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ABSTRACT 

Nowadays, the productions of biodiesel from renewable sources such as palm oil 
have been extensively studied due to the depletion of fossil fuel. The difficulties 
during the separation and purification of the homogeneous catalyst used in the 
production of biodiesel product led to the development of a heterogeneous catalyst. 
In this study, heterogeneous CU-based catalyst was successfully synthesized using 
impregnation associated with sonochemical method. Two types of catalysts support 
(A1203 and MgO) were optimized and activated under two different activation 
conditions (air and nitrogen). Four parameters were optimized which are i) 
sonication time, ii) activation procedure (time and gas), iii) catalyst support (Ah03 
and MgO) and iv) metal loading (5 to 20 wt. %). Throughout the characterization 
data, it was confirmed that the optimized activation condition was at 90 minutes 
sonication time either 3 hours under nitrogen activation condition or 4 hours under 
air activation condition. From the XRD analysis, it was revealed the formation of 
CuO phase under air condition (20CuAA(4h)) produced smaller average crystal size 
of 23.6 nm compared to Cu phase produced under nitrogen condition 
(20CuAN(3h)), 30.1 nm. Moreover, effect of catalyst support has confirmed the 
MgO catalyst (10CuMA) produced highly dispersed of CuO phase with an average 
crystal size smaller than Ah03 catalyst (10CuAA), 8.5 and 24.7 nm respectively. 
FESEM and TEM analysis also confirmed the MgO catalyst (10CuMA) produces small 
CuO nanocatalyst with lamella-like structure. The selected catalyst (5 to 20 wt. % 
of CuO/MgO catalyst) was performed under the transesterification reaction with a 
fixed parameter: 1 % w/w catalyst, temperature (65°C), molar ratio of methanol 
to oil (10:1) and 6 hours reaction time. Throughout the study, 10 wt. % of 
CuO/MgO catalyst (10CuMA) showed a high catalytic activity with high conversion 
and high selectivity of palmitic acid, 97.2 % and 51.5 % respectively. From the XRD 
analysis, it was observed an average crystal size of CuO for 10CuMA catalyst was 
8.5 nm. While from the BET analysis, it showed the 10CuMA catalysts is a 
mesoporous nanocatalyst (133.9 cm3 g-1) with an average pore diameter is less 
than 5 nm. FESEM and TEM analysis observed the 10CuMA catalyst consist of 
nanoparticles with lamella-like structure. From the thermal analysis, it was 
determined the 10CuMA catalyst consists of three stages of thermal decomposition 
with 29.4 % of weight loss and 70.6 % of ash residue. Overall the biodiesel 
produced by the 10CuMA catalyst meet the requirement of EN14214 standards with 
the acid value of less than 0.5 mg' KOH g-l and low iodine value. 
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A BSTRAK 

Optimisasi Sintesis Pemangkin Nano Berasaskan Cu untuk Meningkatkan 
Pengeluaran Biodisel 

