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ABSTRACT 

Currently, spent bleaching earth (SBE) is an abundant solid waste generated 

from crude palm oil refining that is discharged into landfills in Malaysia. It comprises 

a high percentage of silicon oxide (55-80 wt.%) and aluminium oxide (5-20 wt.%) 

with the potential to be reused as catalyst support. This study aims to evaluate the 

potential of nickel supported on regenerated spent bleaching earth (RSBE) for dry 

reforming of biogas into syngas. The RSBE was treated with different concentrations 

of nitric acid (x = 0.25M, 0.5M, 0.75M, and 1.0M), and then doped with 10 wt.% 

nickel using the wet-impregnation method. Subsequently, the synthesized catalysts 

were characterized to determine their reducibility, acidity, crystallinity, and the total 

surface area. The increase in acid concentration during RSBE treatment reduced the 

total surface area, acidity, and strength of the metal-support interaction of the Ni-RSBE 

catalysts. However, the high surface area, acidity and strong metal-support interaction 

of catalysts are beneficial to dry methane reforming in terms of anti-deactivation and 

catalytic activity. The performance of the catalysts was evaluated using a micro fixed 

bed reactor at 800 °C, 0.2 g of catalyst, and CH4/CO2 ratio of 1.2 at atmospheric 

pressure. The 10 wt.% Ni-RSBE catalyst with 0.25M and 0.5 M of acid treatment had 

almost similar catalytic performance to that without acid treatment. The conversion of 

CH4 and CO2 achieved was 55 to 57%, and 40 to 44%, respectively. Therefore, the Ni-

RSBE catalyst without acid treatment was selected to further study the effect of nickel 

loading, reaction temperature, and CH4/CO2 ratio on the dry reforming of methane. 

Results showed that the presence of nickel promotes the dry reforming of methane as 

evident from the methane conversion, which increased from 15 to 56% with nickel 

loading from 0 to 15%. Besides, CH4 and CO2 conversion and syngas yield increased 

reaction temperature between 700 °C to 850 °C. In the aspect of the biogas feed ratio, 

the CH4 conversion and H2 yield decreased with the increase in the biogas feed ratio 

(0.7 - 1.5). 
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ABSTRAK 

Pada masa ini, peluntur bumi terpakai (SBE) adalah sisa pepejal yang banyak 

terjana daripada penapisan minyak kelapa sawit mentah yang dilupuskan di tapak 

pelupusan di Malaysia. Ia mengandungi peratusan tinggi silikon oksida (55-80 berat%) 

dan aluminium oksida (5-20 berat%), dengan potensi untuk diguna semula sebagai 

penyokong mangkin. Kajian ini bertujuan untuk menilai potensi nikel di sokong oleh 

peluntur bumi terpakai yang dijana semula (RSBE) bagi pembentukan semula kering 

biogas kepada gas sintesis. RSBE dirawat dengan kepekatan asid nitrik berbeza (x = 

0.25M, 0.5M, 0.75M dan 1.0M), dan kemudian didop dengan 10% berat nikel melalui 

kaedah impregnasi-basah. Mangkin-mangkin yang telah disintesis kemudian dicirikan 

bagi menentukan sifat pengurangan, keasidan, kehabluran dan jumlah luas permukaan. 

Tambahan kepekatan asid semasa rawatan RSBE mengurangkan jumlah luas 

permukaan, keasidan dan kekuatan interaksi logam-penyokong mangkin Ni-RSBE. 

Walau bagaimanapun, luas permukaan yang tinggi, keasidan dan kekuatan interaksi 

logam-penyokong mangkin adalah bermanfaat bagi pembentukan semula kering 

metana daripada segi anti penyahaktifan dan aktiviti bermangkin. Prestasi mangkin-

mangkin ini dinilai menggunakan reaktor mikro lapisan tetap pada suhu 800 °C, 

mangkin 0.2 g dan CH4/CO2 berkadaran 1.2 pada tekanan atmosfera. Mangkin Ni-

RSBE berat 10% dengan rawatan asid 0.25 dan 0.5 M mempunyai prestasi bermangkin 

yang hampir sama dengan tanpa rawatan asid. Penukaran CH4 dan CO2 dicapai dalam 

julat masing-masing adalah 55 ke 57% dan 40 ke 44%. Oleh yang demikian, mangkin 

Ni-RSBE tanpa rawatan asid telah dipilih bagi kajian seterusnya kesan muatan nikel, 

suhu tindak balas dan nisbah CH4/CO2 bagi pembentukan semula kering metana. 

