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ABSTRACT 

 

 Cement kiln dust (CKD) is alkaline materials which produce as a by-side product 

in the cement manufacturing process which contain amount of alkalis like NA2O, K2O 

and large amount of free lime. The price of catalyst derived from noble metals such as 

platinum is expensive and this will drive the price of biodiesel even higher than the 

dinodiesel. Therefore, it is necessary to synthesize a cheaper catalyst to make the 

production of biodiesel competitive and feasible. In this work, CKD will be utilised as raw 

material to produce catalyst for transesterification of waste cooking oil. This CKD based 

catalyst was prepared by impregnated with the potassium hydroxide and the other by 

methanol and water. The catalyst was calcined at 650 °C for 3 hours. The 

transesterification process of waste cooking oil with methanol was used to investigate the 

yield of biodiesel. The catalysts were characterized using pH measurement, 

Thermogravimetric analysis (TGA) and Fourier transform infrared (FTIR).  The 

experimental result showed that a CKD/KOH give the highest purity and yield of biodiesel 

compared to the other catalyst which is 97.85% and 89.34%. The higher alkalinity gives 

the higher purity and yield. This CK/KOH catalyst is the best catalyst compared to CKD, 

CKD/CH3OH and CKD/H2O for the biodiesel production. The catalyst can be produce 

with a low cost of material and high efficiency of production. 
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ABSTRAK 

 

 Habuk tanur simen (CKD) adalah bahan-bahan alkali yang menghasilkan sebagai 

produk sampingan dalam proses pembuatan simen yang mengandungi jumlah alkali seperti 

NA2O, K2O dan jumlah kapur yangbesar. Harga pemangkin yang berasal dari logam 

seperti platinum adalah mahal dan ini akan mendorong harga biodiesel lebih tinggi 

daripada dinodiesel. Oleh itu, keperluan untuk mensintesiskan satu pemangkin yang lebih 

murah untuk membuat pengeluaran biodiesel berdaya saing dan boleh dilaksanakan. 

Dalam kerja lapangan ini, CKD akan digunakan sebagai bahan mentah untuk 

menghasilkan pemangkin untuk transesterification sisa minyak masak. Ini pemangkin 

berasaskan CKD telah disediakan oleh impregnated dengan hidroksida kalium, methanol 

dan air. Pemangkin calcined pada suhu 650 ° C selama 3 jam. Proses transesterification 

sisa minyak masak dengan metanol telah digunakan untuk menyiasat hasil biodiesel. 

Pemangkin dicirikan menggunakan pengukuran pH, Thermogravimetric analisis (TGA) 

dan Fourier transform infrared (FTIR). Hasil uji kaji menunjukkan bahawa CKD / KOH 

memberikan ketulenan tertinggi dan hasil biodiesel berbanding pemangkin lain iaitu 

97,85% dan 89,34%. Kealkalian yang tinggi memberikan ketulenan dan hasil yang lebih 

tinggi. Ini pemangkin CK/KOH adalah pemangkin terbaik berbanding dengan CKD, 

CKD/CH3OH dan CKD/H2O untuk pengeluaran biodiesel. Pemangkin ini boleh 

menghasilkan dengan kos bahan mentah yang rendah dan kecekapan pengeluaran yang 

tinggi. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 BACKGROUND OF STUDY 

 

 Cement kiln dust (CKD) is alkaline materials which produce as a by-side product 

in the cement manufacturing process. CKD is a fine-grained solid and is a highly alkaline 

waste material that is removed from cement kiln exhaust gas. This material is consisting of 

fine particles gathered by dust collection system during the cement manufacturing process. 

(Mackie et al., 2009; Konsta-Gdoutos and Shah, 2003; Peethamparan et al., 2008). 

 

 In general, there are some elements in the CKD such as Ca, Fe and Sr. (Polat et 

al., 2004). All CKD mainly contains amount of alkalis (NA2O, K2O) and sulfate besides 

contain a large amount of free lime. Free lime in the CKD can make it a substitute for 

fertilizers and stabilizing wastewater streams (Konsta-Gdoutos and Shah, 2003).  

 

In the recent survey in the United State showed, there are 87 million tonnes of 

cement clinker produced in 2006, 1.2 million tonnes of CKD were reused on or off-site 

(not including recycling into kiln feed) while 1.4 million tonnes were landfilled. In 

addition, 0.3 million tonnes of CKD was reclaimed from landfills, mainly for use as kiln 

feed (Mackie et al., 2009). The higher alkalinity and finer particle size in their properties 

make CKD usable for several applications such as waste solidification, replacement of 
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Portland cement in concrete block manufacturing, construction of hydraulic barriers 

(Peethamparan et al., 2008) also as a catalyst (Lin et al., 2011). 

 

CKD has been found to be efficient, inexpensive and environmental friendly 

catalyst for biodiesel production (Lin et al., 2011). The combination of this CKD and 

WCO for biodiesel production makes it more inexpensive and worth. It is reported that 

approximately 70%-85% of the total biodiesel production cost arises from the cost of the 

raw material (Fatimah, 2009). WCO is easy to be found everywhere in the world, which 

have a large amount of waste lipids generated from restaurants, food processing industries 

and fast food shops everyday (Fatimah, 2009). 