Pada masa kin~ kajian proses penghasi/an biodise/ dari sumber bo/eh diperbaharui 
contohnya minyak sawit amat rancak di/akukan memandangkan bahan api fossil 
semakin berkurangan. Kesukaran semasa pemisahan dan pembersihan pemangkin 
homogen yang digunakan da/am penghasi/an biodise/ te/ah membawa kepada 
perkembangan pemangkin heterogen. Oa/am kajian in~ pemangkin heterogen 
berasaskan kuprum (Cu) te/ah betjaya disintesiskan me/a/ui kaedah impregnasi 
dengan bantuan sonokimia. Dua jenis sokongan pemangkin (AbO] dan MgO) te/ah 
dioptimumkan dan diaktifkan me/a/ui dua jenis keadaan pengaktifan (udara dan 
nitogen). Empat parameter te/ah dioptimumkan seperti i) masa sonikas~ ii) 
prosedur pengakifan (masa dan gas), iii) sokongan pemangkin dan iv) muatan 
/ogam (5 ke 20 wt. %). Me/a/ui data pencirian, ia dapat disahkan bahawa optimum 
pengaktifan ada/ah 90 minit sama ada 3 jam pengaktifkan dengan keadaan 
bernitogen atau 4 jam dengan keadaan berudara. Daripada ana/isis XRD, ia te/ah 
mendedahkan pembentukan fasa CuO di bawah keadaan berudara menghasi/kan 
purata saiz hab/ur yang keei/ 23.6 nm berbanding purata saiz hab/ur fasa Cu di 
bawah keadaan bernitogen, 30.1 nm. Se/ain itu, kesan sokongan pemangkin 
mengesahkan bahawa pemangkin MgO (10CuMA) menghasi/kan peningkatan 
taburan hab/ur fasa CuO dengan purata saiz hablur yang keeil berbanding dengan 
pemangkin AbOJ, masing-masing 8.5 dan 24.7 nm. Ana/isis FESEM dan TEM juga 
mengesahkan pemangkin MgO (10CuMA) menghasi/kan hab/ur CuO nano
pemangkin yang keci/ dengan struktur seakan kepingan. Pemangkin terpi/ih (5 ke 
20 wt. % pemangkin CuO/MgO) te/ah menja/ankan tindakba/as transesterifikasi 
dengan parameter malar: muatan mangkin pada 1 % w/w, suhu tindakbalas (65 
DC), nisbah molar metanol kepada minyak (10:1) dan tempoh tindakbalas (6 jam). 
Sepanjang kajian, 10 wt. % pemangkin CuO/MgO (10CuMA) menunjukan 
tindakba/as pemangkin tertinggi dengan penukaran yang tinggi dan pemilihan asid 
pa/mitik yang tingg~ masing-masing 97.2 % dan 51.5 %. Daripada analisis XRD, ia 
dapat diperhatikan purata saiz hablur untuk pemangkin lOCuMA ialah 8.5 nm. 
Manaka/a daripada ana/isis BET, ia menunjukan pemangkin 10CuMA merupakan 
pemangkin nanD mesoporous (133.9 cfTiJ{fl) dengan purata diameter liang kurang 
daripada 5 nm. Ana/isis FESEM dan TEM, menunjukan pemangkin 10CuMA terdiri 
daripada nanopartike/ dengan struktur seakan kepingan. Daripada ana/isis terma, ia 
menentukan pemangkin 10CuMA terdiri daripada tiga peringkat penguraian terma 
dengan 29.4 % kehi/angan berat dan 70.6 % sisa abu. Kese/uruhan, biodise/ yang 
dihasilkan daripada pemangkin 10CuMA memenuhi keperluan standard EN 14214 
dengan ni/ai asid kurang daripada 0.5 mg KOH {fl. 

