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Abstract: Integration of the remote sensing techniques including the thermal emission and reflection 

radiometer (ASTER) thermal infrared (TIR) data, and the silica index (SI) algorithms have enabled the dis-

covery of a previously unknown white sand deposit in the El-Harra region of the Bahariya Oasis. The 
physical, chemical, and mineralogical characterization of El-Harra white sand was achieved using the 

binocular microscope, X-Ray Diffraction (XRD), X-Ray Fluorescence spectrometry (XRF) and Scanning 

Electron Microscopy (SEM). The sample was physically beneficiated using attrition scrubbing, shacking 

table concentration and magnetic separation while its heavy mineral content was conducted via heavy 

liquid separation. The chemical and grain size analysis before and after the physical treatment pointed to 

clear enhancing in both the chemical and grain size specifications, where the oxide ratios of SiO2, Al2O3, 

Fe2O3 and CaO moved from 96.87, 0.82, 0.13 and 1.27% to 99.53, 0.05, 0.05 and 0.13%, respectively. 

On the other hand, the ratio of grain size (–0.5/+0.125 mm) was raised from 79.48% to 82.04% from the 

total sample weight. Comparing these data with their corresponding in both the British and American 

Standard Specifications of White Sand confirmed the validity of the physical beneficiation in raising the 

grade of the investigated white sand from low valuable ore to the globally highest one which means high-

er marketing prices and the availability to use the treated white sand in a wide spectrum of technological 

and strategic applications. Furthermore, the heavy minerals content and species is another add value, 

where their content was assigned as 0.3 mass% from the head sample including ilmenite, rutile, zircon, 
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leucoxene and green silicates. This simply means each 1000 tons of physically beneficiated white sand 

yield 3 tons of the heavy minerals. 

Keywords: add value, physical beneficiation, silica index, White Sand, El-Harra, Bahariya Oasis 

1. INTRODUCTION 

The white sand is the most famous name for certain sand deposits characterized by 

their white color. Other names are also used such as silica sand or quartz sand, these 

nomenclatures back to their strongly dominant SiO2 as chemical composition and 

quartz as mineral component. However, different white sand grades can be recognized 

based on the ratios of SiO2, Al2O3, Fe2O3 and CaO + MgO from the chemical compo-

sition point of view (British Standard (BS) 2975 1988 and Norton 1957).  

In general, the white sand is considered as a main natural resource for wide spec-

trum of industries and application such as; glassmaking, metal casting, metal production, 

ceramic fabrication, painting, coating, filtration, water treatment, oil- and gas-wells 

drilling or even some of high-tech applications as optics, metal silicon, silicon weav-

ers as well as some electronic and military devices (Nigussie et al. 2023). Therefore, 

many countries make respectful efforts to develop their resources from the white sand 

via different exploration programs and techniques. Traditional approaches for discov-

ering and mapping these deposits, on the other hand, are frequently costly, time-

consuming, and constrained by accessibility and environmental constraints. Remote 

sensing techniques, based on spectral signatures, provide an alternate method for 

identifying and characterizing white sand deposits (Rockwell and Hofstra 2008; Ali 

and Ghoneim 2022; Ninomiya et al. 2005). 

The purity-grade of the white sand is the main factor controls its using in any of 

these applications. Accordingly, purification of the white sand ore is considered a 

vital issue for maximizing the economic benefits of this natural ore. In particular, the 

metal silicon production (and its subsequent products) requires high-purity silica sand 

up to 99.99% SiO2, and reaching this percentage requires utilizing many physical and 

chemical methods in order to raise the grade of the raw material and get rid of the asso-

ciated impurities (Boussaa et al. 2018). 

The impurities in the silica sand are usually present as free and/or coated iron ox-

ides, clay, titania and smaller amounts of sodium, potassium and calcium minerals. 

The iron, as the most detrimental impurity, and other impurities can be minimized by 

various physical, physico-chemical or chemical methods; however the proper method 

depends on the mineralogical forms and distribution of iron in the ore (Popa et al. 

2022). The physical operations include; size separation (screening), gravity separation 

(spiral concentration), magnetic separation, etc., on the other hand, the physico-

chemical (flotation) or even chemical methods (leaching) have to be occasionally 

adopted for effective removal of iron which may be in intimate association with the 
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mineral quite often superficially (Bhattacharya and Das, 1994; Taxiarchaou et al. 1997; 

Ay and Arica 2000, Farmer et al. 2000, wills 2016). 

