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ABSTRACT 

 

 

 

 

Malaysia is currently having a big problem on agricultural waste such as 

residues from palm oil industry and extra attention is required to handle this issue. The 

waste from oil palm mills is a renewable resource that potentially can be used to 

produce chemical feedstocks, fuels, and adsorbents through a process called pyrolysis. 

This study used oil palm mesocarp fibre (OPMF) from Kulai Palm Oil Mill located in 

Johor, Malaysia as sample. The sample was characterized (proximate, ultimate, lignin 

content, pore size, functional group, surface morphology) and kinetic properties was 

investigated using thermogravimetric analyser. Three non-isothermal methods namely 

Kissinger, Ozawa-Flynn-Wall (OFW) and Kissinger-Akahira-Sunose (KAS) were 

used to analyse the solid-state kinetics, and data obtained were compared. The sample 

was heated using different heating rates of 5, 10, 15, 20, and 30 Kmin−1 ranging from 

298 K to 1173 K. The thermal decomposition process revealed that three main stages 

existed; dehydration, active, and passive pyrolysis. The activation energy (Ea) and pre-

exponential factor achieved from Kissinger, KAS and OFW methods were 159.74 

kJ/mol, 161.90 kJ/mol, 163.29 kJ/mol and 1.02E+10 min−1, 1.90E+13 min−1, 

3.79E+17 min−1, respectively. A variance of Ea with conversion was noticed when 

both KAS and OFW models were employed. This revealed that the pyrolysis of OPMF 

progresses through more complex and multi-step kinetics. The results achieved from 

Kissinger method represents the actual values of kinetic parameters which were the 

same for the whole pyrolysis process. KAS and OFW methods represented the 

apparent values of kinetic parameters. All devolatilization processes were described 

by first order single reaction and the results showed that values of kinetic parameters 

using three different methods were in good agreement. However, OFW and KAS 

methods were more efficient in describing the degradation mechanism of the solid-

state reactions. Further pyrolysis of OPMF with certain conditions was also carried out 

to obtain char product for adsorption study. The dye removal performance of one 

selected char was investigated using methylene blue (MB) with some parameters; 

initial concentration of MB, biochar dosage (adsorbent), temperature, and pH. Results 

showed that the rate of removal of methylene blue depends on concentration of solute 

(MB), pH value, MB concentration and adsorbent dosage. However, temperature of 

surrounding did not significantly affect the adsorption efficiency. Highest adsorption 

capacity were recorded at 400 mg/L with 42.53 mg/g removal, at pH 12 with 97.81 % 

removal, and at 0.5 g adsorbent dosage with 19 mg/g at shortest time of 240 minutes. 

The equilibrium isotherm study for adsorption of MB showed that Temkin isotherm 

model was best fit amongst all isotherm models. Langmuir and Freundlich models 

indicate that the the heat of adsorption of all molecules in the layer linearly decreases 

with coverage because of adsorbent-adsorbate interactions. Lastly, pseudo-second 

order was found as the best fit kinetics to the MB removal by OPMF-C followed by 

Elovich, pseudo-first order kinetic and Weber-Morris. 
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ABSTRAK 

 

 

 

 

Malaysia kini mempunyai masalah besar berkaitan sisa pertanian seperti sisa-

sisa industri kelapa sawit dan lebih perhatian diperlukan untuk menangani masalah ini. 

Sisa dari kilang kelapa sawit adalah sumber boleh diperbaharui yang berpotensi 

digunakan untuk menghasilkan bahan mentah kimia, bahan bakar dan bahan penjerap 

melalui proses yang dipanggil pirolisis. Kajian ini menggunakan serat mesokarp 

kelapa sawit (OPMF) dari Kilang Sawit Kulai yang terletak di Johor, Malaysia sebagai 

sampel. Sampel dicirikan (kandungan proksimat, ultimat, lignin, saiz liang, kumpulan 

berfungsi, morfologi permukaan) dan sifat-sifat kinetik yang kemudian diuji 

menggunakan penganalisis termogravimetrik. Perbandingan daripada beberapa 

kaedah bukan isotermal seperti Kissinger, Ozawa-Flynn-Wall (OFW) dan Kissinger-

Akahira-Sunose (KAS), digunakan untuk menganalisa data kinetik keadaan pepejal 

dan data yang diperolehi dibandingkan. Sampel dipanaskan menggunakan kadar 

pemanasan yang berbeza 5, 10, 15, 20, dan 30 Kmin−1 dari 298 K hingga 1173 K. 