vi UMS 
UNIVERSITI MAlAYSIA SA BAH 



TABLE OF CONTENTS 

TITLE 

DECLARATION 

ACKNOWLEDGEMENT 

ABSTRACT 

ABSTRAK 

LIST OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF ABBREVIATIONS 

LIST OF SYMBOLS 

LIST OF APPENDIX 

CHAPTER 1: INTRODUCTION 

1.1 Overview of Biodiesel Technology 

1.2 Problem Statement 

1.3 Relevance of the Study 

1.4 Objective of the Study 

1.5 Scope of the Study 

CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction of Catalyst 

2.1.1 Metal Oxide Based Catalyst and Nanocatalyst 

2.2 Catalyst Preparation 

2.2.1 Co-precipitation 

2.2.2 Sol-gel 

2.2.3 Impregnation 

2.2.4 Sonochemistry 

2.3 Copper Based catalyst Development and Its Application 

2.3.1 Aluminum Oxide Based catalyst 

2.3.2 Magnesium Oxide Based catalyst 

2.4 Characterization Technique of Heterogeneous Catalysts 

2.4.1 Crystallography Analysis 

vii 

Page 

ii 

iv 

v 
vi 

vii 

xi 

xiii 

xviii 

xxi 

1 

1 

3 

4 

5 

5 

7 

7 

7 

8 

10 

11 

12 

14 

15 

16 

16 

17 



2.4.2 Morphology Analysis 

2.4.3 Surface Area Analysis 

2.4.4 Thermal Analysis 

2.5 Biodiesel Production 

2.5.1 Feedstock for Biodiesel Production 

2.6 Process of Biodiesel Production 

2.6.1 Direct Use and Blending 

2.6.2 Microelmulsification 

2.6.3 Pyrolysis (Thermal Cracking) 

2.6.4 Esterification 

2.6.5 Transesterification 

2.7 Transesterification Reaction Mechanisms 

2.7.1 Homogeneous Catalyzed Transesterification 

a. Acid Catalyzed Processes 

b. Base-Catalyzed Processes 

2.7.2 Heterogeneous Catalyzed Transesterification 

2.8 Transesterification Parameters 

2.9 Biodiesel Quality Control and Standards Development 

2.9.1 Gas Chromatographic Analysis 

2.9.2 Acid Value 

2.9.3 Iodine Value 

CHAPTER 3: METHODOLOGY 

3.1 Overview of the Study 

3.2 Experimental Design for Catalyst Synthesis 

3.2.1 Optimization of Activation Condition 

a. Sonication Time 

b. Activation Procedure 

3.2.2 Effect of Catalyst Support 

3.2.3 Effect of Metal Loading 

3.3 Catalysts Characterization 

3.3.1 Crystallography Analysis 

3.3.2 Morphology Analysis 

viii 

19 

20 

21 

22 

24 

26 

26 

27 

27 

27 

28 

29 

29 

29 

30 

32 

32 

34 

34 

35 

36 

38 

38 

39 

40 

40 

41 

42 

42 

44 

44 

46 

UMS 
UNIVEASITI MALAYSIA SABAH 



3.4 

a. 

b. 

Scanning Electron Microscope (SEM) and Reid Emission 

Scanning Electron Microscope (FESEM) 

Transmission Electron Microscope (TEM) 

3.3.3 Surface Area Analysis 

3.3.4 Thermal Analysis 

Catalytic Reaction 

46 

3.4.1 Experimental Design for Transesterification Process of Palm 

47 

48 

49 

50 

50 

Oil 

3.4.2 Gas Chromatography Analysis 

3.4.3 Acid Value 

3.4.4 Iodine Value 

51 

52 

53 

CHAPTER 4: RESULTS AND DISCUSSION 54 

4.1 Overview of Research Study 54 

4.1.1 Formation of CU-8ased Nanocatalyst on Different Catalyst 57 

support 

4.2 Optimization of Activation Condition 

4.2.1 Sonication Time 

a. Crystallography Analysis 

b. Morphology Analysis 

c. Thermal Analysis 

4.2.2 Activation Procedure 

a. Crystallography Analysis 

b. Morphology Analysis 

c. Thermal Analysis 

4.3 Effect of Catalyst Support 

4.3.1 Crystallography Analysis 

4.3.2 

4.3.3 

4.3.4 

Morphology Analysis 

Surface Area Analysis 

Thermal Analysis 

4.3.5 Optimization of Catalyst Support 

4.4 Effect of Metal loading 

4.4.1 CuO/MgO Catalyst Activated under Air Condition 

a. Crystallography Analysis 

ix 

59 

59 

60 

62 

64 

66 

67 

69 

71 

75 

75 

77 

81 

84 

89 

92 

92 

92 

UMS 
UNIVERSITI MALAYSIA SABAH 



b. Morphology Analysis 94 

c. Surface Area Analysis 99 

d. Thermal Analysis 101 

4.4.2 Cu/MgO Catalyst Activated under Nitrogen Condition 104 

a. Crystallography Analysis 104 

b. Morphology Analysis 106 

c. Surface Area Analysis 110 

d. Thermal Analysis 111 

4.4.3 Catalytic Performance 115 

a. Transesterification Process for CuO/MgO Catalyst Activated 115 

under Air Condition 

b. Transesterification Process for Cu/MgO Catalyst Activated 118 

under Nitrogen Condition 

c. Acid Value Assessment 120 

d. Iodine Value Assessment 122 

CHAPTER 5: CONCLUSIONS AND FURTHER STUDY 124 

5.1 Summary of the Study 124 

5.2 Further Study 126 

REFERENCES 127 

APPENDIX 136 

x UMS 
UNIVERSITI MAlAYSIA SA BAH 



LIST OF TABLES 

Page 

Table 1.1: Advantageous and disadvantageous of homogeneous and 2 

heterogeneous catalyst for biodiesel production 

Table 2.1: Comparison properties of homogeneous and heterogeneous 8 

catalysts for the catalytic reaction 

Table 2.2: Thermal analysis technique and method for heterogeneous 21 

catalyst 

Table 2.3: Comparison of physical and chemical properties between 23 

diesel fuel and biodiesel 

Table 2.4: Fatty acid distributions of some biodiesel feedstock 24 

Table 2.5: Chemical structures of common fatty acids and their methyl 25 

esters 

Table 2.6: 