 

1.2 PROBLEM STATEMENT 

 

 There are a big number of wastes CKD in the United States that was researched 

by Mackie et al. (2010) which is about 87 millions of CKD was generated in 2006. Most of 

this waste reused as a soil or clay stabilization, agricultural soil amendment, concrete 

products and etc (Adaska et al., 2008).  

 

 CKD is also suitable used as a catalyst for biodiesel production which can 

improve the performance of biodiesel production (Lin et al., 2011). CKDs are widely 

available and typically available at no cost compared to other catalyst like platinum. It can 

be alternative as a catalyst. The component of CKD contains of silica, calcium carbonate, 

and calcium oxide “free lime” (Peethamparan et al., 2008) which is suitable as a catalyst to 

produce the biodiesel in the high performance of production. 

 

 Currently, the high cost of biodiesel is the major blockage for biodiesel to 

commercialize. Biodiesel usually costs over US$0.5/l, compared to US$0.35/l for 

petroleum based diesel. It is reported that the high cost of biodiesel is mainly due to the 

cost of virgin vegetable oil (Zhang et al., 2003). 
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 The use of waste cooking oil replace the virgin oil to produce biodiesel is an 

effective way to reduce the raw material cost because it is estimated about half of the price 

of virgin oil. In addition, using waste cooking oil could also help to solve the problem of 

waste oil disposal (Zhang et al., 2003). 

 

1.3 OBJECTIVE OF STUDY 

 

 The objective of this research is to develop a CKD based catalyst for biodiesel 

production from waste cooking oil (WCO) transesterification using various activation 

methods.  

 

1.4 SCOPE OF RESEARCH 

 

 In order to achieve the objective of this research, which is to develop a CKD 

based catalyst for waste cooking oil (WCO) transesterification using various impregnation 

alkali solutions, the scope of study was divided into two main parts as following: 

 

1. To characterize the CKD in term of pH of the catalyst with the pH meter, 

functional group of elements with Fourier Transform Infrared Spectrometry 

(FTIR) and the change in weight with the relation change in temperature 

using Thermogravimetric analysis (TGA). 

2. To evaluate the catalyst performance using transesterification process of 

biodiesel from waste cooking oil.  

 

1.5 RATIONAL AND SIGNIFICANT 

 

 The purpose of this study is to produce CKD waste as catalyst for biodiesel 

production from WCO. As knowing in the Adaska et al. (2008) mentioned that the CKD 

production was used as clay stabilization, agricultural soil amendment, concrete products 

and etc. The catalyst that have been used for biodiesel production before like glucose–
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starch mixture (Chen et al., 2011) and metal oxide (Zabeti et al., 2009). The significant to 

produce CKD as a catalyst because it has low material cost compare to the other catalyst 

like platinum and etc because it get from the waste of cement production. 

 

 

 

  

 

  

  



 

 

 

 

 

CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1  CEMENT KILN DUST 

 

2.1.1 Overview of cement kiln dust 

 

 Cement manufacturing is an important manufacturing throughout the world. 

United States plant produces 99.8 million metric tons of cement in 2006. Cement kiln dust 

(CKD) is a by-product material of the cement manufacturing process. The byproduct 

industrial and waste materials must be managed responsibly to ensure a clean and safe 

environment. Over the past several years, the management and uses of cement kiln dust 

was increasing dramatically, thus reducing its dependency on landfill disposal (Adaska et 

al., 2008). 

 

 Cement kiln dust is produced in the kiln during the production of cement clinker. 

The dust is a particulate mixture of some calcined and unreacted raw feed. All particulates 

are captured by the exhaust gases and then collected in particular matter control devices 

such as cyclones, bag houses and electrostatic precipitators (Adaska et al., 2008). Cement 

manufacturing process is shown in the Figure 2.1. 
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Figure 2.1: Cement manufacturing process (Sreekrishnavilasam and Santagata, 2006) 

 

The chemical and composition content of CKD depends on the raw materials, plant 

configuration, and the processing type of cement production (Sreekrishnavilasam and 

Santagata, 2006). Table 2.1 shows some typical composition of cement kiln dust in 

general. 

 

Table 2.1: Typical composition of cement kiln dust by Haynes and Kramer (1982) 

 

Constituent % by weight Constituent % by weight 

CaCO3 55.5 Fe2O3 2.1 

SiO2 13.6 KCl 1.4 

CaO 8.1 MgO 1.3 

K2SO4 5.9 Na2SO4 1.3 

CaSO4 5.2 KF 0.4 

Al2O3 4.5 Others 0.7 
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2.1.2 Cement Kiln dust disposal  

 

 Cement industry has established the Cement Manufacturing Sustainability (CMS) 

Program to balance society’s need for cement products. The major element in the CMS 

programmed is to establish the Environmental Performance Measures. In the case of CKD 

in the U.S. cement industry, at year 2020, 60 percent reduction (from a 1990 baseline) in 

the amount of cement kiln dust disposed per ton of clinker produced (Sreekrishnavilasa 

and Santagata, 2006). Figure 2.2 shows the flow chart for gross CKD management 

practices in the United States and Table 2.2 shows the states with the Highest Amount of 

CKD Used for Beneficial applications and is currently developing a new CKD reduction 

goal (Adaska et al., 2008). 

