
UNIVERSITI MALAYSIA PAHANG 

 

BORANG PENGESAHAN STATUS TESIS 

 

JUDUL:    INVESTIGATION OF BIODIESEL FUEL PROPERTIES WITH   

THE DISPERSION OF CARBON NANOTUBES 

 
SESI PENGAJIAN: 2011/2012 

 
Saya,                           DINISH A/L THEGARAJU (880103-35-5161)  

      

mengaku membenarkan tesis (Sarjana Muda / Sarjana / Doktor Falsafah)* ini disimpan di 

perpustakaan dengan syarat-syarat kegunaan seperti berikut: 

 

1. Tesis ini adalah hakmilik Universiti Malaysia Pahang (UMP). 

2. Perpustakaan dibenarkan membuat salinan untuk tujuan pengajian sahaja. 

3. Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan pertukaran antara institusi  

pengajian tinggi. 

4. **Sila tandakan (√) 

 

SULIT (Mengandungi maklumat yang berdarjah keselamatan atau  

kepentingan Malaysia seperti yang termaktub di dalam AKTA 

RAHSIA RASMI 1972) 

 

TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan oleh 

organisasi / badan di mana penyelidikan dijalankan) 

    

 

TIDAK TERHAD 

 

           Disahkan oleh: 

 

 

_________________________    __________________________ 

(TANDATANGAN PENULIS)    (TANDATANGAN PENYELIA) 

 

Alamat Tetap: 

 

K.B. 510 Ldg. Sri Gading,   AHMAD BASIRUL SUBHA BIN ALIAS 

83009 Batu Pahat,               (Nama Penyelia) 

Johor Darul Ta’zim.        

 

Tarikh: 25 JUN 2012     Tarikh: 25 JUN 2012 
 

 

CATATAN:   *    Potong yang tidak berkenaan.  

                      ** Jika tesis ini SULIT atau TERHAD, sila lampirkan surat daripada pihak berkuasa/organisasi   

berkenaan dengan menyatakan sekali tempoh tesis ini perlu dikelaskan sebagai SULIT atau 

TERHAD. 

 Tesis dimaksudkan sebagai tesis bagi Ijazah Doktor Falsafah dan Sarjana secara 

Penyelidikan, atau disertasi bagi pengajian secara kerja kursus dan penyelidikan, atau 

Laporan Projek Sarjana Muda (PSM). 

     √ 



 

 

 

INVESTIGATION OF BIODIESEL FUEL PROPERTIES WITH THE 

DISPERSION OF CARBON NANOTUBES 

 

 

 

 

 

 

DINISH S/O THEGARAJU 

 

 

 

 

 

 

Report submitted in partial fulfillment of the requirements  

for the award of Bachelor of Mechanical Engineering with Automotive Engineering 

 

 

  

 

 

 

Faculty of Mechanical Engineering 

UNIVERSITI MALAYSIA PAHANG 

 

 

 

 

 

 

JUNE 2012 

 

 

 



ix 

 

TABLE OF CONTENTS 

 

Page 

TITLE                            i 

EXAMINER DECLARATION              ii 

SUPERVISOR DECLARATION              iii 

STUDENT DECLARATION             iv 

DEDICATION                v 

ACKNOWLEDGEMENT              vi 

ABSTARCT               vii 

ABSTRAK              viii 

TABLE OF CONTENTS              ix 

LIST OF TABLES               xi 

LIST OF FIGURES             xiii 

LIST OF SYMBOLS             xv 

LIST OF ABBREVIATIONS           xvi 

LIST OF APPENDICES           xvii 

 

CHAPTER 1  INTRODUCTION 

         

1.1 Project Background               1 

1.2 Problem Statement               2 

1.3 Project Objective               2 

1.4 Project Scope                2 

 

CHAPTER 2  LITERATURE REVIEW 

 

2.1 Introduction                4 

2.2 Background of Study               4 

2.3 Biodiesel                5 

 2.3.1 Advantages and Disadvantages of Biodiesel           6 

2.4 Biodiesel Production               9 

2.5 Diesel Engine              11 



x 

 

2.6 Carbon Nanotube             12 

2.7 Cetane Number             15 

2.8 Viscosity              19 

2.9 Density              20 

2.10 Higher Heating Value             23 

2.11 Flash Point              23 

2.12 Cold Flow Properties             25 

2.13 Thermal Conductivity             25 

2.14 Summary              27 

 

CHAPTER 3  RESEARCH METHODOLOGY 

 

3.1 Introduction              29 

3.2 Flow Chart Description            31 

 3.2.1 Project Introduction            31 

 3.2.2 Literature Study            31 

 3.2.3 Sample Preparation            31 

 3.2.4 Determination of Key Fuel Properties         33 

  3.2.4.1 Higher heating value           33 

  3.2.4.2 Cetane number           34 

  3.2.4.3 Flash point            35 

  3.2.4.4Thermal conductivity           35 

  3.2.4.5 Weigh scale            36 

  3.2.4.6 Ultrasonication homogenizer          37 

  3.2.4.7 Glassware            39 

3.5 Water Bath System               39 

 3.5.1 Water Bath System Container Design           40 

3.6 Pour Point                         42 

 

CHAPTER 4  RESULT AND DISCUSSION 

 

4.1 Introduction              44 

4.2 Analysis of Water Bath System           44 



xi 

 