Keputusan menunjukkan kehadiran nikel adalah menggalakkan pembentukan semula 

kering metana seperti dibuktikan daripada penukaran metana, dimana kenaikan 

daripada 15 ke 56% dengan muatan nikel bertambah daripada 0 ke 15%. Selain itu, 

penukaran CH4 dan CO2 serta hasil gas sintetik bertambah dengan kenaikan suhu 

tindak balas dalam julat kajian antara 700 hingga 850 0C. Dalam aspek nisbah suapan 

biogas, penukaran CH4 dan hasil H2 berkurangan dengan kenaikan nisbah suapan 

biogas (0.7-1.5). 
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CHAPTER 1 

 

 

INTRODUCTION 

1.1 Background of the Study   

Biogas is a green and renewable source of energy generated by the biological 

breakdown of organic matter in the absence of oxygen (O2), through the process of 

anaerobic digestion. Biogas is produced in landfills, municipal solid wastes, and palm 

oil mills. Typically, biogas mainly consists of 55-70% combustible methane (CH4) and 

30-45% non-combustible carbon dioxide (CO2). In addition, biogas contains small 

amounts of hydrogen sulphide (H2S), water vapour (H2O), and other impurities (Chin 

et al., 2013; Hosseini and Wahid, 2014). In Malaysia, biogas is mostly generated from 

palm oil mill effluent (POME) in the various palm oil mills currently operating in the 

country (Chin et al., 2013; Kumaran et al., 2016). It is now estimated that 58 million 

tons of POME is generated annually. As a result, the annual biogas potential from 

POME in Malaysia is approximately 15 billion cubic meters (m3) (Ozturk et al., 2017). 

Despite its potential, biogas fractions such as CO2 and CH4 are considered the 

major greenhouse gases (GHG) that contribute to global warming and climate change 

(Chin et al., 2013). In addition, GHG is detrimental to health, safety, and the 

environment along with significant implications on the livelihood and security of 

humanity (McMichael and Bennett, 2016; Khan et al., 2018). Studies have revealed 

that mean global temperatures have risen by almost 1 °C since the start of the Industrial 

Revolution (the 1750s) (Steffen et al., 2011; Abram et al., 2016). As a result, 

governments and scientists worldwide have agreed that rising temperatures due to 

global warming must remain under 2 °C to avoid catastrophic climate change (COP21, 

2015).  Furthermore, numerous studies have been conducted worldwide to valorise 

CH4 into liquid fuels or higher hydrocarbons such as methanol, formaldehyde, and 

propanol (Wood et al., 2012; Ge et al., 2014; Baltrusaitis and Luyben, 2015; Gür, 

2016). However, these processes have either resulted in low yields or are unfeasible 
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on an industrial-scale (Li et al., 2011). Similarly, some studies have explored reaction 

pathways to convert other GHGs such as CO2 into useful and environmental-friendly 

products such as syngas (Wood et al., 2012; Mette et al., 2014; Namwong et al., 2016; 

Qin et al., 2018). 

Over time, the process of dry reforming (DR) has attracted considerable 

attention as it utilises the two greenhouse gases (GHG) as feedstock for synthesis gas 

(syngas) production. Syngas is a highly valuable product gas that consists of hydrogen 

(H2) and carbon monoxide (CO) (Mette et al., 2014). The DR process is favourable 

because it converts methane (CH4) and carbon dioxide (CO2) into syngas with H2/CO 

ratios close to unity, which applies to Fischer-Tropsch synthesis (Ayodele et al., 2016; 

Atashi et al., 2017). In addition, DR is a highly endothermic reaction that occurs at 

favourable reaction temperatures from 600 °C to 800 °C (Mette et al., 2016; Abdullah 

et al., 2017). Syngas is a valuable gas mixture because it can act as a combustion 

promoter and feedstock for the production of liquid fuels and intermediate chemicals 

(Ayodele et al., 2016; Zhang et al., 2018). 

Most research studies on DR aim to develop the most economical and effective 

catalyst to increase the selectivity, yield, and the timely production of hydrogen or 

syngas. The use of catalysts in DR is to increase the yield of product gases by lowering 

the activation energy (Li et al., 2017). Nickel-based catalysts are considered promising 

alternative catalysts due to their low cost and relatively high catalytic activity 

compared to noble metals such as gold, platinum, and palladium (Basu, 2013; Wang 

et al., 2018). However, the nickel-based catalysts have a higher tendency to form coke 

compared to the noble metal-based catalysts (Zhao et al., 2016; Das et al., 2018). 

