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ABSTRACT 
 

The work reports a procedure for the synthesis of γ-alumina from the Iraqi kaolin. Kaolin 

was transformed to metakaolin by calcination at 750 °C for 45 minute. γ-alumina powder       

was synthesized through extracting alumina from metakaolin via H2SO4 treatment and 

precipitation by ethanol, which produces aluminum sulfate of 99% purity. The precipitated 

aluminum sulfate was dried and calcined at 800, 850, 900 and 1000 °C to study the thermal 

decomposition of aluminum sulfate. The crystallinity and phase of the synthesized for the 

assignment of calcined samples was characterized by X-ray diffraction measurements, paving 

the temperature at which the aluminum sulfate is converted to γ-alumina nano particles. Pure 

alumina nanoparticle 98.81% was prepared by calcination of aluminum sulfate at 1000 °C for 

2 hour. The specific surface area, pore volume and pore size for γ-alumina nano particles were 

determined by BET measurement i.e. 117 m
2
/gm, 1.1 cm

3
/g and 337.6 Å respectively. The 

size of the particles obtained were also calculated from BET analysis to be around 13 nm. The 

study revealed that the kaolin could be a promising material for the preparation of                            

γ-alumina. 
 

 

 

 

 

 العراقي تحضير نانى كاما الىمينا من الكاؤولين
 

 بهاء عبد المجيد صبار جاسم محمد كشاش و

 

 المستخلص

ٌ عًهيت انتحضيش تتضًٍ تحويم إيتضًٍ هزا انبحث دساست تحضيش يادة انُاَو كايا انوييُا يٍ انكاوؤنيٍ انعشاقي. 

بواسطت   رابتويٍ ثى الإ (دقيقت 45( ونًذة )و° 750) هسُت عُذ دسجت حشاسةانكاوؤنيٍ انى ييتا كاوؤنيٍ بواسطت عًهيت انك

 .يثاَولنًُيوو باستخذاو الإتشسيب كبشيتاث الأ ( بانتاني30%حايض انكبشيتيك )
 

(.  ساعت 2) ( ونًذةو° 1000انى كايا انوييُا بعًهيت انكهسُت بذسجت حشاسة ) رنك يتى تحويم انكبشيتاث انًحضشةبعذ 

                         ( وكزنك انًساحتXRDشعت انسيُيت انحائذة )يذ انخصائص انفيضياويت يثم انتبهوس بواسطت فحوصاث الأتى تحذ

m 117انسطحيت )
2
/gانحجى انحبيبي ،) (13 nm)، وانتوصيع انًسايي انحجًي (pore volume 1.1 cm

3
/g                           

 .BET)باستخذاو طشيقت ) %(98.81وبُقاوة ) دة كايا انوييُا انًحضشةنًا( pore size 337.6 Åو 

 

 

 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
1
 Assist Chief Engeneer, Iraq Geological Survey, (GEOSURV) P.O. Box 986, Baghdad, Iraq,  

  
*
e-mail: Jkshash@yahoo.com    

   

**
e-mail: Bahaaalmajeed@yahoo.com 

mailto:Jkshash@yahoo.com
mailto:Bahaaalmajeed@yahoo.com


Preparation of Nanogama Alumina,                       Jassim M. Kshash and Baha'a A. Sabbar
 

 

 

 

 

122 

INTRODUCTION 

Alumina has enormous technological and industrial applications. It exists in a variety of 

meta-stable structures including γ-, η-, δ-, θ-, κ- and χ-aluminas, as well as its stable                       

α-alumina phase (Wang et al., 2009). Bauxites have been widely used in industry to produce 

alumina via Bayer process. On the other hand, nonbauxitic materials, which are more 

abundant in many countries than bauxite resources, also have been processed in attempts to 

develop alternative technologies for producing alumina (Gitzen, 1970; McColm, 1983 and 

Murray, 2000).  
 

Some examples of nonbauxitic raw materials are alunite, sillimanite, andalusite, kyanite, 

kaolin, mica, and fly ash. Significant advances in alumina purity have been achieved using 

materials such as sulfates, nitrates, and chlorides as alumina precursors, to obtain high purity 

alumina (Zaho, 2006; Kato et al., 1981; Blendell et al., 1984 and Dynys, 1982).  
 

