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ABSTRACT

Bleaching earth is used to remove colour, phospholipids, oxidized products,
metals and residual gums in the palm oil process refinery. Once adsorption process
ends, the spent bleaching earth (SBE) which contains approximately 20-40 wt. % of
the adsorbed oil is usually disposed to landfills. This study was carried out to recover
the residual palm oil and regenerate the SBE. The oil content in SBE was recovered
by catalytic cracking method using transition metal (Cuprum, Zinc, Chromium and
Nickel) doped HZSM-5. Transition metal was introduced in HZSM-5 zeolite using
incipient wetness impregnation method. The physicochemical properties of the
catalysts were characterized using X-ray diffraction, Fourier transform infrared,
nitrogen adsorption and temperature programmed desorption of ammonia. Liquid
products obtained from cracking were analyzed by gas chromatography-mass
spectrometry. The Ni/HZSM-5 zeolite exhibited the highest yields of alkenes. The
performance of Ni loaded (5 wt. %, 10 wt. %, 15wt. %) on HZSM-5 zeolite for
cracking of residual oil in SBE then was investigated for further study. The 15 wt. %
of Ni doped on HZSM-5 zeolite exhibited the highest yields of alkenes and alkanes.
Response surface methodology was employed to study the relationships of catalytic
cracking of residual palm oil in SBE such as temperature, heating time and nitrogen
flow rate on liquid products yield over 15%Ni/HZSM-5 catalyst and the optimization
of the process have been carried out. The optimum liquid products yield of catalytic
cracking of residual palm oil in SBE was 12.91 wt. % and achieved at 452 °C, 160
min of heating time and 86 mL/min of nitrogen flow rate. The regeneration of SBE
by pyrolysis at high temperature (500 °C) followed with sulphuric acid (H2SO.)
solution treatment at different concentration (0.5-3.0 M) for the crude palm oil and
methylene blue decolourisation was also investigated. The results showed that the
regenerated SBE using 1.5 M H,SO, was identified as an optimal concentration of
H,SO, treatment.



ABSTRAK

Tanah luntur digunakan untuk menyingkirkan warna, fosfolipid, produk
teroksida, logam dan sisa perekat di dalam proses penapisan minyak kelapa sawit.
Setiap kali proses penjerapan berakhir, sisa tanah luntur (SBE) yang mengandungi
lebih kurang 20-40 wt. % minyak yang dijerap biasanya dibuang ke tapak
pembuangan sampah. Kajian ini dijalankan untuk memperoleh kembali baki minyak
kelapa sawit dan menjana semula SBE. Minyak yang terkandung dalam SBE telah
diperoleh kembali menggunakan kaedah pemecahan bermangkin menggunakan
logam peralihan (kuprum, zink, kromium and nikel) yang dimuatkan dalam HZSM-
5. Logam peralihan yang diperkenalkan dalam zeolite HZSM-5 adalah menggunakan
kaedah pengisitepuan basah. Sifat-sifat fisikokimia mangkin telah dicirikan
menggunakan pembelauan sinar-X, inframerah transformasi Fourier, penjerapan
nitrogen dan penyahjerapan berprogram suhu amonia. Produk cecair diperoleh
daripada pemecahan ini telah dianalisa dengan spektrometri jisim kromatografi gas.
Zeolite Ni/HZSM-5 menunjukkan hasil alkena yang paling tinggi. Prestasi Ni yang
dimuatkan (5 wt. %, 10 wt. %, 15 wt. %) dalam zeolite HZSM-5 untuk pemecahan
baki minyak dalam SBE kemudian disiasat untuk kajian lanjut. 15 wt. % Ni yang
terdop dalam zeolite HZSM-5 menunjukkan hasil alkena dan alkana yang paling
tinggi. Kaedah sambutan permukaan telah digunakan untuk mengkaji hubungan
pemecahan bermangkin baki minyak kelapa sawit dalam SBE seperti suhu, masa
pemanasan dan kadar alir nitrogen terhadap hasil produk cecair yang diperolehi
daripada mangkin 15%Ni/HZSM-5 dan pengoptimuman proses telah disiasat. Hasil
optimum produk cecair dari pemecahan bermangkin baki minyak kelapa sawit dalam
SBE adalah 12.91 wt. % dan dicapai pada 452 °C, 160 min masa pemanasan dan 86
mL/min kadar alir nitrogen. Penjanaan semula SBE oleh pemecahan pada suhu tinggi
(500 °C) diikuti dengan rawatan larutan asid sulfurik (H.SO,) pada kepekatan yang
berlainan (0.5-3.0 M) untuk penyahwarnaan minyak mentah kelapa sawit dan
metilena biru juga turut disiasat. Hasil keputusan menunjukkan bahawa penjanaan
semula SBE menggunakan 1.5 M H,SO, telah dikenalpasti sebagai kepekatan