Proses penguraian terma menunjukkan bahawa terdapat tiga peringkat utama iaitu 

dehidrasi, pirolisis aktif, dan pirolisis pasif. Tenaga pengaktifan (Ea) dan faktor pra 

eksponen yang diperoleh dari kaedah Kissinger, KAS dan OFW masing-masing adalah 

159.74 kJ/mol, 161.90 kJ/mol, 163.29 kJ/mol dan 1.02E+10 min−1, 1.90E+13 min−1, 

3.79E+17 min−1. Satu variasi Ea dengan penukaran telah diperoleh apabila kedua-dua 

model KAS dan OFW digunakan. Ini menunjukkan bahawa pirolisis OPMF 

berlangsung melalui kinetik yang lebih kompleks dan pelbagai langkah. Hasil yang 

dicapai dari kaedah Kissinger mewakili nilai sebenar parameter kinetik yang sama 

untuk keseluruhan proses pirolisis. Kaedah KAS dan OFW mewakili nilai sebenar 

parameter kinetik. Semua proses pemeruapan digambarkan oleh tindak balas tunggal 

tertib pertama dan hasilnya menunjukkan bahawa nilai parameter kinetik 

menggunakan tiga kaedah yang berbeza adalah sama. Walau bagaimanapun, kaedah 

OFW dan KAS lebih cekap dalam menerangkan mekanisma degradasi tindak balas 

keadaan pepejal. Pirolisis OPMF dengan syarat-syarat tertentu juga dilakukan untuk 

mendapatkan produk arang untuk kajian penjerapan. Prestasi penyingkiran pencelup 

oleh arang terpilih diuji menggunakan metilena biru (MB) dengan beberapa parameter; 

kepekatan awal MB, dos bioarang (penjerap), suhu dan pH. Keputusan menunjukkan 

bahawa kadar penyingkiran metilena biru bergantung kepada kepekatan bahan larut 

(MB), nilai pH, kepekatan MB, dan dos penjerap. Walau bagaimanapun, suhu sekitar 

tidak menjejaskan kecekapan penjerapan. Muatan penjerapan tertinggi dicatatkan pada 

400 mg/L iaitu penyingkiran 42.53 mg/g, pH 12 dengan penyingkiran sebanyak 97.81 

%, dan dos penjerap 0.5 g iaitu 19 mg/g pada masa terawal 240 minit. Kajian isoterma 

keseimbangan untuk penjerapan MB menyatakan bahawa model isoterma Temkin 

adalah paling sesuai di antara semua model isoterma. Model Langmuir dan Freundlich 

menunjukkan bahawa haba penjerapan semua molekul dalam lapisan berkurangan 

secara linear disebabkan liputan hasil dari interaksi penjerap-bahan terjerap. Akhir 

sekali, kinetik pseudo tertib-kedua didapati sebagai kinetik terbaik bagi penyingkiran 

MB oleh OPMF-C, diikuti oleh Elovich, kinetik pseudo tertib-pertama dan Weber-

Morris. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

 

1.0 Introduction 

 

 

Malaysia is well-known as a developing country and resource-wealthy. One of 

them is agricultural resource to be specific, oil palm biomass. Oil palm biomass 

industry has become a major contributor to the country’s economy making Malaysia 

as a giant palm oil producer (ranked second) in the world after Indonesia. Malaysia’s 

palm oil plantation area was summed up 5.74 million hectares in 2016, 1.7% increased 

from previous year, 2015 which is 5.64 million hectares. According to that statistic, 

Sabah ranked first with the largest state with palm oil plantation area of 1.55 million 

hectares, and Sarawak goes second with 1.51 million hectares of total palm oil 

plantation area. Another 11 states in peninsular Malaysia totalled up 2.68 million 

hectares (MPOB, 2017).  

