ -:;:-i 

y-scalE. Cnc of I !1E ~"l1~5 [ COnl!-_-.:':-~ s~ :':=r~" o· _: ~e: ~or 

ki!:g studies :): gas oil JnG pa.!rc Cl ! ~s t~-:= ~xec bed rni ­
:5:= O~ I\/IAT ur.it ~T2L:Lr~.:.: :2.2 (~n,:. 2>~ ·1-

i : 2:~:::: --:- '. There 
!:~Ci2S :-E;J-::Jfl cC. (,1: "".: ~·~E '.=:·C:·~,_:- -= ~2:-. ::: '/0·. _, c .s ~ .• ~: . ~.-: 

;! (C?C ~, ":5::2 pa!:-.--. 8: ~ /~.'?'.;, ~:,:. ~.~... _._ = :~ -;3:-:':; 
:FA.\f:), lisi~~g 22~:)lileS 2S C' '_ ~2 =:':if~ :~ '(.~_, s: ; ~. _-~-'.~ ::-:)­

C; et 31. , 1999; Year.-S3:-.g 2·-;: .... ?=~ 42 :: 'r :- g~.ssli~~2 , 

'.g c.L:cho:-. "re!.: -:-c;O ~ S;;·,3L:::-.. : ."2,.-, : ,~,,:, '"_ 5::J~ . '­
:'£: C~0~:3.~k~e:-:~. ;.. sr::.::"y :~ :; .. ~. [ : ,:,. 

.: t-: :~ ~ - .. ~ 

) :~ech .2008 ,! 2 .02~ 
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ke rosene and diesel fractions obt ained from CPO, UPO or FAM w ere 
similar in composi tio!1s to the commercial petroleum products as 
cetern.;ined from gas chromatography analysis (Yean-Sang et aI., 
2004a ). 

Li e, al. (2009) studied t he cata lyt ic cracking of cottonseed oil in 
a fixed -fluid ized bed reactor. In the presence of fluidized catalytic 
.:r,:,ck'ng (FCC ) eq:.;i;ibrium catalyst (zeoli te), liquid product rich 
in g2soline 2.ne d iesel fraction w as produced. The maximum yield 
cf :'gh;- fuel oil :65.E wt% a: 360 ec) and gasoli ne fraction (33.7 wt% 
G: 205°C) were obtained at optimum condit ion. Lappas et al. 
(20':':8 ) v,las abie to obtain conversions h igher than 85 wtZ for cat-
2.1Y;:ic cracking of 'Na X performed in a bench scale automated fixed 
be::'. :';1::;: using commercially available FCC catalysts. 

'hr:::,~;s c3':alys:s -"le reported for cracking of trig!ycerides. The 
(,10; :e c f ~he c2talyst plays an important :01e in t he cracking of tri­
g,jCe:' ,ce, Since zeoliteS are extremely active, cherefore it has been 
: es::e" e"teEsively fac catalvticcracking. es,Reciall:LoLvegetable oil 
by several !'esearche rs (Twaiq et a1. , 1999; Yean-Sang et aL, 2004a). 
·~1-.,2 ;::::',~dT:on zeo'ires are H-Y, H-Beta, H-mordenite, Ul tra-stable Y 
,,:":S '." 2:;d HZSV:-5. There are also studies of catalyt ic cracking of 
');0 ;:-,', Qii over 'iarious m eSO,)OrOUS catalyst s such as 1\1C1\1-41 and 
';2,- ~ 3 :T\V2,:C e, aL . 2C03a,b, 2004; Yean-Sang et al., 2004c) beside 
~'.: - .::'~::!',:-:_~~ 22o!i te :2~aly's~s. ~i~f2rent ca:dlysts vviI lleG~j :0 differ­
~,~: : ":J2:lC j'str'be,rior: o· catalytic cracking (Chew J;;d Bhatia, 
=::::',8; Cc~rrc.a e:: 21. ; 2(07 ) studied catalYlic cracking of glycerol 
~L~. sc ''-': ~o : ;'1 the ;:; resenc2 cf 6 differe nt catalysts, including a 

, ~::c :: c.?, :a~y5L , ;;:--: eq'J. iEtriL:m FCC cata lyst vvith Ule ta: impuri­
, ':::::c::. " ;TfSOPO,'ous A.1 20:l, a USY zeolite (Y), a ZSI\/l 5-based 
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y-drodynamic stud:' of ~eolite~·b&sed composite cracking 
ltalyst in a transport riser reactor 

01 of Chemical Engineering, Engineering Campus Uniuersiti Sains Malo.ysia, Seri Ampangan, 
)0 \Tibong 7ebo.l, Fulc ! F y, ::!. ; :;, ~b , c ~' ;o 

ABSTRAC~-

A composite cal&iyst co:1tai:1i;:g _-1- '! ze0:i,c anti kaolin saitabie for catalytic cracking of palm oil fo r the production 
ofbiofuels was syn'd12sizcG o~ so.-gc:-s:ev2 med:od In this s tl~dy, we report the results of the hydrodynamic studies 
using a composite cacalys·t in a crans.Jor: liser reactor. The hydrodynamic study confirms that the pressure difference 
across the transpon riser reactor va, _es 'Nith the superficial gas velocity and it becomes significant at the bend section 
oft:he reactor. Tile pressare Cu. .. :d1.:p oCCJ.rs v,'hen ,he superf,cial fluid velocity reaches bubbling fluidization velocity. A 

model incorporating differerl't dime:-.sion:ess groups correiated with the pressure difference in transport riser reactor 
at differem opera,l::g cC:-.;::·:iO:1.3 ·_':.c j::o:r::osed model predlCled the pressure drop within an average error of ±20% 
in a uanspon fiser rea.cmy. 

© 20(,9 The . :".s t :~'.l::Jr. of ChemlC2..1 El:gmeers. Published by Elsevier BV All rights reserved. 

5::eyv):Jrds: Ccn-_t~C3~:e :'~"8(k~::g ::'2.r?~ .. .:;t; ~!'"a !""~s ~~:r::: rise r :-e=.':: LQ~'- ; Eydrodynar.ni::: studies; Pressure drop; Superficial gas 

velocity 
----_._ --- ---_._---- --

Introduction Fluid catalytic cracking (FCC) process has been used in 
Ic!e refinery for tne proQunion of gasoline, kerosene, diesel 

:iepletion of crude oil has a~·:!·aC:E: c. rese" rC'_eYS IO explore ano. olefms from gas oil. Transport riser reactor is an integral 
tlternative energy source. i'3.~m 0 :_ :S G:e ::1 L;l E a~terna- pan or the catalytic cracking process. Our past research has 
eedstock which can be used 'co produce an E"v1ronmental shown that the catalytic cracking of palm oil for the produc-
dly and high quality biofuels Iha: a!e f:i: e 0: y.,crogen a!ld ;ion of biofuels could be carried out in t ransport riser reactor 
r (Ooi E:{ ai., 2004b; Tarr.u::a:d J c Ld 2:-: 2..·.~_& , 2007). Cur- (Ta:nunaidu a!lci Bhacia, 2007) . However, there is a need of suit-
y, a substantial amount of ':'-1e CL Ge c:alE". o~~ is used ,0 aoi€: cracking catalyst to De used in a transport riser reactor for 
lCE biodiesel by re2..cting CnlG.e ·Ja .rr_ Ce_ 'H:tn xetr1anOl oocaming reasonable yield of bio -gasoline in order to make 
nvert it into !nerhyl esters . ::::Jv.'ever, !):::ld:ese, cannot be :he process economical. The activity of the catalyst increased 
in gasoline engines ane there is a , ee c: .: ) c.eve :op 2.. direct w:th the increasing of alumina content up to an optimum level 
~ss to convert palm oil in':o oio-gas :J[:r:" su"a'!)]e fo r gaso- :hen aecreased with the :urther increase of alumina content 
ng.i..fl~s. 6eolitesas-t.f!e-cr~~<r.!y5~1)attl'rOWCourcpui-· ==,.ui-'JT.<:"'- ""~oLl1e_ctecreasing-oFL- e crystalTffifty- (Thraiq et ai., 2003b)-.---
::vely produce v3r:ety c ;- ::q :c, :'/:': ::::"'.::::z - .le .s :-:-wa:c. C: xtensive works have 'Deen done in developing the cracking 
, 20C3a,c; Ooi et a: .. 200. &,', ' )'C ,:(,,2:' .2~J:; s.rr:C; ., a:GU c&.:a\ys, ior blO-gasoline production (Twaiq et aI., 2003c; Ooi et 
3hatia, 2007) . The Cc;: S iyti c C~" c..:.<:Dg -S.'OC C::S CCd~C. taKE- a.. L.004a)b). 

at lower tempera:·c.re ::o:-:.):are::: ::; : : ".0 ·r:". ~ __ ~ :'c<L:, g 3!-' C. --:: he ;,yaroayn&m,c piays an important role in the design 
)ke is aeposiI2d 0,,, a ce 0; ::0.')'::: :.u!:·' .. c:" : '::.:::g :: roce"s G. : _'anspcrt r:Sei ,-eao:o[. The full scaie-up of circulatin g flu ­
1.g to cacalyst a eactlvat:c r .. "":K.:'. :i-:2 :',,::-:--::lVa_ c : coke ;.n 
atalyst is dODe in sep2ra~c re a.:: ,.: :- .:;¥) 0L:·~.i·-~Q : :12 CO!<E 

: presence of air and. ~he ~'e ge:_ c:("2:E2 ,-'?~ :a!'i s '~ ~s Tecycu:c 

:0 the cracking re3G:OY. 

