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ABSTRACT

Discovery of carbon based catalyst or also known as sugar catalyst has gained
attention due to its high catalytic activity on biodiesel production despite possessing
a low surface area. Many have tried to hybrid carbon with other inorganic materials
to provide higher surface area and further improve the performance of carbon
catalyst. However, most of the materials used were expensive. Furthermore, tedious
procedures need to be done in order to synthesize a hybrid catalyst. Thus, rice husk
(RH) came into the picture. RH has high carbon and silica content, and it is naturally
porous material. To obtain rice husk char (RHC), pyrolysis of RH can be done using
conventional furnace. However, long pyrolysis time (12-15 h) is needed. Recently,
microwave technology has gained much attention due to its ability to pyrolyze
biomass at a shorter time. For this study, pyrolysis and sulphonation of RH using
microwave (MW) technology was proposed. The performance of MW synthesized
catalysts was tested through esterification reaction of oleic acid, as well as,
esterification of oil extracted from palm oil mill effluent (POME). Carbon-silica hybrid
based acid catalysts derived from RH were successfully synthesized using MW. RHC
can be obtained by MW pyrolysis at power level as low as 200 W. The elemental
compositions results showed increase in S content after MW sulphonation. S content
of sulphonated rice husk chars (SRHCs) were 17.2 — 18.5 times higher than S
content in raw RH. FTIR results for all SRHCs further proved the presence of -SO3H
on the catalysts by the appearance of peak at 1035 cm™ which corresponded to
0=S=0 stretching of sulphonic group. Besides, FTIR detected that peak related to
silica (788 cm™) remained even after MW pyrolysis and sulphonation which suggest
that silica did not decompose. XRD results showed that all SRHCs have an
amorphous structure. Through SEM magnification, it was observed that MW pyrolysis
and sulphonation caused broadening of the RH voids and also formation of pores.
EDX analysis showed that silica content was higher on the outer surface of RH and
carbon is higher on the inner surface. Meanwhile, S was only detected on the inner
surface only. SRHCs were all mesoporous with pore diameter ranging from 3.89 nm
to 5.41 nm. All SRHCs showed high catalytic activity for esterification of oleic acid
(model compound for free fatty acids, FFA) with methanol with RH600 had the
highest initial formation rate (6.33 mmol.L.min"1) and yield 97.19%. Reusability of
catalyst showed gradually drop in yield for every reuse. The declination of catalytic
performance might due to leaching of —SOsH, due to washing of catalyst with
methanol. Kinetic study of SRHCs showed that esterification of oleic acid with
methanol under the reaction condition used fitted pseudo-first order. RH600 had low
activation energy of 15.19 kJ/mol. Finally, esterification of oil recovered from under
reaction condition of temperature 70°C, 40:1 molar ratio of methanol to recovered
oil, stirring rate of 1200 rpm and 5 wt.% of catalyst loading able to convert 87.3% of
FFA into fatty acid methyl ester (FAME). RH catalysts were successfully synthesized
using MW technology and able to esterify FFA with high yield and initial formation
rate. Further improvement of this work is to study the washing method for
reusability purpose of the catalyst.



ABSTRAK

Penemuan pemangkin berasaskan karbon atau juga dikenali sebagai pemangkin gula
telah mendapat perhatian kerana aktiviti pemangkinnya yang tinggi bagi
pengeluaran biodiesel meskipun ianya mempunyai luas permukaan yang rendah.
Ramai yang mencuba untuk menghasilkan karbon hibrid dengan bahan bukan
organik bagi menyediakan luas permukaan yang lebih tinggi dan meningkatkan lagi
prestasi pemangkin karbon. Walau bagaimanapun, kebanyakan bahan yang
digunakan adalah mahal. Selain itu, langkah yang panjang perlu dilaksanakan bagi
menghasilkan pemangkin hibrid. Oleh itu, sekam padi mendapat perhatian kerana
kandungan karbon dan silikanya yang tinggi, dan sifatnya yang semula jadi berliang.
Untuk mendapatkan karbon dari sekam padi, pirolisis sekam padi boleh dilaksanakan
dengan menggunakan relau konvensional. Walau bagaimanapun, masa pirolisis
memakan masa yang panjang (12-15 jam). Baru-baru ini, teknologi gelombang
mikro (MW)  telah banyak mendapat perhatian kerana keupayaannya untuk
melancarkan pirolisis bahan bio-jisim dalam masa yang lebih singkat. Untuk kajian
ini, pirolisis dan sulfonasi sekam padi menggunakan teknologi MW telah
dicadangkan. Prestasi pemangkin yang disintesis oleh MW diuji melalui tindak balas
pengesteran asid oleik, serta pengesteran minyak yang diekstrak darjpada efluen
kilang minyak sawi. Pemangkin asid berasaskan karbon-silika berasal dari sekam
padi tersebut telah pun berjaya disintesis menggunakan MW. RHC boleh diperolehi
oleh pirolisis MW pada paras kuasa serendah 200 W. Komposisi elemen
menunjukkan peningkatan dalam kandungan S selepas sulfonasi. Kandungan S bagi
sekam padi yang telah disulfonasi (SRHCs) adalah 17.2 - 18.5 kali lebih tinggi
daripada kandungan S pada sekam padi mentah. Haslil FTIR bagi semua SRHC
membuktikan kehadiran -SOz;H pada pemangkin dengan kemunculan puncak pada
1035 cm?, Selain itu, FTIR turut mengesan silika (788 cmr?). Keputusan XRD
menunjukkan bahawa semua SRHC mempunyai struktur amorfus. Melalui SEM,
SRHC kelihatan lompang dan berliang. Analisis EDX menunjukkan bahawa
kandungan silika lebih tinggi pada permukaan luar SRHC dan karbon lebih tinggi
pada permukaan dalaman. Sementara itu, S hanya dikesan di permukaan dalam
sahaja. Kesemua SRHC mempunyai diameter pori antara 3.89 nm hingga 5.41 nm.
SRHC menunjukkan aktiviti pemangkin yang tinggi dalam proses pengesteran asid
oleik (sebatian model untuk asid lemak bebas, FFA) dengan metanol. RH600
mempunyai kadar pembentukan awal tertinggi (6.33 mmol.L1.min?) dan
menghasilkan 97.19% metil ester. Apabila pemangkin diguna semula, hasil (%)
semakin merosot secara beransuran. Penurunan prestasi pemangkin mungkin
disebabkan oleh pelupusan -SOs3H, akibat dibasuh dengan metanol. Kajian kinetik
SRHC menunjukkan bahawa esterifikasi asid oleik dengan metanol mengikut reaksi
pseudo-pertama. RH600 mempunyai tenaga pengaktifan yang rendah (15.19
kJ/mol). Akhirnya, esterifikasi minyak dengan mentanol berjaya menghasilkan
87.3% asid lemak metil ester. Pemangkin RH telah berjaya dihasilkan dengan
menggunakan teknologi MW dan mampu mengolah FFA dengan hasil dan kadar
pembentukan awal yang tinggi. Penambahbaikan bagi kerja ini adalah untuk
mengkaji kaedah pencucian untuk kegunaan penggunaan semula pemangkin.

