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Abstract 

This paper reports a process for the 

production of γ-alumina from Agar 

Ashatti kaolin, kaolin was calcined at 

900°C for 2h to obtain meta-kaolin. 

Extracting process was used to 

synthesise Gamma alumina powder 

by meta-kaolin via H2SO4 and 

aluminium sulphate was formed, the 

precipitated aluminium sulphate was 

dried at 70 C and calcined at 900°C 

for 2h, which resulted in the 

formation of γ-alumina with purity 

98%. The structure of γ- alumina was 

confirmed by XRF and XRD, and the 

mean particle size of γ- alumina was 

determined by SEM to be 0.5 – 0.9 

µm. The study revealed the kaolin of 

Agar Ashatti could be a promising 

material for preparing γ- alumina. 

Keywords: synthesis, Agar Ashatti 

Kaolin, γ- alumina, Calcination.  

* Introduction          

Clay ores are available in 

abundance in southern Libya, 

especially in the areas around the city 

of Sebha, such as the Agar-Shatti 

area, where previous studies by the 

Industrial Research Centre (IRC) 

confirmed that these ores are 

considered a mineral wealth that 

requires exploitation in strategic 

industries and supporting the national 

economy [3,4].Studies also showed 

that the chemical composition of the 

clays extracted from the southern 

regions of Libya and the Agar Al-

Shatti clay block, the subject of the 

study, is that their chemical 

composition conforms to the standard 

specifications specified by the 

American Society for Testing 

Materials ASTM (618-03) through 

chemical analysis by X-ray flash 
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(XRF)[1]. The kaolin content in 

beach Agar clays is more than 50% of 

the clay content, and the percentage 

of silica and alumina is appropriate 

compared to standard specifications 

(618-03). The map in Figure No (1) 

shows the location of the Agar Al-

Shatti area near the city of Sebha in 

southern Libya. 

 
Figure (1): The location of the Agar Al-

shatti-Libya 

Alumina has many 

technological and industrial 

applications. It exists in a variety of 

meta-stable structures including γ- δ- 

θ- κ- and χ- alumina, as well as its 

stable α- alumina phase [2].  Kaolin 

has been widely used in industry to 

produce alumina.  Additionally, 

many studies have been explained 

that Agar Ashatti kaolin contains 

high purity of alumina [3-5], γ-

alumina is more important nano-sized 

than other various structures for 

alumina, it used as a catalyst in 

petroleum industries and catalyst 

substrate, thermal wear coatings and 

structural composites for spacecraft 

[5-7]. Recent studies have shown that 

γ-alumina is good 

thermodynamically relative to α-

alumina when a critical surface area 

is done [8], and sintering behaviour 

and densification temperature of 

alumina can be promoted with nano 

γ-alumina powder compared with χ-

alumina sample [9], γ-alumina has 

been prepared by variety methods 

such as hydrolysis of alumina 

alkoxide [10], sol-gel synthesis from 

calcination of  Boehmite [11], laser 

ablation of an aluminium target in an 

oxygen atmosphere [12], thermal 

decomposition of aluminium 

sulphate [13]. Agar Ashatti kaolin 

was investigated as a magnificent 

clay mineral containing 30-36 

percent by weight of alumina and had 

layers of silicate mineral 

Al2Si2O5(OH)4. The geometric shape 

of kaolin as a tetrahedral sheet linked 

through oxygen atoms to one 

octahedral sheet of alumina 

octahedral [14]. The literature survey 

explained that researchers [15-23] 

studied the production and 

characterisation of γ-alumina from 

kaolin in different areas.  In this 

study, Agar Ashatti kaolin can be a 

suitable material for preparing γ-

alumina using a simple and feasible 

method. The materials used in this 

work are relatively cheap and 

industrial. 
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*  Experimental                   

* Materials  

Chemical materials were used 

in this work sulphonic acid 98% from 

Sigma Aldrich, ethanol 100% from 

Sci-Chem, distilled water and kaolin 

clay from the stone-pit of Agar 

Ashatti /Libya.      