 

 

 

Figure 2.2: Flow chart for gross CKD management practices in the United States 

(Sreekrishnavilasam and Santagata, 2006) 

 

 In the United States more than four million tons of CKD that are unsuitable for 

recycling in the cement manufacturing process, require disposal annually. United States 

Environmental Pollution Agency (USEPA, 1993) estimated that, 52% was disposed in 

landfills, 43% percent in piles, and less than 5% in ponds. The average piles were 15 m 

thick. Maximum reported thickness for CKD landfills and waste piles were 56.4 m and 

34.6m, respectively. 
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 Table 2.2: The states with the Highest Amount of CKD Used for Beneficial 

applications 

 

 

 

 The amount of CKD used for beneficial applications has been increased 

dramatically over the 16 years. Annual use of CKD for beneficial applications has ranged 

from a low of 574,800 metric tons to 1.16 million metric tons. Table 2.3 shows the 

historical cement kiln dust production and management (Adaska et al., 2008).   

 

Table 2.3: Historical cement kiln dust production and management 
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2.2 CATALYST 

 

 A catalyst is a substance which changes the rate of a chemical reaction but is 

chemically unchanged at the end of the reaction. While most catalysts make the rate of 

chemical reactions go faster, but some can slow down the chemical rate.  A catalyst can 

also make a chemical reaction possible that would not otherwise be. 

  

  Catalyst used in the transesterification of triglycerides can be classified as 

homogeneous and heterogeneous catalyst. Fatimah (2008) stated that excess amount of 

catalyst would lead to the higher amount of production cost and reduce the product yield.  

 

2.1.1 Homogeneous Catalyst 

 

 Homogeneous catalyst is the process which involves at least one of the reactant. 

Basically, in this transesterification process, there are two types of homogeneous catalyst 

which is acid catalyst and alkali catalyst. Homogeneous basic catalyst provides much faster 

reaction rates than heterogeneous catalyst, but it is difficult to separate homogeneous 

catalyst from the reaction mixture (Fatimah, 2008).  

 

2.1.2 Heterogeneous Catalyst 

 

 A heterogeneous catalytic is the process that involves more than one phase, 

usually the catalyst is a solid and the reactant and product are in liquid or gaseous form. 

There are many advantages of using heterogeneous catalyst such as non-corrosive, 

environmental friendly, fewer disposal problems, easier in separation from liquid product 

and they can be design to give higher activity, selectivity and longer catalyst lifetime. 

Example of heterogeneous catalyst such as alkaline earth metal oxides, anion exchange 

resins and various alkali metal compounds supported on alumina and that can be use in 

various type of chemical reaction including transesterification (Fatimah, 2008).  

 



   10 

 

2.3 BIODIESEL 

 

2.3.1 Background of Biodiesel 

 

 Biodiesel is known as an alternative diesel fuel especially for substitute diesel in 

developed countries mainly for transportation and agriculture industries. In recent years, 

biodiesel are more important due to insufficient of petroleum fuel and the needs of 

environmental friendly energy resources. Biodiesel is a renewable energy sources that are 

made from natural vegetable oil, animal fats, or singles cell oil (Ghadafi, 2008). However, 

the cost of biodiesel is high cause to the high cost of raw material (about 70-75% of the 

total cost) (Jasrina, 2008).  

 

 There are many ways how biodiesel roles of environment benefits more than 

fossil diesel. One of the key aspects of the life cycle assessment is a global warming 

potential, expressed as carbon dioxide, equivalent to CO2.CO2 is produced during the 

whole production process of fuels. According to the positive energy balance of biodiesel 

and the fact that biodiesel consists of renewable material one could expect a large saving of 

greenhouse gases compared to fossil fuel (Angela, 2009). 

 

 Nowadays, with the price of crude fossil fuel prices is too high, biodiesel have 

emerged as the fastest growing industries worldwide. Several countries especially United 

State and European Union are fully supporting the production of biodiesel from the 

agriculture sector. In year 2006, approximately 6.5 billion liters of biodiesel was produced 

globally. However, expected by the year 2020, biodiesel production from Brazil, China, 

India and some South East Asia countries such as Malaysia and Indonesia could contribute 

as much as 20% of production (Lam et al., 2010). 
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2.3.2 Composition of Biodiesel 

 

 Biodiesel is a mixture of fatty acid alkyl esters. There will be a mixture of fatty 

acid methyl esters (FAME) when methanol is used as reactant and if ethanol is used as 

reactant, the mixture will be fatty acid ethyl esters (FAEE). However, methanol is 

commonly used in biodiesel production because of their low cost and availability. Based 

on different feedstock, the biodiesel produced will have the different composition of 

FAME like in Table 2.4 have shown below (Lam et al., 2010). 

 

Table 2.4: Typical fatty acid composition (%) for different common oil source 

 

 

  

 According to Lam et al. (2010) there are some of chemical structures of fatty acid 

methyl ester that will be found in the transesterification reaction of biodiesel production as 

shown in Figure 2.5. 

 

Table 2.5: Chemical structure of common FAME 
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2.4 TRANSESTERIFICATION PROCESS 

 

 Transesterification process is the process of converting vegetable & plant oil into 

biodiesel fuel. Chemically, transesterification means using a triglyceride molecule or a 

complex fatty acid and neutralizing the free fatty acids then removing the glycerin and will 

be creating an alcohol ester. The transesterification reaction is represented by the general 

equation as in the following equation 2.1. Transesterification is one of the reversible 

reactions and proceeds essentially by mixing with the reactants. The presence of a catalyst 

(a strong acid or alkali) will accelerate the conversion. 