 

 

Biomass is defined as renewable energy came from plant or animal material 

used for production of energy (fuel, electricity and power), heat, or in diverse industrial 

processes to produce value-added products. There are three main components in 

lignocellulosic biomass namely cellulose, hemicellulose and lignin. Other minor 

constituents include protein, pectin, extractives, and ashes. This study used oil palm 

mesocarp fibre biomass to produce biochar. The background, problem statement, 

objective, scope, and significance of study were further explained in this chapter. 
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1.1 Background of Research 

 

 

Nowadays, oil palm industry has become the largest economic contributors in 

Malaysia and plays an essential role in maintaining good socio-economy and well-

being of this country. There are various types of biomass available and being used for 

various application including energy and power generation. It is known as renewable 

energy that provides clean and green source and could improve environment, economy 

and energy security. The biomass from oil palm crops in Malaysia generated wastes 

such as oil mesocarp fibre (OPMF), empty fruits bunches (EFB), palm kernel shell 

(PKS), and oil palm fronds (OPF) from oil palm mills every year with an annual 

increment of 5%. 

 

 

There are many researches who reported on waste conversion to value-added 

products for example chemicals, absorbents, and fuels. However, the commercial 

utilization is not applied in large scale yet. Biomass conversion technologies include 

pyrolysis, gasification and liquefaction. Pyrolysis is the thermal degradation of organic 

material with high temperature in an inert environment. It is one of the most promising 

technologies and the most widely used method of biomass utilization. The process will 

produce three categories of products namely solid, liquid, and gas product (Sadaka and 

Boateng, 2009). Biochar is a solid product come from pyrolysis process in low 

temperature, low rate of heating, and longer residence time condition (Demirbas, 

2004b). Increase in temperature will increase the devolatilisation thus resulting in 

higher pore volume. In turn, the surface area becomes greater (Onay, 2007). Char also 

can be directly used as dye removal agent, solid fuel in boiler, produce hydrogen rich 

gas through gasification process (Onay, 2007, Lua et al., 2004), and can be used in soil 

improvement (Sohi et al., 2010). 

 

 

Biochar and activated carbon can be used to remove dyes due to their 

adsorptive properties. The using of synthetic dyes is widespread in clothing industries 

for example cotton, silk, fabrics and manufacturing inks. However, it poses problems 

to the environment if it were not properly treated because most of dyes used today are 
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of synthetic origin. The contamination of dyes would lead to visible pollution in water 

as it reduces the light penetrating water. Microorganisms in water need light to survive 

and maintain the ecosystem of other water-based organisms such as plants and fishes. 

Overall water ecosystem could be disrupted if dyes contamination in water 

uncontrolled (Ong et al., 2012, Prahas et al., 2008, Kumar et al., 2011). Study by Padhi 

(2012) on human cells has shown that dyes are also mutagenic and carcinogenic which 

can lead to chromosomal breakage, newly formed micronuclei, and aneuploidy. The 

decision to use methylene blue (MB) as dyes for this research is because it was widely 

used in textile industry. Moreover, it was easier to compare with existing precursors 

of biochar for adsorption of MB (Hossain et al., 2017a, Li et al., 2016, Tripathi et al., 

2016). 

 

 

 

 

1.2 Problem Statement 

 

 

The process of producing oil palm has created oil palm wastes such as palm oil 

mill effluent (POME), oil palm trunks (OPT), empty fruit bunch (EFB), palm kernel 

shell (PKS), and oil palm mesocarp fibre (OPMF) (Hossain et al., 2017a). 

Nevertheless, these wastes have generated a major waste disposal problem and pose a 

threat to the environment if not properly treated due to its large volume. The main 

purposes of waste management are to minimise, recycle, and recover the energy 

contained in the wastes before disposing them. In addition of that, current uses and 

disposal measures of palm mill residues must be considered in order to recover the 

potential energy.  

 

 

Kinetic parameters of pyrolysis process are very important because it includes 

the initial step in combustion and gasification processes. The knowledge of kinetics 

for thermal decomposition of lignocellulosic materials are necessarily important for 

the design and optimization of reactors. Thus, useful parameters such as activation 

energy, Ea, pre-exponential factor, k, and reaction order, n, are required for further use 
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in designing of reactor, product features, and establishment of process conditions. 

Thus, this study used Thermogravimetic Analysis (TGA) to determine the kinetic 

parameters. This technique allows measurement of mass change versus temperature 

and the results are expressed in the form of curves of weight loss (TGA) and derivative 

mass loss (DTG). 

 

 

Dyes are vastly used in textile, printing and paper industries as they used more 

than 90,000 commercial dyes and produced over 70,000 tonnes of dye-stuff annually 

(Tan et al., 2007). Since most of those are used synthetic dyes, it contributed to 

potential source of pollution that ends up in waste water. Moreover, the contaminated 

dyes in water will give bad impacts such as visible pollution, limiting light penetration 

into water (Kumar et al., 2011), and could lead to serious potential mutagenic and 

carcinogenic effects (Padhi, 2012). Some conventional techniques for dye removal are  

membrane filtration, irradiation, and photochemical could lead to other pollution such 

as spent catalyst and fouled membrane. MB dye was selected as sample dye for 

adsorption studies in this project.  

