
Australian Journal of Basic and Applied Sciences, 11(12) September 2017, Pages: 115-123 

 

 

AUSTRALIAN JOURNAL OF BASIC AND 

APPLIED SCIENCES 
 

ISSN:1991-8178        EISSN: 2309-8414  

Journal homepage: www.ajbasweb.com 

 

 

Open Access Journal 
Published BY AENSI Publication 
© 2017 AENSI Publisher All rights reserved 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 
To Cite This Article: El-Sayed R. E. Hassan, Nagui A. Abdel-Khalek, M. A. Youssef, M. M. Abdallah and Ahmed H. El-Menshawy 

Recovery of Albite and Mica from Egyptian Abu Dabbab Ores Using Gravity and Magnetic Separation Techniques Aust. J. Basic & Appl. 

Sci., 11(12): 115-123, 2017 

  

Recovery of Albite and Mica from Egyptian Abu Dabbab Ores Using 

Gravity and Magnetic Separation Techniques 

 
El-Sayed R. E. Hassan,* Nagui A. Abdel-Khalek, M. A. Youssef, M. M. Abdallah and Ahmed H. El-Menshawy 

Mineral Beneficiation and Agglomeration Department, Mineral Technology Division, Central Metallurgical Research and Development 

Institute (CMRDI), P.O. Box 87 Helwan, 11421 Cairo, Egypt. 

Address For Correspondence: 
El-Sayed R. E. Hassan, Mineral Beneficiation and Agglomeration Department, Mineral Technology Division, Central Metallurgical 

Research and Development Institute (CMRDI), P.O. Box 87 Helwan, 11421 Cairo, Egypt. 

E-mail: prof_s_elsaidy@yhoo.com  

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received 10 July 2017 

Accepted 20 September 2017 

Available online 30 September 2017                               

                            

 

 

Keywords: 

Abu Dabbab ore, albite, mica, shaking 

table concentrator, magnetic 

separation  

 Egypt has a great potential of mineral resources which could be used to meet part of the 

industrial demand. Albite is industrially important in the manufacture of glass, 

ceramics, porcelain and enamel industries. Also, mica has several industrial 

applications such as paints and fillers. This study aims at recovery and separation of 

both albite and mica from Abu Dabbab ores at the South Eastern Desert of Egypt. The 

recovery was successfully performed using shaking table concentrator and magnetic 

separator. The experimental results show that there is possibility to obtain the albite 

concentrates with low content of Fe2O3 from Abu Dabbab ores. The gravity 

concentration is an effective means to eliminate the heavy minerals and iron containing 

minerals in order to recover both albite and mica in the light fraction. Magnetic 

separation is used to separate mica from albite as mica is recovered in the magnetic 

fraction while albite is recovered in the nonmagnetic fraction. Both albite and mica 

products were found to contain very few iron impurities and satisfy the requirements as 

the raw materials for industrial applications. 

 

1. INTRODUCTION 

 

Feldspars are a group of rock-forming tectosilicate minerals which are the most widespread 

consequential mineral group in the world composing about 60% of the earth' s crust. Feldspar occurs in granites, 

tracite, syenite and pegmatites, together with quartz and mica minerals. It is an igneous rock which contains 

mainly aluminum silicates in a combination with Na, K and Ca as an alkali ion. Commercial feldspars are as 

following; albite (NaAlSi3O8), anorthite (CaAl2Si2O8) and orthoclase (KAlSi3O8). Albite is a famous mineral in 

the series of plagioclase feldspar. Albite is characterized with its luster appearance as its colour could be white, 

grey, yellowish and greenish. Albite is customarily presented together with quartz, mica, iron oxides and other 

feldspar minerals. 

Feldspar is used in glass manufacturing, ceramic production, and in value-added industrial applications 

like fillers and extenders in paint, rubber and plastics (Vidyadhar et al., 2002). Albite is industrially important in 

the manufacture of ceramics. It is ground to very fine size and then mixed with kaolin and quartz. Upon heating, 

it is fused and acted as cement binding the materials together. The fused albite is also the primary constituent in 

the glaze on porcelain. Both albite and feldspar are used as suppliers to alumina in the glass manufacture. There 

are different albite specifications for marketing as illustrated in table1.  

Albite is often associated with iron oxide which decreases its economic value and hinders its application. 