 

   (2.1) 

 

 Transesterification of triglycerides with methanol and the presence of the catalyst 

will produce methyl ester and glycerol. The glycerol layer will be settles down at the 

bottom of the reaction vessel. In presence of excess alcohol, the forward reaction is first 

order reaction and the reverse reaction is found to be second order reaction. It was 

observed that transesterification is faster when catalyzed by alkali (Fatimah, 2008). 

 

2.5 WASTE COOKING OIL 

 

The raw material coming from waste vegetable oils or commonly known as waste 

cooking oils is one of the alternative sources. Waste cooking oil is easy to get from 

industries such as domestic usage and restaurant and also cheaper than other oils (refine 

oils) (Fatimah, 2008). Thus, neat vegetable oil is the best starting material compare to 

waste cooking oil because of the conversion of triackylglycerides to fatty acid methyl ester 

is high and the reaction time is relatively short. Waste cooking oil contains higher free 

fatty acid than neat vegetable oil (Ghadafi, 2008). Physical and chemical properties of 

waste cooking oil and palm oil can be shown in Table 2.6. 
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Table 2.6: Physical and chemical properties of used frying oil and neat palm oil (Ghadafi, 

2008) 

 

 

 

 As can be seen in the table, the waste cooking oil has properties much different 

from those from the neat oil. The advantages of using waste cooking oil are the low cost 

and prevention of environment pollution. Waste cooking oil need to be treat before dispose 

to the environment to prevent pollution. Due to the high cost of disposal, many people 

dispose waste cooking oil directly to the environment especially in rural area. Then, by 

recycling waste cooking oil will help to prevent pollution in the environment. 

  



 

 

 

 

 

CHAPTER 3 

 

 

METHODOLOGY 

 

 

3.1 Introduction 

 

 This chapter mainly presents the materials and the experimental procedure of the 

characterization of cement kiln dust and transesterification process to produce biodiesel 

from waste cooking oil. There are three methods that have been used to characterize the 

catalyst which is to measure the pH value using Mettler Toledo pH meter, to know the 

functional group of the catalyst with Nicolet Avatar 370 DTGS Fourier Transform Infrared 

Spectrometry (FT-IR) and to measure the change in weight with the relation change in 

temperature using TGA Q500 Thermogravimetric analyzer (TGA). Biodiesel has been 

produced using transesterification process using waste cooking oil as a raw material. The 

presence of biodiesel then was detected by the Agilent Technologies 5975C Gas 

chromatography with a mass selective detector (GC MS). 

  

3.2 MATERIALS 

 

 This section of raw materials was including the raw materials that have been used 

and the specific place obtained, chemicals and also all the equipment used throughout 

handling this research. 
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3.2.1 Raw materials  

 

 The raw materials that have been used for this research were cement kiln dust 

(CKD) and waste cooking oil (WCO). Cement kiln dust was obtained from Pahang 

Cement Sdn. Bhd. or better known as YTL Cement Berhad and waste cooking oil was 

picked from the residential college’s cafeteria. 

 

3.2.2 Chemical materials 

  

 Potassium hydroxide was used for the impregnation step in the catalyst 

preparation. The potassium hydroxide was supplied by R & M Chemicals to the FKKSA 

laboratory. The other chemical used was methanol (analytical reagent) also for catalyst 

preparation and transesterification process. Hexane (analytical grade) was used for dilute 

the sample preparation for detected the biodiesel compound in the Gas chromatography 

with a mass selective detector (GC MS). Both were supplied by Fisher Scientific to 

FKKSA laboratory. 

  

3.2.3 Equipments 

 

 The equipment used for this research including Carbolite CWF 1200 muffle 

furnace, TGA Q500 Thermogravimetric analyzer (TGA), Nicolet Avatar 370 DTGS 

Fourier Transform Infrared Spectrometry (FT-IR), Mettler Toledo pH meter, Buchi 

Rotavapor R-200 rotary evaporator, Eppendorf centrifuge 5810 R and Agilent 

Technologies 5975C gas chromatography with a mass selective detector (GC MS). 

 

3.3 EXPERIMENTAL PROCEDURE 

 

 All experimental procedures were being told in detailed in this part. It is including 

the catalyst preparation, characterization of the catalyst using Mettler Toledo pH meter, 

Nicolet Avatar 370 DTGS Fourier Transform Infrared Spectrometry (FT-IR), TGA Q500 
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TGA Q500 Thermogravimetric analysis (TGA), and also the catalyst activation and 

transesterification process for biodiesel production. 

 

3.3.1 Catalyst Preparation 

 

All the catalyst was prepared by incipient wetness impregnation of CKD with 

solution of potassium hydroxide (KOH), methanol (CH3OH) and water (H2O). For this 

purpose, the required amount of aqueous KOH, CH3OH, and H2O solution was slowly 

added with the CKD. Four samples have been prepared which are CKD, CKD/KOH, 

CKD/CH3OH and CKD/H2O. Amounts of aqueous solution, such as KOH, CH3OH, and 

H2O, were 10 wt. % of the catalysts prepared (Ilgen and Akin, 2008). The catalysts were 

dried at 200°C for 1 h. Calcination was performed in a Carbolite CWF 1200 muffled 

furnace at 650°C for 3 h under static air after crushing the hydrated CKD. Activities of the 

prepared catalyst were investigated under different aqueous solution of alkaline 

compounds. 

