
Ip 
LP 
2 

PPKK 

2 

2018 



' 

1100103804 

Ip 

LP2PPKK22018 

lllllllllll�lllllllllllll�IIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
1100103804 
Study on the improvement of hydrogen storage properties, 
microstructure, and activation energy of IO wt% SrTi03-dope, 
with MgH2+Na3AIH6 composite for solid state hydrogen 
storage/ Lew Woon Bing. 

PERPUSTAKAAN SULTANAH NUR ZAHIRAH 

UNIVERSITI MALAYSIA TERENGGANU (UMT} 

21030 KUALA TERENGGANU 

11 0010380, 

RECEIVED' 1 8 JCT 2018

Lihat Sebelah 

-------. 

Perpustnkc13n Sult,inc1h Nur Zahir 
Universi I Malaysia Terengganu 



STUDY ON THE IMPROVEMENT OF HYDROGEN STORAGE PROPERTIES, 
MICROSTRUCTURE, AND ACTIVATION ENERGY OF 10 wt% SrTi03 

-DOPED WITH MgH2+ Na3AlH6 COMPOSITE FOR SOLID STATE
HYDROGEN STORAGE 

By 

LEW WOON BING 

Thesis submitted in partial fulfilment of the 
requirement for the award of the degree of 

Bachelor of Applied Science (Electronics and Instrumentation Physics) 

SCHOOL OF OCEAN ENGINEERING 
UNIVERSITI MALAYSIA TERENGGANU 

2018 



THESIS CONFIRMATION AND APPROVAL 

This is acknowledged and confirmed that thesis entitled: Study on the Improvement of 

Hydrogen Storage Properties, Microstructure, and Activation Energy of 10 wt% 

SrTi03-Doped With MgH2 + Na3AlH6 Composite for Solid State Hydrogen Storage 

by LEW WOON BING. Matric No.: S39179 have been checked and all the suggested 

corrections have been done. The thesis is submitted to School of Ocean Engineering, 

Universiti Malaysia Terengganu in partial fulfillment of the requirements for the 

award of the degree of Bachelor of Applied Science (Electronics and Instrumentation 

Physics). 

Authorized by: 

... fl., ......... .. . 
Main Supervisor 
Name: Prof.Madya Dr Mohammad Bin Ismail 

MOHAMMAD BIN \SMAIL

Official Stamp: OR. Lecturer .

h I of Ocean Engineenng
Sc oo ganu 

Universiti Malaysia Tereng 

. .... b, .... ....... . 
Programme Pita Coordinator 
Bachelor of Applied Science (Electronics and 
Instrumentation Physics) 
Name: Prof.Madya Dr Mohammad Bin Ismail 

Official Stamp: OR MOHAMMAD BIN \SMAIL

Lecturer

School of Ocean Engineering

Universit1 Malaysia TerenggallU 

11 

Date: 

Date: 



DECLARATION 

I hereby declare that this thesis is the result of my own research except as cited in the 
references. 

Signature 
Name 
Matric No. 

Date 

: ............ f! .................... . 
: LEW wolf£ BING
: S39179 

: 1/6/2018 

lll 



ACKNOWLEDGEMENTS 

First and foremost, I would like to thank my supervisor, Dr. Mohammad Bin Ismail, 
for the patient guidance, encouragement and advice he has provided throughout my 
time as his student. I have been extremely lucky to have a supervisor who cared so 
much about my work, and who responded to my questions and queries so promptly. 
Without his assistance and dedicated involvement in every step throughout the 
process, this thesis would have never been accomplished. I would like to thank you 
very much for your support and understanding over this 1 year for my final year 
project. 

I would also like to show gratitude to Dr. Nora Salina Binti Md Salim and Dr. 
Khadijah Hilmun Binti Kamarudin, as my thesis panel for giving opinions, 
suggestions and ideas for improvement of my final year project. 

I wish to express my sincere gratitude to Mr. Syarifuddin bin Yahya, which as my 
mentor to guide me in my final year project. His keen interests on me at every stage of 
my research. His prompt inspirations, timely suggestion with kindness, enthusiasm 
and dynamism have enable me to complete my thesis. 

I would like to thank to the people who helped and contributed great ideas and 
advices, especially classmates and close friends for without them, this research would 
not be possible. 

