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Abstract

This study explores the physical, chemical, and microstructural attributes of two different types of
natural sand , specifically white sand and dune sand from Bir El Ater river in the north east and
Engoussa in the southeast of Algeria. Various analytical methods have been used such as Fourier-
transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD), X-ray Fluorescence (XRF), Scanning
electron microscopy (SEM) and laser dispersion particle size. The FTIR and XRD analyses confirm that
both white sand and dune sand are primarily composed of high proportions of a-quartz (SiO,), while
containing minimal quantities of calcite (CaCOs) and gypsum minerals (CaSO42H,0). The chemical
analysis further confirms that both sand types exhibit significant silica (SiO,) content, its percentage
of white sand is 92.95% and 44.63% of dune sand, alongside very low amounts of Al,Os, Fe,0;, K,0
and Na,O oxides. The dune sand had a greater CaO content compared to the white sand. The grain
samples of the white sand have shapes ranged from sub-angular, rounded, surrounded, well-
rounded and irregular. In contrast, the dune sands featured shapes that ranged from sub-angular to
well-rounded. For Bir El Ater samples, the values are between 51.471 and 1754.613 um, while for
Engoussa samples, the values are between 200 to 3019.738um.

These results indicate that both white sand and dune sands exhibit mineralogical stability and
possess suitable chemical properties for application as fine aggregates in construction. Moreover,
these sands have the potential to serve as valuable sources of quartz minerals. The findings from
this study provide valuable insights for identifying specific industrial and nanotechnology
applications for each of these sand types.

Tob Regul Sci.™ 2023;9(2): 2075 - 2086 2075


mailto:ragheriani@yahoo.fr

E. Bekkar et al.

A comparative examination of the structural and physicochemical characteristics between
Algeria valleys and dunes sand

Keywords: Sand, XRF, XRD, FT-IR, Particle size, SEM, Algeria.

Tob Regul Sci.™ 2023;9(2): 2075 - 2086

DOI: doi.org/10.18001/TRS.9.2.134

1. Introduction

The significant expansion of industry and infrastructure has led to heightened demand for
construction materials, specifically natural sand, across a range of applications. River sand reserves
are notably limited in various regions, especially deserts. For this reason, there's a compelling need
to explore alternative sources of high-quality materials for construction projects, with a primary
focus on optimizing the use of local resources [1].

The appeal of dune sand as a construction material lies in its characteristics and low cost, especially
in arid areas where fine natural aggregates are scarce, while dune sands are abundantly available
[2].

In accordance with most building material recommendations and standards, dune sand is a
potentially suitable option due to its typically well-balanced particle size distribution and robust
resistance to water [3]. Fine aggregate constitutes roughly one-third of the total concrete aggregates
and plays a crucial role in filling gaps [4]. Moreover, fine aggregates are essential for maintaining
the smoothness and cohesion of concrete [5]. Dune sands are unconsolidated sediments that form
through the wind-driven erosion, transportation, and deposition of weathered materials from a
sandy parent source in arid environments [6]. They possess distinct granular properties
characterized by their highly uniform particle size distribution, fine average size, rounded particle
shapes, and the challenge of achieving proper compaction without adequate lateral confinement
[7].

Recently, there has been a growing focus on utilizing acolian sands as a construction material in
applications such as concrete, mortar, and pavement. In a study conducted by Amri et al.
(2019)[8], the impact of dune sand treatment on the geotechnical, structural, and mineralogical
properties of clayey soil was explored. Their findings demonstrated a significant enhancement in
the geotechnical characteristics when dune sand was introduced to the clay. According to Moulay-
Ali et al. (2021)[9], the optimal blend of 20% dune sand, 40% quarry sand, and 60% crushed
sand offers superior mechanical strength in terms of concrete compression. Luo et al. (2013)[10]
discovered that concrete containing extremely fine dune sand grains from the Australian desert
exhibited workability and durability comparable to concrete made with river sand. In another study
by Smaida et al. (2019) [11], it was revealed that dune sand, when processed with cement,
pozzolan, and limestone, saw improvements in its mechanical properties, making it suitable for use
in pavement foundation layers. Hence, there is a critical need to investigate the physicochemical
characteristics of dune sand to determine its suitability for construction applications.

Algeria stands as the largest country in Africa, boasting extensive stretches of sand dunes that
envelop approximately one-quarter of its landmass. The Algerian Sahara contains one of the largest

eolian dune deposits in the world (approximately 2.4.106 km2) [12]. These sand dunes are
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categorized into "ergs,” which are vast expanses of continuous sand dunes, i.e., large areas of
continuous dunes, of which the Grand Oriental Erg is the most important [13].