In the same regard, the present study concerns a recently discovered white sand 

deposit located in the El-Harra region of Bahariya Oasis, Egypt. The identification of 

this new occurrence was accomplished through the utilization of the silica index (SI) 

derived from Advanced Spaceborne Thermal Emission and Reflection Radiometer 

(ASTER) thermal infrared (TIR) data. Subsequently, a representative technological 

sample from this deposit was subjected to the laboratory investigation to define its 

grain-size, chemical, and mineralogical characteristics. In addition, the physical up-

grading studies were applied to adopt simple, cost-effective and environmentally eco-

friend beneficiation techniques for purifying the silica sand and evaluate their suita-

bility for using in different advanced industrial applications, and hence creating add 

value for this newly discovered white sand deposit. 

2. MATERIALS AND METHODS 

2.1. SITE DESCRIPTION AND GEOLOGICAL BACKGROUND 

The Bahariya Oasis is one of the most important geological provinces that provide in-

sights into the paleontological, hydrogeological, and sedimentological history of the 

Western Desert, Egypt Its sedimentary cover include a thick sequence of marine, continen-

tal, and lacustrine deposits from the Mesozoic period. It contains economic and valuable 

ores, comprising phosphates, iron, barite, radioactive mineralization as well as hydrocar-

bon resources (Morsy 1987; El-Agami et al. 2005; El-Sharkawi et al. 2006; Abouelresh 

et al. 2007; El-Araby et al. 2007; Haroun and Raslan 2010; Ahmed 2011; Afify et al. 

2015; El-Zalaky et al. 2018). 

Bahariya Formation of the Cenomanian age is the most extensive and is composed 

of a diverse set of sedimentary succession and unconformably overlain by Eocene suc-

cession including dolostone, marl and limestones of Naqb, Qazzun and El Hamra for-

mations. This sequence is truncated by Oligocene Radwan Formation represented by fluvi-

al sandstone (El Akkad and Issawi 1963; Said and Issawi 1964; Hassan 2004; Ibrahim 

et al. 2014; Afify et al. 2015; Sallam et al. 2018; Sallam et al. 2020). The lithostratigraph-

ic section of the Bahariya Formation is of about 75 m in thickness and composed of 

three members; the lower (composed of multi-layered package of siltstones, white 

sand, ironstone, sandstone and variegated carbonaceous and black shale), the middle 

(consists of laminated siltstone interbedd with massive sandstone and barite veins) 

and the upper (contains highly altered variegated shale, cross-bedded and massive 

sandstone, siltstone, ironstone and dolostone) (Fig. 1). 

El-Harra area, where the new white sand deposit was discovered, locates to the 

northern of Bahariya Depression, Western Desert, Egypt (Fig. 2) and the white sand bed 
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occupies the lower sequence of Bahariya Formation reaching 5 m-thick in average. This 

deposit is generally characterized by its brightness, snow-white appearance, transpar-

ent, subround to rounded, fine- to coarse-size grains and almost composed of pure 

quartz (Fig. 3). 

 

Fig. 1. The lithostratigraphic sections of El-Harra area, northern part of Bahariya Depression 

modified after (Said and Issawi 1964, Afify et al. 2015) 
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Fig. 2. Location map showing El-Harra area to the northern part 

of Bahariya Depression 

 

Fig. 3. The white sand deposit in El-Harra area, Bahariya Depression, 

Western Desert, Egypt 
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2.2. REMOTE SENSING DATA AND TECHNIQUES 

The Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) 

sensor onboard the Earth Observing System (EOS) Terra satellite, which was 

launched in 2000, offers ground-breaking new capabilities for cost-effective mineral 

and landcover imaging across wide regions. The ASTER Level 1B radiance data were 

used to calculate the surface emissivity using the temperature-emissivity separation 

(TES) algorithm and then applied the silica indices (SI) technique. The Level 1B data 

were processed from the original Level 1A format by the Earth Remote Sensing Data 

Analysis Center (ERSDAC) of Japan. A cloud-free scene of ASTER emissivity data 

was acquired 29 May 2001 and obtained from EROS and re-sampled to the geograph-

ic projection using a nearest-neighborkernal based on satellite ephemeris data con-

tained within the data files. 