Among various structures for alumina, γ-alumina is one kind of extremely important nano 

sized materials. It is used as a catalyst and catalyst substrate in automotive and petroleum 

industries, structural composites for spacecraft, abrasive and thermal wear coatings (Paglia       

et al., 2004). Recent studies have shown that γ-alumina is thermodynamically stable relative 

to α-alumina when a critical surface area is achieved (Wang et al., 2009). Nano γ-alumina 

powder can promote the sintering behaviour of alumina and silicon carbide fibbers (Parida         

et al., 2009), moreover, the use of single phase of γ-alumina powders makes the densification 

temperature shift to lower temperature as compared with the sample consisting of γ- and               

χ-alumina (Yajima et al., 2003). Those outcomes can open up endless possibilities for the 

applications of γ-alumina, paving for the significance to investigate the preparation of                     

γ-alumina. Until now, various methods have been used to prepare γ-alumina such as sol-gel 

synthesis from calcination of boehmite (Paglia et al., 2004), poly hydroxo aluminum-

polyvinyl alcohol (Wang et al., 2009), laser ablation of an aluminum target in an oxygen 

atmosphere (Johnston et al., 1992), hydrolysis of alumina alkoxide (Ogihara et al., 1991), 

thermal decomposition of aluminum sulfate (Kato et al., 1981), metal organic chemical vapor 

deposition with Al(CH3)3 (Noda et al., 2003). 
 

Kaolinite is a clay mineral, part of the group of industrial minerals, with the chemical 

composition Al2Si2O5(OH)4. It is a layered silicate mineral, with one tetrahedral sheet linked 

through oxygen atoms to one octahedral sheet of alumina octahedral (Deer et al., 1992), 

Kaolin contains 30 – 35 percent by weight of alumina. Therefore, it can be a suitable material 

for production of γ-alumina because of its abundance and having considerable content of 

alumina in kaolin structure. In this study we report the production of γ-alumina from kaolin 

using a simple and commercial method. All materials used in this methods, are relatively 

cheap and are found on industrial scale. 
 

 Objective 
The aim of the current work is to use a simpler and feasible method for preparing nano 

sized gamma alumina. 
 

 Location 

The Kaolin used as starting material was supplied from Dwaikla mine which is located in 

the Western Desert area about 80 Km to the north of Rutba city. 
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EXPERIMENTAL WORK 

 Materials 

The kaolin used came from Al-Anbar province, west of Iraq. The chemical and 

mineralogical compositions of kaolin are given in Table (1). 

 

Table 1: Chemical and Mineralogical Composition of kaolin clay 

 

Chemical 

Composition 

(wt.%) 

SiO2 Fe2O3 Al2O3 CaO MgO L.O.I Na2O K2O Total 

48.6 1.2 35.45 0.17 0.08 12.62 0.07 0.49 98.68 

Mineralogical 

Composition 
Kaolinite, Quartz 

Chemical materials: {sulphuric acid, 95 – 98 %} (J.T. Baker) and {ethanol, 100%} (Hayman) 

 

 Experimental Procedure 
After extracting from mine the kaolin was crushed by laboratory jaw crusher and ground 

in ball mill to particles below (0.6 mm) in size. The powdered kaolin was calcined into      

meta kaolin at (750 °C) for (45 minute) in rotary furnace to loosen the alumina components. 

Then, the meta kaolin powder was leached with (30%) sulphuric acid. The mixture of kaolin 

powder and acid was contained in a (500 ml) round flask. The reaction flask fitted with a 

reflux condenser and the mixture was mixed with magnetic stirrer. Heating was achieved by 

using a heating mantel to maintain and control the desired temperature.  
 

During leaching of metakaolin in sulphuric acid, the alumina in metakaolin is extracted 

and dissolvesd in H2SO4 which leads to formation of aluminum sulfate according to the 

following reaction (Equation 1). 
     