'TespoYlding aUThor. ::'c: .. : o:-6J .!.: ~S::1;',~-_ S, _~_ . . - , ) L •. ::9Ll -::' J13. 

"'.:":?.il c.dC.[e53: :::1br.2. :: c..Qj~ .,, ~ ...... ::_~_ 

:::;:zeci beas requ:res at least five dimensionless groups , four 
.:;:~:o t.l :os are requ:red in tne inertial limit and th ree groups are 
sCl:r..cient for simiiarity (Van der Meer et aI., 1999). The riser 
c. _c,me,er :neuer_ ces irl opposite manner for Geld".rt A par-

::eiVEC 2 ~~~· ..1!le 2003; FZ 2,::c::.~2:" .. : c'. .':'2:: . '- ::_) ~ _~: ... GS 2:: lSJ~J ; Ac:c~ :.::~ ::.. 5 ;)2 c2mbc :: 2CC8 
5762/5) - SEe ~'rC :i: .-:.a::":cy ;f; 2C-:19 -... ::: _" __ 3-~ _ "~ ,.~:: ')~ :~_e rc. ~~a 1 2~~~: ::= =ys . F ..:b~:sr_ 20" "~y E:SE-V:-=!:3 \i . AJ Ylg:~1LS reserved . 
. :C0:'.6/j .cherc..2008.12.C:.C 
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provement of loose ~-: o:;::;;~act diesel soot oxidation by synergic 
ffects between nlet2. ~ ~ ~~_~~es in 1<20- V 20S/ZSM -5 catalysts 

A.Z. Ab,~,u~:a._: ~, H . Abciuliah, S. Bhatia 

Schooi of Chemical Engineering, C; .. eto .. ,~ _ . ./j,.I!lysia, Engint::cring Camp~:s, 143UO Nibong Tebal, Penang, Malaysia 

Rect:veci 24 Sq:tmbe:' ;, :v~: :. c . _ ..... ~'.' ,scd form ' '''C\'~:,lber 200/ . acceptec 5 November 20C7 
-_ \'c ... !:t.):c or.line 13 Novernber 2007 

)t oxidation in loose contacT with : :5 \. '/ ::,"::.1. \ ' 20S/' Fe:8/ 2nd K20-V20S/ZSM-5 catalysts at a ratio of9: 1 was stud­
;M-:5 was the most active wieh <: pc": eC\'l,y iH 450 cc. F\:n~er improvement was achieved with the incorporation of 
), attributed to the mobility of po,ass' .. rr: ",;:.on melting. Chemical interactions between the K20 and extra framework sil­
in potassium silicate formatiOll . Sinte-:.g ,):' ::'zic!es towards the end of the oxidation process resulted in a delay in the com­
ot oxidalion. 
lier B.\' .. Jl rights reserved. 

ion 

1any O'Cher types of polil:ttan':s C1Lc::,. :iiesel 
aily emil significam amoum cf s:., " 2:-_C ~1iLro­

(~Ox) , To protect the enviro:-lc ::-:: :,-_S IWO 

laVe to be removec from the ex; ,c"i~,- i~, '. As 
ons on diesel engine emission,; !Je: J::-:' :_: 2: more 
he engine modification :lnd "he 1""'~ J':e:' 
re needed Whi le ?'-!Ox can be :'e r

- "~~ ,::-: ':2t­
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:TC,i:', 2,reas that have contact with the catalyst. T his contact 
Ivi:: ::lVolve in va:-~ous path\vays for the local transport of 
reacjve oxygen species from the active catalytic species 
to tne soot [7 ;. The nature of the contact (loose or tight) 
can therefore affect the relative effectiveness of a catalyst 
in Dromoting soot oxidation. Loose contact always shows 
::ec!.ucc:d activity compared. to tight contact for all composi­
Tions. but the degree of degradation varies from compound 
to compound ~6:. ~-linot et a1. [2] stressed that soot particles 
cO'.ll{ not be effectively oxidized unless the catalyst is 
deposiTed uniformly in the soot clusters. H owever, some 
beYle5t:;ould also be obtained from loose contact as oxygen 
C!j~DSlOn is facilitated. Therefore, SOOt particles embedded 
o.c:e:c ' nto the scot-catalyst mass could simultaneously 
U':1C1e:-gO oxidation- Wilh those exposed TO the oxygen at 
the c-x:er:1al surface. 

:-0:: loose COnIa:::t between the catalyst and soot always 
~::2<is,o lov,'er oxidation activity than the tight contact, 
2.c,-j,·e cat8.lyt;c fo:'mulations should also include other 
,';C,:-:'~_:0 :1erlTS with ;,igh mobility [6j . Potassium has been 
::'(j~;~)', 'Cd to increa se the effenive com act with the soot 
c.;;,:: ,c it:; j-jg;1 mobility [6,8~ . HO\vever, report on the 
;~');:"Ji~,at;on of tr~msit i on metal and notassium as the soot 
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)stract 
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Abstract: The concern over increasing presence of complex refractory compounds in the wastewater streams, the 
conventional treatment method cannot be used for complete treatment of the effluent These current problems have 
provided incentives to develop newer technologies to ' improve performance of existing technologies. In this paper, 
photocatalytic process (belonging to the class of advanced oxidation processes) is presented to show the potential of 
nanosized Ti02 semiconductor photocatalysis towards the refractory compounds into less harmful molecules. The work 
highlights the basics of this process including the various nanosized Ti02 synthesis methods and a description of the 
attempts and possibilities to improve its reactivity in the recent years. Besides, information on the photocatalytic reactor 
design, other aspects with a complete overview of the various applications to wastewater treatment is also provided. The 
present review paper seeks to offer an overview of the dramatic trend in the use of the nanosized Ti02 photocatalysis for 
the remediation and decontamination of wastewater, report on recent work done, important achievement and problems. 
The present article discusses the useful patents in the field of photocatalysis over nanosized titanium dioxide 

Keywords: Photocatalysis, organic contaminants degradation, nanosized titanium dioxide, photoreactor. 

1. INTRODUCTION 

New developments in the variety of fields to meet the 
ever-increasing requirements of human beings have also led 
to the presence of new compounds in the effluent streams of 
processing plants, which are not readily degraded by the 
conventional effluent treatment methods [1 -3]. The focus on 
waste minimization and water conservation in recent years 
has also resulted in the production of concentrated or toxic 
residues. It is of utmost importance to dispose off these 
residues in a proper manner as well as to keep the con­
centration of chemicals in the effluent stream to a certain 
minimum level in order to comply with the environmental 
laws, which are becoming more stringent these days. As a 
response, the research into more efficient waste water treat­
ment technologies so as to degrade the complex refractory 
molecules into simpler molecules is vital to combat the 
deteriorating water quality . 

Advance oxidation processes (AOPs) are one example of 
an environmental friendly approach for treating the effluent 
containing the new toxic chemicals, refractory and biode­
gradab le compounds. Typically AOPs are ambient tem­
perature and pressure process that involve in situ generation 
of highly reactive species such as hydroxyl radical (·OH). 
The 'OH radicals are powerful oxidizing reagents with an 
oxidation potential of 2.80 V and exhibits faster rates of 
oxidation reactions as compared to that using conventional 
oxidants like hydrogen peroxide orKMn04 [4]. Among 
AOPs, photocatalytic oxidation (PCO) has proved to be of 
real interest as efficient tool for degrading aquatic organic 
contaminants. PCO involves the acceleration of photo­
reaction in presence of semiconductor photocatalyst One of 
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Nibong Tebal , Pulau Pinang, Malaysia; Tel : +604 59964 10; 
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the major applications of PCO is heterogeneous phI 
catalysis to effect total mineralization of liquid phase org~ 
contaminants. The term "photocatalytic degradation" usu; 
refers to complete photocatalytic oxidation or ~h' 
mineralization, essentially to COz, HzO, N03-, P04 -

halides ions [5 , 6] . 

Titania photocatalysis also referred to as the "Hon 
Fujishima effect" was first unfolded by the pioneel 
research of Fujishima and Honda in 1972. These autt 
revealed the possibility of water splitting by phI 
electrochemical cell having an inert cathode and rutile tit~ 
anode. As a consequence, the application of titania phI 
catalysis extended to environmental frontiers. Ever si 
1977, when Frank and Bard first examined the possibili 
of using TiOz to decompose cyanide in water under sunliJ 
there has been increasing interest in environme 
applications. By far, titania has played a much larger rol, 
this scenario compared to other semiconductor phI 
catalysts due to its cost effectiveness, inert nature 
photostability . Extensive literature analysis has shown m 
possibilities of improving the efficiency of photodegradal 
over titania by manipulating the TiOz structures at na 
scale to increase intrinsic activity and selectivity [7, 
Recent research resu lts on improving TiOz photocatal: 
activities such as metal doping and integrated with adsorl 
for water and air pollution controls are used to show t 
~ovekcatalytic properties caIL.be discovered by uni 

photocatalytic oxidation process but common materials at 
nano-scale. 