* Instrumentation  

X-ray diffraction (XRD) 

studies were carried out on a Siemens 

D5000 X-ray powder diffractometer 

using a Cu anode with 70 % intensity. 

Measurement of samples was carried 

out in the range 2θ of 0°-60°, at a 

scanning rate of 1°/ min. SEM 

characterization of γ- alumina was 

carried out with scanning electron 

microscopy (Hochschule). The 

chemical composition of Agar 

Ashatti kaolin was analysed by X-ray 

fluorescence spectroscopy (EDXRF). 

All of the examinations were done at 

Central Metallurgical Research 

institute-Egypt. 

* Synthesis  

The kaolin was collected from 

the Agar Ashatti region in south 

Libya and used as a starting material. 

The chemical composition of used 

kaolin is given in Table 1. The kaolin 

sample was ground and sieved to 

particles below 0.5 mm in size. After 

mechanical processes, kaolin powder 

was calcined at 800°C for 2 h in an 

electronic furnace, the calcined 

kaolin is called Meta kaolin. After 

calcination, the alumina components 

became easier to react, and 2.0 N of 

the sulphonic acid solution was 

prepared to dissolve the powder of 

meta kaolin at a ratio of 20 gm meta 

kaolin and 80 ml of acid. The total 

volume of a mixture of kaolin and 

acid (250 ml) was kept in a 500 ml 

round flask. The reaction flask was 

fitted on a magnetic stirrer to mix the 

mixture for 3-6 h, the mixture 

temperature was set at 70°C using a 

heating mantel to control the desired 

temperature, and a reflex condenser 

was fitted with the flask. After the 

mixing process was completed, the 

mixture of kaolin and acid was 

leached, cooled at room temperature 

and filtered to remove the rest While 

550 ml of ethanol was going on a 

stirrer, the filtered leach was added 

drop by drop at a rate of 5ml\min. 

Ethanol was used as a precipitating 

agent to precipitate aluminium 

sulphate from the ionic solution [15, 

16]. The residue was washed again 

with distilled water and dried at 70°C 

for 1 h. The final precipitate was 

calcined at 900°C for two hours in an 

electric furnace.   

According to the literature 

survey [17, 18], the main parameters 

that affected the synthesis process are 

the effect of leaching time, reaction 

temperature, particle size of meta 
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kaolin and calcination temperature. 

So that the optimum leaching time for 

alumina extraction is 6 h, the reaction 

temperature is 70°C, the particle size 

of meta kaolin powder is 0.5 mm in 

size and the applied calcination 

temperature is 900°C.  

Table 1: Chemical and mineralogical 

composition of  Agar Ashatti kaolin 
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* Results and discussion     

XRD analysis was used to 

investigate the crystalline structure of 

the synthesis nano-gamma alumina 

Figure 1 shows the XRD pattern of 

kaolin containing 62.9 % kaolinite, 

31.1 % silica and 6% TiO2. After the 

calcination process of kaolin at 800 

°C converted to meta kaolin, it 

observed that meta kaolin shows only 

the characteristic peaks of kaolinite 

and silica, all other peaks disappear 

giving a featureless band of X-ray 

amorphous meta-kaolin. Kaolin 

undergoes a series of transformations 

thermal in the air at atmospheric 

pressure. Endothermic 

dihydroxylation (dehydration) begins 

at 500 °C-750 °C to produce 

disordered meta-kaolin, Al2Si2O7,  

but continuous hydroxyl loss (-OH) is 

observed up to 900 °C to gradual 

oxidation of meta-kaolin [17, 18]. In 

this study, calcination of kaolin at 

900 °C led to form meta-kaolin which 

is transient and easier to react than 

kaolin. As shown in the XRD of 

kaolin Figure (1) Equation (1) shows 

the changes during calcination and 

formation of meta-kaolin. During the 

calcination, the structure of kaolin 

was degraded and two water 

molecules were excepted. 

Si2O5 (OH)4 Al2   → Al2Si2O7 + 2H2O                                           

(1) 

Aluminium sulphate was 

formed during the leaching of meta-

kaolin in sulphonic acid, due to the 

alumina in meta-kaolin being 

extracted and dissolved in H2SO4 as 

shown in (Equation 2). 