Table 2.7: 

Table 3.1: 

Table 3.2: 

Table 3.3: 

Table 3.4: 

Biodiesel standard based on EN14214 and ASTM D 6751 35 

Iodine value of plant oils 37 

Description of catalyst for the optimization of sonication time 40 

Description of catalyst for the optimization of activation 41 

procedure 

Description of catalyst for the effect of catalyst support 42 

Description of catalyst for the effect of metal loading 43 

Table 4.1: Description of the catalyst sample with different catalyst 58 

support, metal loading and activation condition 

Table 4.2: Comparative summary of nanocrystal size of nano CuO/Ah03 61 

catalyst for the effect of sonication 

Table 4.3: Summarized data from TGA and DTG thermogram of nano 66 

CuO/Ab03 for (a) 20CuAA(S30) (b)20CuAA(S60) (c) 

20CuAA(S90) and (d) 20CuAA(S120) 

Table 4.4: Comparative summary of nanocrystal size of nano Cu/Ab03 69 

catalyst for the Effect of Activation Procedure 

xi UMS 
UNIVERSITI MALAYSIA SABA" 



Table 4.S: Summarized data from TGA and DTG thermogram of nano 73 

CuO/Ah03 catalyst for (a) 20CuM(3h) (b) 20CuM(4h) (b) 

20CuAN(3h) and (d) 2OCuAN(4h) 

Table 4.6: Comparative study of nanocrystaI size of nano Cu-Based 77 

catalyst for the effect of catalyst support 

Table 4.7: Summarized data from TGA and DTG thermogram of nano 86 

Cu-based catalyst for (a) Pure AI203 (b) lOCuM (c) 10CuAN 

(d) Pure MgO (e) 10CuMA and (f) 10CuMN 

Table 4.8: Fatty acid methyl composition (%) and biodiesel yield (%) 90 

for the optimization of,catalyst support 

Table 4.9: Comparative summary of nanocrystal size of nano CuO/MgO 94 

catalyst activated under air condition 

Table 4.10: Summarized data from TGA and DTG of nano CuO/MgO 102 

catalyst activated under air Condition for (a) SCuMA (b) 

lOCuMA (b) lSCuMA and (d) 20CuMA 

Table 4.11: Comparative study of nanocrystal Size of nano Cu/MgO lOS 

catalyst activated under nitrogen condition 

Table 4.12: Summarized data from TGA and DTG of nano Cu/MgO 114 

catalyst activated under nitrogen condition for (a) SCuMN, 

(b) 10CuMN, (c) lSCuMN and (d) 20CuMN 

Table 4.13: Fatty acid methyl composition (%) and biodiesel yield (%) 116 

for MgO supported catalyst under air condition 

Table 4.14: Fatty acid methyl composition (%) and biodiesel yield (%) 120 

for MgO supported catalyst under nitrogen condition 

Table 4.1S: Summarized data of acid value 121 

Table 4.16: Acid value of biodiesel from different raw material and 122 

catalyst 

Table 4.17: Summarized data of iodine value 123 

xii UMS 
UNIVEASITI MALAYSIA SABAH 



Rgure 1.1: 

Figure 2.1: 

LIST OF FIGURES 

General transesterification process in biodiesel production 

catalytic reaction of supported metal oxide catalyst in which 

metal act as active site 

Page 

3 

9 

Figure 2.2: Catalyst distribution by the impregnation method 13 

Figure 2.3: Common characterization techniques for heterogeneous 17 

catalyst 

Figure 2.4: Common transesterification process in the biodiesel 22 

production 

Figure 2.5: Mechanisms of the aCid-catalyzed transesterification of 30 

vegetable oils 

Figure 2.6: Mechanisms of the base-catalyzed transesterification of 31 

vegetable oils 

Figure 2.7: Reaction mechanisms for the heterogeneous catalyst of 32 

MgO. 