Last but not the least; nobody has been more important to me in the pursuit of this 
project than the members of my family. I would like to thank my parents, whose love 
and guidance are with me in whatever I pursue. They are the ultimate role models. 

IV 



Perpustnkaan Sultanah Nur Zahirah 
Umversiti Malaysia Terengganu. 

STUDY ON THE IMPROVEMENT OF HYDROGEN STORAGE 

PROPERTIES, MICROSTRUCTURE, AND ACTIVATION ENERGY OF 10 

wt% SrTi03-DOPED WITH MgH2 + Na3AIH6 COMPOSITE FOR SOLID 

STATE HYDROGEN STORAGE 

ABSTRACT 

In this study, the hydrogen storage properties of 10 wt% SrTi03 added to MgH2 + 

Na3AlH6 were investigated for the first time. MgH2 + Na3AlH6 doped with SrTi03

exhibited an improvement on the onset dehydrogenation temperature and isothermal 

de/rehydrogenation kinetics compared with the un-doped MgH2 + Na3AlH6

composite. The X-ray diffraction result for the MgH2 and Na3AlH6 had confirmed that 

the samples do not have any impurity as no other peak was detected. Besides, the X

ray diffraction patterns also showed that SrTi03 did not decompose throughout the 

heating processes. Meanwhile, result from the pressure-composition-temperature 

showed that the initial desorption temperature of the doped composite was lowered by 

20°C and the hydrogen absorption and desorption capacity were improved around 

1.15 wt% and 0.4 wt%, respectively. The Kissinger analysis demonstrated that the 

apparent activation energy of the composite was reduced from 129.7 kJ/mol to 117.1 

kJ/mol after doped with SrTi03. Meanwhile, the scanning electron microscope results 

proved that the composite with the additive of SrTi03 showed the smallest particle 

sizes compared to the un-doped composite. In conclusion, the hydrogen storage 

properties of MgH2 + Na3AlH6 were improved with the addition of the SrTi03

additive. 
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KAJIAN TERHADAP PENINGKA TAN CIRI-CIRI PENYIMPANAN 

IDDROGEN, STRUKTUR MIKRO DAN TENAGA PENGAKTIFAN BAGI 

PENYIMPANAN HIDROGEN PEPEJAL MgH2 + Na3AIH6 YANG DITAMBAH 

DENGAN 10 wt% SrTi03 

ABSTRAK 

Dalam kajian ini, cm-cm peny1mpanan hydrogen bagi MgH2 + Na3AlH6 yang 

ditambah dengan 10 wt% SrTi03 pemangkin telah dikaji buat kali pertama. MgH2 + 

Na3AlH6 yang ditambahkan dengan SrTi03 memperlihatkan peningkatan dalam suhu 

permulaan dehidrogenasi dan hidrogenasi dan dehidrogenasi kinetika isoterma 

berbanding komposit MgH2 + Na3AlH6 asal. Hasil daripada difraksi sinar-X untuk 

MgH2 dan Na3AlH6 telah mengesahkan bahawa sampel tidak mempunyai sebarang 

bendasing kerana tiada puncak lain yang dikesan. Selain itu, corak difraksi sinar-X 

juga menunjukkan bahawa SrTi03 tidak terurai sepanjang proses pemanasan. 

Sementara itu, hasil daripada kajian suhu-komposisi-tekanan menunjukkan bahawa 

suhu penyerapan awal komposit yang dicampurkan pemangkin telah diturunkan 

sebanyak 20°C dan kapasiti penyerapan dan pelepasan hidrogen meningkat sekitar 

1.15 w% dan 0.4 w%. Analisis Kissinger menunjukkan bahawa tenaga pengaktifan 

komposit dikurangkan dari 129.7 kJ/mol kepada 117.1 kJ/mol selepas ditambah 

dengan SrTi03. Sementara itu, hasil pengimbasan mikroskop elektron membuktikan 

bahawa komposit dengan bahan tambahan SrTi03 menunjukkan saiz zarah terkecil 

berbanding dengan komposit yang tidak dicampurkan pemangkin. Sebagai 

kesimpulan, ciri-ciri penyimpanan hydrogen bagi MgH2 + Na3AlH6 telah diperbaiki 

dengan penambahan pemangkin SrTi03. 
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