2.3. PHYSICAL BENEFICIATION METHODOLOGY 

Ten trenches (3 meters in depth) were executed throughout the studied area, and several 

samples were collected (one sample per each meter), and then all the samples were 

added together in one representative head sample (weighting about 50 kg). Initially 

and after well blending, the head sample was split into representative fractions using 

John’s riffle Splitter in order to be ready for various characterization, tests and bene-

ficiation processes. While one fraction was kept as a reference sample, the other frac-

tions were subjected to the following studies: 

Granulometric analyses: to determine the grains size range and the relative 

weight percentages of each size. This experiment was carried out using the mechani-

cal sieve shaker with a set of sieves have aperture diameters of 2.0, 1.0, 0.5, 0.250, 

0.125, and 0.063 mm (ASTM codes); 

Gravimetric investigation: to measure the moisture content by drying the white 

sand fractions at 105 °C and weighing them before and after the dryness process; 

The chemical analysis: to identify and quantify both the major and trace compo-

nents in the original sample, the obtained fractionated sizes and the final products 

after beneficiation. All the samples were firstly ground to less than 75 μm by the agate 

mortar, and then subjected the chemical analyses using the X-ray fluorescence (XRF) 

spectrometry (Axios advanced, Sequential WD_XRF Spectrometer) with detection 

limit at 20 and 2 ppm for the major and trace elements, respectively; 

Mineralogical identification: was carried out for the individual minerals which handi-

ly picked under Olympus stereo binocular microscope, and then the identification was 

performed using both scanning electron microscope (SEM) and X-ray diffraction (XRD); 

Heavy liquid separation: using the bromoform liquid (CHBr3, specific gravity 

of 2.89) for estimating the heavy mineral content in both the original sample and the 

fractionated sizes of the scrubbed sample; 
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The beneficiation processes: were carried out through three stages; the first stage 

represented in the attrition scrubbing for removal of the clay mineral content as well 

as the stained oxides, the second was the wet-gravity separation process via Wilfley 

shaking table No. 13 as a tool for heavy mineral concentration and the third dealt with 

the high intensity magnetic separator to separate the iron mineral contents and im-

prove the silica sand quality. 

3. RESULTS AND DISCUSSION 

3.1. UTILIZING THE REMOTE SENSING 

FOR WHITE SAND EXPLORATION 

In this paper, we provide a system for identifying quartz-rich white sand deposits in 

various geological contexts using thermal ASTER data and silica index (SI) ratio. 

Ninomiya et al. (2005) used the ASTER thermal bands to create a Quartz Index (QI) for 

mapping silica-rich units. The silica index (SI) is a band ratio technique that highlights 

areas with high silica content by using TIR bands 10, 12, and 13 from ASTER data. The 

Advanced Space borne Thermal Emission and Reflection Radiometer (ASTER) sen-

sor, the ASTER’s multi-spectral thermal infrared (TIR) data and the Silica Index ratio 

(SI) algorithms were successfully used to identify and mapping of quartz rich deposit 

at local scale over El-Harrah area in northern Bahariya Oasis. The capacity of ASTER 

thermal infrared images over El-Harrah area in northern Bahariya Oasis of Egypt for 

accurate and cost-effective identification and mapping of quartz rich deposit at local 

scale was evaluated. This region's geology comprises a wide range of rock types and 

unconsolidated surficial materials, many of which are dominated by quartz and car-

bonate minerals. 

The SI is a ratio of two or more TIR bands that are sensitive to quartz and other sil-

icate minerals. Among the previously published silica ratios and indices, two particu-

lar silica indices were employed in this work to test the capabilities of various remote 

sensing technologies in discriminating the silica-rich rock units in El-Harra area and 

were well validated. 

The first SI used is determined by calculating the silica index (SI), which is de-

fined as the ratio of band 13 (10.95–11.65 μm) to band 10 (8.125–8.475 μm), is one 

way for mapping quartz sand deposits using ASTER TIR data. The SI value is related 

to the quartz content, hence greater SI values indicate higher quartz content and vice 

versa. As a result, quartz sand deposits can be distinguished from other silicate rocks 

by applying a threshold value to the SI image (see Fig. 4) where the bright yellow 

color indicate the higher content of silica. 

The second SI used as the follow: 

SI = (B10 + B12) / B13, 
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where B10, B12, and B13 are the relative surface emissivity values of ASTER bands 

10 (8.125–8.475 μm), 12 (10.25–10.95 μm), and 13 (10.95–11.65 μm).  