 4.2.1 Effect of Stirring on Homogeneity and Temperature        44 

4.3 Thermal Conductivity Analysis           46 

4.4 Flash Point Analysis             50 

4.5 Pour Point Analysis             52 

4.6 Cetane Number Analysis            54 

4.7 Higher Heating Value Analysis           56 

 

CHAPTER 5  CONCLUSION AND RECOMMENDATION 

 

5.1 Introduction              59 

5.2 Conclusions              59 

5.3 Recommendations             61 

 

REFERENCES              63 

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 

 

LIST OF TABLES 

 

Table No.           Title      Page 

 

2.1  Properties of biodiesel and vegetable oil                    6 

 

2.2  Properties of carbon nanotubes and other common materials       14 

 

2.3  Cetane number of biodiesel esters          17 

 

2.4  Oxidization effect of methyl esters on cetane number       18 

 

2.5  Thermal conductivities of various solids and liquids        26 

 

2.6  Thermal properties of biodiesel and diesel mixtures        27 

 

3.1  Volume concentration of CNT in biodiesel         32 

 

3.2  Specification of the weigh scale          37 

 

4.1  Homogeneity of water temperature with and without stirring effect      45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 

 

LIST OF FIGURES 

 

Figure No.          Title      Page 

   

2.1  Emissions of biodiesel compared with petro-diesel                     7 

 

2.2  A schematic diagram for biodiesel production         10 

 

2.3  Comparison of fuel prices           10 

 

2.4  CNT shapes             13 

 

2.5  Relationship between cetane number and ignition delay       15 

 

2.6  Relationship between viscosity and methyl ester amount in                  

   biodiesel fuel             20 

 

2.7  Relationship between density and methyl ester amount in                         

  biodiesel fuel             22 

 

2.8  Relationship between density and temperature of biodiesel       22 

 

2.9  Relationship between flash point and number of atoms and number 

  of double bonds in fuel chains          24 

 

3.1  Final year project flow chart           30 

 

3.2  Samples of CNT-biodiesel blends          33 

 

3.3  Oxygen bomb calorimeter           34 

 

3.4  Octane meter             34 

 

3.5  Petrotset machine            35 

 

3.6  KD2PRO apparatus and the reading probe         36 

 

3.7  Relationship between particle size and total particle surface       38 

 

3.8  Scientz ultrasonic homogenizer          39 

 

3.9  Water Bath Machine            40 

 

3.10  Sample container holding steel plate with the clamp        41 

 

3.11  Water bath system water container design         42 

 

3.12  K46100 pour point and cloud point apparatus        43 



xiv 

 

3.13  Sample container containing sample fuel during pour point testing      43 

 

4.1  Dye dispersion in water without stirring effect        45 

 

4.2  Dye dispersion in water with stirring effect         46 

 

4.3  Thermal conductivity of D100 without CNT in relation to                 

  temperature             47 

 

4.4  Thermal conductivity of B100 in relation to temperature       48 

 

4.5  Thermal conductivity of D20 in relation to temperature       48 

 

4.6  Thermal conductivity of D10 in relation to temperature       49 

 

4.7  Flash point of fuel blends in relation to various volume                        

  concentrations of CNT             51 

 

4.8  Pour point of B100 in relation to various volume                           

  concentrations of CNT            52 

 

4.9  Pour point of B20 in relation to various volume                                      

  concentrations of CNT           53 

 

4.10  Pour point of B10 in relation to various volume                                

  concentrations of CNT           53 

 

4.11  Cetane number of fuel blends in relation to various volume            

  concentrations of CNT           55 

 

4.12  Higher heating values of fuel blends in relation to volume        

  concentrations of CNT            57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 

 

LIST OF SYMBOLS 

 

%  Percentage 

 

°C  Degree Celsius 

 

cm  Centimeter 

 

cP Centipoise 

 

g  Grams 

 

kg  Kilogram 

 

m  Meter 

 

mm/s²  Millimeter per Square Second 

 

Nm  Nanometer 

 

Pa  Pascal  

 

% vol  Volume Percentage 

 

W/m-K Thermal Conductivity 

 

ρ  Density 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvi 

 

LIST OF ABBREVIATIONS 

 

API  American Petroleum Institute’s 

 

ASTM  American Standard of Testing Materials 

 

CNT  Carbon Nanotube(s) 

 

FKM  Faculty of Mechanical Engineering 

 

FTP  Federal Test Procedure 

 

FYP  Final Year Project 

 

SWNTs Single-Walled Nanotubes 

 

MWNTs Multi-Walled Nanotube 

 

SAE  Society of Automobile Engineers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvii 

 

LIST OF APPENDICES 

 

Appendix     Title        Page 

 

A1  Gantt chart for Final Year Project 1          66 

 

A2  Gantt chart for Final Year Project 2          67 

 

B1  Thermal conductivity of D100 in relation to temperature       68 

 

  Thermal conductivity of B100 in relation to temperature       68 

 

B2  Thermal conductivity of D20 in relation to temperature       69 

 

  Thermal conductivity of D10 in relation to temperature       69 

 

C  Fuel blends flash point in relation to various volume       

  concentration of CNT            70 

 

D  Fuel blends pour point in relation to various volume                

  concentration of CNT            71 

 

E  Fuel blends cetane number in relation to various volume      

  concentration of CNT            72 

 

F  Fuel blends higher heating value in relation to various volume  

  concentrations of CNT           73 