optimum rawatan H,SO,.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

Vegetable oils have recently got attention due to their environmental benefits and
renewable resources. They have the potential to substitute for the petroleum fuels in the
near future (Demirbas, 2007). Currently, Malaysia is one of the largest producers of
palm oil and exporter of palm oil. Therefore, there has been a sustained interest in the
utilization of palm oil and palm oil biomass for the production of environmentally
friendly biofuels (Chew and Bhatia, 2008). In addition, palm oil and palm oil biomass
are the promising feedstock for biofuels production due to its availability in Malaysia. In
Malaysia, several studies focus on palm oil based for biofuel production such as palm
oil, palm kernel oil, used or waste cooking oil, and palm oil-based waste fatty acid (Ong
and Bhatia, 2010). Spent bleaching earth (SBE) is one of the palm oil solid wastes or

biomass that can be utilised to synthesise bio-hydrocarbons.

SBE can be defined as an industrial waste that is mainly generated from the
edible oil processing. The bleaching process improves the appearance, flavour, taste and
stability of the final palm oil products. However the bleaching process in palm oil
refinery generates a large amount of SBE. SBE is commonly disposed in landfill without
any pre-treatment and usually contains 20-40 wt% of residue oil (Tsai et al., 2002).
During the refining process, 0.5%-1.0% of activated clay or fresh bleaching earth (BE)
is used where all BE will convert into waste as SBE and it is estimated that the
production of SBE waste around the world is 600,000 tonne (Suhartini et al., 2011). As
the second largest producer of crude palm oil in the world, Malaysia alone produces

more than 100,000 tonnes of SBE yearly which contains a high percentage of oil (Boey



et al., 2011). For this reason, it is potential to be used as a renewable raw material for the
production of biofuel.

In Malaysia, as it is in many other countries, the SBE is still being disposed in
landfills or dumping sites. The SBE normally contains residual oil, metallic impurities
(Fe and Cu) and organic compounds that can cause environmental problems and
increase the landfill disposal cost (Cheah and Siew, 2004). This disposal constituted a
significant economic waste and an environmental burden (Nursulihatimarsyila et al.,
2010). Due to these problems, many researchers had attempted to improve the utilization
of SBE as well as to extract the residual oil and regenerate the SBE (Boukerroui and
Quali, 2000; Tsai et al., 2000). Therefore, rather than being disposed and contributing to
the pollution, this study proposes to recover the residue palm oil in SBE by catalytic
cracking for both chemical and fuel application and regenerated SBE so that it can be

used again.

The recovery of residual oils adsorbed in SBE as a biofuel has been studied by
many researchers using solvent extraction, supercritical CO, extraction or lye extraction
(Huang and Chang, 2010). Loh et al. (2006) used both solvent and supercritical fluid
(SC-COy,) extraction to recover oils from SBE generated at a palm oil refining industry.
They found that those oils exhibited poor qualities in terms of free fatty acids content
and peroxide value. Those oils were not suitable for food applications, but could be
converted to their respective methyl esters for biodiesel applications (Huang and Chang,
2010). Kalam and Joshi (1988) indicated that SBE can be regenerated with the
pretreatment of hexane extraction, and then reclaimed by an autoclave with the methods
of wet oxidation or heating in aqueous medium. Waldmann and Eggers (1991) noted
that SBE can be deoiled and thus regenerated by high-pressure extraction with
supercritical CO,. Low et al. (1996) pointed out that SBE can be carbonized with the
methods as reported by Pollard et al. (1993) and then used as a sorbent. Ng et al. (1997)
indicated that SBE can be initially deoiled by the solvent (i.e. hexane, methanol, and

supercritical CO;) extraction, and then regenerated by acid and heat treatments.