 

Fig. 4. The first silica index map highlights the quartz rich location identification 

using the ASTER data at El-Harra area, northern part of Bahariya Depression 

The SI range runs from 0 to 2 and converted to digital number DN scale from 0 

to 255 for better representation in the final output with higher values signifying more 

silica. The SI is determined by the shape and position of the quartz reflection feature, 

which is a significant emissivity peak that occurs between 8 and 9 μm as a result of 

the Si-O stretching vibration mode. The SI enhances this peak by adding bands 10 and 

12, which are placed on both sides of the peak, and dividing by band 13, which is 

located on the peak’s long-wavelength side, where quartz has a low emissivity (see 

Fig. 5). 

In general, the SI value of 1.4 is the preliminary threshold value that distinguishes 

high-silica areas from low-silica areas, although it could be slightly varied based on 

the geological environment and the background materials. White sand deposits rich in 

quartz or other silica-rich units, such as quartzite, chert, and/or silicified rocks, are more 

likely to be found in areas with SI values above 1.4 while the low-silica elements like 

carbonate and mafic rocks are likely to be present in regions with SI values below 1.4 
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(Rockwell and Hofstra 2008). 

 

Fig. 5. The second silica index map highlights the quartz rich location identification 

using the ASTER data at El-Harra area, northern part of Bahariya Depression 

Although thermal remote sensing was a valid tool for locating the newly discov-

ered white sand deposit under study, it is important to consider field geological inves-

tigation to verify the remote sensing outputs. Verification is necessary to address cer-

tain limitations associated with remote sensing techniques, including limited depth 

penetration (only a few hundred meters can be detected), environmental variables that 

can make it difficult to identify mineral deposits (such as cloud cover, air moisture, 

and vegetation cover), interference from non-mineral resources, and difficulty in iden-

tifying individual minerals. Therefore, geological field activities were conducted in 

the El-Harra area and representative samples were collected. 

3.2. El-HARRA RAW SAND CHARACTERIZATION 

3.2.1. GRAIN SIZE DISTRIBUTION 
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The mechanical sieving of 300 g from El-Harra white sand for 20 minutes result-

ed in its fractionation into five grain sizes as (+0.5), (–0.5/+0.25), (–0.25/+0.125), 

(–0.125/+0.063), and (–0.063 mm), where about 79.5 mass% of the raw sand located in the 

range of –0.5/+0.125 mm (see Fig. 6), incidentally, is well within the international stand-

ard specification for desirable fractions of glassmaking sand. About 10 mass% 

is above 0.5 mm which has to be discarded as oversize and also 10% mass represented 

the finer fraction less than 0.125 mm. Subsequently, D10, D30 and D60 correspond-

ing to the size fraction finer than 10%, 30% and 60%, respectively, the uniformity 

coefficient (CU) and the coefficient of curvature (CC) were determined. Referring to 

the USCS (ASTM D 2487-93:1994), this sand can be classified as uniformly poorly 

graded sand (SP) and according to the cumulative curve (see Fig. 7). 

 

Fig. 6. Photographs show different fractions of dry sieving analyses 

and their corresponding mass percent of the El-Harra raw sand 

3.2.2. THE GRAINS MORPHOLOGY 

The microscopic observation indicates the presence of different shapes of sand grains 
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such as; rounded, angular and/or elongated grains. The scanning electron micrographs 

confirm the optical microscopy observations (see Fig. 8). 

 

Fig. 7. Particle size distribution of El-Harra raw sand 

and its corresponding granulometric parameters 

3.2.3. MOISTURE AND FINES CONTENT 

The moisture content of El-Harra sand is about 0.21%, in accordance to ISO-15512 

this value appears good, on the other hand, the clay content percentage was about 

0.9%. Consequently and based on these results, we affirm that El-Harra sand presents 

less acceptable properties for its future use in carbon-reduction (Boussaa et al. 2018). 