Albite is generally separated from iron and quartz by physical separation and flotation techniques. Iron-bearing 

minerals could be separated using acid leaching and/ or floatation using sulfonate or fatty acid type collectors 
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(Celik et al., 1993). The presence of slimes in feldspar flotation resulted in low separation efficiency (Bandini et 

al., 2001; Gulgonul, 1995; Karaguzel et al., 2006; Xu et al., 2003). Feldspars used as fluxing agents by ceramic 

and glass industries are mainly obtained from high quality feldspar deposits. 

 

                       Table 1: Chemical analysis of albite products in market 

 

  

 

Mica minerals are prevalent layer silicates that exhibit in sediments, soils, and a varity of ore deposits 

and metamorphic rocks. Main mica minerals are muscovite, lepidolite, phlogopite, biotite, and lepidomelane 

(Hosseini et al., 2016). Mica subsists in pegmatite ore bodies that mostly contain lithium or rare earths. Biotite 

as a major mica mineral is affluent in iron and magnesium. Biotite also exists in most of polymetallic deposits of 

igneous origin (Bulatovic, 2007). Mica is engendered in the forms of sheets and flakes which are utilized in the 

manufacturing of various end products. Mica flakes are obtained from mica mines or engendered as a secondary 

product of feldspar and quartz production. Mica is used in electronic, building, pigment, and plastic industries 

(Kuzvart, 2013; Sntos et al., 2011). Mica is utilized in paints as a pigment extender helping in brighten the tone 

of coloured pigments. It is a superior insulator. Therefore, mica is utilized as thermal insulator in the electrical 

industry and as electrical insulator in electronic equipments. Mica is used in toothpaste and cosmetics due to its 

shiny and glittery appearance. It is also used in fillers, extenders as it provides a smoother uniformity, prevents 

cracking and improves the workability. It could be used as an insulator in concrete blocks and home attics. It 

increases the durability of grease and giving it a better surface. 

Beneficiation of mica includes both physical separation and flotation. mica is concentrated by physical 

separation such as involves Humphrey spirals (Gulsoy et al., 2006; Kademli et al., 2012), shaking tables (França 

et al., 2008; Gershenkop et al., 2004) and screens (Burt, 2013; Mular et al., 2002; Zhongyin, 2008). It could be 

separated also by air or hydraulic separation (Gershenkop et al., 2004; Kelina et al., 1983).   Flotation of mica 

was carried out in acidic and basic systems using anionic and cationic collectors (Parekh et al., 1999; Sekulic et 

al., 2004). 

The deposits of Abu Dabbab are located at about 20 km North of Mersa Alam city in the intersection of 

latitude 25º20' 27'' N and longitude 34º 32' 30'' E. They are of total resource 44.5 million tons of ore. The 

apogranites are mainly composed of feldspars (mainly albite), quartz, muscovite and biotite.  

The purpose of this study is to develop new approach on physical beneficiation (gravity concentration 

and magnetic separation) in order to recover albite and mica from Abu Dabbab deposits. This study exploits 

crushing, grinding, screening, gravity separation and magnetic separation methods to recover albite and mica 

and separate them from each other. The beneficiation is performed using shaking table concentrator and RER 

magnetic separator. A Box-Behnken design expert was applied in order to evaluate the best conditions for the 

recovery process in order to obtain high recovery values, thereby facilitating the separation process. Finally, this 

study is supposed to develop alternative separation process for albite and mica which could be applied at the 

industrial scale. 

 

2. MATERIALS AND METHODS 
 

2.1. Materials  

The samples were collected from Abu Dabbab area. It is located at about 20 km North of Mersa Alam 

city in the intersection of latitude 25º20' 27'' N and longitude 34º 32' 30'' E.  ICP standard solutions were bought 

from Merck.  
 

2.2. Beneficiation of Abu Dabbab Sample: 

2.2.1. Ore Preparation:  

Ore sample was crushed using Jaw crusher and screened on the sieve 3 mm. Then the crushed sample 

was milled using rod mill and screened on the sieve 150 micron.  
 

2.2.2. Gravity Separation 

Selection of gravity separation techniques depends on the feed particle size, as well as the liberation 

behavior of the material. Accordingly, shaking table technique was used to separate the relatively size -150+80 

micron. 