Al2O3 (in metakaolin) + 3H2SO4    →   2Al
3+

   +   3SO4
2-

 +   3H2O ………….. 1 
 

After the mixture of kaolin and acid had been leached, it was cooled to room temperature 

and filtered to remove the leached residue, which mainly consisted of silica. The filtered 

leached liquor was then added slowly into ethanol while the ethanol was stirred with a 

magnetic stirrer. Ethanol was used as a precipitating agent because aluminum sulfate can be 

selectively precipitated by ethanol from the ionic solution (Wang et al., 2009) as shown in 

Equation (2).  
 

Al
3+   

+ 3SO4
2-

 + 3H2O    →   Al2 (SO4)3 .3H2O …………….. 2 
 

The precipitate is washed again with the ethanol and with distilled water and then dried at 

(70 °C) for (24 hr). Finally, the precipitates are calcined in an electric furnace to transform 

aluminum sulfate to γ-alumina; Equation (3). 
 

                                                              ∆ (900 °C)            
Al2 (SO4)3 .3H2O    –––––––→     γ- Al2O3 + 3 SO3 ↑ ……..… 3 

 

A flow chart of this process is presented in Fig. (1). 
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Fig.1: Schematic flow diagram of the Nano-gama  

Alumina production   

 

RESULTS AND DISCUSSION 

 Phase Analysis 

The crystallinity and phase identification of the prepared samples were determined using 

7000 shimadzu X-Ray diffractometer with Cu-Kα as the radiation source and Ni filter.   
 

Figures (2 and 3) show the XRD pattern of kaolin and calcined kaolin at (750 °C). It is 

observed that the kaolin shows all the characteristic peaks of kaolinite. On calcination,               

these peaks disappear giving a featureless band of X-ray amorphous metakaolin. Kaolin               

type clays undergo a series of phase transformations upon thermal treatment in air at 

atmospheric pressure. Endothermic dehydroxylation (or alternatively, dehydration) begins at                         

(550 – 600) °C to produce disordered meta-kaolin, Al2Si2O7; continuous hydroxyl loss (-OH) 

is observed up to (900 °C) and is attributed to gradual oxolation of the metakaolin (Bellotto  
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et al., 1995). In this study, calcination of kaolin at (750 °C) led to form the meta-kaolin, 

which is transient and more active and reacts easier than kaolin. Equation (4) shows the 

changes during calcination and formation of metakaolin. During the calcination the structure 

of kaolin was degraded and two molecules of water are released. 
 

Si2O5(OH)4Al2   →   Al2Si2O7 + 2H2O ……………… 4 
 

 
         

Fig.2: XRD pattern of Kaolin Clay 

 

 
 

Fig.3: XRD pattern of Meta Kaolin 
 

 Effect of Leaching Time 

A mixture of (83 ml) of sulfuric acid (30%) is mixed with (25 gm) of (600 µ) of 

metakaolin at varying time of (30 to 60 minutes) at (75 °C). 
  

As shown in Fig. (4) the optimum leaching time for alumina extraction is found to be       

(60 minutes).  
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Fig.4:  Effect of time on alumina extraction % 
 

 Effect of Reaction Temperature 

      (25 g) of (600 µ) metakaolin samples were leached with (83 ml) of (30%) sulfuric acid at 

varying temperatures from 75 – 105 °C for 1 hour. The results of extraction of alumina from 

meta kaolin are illustrated in Fig. (5). The rate of leaching increases with increase in 

temperature because the rate of diffusion of aluminum ions in solution increases and the 

solution becomes less viscous. At (105 °C), (90%), alumina was extracted. 

 

 
       

 Fig.5: Effect of temperature on alumina extraction % 
 

 Effect of Meta Kaolin Particle Size  
Different particle size of metakaolin (30, 50, 100) mesh were used. The experiments were 

carried out at the conditions of (30 wt.%) H2SO4, (60 min) reaction time, and (95 °C) reaction 

temperature). Fig. (6) shows the results of alumina extraction from the ore, both (50 and 100) 

mesh particle size has reflected extraction of almost (90%), lower extraction is obtained at the 

particle size of 30 mesh. However, the results gained from the particle size of 30 mesh can be 

considered as optimum, and due to some energy saving as a finer grinding would result in a 

high power consuming operation. 
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Fig.6: Effect of particle size on alumina extraction % 
 

 Effect of Aluminum sulfate Calcination Temperature  
The prepared Aluminum Sulfate was studied by X-Ray, it is found that the produced 

compound correspond to {Al2(SO4)3.12H2O} as shown in Fig. (7). The chemical composition 

is presented in Table (2).  
 

