
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE EFFECT OF CALCIUM OXIDE ADDITION IN 

CHITOSAN SAGO COMPOSITE CONDUCTIVITY   
 

 

                                                                                                                                                     

 

 

 

Alvee Liong 
 

 

 

 

 

 

 

 

 

 

 

Bachelor of Engineering with HonoBachelor of Engineering with HonoBachelor of Engineering with HonoBachelor of Engineering with Honouuuursrsrsrs    

(Mechanical and Manufacturing Engineering(Mechanical and Manufacturing Engineering(Mechanical and Manufacturing Engineering(Mechanical and Manufacturing Engineering))))    
2009200920092009    

 



 

 

UNIVERSITI MALAYSIA SARAWAK 

                                                                                                                                R13a 

BORANG PENGESAHAN STATUS TESIS 

 

 

 

 

mengaku membenarkan tesis * ini disimpan di Pusat Khidmat Maklumat Akademik, Universiti Malaysia Sarawak 

dengan syarat-syarat kegunaan seperti berikut: 

 

1.              Tesis adalah hakmilik Universiti Malaysia Sarawak. 

2.              Pusat Khidmat Maklumat Akademik, Universiti Malaysia Sarawak dibenarkan membuat salinan untuk 

                 tujuan pengajian sahaja. 

3.              Membuat pendigitan untuk membangunkan Pangkalan Data Kandungan Tempatan. 

4.              Pusat Khidmat Maklumat Akademik, Universiti Malaysia Sarawakdibenarkan membuat salinan tesis ini 

                 sebagai bahan pertukaran antara institusi pengajian tinggi. 

5.              **Sila tandakan ( √ ) di kotak yang berkenaan. 

 
                              
 

 

 

 

 

 

 

 

 

 

 

 

CATATAN           *             Tesis dimaksudkan sebagai tesis bagi Ijazah Doktor Falsafah, Sarjana dan Sarjana Muda. 

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

                                                        berkenaan dengan menyatakan sekali sebab dan tempoh tesis ini perlu dikelaskan sebagai 

                                             SULIT atau TERHAD.  

Judul: THE EFFECT OF CALCIUM OXIDE ADDITION IN 

 CHITOSAN-SAGO COMPOSITE CONDUCTIVITY 

  

 

SESI PENGAJIAN: 2008/2009 

 

 

Saya ALVEE LIONG 

(HURUF BESAR) 

 

 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 dimana penyelidikan dijalankan). 

 

 TIDAK TERHAD 

 

 

 

                Disahkan oleh 
 

   
(TANDATANGAN PENULIS) (TANDATANGAN PENYELIA) 

 

               Alamat tetap: 

P.O.BOX 67, 89308 RANAU  CIK NORFAMILA CHE MAT 
 
SABAH 

Nama Penyelia 

 

Tarikh: 13 APRIL 2009                Tarikh:  
 



 

 

Approval Sheet 
 

 

Final Year Project Report below: 

 

Title                      :  The Effect Of Calcium Oxide Addition In Chitosan Sago 

Composite Conductivity   

Author                  : Alvee Liong 

Matrix No.            : 13696 

 

 

 

 

Has been read and certified by: 

 

 

 

 

 

 

 

 
Ms. Norfamila Che Mat  

  
Date 

 

 

 



 

 

THE EFFECT OF CALCIUM OXIDE ADDITION ON 

CHITOSAN-SAGO COMPOSITE CONDUCTIVITY  

 

 

 

 

 

ALVEE LIONG  
 

 

 

 

 

 

 

Thesis is submitted to 

Faculty of Engineering, University Malaysia Sarawak 

In Partial fulfillment of the requirements for the Bachelor Degree of Engineering 

With Honours (Mechanical and Manufacturing Engineering) 2009 



i 

 

THE EFFECT OF CALCIUM OXIDE ADDITION IN 

CHITOSAN-SAGO COMPOSITE CONDUCTIVITY  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ALVEE LIONG  
 

 

 

 

 

Thesis is submitted to 

Faculty of Engineering, University Malaysia Sarawak 

In Partial Fulfillment of the Requirements for the Bachelor Degree of Engineering 

With Honours (Mechanical and Manufacturing Engineering) 2009 



ii 

 

 

 

 

Dedication; 

To my beloved family and friends 

  



iii 

 

ACKNOLEDGEMENT  

  

 I would to take this opportunity to thank to my advisor, Miss Norfamila Che Mat 

for the opportunity to work under her, her guidance and advices.  

