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ABSTRACT

Hydrogen was adsorbed using mixed oxides adsorbents derived from (Ni) Mg-Al
hydrotalcite-like compounds (HTIcs). This is a novel study on the use of these mixed
oxides to adsorb hydrogen as these materials have never been investigated for use as
hydrogen storage media. A previous study has only used the as-synthesized HTlcs to
adsorb hydrogen and no hydrogen adsorption was observed in the study. In this study the
HTlcs were synthesized via the coprecipitation method and were calcined at various
temperatures to obtain the corresponding mixed oxides. Characterizations of the as-
synthesized and calcined samples were also conducted. XRD characterizations of the as-
synthesized samples showed that the hydrotalcite-like phase was obtained and MgO and
NiO (only for Ni-Mg-Al HTlcs) were formed after the calcination step. Furthermore, the
FTIR showed that the HTIlcs contained water and carbonate ions before and after
calcination. However, calcination at high temperatures (750°C and 900°C) caused
destruction of the hydrotalcite structure which cannot be reconstructed via rehydration.
Meanwhile, it was found that the BET specific surface area generally increases after
calcinations at moderate temperatures but decreases at higher calcination temperature.
Additionally, TPR showed that only a small amount of hydrogen uptake (1.4mmol/g)
occurred when the Mg-Al HTlcs were used which may be due to the low reducibility of
the material while addition of Ni showed increase in H, uptake of Ni-Mg-Al HTlcs
(3.3mmol/g) with the same Mg/Al molar ratio. The adsorption of hydrogen following the
material reduction in the TPR experiments is indicated by tailings in the reduction profile.
Meanwhile, the hydrogen adsorption capacity determined by thermogravimetric analysis
conducted at temperatures of 400°C, 200°C and 100°C indicated that Ni-Mg-Al HTlcs
with Ni/Mg/Al molar ratio of 1:2:1 adsorbed the highest amount of hydrogen (3 wt% at
100°C). In conclusion, the high reducibility and the hydrotalcite-like structure of the Ni-

Mg-Al HTlc make it the most favourable material for hydrogen storage in this study.
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ABSTRAK

Hidrogen telah diserap menggunakan oksida campuran yang diterbitkan dari
(Ni)Mg-Al hidrotalsit (HTIcs). Kajian ini adalah pertama kali dijalankan kerana sebelum
ini didapati tiada kajian mengenai penggunaan oksida campuran terbitan HTlcs sebagai
media penyerapan hydrogen. Penyiasatan sebelum ini hanya menggunakan hidrotalsit
yang disintesis untuk menyerap hydrogen tetapi tiada penyerapan hidrogen dilaporkan.
Dalam kajian ini, HTlcs telah disintesis menggunakan kaedah pemendakan bersama dan
dikalsinasi untuk mendapatkan oksida campuran. Pencirian bahan juga turut dilakukan ke
atas sampel sebelum dan selepas kalsinasi. Hasil analisis belauan sinar-X, XRD
menunjukkkan fasa hidrotalsit telah diperoleh sebelum kalsinasi dan oksida campuran
MgO dan NiO (bagi Ni-Mg-Al HTIcs) dihasilkan selepas kalsinasi. Spektroskopi jelmaan
Fourier inframerah, FTIR menunjukkan semua HTlcs sebelum dan selepas kalsinasi
mengandungi air dan ion karbonat (CO3*). Namun, suhu kalsinasi yang tinggi (750°C
dan 900°C) telah memusnahkan struktur hidrotalsit dan tidak dapat dipulihkan melalui
rehidrasi. Luas permukaan spesifik BET didapati meningkat setelah sampel melalui
proses kalsinasi pada suhu sederhana namun nilai ini berkurang apabila suhu kalsinasi
lebih tinggi digunakan. Penurunan berprogram suhu, TPR menunjukkan bahawa hanya
sejumlah kecil hidrogen digunakan oleh Mg-Al HTlcs (1.4mmol/g) kemungkinan
disebabkan oleh kadar penurunan bahan yang rendah tetapi nilai penggunaan hidrogen ini
meningkat dengan penambahan logam nikel (3.3mmol/g). Penyerapan hidrogen dalam
kaedah TPR dapat dikesan dari bentuk profil penurunan. Penyerapan menggunakan
analisis gravimetri terma, TGA yang telah dilakukan pada suhu 400°C, 200°C dan 100°C
menunjukkan Ni-Mg-Al HTlcs dengan nisbah molar Ni/Mg/Al sebanyak 1:2:1 telah
menyerap jumlah hidrogen yang paling banyak (3wt% pada 100°C). Kesimpulannya,
kadar penurunan yang tinggi dan struktur hidrotalsit yang dimiliki oleh Ni-Mg-Al HTlcs

menjadikannya lebih sesuai untuk menyerap hidrogen dalam kajian ini.
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PREFACE

In recent years, there has been extensive research on the potential of using hydrogen
as an alternative to fossil fuels. However, a major barrier that has to be overcome in order
to make hydrogen economy a reality is the lack of efficient hydrogen storage technology.
Conventional storage methods such as compressed hydrogen and liquefied hydrogen have
limitations in terms of space and safety and high energy consumption. Another potential
approach of storing hydrogen is by adsorption in solid adsorbents such as metal hydrides,
carbon materials, metal organic frameworks, zeolites and metal oxides but each material
has their own limitations for hydrogen storage applications. Hydrotalcite-derived mixed
oxides is a new material worth investigating for hydrogen storage potential as these
materials have adsorbent characteristics such as high specific surface area and thermal
stability. This study involves the synthesis of (Ni-)Mg-Al Hydrotalcite-like compounds
and the respective mixed oxides, and characterization and testing for their hydrogen

adsorption capability.
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