  

3.3.2 Catalyst characterization 

 

3.3.2.1 pH measurement 

 

 The alkalinity of the solid bases was determined by using Mettler Toledo pH meter. 

About 1g of sample was shaken with an appropriate volume of a methanol solution and 

distilled water which is about 7.5 ml, and left it a few minutes to equilibrate. The pH 

reading then was obtained for both using distilled water and methanol and the value of pH 

reading was determined. 

 

 

 

 

 



17 

 

3.3.2.2 Fourier Transform Infrared Spectrometry (FT-IR) analysis 

 

 FT-IR spectra of the samples were obtained between 4000 and 500 cm
-1

 on a KBr 

powder with a Nicolet Avatar 370 DTGS FT-IR spectrometer. A minimum of 64 scans was 

signal averaged in the 4000-500 cm
-1

 range. 

 

3.3.2.3 Thermogravimetric Analysis 

 

 Thermogravimetric analysis (TGA) was performed on a TGA Q500 

Thermogravimetric Analyzer. The programmed heating range was from room temperature 

to 950°C, at a heating rate of 10°C/min under a nitrogen atmosphere (Wang et al., 2011). 

The measurement was taken using 5 mg of samples.  

 

3.3.3 Catalyst Activation 

 

 The methanol and the catalyst were activated for 2 h at 60°C before the 

transesterification process started. The ratio (v/v) of waste cooking oil to methanol is 1:5 

and the weight of catalyst used was 4% from the solvent. The waste cooking oil was 

filtered until the colour more clear and heated up to 60°C for a few minutes. 

 

3.3.4 Transesterification process  

 

 The conversion of waste cooking oil to biodiesel was performed in a 250 ml flat-

bottom flask equipped with a magnetic stirrer. Waste cooking oil (WCO) was obtained 

from a cafeteria in the residential college. The transesterification reaction of WCO and 

methanol was carried out in liquid phase under atmospheric pressure, at 60°C for 3 h. After 

the reaction, the solid catalyst was separated by filtration. The liquid was put into a 

separating funnel and was kept at ambient temperature for 20-30 minutes. After which 2 

liquid phases appeared, the upper layer was obtained as a biodiesel and the lower layer was 

glycerol.  
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The content in FAME (fatty acid methyl esters) of the upper layer was taken and 

then centrifuged with Eppendorf centrifuge 5810 R at 5000 rpm for 5-10 minutes to 

separate the glycerol because it was insoluble in the esters and had a much higher density 

(Yihuai Li et al., 2010). Then methanol was removed using Buchi Rotavapor R-200 rotary 

evaporation. For bleaching step which to get clearer colour of FAME, the fuller earth was 

added and heat up until 50°C and stirred it about 5 minutes. Leaved it for 20 minutes and 

then centrifuged it again. The product was analyzed by Agilent Technologies 5975C gas 

chromatography with a mass selective detector (GC MS) to determine the biodiesel yield 

(fatty acid methyl ester, FAME).  

 

3.3.5 Biodiesel analysis 

 

3.3.5.1 Sample preparation 

  

 Before the sample was injected to the GC MS, the sample was prepared by 2% of 

dilution sample. The dilution of the sample was prepared by adding 20 µL of Fatty acid 

methyl ester (FAME) and 980 µL of hexane (analytical grade). After the sample was 

diluted, it must be filtered using 0.2mm syringe filter and filter it into a 1.5 ml vial. 

 

3.3.5.2 Gas chromatography with a mass selective detector (GC MS) analysis 

 

 The FAME concentration expressed as the biodiesel purity of the product was 

determined by gas chromatography with a mass selective detector (GC MS) equipped with 

a flame ionization detector, a capillary column (Tr-biodiesel (F), Thermo Co., 30 m in 

length with 0.25 mm i.d. and 0.25 mm film thickness), the programmed column oven, and 

a programmed temperature injector. The oven temperature program consisted of: start at 

120°C (keep 1 min), ramp at 30°C/min to 220°C (keep 1 min), then continue ramp at 10 

°C/min to 250°C (keep 1 min). The temperature of the programmed temperature injector 

was 90°C for 0.05 min, programmed to 260°C, at a rate of 10°C/min. Nitrogen was as a 
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carrier gas with a flow-rate of 2 ml/min (Wang et al., 2011). The purity of FAME can be 

determined in the percentage area from the peak in the graph obtained and the yield of 

biodiesel can be calculated as equation 3.1 and 3.2 below. 

 

Product yield = massfame/ masswco x 100%      (3.1) 

 

Biodiesel yield = (massfame x purity of biodiesel)/ (masswco)    (3.2) 
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3.4 Summarize Experimental Procedure 

 

 

Catalyst Preparation 

(Impregnation method) 

 

 

 

Catalyst characterization 

1. pH measurement 

2. FT-IR analysis 

3. TGA analysis 

 

 

 

Biodiesel production 

(Transesterification process) 

 

 

 

Biodiesel analysis 

(GC MS analysis) 

 

Figure 3.1: Summarize experimental procedure 



 

 

 

 

 

CHAPTER 4 

 

 

RESULT AND DISCUSSION 

 

 

4.1 INTRODUCTION 

 

 In this chapter mainly present the characterized of the four sample of catalyst 

with different alkali solution and the yield of the biodiesel got from the different catalyst 

impregnation solution. All the experimental data obtained have been evaluated and 

compared with available or approximately same experimental data from the literature. 