 I would also like to acknowledge my lab-mates, Syitzain, Henry and Rashid for 

their assistance, discussion and for sharing their experiences and wishes them luck for 

their final year project.  A deeply gratitude to help from the SEM laboratory, FSTS 

laboratory and of course, I greatly appreciate and cherish the friendships developed with 

my colleagues who have given me generous assistance and moral support in completing 

this research. Gratitude is due to all the lecturers and technician who have given me their 

opinion and advice. 

 Finally, thanks to UNIMAS for providing me the facilities and for giving me 

opportunity to do this research for my final project.  



iv 

 

ABSTRAK 

Sel basah metanol (DMFC) di laporkan mempunyai sumber kuasa yang tinggi di 

mana sel ini berasaskan membran elektolit polimer Nafion
®
. DMFC bersifat mesra alam 

kerana penghasilan CO2 yang rendah dan penghasilan SOx dan NOx yang minimum. 

Namun DMFC masih berhadapan beberapa masalah seperti kepekatan kuasa yang 

rendah yang disebabkan oleh kebolehrentasan metanol dan penyahidarasi PEM pada 

suhu yang tinggi.  Dilaporkan bahawa DMFC yang berkeberkesanan adalah apabila sel 

itu memiliki kebolehaliran metanol yang rendah dan penyerapan air yang tinggi. 

Kandungan membran diperbuat daripada sagu, chitosan dan kalsium oksida. Menurut 

kajian sagu berupaya meningkatkan mobiliti ion-ion di dalam sel, manakala chitosan 

berupaya meransang tindakbalas elektrostatik dan cirri-ciri kalsium oksida 

membolehkan membran mencapai kestabilan termal yang lebih baik pada suhu operasi 

yang tinggi. Ujikaji SEM membuktikan penambahan CaO sebanyak 20% daripada 

komposisi mampu meningkatkan kebolehserapan air dan menyumbang kepada 

pemisahan fasa. Dari ujikaji kebolehaliran metanol, penambahan CaO mampu 

mengurangkan keboleh rentasan methanol dan di dapati CaO mampu menyerap molekul 

metanol yang mana juga menyekat molekul metanol. Dari ujikaji kebolehserapan air, 

pemerhatian mendapati CaO membantu sago dan chitosan untuk menyerap air dengan 

lebih banyak. Keputusan yang diperolehi daripada penyukatan voltan turut menyokong 

keputusan daripada ujikaji yang lain, kebolehserapan air yang tinggi dan kebolehaliran 

methanol yang rendah, membolehkan CaO meransang pengangkutan ion-ion dan 

menigkatkan kebolehaliran elektrik di dalam PEM seterusnya membuktikan yang 

membran chitosan-sagu-CaO mempunyai potensi  untuk diaplikasikan di dalam DMFC.  
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ABSTRACT  

 Direct methanol fuel cell (DMFC) has been reported to comprise high promising 

power source which is based on polymer electrolytes membrane (PEM) using Nafion
®
 . 

DMFC has been reported to be environmental friendly due to its low CO2 emission and 

insignificant SOx and NOx. However DMFC is hindered by some important issues such 

as low power density due to methanol crossover and PEM dehydrated at high 

temperature operation. It has also been reported that an effective DMFC membrane 

posses low methanol uptake and high water content. In this study, fabricated membranes 

for DMFC comprise of sago, chitosan and calcium oxide (CaO). Sago could facilitate 

the mass transport (protons and electrons) due to its hydrophilicity (water-like), while 

chitosan could leads to higher electrostatic interactions. Incorporating CaO as inorganic 

filler would result in better thermal stability. From the Scanning Electron Microscope 

(SEM) test that has been carried out, we found out that the addition of CaO at 20 wt% 

into chitosan-sago polymeric matrix increased the water uptake and lead to phase 

separation. On the other hand, in methanol uptake test, addition of CaO will decrease the 

methanol crossover thus CaO could be suggested to act as a methanol barrier. 

Meanwhile, the water uptake test that has been carried out showed that CaO help to 

facilitate sago and chitosan to absorb more water. As comparison, the voltage 

measurement tests were correlated with the other tests. In conclusion, chitosan-sago-

CaO composite membrane has the potential to be applied in DMFC system.  
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Chapter 1 

 

 

1.0 Introduction 

 

 

 

World today facing with the increased in oil prices due to the depletion of oil 

sources. Up to now, many ideas and new energy sources were proposed that is 

cheaper and are renewable. On the other hand, fuel cell is a new energy source that 

widely used as a renewable energy source today due to the ability of its technology 

for mobile energy storage in the future.  