As part of the dawn, there is general agreement that 
important in the development of highly efficient phi 
catalytic reactors to realize nanosized TiOz intrit 
performance. This is particularly true in the context of sc~ 
photocatalytic reactors processing large volumes of w; 
generated with the present level of knowledge about tn 
reactors. Many researchers have stressed that several asp' 

© 2008 Bentham Science Publishers Ltd. 
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act 

performance of silver-loaded zeolite (HY and HZSM-5) catalysts in the oxidation of butyl acetate as a model volatile organic compound 
) was studied. The objective was to find a catalyst with superior activity. selectivity towards deep oxidation product and stability. The catalyst 
y was measured under excess oxygen condition in a packed bed reactor operated at gas hourly space velocity (GHSV) = 15,000-32,000 h- 1, 

III temperature between 150 and 500 °e and butyl acetate inlet concentration of 1000-4000 ppm. Both AgY and AgZSM-5 catalysts exhibited 
;tivity in the oxidation of butyl acetate. Despite lower silver content, Ag Y showed better activity, attributed to better metal dispersion, surface 
teristics and acidity, and its pore system. Total conversion of butyl acetate was achieved at above 400 oe. The oxidation of butyl acetate 
ed a simple power law model. The reaction orders, nand m were evaluated under differential mode by varying the voe partial pressure 
:n 0.004 and 0.018 atm and partial pressure of oxygen between 0.05 and 0.20 atm. The reaction rate was independent of oxygen concentration 
Igle order with respectto voe concentration. The activation energies were 19.78 kJ/mol for Ag Y and 32.26 kJ/mol for AgZSM-5, respectively. 
S Elsevier B.Y. All rights reserved. 

¥is: Butyl acetate; Silver; Zeolites; Catalyst; Characterization; Activity; Kinetic 

:roduction 

:! choice of the volatile organic compound (VOC) emission 
nent technique depends on the characteristics of the efflu­
be treated, such as the nature of VOC, its concentration 
; flow rate [1] . Catalytic oxidation that can be effectively 
d in a wide range of VOCs concentrations and waste gas 
ates presents an interesting solution for VOCs elimina­
~]. The catalytic process permits the oxidation reaction to 
at a significantly lower temperature than that required by 
li oxidation processes. There are two types of catalysts 
ill be used in catalytic oxidation, i.e. metal oxides and 
~ted noble metals [2,3-5] . The selection between a metal 
or a noble metal is generally influenced by several fac­
Ich as the nature of the gaseous stream to be treated and 
:sence of contaminants. However, it is generally accepted 
)ble metals are more active than metal oxides but the lat-
more resistant to poisoning [6] . Pt and Pd are the most 

on noble metals used for total oxidation of VOCs [7] and 
I, they are supported on an oxide such as Al203 or Si02 . 

esponding author. Tel.: +6045996409; fax: +6045941013. 
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In general, platinum exhibits higher activity than palladium for 
the total oxidation of VOCs [8] . 

Oxides of transition metals such as copper, chromium, man­
ganese and nickel can tolerate higher levels of poisons but the 
activity shown by these oxides are usually lower than that of 
noble metal-based catalyst [4] . Silver has recently gained much 
interest for low temperature NOx reduction [9] and CO oxida­
tion [10]. Thus, it could be a suitable catalyst for many redox 
reactions like VOC oxidation. Pioneering works by Cordi and 
Falconer [11] led to the conclusion that Ag/Ah03 catalyst was 
very active for the complete oxidation ofVOC to C02 and H20. 
VOC was hypothesized to diffuse along the alumina surface and 
reacted at the silver sites, where oxygen is adsorbed. As the oxi­
dation occurred at high temperatures, VOC reacted in parallel 
on silver and alumina sites. Recently, Beak et al. [12] studied 
various transition metals such as Mn, Fe, Co, Ni, Cu, Zn and 
Ag for catalytic oxidation of toluene and methyl ethyl ketone 
and silver showed the best activity among the tested catalysts. 
Thus, it is of great scientific interest to study the performance of 
this metal in the complete oxidation of a wider range of organic 
substances. 

The choice of the support is also important with "{-alumina 
being the most widely investigated. An important property 
pointed out by several researchers is that the hydrophobicity of 
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soot oxidation in loose contact with 15 wt.% CuO/, V20 S/ , Fe203/ and K20-V20s/ZSM-5 catalysts at a ratio of9:1 was stud­
/ZSM-5 was the most active with a peak activity at 450°C. Further improvement was achieved with the incorporation of 
K20, attributed to the mobility of potassium upon melting. Chemical interactions between the K20 and extra framework sil­
ted in potassium silicate formation . Sintering of oxides towards the end of the oxidation process resulted in a delay in the com­
. soot oxidation. 
lsevier B.V. All rights reserved. 

Diesel soot; Oxidation; K20-V20S/ZSM-5; Loose contact; Synergic effect 

uction 

~ many other types of pollutants emitted, diesel 
lsually emit significant amount of soot and nitro­
les (NOx). To protect the environment, the two 
ts have to be removed from the exhaust gas. As 
lations on diesel engine emissions becoming more 
., the engine modification and the exhaust after 
It are needed. While NOx can be removed by cat­
duction processes [1], soot particulates are com­
:ollected on a catalytic filter and periodically 
to CO2 [2]. The catalyst in the trap must be suffi-

.ctive to oxidize the soot within the exhaust gas 
:ures (300-400 0c) [3]. The catalysts' activity and 
are key-factors=in determining-its applicability in 
~rcial scale. 
ysts investigated for soot filter are such as noble 
n transition metals [4], perovskites [5] and alkali 
5] and the soot-catalyst contact appears to be the 
portant problem [2]. Soot oxidation would initiate 
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from areas that have contact with the catalyst. This contact 
will involve in various pathways for the local transport of 
reactive oxygen species from the active catalytic species 
to the soot [7]. The nature of the contact (loose or tight) 
can therefore affect the relative effectiveness of a catalyst 
in promoting soot oxidation. Loose contact always shows 
reduced activity compared to tight contact for all composi­
tions, but the degree of degradation varies from compound 
to compound [6]. Hinot et al. [2] stressed that soot particles 
could not be effectively oxidized unless the catalyst is 
deposited uniformly in the soot clusters. However, some 
benefit could also be obtained from loose contact as oxygen 
diffusion is facilitated. Therefore, soot particles embedded 
deep into the soot-catalyst mass could simultaneously 
undergo oxidation with those exposed to the oxygen at 
the external surface. 

As loose contact between the catalyst and soot always 
leads to lower oxidation activity than the tight contact, 
active catalytic formulations should also include other 
components with high mobility [6]. Potassium has been 
proposed to increase the effective contact with the soot 
due to its high mobility [6,8]. However, report on the 
combination of transition metal and potassium as the soot 
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Abstract 

Selective catalytic reduction (SCR) of nitric oxide (NO) in diesel engine exhaust over Cu-Zn/ZSM-5 washcoated 
ceramic monolithic catalysts is reported. The washcoat component was prepared by ion-exchanging ZSM-5 (Si/Al=40) 
with zinc while copper was incorporated through impregnation. The dispersed washcoat component was then incorporated 
into 400 cpsi ceramic monolith through a dipping process with the final loadings between 19.6 wt. % and 31.4 wt. %. The 
SCR process was studied with a feed comprising of900 ppm NO, 2,000 ppm iso butane and 3 % oxygen at gas hourly space 
velocities (GHSV) between 5,000 and l3,000 h-I

. NO conversion increased until a loading of23.6 wt. % to give a conversion 
of 88 % at 400°C. The activity dropped at higher loadings due to the partial blockage of cell openings and diffusion 
limitations while unstable washcoating adherence was also demonstrated. After an initial deactivation of about 10% in the 
first 48 h, this catalyst showed stable residual activity. Between 325 and 375°C, minimal effect on the activity was detected 
when the space time was reduced from 0.94 s to 0.24 s, suggesting the absence of external mass transfer limitations for up 
to a GHSV of 16,000 h· l . 

Keywords: NO; selective catalytic reduction; ZSM-5; ceramic monolith; performance. 

1. Introduction 

Diesel engine owes its popularity to its high fuel 
efficiency, reliability, durability and relatively low fuel 
price. This engine is run under oxygen excess condition 
in a so called lean-burn operation. However, the 
operation increases the production of toxic gas e.g. 
nitric oxides (NO) which cause severe environmental 
and health problems. Catalytic processes have been 
widely investigated for NOx removal and selective 
catalytic reduction (SCR) being the most popular one 
(Solis et al., 2001; Pisarello et al., 2002; Bennici et 
al., 2005). The SCR technology is still immature and 
several drawbacks are yet to be satisfactorily 
addressed. 