 

4.2 CATALYST CHARACTERIZATION 

 

4.2.1 pH measurement 

  

 There are two different controllers that were been used for measured the pH of 

the catalyst. The first controller is deionized water and the other one is methanol. The pH 

was measured by Mettler Toledo pH meter to know the value of pH for the entire catalyst 

sample. From the pH measurement of deionized water and methanol, the pH value get are 

6.73 for deionozed water and 6.57 for methanol. From Table 4.1 the pH values for entire 

samples were in the range of 9.86 to 11.77. It is shows that the catalyst is in the alkali 

condition. The strongest alkalinity value is in the sample of CKD/KOH catalyst which is 

11.77 and the weakest basicity is 9.86 from the CKD/H2O catalyst.  
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 According to A.R. Farha (2008), during the transesterification process, the 

triglyceride is reacted with alcohol in the presence of a catalyst, usually a strong alkaline 

(NaOH, KOH or sodium silicate). The main reason this process to produce biodiesel, is to 

find out how much alkaline is needed to ensure a complete transesterification.  

 

Table 4.1: pH of the catalyst 

 

Catalyst/PH CKD  CKD/KOH  CKD/CH3OH CKD/H2O 

Deionozed water 

(pH=6.73) 

 

11.25 

 

11.77 

 

10.65 

 

10.25 

Methanol(CH3OH) 

(pH=6.57) 

 

10.32 

 

11.40 

 

10.18 

 

9.86 

  

  

4.2.2 Fourier Transform Infrared Spectrometry (FT-IR) analysis 

 

 The FT-IR analysis of catalyst was performed by using Nicolet Avatar 370 DTGS 

at FKKSA laboratory. Figures 4.1 shows the wavelength of CKD, CKD/KOH, 

CKD/CH3OH and CKD/H2O catalyst obtained from the analysis. 
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Figure 4.1: FT-IR wavelength from 4000-500 cm
-1

 a) CKD sample, b) CKD/KOH sample, c) CKD/CH3OH sample and d) 

CKD/H2O sample 
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Table 4.2: Wave number (cm
–1

) of dominant peak obtained from absorption spectra 

 

Functional group CKD CKD/KOH CKD/CH3OH CKD/H2O 

Alkanes 

C-H stretch 

 

- 

 

2802.43 

 

- 

 

- 

Alkyne 

C ≡ N  

 

2272.38 

 

2276.54 

 

2274.53 

 

2275.04 

Anhydride 

O=C-O-C=O 

 

1786.21 

 

- 

 

1782.30 

 

1780.56 

Ester 

C=O stretch 

 

- 

 

1747.83 

 

- 

 

- 

Carboxylic acid 

C=O stretch 

O-H absorbs 

 

- 

2517.62 

 

1747.83 

- 

 

- 

2533.45 

 

- 

2534.65 

Aliphatic Aldehyde 

C=O stretch 

 

- 

 

1747.83 

 

- 

 

- 

Aromatics 

C–C stretch (in-ring) 

 

- 

 

1413.49 

 

- 

 

- 

Alcohols 

C–O stretch 

 

1110.0 

 

1121.03 

 

1113.81 

 

1115.20 

Alkenes 

=C–H bend 

 

- 

 

820.82-865.88 

 

- 

 

- 
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 The FTIR spectra from Figure 4.1 reveal several bands: The intensity band at 

584, 589, 582 and 571 cm-1 for the four catalysts which is characteristic of the metal-

oxygen vibrations (possibly Ca-O, Zn-O, Zr-O) (Ezz-Eldin, 2011). The bands at 1020-

1027 cm-1 can be attributing to SiO2 and the vibration of bridging oxygen normal to the 

Si-O-Si plane. The peaks located from 1120-1121 cm
-1

 can be attributed to the C-O 

bonding of CaCO3. The peak at about 1747 cm
-1

is due to the C=O bonding of CaCO3 

(Chen et al., 2011). In addition the infrared spectra for the other bands at about; 2517.62- 

2534.65 cm
-1

 which are generally correlated to the stretching and deforming modes for 

(OH) groups, molecular water or silanol groups ( Ezz-Eldin, 2011). The others band is 

shown in the Table 4.2 for the dominant peak obtained from absorption spectra. 

 

4.2.3 Thermogravimetric Analysis 

 

 The percentage weight loss of the catalyst was analyzed using Thermogravimetric 

analyzer (TGA Q500) at FKKSA laboratory. From the graph that obtained, just CKD/KOH 

catalyst has lost their weight after heating it to 950ºC. The other catalyst showed that at 

600 ºC and above, the percentage weight of the catalyst was increased. It can be said that 

the catalyst was not decomposed when heating in the high temperature for the time being. 
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Figure 4.2: CKD catalyst 

 

 

 

Figure 4.3: CKD/KOH catalyst 
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Figure 4.4: CKD/CH3OH catalyst 

 

 

 

Figure 4.5: CKD/H2O catalyst 

 

Ignou, 2011 said, there are some possible sources of error in TGA analysis and they 

can lead to inaccuracies in the recorded temperature and mass data. Some of the errors may 

be corrected by placing the thermo balance at proper place and handling it with great care. 
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The other is because the Buoyance effect. If a thermally inert crucible is heated when 

empty there is usually an apparent weight change as temperature increases. This is due to 

effect of change in buoyancy of the gas in the sample environment with the temperature. 