Al2O3 (in meta-kaolin) + 3H2SO4 → 

2Al+3   + 3SO4 
-2                      (2). 

The precipitate of aluminium 

sulphate was obtained after the 

addition of aluminium sulphate in 

ethanol, as shown in Equation (3). 

Al+3   + 3SO4
-2   + 3H2O → Al2 (SO4)3. 

3H2O                                    (3) 

Al2(SO4). 3H2O 
(∆ 900°C) 
→       γ-Al2O3                                                      

(4) 

Evaporating ethanol first, 

followed by calcination at 900°C, 

resulted in the conversion of 

aluminium sulphate to γ-alumina 

(Equation 4). 
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The XRF analysis of Agar 

Ashatti kaolin revealed the high 

purity of γ-alumina (98% by weight) 

along with other metal oxides and 

Sio2. Various studies [1-19] have 

indicated that aluminium sulphate 

decomposes within the temperature 

range of 700°C to 1030°C. The XRD 

analysis of the sample after being 

subjected to calcination at 900°C 

showed the presence of γ-alumina, 

which was confirmed by comparing it 

with the XRD pattern of kaolin and 

meta-kaolin, as illustrated in Figures 

(2, 3). The Figures showed the 

presence many of oxides which 

disappeared in Figure (4) confirming 

the presence of only the characteristic 

peaks of γ-alumina. The Gama 

alumina peaks were confirmed by 

SEM analysis. Scanning electron 

microscopy was used to evaluate the 

surface morphology and measure the 

particle sizes of synthesized gamma 

alumina. Figure (5) displays the SEM 

images of meta-kaolin and 

synthesized Gamma alumina kaolin; 

it was observed the difference 

between the two images in particle 

size and structure of meta-kaolin and 

synthesized nano γ-Al2O3 which 

means transforming meta kaolin to 

nano kaolin. The particles obtained 

fall within the range of 0.5 - 0.9 

micrometres. 

 
Figure (2): XRD pattern of kaolin Agar 

Ashatti Clay. 

 
Figure (3): XRD pattern of meta kaolin 

Agar Ashatti Clay. 

 
Figure (4): XRD pattern of synthesized 

nano γ-Al2O3 

Gamma alumina is utilized as 

both a catalyst and catalyst support 

due to its increased specific surface 

area and thermal stability. Gamma 

alumina remains stable up to 1030°C. 

Studies suggest that the addition of 

alkaline-earth ions, rare-earth ions, 

silicon, phosphor, or a combination 

of these can improve its thermal 
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stability [21, 22, 24]. Silicon supports 

the stabilizing alumina more than 

other elements and also acts as an 

effective inhibitor in the 

transformation of γ-alumina to α-

alumina [23, 25, 26, 27]. 

 
Figure (5): SEM image of Meta kaolin 

The chemical analysis and 

mineralogical composition of nano 

Gama alumina were supported with 

the XRF technique which confirmed 

the formation of nano Gama alumina 

in a high percentage (98.46) with a 

few impurities as explained in Table 

2. 

Table 2: Chemical composition of 

synthesized nano γ-AlO3 

Al2O3

% 

TiO2

% 

Fe2O3

% 

Descripti

on 

98.06 0.15 0.25 ᵞ-Al2O3 

* Conclusion   

It is concluded that Agar 

Ashatti kaolin was a very good 

starting material for synthesising γ-

alumina powder in pure (98%) 

successfully, the synthesising 

processes was done by alumina 

extraction through the reaction of 

meta kaolin with H2SO4 solution. The 

most important step for the 

production of gamma alumina was 

direct precipitation in ethanol. In 

conformity with other searches, it 

resulted that calcination temperature 

is the main factor to get hold of 

various alumina phases. Calcination 

temperatures were applied in this 

work at 700 °C – 900° C, techniques 

were used in this work X-ray 

fluorescence (XRF), X-ray 

diffractometer (XRD) and scanning 

electronic microscope (SEM). 
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