vi
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CHAPTER 1

INTRODUCTION

1.1 Research background

On late 18" and early 19t century, the inauguration of industirial revolution had
put energy to become one of the most important factors for economic growth as
well as to maintain an urban living standard (Atabani, Silitonga, Badruddin, Mahlia
and Mekhilef, 2012). Since then, fossil fuels play an important role as primary
source for electricity, heating, transportation and etc. However, the demand on
fossil fuels is still on a rise which will cause depletion of the fossil fuels near future.
Though, it is still the primary source for transportation fuel, globally. To reduce the
dependency on fossil fuels, biodiesel came into the picture as an alternative fuel.
Biodiesel was first discovered by Rudolf Diesel on 1890s. The development and

advancement study on biodiesel continue to bloom after the first discovery.

Biodiesel is an alternative fuel that can be derived from any feedstock
containing triglycerides (TG) and/or free fatty acids (FFA). Vegetables oil, waste oil
and grease are the examples of biodiesel feedstock. Biodiesel can be produced
through transesterification of any feedstock with methanol producing fatty acid
methyl esters (FAME) and glycerol with or without catalyst. In Malaysia context,
palm oil is the most suitable feedstock for biodiesel production due to the abundant
source available. However, palm oil is expensive and it causes competition with
food source. Another alternative biodiesel feedstock that is oil recovered from palm
oil mill effluent (POME). Based on information extracted from Sumathi, Chai, and
Mohamed (2008), it was calculated that Malaysia produces approximately 16 — 26
million m® of POME every year. Around 90 000 — 156 000 m? of residual oil can be

recovered for biodiesel production, annually. The properties of oil recovered from



POME reported to be comparable with palm oil but it has high FFA and moisture
content (Primandari, Yaakob, Mohammad, and Mohamad, 2013).

A “green” catalyst that can convert feedstock with high FFA content into
FAME had been discovered by Hara and co-workers. It was reported that pyrolysis
of D-glucose at optimum temperature of 400°C produced an amorphous carbon
which can easily be functionalized and has high reactivity (Okamura, Takagaki,
Toda, Kondo, Domen, Tatsumi, Hara, and Hayashi, 2006). Carbon-based catalyst
can also be derived from lignocellulosic material such as biomass (Nakajima and
Hara, 2012). Rice husk (RH) is a potential biomass due to its availability,
compositions and naturally containing high surface area (Touhami, Zhu, Balan,
Janaun, Haywood, and Zein, 2017). However, pyrolysis using conventional heating
is time and energy consuming. Pyrolysis through irradiation heating using
microwave was reported to be fast and efficient, as well as producing better
properties of char (Touhami et a/, 2017). Therefore, in this study, catalysts derived
from RH will be synthesized using microwave (MW) technology. The activity of
synthesized catalysts will be evaluated through esterification of oleic acid and
methanol. The kinetics and activation energy of catalyst and the reactions will also
be evaluated. Finally, performance of the catalysts converting FFA in oil recovered

from POME into FAME will also be tested through esterification with methanol.

1.2 Problem statement

Discovery of sugar catalyst by Hara et al has gained attention due to its high
catalytic activity on biodiesel production and comparable performance with
sulphuric acid, H,SO4 despite possessing a low surface area. Many had tried to
hybrid carbon with other inorganic material such as Santa Barbara Amorphous-15
(SBA-15), Platinum, Ferum and etc., to provide higher surface area and further
improve the performance of carbon catalyst. However, the material used for a
hybrid catalyst is expensive. Furthermore, tedious procedures need to be done in
order to synthesize a hybrid catalyst.