For a deN Ox unit, pressure drop is a key issue 
(Odenbrand et al., 1999; Makkee et al., 2002). In a 
:::ar exhaust or a power plant flue gas system, the 
pressure drop should ideally be below 10-20 mbar 
(Seijger et al., 2001). Additional demands comprise 
low sensitivity to dust and resistance to thermal shock. 
Structured packings, like monolithic are gaining interest 
for application in NOx reduction (Zamaroet al., 2005; 
Bueno-Lopez et al., 2005) as the pressure drop in 
these catalysts is significantly lower than that of 
~andomly packed bed catalysts (Cybulski et al., 1999). 
A.mong various types of monolith, ceramic monoliths 
Jeing the most widely used substrate material, mainly 

because of its relatively low manufacturing costs and 
high thermal stability (Heck et al., 2001). However, 
the specific surface of most structured supports is 
below 1 m2/g, which is way too low for catalytic 
purposes. The specific surface area can be enhanced 
up to about 40 m2/g by washcoating with suitable 
microporous or mesoporous materials. As zeolites have 
a specific surface area of 300-700 m2/g, a monolayer 
of zeolite may serve the need for surface area and 
porosity (Seijger et aI., 2001). The ZSM-5 washcoated 
ceramic monolith catalysts provide interesting 
advantage in the SCR of NO x starts receiving attention 
among researchers (Zamaro et al., 2005; Li et al., 
2008). ZSM-5 possesses high surface area of about 
370 m2/g and has been demonstrated to have high 
hydrothermal stability and suitability=in many= 
environmental catalysis applications in our earlier works 
(Deeng et al., 2004; Abdullah et al., 2003; Abdullah 
et aI., 2006). 

Among metals studied as the active component 
of the catalyst are Cu (Deeng et al., 2004), Pt (Ismail 
et al., 2002) and Co (Ren et al., 2002). By reviewing 
the results, Cu should provide superiority on the basis 
of high activity, high stability, low toxicity and low cost. 
Therefore, it was used in this study. Recently, the 
bimetallic catalysts have created particular interest due 
to the promoting effect between metal species (Ismail 
et al. , 2002). The second metal should be able to 
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surface methodology 
;fer 
d reactor 
,king oil 

This study aimed to develop an optimal continuous procedure of lipase-catalyzes transesterification of 
waste cooking palm oil in a packed bed reactor to investigate the possibility of large scale production fur­
ther. Response surface methodology (RSM) based on central composite rotatable design (CCRD) was used 
to optimize the two important reaction variables packed bed height (cm) and substrate flow rate(ml/min) 
for the transesterification of waste cooking palm oil in a continuous packed bed reactor. The optimum 
condition for the transesterification of waste cooking palm oil was as follows: 10.53 cm packed bed 
height and 0.57 ml/min substrate flow rate. The optimum predicted fatty acid methyl ester (FAME) yield 
was 80.3% and the actual value was 79%. The above results shows that the RSM study based on CCRD is 
adaptable for FAME yield studied for the current transesterification system. The effect of mass transfer in 
the packed bed reactor has also been studied. Models for FAME yield have been developed for cases of 
reaction control and mass transfer control. The results showed very good agreement compatibility 
between mass transfer model and the experimental results obtained from immobilized lipase packed 
bed reactor operation, showing that in this case the FAME yield was mass transfer controlled. 

:lnction 

native fuel source are currently of interest as crude oil 
oar to record high. Biodiesel. also known as fatty acid 
~ster (FAME), has become more attractive as an alternative 
lUrce because of its environmental benefit such as biode­
" nontoxic and low emission profiles (Canakci, 2007; 
ti et aI., 2007; Lara Pizarro and Park, 2003). Presently 
II production of biodiesel from waste cooking oil is per­
)y chemical alkaline or acidic processes. However, chern i­
,esterification has some unavoidable drawbacks such as 
ergy and methanol consumption, difficulty in glycerol 
" and a large amount of alkaline wastewater from the cat­
~eLal. , 2008 ; Haas et aI., 2003; Lll-eLal. , 2007). 
Itly, enzymatic methanolysis using Iipases has become 
tractive in biodiesel production, since it is considered to 
Tective way to overcome the drawbacks involved in the 
I process. Particularly, the by-product, glycerol, can be eas­
fered without complex treatment (Ha et aI., 2007). The 
)blem of enzyme catalyzed process is the high cost of the 
Jsed as catalyst and the cost of raw material which ac-
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counts for about 70% of the total cost (Wang et aI., 2008). There­
fore, researchers are always looking for other effort to reduce the 
cost of biodiesel production. Waste cooking oil, originated from 
restaurants and household disposals, is creating serious problems 
of environmental control. Production of biodiesel with waste cook­
ing oil as feedstock not only could reduce disposal problems, but, 
more importantly, would decrease the cost of biodiesel (Chen et 
aI., 2005). Several studies showed that enzymatic methanolysis 
with waste cooking oil was a promising alternative as a feedstock 
for biodiesel production (Wang et aI., 2008; Watanabe et aI., 2001 ; 
Nie et aI., 2006; Li et aI., 2006). The key step in enzymatic process 
lies in the successful immobilization of the enzyme, which allows 
for its easy recovery and reused (Modi et aI., 2007). High opera­
tional stability of the immobilized enzyme was reported in several 
studies (Watanabe et aI., 2001; Nie et aI., 2006; Li et aI., 2006; Shi­
mada et aI., 2002; Royon et aI., 2007), making it possible in a batch 
system, or its long use in a continuous one, which reduces the inci­
dence of catalyst cost. 

Although lipase catalyzed transesterification has significant 
benefits, the industrial application technology has been slow. For 
widespread industrial use to occur the process has to be techni­
cally and economically feasible. The packed bed reactor (PBR) has 
been extensively investigated by several researchers for use in 
industrial scale application (Watanabe et aI. , 2001; Nie et aI., 
2006; Royon et aI., 2007). The packed bed reactor is one ofthe most 
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Abstract. Multi walled carbon nanotubes (MWNTs) were synthesized via methane chemical 
vapor decomposition using low-cost activated carbon (AC) as support for Fe and Ni catalyst. 
Maximum methane conversions of 98% and 42% were observed on Fe and Ni catalysts respec­
tively at reaction temperature of 750°C by on-line gas chromatography. Bundles of MWNTs with 
an average internal dia - 20nm at 850°C over Ni catalyst and thin-walled CNTs (dia - 8 nm) 
formed over Fe catalysts were confirmed by morphological studies by transmission electron 
microscopy. CNTs formed over Fe catalyst illustrated a typical tip-growth phenomenon. The for­
mation of MWNTs was further supported with the data obtained from thermogravimetric analysis. 
The ideal condition for CNTs growth was noticed under N/CH4 gas flow ratio of 2: 1 rather than HI 
CH

4 
atmosphere. 

1. INTRODUCTION 

Carbon nanotubes (CNTs) are a new form of carbon 
molecules with many outstanding properties which 
makes them potentially useful in various applica­
tions such as electronic, mechanical, composite, 
medical, etc., [1 -5]. In general, CNTs has been clas­
sified either as metallic or semi-conducting that 

--depends strongly on their chirality and diameter. 
Among CNTs synthesis methods, chemical vapour 
decomposition (CVO) is the most suitable method 
at low temperatures when compared with other tech­
niques [6]. In this process, various inorganic po­
rous materials such as alumina [7], sil ica [8], mag­
nesium oxide [9] and Zeolites [10] were investigated 
as support materials by numerous researchers in 
producing various diameter ranges of single-walled 
carbon nanotubes (SWNTs) and MWNTs [11]. How-

ever, while considering high quantity and lower pro­
duction cost of CNTs, it is necessary to trace a new 
support material to overcome current drawbacks like 
higher production cost and purification issues. In 
recent years, carbon itself finds more importance in 
catalytic reactions either as a catalyst or as sup­
ports owing to its fascinating physical and chemi­
cal characteristics. The potential use of carbon as 
cata lyst support has not yet been fully exploited, 
even though there is considerable volume of litera­
ture devoted to this field in last 20 years [12-14]. 
Since malaysia being the leading producer of acti­
vated carbon from its palm industry, there is abun­
dant resource for its cheaper avai lability. Hence, our 
present study was focused on using low-cost AC 
(derived from wood base material) as support for Fe 
and Ni catalysts with the aim to grow CNTs of differ­
ent morphologies. 

Corresponding author: A.R.Mohamed, e-mail: chrahman@eng.usm.my 
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Glycerol emerges as a significant worth chemical that can be converted into high value products. In the 
prospect of biorefinery industries and great demand towards renewable sources, glycerol has proved to 
have tremendous potential to be transformed, thus supersede conventional petroleum derived fuel 
additive. Various types of oxygenated biocomponents and rigorous studies of glycerol transformation 
into fuel additives are presented in this review paper. Particular focus is given to etherification, 
acetylation and acetalation processes with specific behaviors in the respective reaction system. 

© 2009 Elsevier Ltd. All rights reserved. 
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:Iuction 

levelopment and commercial use of biodiesel has been 
~ingly and rapidly expanding in Europe and US for over 10 
he prominent superiority of biodiesel over petroleum 
wards health and environment (free sulfur content, low 
of harmful emission, e.g. particulate matter, HC, CO, etc., 
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~tter Iifecycle of CO2 fo r global warming alleviation) as well as 
engine performance (enhance lubricity, high cetane number for 
complete combustion) [1,2) has enticed Asia to use biodiesel as 
alternative fuels and innovative solution to curb the polluted air 
emitted from growing vehicle population [3). 