Biofuel production from palm oil based can be processed through a variety of
routes depending on the targeted final products. For example, transesterification is only
applied to the production of biodiesel whereas catalytic cracking can be applied for the
production of gasoline, kerosene and diesel (Ong and Bhatia, 2008). Transesterification,
pyrolysis and catalytic cracking conversion are the main routes proposed for the
conversion of vegetable oils for biofuel (Botas et al., 2012). Biodiesel is produced by
transesterification of edible and non-edible oils with methanol or ethanol in the presence
of catalyst (Kansendo et al., 2009). The main drawback of transesterification using
homogeneous catalysts is still the costs associated to the overall high energy
consumption and separation (Chew and Bhatia, 2008). Moreover, biodiesel contains
oxygen, gels state at cold temperature and its energy density is relatively low (Zhao et
al., 2012). The catalytic cracking process shows several clear advantages in comparison
with the pyrolysis process. Firstly, catalytic cracking could be used to obtain a high yield
of hydrocarbon biofuel from vegetable oil at a relatively lower reaction temperature
(450°C) than pyrolysis (500-850 °C). Next, catalytic cracking is a cost effective and
simple technology to convert vegetable oil to hydrocarbon biofuel (Zhao et al., 2012). In
addition the product quality derived from pyrolysis is strongly dependent on the type of
feedstock used (Ong and Bhatia, 2008). Hence, the alternative method for vegetable oil
conversion to produce biofuel is catalytic cracking (Nam et al., 2011). Botas et al.
(2012) claimed that the catalytic cracking process presents advantages compared to
transesterification and pyrolysis in terms of lower processing costs, feedstock flexibility
and compatibility with already existing infrastructures. Moreover, catalytic cracking
makes possible to enhance the selectivity toward desired products by the appropriate
selection of the catalysts (Ong and Bhatia, 2010).

Particularly in Malaysia, significant research works have been done to convert
palm oil based into biofuel hydrocarbons by using mesoporous catalysts in catalytic
cracking (Twaiq et al., 2003 a,b, 2004; Ooi et al., 2003, 2004). In the first study by this
research group, the catalytic cracking of palm oil was conducted in a fixed bed reactor at
temperatures between 350-450 °C and atmospheric pressure. The catalysts used were
HZSM-5, zeolite Beta, zeolite USY (Ultra-stable Y), hybrids of the three and HZSM-5

3



impregnated with potassium. The main findings were that among the HZSM-5, Zeolite
B and USY catalysts, the HZSM-5 had the highest conversion and gasoline yield, lowest
coke formation, and had the highest selectivity for aromatics, however, it also had the
highest yield of gaseous hydrocarbons. The potassium impregnated catalysts were
shown to decrease the aromatic content of the gasoline product, likely due to a change in
the acidity of the catalyst. The gasoline yield was shown to increase when the HZSM-5-
USY hybrid catalyst was used (Maher and Bressler, 2007). Hence, these findings show
that HZSM-5 zeolite has good performance for the biofuels production from vegetable

oils in catalytic cracking process.

Zeolite HZSM-5 is well known as an efficient catalyst for the catalytic cracking
of petroleum based fuels due to its crystallinity, well-defined micropores, large surface
area, interconnected network of channels, strong acidity and high resistance to
deactivation. However, the chemical characteristics of residue palm oil in SBE are
markedly different from those of petroleum oil. The relative narrow channels of zeolites
lead to diffusional limitations and hinder the access to active catalytic sites for large
reactants molecules such as triglycerides of palm oil. To overcome these
inconveniences, metal-modified HZSM-5 zeolites have been extensively considered due
to the high proportion of fully accessible catalytic sites located on the external surface
(Botas et al., 2012). The impregnation of transition metal to the catalyst such as HZSM-
5 is expected to change the properties of catalysts in term of acidity and textural of the
support changing its catalytic behaviour (Rahimi and Karimzadeh, 2011). The addition
of metal into HZSM-5 zeolite also can leads to bi-functional catalysts. Botas et al.
(2012) claimed that the catalytic cracking performance of the metal loaded on HZSM-5
zeolites can be determined by critical parameters like the metal site location and the
metallic diffusion and sintering. Cracking of palm oil has been carried out by Achmad
Roesyadi et al. (2013). They were recommended that Ni/HZSM-5 was the catalyst for

cracking palm oil for the high selectivity to gasoline.