Furthermore, the use of hydrogen makes it unique and reliable. Fuel cells are 

very useful as power sources in remote locations, such as spacecraft, remote weather 

stations, large parks, rural locations, and in certain military applications. A fuel cell 

system running on hydrogen can be compact and lightweight, and have no major 

moving parts.  

Nowadays fuel cell also being applied in micro combined heat and power, 

which is generating energy for family homes, office, schools building and factories. 

The system generates electric power and at the same time use for heating air and 

water from the waste heat (Cook, B., 2002). Fuel cell is well known as an 

environment friendly energy source as it does not involve any combustion. It has 

been reported that fuel cell has high energy conversion due to ability to convert 

chemical energy directly into electrical energy (O’Hayre, R et al, 2007). 
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There are few types of fuel cells that are being developed such as phosphoric acid 

fuel cell (PAFC), polymer electrolyte membrane fuel cell (PEMFC), alkaline fuel 

cell (AFC), molten carbonates fuel cell (MCFC) and solid-oxide fuel cell (SOFC) 

(Tony M. Thampan, 2003).Direct methanol fuel cell or DMFC which is PEMFC 

based fuel cell utilizing methanol has been reported that it has high-energy density 

(Tony M. Thampan, 2003). 

In this project we use a mini DMFC to find out the effects of using natural 

7biopolymer based membrane made from calcium oxide with blended sago and 

chitosan on the membrane’s performance.   
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1.1 Direct methanol fuel cell (DMFC) fundamental 

        This section will gives an overview about direct methanol fuel cells and the fuel 

cell systems. It will cover all the basic elements in a common DMFC and the basic 

working principles of DMFC.  

 

 

1.1.1 DMFC components 

 

Figure 1.1.1: General direct methanol fuel cell (www.fueleconomy.gov, 2008) 

 

The general explanation for each parts of the cell stated as below  

• Anode: the negative electrode, or anode, is made of porous carbon coated 

with tiny particles of platinum, an expensive metal. The platinum acts as a 
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catalyst, causing the hydrogen atoms to spilt into positive and negative ions. 

(B.J. Holland et al, 2007) 

• Cathode: the cathode is made of porous carbon coated with tiny particles of 

platinum. The platinum acts as a catalyst to help the positive and negative 

hydrogen ions combine with oxygen to form water. ( B.J. Holland et al, 2007) 

• Polymer electrolytes membrane: this membrane, also called a polymer 

electrolyte membrane, resembles a very thick plastic wrap and is relatively 

strong. The PEM allows positive ions to pass through, but negatively charged 

electrons must go around the membrane, creating an electric current. 

(Paravatsu Badrinarayanan, 1997) It also keeps the hydrogen and oxygen 

gases from passing through and combining with one another. A PEM must be 

properly humidified to operate correctly. 

• Carbon backing: backing layers are made of porous paper or cloth and 

sandwiched between the electrodes and flow fields on each side of the cell on 

the anode side, this layer helps spread out the hydrogen gas so that it reaches 

the entire surface of the anode, it also helps conduct the electrons away from 

the anode and toward the external circuit. (Paravatsu Badrinarayanan, 1997).  
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1.1.2 Working principle 

         Basically, the direct methanol fuel cell is a proton exchange membrane fuel cell 

that is fed with methanol fuel. The two catalytic electrodes where the methanol 

oxidation (anode) and the oxygen reduction (cathode) occur are separated by a 

membrane which conducts protons from anode to cathode and at the same time 

blocked the other diffusion. The combination of electrodes and membranes is called 

membrane electrode assembly (MEA). Aqueous methanol is fed at the anode side. It 

diffuses through the diffusion layer to the catalytic layer where it is 

electrochemically oxidized into mainly carbon dioxide, protons and electrons. 

Protons formed during this reaction diffuse through the membrane to the cathode 

catalytic layer. They participate in oxygen reduction to form water at cathode side. 

The oxygen may be pure and may also come form air. 

 

 

1.2 Advantages of DMFC 

 DMFC  posses a number of advantages such as a liquid fuel, quick refueling, 

low cost of methanol and the compact cell, design making it suitable for various 

potential applications including stationary and portable applications. DMFCs are also 

environmentally friendly. Although carbon dioxide is produced, there is no 

production of sulfur or nitrogen oxides. It has been reported so far the advantages of 

DMFC are as follow:  

 

 

 

 

 

 

 