Despite the rapid pace of biodiesel development and commer­
cialization, there are several key challenges emerging and these 
must be addressed efficiently. One key problem that is being 
ultimate focused is the inevitable low value production of glycerol 
as co-product of biodiesel from transesterification and esterifica­
tion of vegetable oil [4). Stoichiometrically, glycerol is produced by 
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The use of ultrasonic processor in the heterogeneous transesterification of palm oil for biodiesel production 
has been investigated. Response surface methodology was employed to statistically evaluate and optimize 
the biodiesel production process catalyzed by two alkaline earth metal oxide catalysts i.e. BaO and 5rO. 5EM. 
surface analysis. M5 analysis and the Hammett indicator methods were used for characterization of the 
catalysts. Four different variables including reaction time (10-60 min). alcohol to oil molar ratio (3 : 1- 15: 1). 
catalyst loading (0.5- 3.0 wt.%) and ultrasonic amplitude (25-100%) were optimized. Mathematical models 
were developed and used to predict the behavior of the process. The models were able to accurately predict 
the biodiesel yield with less than 5% error for both catalysts. The basic strength of the catalysts was the main 
reason of their high activities. This study confirmed that the ultrasonic significantly improved the process by 
reducing the reaction time to less than 50 min and the catalyst loading to 2.8 wt.% to achieve biodiesel yields 
of above 95%. The optimum alcohol to oil ratio was found to be at 9: 1 while the best amplitudes were -70 
and - 80% for the BaO and 5rO catalysts. respectively. 

:Juction 

ltly, particular focus is been given on global warming and 
on of non-renewable resources. These problems are primarily 
d to the heavy consumption of fossil fuels. Much attention has 
en to biomass resources as alternatives for energy sources. The 
iodiesel fuel is produced by the transesterification of vegetable 
low alcohol in the presence of homogeneous base-catalyst such 
Jr NaOH [1 J. Transesterification can occur in the absence of a 
but it can be effectively intensified by the use of suitable catalyst 
ever, for the satisfactory use of the product as diesel fuel, the 
llUSt be removed from the product mixture and this requires 
orne purification processes while huge amount of wastewater 
ted at the same time [3J. 
ogeneous catalytic process is expected to be future biodiesel 
)n process. This process lowers the cost and minimizes the 
lental impacts due to the simpler production steps and 
on processes which are normally carried out under very mild 
IS. The heterogeneous catalysts capable to be used are such as, 
·silicates [4J, alkaline earth metal compounds and hydroxides 
j alkali metal hydroxides or salts supported on ),-alumina [7- 9J 
~s [1OJ. The common problem associated with the heteroge­
>diesel production process is its low reaction rate due to poor 
m between the oil and alcohol during the reaction due to their 
nmiscibility [4,5 J. 
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The demand for biodiesel in the world is sharply increasing. Thus, 
increasing the production rate for biodiesel in order to meet the 
demand seems to be essential. Therefore, new accelerating technol­
ogies are of great interest among researchers in this area. Ultrasonic 
radiations can accelerate the biodiesel production rate with homog­
enous catalyst [1,11 J. Hanh et al. [2J found that the methanolysis of oil 
in aqueous catalyst solutions (e.g. NaOH, KOH) can be accelerated by 
low frequency ultrasound which led to the intensification of the 
overall process. Reports on the beneficial use of ultrasound for 
homogeneous catalytic process for biodiesel production are also 
published very recently [1 ,2,12]. Despite widely investigated for 
accelerating homogeneous reaction systems, heterogeneous biodiesel 
production process has never been intensified using ultrasonic 
energy. The benefit offered to the homogeneous process is theoret­
ically possible in the case of heterogeneous process in a similar 
manner. However, report on the use of ultrasonic-assisted heteroge­
neous process for the production of this renewable fuel is still hardly 
found in the literature. 

Fig. 1 shows the five step reaction mechanism generally proposed for 
the role of metal oxide catalyst in the transesterification reaction. Steps 1 
and 2 describe the adsorption of alcohol and fatty acid on two neigh­
boring free catalytic sites, respectively. In step 3, the two adsorbed 
groups react to form a surface intermediates. These surface intermedi­
ates will further decompose in step 4 and finally desorb (step 5). 
According to Hattori et al. [13 J, the rate-determining step of this 
mechanism with catalysts having a higher basicity, such as BaO and SrO, 
is the surface reaction step. Forward reaction promotes the formation of 
esters to result in high biodiesel yield. In this respect, higher alcohol 
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isted transesterification 

; catalyst 

The ultrasonic-assisted transesterification of palm oil in the presence of alkaline earth metal oxide cata­
lysts (CaO. 5rO and BaO) was investigated. Batch process assisted by 20 kHz ultrasonic cavitation was car­
ried out to study the effect of reaction time (10-60 min). alcohol to palm oil molar ratio (3:1 -15: 1). 
catalysts loading (0.5-3%) and varying of ultrasonic amplitudes (25-100%). The activities of the catalysts 
were mainly related to their basic strength. The catalytic activity was in the sequence of CaO < 5rO < BaO. 
At optimum conditions. 60 min was required to achieve 95% yield compared to 2-4 h with conventional 
stirring. Also. the yields achieved in 60 min increased from 5.5% to 77.3% (CaO). 48.2% to 95.2% (5rO). and 
67.3% to 95.2 (BaO). Fifty percentage amplitude of ultrasonic irradiation was deemed the most suitable 
value and physical changes on the catalysts after the ultrasonic-assisted reaction were successfully elu­
cidated. BaO catalyst underwent relatively more severe activity drop in the catalyst reusability test. Cat­
alysts dissolution was found to be mainly responsible for activity drop of the reused catalysts, especially 
with BaO catalyst. 

tion 

I is an eco-friendly and alternative energy source for 
n.es that can be synthesized by transesterification of 
'il or animal fat with alcohols [1}. The reaction can be 
y alkalis. acids. or enzymes [2}. Alkali-catalyzed transe-
1 is much faster than acid-catalyzed transesterification 
t often used commercially [1}. Nevertheless. the alkali 
npounds have some drawbacks. i.e. they must be neu­
er the reaction. thus. eliminating the possibility for 
lity of the catalyst [3.4}. The neutralization process also 
Irge amount of wastewater that deserves treatment. to 
mt increase in the production costs [S}. 
~neous catalysis have many advantages: they are rela­
corrosive. environmentally benign and present fewer 
>blems. They are-also much easier to be...separated_fmm 
Llcts and can be designed to give higher activity. selec­
Dnger catalyst lifetimes [6}. Alkaline-earth metals oxi­
jroxides [7- 9]. alkali metals (Na and K) hydroxides or 
·ted on y-alumina [3.1 0- 11}, zeolites [12}. hydrotalcites 
been investigated with a variable degree of success. 

ponent alkaline earth metal oxides (BaO. 5rO, CaO. 
h have higher basicity. lower solubility in alcohol and 

producing higher biodiesel yield have also been 
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reported [9}. However. complete behavior of these catalysts in 
the trans esterification process is yet to be fully understood [9.14}. 

As oil and methanol are not completely miscible. the mixing 
efficiency can affect the course of the transesterification reaction. 
The reaction can only occur in the interfacial region between the 
methanol. oil and catalyst and the alkaline earth oxide catalysts 
are essentially insoluble in the two phases. Continuous and vigor­
ous mixing is then required to increase the area of contact between 
the three phases [lS.16}. The mixing process generally increases 
energy input for biodiesel production process. yet the biodiesel 
yield is generally lower then that in the homogeneous process [9}. 

Low frequency ultrasound is theoretically seen as an efficient. 
time saving and economically functional method to accelerate bio­
diesel production process [17}. Ultrasonic mixing can produce 
smaller droplets of the reacting phases than conventional agita­
tion. leading to a drastic increase-in the-interfacial area and im­
proved mass transfer [18}. As a reSUlt. the mixing requirement 
during the process is also significantly lowered. translating in re­
duced energy consumption [lS}. Ultrasonic can also 'grind' the cat­
alyst into smaller particles to create new active sites for the 
subsequent reaction. Thus. the solid catalyst is expected to last 
longer in the ultrasonic-assisted process. 

The main aim of this study was to characterize the effects of 
ultrasonic energy in presence of alkaline earth metal oxides as het­
erogeneous catalysts. As reported in literature. most of the transe­
steIification processes for biodiesel production use some oils other 
than palm oil such as rapeseed oil [19} and soybean oil [4.8.10}. As 
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[,7 Cle E_ : :',~ :"':~2 . i.;. .s o~IS :'leJv C.2 J~"; GS are tr,eir&xtr&o(::ir.a:vpropartiesandtheireno:-:nous 
'''',''~ ~ pc'[.s'1~i& ; a~;J , :caLcn s, iVi os'dascinaring is thcfact 

j ', aT ,1Sr,JWCas CO J !d either be semicondJcting or 
,, ' "'I, L ." c: ~ " ~ ' .' ""v<.;.:=-, ; LllS ,I, ,;',Etl ,';C aepe"j l:lg or, their structurai or:e:,':ation, 
:S2"'<. ~" 20 . .o~o.; ,,:. "";:' ,, p::. c.: uS ',,; 1a\'8 !n 3dcition, C :\{~s are :ighter than a!uminLin and 25 
~2c ~ ~ ." _ .~: .. -:. ~.~.; _~':'~;~-A1 8SS PGs:::.,:.:..: . a ~ J~ I :rnes sU:'IGa~ t:-Ia: stee l ailoys. CNTs car: carry 
C,S· .... (LE.: \ c. . ... ~ .'.: :- ~e:) in tla:l.Jt2.:.. [~ r:oiogy 6la:tric c u.-;· en~ ':,000 t imEs better than tr.at of 
~,a\i::; ,..; :; :c ,.', C "~ ~ . ,,~\' 0' many ne,,\ :nateri a:s 
8,10 inlier,,: :;; ,. :~ ~< ,c. 2JpC: cations, Fer exa mple, 
'~; ',e C.:. :,= .:: ".'':.J':''c 'i :;Sd&:ch G~'C~~ , :30 by 
::-:"ots~s:J .t...oJ _ _ . :-._: •. ~ G.' J J:12.::.e.:: :-: ~s ~!aD .3 