Condensation of the sample will also affect the mass of the sample and consequently the 

shape of TG curve .This can be avoided by maintaining a dynamic atmosphere around the 

sample in the furnace. Besides, random fluctuation of balance mechanism, reaction 

between sample and container, convection effect from furnace, turbulence effect from gas 

flow also can affect the graph of TGA. 
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4.3 Biodiesel production  

  

 The biodiesel conversion was evaluated using gas chromatography with a mass selective detector (GC MS). The total area 

of four sample of catalyst was summarized in the Table 4.2 with the retention time and the percentage area from the data obtained. 

  

Table 4.2: Summarize percentage area of Fatty acid methyl ester (FAME) produce  

 

  

 WCO 

 

WCO+CKD 

 

WCO+ 

CKD/KOH 

 

WCO+ 

CKD/CH3OH 

 

WCO+ 

CKD/H2O 

 RT Area 

(%) 

RT Area 

(%) 

RT Area 

(%) 

RT Area 

(%) 

RT Area 

(%) 

Free Fatty acid (FFA) - 

2,5-

Isoxazolidinedicarboxylic 

acid, Pentadecylamine 

and 1-Heptadecanamine 

 

19.87 

 

100 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

ME - Dodecanoic acid 0 0 10.586 0.19 10.586 0.20 12.914 1.10 10.607 0.37 

ME – Dodecanoic acid,           
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Nonanoic acid  0 0 0 0 0 0 10.607 0.47 0 0 

ME  – Tridecanoic acid 0 0 12.893 0.47 12.946 0.75 0 0 0 0 

ME - Pentadecanoic acid 0 0 0 0 0 0 13.929 0.04 0 0 

ME  – 7-Hexadecenoic 

acid,9-Hexadecenoic 

acid, 11-Hexadecenoic 

acid 

 

0 

 

0 

 

14.816 

 

1.59 

 

0 

 

0 

 

0 

 

0 

14.816, 

14.869, 

14.944 

0.60, 

0.60, 

0.67 

ME - 7-Hexadecenoic 

acid, 9-Octadecenoic acid 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

14.826 

 

3.19 

 

0 

 

0 

ME - Hexadecanoic acid, 

pentadecanoic acid 

 

0 

 

0 

 

15.435 

 

29.85 

 

15.585 

 

33.26 

 

15.553 

 

30.03 

 

15.585 

 

31.68 

ME – Heptadecanoic 

acid, Hexadecanoic acid 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

16.578 

 

0.12 

 

0 

 

0 

ME  – 11,14-

Octadecadienoic acid, 

9,12-Octadecadienoic 

acid  

 

0 

 

0 

 

17.646 

 

1.73 

 

0 

 

0 

 

17.646 

 

1.51 

 

0 

 

0 

ME –  

9-Octadecenoic acid,  

8-Octadecenoic acid 

 

0 

 

0 

 

18.052,

18.319 

 

34.70, 

21.41 

 

18.362 

 

55.62 

 

18.309 

 

53.09 

 

0 

 

0 
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ME – Octadecanoic acid, 

Heptadecanoic acid 

 

0 

 

0 

 

18.319 

 

6.40 

 

0 

 

0 

 

18.437 

 

5.18 

 

18.469 

 

5.36 

ME - 9-Octadecenoic 

acid, 8-Octadecenoic 

acid, 10-Octadecenoic 

acid 

 

 

0 

 

 

0 

 

 

0 

 

 

0 

 

 

0 

 

 

0 

 

 

0 

 

 

0 

 

 

18.351 

 

 

55.13 

ME - Heptadecanoic 

acid, Octadecanoic acid 

 

0 

 

0 

 

0 

 

0 

 

18.480 

 

5.96 

 

0 

 

0 

 

0 

 

0 

ME  -9,12,15-

Octadecatrienoic acid, 

7,10,13-Eicosatrienoic 

acid 

 

0 

 

0 

 

19.398 

 

0.34 

 

19.420 

 

0.56 

 

19.430 

 

0.61 

 

19.430 

 

0.68 

ME - 11,14-

Eicosadienoic acid, 

11,13-Eicosadienoic acid, 

10,13-Eicosadienoic acid 

 

 

0 

 

 

0 

 

 

19.548 

 

 

0.24 

 

 

19.559 

 

 

0.22 

 

 

19.569 

 

 

0.33 

 

 

19.569 

 

 

0.32 

ME  - 11-Eicosenoic acid  

0 

 

0 

 

19.612 

 

0.36 

 

19.623 

 

0.59 

 

19.633 

 

0.44 

 

0 

 

0 

ME - 11-Eicosenoic acid, 

12-Octadecenoic acid, 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

19.633 

 

0.53 
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10-Octadecenoic acid 

ME- 9-Octadecenoic acid  

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

19.719 

 

0.23 

 

0 

 

0 

ME  - Eicosanoic acid 0 0 19.826 0.27 19.847 0.51 19.847 0.32 19.847 0.46 

ME - 4,7,10,13,16,19-

Docosahexaenoic acid, 

5,8,11,14,17-

Eicosapentaenoic acid 

 

 

0 

 

 

0 

 

 

0 

 

 

0 

 

 

0 

 

 

0 

 

 

20.734 

 

 

0.23 

 

 

20.723 

 

 

0.20 

ME - 9,12,15-

Octadecatrienoic acid 

 

0 

 

0 

 

0 

 

0 

 

20.798 

 