Figure 3.1: 

Figure 3.2: 

Figure 3.3: 

Figure 3.4: 

Summarized of overall experimental procedures 

Set up for the activation procedure 

Various types of the catalyst characterization techniques 

X-ray Diffraction (XRD) instrument 

39 

41 

44 

45 

Figure 3.5: Vacuum and gold coating for Scanning Electron Microscope 46 

(SEM) 

Figure 3.6: Scanning Electron Microscope (SEM) instrument 47 

Figure 3.7: Transmission Electron Microscope (TEM) instrument 48 

Figure 3.8: Thermogravimetry Analysis (TGA) instrument 49 

Figure 3.9: Set up procedure for the transesterification process of palm 51 

oil by using nano-Cu based catalyst 

Figure 3.10: Gas Chromatography Mass Spectroscopy (GCMS) 52 

instrument 

Figure 4.1: Cu-oxalatejAh03 catalysts before and after activation. 55 

Figure 4.2: Cu-oxalate/MgO catalysts before and after activation. 56 

xiii UMS 
UNIVEASITI MALAYSIA SABAH 



Figure 4.3: XRD pattern of nano Cu-Based catalyst for (a) pure AhO) 57 

(b) air condition and (c) nitrogen condition 

Figure 4.4: XRD pattern of nano CuO/AhO) catalyst for (a) pure AhO) 61 

(b) 20CuM(S30) (c) 20CuMCS60) Cd) 20CuAACS90) and (e) 

20CuM(S120) 

Figure 4.5: SEM image of nano CuO/AhO) catalyst (1 kx) (a) 63 

20CuM(S30) (b) 20CuAA(S60) (b) 20CuAA(S90) and (d) 

20CuAA(S120) 

Rgure 4.6: SEM image of nano CuO/AI20) catalyst (7 kx) (a) 63 

20CuAA(S30) (b) 20CuAA(S60) (b) 20CuAA(S90) and (d) 

20CuAA(S120). 

Figure 4.7: TGA and DTG thermogram of nano CuO/AhO) catalyst for 65 

(a) 20CuAA(S30) (b) 20CuAA(S60) (b) 20CuAA(S90) and (d) 

20CuAA(S120) 

Figure 4.8: XRD pattern of nano Cu/AI20) catalyst for (a) pure AhO) (b) 68 

20CuAA(3h) (c) 20CuAA(4h) (d) 20CuAN(3h) and (e) 

20CuAN(3h) 

Figure 4.9: SEM image of nano Cu/AhO) catalyst (1 kx) for Ca) 70 

20CuAA(3h) (b) 20CuAA(4h) (b) 20CuAN(3h) and (d) 

20CuAN(4h) 

Figure 4.10: SEM image of nano Cu/AhO) catalyst (7 kx) (a) 20CuAA(3h) 70 

(b) 20CuM(4h) (b) 20CuAN(3h) and (d) 20CuAN(4h) 

Figure 4.11: TGA and DTG thermogram of nano CuO/AbO) catalyst for 72 

(a) 20CuM(3h) (b) 20CuM(4h) (b) 20CuAN(3h) and (d) 

20CuAN(4h) 

Figure 4.12: XRD pattern of nano Cu-based catalyst for (a) pure AbO) 76 

(b) pure MgO (c) 10CuAA (d) lOCuAN (e) 10CuMA and (f) 

10CuMN 

Figure 4.13: SEM image of nano Cu-based catalyst (1 kx) for Ca) lOCuM 78 

(b) 10CuAN (c) 10CuMA and (d) 10CuMN 

Figure 4.14: SEM image of nano Cu-based catalyst (7 kx) for Ca) lOCuM 79 

(b) 10CuAN (c) 10CuMA and Cd) 10CuMN 

xiv UMS 
UNIVEASITI MALAYSIA SABAH 



Figure 4.15: SEM image of nano CU-based catalyst (a) lOCuM (b) 79 

10CuAN (c) 10CuMA and (d) 10CuMN 

Figure 4.16: N2 adsorption-desorption isotherm and pore size distribution 82 

of Nano Cu-based catalyst for (a) pure AhO) (b) lOCuM 

and (c) 10CuAN 

Figure 4.17: N2 adsorption-desorption isotherm and pore size distribution 83 

of Nano Cu-based catalyst for (a) pure MgO (b) 10CuMA 

and (c) 10CuMN 

Figure 4.18: TGA and DTG thermogram of nano Cu-based catalyst for (a) 84 

pure AhO) (b) lOCuM and (c) 10CuAN 

Figure 4.19: TGA and DTG thermogram of nano Cu-based catalyst for (a) 85 

pure MgO (b) lOCuMA and (c) lOCuMN. 