3.2.4. CHEMICAL ASSAYS 

The chemical composition of both the representative head bulk sample as well as the 

fractionated samples (after sieving) is shown in Table 1. For the first sight, the percent-

ages of the SiO2 (96.87%) and the other components in the bulk sample provide an im-

pression that El-Harra white sand is a high grade ore, but referring to the British Stand-

ard Specifications (BSS) No. 2975/1988, El-Harra white sand locates close to the 

fifth grade which is the lowest grade in the BSS and only valid for using in limited 

traditional applications. On the other hand, the chemical assay for the fractionated 

sizes revealed that the highest silica content (97.05–98.47% SiO2) relates to the size 

range of –0.5/+0.125 mm, but the silica content gradually decreased to about 80% at 

the size fraction less than 0.063 mm, such decreasing is accompanied by increasing of 

other components (the lime content (CaO) reaches 9.04%, sulfur (SO3) reaches 6.63% 
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SO3, iron (Fe2O3) reaches 0.66% and titania (TiO2) reaches 1.43%. These results point to 

that the dry sieving process shows effective upgrading for the white sand purity, where 

about 80% of the original sand amount has enhanced chemical composition after sieving. 

 

Fig. 8. BSE images and corresponding EDS spectra for El-Harra silica sand sample: a – head sample, 

b – size fraction (+0.5 mm), c – size fraction (–0.5+0.25 mm), d – size fraction (–0.25+0.125 mm), 

e – size fraction (–0.125+0.063 mm), f – size fraction (–0.063 mm) 

Table 1. XRF elemental oxide analyses for the raw silica sand sample 

compared with the various size fractions after granulometric analyses 

Elemental 

oxide 

Head 

Sample 

Size fractions after dry sieving 

+1 mm –1+0.5 –0.5+0.25 –0.25+0.125 –0.125+0.063 –0.063 mm 

SiO2 96.87 95.08 97.02 97.05 98.47 95.11 80.08 

Al2O3 0.82 0.42 0.46 0.70 0.45 0.84 0.94 

CaO 1.27 2.49 2.04 1.45 0.47 1.07 9.04 

SO3 0.19 1.45 0.14 0.25 0.25 0.66 6.63 

K2O 0.15 0.13 0.14 0.15 0.09 0.23 0.95 

TiO2 0.30 0.04 0.06 0.13 0.11 1.47 1.43 

Fe2O3 0.13 0.08 0.07 0.10 0.07 0.42 0.66 
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P2O5 0.06 0.06 0.07 0.08 0.09 0.13 0.11 

Cl U.D. U.D. 0.02 0.03 0.02 U.D. U.D. 

MnO U.D. U.D. U.D. U.D. U.D. 0.002 U.D. 

BaO U.D. U.D. U.D. U.D. U.D. U.D. 0.12 

L.O.I 0.21 0.25 0.002 0.08 0 0.08 0.05 

3.2.5. MINERALOGICAL CHARACTERIZATION 

For El-Harra white sand head sample, the XRD pattern (see Fig. 9) confirms the high 

crystallinity and the hexagonal crystal system of the quartz grains, where the peaks at 

2θ values 26.64o, 20.85o, 50.26o and 60.09o with d-spacing 3.34, 4.25, 1.81, and 1.54 Ao, 

respectively, match the PDF-2 Card No. 85-1054 of quartz mineral and the crystallo-

graphic parameters are a = b = 4.9137 Ao and c = 5.4051 Ao. In addition to quartz, the 

peaks of gypsum are also appeared in the XRD pattern. 

For the different fractionated sizes, the XRD patterns of sizes (+0.5 mm) and 

(–0.5/+0.125 mm) revealed that the mineralogical composition is represented in 

quartz and gypsum as major and minor components respectively (Fig. 10a, b). The kaolin 

and rutile minerals recorded their attendance, beside the quartz and gypsum, in the frac-

tions of –0.125/+0.063 and –0.063 mm (see Figs. 10c, d). Although they were not detected 

by the XRD, but both the ilmenite (FeTiO3) and leucoxene minerals were recorded by the 

SEM technique in the fractions less than 0.125 mm (as will be shown later on). Such min-

eralogical composition is in full matching with the chemical composition results (Table 2), 

where the highest values of Al2O3, CaO, SO3, TiO2 and Fe2O3 were recorded in the grain 

sizes less than 0.125 mm as reflection to presence of considerable amounts of kaolin 

[Al2Si2O5(OH)4], gypsum (CaSO4·2H2O) as well as rutile, ilmenite and leucoxene minerals 

in these fractions particularly the size less than 0.063 mm. 