(!~;.c s :~ :': . .. 
'~n" .~ .... ~ 
. I .e . ..1 . C 

.~i1 ::r:~ ~ s. ;; 

:-:'It...S/ ~"l=: ~'; ___ .!~ " ~. ..: ': LG -:L' ~ 0.- rec . sa l-(; ! 3ealc,' 

'~: Ea!m.:. .. __ ~ :; \,, _E~ ' ". J .c.;y . /C ·",,::: ,\, ;.'S Ir. sti·~U:9 

':::~ ;~f;S:;:< _. .I . .., · ..... T :.:. \!2ciic if"~e 1<\. ':' :'~ :\I'1IV], 
_. -" 

c ;rouf"o" ":: : . .:. \~:. j,j _",: ~ :,.,; ~\.:Jg\" .ie~.cS,~:i aGe 

::a. :.sr ~ <,; 

-:. - - - ,- ,:.~.:. .... ~ !:1~ its 8;-;8.;V on 
. ':~: _,:,···:;~:t 'J1: :HL~j)S.f~~CJE..S , 

'~ . ~~ -.... .:-~ s ~! ::: \..-£/ ~ .. !=-". ~., sc.~;es 
'~ ~'.~ ::'J ;: '~,'-~ '~ , C;21.~ ' d . . .-,-.c ;Jir:; 

:(!SS8 r s::, ,;:; _ ' -... , ..:;.=. ~ '--L; ' :::~~ • .": :"'c ... C'=;:1S&[ 

.:. i iLl,. ,t,;' _ _ ~ ~ ~.:: ;S:' ,:: i 'A':,'! .. ~ ,.; · a~ ·~n€y 

:: ;:; ;;[:cr "riC 'lave a ha c.t tra ~srniss i o n cf ; ,8 :imes 
i:e'::':E;~ tn£.r: c:;a, of the ci afTond, Furtherrncre, CNTs 
C2~1 !'2sisc:lc ;:nsma! cecomposition up to 2,SQQoC 
In Ve cuurn a :'~ j car be oem aT a large angle without 

Ths ",l1 iQU6 s:::'uctL. (S ",1d r;roperties of C~JTs have 
ses,~ a \fiC" ia::ge cf petentia! applic ations in 
auva::cei ,-ochnoiogies. New appl icatons for 
';118';" s;nazir,;j nanmUJ8S are being reporte::: dai ly 
::: s, 9cuonics, ch emisuy, optics and biology, In 
this :'egard, ,heir potential applications incl ude 
the '!sc~8 i, ','.ar pa r:e! displays, rec harge ab le 
j,,~:;;i:e~, rr.~:n o~'y' cn;ps, strJctural rei nfo rcs,-~-: ents, 

::;C "' ~.:'l;:21 :l~~iic c tio n s, sLJ perc ap ac i~o~s and 
:":yJ ''-'be,~ s~c r age, 'I-he t:;'cal market vaiue o~ rhe 
3']':; 'i 30 ,;:x:'..:cts 0; CNTs is estimated to be !llOl'e 



;\.'c:; · .... arsf .. ~s ;r n2.'10sc : :,:; ~Cc 3,--: '::: .' ::-" , :; '~ £,':; ',­

~":2;! ~,'/ in ,- c\i:;:(:~;lS e.!!u 2C pj i~3::: ~ --.S ~"# flj:~ ~. 

!' sjona: 3p,,);-032hes E.:·S (e ~ ':'i'L::_ ~ ,; ':,"S .., \,~ ::;S S, 

t IO be L!se!L!" thes8 ~'"!5n0r:12:9ri3 1::' :- Li~: ~E. :,:::"' =-: -.::' .:.C 2:~C 
ocessed into compiex and function,,: ::' ;'-':':;;':::i::: .. ,' ~. ~C'Er!s ,hat 
n De fUfchEr :;, ss3(ri,;ad ;n'~c a;:;~;.:::E.~':::,:::· k. - ~ ,~~ • ..;~. r.S S:..C;·I, 

~ ;lJ!CE:r!'( S'~'!:crt ~~2 t2cr. ~!3C EJ ic :_ . 2 , :"'~ ~;.:. :, ,,·.~~.~ , ~sV:C 

Ci\!Tap~!iJ~~!cjL:C~s.-;-hdg:C .... tj ··: ~ .. _'; ';~_ ':' ~ I~ .:...'{ ; ", ... . .:.­

ec;se grc,\.\fa'! con'~:L: alciffeja.r~ ! a ~,£ -r. ::~~:::~ ,. ._ ':c::.; ,2:2& 

- -r. -- . .:::."''-1.. •. 

;:;osi-(J(! {Cv J }I 30 a;3r. rOBcn 'G',5t:~, .: ': ~ ':"',_ . .3.:: __ :. ~ ~t: S ,-:C 2 

O~ , i'~ iNB S ·ro ~ (. d tr.a ': t:' c a'::c >i.ic:: :.~: ; __ "' 2 :: . 2 ~v',~:O !E-'::: 

,n:J;. ·~ cfc z '~c:. :y'~l./SL~PG:ttJ'J,tS~/;~t; J~ : ~ ,..,: ~,_.!;,", ':":IC3!\ 

: re2::JeS t:l 2 g ~G\IIJth yi2:C: ::rr C~.r.~S. ~"~ . 2 ,.1. : ::: '8 .... ~::.=!~'LS C: (",1d,C~' 

8ak~h rough in Th e CI\lT field , Sii'71 LlllaiiCC ",,': ' ~ _ ;~3S.r 3 I~an'y 

:;~e J ~n& t..:SG c.' 2 !\ Ts ~c.r :8 :t; cf.=P ,!.l .. n.. __ ~ _: s ~.~ ~~ ,i;_ 

~JI~~In:"~:':' s ~a :.; ir~ g '.TG (;: :.iQ . c~ 'y :._ :- ~~ : __ ~~ ~ .;, 
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MILESTONE ' 

03 
01 :; "tC!1 typs C·\ T :: 'Jduction rigs 
CL A ,otery ilor;~Q:;t:. ~e actor installed in USM-

(3 :::::,\1 ; rn age ~f C:\Ts 
fA .-, IJW 'l1 ag nifi~2, ion -,-EM imqe shows 

~cnS6 as-procu.:-;ed C~ IS 
05 A. :,19" resolution TEM image shows the high 

9raphitisation Of me CNT wal l structures 

: .,: '.(.-;~ C:; ·js.r cus proje ::;s tha:take 2civantage of con!rolled 
~ ->_-":.-. t:c ~s'!eo.J exciting new researcll and application frontiers, 
-:' .~, 2S ors ;8:';S that purSLle the ultimate syntheses that will 
,;-: :~ 2:\:1<:: liT~ cc mpletely defined strucru res. 

Ti: ~ :s::hrclogy of methane CVD involves a low cost process that 
_:, ';:~s Q spec:,,:!y desif,neci cclalys'; z.s a.~ enhancemem agent 
1:: ~&CGrr,:xse ." 8~h a(!e gas, the p,'ima cy composition of natural 
;'2:; , ,.![o CNTs ;~1C. ,lydroge r: . The technoiogy can be easily scaled 
_: , : pt0duC8 U!TS l:l a bulk quantity. ,': is important to note that 
JI.;y" specifica lly designed catalyst is effici ent in enhancing the 
:';;' .:EtiO: of CNTs in th is ;:;roc6SS. Tha CE. ~jQ .i atoms, decomposed 
~ . c.~ .-:-.c·,':ar.e gas, Vi i:! ce ,:Jsi': cn ,he act;va site of a specially 
.::"~.;:~sd C",',3,,,S': GnG sE .:-assernble tCform tubula r carbon 

C'::::'-Jct.;r8, ./V,, .::;!! are the CNTs. 
------- --_ .. _---------------, 

CH' Heat C 2H2 
---~ T 

; 7v'i eIi'1ans Catalysr CNTs Hydrogen 

,O':::\](:-.:n3g8:;: J'" :nis ;:; rc:ass are listed as foilows: 
~:J vi cics a sing,e-ste p pro cess so lution 
,;-:i!SeS ~ ,l ea per al~ d abt.;ndam methane gas as feedstock 
c( erates at a',mGsp~Jtri c GJ.idition, whic !-j is more cost effective 
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control lableise lective grcwch of L;\-;-s 
produces hydrog en as a by·produc l, w;:ich in ,:self is of high 
va lue and is envi ron mental l,;, fr ien:ily 
can be operated by a sin gle operawr 
the technology is sc ala ble to any PiOoc-C'tiO,-, siZe 
low cost of production 