Figure 4.20: Biodiesel yield based on the composition of fatty acid 90 

methyl esters for (a) AhO) supported and (b) MgO 

supported catalyst 

Figure 4.21: XRD pattern of nano CuO/MgO catalyst activated under air 93 

condition for (a) pure MgO (b) SCuMA (c) 10CuMA (d) 

15CuMA and (e) 20CuMA 

Figure 4.22: FESEM image of nano CuO/MgO catalyst under air condition 95 

(10 kx) for (a) SCuMA (b) 10CuMA (c) 1SCuMA and (d) 

20CuMA 

Figure 4.23: FESEM image of nano CuO/MgO catalyst under air condition 96 

(50 kx) for (a) 5CuMA (b) 10CuMA (c) 1SCuMA and (d) 

20CuMA 

Figure 4.24: TEM image of nano CuO/MgO catalyst under air condition 96 

for (a) SCuMA (b) 10CuMA (c) lSCuMA and (d) 20CuMA 

Figure 4.25: FESEM image (left) and EDX (right) of nano CuO/MgO 97 

catalyst under air condition for (a) SCuMA (b) 10CuMA (c) 

15CuMA and (d) 20CuMA 

Figure 4.26: N2 adsorption-desorption isotherm and pore size distribution 100 

of nano CuO/MgO catalyst activated under air condition for 

(a) 5CuMA (b) 10CuMA (c) 1SCuMA and (d) 20CuMA 

xv UMS 
UNIVERSITI MALAYSIA SABAH 



Figure 4.27: TGA and DTG thermogram of nano CuO/MgO catalyst 101 

activated under air condition for (a) 5CuMA (b) 10CuMA (b) 

15CuMA and (d) 20CuMA 

Rgure 4.2B: XRD pattern of nano Cu/MgO catalyst activatedd under 105 

nitrogen condition for (a) pure MgO (b) 5CuMN (c) 10CuMN 

(d) lSCuMN and (e) 20CuMN 

Figure 4.29: FESEM image of nano Cu/MgO catalyst under N2 condition 107 

(10 kx) for (a) 5CuMN (b) 10CuMN (b) 15CuMN and (d) 

20CuMN 

Figure 4.30: FESEM image of nano Cu/MgO catalyst under N2 condition lOB 

(50 kx) for (a) 5CuMN (b) 10CuMN (b) lSCuMN and (d) 

20CuMN 

Figure 4.31: TEM image of nano Cu/MgO catalyst under nitrogen lOB 

condition for (a) SCuMN (b) 10CuMN (b) 15CuMN and (d) 

20CuMN. 

Figure 4.32: FESEM image (left) and EDX (right) of nano Cu/MgO 109 

catalyst under nitrogen condition for (a) SCuMN (b) 

10CuMN (b) lSCuMN and (d) 20CuMN catalyst 

Figure 4.33: N2 adsorption-desorption isotherm and pore size distribution 111 

of nano Cu/MgO catalyst activated under nitrogen condition 

for (a) 5CuMN (b) 10CuMN (c) lSCuMN and (d) 20CuMN 

Figure 4.34: TGA and DTA thermogram of nano Cu/MgO catalyst 112 

activated under nitrogen condition for (a) SCuMN (b) 

10CuMN (b) lSCuMN and (d) 20CuMN 

Figure 4.35: Effect of the reaction conditions on biodiesel yield and fatty 116 

acid methyl esters compositions on CuO/MgO catalyst 

activated under air condition 

Rgure 4.36: Effect of the reaction conditions on biodiesel yield and fatty 119 

acid methyl esters compositions on Cu/MgO catalyst 

activated under nitrogen gas condition 

Figure 4.37: Acid value of biodiesel sample for (a) CuO/MgO activated 121 

under air condition and (b) CuO/MgO activated under 

nitrogen condition 
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Figure 4.38: Iodine value of the biodiesel sample for (a) CuO/MgO 123 

activated under air condition and (b) CuO/MgO activated 

under nitrogen condition 
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LIST OF ABBREVIATIONS 