 

 

Oil palm fibre waste is one of the most abundant waste in agricultural sector. 

In example, the mesocarp fibre will be disposed as waste after extracting oil for further 

product. Some of other waste such as palm kernel shell and fibre itself are usually 

burned down as fuel in power stations. The potential use of OPMF waste to produce 

alternative adsorbent which is low cost and wider availability in Malaysia offers good 

choice for dye removal (Mahamad et al., 2015) instead of using activated carbon. Thus, 

oil palm mesocarp fibre (OPMF) waste biomass was selected to be used in this study 

to convert into biochar and further used to remove MB from water.  
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1.3 Objectives of Study 

 

 

The objectives of this study are to investigate the potential of biochar produced 

from the microwave-assisted pyrolysis of oil palm mesocarp fibre to remove dyes from 

solution. Specific objectives of this study are as follows: 

 

i. To determine the kinetic degradation profile of oil palm mesocarp fibre 

(OPMF) during microwave-assisted pyrolysis process 

ii. To identify and evaluate the biochar produced from oil palm mesocarp 

fibre (OPMF) via pyrolysis. 

iii. To investigate the kinetics and adsorptive capabilities of biochar 

produced from pyrolysis to remove MB. 

 

 

 

 

1.4 Scope of Study  

 

 

 First, the sample of OPMF was collected from two local oil palm processing 

facilities located at Kulai and Simpang Waha. It was then ground and sieved to a size 

of 100μm to 300μm before went through some processes to determine its physical and 

chemical properties. Thermogravimetric analyser was used to pyrolyse raw OPMF 

with some different heating rates (5-30K/min). In order to determine kinetic 

degradation profile of OPMF during pyrolysis, kinetic parameters such as activation 

energy and pre-exponential factor of degradation of raw OPMF was calculated using 

Kissinger, Ozawa-Flynn-Wall (OFW), and Kissinger-Akahira-Sunose (KAS) 

methods.  

 

 

A modified microwave was used to prepare the biochar using some varied 

parameters; microwave power (600-800W), MWA loading ratio (1:0.5 to 1:1) and 

nitrogen flow (2-6 LPM) from preliminary study. The biochar produced was then 



6 

 

identified and evaluated for its physical and chemical properties such as surface area 

(Brunauer Emmet Teller Analysis, BET) moisture and ash content, surface functional 

group (Fourier Transform Infrared Spectroscopy, FTIR) surface morphology 

(Scanning Electron Microscopy, SEM) and point zero charge (pHpzc). 

 

 

The highest surface area from biochar products was further investigated for its 

adsorptive properties to remove dye (MB) based on some factors; initial concentration 

and contact time, adsorbent dosage, temperature, and pH. Equilibrium isotherm study 

was carried out by using three models; Langmuir, Freundlich, and Temkin isotherm 

models. Kinetic study of adsorption was also carried out by using three different 

adsorbent dosage; 0.25g, 0.50g, and 0.75g, and three different initial MB 

concentrations of 50, 100, and 150mg L−1. The pseudo-first order, pseudo-second 

order, Elovich, and Weber-Morris intra-particle diffusion models were used to analyse 

kinetic of adsorptive capacity of biochar. 

 

 

 

 

1.5 Significance of Study 

 

 

 The outcome of this study is expected to directly benefit the oil palm industry 

from the development of proper thermochemical conversion process for oil palm fibre 

biomass and the set-up of related equipment require the determination of kinetic 

parameters (activation energy, pre-exponential factor, and reaction order) of the 

pyrolysis process and detailed understanding of the pyrolysis mechanism. 

Furthermore, future association with industries and government on the utilization of 

the oil palm mesocarp fibre waste biomass would contribute for income generation 

amongst local farmers and minimizing the problem of waste disposal after the 

harvesting season. The characterization of physical and chemical properties can add 

up to the current knowledge on the biochar produced from oil palm mesocarp fibre. It 

also adds novelty to this study due to limited studies reported regarding the utilization 

of oil palm mesocarp fibre waste biomass for production of biochar to remove dyes. 
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