Item 
Chemical analysis % for industrial applications 

Glass  Ceramics  Porcelain  Enamel  

Na2O 9.3 9.5 9.5 9.8 

Al2O3 18 18 18 17 

SiO2 64 65 61 65 

K2O 0.5 0.35 0.35 0.5 

Fe2O3 0.5 0.4 0.38 0.35 



117                                                           El-Sayed R. E. Hassan  et al, 2017 

Australian Journal of Basic and Applied Sciences, 11(12) September 2017, Pages: 115-123 

Shaking Table Experiments:  
The feed is introduced onto an inclined plane and reciprocated deck and moves in the direction of motion 

while simultaneously being washed by a water film, which moves it also at right angles to the motion of the 

deck. The feed enters at the top of the table, and collects within the valleys formed by the narrow cleats, or 

riffles, which taper in height from right to left. Under the effect of the reciprocating action, the particles stratify 

with the heavier particles on the bottom, and they move from right to left. Owing to decreasing taper of the 

riffles, the exposed upper surface of the stratified material is acted upon by crosscurrents of water and by the 

inclination of the deck, as indicated by the arrow, and is moved downhill. A “Wilfley” shaking table was used in 

this study, Figure 1. Shaking table technique is applied on -0.150 +0.080mm size fraction and four parameters 

are studied. The parameters are namely; inclination angle, stroke length, feed rate and water flow rate. All the 

heavy and light fractions were weighed and chemically analyzed. 

 

 
Figure 1: Wilfley shaking table concentrator 

 

2.2.3. Magnetic Separation:  

Dry high intensity magnetic separation of shaking table concentrate was conducted using rare earth 

magnetic roll separator with permanent field intensity about 1.5 tesla (Figure 2a.and 2b.).  The feed is fed onto a 

thin belt 0.025mm. The feed material is passed through the magnetic field, and the magnetic (or weakly 

magnetic) particles are attached to the roll and separated from the nonmagnetic stream. Three parameters are 

studied which are Splitter inclination, Belt speed, and feed rate. All the magnetic and nonmagnetic fractions 

were weighed and chemically analyzed. 

 
                    Figure 2a. RER Magnetic Separator                      Figure 2b. Sketch of RER Magnetic Separator 

  

2.3. Instrumentation 

The chemical composition of the raw sample and the refined products were obtained using X-ray 

fluorescence spectrometry (Pnalytical Axios Advanced XRF technique). The change in the present mineral 

phases was obtained by X-ray powder diffraction (XRD, Philips APD-3720) with Cu Kα radiation worked at 20 
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mA and 40 kV in the 2θ range of 5–80 at a scanning speed of 2°/min. Shimadzu ICPS-7510 ICP-OES sequential 

plasma and ICPM-8500 ICP-MS spectrometers were used for the elemental analysis of the sample solutions. 

SEM images were obtained using a JSM6700F scanning electron microscope. Samples were fixed to a metal-

base specimen holder using double-sided adhesive tape, coated with Au/Pd and observed at 20 kV accelerating 

voltage.  

 

3. RESULTS AND DISCUSSION 

 

3.1. Characterization of Abu Dabbab sample 

The XRD pattern of the raw sample shows the presences of several mineral phases dominated by 

plagioclase of sodic type (albite), quartz, mica and muscovite.  The silicate minerals represent the main 

composition of the rock with little amount from metallic minerals. The present metallic minerals are cassiterite 

and rare earth mineral tantalite, Figure 3.  Such mineral composition was reflected in the chemical composition 

of the sample. 

 
Figure 3: XRD of the original ore sample 

 

The complete chemical analysis of the major oxides and trace element content of the sample appear in 

Table 2. The sample composed mainly of 60% SiO2, 20% Al2O3, 10% Na2O, and 5% K2O. Such oxides related 

to the presences of quartz, mica and feldspar minerals as major constituents. Minor amounts from cassiterite, 

iron, tantalum and niobium oxides are presented. 