Therefore, catalytic cracking of palm oil based such as SBE has become more

attractive and potential, as biofuel sources in Malaysia. Liquid biofuel are primarily used

4



for fuel transportation vehicles, applicable to fuel engines or fuel cells for electricity
generation (Ong and Bhatia, 2010; Botas et al., 2012) and used as feedstock in the
chemical industry for the production of lubricants, solvents, or lacquers (Maher and
Bressler, 2007). Biofuel product can be easily stored and transported, readily upgraded
and refined to produce high quality fuels, and may contain chemicals in economically
recoverable amounts (Maher and Bressler, 2007). However, there are some limitations
that may restrict the advantages of using biofuel for transportation vehicles and raw
chemicals. The most crucial issue that should be highlight related to this study is the
drawbacks that involved the biofuel quality product obtained from SBE pyrolysis and
the efficiency of SBE regeneration in the recent studied.

1.2 Problem Statement

The recent study showed that pyrolysis of residual palm oil in SBE has the
potential to produce both chemical and fuel (Boey et al., 2011). However they reported
that n-hexadecanoic acid were the major compounds found in the pyrolytic products
analyzed using GC-MS. In this study they showed that overall the major classes of
compound found in the pyrolysis products was a carboxylic acid with a mixture of
aliphatic and oxygenated hydrocarbon components such as alcohols, ketones, aldehydes
and esters. Significant amount of mono aromatic hydrocarbon (MAH) and polycyclic
aromatic (PAH) also were found in Boey et al. (2011) study. It is evident that liquid
mixtures with high percentages of hydrocarbons can be obtained by pyrolysis but in
many of previous studies reported, undesirable, oxygenated compounds such as
carboxylic acids and ketones still exist (Maher and Bressler, 2007). The major
drawbacks of the liquid products as fuel from pyrolysis is that it is highly oxygenated,
viscous, corrosive and thermally unstable (Adjaye and Bakhshi, 1995; Zhang et al.,
2007), while its high concentration of water and oxygenated compounds reduce its
calorific value and change significantly the combustion characteristics. According to

Williams and Nugranad (2000), the presence of certain undesirable oxygenated



compounds (organic acids and carbonyls) and of polycyclic aromatic hydrocarbons
(PAH), limits its potential for direct use in engines or turbines. The claims by these
authors were similar results found by Boey et al. (2011) whereby n-hexadecanoic acid

was the major oxygenated compound found in SBE pyrolysis product compound.

Besides, the production of biofuel from palm oil based using zeolite catalyst in
catalytic cracking process has been widely studied. There are a few common types of
zeolites, such as HZSM-5, B zeolite, y zeolite, mordenite, silico alumino phosphate and
several mesoporous materials in converting vegetable oil into biofuels (Majed and Tye,
2018). These kinds of catalysts show that zeolite possess a great potential as solid acid
cracking catalyst due to its structure, acidity and high selectivity for the production of
biofuels from vegetable oils. Meanwhile, catalytic cracking of palm oil over HZSM-5
was found to produce organic liquid rich in gasoline fraction from the catalytic cracking
of palm oil based fatty acid mixture, however the selectivity for gaseous products was
also high (Chang and Tye, 2013). Hence, the disadvantage using parent HZSM-5
catalyst has been improved by impregnated transition metal such as Cu, Ni and Zn into
HZSM-5 catalyst for palm oil catalytic cracking (Roesyadi et al., 2013). In this study,
they reported that cracking palm oil increase gasoline yield results but decrease in

kerosene and diesel yield.