Therefore, various metal oxides such as alumina are used as support for nickel catalysts 

to prevent or minimise sintering and coke formation (Jin et al., 2018; Shen et al., 

2019). In addition, the catalyst support provides a larger surface area and metal 

dispersion that enhances the catalyst activity (Li et al., 2018). 
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Physical refining is one of the most common practices in the downstream 

process of crude palm oil (CPO) refineries in Malaysia. The refining process of CPO 

consists of three primary operations; degumming, bleaching, and deodorisation. The 

method has several advantages including; high efficiency and high recovery at low 

operating costs due to fewer effluents generated (Ahmad et al., 2018). The bleaching 

process uses a type of clay called bleaching earth or fuller earth (Ribeiro et al., 2018). 

Bleaching earth improves the stability of the final product by adsorbing colouring 

matter and removing impurities such as soaps, phospholipids, oxidation products, trace 

metals and contaminants from CPO (Mat et al., 2011; Loh et al., 2013). The final 

residue from the bleaching earth's physical refining process is called spent bleaching 

earth (SBE) (Ribeiro et al., 2018; Ahmad et al., 2018). 

The estimated quantity of bleaching earth used is approximately 0.8% of the 

CPO production capacity (Loh et al., 2007). According to the Malaysian Palm Oil 

Board (MPOB) statistics, CPO production in Malaysia for the year 2017 was nearly 

20 million tons, which eventually generating 160,000 tons of SBE. The SBE residues 

generated from the refining process contain around 30-40% oil by weight depending 

on the activity and processing conditions of the bleaching earth (Loh et al., 2013). SBE 

is categorized as scheduled waste under the Environmental Quality Acts 1974 (EQA 

1974), which is typically disposed-off in landfills. The oil content is generally retained 

without any further treatment due to the diverse composition of SBE. Due to increased 

environmental consciousness and the need for better solid waste management, many 

studies and researches have explored the reuse of SBE for various applications.  

1.2 Problem Statement 

Over the years, numerous researchers in the industry and academia have 

explored sustainable methods to recover oil and reactivate mineral-rich SBE. These 

processes are crucial to reducing environmental pollution and enhancing the economic 

interests of CPO refineries. Generally, clay consists of mainly silica and alumina, 

which is a typical catalyst support for the reforming process in the petrochemical 

industry. SBE which comprises a high percentage of silicon oxide (55-80 wt.%) and 
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aluminium oxide (5-20 wt.%), has the potential to be reused as catalyst support for 

nickel catalysts. This approach could potentially minimise coke formation and increase 

the conversion of biogas and syngas yield. 

 

In Malaysia, the POME generated from palm oil mills could potentially 

generate billions of cubic meters (m3) of biogas annually. The National Key Economic 

Areas (NKEA) report of 2009 indicates that the POME generated was 57.42 million 

m3, which could potentially generate grossly 1,607.76 million m3 of biogas (NKEA, 

2011). The composition of biogas consists of CH4 and CO2 ranging from 55% to 70% 

and 30% to 45 % by volume, respectively. Consequently, the biogas generated could 

be converted into syngas through the dry reforming (DR) process. This is a promising 

chemical process that requires further development due to its potential benefits to 

biogas valorisation efforts, global GHG reduction, and environmental sustainability of 

the crude palm oil industry. Many previous researchers had studied the most 

favourable conditions for biogas conversion, use of different catalysts, and 

modification of catalyst to obtain optimum yield. However, there are currently limited 

studies on the SBE-enhanced dry reforming of POME-based biogas in the literature.  

 

Most research studies on DR aim to develop the most economical and effective 

catalyst to increase the selectivity, yield, and the timely production of hydrogen or 

syngas by lowering the activation energy (Li et al., 2017). Nickel-based catalysts are 

considered promising alternative catalysts due to their low cost and relatively high 

catalytic activity compared to noble metal catalysts (Basu, 2013; Wang et al., 2018). 

However, the Ni-based catalysts have a higher tendency to form coke compared to the 

noble metal-based catalysts (Zhao et al., 2016; Das et al., 2018). Therefore, various 

catalyst supports such as alumina and other metal oxides are used to prevent or 

minimise sintering and coke formation of Ni-based catalysts (Jin et al., 2018; Shen et 

al., 2019). Typically, the catalyst supports provide a larger surface area and metal 

dispersion that enhance the activity of catalysts (Li et al., 2018). Furthermore, various 

studies have demonstrated that the use of nitric acid (HNO3) pre-treatment removes 

impurities, enhances metal catalyst dispersion, and catalyst activity (Li et al., 2005; 

Abbaslou et al., 2009; Li et al., 2015). Other studies have demonstrated that acid pre-

treatment enhances the surface area and pore volume, which significantly improves 

the activity and mechanical stability of catalysts (Li et al., 2016; Wu et al., 2017).  