 

Fig. 9. XRD diffractograms for El-Harra raw sand 
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On the other hand, the heavy minerals components and quantity were identified af-

ter the heavy liquid separation for the head bulk sample as well as the other con-

ducted fractions. The stereo microscopic and SEM investigations pointed to that the 

heavy minerals are represented by rutile, ilmenite, zircon, leucoxene, green silicates 

and traces of mica minerals (see Figs. 11 and 12). Estimating the heavy minerals 

amount in the head and fractionated samples (Fig. 13) indicated that the heavy miner-

al content in the head bulk sample is about 0.3 mass%, while in the fractionated 

sizes no heavy minerals were found in the size fractions greater than 0.5 mm but 

their content was gradually increased as we moved to the finer sizes and reached its 

highest value (2.7 mass %) in the fraction less than 0.125 mm. 
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Fig. 10. XRD diffractograms for El -Harra size fractions: (a) size fraction (+0.5 mm), 

(b) size fraction (–0.5+0.125 mm), (c) size fraction (–0.125+0.063 mm), and (d) size fraction (–0.063 mm) 

Table 2. The optimizing operation conditions for the shaking table process 
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Generally, the outputs of all the applied investigation and analyses techniques 

showed that the essential minerals constituents in El-Hara whit sand are as follows: 

quartz (~95.5 mass %), feldspar (~1.73 mass %), kaolin (~0.9 mass %), gypsum 

(~0.4 mass %). While the content of the heavy valuable minerals is approximately 

0.3 mass %.  

3.3. THE BENEFICIATION OF EL-HARRA RAW SAND 

The beneficiation process of El-Harra raw sand was conducted using: (1) the attrition 

scrubbing process, (2) the wet gravity separation technique via shaking table and (3) mag-

netic separation. Various variables were tested during the processes in order to opti-

mize the operation conditions. 

 

Fig. 11. Stereo microscopic image showing: a – heavy mineral fraction content, 

b – rutile, c – ilmenite, d – zircon, e – leucoxene, f – green silicates 

Operation Roughing Cleaning 

Tested conditions Optimizing value Optimizing value 

Feed rate 134 g/min 140 g/min 

Water flow rate 14 L/min 17.5 L/min 

Stroke length 1.5 cm 2 cm 

Inclination angle 9o 11o 
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Fig. 12. BSE images and corresponding EDS spectra for heavy minerals: a – ilmenite, b – rutile, 

c and d – zircon, e – heavy green silicate, f – mica 
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Fig. 13. Heavy mineral assays in El-Harra raw sand in comparison with different size fractions 



M.M. FAWZY et al. 

 

210 

3.3.1. ATTRITION SCRUBBING 

Attrition scrubbing is the simplest technique used for removing the clay-sized parti-

cles and metal oxides that adhered to the surfaces of the sand grains by pumping the 

sand grains together. Firstly, the sample was washed without any stirring, and then the 

sample was mechanically stirred and washed with distilled water for around 20 

minutes at 600 rpm. After complete dryness, the scrubbed sample was weighted and 

analyzed 

using SEM-EDX technique.  

The results indicated that about 3.5% of the sample mass was lost after attrition 

scrubbing process due to reducing some of the kaolin and gypsum content. Also, the 

scrubbed and dried sample was subjected to grain size analyses and SEM-EDX inves-

tigation and the results were compared to their corresponding in the head sample. The 

total mass percentage of the size fractions (–0.5/+0.25 mm) and (–0.25/+0.125 mm) 

was enhanced from 79.48% to 82.04% (Fig. 14). It is worth to mention that as the 

mass % of theses sizes increased as the quality of the white sand increased. Also, the 

SEM-EDX outputs pointed to enhancing the Si-content and reducing of S, Al, Ca, and 

K contents after the scrubbing process (Fig. 15), which mean that the chemical char-

acteristics of the studied white sand became more favorable from the add-value point 

of view. Finally and although the reduction of their content, a faint percentages of S, 

Al, Ca, and K still present in the scrubbed sample which indicates that the scrubbing 

process must be repeated to remove them completely.  
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Fig. 14. Grain size distribution analyses for El-Harra raw sand after attrition scrubbing 
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compared with the original sample 

 

Fig. 15. BSE images and corresponding EDS spectra for El-Harra raw sand after attrition scrubbing: 

a – head sample, b – size fraction (+0.5 mm), c – size fraction (–0.5+0.25 mm), 

d – size fraction (–0.25+0.125 mm), e – size fraction (–0.125+0.063 mm) 

3.3.2. SHAKING TABLE CONCENTRATION 

Shaking table (Model; WILFLEY TABLE NO. 13) was used to improve silica sand 

grade and concentrate the heavy minerals. To conduct this objective, a rougher con-

centration stage was initially performed, and then the resulted silica sand product was 

subjected to cleaning concentration stage to recover the remaining heavy minerals that 

were not recovered during the initial roughing stage. Some operation conditions were 

tested and optimized as they are illustrated in Table 2. 