SBE contains up to 40 % residual palm oil which can be vaporised and
catalytically crack to produce chemical or biofuel. Furthermore the SBE obtained after
pyrolysis can be regenerated. Very few studies are available in the literature regarding
the regeneration of SBE from palm oil by pyrolysis at high temperature. Boukerroui et
al., (2017) reported that the SBE can be regenerated by heating at 350 °C for 1 h and the
bleaching efficiency of regenerated SBE toward soybean oil was increased after its
leaching by 1 M of hydrochloric acid (HCI) solution. However, until now there is no
literature dedicate the regeneration of SBE in palm oil refineries in Malaysia at pyrolysis
temperature (500 °C) for biofuel production followed with acid treatment (HCI or

H,SO,). Therefore the regeneration of SBE after palm oil recovery is recommended.



Due to these problems, catalytic cracking of oil in SBE using HZSM-5 zeolite as
a catalyst is introduced to enhance the production of biofuel which is expected to
increase the amount of aliphatic and mono aromatic hydrocarbon (MAH). On the other
hand, this catalytic cracking also expected to decrease amount of the oxygenated
compounds and poly aromatic hydrocarbon (PAH). Catalysis plays important role in
enhancing the triglycerides present in palm oil that can be converted into hydrocarbons
through the removal of oxygen to produce liquid biofuel. In addition, Taufiqurrahmi et
al. (2011) stated that in catalytic cracking processes, the palm oil containing
triglycerides with long chain fatty acids are subjected to deoxygenation into short chain
molecules, which are determined by both operating conditions and the properties of the
catalysts. Among the different products that can be obtained, light olefins and aromatic
hydrocarbons are particularly interesting due to their applications in the production of
both raw chemicals and fuels (Botas et al., 2012). To the best of our knowledge, there is
lack of study on the catalytic cracking of residual palm oil from SBE using
heterogeneous catalyst for the conversion into liquid products, therefore studies in this
area are highly desired focusing on the SBE liquid products yield and regeneration of
SBE.



1.3

Research Objective

Based on the research back ground and problem statement, the objectives of this

research have been identified as follow:

. To modify the zeolite HZSM-5 catalysts with transition metals and investigate

the physicochemical properties of the modified catalyst for catalytic cracking.

. To evaluate the performance of catalytic cracking of residual palm oil in SBE

using zeolite HZSM-5 modified catalyst.

. To investigate the effect of operating conditions and optimize the process

conditions of catalytic cracking for optimum liquid products yield of residual

palm oil in SBE.
. To regenerate SBE toward BE properties and reused as a low cost mineral
adsorbent.
1.4 Scope of Works
In order to achieve the aforementioned objectives, the following scopes are
covered:

1. Modifying zeolite HZSM-5 catalyst with the identified transition metals such as

Copper (Cu), Zink (Zn), Chromium (Cr) and Nickel (Ni) by wet impregnation
method was carried out so that catalyst acidity and textural properties changes
the catalytic behaviour. Then, characterization of the modified zeolites was
conducted such as identifying the crystallinity of the each modified HZSM-5
catalyst with metals by using X-ray diffraction (XRD), identifying the functional
groups exist in various impregnated metal HZSM-5 catalysts by using Fourier
Transform Infra-Red (FTIR), measuring the surface area and micro pore volume

(textural properties) of various impregnated metal HZSM-5 catalysts by using
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nitrogen adsorption isotherm method and measuring the acidity of the catalyst by

temperature programmed desorption of ammonia (TPD-NH3).

. Catalytic cracking of SBE was carried out in the fixed bed reactor to study the

effect of the modified catalysts on process performance such as SBE conversion,
liquid products yield and liquid products composition. Evaluating the production
of liquid products yield and composition based on the chemical component
exists, which will be determined by using Gas Chromatography-Mass
Spectroscopy (GC-MS). After that, the most promising catalyst was selected.

By using the selected catalyst, studying the optimum operating conditions of
liquid product yield was carried out by using central composite design (CCD)
statistical software and investigating the interaction of process variables
condition for optimum liquid product yield by using Responds surface
methodology (RSM) in the range of temperature (400-500 °C), nitrogen flowrate
(60-180 min), and heating time (60-100 mL/min).