In the intens81y cJmpetitiv8 CfllT syr:!hJsis :<-ce, °i E.':.~o· o.iL' rnQ ~':; 

powerfu l "Cechnclo;J:es ;" 3cdij0r, ~(" ini:&;'Jcrual c3pital are 
imperative Ie 1:l2inIsi~ l saJG (sni~. ;\$ :::8 S'j:yches:s j£ c611trai to 
the whole eherr chile ;;,-;:.up, the grO ,J~ ~. E:: l1~J",C) ed severa! 
generati::lfIs of contre'!e:] :-nethane CVO S'lSo8!;,:; tr02:: CUi grow 
samples and imp'ement er:i sophistic20:ej S':'t~,ss.s (1·0: 3SS. A 
aedicaIed fcS9 2;cn 15DCr6.~c.~y iic.S C82 . >i~' =. 9~ _\:_.! .~.:.._~ 2\I 
systerr.s dE:3:gn ~a fOi ,c.::c~,s pu:-pcsss. ~ . .; .~~;. _L-.;. .. :~:.T1 Eti.:. 

furnacel ons C9:l run .L. 2\.::'s 2 -:..z.y a:: ... :1-_.,.. -'-._.'- J:..r::'. ~ ;,v.~.:c;-, 

tin: e Cl~e C2 n 10C!JS cr L:~~';!- asp::;c"l~.~· ~G,:_[;.~ ,. -. -::;",3r::"}1 ~:.c 
group c.!sc j2sig::ao :;., . ~ fcd::;,i c8tGd c. ~J~S :: IJ:::_:::C 5y~~3,r. 
that enab:lSs ,[fle p r'c J _c'~:C,l jf C/\Ts sc ;-:~i: ..!0:...2. y . 1;' ::G.;.~·:inc 

CVD at a cc. r:a 8:t'y 0: '.,0;': j ;~g/y6ai'". Tr'!cs;: .: :'·,.:..:".:;aa :i'.:St~ r.i~ 

laVE; D38n c'c\.2,:.pea t.::. SI-sfl. ~I CS:, t!V .... ..;~8 . .:·~·;~2 r:.;~,·~~:. vV '~lj~& 

3jm ul ~2n';;o Jsiy ci1 3 bl:rg .~, gr,. y re;':L'l. L: ' _;:e 0 '0 ~~ . :: c ,st:iy· 
~omro il ea ;)!"OVVer;. 

V!as~ pr0':;,-,~·~.~ .. 1 ~s z. \~ 1 . 2.C~Jr ir, c; .S·~"J>:: .!~:.:. C \r' .. , .. ;J~~r), 
::C ( C.~l~ tC; '::E cc .,:)e 3 ·.·\. . .... :::1'/ !..A.)5~ --:: .... ~_:. . ~c 5., _.~ ... -..~~ 

~ s the co re .::.',: S(;~:~G~. ~!-~,:; b;2:"'~ is 2 .· .. -:::. ,.3 ......... .;.'/c. ._ ... :: -... :': 1'> 

3ng2ged ifi ! C~\I's ~ .:.p ;r.J : .C:.1. ~C;:' .C3c r;22 .-;:; .• t .~.~j~ ~"(.:"~.': ~.!,j.' 

j'f eco;· . Olr,.~2;f ;>:...;6 t:.1.J i. G.: qL.i:: '·~ 1 .... ~\: . -~ ... .:..:. .. .... ,_ ;.:.: . . ( .. ~C. 

jrow(L. 

c~ IT 3p~. :";!tt{~nH 

~hesin~pie ~,~~d csst f ·,:fec~./\~ ~>·osess·.,,: ;:: ; (_".('2 ;:,~'~~ .:~.:: :.:;:: 

:cale G2VS\cpec JV -;:.~·a l~ :::tO:~ !·'"S:.::'_ ... ::,:. ... .:-::- ...... :: ..... . ..:: ~ ~ , ~~ 
;ign;'f;saflIiy :"edV::2C f;c ;J:,.:;r; J" ~~fJTs, L:I.t:; : _ ... t, ~,' ~ I;; e., L:' '~\.3·:' 

o encourage Ifl e devE:0:Xf1c,l t of Ci'JT ,o~ 20.'. ~r. o:.~a. ~.a; J& 

agged ata more comce:.l,J& ,JriC8 ir. ~i~,c f':';::. Z6:.·. ;-.: (~,C, j-:G.SJ~ 

ievel0ped by ·. I:S Q."CiJ~ i !BS CBe;; fi:eJ :' C'J~ ... ;:.:€~:- B:C. 'J...:C'~&~ ir 
:rcs'c & SUIi:V2r. £ 2J(7 .-=":Z:~'- 3~:~Vb':', :~~.: _ 
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catalytic decomposition of methane at 550 degree C 
and 700 degree C. The researches characterized the 
ca talytic activity by the conversion levels of methane 
and the amount of carbon accumulated on the catalysts. 
The researches then found the selectivity of CNTs and 
carbon nanofiber formation using transmission electron 
:nicroscop,/ (EM). ". Frost & Su!livan: Carbon Nanombes 
- Ro ad co Com:nerciai :zaticn. 

The ;vid E: ,'c"gs of potential commercial app li cations of CNTs 
otomi ses ;]reat ccmmerciai value for th e invent ion by the Carbon 
r\anJ· . ..J~e rlesearcn Group. !:idustry en'nus:asts oel ieve that CNTs 
\(.j'!! :°2. C.iC5I\ i:,~;:.rC\3 the peifor:nance oLiny sensors, e:euronic 
and J;~~: cal 08"';C,%, :;ara;ys:s, tJatteries, fuel cel ls, solar cells and 
jr'.;Q aelivery vehic les. Owing to the huge applications of CNTs, the 
g!~.Jc.: ,;-JUi<2t\lr na;', J'~';0es in 2002 has recorded app raximately 
JSS <: ,.~; :c n. -:-1:6 ;10na l de:m:nd for CNTs is estimated 21: US$ 
~: :}, ili an in :20~C. Tr.t versatility of CNTs scales up their oemand, 
~egg.n g {lEm 2t ,t.e cc-reem market price range from US$ 100 
.:~ JSS 20JO pe ,' ;:prr:rtlt, ciepend in g on thei r purity and types. 
':i'j· ·S ,:3\1e an amazingly w'de range of applications and th ese 
' ,~ ;".:~ crjo:;::; bOOStttl8 e;2ct;Jnic, chemic,, :, mechani ca l, f(,atarial, 
) .. ::.,:r.aCt _o,:8 31 a .. C medical industri es, with tile revo iuti onary 
~:;Gtg es aris;:·,;; in Tese arsas. There,'ore, CNTs promise mankind 

;'lE', standsro of living, better quaiiI'1 of life and hf:2!thier 
:00' '- :r.e; ,:r.;sty;ss . . :; ,,:.kitor., hydroge:- is produce c. oS a side 
.:,,:_~, C" :1".1;; Lieu,,;.:: '::VJ ':ecnnaiogy ar~ Q hydrogen t-,a s n e e~1 

E.:~C~~.~ iS 8 G as c. ,: ...: ': ~:& SCLi(Ce of an&rgy and is wide ly n2s22d in 
.~.:; ~:Gf:'"I:2a: c..~_d ;--CT:C~'IEiTL ;ca: inGustri63. 

,0. 10 II, <if o:0:·wa~;:. 

~:-. ~ ~.:;s~:C VS';',-S :hattr.e Carben \:3r.crJbe Res88;ch GrOLp 
.1;3 ... Btl' f9S3a ;'':;Ling O:i eNT syn1:nesis, iT has f !lea patel:~S in 

",-1_,:'; ,3 COtl'1t(18S ::. :1'.2 j:. ~c cess and :;a',a lysrto produce C. iTs. 
J":.r:ll:nQ Tc(w,,:d, ·.hs g:c..Jp is now ir.tent to commercial ise the 

:,,\,QVm;V8 produclion techl, ology and market CNT products. To 
.1,0: ~~:' , ::::: ,Vi ::c:'1;; zny will be esta blished as a subsidiary under 
.)i:.~;'3 - 3.-'.11\3 Suo 5 h0. Th2 sampanI' ~. o$ the fol :owin; visons: 

,., t3ij:is:1 ·~.g ,t3 ow n productio.: vvirh vvhole sa:&/r8tail 
~.~:ri.:...:::or.s 

:0!i~(3C: :1',e.~~I,"",f3':l L.. r ,;!~ of h i gh-va ~!.!e CNTs 
I.~e r:sirg tes.~.'l.::.ogy to a current CNT manufactJre: 
,_;;,,-:~;ers~,,p:,;s;~:'ler,tc.r8 vl/itn a me·:har.e-producing ~on~pany 

'. - ;c.:·fj2·ssa'G p,cGJction of O-jTs 
. .:. ::"ersni0.' jc ,·0' vent, res with cQ,(,pan ies intere3c"d in 
~~& : ;o;: ~ ep~ !; ca"(;cn areas 



anoSeal Plus · root canai seaier tra&dlenr ]sing 
motechnolo!JY 
:;M researchers atthe SC hOOl of Den:,, ' Ss 8:l C2;: hsve i;,vellted 
3noSeal Plu s, the world 's first endou:J:!k 0r root canai sea ler 
,atment using nanotechnology, Nsr:oSs~' P!~: s can greatly 
crease the success rates of root C5 ~,a: :~"atmants and allow 
n:iants ta l(e8iJ Their te€(h. It;S 'yS[ S. ,--::.h-,;;: GAO T,p!2 of how 
:;M nas s¥ :;cessfully transformed a reseC. -:h b;covery into an 
-Iuvajc:': that e:isur3S I!1~ ~ ..!st3i!:c..Jl,.~J ~ . . ;; '-.... -: .. . ~ .}' ·Jf .:·i:e :.:~.: 
,8 IbE.~ can comper;:; :r: ne (;!ooa: ',' ,,-,::; '~(j .. ' '~;.-,'O "~J,;o:n:c 

:in'.: of v'ievv, '[he innova::;cr. is eXf scte 2. ".C ;:; ,e ~E.L:' r.e~'\ inc. .. S·:.Aj ss 
:d COr:So l:j&te 8x:sting ;.12 us .. ~r:es .i"~ \I! ~ .. .:. r'S::, f',2 :i·:~Jl.a:liJ 
:inJSea~ Pius JJH~ rscucc,':ne :;6;:e;~,':2 ......... " /, :..':'/~I·~ . . LBn::s'Cs 

! i ;-ri~o~·t8 C: .::3.· .. t8! ~(late :·ia:s. 