 

Table 2: Chemical analysis of the original ore sample 

Original 

tantalum ore 

SiO2 Al2O3 Na2O K2O MnO CaO TiO2 MnO Fe2O3 Nb2O5 SnO2 Ta2O5 

55.07 26.36 11.37 2.996 0.288 0.235 0.122 0.288 0.671 0.009 0.221 0.025 

P2O5 SO3 Cr2O3 ZnO Ga2O3 Rb2O SrO ZrO2 MoO3 Cl F L.O.I 

0.022 0.049 0.028 0.166 0.051 0.295 0.003 0.010 0.002 0.023 0.146 1.50 

 

3.2. Beneficiation 

The successful beneficiation of albite and mica from other heavy minerals such as iron, tin, tantalum and 

niobium oxides depends on the big difference in specific gravity and their response to the magnetic field. The 

separation process starts with the gravity separation and then followed by the magnetic separation. 

 

3.2.1. Shaking table separation  

Shaking table separation is applied in order to separate light minerals such as albite and mica from heavy 

minerals such as iron oxides, cassiterite and rare earths due to the large difference in specific gravity between 

heavy minerals and the silicate minerals. 

Shaking table separation is applied on the feed sizes -0.125 +0.080 mm. Three parameters are studied during the 

separation process. The parameters are namely; inclination angle, stroke length and water flow rate.  

 

Applying Box-Behnken Experimental Design.  

             Box-Behnken Design, as an experimental design technique, was utilized in order  to optimize the recovery of 

albite and mica using shaking table separator and also to evaluate  different parameters interaction. This allows the 

study of the effect of each factor stroke length, inclination angle and water flow rate, and  the  interactions effect 

between factors on the separation process. 
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According to the experimental design, the optimum conditions are estimated using a second order polynomial 

function by which a correlation between response and studied factors was achieved. The general form of this equation 

is: (Abd El-rahman et al., 2009; Youssef et al., 2009) 

Y = o + 1 X1 + 2 X2 + 3 X3 +  12X1X2 + 13X1X3  +  23X2X3  + 11 X1
2
 + 22 X2

2
 + 33 X3

2
 (1)  

where Y is the predicted response; albite recovery %, X1,  X2 and X3  are studied variables stroke length, inclination angle 

and water flow rate; βij are equation constants and coefficients. 

The analysis of variance , ANOVA, was utilized to estimate the statistical parameters. The fitting extent of the 

experimental results to the polynomial model equation was expressed via the determination coefficient (R
2
 ). The F-test 

was utilized to estimate the significance of the terms in the polynomial equation within 95% confidence interval. The 

adequate Precision is used to measure the signal to noise ratio, a ratio greater than 4 is desirable and enhances an 

adequate signal.  The data of ANOVA for the system illustrates the well fitting of the experimental results to the 

polynomial model equation and therefore the accuracy of this model, Table 3. The model F-value of 122  implies the 

model is significant. The “Adeq Precision” ratios of 35.5 indicates an adequate signal. 

Figure 4a shows the shaking table separation with the optimum parameters of the Box-Behnken design 

for the size fraction (-0.125 + 0.080 mm) which are inclination angle (4 degree), stroke length (2.5 cm), feed 

rate (280 gm / min), and water flow rate (20 l / min), table 4 and figure 5a.  Two fractions are obtained, a heavy 

fraction with valuable contents of Nb2O5, Ta2O5, SnO2 and Fe2O3. The other fraction is the light fraction which 

contains mainly albite, silica and mica. 

 

    Table 3: ANOVA for response surface quadratic model for the beneficiation process 

The statistical parameters Shaking Table Concentrator RER Magnetic Separator 

Recovery % Recovery % 

The standard deviation 0.220 0.170 

R-Squared 0.997 0.998 

Adequate Precision 35.50 45.20 

The model F-values 122 147 

 
                                  (a)                                                                    (b)    

Figure 4:  Response Surfaces for the Recovery process for (a) shaking table separation (b) RER magnetic 

separation 

 

3.2.2. Magnetic Separation 

Magnetic separation was achieved for both shaking table heavy and light fractions in order to separate 

mica and albite from heavy minerals and from each other. 

 

Applying Box-Behnken Design 

In order to optimize the dry magnetic separation, factorial design is used. In this design, three factors are 

taken into consideration, namely; splitter inclination, belt speed, and feed rate. 

The best optimum conditions are estimated using a second order polynomial function by which a correlation 

between response and studied factors was achieved using equation 1.  