 
 

Fig.7: XRD pattern of Prepared Aluminum Sulfate 

 

Table 2: Chemical composition of prepared Aluminum sulphate 
 

Fe2O3% Al2O3 SO3% Description  

0.15 17.90 43.08 Al2(SO4)3.12H2O 

- 18.3 43.01 theoretical 
 

In order to remove the sulfate, aluminum sulfate was first dried at (70 °C) and                      

then calcined at different temperatures for (2 hour) in an electric furnace. It has been reported 

in literature that decomposition of aluminum sulfate occur at temperature range of                       
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(680 – 1030)
 
°C (Wang et al., 2009 and Park et al., 2002), thus a calcination temperature 

ranging from (800 °C) to (1000 °C) for a duration of (2 hour) was operated in order to study 

the effect of such factor on the alumina obtained from aluminum sulfate. Fig. (8) shows the 

effect of Calcination temperature on the γ-alumina purity.  

 

 
 

Fig.8: Effect of calcination Temperature on γ-alumina purity 

 

CHARACTRAZATION OF Nano γ-alumina  

 X-Ray Analysis  

The chemical analysis and mineralogical composition of nano γ-alumina were carried out 

by X-Ray Fluorescence (XRF) type Shimadzo (1800) and X-ray diffractometer (XRD) type 

Shimadzo 700 in the central laboratories of the Iraq Geological Survey (GEOSURV) are 

shown in Table (3) and Fig.(9). 

 

Table 3: Chemical composition of prepared Nano γ-alumina 
 

Al2O3% Fe2O3% Description  

98.81 0.17 γ-alumina 

 

 
 

Fig.9: XRD pattern of synthesized nano-gama alumina 
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The results of XRD analysis of resulted sample confirmed the formation of γ-alumina 

through comparing with JCPDS 29 – 63. The characteristic peaks of γ-alumina are 2Ө = 

37.37, 2Ө = 45.86
ο
 and   2Ө = 66.84

ο
.  

 

 BET Analysis 

The surface area, pore size and pore volume of the pure nano-gama alumina obtained 

using N2 adsorption-desorption isotherm were accomplished in the Petroleum Research and 

Development Centre as shown in Table (4). 

 

Table 4: BET analysis results for the synthesized nano-gama alumina 
 

Surface area (m
2
/g) Pore volume (cm

3
/g) Pore size (Å) 

117 1.1 337.64 

 

The specific surface area is one of the most important characteristics of the alumina 

powder. 
 

Most of the industries need powders with high specific surface area. Therefore, this 

sample is suitable for use as catalyst, catalytic support, support and adsorbent. 
 

The measured specific surface area can be converted to equivalent particle size according 

to the following equation: 
 

                                                              6000 

DBET = ــــــــــــــــــــــــــــ    ………………… 4 

                                                          ρ  *  SBET 
 

Where DBET (nm) is the average particle size, SBET is the specific surface area expressed in 

(m
2
.g

-1
) and ρ is the theoretical density of gamma alumina expressed in g.cm

-3
 (ρ Al2O3 =                 

3.9 g.cm
-3

) (Contreras et al., 2006). 
 

The average particle size calculated from BET was found to be (13.2 nm). 

 

CONCLUSIONS 

γ-alumina powders were successfully synthesized by alumina extraction processes 

through reaction of meta kaolin with H2SO4 solution. Pure aluminum sulfate (99%) was 

obtained by direct precipitation in ethanol. Pure alumina nano particle (98.81%) was prepared 

by calcination of aluminum sulfate at 1000 °C for 2 hr. particle size about 13 nm, specific 

surface area of 117 m
2
.g

-1
, pore volume 1.1 cm

3
/g and pore size 337.6 Å. 

 
It is concluded that 

kaolin can be used as promising material for the preparation of γ-alumina by a simple, rapid 

and economical method. 
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