Regenerating the SBE by pyrolysis process (500 °C) followed with varies (0.5,
1.0, 1.5, 2.0 and 3.0 M) sulphuric acid (H,SO4) concentration. After acid
treatment, evaluating the adsorption capacity of regenerated spent bleaching
earth (RSBE) for the crude palm oil (CPO) and methylene blue (MB)
decolourisation by using spectrophotometer. Then, characterizing of physico-
chemical properties of RSBE was carried out by using Themogravimetric (TGA),
X-Ray diffraction (XRD), Fourier Transformed Infrared (FTIR), Nitrogen

adsorption-desorption and Scanning electron microscopy (SEM) Analysis.

Significant of Study

The bulky nature, high residual oil content and increasing global production of

SBE, a clayey waste material from edible oil processing industries, pose major disposal

problems (Weng et al., 2007). From the environmental, safety, and regulatory points of

view, it is suggested to restrict the landfill practice in the future. Additionally, SBE as



bio-feed can be the best choice to solve the competition between the use of vegetable oil
as the source of food and fuel. Hence, it can be conclude that SBE is a cheap, abundantly
available, excellent substrate for liquid product (biofuel) production. Up to date, no
literature dedicated to an investigation of the catalytic cracking of residual palm oil in
SBE by using HZSM-5 zeolite based catalyst has been reported.

In addition, the regeneration of SBE waste has aroused a great interest among
many researchers which has been discussed previously. Majid and Mat (2017) reported
that regeneration of SBE by impregnated SBE with sulphuric acid (H,SO4) and heat
treatment exhibits a very promising performance in the decolourisation palm oil mill
final effluent discharge. SBE was used to remove the colour and unstable impurities due
to its high specific surface characteristic and relatively high adsorption performance for
coloured materials and low purchasing cost (Bayrak, 2003). Similar to catalytic cracking
study, there is also no literature dedicated to an investigation of palm oil SBE
regeneration by pyrolysis at high temperature (>350 °C) for biofuel liquid production
followed with H,SO, solution treatment. Moreover, SBE is one of the promising
adsorbents that can be considered as a potential adsorbent for methylene blue (MB)
removal due to its low cost, availability (from edible oil refinery) and high sorption
capacity (Low et al., 1996). The results of this work could help decrease the cost of
bleaching clay through recycling of SBE and recovering oil as well as reducing the

environmental pollution problems resulting from the disposal of spent clay.

1.6 Thesis Outline

The thesis divided into 5 chapters. Chapter 1 describe briefly about research
background, problem statement, objective and scope of work. In Chapter 2 a literature
overview of vegetable oil and palm oil in pyrolysis and catalytic cracking. The focus lies
on waste vegetable oil and waste palm oil as well as SBE. Chapter 3 describes the

methodology which is used to modify zeolite catalysts and the designed reactor systems.
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The physicochemical methods of modified HZSM-5 zeolite catalyst analysis and the
evaluation of SBE catalytic cracking activity were also presented.

Finally residual palm oil in SBE -catalytic cracking performance test was
described. A study of the introduction of impregnated metals in HZSM-5 zeolite and
characterization physico-chemical of the prepared catalysts were given in Chapter 4. The
influence on the addition of metals on catalyst properties such as acidity, pore size and
surface also was studied. In this chapter, an in-depth study of the effect of modified
catalysts on residual palm oil SBE catalytic cracking performance is presented. The
study emphasizes on the behaviour of the catalytic cracking activity to produce high
yield hydrocarbon liquid products with significant parameters such as temperature,
heating time and nitrogen flowrate. Response Surface Methodology (RSM) method was
used for determining optimum amount of liquid products from catalytic cracking of
residual palm oil in SBE. The studies continue with RSBE which SBE as a pollutant
industrial waste that can be reused as a low cost mineral adsorbent. This topic focus lies
on RSBE by pyrolysis and acid treatment. The performance of promising RSBE sample

was tested with CPO and MB decolourisation.

Then the physicochemical properties of promising RSBE was studied and
presented. Finally, in Chapter 5 conclusions on the promising developed zeolite catalyst
and optimized liquid production from residual palm oil in SBE catalytic cracking are
presented. Recommendations for further research are given as well as to upgrade the

quality of liquid products similar with fossil fuel standard.
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