AV Acid value 

BET Brunauer-Emmet-Teller 

CPO Crude palm oil 

DTA Differential thermal analysis 

DTG Differential thermogravimetry 

EDX Energy dispersive X-ray 

EM Electron microscopy 

FAME Fatty acid methyl ester 

FESEM Field emission scanning electron microscope 

FFA Free fatty acid 

FWHM Full width at half maximum 

GC Gas chromatography 

GCMS Gas chromatography mass spectroscopy 

h Hour 

IV Iodine value 

lCPDS Joint Committee on Powder Diffraction Standards 

min Minute 

Nitrogen gas 

NLDFT Non-local Density Functional Theory 

SEM Scanning electron microscope 
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TEM Transmission electron microscope 

TG Thermogravimetry 

XRD X-ray Diffraction 

SCuAA 5 % Cu/AI203 under air condition 

SCuAN 5 % Cui Ab03 under nitrogen condition 

SCuMA 5 % CuO/MgO under air condition 

SCuMN 5 % Cu/MgO under nitrogen condition 

IOCuAA 10 % CuO/ Ab03 catalyst under air condition 

IOCuAN 10 % Cui Ab03 catalyst under nitrogen condition 

IOCuMA 10 % CuO/MgO under catalyst air condition 

IOCuMN 10 % Cu/MgO under catalyst nitrogen condition 

15CuAA 15 % CuO/Ab03 under air condition 

15CuAN 15 % Cui Ab03 under nitrogen condition 

15CuMA 15 % CuO/MgO under air condition 

15CuMN 15 % Cu/MgO under nitrogen condition 

20CuAA 20 % CuO/ AI203 under air condition 

20CuAN 20 % Cui Ab03 under nitrogen condition 

20CuMA 20 % CuO/MgO under air condition 

20CuMN 20 % Cu/MgO under nitrogen condition 

20CuAA(S30) - 30 min of sonication time on Cu-oxalate/Ab03 catalyst 

20CuAA(S60) - 60 min of sonication time on Cu-oxalate/AI203 catalyst 

20CuAA(S90) - 90 min of sonication time on Cu-oxalate/AbO 
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20CuAA{S120) - 120 min of sonication time on Cu-oxalate/ Ah03 catalyst 

20CuAA{3h) 3h activation under air condition on Cu-oxalate/AI20 3 catalyst 

20CuAA{4h) 4h activation under air condition on Cu-oxalate/Ah03 catalyst 

20CuAN(3h) 3h activation under N2 condition on Cu-oxalate/Ah03 catalyst 

20CuAN(4h) - 4h activation under N2 condition on Cu-oxalate/Ah03 catalyst 
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Pure diffraction broadening of a peak at half height (in 

radian). 

Wavelength of the diffraction beam (1.541SA) 

Angle of reflection or position of the peak in 28 

Micrometre 
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Two theta 

Biodiesel sample titration volume in millilitres 

Aluminium Oxide 

blank titration volume in millilitres 

2 % biodiesel and 98% petroleum diesel fuel 

5 % biodiesel and 95% petroleum diesel fuel 

7 % biodiesel and 93 % petroleum diesel fuel 

20 % biodiesel and 80 % petroleum diesel fuel 

100 % biodiesel 
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c Isothermal constant. 

cc/g Cubic centimeter per gram 

C Carbon 

Concentration of KOH expressed in mol L-1 

Concentration of sodium thiosulphate solution in mol L-1 

C8:0 Caprylic or Caprylate 

C 10:0 Capric or Caprote 

C 12:0 Lauric or Laurate 

C 14:0 Myristic or Myristate 

C 16:0 Palmitic or Palmitate 

C16:1 Palmitoleic or Palmitoleate 

C 18:0 Stearic or Stearate 

C 18:1 Oleic or Oleate 

C 18:2 Linoleic or Linoleate 

C 18:3 Linolenic or Linolenate 

C20:0 Arachidic or Arachidate 

C 20:1 Eicosenoic or Eicosenoate 

C 22:0 Behenic or Behenate 

C 22:1 Eurcic or Eurcate 

CaO Calcium oxide 

Cu Copper 

Copper Oxalate 
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