The data of analysis of variance, ANOVA, for the system illustrates the well fitting of the experimental results 

to the polynomial model equation and therefore accuracy of this model. 
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Figure 4b shows the response surface for the separation process at different values of the studied factors 

at maximum field intensity. Successful separation of albite from mica was achieved with high  recoveries at low 

values of roll speed and feed rate. Slow feed rate and belt speed enables the mica particles to be separated 

efficiently from the albite particles at splitter inclination of 76 degree. On the other hand increasing both splitter 

inclination and belt speed more than 76 degree and 72 rpm respectively leads to a decrease in the separation 

efficiency of albite from mica.  

The best optimum parameters of the Box-Behnken design of beneficiation using magnetic separator are: belt 

speed (72 rpm), feed rate (120 g/min) and splitter inclination (76 degree), table 4 and figure 5b. 

 
                                           (a)                                                                   (b)    

Figure 5: The Best Desirable Optimum Parameters for a) Shaking table and b) RER Magnetic Separation  

 

Table 4: Optimum parameters for both shaking table and RER magnetic separators 
Shaking Table Separation Magnetic Separation 

Inclination angle (degree) 4 Belt speed (rpm) 72 

Water flow rate (l/min) 20 Feed rate (g/min) 120 

Stroke length (cm) 2.5 Splitter inclination (degree) 76 

 

Figure 6 shows the suggested flowsheet for the beneficiation process for albite and mica from Abu 

Dabbab area. It is shown that albite and mica could be successfully separated from iron oxide and other heavy 

minerals using shaking table separation technique. These valuable contents of minerals would be subjected for 

further separation processes in order to separate them from each other for industrial applications. Then albite 

and mica are successfully separated from each other using RER magnetic separator technique due to the 

paramagnetic properties of mica (biotite form), table 5. 
 

                            Table 5: Chemical analysis of the beneficiation products 

Component 

formula 

 

Feed Magnetic of 

shaking table 

heavy fraction 

Magnetic of 

shaking table 

light fraction 

Non magnetic of  

shaking table  light 

fraction 

Na2O 

MgO 
Al2O3 

SiO2 

K2O 

CaO 
Cr2O3 

MnO 

Fe2O3 

TiO2 
ZnO 

Rb2O 

Nb2O5 

SnO2 
Ta2O5 

PbO 

ThO2 

U 
L.O.I 

11.37 

0.457 
26.357 

55.074 

2.996 

0.235 
0.028 

0.288 

0.671 

0.122 
0.166 

0.295 

0.009 

0.221 
0.025 

- 

- 

- 
1.500 

4.061 

0.969 
18.204 

26.533 

2.907 

0.745 
1.023 

10.215 

3.961 

0.258 
1.504 

3.882 

1.058 

15.872 
3.104 

0.435 

0.480 

0.028 
3.700 

4.416 

0.294 
21.588 

50.738 

6.878 

0.142 
0.035 

0.940 

2.718 

- 
0.084 

5.221 

0.032 

0.224 
- 

0.009 

- 

- 
2.700 

11.002 

0.030 
15.140 

71.264 

2.340 

0.058 
- 

0.012 

0.053 

- 
0.009 

0.008 

0.001 

0.020 
- 

0.003 

- 

- 
- 
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Figure 6: Flowsheet of beneficiation products 

 

 

Figures 7, 8 show the X-ray diffraction of the magnetic and non magnetic fractions. It is obvious that the 

principle mineral included in the non magnetic concentrate is albite, with little content of silica. The magnetic 

fraction mainly consists of mica (biotite form) with some rubidium oxide. The SEM images, figure 9, evidences 

the effective separation of mica flakes from albite. 

 

 
Figure 7: XRD of albite rich fraction 

 

 
Figure 8: XRD of mica rich fraction 
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Figure 9: SEM of a) original, b) albite rich fraction and c) mica rich fraction 

 

 

CONCLUSION 

 

This study aims at separating albite and mica from Abu Dabbab area at the South Eastern Desert of 

Egypt. The beneficiation was successfully performed using Shaking table concentrator and dry magnetic 

separation. A Box-Behnken design was applied successfully in order to evaluate the best conditions for the 

beneficiation process. Albite, as non magnetic mineral, was successfully separated from biotite (mica) which has 

magnetic properties.. The non magnetic fraction, albite rich fraction, could be subjected to further processes 

such as flotation in order to eliminate the small content of quartz to obtain a pure albite content. Both albite and 

mica products were found to contain very low content of iron impurities which satisfy the requirements for 

various industrial applications. 
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