The separation processes were carried out on a representative head bulk sample 

without fractionation as well as three fractions resulted from a fractionated bulk sam-

ple into the grain sizes of (–0.5/+0.25 mm), (–0.25/+0.125 mm), and (–0.125 mm). 

The separation output of the head bulk sample was not successful due to the differen-
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tiation in the particle sizes (Fig.16a), while separation for the heavy minerals from the 

size fraction (–0.5/+0.025 mm) is not visible due to the presence of a very weak per-

centage of heavy minerals, which does not exceed 0.01% (see Fig. 16b). On the other 

hand, in the size fraction (–0.25/+0.125 mm) the heavy minerals appear as a fine strip on 

the table, which have been concentrated and separated from the white sand (Fig. 16c). 

As for the size fraction (–0.125 mm), the heavy minerals clearly appeared and were 

separated successfully because this fraction has a high percentage of heavy minerals 

~2.7% mass (Fig. 16d), the final products of the separation process for light and 

heavy fractions were shown in Fig. 17. 

 

Fig. 16. Photographs showing the gravity separation process via shaking table 

for El-Harra raw sand compared to the separation of different size fractions: 

a – head sample, b – size fraction (–0.5+0.25 mm), 

c – size fraction (–0.25+0.125 mm), d. size fraction (–0.125 mm) 

The final products obtained after the rougher and cleaning stages for El-Harra 

white sand sample were collected, dried, weighed, and chemically analyzed and the 

results were compared with the head sample and depicted in Table 3. The data of the 

white sand after the cleaning process confirmed the successful upgrading of El-Harra 
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white sand where it moves from the fifth grade to the first one according to the British 

Standard Specifications No. 2975/1988. This means the validity of the beneficiated 

white sand for utilizing in wide spectrum of advanced and technological industries 

such as, optics, solar panels optic fibers, LED screens, and hence the beneficiated 

white sand acquired high add-value. 

Table 3. XRF elemental oxide analyses for El-Harra raw sand compared with the tabling products 

after rougher and cleaning stages 

Elemental oxide Head sample Heavy product 
Silica sand 

after rougher stage 

Silica sand 

after cleaning stage 

SiO2 96.87 83.20 98.79 99.53 

Al2O3 0.82 0.47 0.38 0.05 

CaO 1.27 0.24 0.20 0.13 

SO3 0.19 0.15 0.10 U.D. 

K2O 0.15 U.D. 0.16 0.14 

TiO2 0.30 11.7 0.23 0.03 

Fe2O3 0.13 3.62 0.08 0.05 

P2O5 0.06 0.29 0.07 0.07 

MnO U.D. 0.15 0.008 0.006 

BaO U.D. U.D. U.D. U.D. 

V2O5 U.D. 0.57 U.D. U.D. 

Cr2O3 U.D. 0.56 U.D. U.D. 

HfO2 U.D. 0.41 U.D. U.D. 

Nb2O5 U.D. 0.03 U.D. U.D. 

L.O.I 0.21 0 0 0 
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Fig. 17. Photograph showing shaking table separation products for El-Harra sand 

The XRD investigation of silica sand and heavy mineral concentrate after tabling 

(Fig. 18a, b) showed the silica sand as full pure product where no other minerals ex-

cept the quartz were recorded, while for the heavy mineral concentrate, rutile, zircon 

and ilmenite appeared with a percentage of quartz. 
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Fig. 18. XRD diffractograms for tabling products for El-Harra raw sand: a – cleaned silica sand, 

b – heavy mineral concentrate 

3.3.3. MAGNETIC SEPARATION 

The elemental distribution maps for the heavy mineral concentrate after tabling were 

shown in Fig. 19 and showed that zirconium, titanium and iron, are distributed and 

present in acceptable and separable quantities, so it was used as a feed for magnetic 

separation operations. 

