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Abstract. Activated alumina is a high surface area and highly porous 
form of aluminum oxide that can be employed for contaminant species 
adsorb from ether gases or liquids without changing its form. The research 
in getting this material has generated huge interested. Thus, this paper 
presented preparation of activated alumina from chemical process. Pure 
aluminum (99.9% pure) reacted at room temperature with an aqueous 
NaOH in a reactor to produce a solution of sodium aluminate (NaAlO2). 
This solution was passed through filter paper and the clear filtrate was 
neutralized with H2SO4, to pH 6, 7 or 8, resulting in the precipitation of a 
white gel, Al(OH)3·XH2O.  The washed gel for sulfate ions were dried at 
80 ◦C for 6 h, a 60 mesh sieve was to separate and sort them into different 
sizes. The samples were then calcined (burn) for 3h in a muffle furnace, in 
air, at a heating rate of 2 ◦C min−1. The prepared activated alumina was 
further characterized for better understanding of its physical properties in 
order to predict its chemical mechanism.  

1 Introduction  
The water treatment technology via aluminum has gained a great importance in recent time 
competing with conventional technologies in various industrial fields in particular for 
chemical and petrochemical industries that material have shown capability to treat water 
long time in history [1]. Currently, Aluminum play a special role in the field of energy and 
electric power as one of the elemental parts of conducting material due to availability and 
cheapness that material has gain a wider application, it has be use through the with help 
addition component such membrane, use in separation process technology which appeared 
[2-5]. Since the beginning of 1960’s, aluminum was used as coagulant in local water 
purification. At the beginning of 1970’s, the first industrial installation of membrane using 
aluminum was initiated and using this platform, the water purification related activities 
rapidly grown and developed large-scale commercial [6].  With this initiative, it began to 
insert significant improvements in membrane selectivity / permeability and process design  
[3].  
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The main goal of improving the membranes permeability is to achieve constant quality, 
high performance membrane and systems for desired applications with enhanced 
troubleshooting capabilities [7]. Moreover, based on this membrane development, the 
removal of contaminate from in water is taking great interest in the last decades from the 
environmental and energy perspective, respectively [8]. From the environmental view 
point, heavy metals considered one of the major element which causes a pollution in the 
water and the environment as well as being a main reason of the health issue because its 
increased concentrations of the this element due to the wide use of the industrial process as 
a main source of heavy metal [9]. While from the health perspective, metal heavy is one of 
the most pollutants in the feeding of natural environment and therefore must be removed 
because it subsequently lead to reduction of the bring health problem [10].  

The alumina based technology in addition to what has been mentioned, its can equally 
play a major role in making water purification processes economically feasible. Today, 
treatment with aluminum are a promising, effective and reliable solution when compared to 
the traditional process in terms of effective cost, preserving environmental and capability to 
remove contaminants such as carbon dioxide and hydrogen sulfide across wide range of 
operating conditions [11]. The process of forming good treatment depends mainly on the 
selection of appropriate materials meaning making aluminum active and is one of the key 
factors to produce a good treatment and the success of the performance process.  In general, 
material prepared which consists of polymer, solvent and non-solvent using are the major 
techniques to produce asymmetric membrane structural [12]. 

For the membrane fabrication technique, the mechanism to invert phase is introduced by 
called phase inversion and subsequent immersion precipitate process is a proposed and 
well-known approach for making polymeric based membranes device [13]. However, this is 
not well promising like activated alumina. By the activated aluminum with the immersion 
of a designed substrate in pre-coagulation bath and solvent in the solution is transferred 
with a non-solvent in the precipitating media and phase thus, phase inversion occurs [14]. 
Good number of research communities has tried to attempt to give the explanation on the 
membrane-forming and development mechanism during and after the phase inversion 
process [14-18]. 

For instance, in membrane fabrication, addition of non-solvent additive into activated 
alumina formulation might be useful due to its influence to physical properties of 
membrane such as pore formation, pore distribution by suppression of macro voids or 
micro voids evolution [19-23].  

2 Materials and Methods 
The samples of aluminum powder was obtained in Meridian World Sdn. Bhd, which is one 
of the environmental service providing company at Sungai Petani, Kedah Darul Aman, 
Malaysia. Pure aluminum (99.9% pure), reacted, at room temperature, with a aqueous 
NaOH in a reactor to produce a solution of sodium aluminate (NaAlO2). This solution was 
passed through filter paper and the clear filtrate was neutralized with H2SO4, to pH 6, 7 or 
8, resulting in the precipitation of a white gel, Al(OH)3·XH2O.  The gel was washed until 
no more sulfate ions were detected in the washings. Finally, they were dried at 80 ◦C for 6 
h, then ground and passed through a 60 mesh sieve .The samples were then calcined (burn) 
for 3h in a muffle furnace, in air, at a heating rate of 2 ◦C min−1. Finally activated alumina 
was obtained.  
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Fig.1. Show the prepared alumina (a) Bubbles (b) Bubbles settled (c) Slake alumina (d) final process 
for the alumina preparation.  