6 thr86··yea~ effort tv-the \Cl.'"iC~2Q::: .,,- -~ ~,:-:.":-~ , :,.; yd5ri'\ ,'a~Uj'~cC 

a nOllchvcr:d andOG OfL:C ,~'.:i~9. ;..:. ..:~ ... ;).:; '::. :-C (; '~ :::3'-1 ';', 

~atmGnJ~s. -~~.,3: SE.3:a:, 08v .=IOpc-u uS;;-!':, C s! .... :.:. ~:~c. : ;_8X~3 r.f .V2 

ctd~i que, nE. S a s;:~uctu(e 3,.-:-: . E.~:.'-- __ ~:.: " .>. i. :- .... GC~ CC(~ e._ 

~atr:: ents, 'L~S pathoto-;J ic j2U;P is rarc.;.;':; .. ·:/·O 'T .. ~ ; . C (oct 8cr.a 

stem. The Ganal is then c;e at;ed / \~.2 ~-~;:. .~.::&: a:-;c CDtl.1io1:80 

t~ rOO"L Ce, i:a: ';i!Hi1£ ITl a·~e(:£. I S L:~ ~ ;'S'_ 9 

nal "fi i:i!19 .-:l 8Ie!"i& is al-s ;:;\/;:1 ::.C. :rl:' .: 
,(e,l", poir;':d 2.d ~C':': (.3 ; <.: S20. ". 
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M!LESIONf-

sealers also act as a lubricant to enhance the positioning of the 
core fill ing materials, Finally, the tooth will be resto red to maintain 
its sna pe and function, Root canal t reatments preserves teeth 
SG that they continue to function and thus, the extraction of the 
affected teeth can be avoided. 

->s ": aro :~ytr i a :n ate rial is bioccmpati ble, improves apical 
~"5: i!1g and prodUCeS hermetic apicai seals, The material contains 
;;U,J';J2~~ [hat ara more re active anG give bette~ adaplicil o'f 
::cU,'S IG the I.:G~h str:';Cl:ures compared to other sealers in the 
~,c.::<e~ , Tr:eir similarity to the structure of dentine and/or enamel 

orev::;nts leakage aftertreatment. The silica nan a particle fil lers are 
,J: _ Leee us:ni'; the so.-;;e; p,Qcess ('iC'!IT: in size). These pa;1:i cies 
~:'3':Qlr:c:; the ~hys:.::al.:>ro;:lertie s of n::.:~() ,'1ybrid sealers and also 

c,," specs L2PiVeer. nanG HA partcles ':0 p:event mE{crix f ro ,;] 
,,'-~L;;;in;, VJ:cs in ~h8 sea:ers. 

~';le way krwud 
~2,,~2e2., :=Ius is (,GIN beii-,g patented under tile guidance of the 

, ,:.>:; ;;0: Gffi~e, uSM, ThE. third dr2:\ or the patent ha>; been 
s.t ::"r::2,: 3:1d ,V'"i',:ng for the next pate.II swtus. Prodemsi Sdn, 
j',~f: :<-:ala LJmpur has agreed to produ ce and sell NanoSeal 
.::"_s ,0 the domestic and export market; once the patent is received. 
.-;',2 ~",,&c.:2 h tcar. , :s currently working on the next product, a 
~ _, :a:lai S8E.:9:U',5t can b8 ;nject9d into th e root cana! \'Vj~hO ll t 

,".:-' ",,?'; or :t.6 g!JJ:a )erchc. ~-h 8 Sta lc :-~ses i-esin and ca ll bs set 
• . : • . d ... ~ .y ;nside "Ena cana .. 

,~ ,;v 
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OS Nano nybrid particles we r8 svrtne~ised at USM's School 
of Demal Sciences by ths ,',2: ~hemica! methoc using 
ca lcium hydroxide Ca(OH)' a:,_ r;nosphor:c c:::' ', H3PO') 
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a~ Co and P precursors, r22 ~ : _ '!3Iy 
Subcutaneous area of mica Ci: f:rst week oT evaluation at 
400x of magnification, ShO'Nec. Inc,eases of lymphocytes 
and decreases of inflammatory cells 
Suo(:utaneous area of mice 0:1 S8cona week of ava,uation 
c, Ox of magnification, !\io irnamrnatory cei!s c€te ctea 
'Ine ',EM rnicrograpil of nanG str~cwred HA. The riA nanD 
vys'la,s were rouna to be rc.c- ,,'(e vvi,h the size or 40 to 60 
r. n I.dt), ';ne Gono silica pcrti~ie s , 10 nm in size (,-,ght) 
Hoot specimer.s s~owi(1g ave ~eneua'(ion (left) fi,l"o \I\IiIh 
a c:J '-,lmor:,1' used sealer [fV1 2ii~ ana no dye penetration 
ir:QnCi :;He.; wi!1 i\JanoSea l ;:>~LS 
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Nan08iotechnology Research and h no'!s:i : .\2.;1Jip l), a mUltidiscip!inary research team at USM's Institute for Resea rch in Molecular 
Medicine (I NFORM M), is formed s Lbs30l 2 ·t ':C ·.0c si gn i ,lQ of the SLb-License Agreement fo r Advancement of Nanotechnology 
between Universiti Saios Malaysia \L'S.J1: f. . . :: a; o"tG cnCo rp on 25 ju:y 2008. Malaysian Biotechnology Corporation (BiotechCo rp) 
has acquired an exclusive, globa! :ice;"se ;'-( .. .." ,\. cr.ob :ctx SA Pa ris France forthe manufacture of nano partic les and development 
of re lated applic ations such as Drug Do: 'V E ', ' S '! S':S :'lS and Diagnos(cs for non-oncology app li cations. 
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USM's 

ith resea l'ch on nanotechnology fast 

gain ing popu lar i ty in today' s wo r ld, a 

t eam of Un iversiti Sa ins Malays ia 

scientists have recently come up w ith a 

new cost-effect ive method of pl'Oduci ng 

cal'bon nanotubes for the wor ld market. US M 's subsid iary, 

Usa ins Holdings Sdn Bhd is at the helm to ma rket the 

carbon nanotubes fOI' the I'egiona l market. 

Cal'bon nanotubes, essentially the bu ilding blocks in the 

pl'oduction of nanotechno logy devices can be found in a 

variety of electro nic devices, cellular phones, incluciing 

semiconductol's, battel'ies, medical equipment, ene r gy 

storage devices as we ll as high-tech mechan ical 

applications. It also can be used fO I' hydl'Ogen sto l'age ill 

fuel cel l ca l's to enhance the conductivity of semiconducto l' 

elements in electl'Onic pl'Oducts. 

PI'of Abdu l Rahman Mohamed of the Sc hool of 

Chemical Ellgineering together with his team has 

discovered an altel'l1ative one-step method of producing 

ca l'bon nanotubes via chemical vapour ci eposition (CVDl 

using methane, an essential I'aw material needed in 

pl'Oducing carbon nanotubes . He has been engaged in the 

I'eseal'ch and development pl'Oject since 2000. 

Cu r rent ly, t he convent iona l p t'oduc tion of nanotubes 

I'equ i res a two-step C V D process w ith benzene as the 

hydl'Oc al'iJon ingredi ent, w hich is not on ly an expe ns ive 

pl'ocess, but also env ironmentall y unfi' iend ly, 

Abdu l Rahman said that to date, it cou ld now produce 

mu lt i-wa ll ed nanotubes (MWNTl. USM's nanotube 

pl'Oducts are of high qua lity and could be made accol'ding 

to custome l' speC ifi cat ions, add ing that furth er resea l'ch 

was ongoing to produce single wa l lnanotubes (SWNTl. 

There are actually severalilli lli on nanotubes in one gralll, 

sizes ranging f rom one to 50 nanometres. 

"Besides th at , the nat ural gas industry in Malaysia 

stands to benefit hOIll nanotube reseal'ch as methane is 

needed to pl'Oduce OU I' nanotubes, /I he said. 

CUITently, nanotubes are commErcially available 

pl'Ocluced by EUl'Opean and USA based companies, and are 

sold at high prices. In sOllle cases sold at ovel' US$300 pe l' 

gl'am depending on size . 

In compari son, US M 's alternative method of producing 

carbo n nanotubes is however, muc h less expensive 

compared to existing methods where its pl'Oduct ion cost is 

less that US $1 0 as compared to the cu r rent US $1 0 0 to 

US$140 fOI' each gram of MWNT. 

"Howevet', the importance of this research is to fU I'thel' 

ullde l'stand the formation of nanotubesJ 50 we can pl'Oduce 

custom made nanotubes at a lowel' cost," he sa id. ' 
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