Magnetic separation processes via Dry-Carpco high intensity magnetic separator 

(DHIMS) have been adopted to fractionate and separate the weak para-magnetic min-

erals from strong para-magnetic from non-magnetic minerals after tabling. The mag-

netic separation processes were achieved at pre-optimized factors of a medium air gap 

of 1.5 cm, magnetic field current at 1 and 3 amperes, magnetic roll speed 30 rpm and 

optimum feed rate 39.2 g/min.  
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Fig. 19.  Elemental distribution maps of the heavy mineral concentrate 

obtained from the shaking table separation of El-Harra sand 

The magnetic separation at 1 and 3 amperes resulted in three magnetic fractions; 

the first was attained at 1 ampere and contained both ilmenite and leucoxene as para-

magnetic minerals, the second and third fractions were conducted at 3 ampere as 

magnetic portion (include the pyroxenes) and non-magnetic portion which contained 

both rutile and zircon minerals.  

All the applied steps in the beneficiation process of El-Harra white sand were 

summarized and presented in the proposed flow-sheet in Fig. 20. The physical benefi-

ciation processes succeeded in raising the grade of El-Harra sand from a low-grade  to 

a high-grade that suitable for entering into modern and developed industries. The ben-

eficiation processes also succeeded in concentrating the economic heavy minerals 

associated with El-Harra sands and separating them as by-products. 
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Fig. 20.  Proposed flow-sheet for raising the grade of El-Harra raw sand 

as well as the exploitation of the associated economic heavy minerals 

4. SUMMARY AND CONCLUSION 

The remote sensing tools appeared as effective and successful method for detection 

and determination of a new white sand occurrence in El-Harra area which locates to 

the northern of Bahariya Oasis, Western Desert, Egypt. In the El-Harra region of 

Egypt's Bahariya Oasis, the SI technique was applied to ASTER data to identify white 

sand deposits. Our comparison of the results with geological maps and field observa-

tions revealed that the SI method was effective in distinguishing quartz-rich white 

sand deposits from other types of land cover. Moreover, the SI approach enabled the 

mapping of quartz content fluctuations and spatial distribution within white sand de-

posits. Our study demonstrates that thermal ASTER data and the SI technique can be 

utilized to locate and map quartz-rich white sand deposits in arid and semi-arid envi-

ronments. 
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The physical, chemical and mineralogical characterization of El-Harra white sand 

indicated that this sand is not good enough from the purity-grade point of view, where 

it contains non-desirable grain sizes reached to 20.53 mass %, gangue minerals such 

as kaolin, gypsum as well as some heavy mineral, these characteristics negatively 

affected the chemical composition of El-Harra white sand where considerable concen-

trations of impurities were recorded. Therefore, it was necessary to raise the silica 

sand grade to acquire add-value and become qualified to use in high-tech applications, 

as well as getting benefits from its content from the economic heavy minerals.  

Consequently, a representative technological sample from El-Hara silica sand was 

beneficiated through two main techniques; the first was the attrition scrubbing, which 

proved efficient removing of kaolin and gypsum, and the second was the heavy min-

erals separation using the wet gravity separation technique via shaking table utilizing 

two successive stages (roughing and cleaning). The final high grade silica sand prod-

uct after shaking table contained 99.6% SiO2, 0.05% Fe2O3, 0.03% TiO2, while Al2O3 

reached 0.3% that was applicable for the first quality. On the other hand, the magnetic 

fractionation for the heavy minerals concentrate via DHIMS resulted in separation 

and concentration of the heavy minerals components into three magnetic portions, 

where both ilmenite and leucoxene went to the magnetic portion at 1 ampere, the 

green silicates were concentrated in the magnetic portion at 3 ampere, while both 

rutile and zircon were confined to the non-magnetic portion at 3 ampere. The last 

portion has to be subjected for the electrostatic separation to separate rutile and zircon 

from each other. 

By the end of this work, two good benefits are achieved causing add-value for the 

studied white sand, these benefits represented in: 

 Raising the purity-grade of El-Harra white sand to the first grade according to 

British Standard Specifications for white sands which means higher marketing 

price and the validity for using in several advanced and respectful industrial 

applications. 

 Good probability for the economical exploitation of the heavy mineral content 

which found at 0.3 mass % from the original white sand. 
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