The prepared alumina via the pure aluminum (99.9% pure) reaction was observed 
during proves Fig.1 shown the bubbles raising during the reaction, from the Fig. 1b , the 
bubbles settle down at room temperature, with a aqueous NaOH in a reactor to produce a 
solution of sodium aluminate (NaAlO2). This solution was passed through filter paper and 
the clear filtrate was neutralized with H2SO4, to pH 6, 7 or 8, resulting in the precipitation 
of a white gel, Al(OH)3·XH2O.  The gel was washed until no more sulfate ions were 
detected in the washings, which were observed in Fig. 3 and 4. Finally, they were dried at 
80 ◦C for 6 h, then ground and passed through a 60 mesh sieve. The samples were then 
steadily calcined (burn) to remove other unwanted for 3h in a muffle furnace, in air, at a 
heating rate of 2 ◦C min−1 as shown in Fig. 1c and 1d.  

3 Results and discussions 
The Fig. 2 shown the spectrum of alumina, however, EDX spectrum shows that the 
existence of oxygen (oxide) and chloride. This is happening due to the diffusion between 
the oxide layers, which is located underneath the alumina. When the diffusion takes place, 
the oxygen may exist. An investigated was equally conducted on the present of prepared 
alumina structures based on EDX. Fig. 2 shows the of highest peak of the   alumina 
structures. The alumina exhibits a homogeneous size over the whole    substrate, uniform 
distribution of the might be expected on structures since show only 1 peak as can be 
observed.    
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Fig. 2. Cross section of alumina highlighted with X35000.  

 

Fig. 3. FTIR spectra of prepared alumina before washing sulfate ion. 

The Fourier transport infra-red spectra (FTIR) shown from Fig. 3, the typical peak in the 
FTIR spectra were obtained after observed in the region comprised of bands assigned to the 
pure region to alumina. The peaks are shown 3376.5cm-1, 1645cm-1, 1096.22cm-1 stretching 
of alumina-alumina bond. The ion stretching region is particularly useful for elucidating 
alumina-bonding patterns.  At wave numbers between 1000 and 3500 cm-1 the intensities 
decreased due to the washing. This peak has been assigned to the asymmetrical stretching 
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of alumina. As the washing of sulfate ions was done, the Fourier transport infra-red spectra 
(FTIR) in shown in Fig. 4, the typical peak in the FTIR spectra were obtained after 
observed in the region comprised of bands assigned to the pure region to alumina. The 
peaks are shown 3376.5cm-1, 1645cm-1, 1096.22cm-1, 1422 cm-1 and 1030 cm-1 this indicate 
that alumina getting pure and stretching of alumina-alumina bond exist. The ion stretching 
region is particularly useful for elucidating alumina-bonding patterns.  The typical peak for 
pure alumina is expected between 1000 and 3500 cm-1 the intensities decreased due to the 
washing. This peak has been assigned to the asymmetrical stretching of alumina.  

 

Fig.4. FTIR spectra of prepared alumina after washing sulfate ion. 

 

Fig.5. XRD patterns of alumina particles. 

Fig. 5 shows the XRD patterns of the ZnO after washed different water flow rate. 
Generally can be observed that main peaks observed in the sample which locate at 2θ = 
18.76, 23.51 and 33.885 which can be attributed to the active alumina bond  at xyz, (100) 
and (200) crystal planes of the alumina active  phase of alumina. It is important to note that 
the X-ray diffraction patterns of alumina particle over the entire purification range show no 
additional peaks exist for corresponding to secondary impurities such as sulfate ions and 
also other closely related cation-ordered orthorhombic structures of other elements such 
radicals. The intensity of the 35 peak becomes more intense and sharp, with the increase 
wash rate, the diffraction peaks monotonously shifts towards small angles as can be 
observed indicating that the lattice constant increases which in other attributed for being 
getting pure.  
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4 Conclusions 
The study demonstrated the preparation and characterization of activated aluminum via 
pure aluminum (99.9% pure), which subsequently reacted at room temperature, with a 
aqueous NaOH in a reactor to produce a solution of sodium aluminate (NaAlO2). This 
solution was passed through filter paper and the clear filtrate was neutralized with H2SO4, 
to pH 6, 7 or 8, resulting in the precipitation of a white gel, Al(OH)3·XH2O.  The washed 
gel for sulfate ions were dried at 80 ◦C for 6 h, a 60 mesh sieve was to separate and sort 
them into different sizes. The samples were then calcined (burn) for 3h in a muffle furnace, 
in air, at a heating rate of 2 oC min−1. The characterization of the activated alumina revealed 
that the activated alumina is obtained. The approach is simple yet could produce pure 
activated alumina.  
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