5 
 

 

Based on the preceding, it is envisaged that the nitric acid pre-treated high silica 

and alumina content SBE (Wambu et al., 2011) supported Ni catalysts will be a useful 

catalyst for the dry reforming (DR) of biogas. Therefore, this research seeks to 

investigate the utilisation of regenerated SBE as nickel catalyst support in the DR of 

biogas into valuable product gases. The results of this study will maximise the 

conversion of GHG into useful syngas by utilising SBE as catalyst support for nickel. 

The long-term goal is to mitigate environmental pollution through the valorisation of 

oil palm wastes into value-added products. 

 

1.3 Objectives of the Study 

The primary purpose of this study is to evaluate the prospects of regenerated 

spent bleaching earth (RSBE) as catalyst support in the biogas dry reforming. The 

specific objectives include the following: 

 

1. To synthesize and characterize nickel (Ni) catalyst supported on the RSBE 

with different concentrations of nitric acid treatments. 

2. To investigate the catalytic activities through the dry reforming of simulated 

biogas into syngas using a micro fixed bed reactor. 

3. To evaluate the catalyst performance based on the effect of nickel loading on 

the RSBE, reaction temperatures, and CH4/CO2 feeding ratios. 
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1.4 Scope of the Study 

The scope of the study was limited to the following activities, namely: 

 

1. Pre-treatment to reactivate the clay materials in SBE before utilisation as 

catalyst support. These activities included the following: 

a. High-temperature calcination of the SBE at 800 °C to remove the 

residual oil and impurities.   

b. Preparation of six (6) catalysts consisting of 10 wt.% Ni supported on 

the untreated and treated SBE with acid at different nitric acid 

concentrations. In addition, a common catalyst of 10 wt.% Ni-γAl2O3 

was also prepared and used for comparison. 

c. Characterization of catalyst properties by BET-N2 for total surface area 

and pore size, XRD for crystallinity, TPR-H2 for nickel reducibility, 

TPD-pyridine for catalyst acidity, and XRF for elemental composition 

and TGA for thermal stability. 

 

2. Catalysts screening through dry reforming of simulated biogas in a fixed bed 

reactor with the following activities: 

a. The catalysts were tested at 800 °C, 0.2 g, simulated biogas 60 vol.% of 

CH4 and 40 vol.% of CO2 (typical sweet biogas composition) making a 

total flow of 100 SCCM for 5 hours of reaction time.  

b. Catalyst evaluation for the conversion of CH4 and CO2, and product gas 

yield of H2/CO. 

 

3. Based on the gas conversion and coke formation, the most promising catalyst 

was selected from objective 2 for further tests, which included:  

a. Evaluation of the catalyst performance by varying the temperature from 

700 °C to 850 °C, nickel loading of 0 to 15 wt.% and CH4/CO2 feeding 

ratio of 0.7 to 1.5. 
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1.5 Significance of the Study 

The review of the literature and preliminary findings indicate there is no study 

on the utilisation of RSBE as catalyst support for biogas dry reforming into syngas. 

Hence, the results and analysis of the catalyst characterisations will provide a basis for 

further research and development projects in catalytic synthesis.  In addition, this study 

will provide novel insights required to address the growing environmental concerns 

about the utilisation of solid waste SBE along with the mitigation of CH4, CO2 and 

other GHGs based on dry reforming.  Finally, this research will provide a theoretical 

and empirical basis for future research. 

1.6 Outline of the Thesis 

Chapter one of this research work presented the background of the study, 

problem statement along with the objectives, scopes, and significance of the study.  

Chapter two will present the review of the literature on the palm oil milling, crude 

palm oil refining process, POME, biogas, SBE and the background on Ni-based 

catalysts. Lastly, it will also present literature on the dry reforming process for syngas 

production. Chapter three will summarise the materials, methods, and equipment used 

to carry out the research work in this study. The results and discussions on the 

experimental studies and tests in the research work will be presented in chapter four.  

Lastly, chapter five will highlight the significant findings of the research work and 

offer recommendations for future research work. 
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