0.18 

 

0 

 

0 

 

0 

 

0 

TOTAL Methyl Ester 

(% Area) 

    

97.55 

  

97.85 

  

96.89 

  

96.6 

*ME - Methyl ester 
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 From GC MS analysis, the total percentage area that obtained from the CKD 

catalyst is 97.55%, CKD/KOH is 97.85%, CKD/CH3OH equal to 96.89% and CKD/H2O is 

96.6%. The result from Table 4.2 shows, the highest content of fatty acid is 9-

Octadecenoic acid, 8-Octadecenoic acid, which is about 34.70%-53.09% and the second 

highest is hexadecanoic acid, pentadecanoic acid which is 29.85%-33.26%. It is shows that 

the percentage of fatty acid produce is likely same as mentioned from Lam et al. (2010) 

which is the composition of palmitic is 42.8% and oleic fatty acid is 40.5% for the 

biodiesel production from palm oil.  

 

 The value of total percentage area is same with the purity of the biodiesel 

produce. To get the yield of the biodiesel, equation 3.1 and 3.2 in the literature review was 

used. 

 

Product yield = massfame/ masswco x 100%      (3.1) 

 

Biodiesel yield = (massfame x purity of biodiesel)/ (masswco)    (3.2) 

 

 From the calculation, the yield of biodiesel for CKD catalyst is about 89.07%, 

CKD/KOH is about 89.34% , 88.46% yield of biodiesel for CKD/CH3OH and 88.2% for 

CKD/H2O catalyst. Therefore, the highest yield produce from the CKD/KOH catalyst that 

contained the highest alkalinity value compared to the other catalyst. It also can be shown 

that CKD is not impregnate with the other catalyst also get highest yield of biodiesel 

production. It is because when the CKD was calcinated in the high temperature it can 

become CaO.  It can be said that, CKD’s own have the highest basicity of the alkali and 

have a good condition to be an alkali catalyst for transesterification process in the biodiesel 

production.    



 

 

 

 

 

 

CHAPTER 5 

 

 

CONCLUSION AND RECOMMENDATIONS 

 

 

5.1 CONCLUSION 

 

 In this study, from the pH analysis, the highest alkalinity value is CKD/KOH 

catalyst and the lower alkalinity is CKD/H20 catalyst. It is maybe due to the concentration 

of the CKD/H20 is lower when it impregnate with the water. The functional group that can 

be obtained from the FT-IR analysis, there are nine functional group that can be detected 

like ester, alkayne, alkanes, carboxylic acid, anhydrate, aliphatic aldehyde, aromatics, 

alcohol and alkenes. From the percentage of weight loss analysis due to the change of 

temperature with TGA Q500, the weight loss and decomposition of catalyst can be seen in 

the CKD/KOH catalyst. 

 

  From the purity obtained in the GC MS data, CKD/KOH gives the highest purity 

which is 97.85%, CKD gives 97.55%, CKD/CH3OH got 96.89% and CKD/H2O reading is 

96.6%. CKD/KOH catalyst gives the highest yield of biodiesel production which is 

89.34%, followed by CKD which is 89.07%, CKD/CH3OH is 88.46% and 88.2% for 

CKD/H2O catalyst. Therefore, waste CKD catalyst was successfully tested in the 

transesterification reaction of waste cooking oil. The catalyst can be produce with a low 

cost of material and high efficiency of production. 

 

 

 

 

 

 



35 

 

 

 

5.2 RECOMMENDATIONS 

 

 From this study, there are a lot of improvements that can be used to get the better 

result. In the part of catalyst characterization such as using Powder X-ray diffractometer 

(XRD) to know the crystallization phase and compound, characterize the surface area, total 

pore volume, pore diameter and pore size using BET method, morphology and size using 

scanning electron microscopy (SEM), and also can test the density of the catalyst.  

 

 There are some analyses that can be improved like in the pH analysis with the 

Hammet Indicator test to know the basicity of the catalyst. In the TGA analysis, the result 

obtained is not so accurate, because just CKD/KOH has lost their weight, but for the others 

catalyst not. Therefore, maybe it can be programmed the heating under an oxygen 

atmosphere compared using nitrogen. 
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APPENDIX A 

 

Termogravimetric analysis graph 

 

 

Figure 1: CKD catalyst 
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Figure 2: CKD/KOH catalyst 

 

 

 

Figure 3: CKD/CH3OH catalyst 
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Figure 4: CKD/H20 catalyst 
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APPENDIX B 

 

Gas chromatography with a mass selective detector (GC MS) graph 

 

 

Figure 5: Waste cooking oil peak 
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Figure 5: Biodiesel yield for CKD/KOH catalyst 

 

 

 

Figure 6: Biodiesel yield for CKD catalyst 
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Figure 7: Biodiesel yield for CKD/CH3OH catalyst 

 

 

Figure 8: Biodiesel yield for CKD/H2O catalyst 
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APPENDIX C 

 

Datasheets result from GC MS 

 

1. Waste Cooking Oil  
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2. Biodiesel from CKD 
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3. Biodiesel from CKD/KOH 
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4. Biodiesel from CKD/CH3OH 
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5. Biodiesel production from CKD/H20 
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APPENDIX D 

 

Pictures 

 

 

 

Figure 9: CKD, CKD/KOH, CKD/CH3OH, and CKD/H2O catalyst 

 

 

Figure10: Biodiesel Production 