It can be defined as a granular material consisting of small grains of different sizes as a result of the
decomposition of materials of mineral or organic origin such as rocks, shells, coral and skeletons.
Its diameter ranges from 0.063 as silt to 2 mm gravel. Its composition can reveal up to 180 different
minerals quartz, micaand feldspar as well as limestone remnants. Sand takes its colours from its
components, range from bright red to black [14-15].

To determine whether Engoussa dune sand is suitable for construction, a comprehensive
examination of its physicochemical properties is essential. This study conducts a detailed
investigation into two sand varieties, providing a thorough comparative analysis of their physical
characteristics. It includes non-destructive chemical assessment techniques like X-ray fluorescence
(XRF) and Fourier-transform infrared spectroscopy (FTIR), mineralogical analysis using X-ray
diffraction (XRD), and morphological evaluation through Scanning Electron Microscopy (SEM).
2. Experimental

2.1. Materials and Methods

Our study focuses on two specific regions within Algeria: the Engoussa region in the Ouargla
province, located in the southeastern portion of the Algerian desert, and Bir El Ater in the Tebessa
region, situated in the eastern part of the Algerian Sahara. We have provided the geographical
coordinates for these regions: Ouargla [31° 57'N, 5° 18'E] and Bir EI Ater [34° 44" 55" N, 8° 03'
29" E]. The positions of these two regions are clearly marked on the Algerian map depicted in Fig.
1.

@ Prispates apghunceatom

el
i Tor L awmne
B moougne a rebehs tbitares e

sebhius

reliefs momox e

Fig. 1. Locations of the collected sand samples [15].

The sand samples (Fig. 2) under investigation were collected from various depths and diverse
locations. To prepare them for XRD and FTIR analysis, the samples were effectively pulverized
using a pottery mortar, after which they were stored in airtight plastic containers at ambient room

temperature.
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Fig. 2. The studied samples before preparation: the white sand (S1), Dune sand (S2).
2.1.1. X-ray Fluorescence (XRF)

The analysis of the samples' chemical composition was conducted using a non destructive, rapid,
and multi-elemental technique known as X-ray Fluorescence (XRF). In this method, the samples
were exposed to a primary x-ray beam, causing the material to emit specific x-ray lines that enable
the identification of its chemical elements and their respective atomic or mass concentrations. In
this measurement, the powdered sample was combined with a small quantity of triethanolamine

(C¢H1sNO:s). The resulting mixture was then subjected to high pressure
for a few minutes to create a pellet for measurement.
2.1.2. X-ray Diffraction method (XRD)

X-ray diffraction (XRD) was utilized to semi-quantitatively identify chemical phases. The analysis
was carried out using a Philips X’Pert PWR X-ray diffractometer equipped with a Cu-tube (A =
1.5406 A), operating at an accelerating voltage of 40 kV and a current of 30 mA. The
measurements involved scanning 26 angles ranging from 10 to 60° with a step size of 0.02 degrees

per second (degrees/sec).
2.1.3. Fourier transformation infrared spectroscopy method (FTIR)

To analyze the molecular vibration bonds present in our samples, a Thermo Scientific Nicolet 380
FT-IR spectrometer was employed, covering the spectral range from 400 to 4000 cm™'. The sample
preparation involved combining 1 mg of sand with 100 mg of dry potassium bromide. This

mixture was subsequently compressed to create a pellet with a 13 mm diameter.
2.1.4. SEM morphological analysis and Grain size distribution

The evaluation of the morphological aspect of the studied samples was conducted using a Scanning
Electron Microscope (SEM) from Carl Zeiss Microscopy GmbH in Jena, Germany. Additionally,
the grain size distribution of the samples in their natural state was determined through the

employment of the laser diffraction technique using the LA-960 HORIBA instrument.
3. Results and Discussions

3.1. X-ray Fluorescence (XRF)
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Table 1 displays the chemical compositions of the sand samples study by WDXRF analysis. It

should be noted that the sand samples all exhibit elevated silica contents (SiO-) ranging from
92.95% to 88.03%, accompanied by minimal levels of calcium oxide (CaO). Notably, the white
sand sample (S1) demonstrates the highest silica content (92.05%) and the lowest calcium oxide
percentage (2.27%). Conversely, the dune sand sample (S2) presents the lowest silica content
(88.03%) and higher levels of calcium oxides (8.89%). Additionally, trace amounts of ALO3,

Fe; O3, and KO were observed in all samples.

The S1 sample revealed an alumina content of 2.77%, with concentrations of Fe,O3; and K,O
varying between of 0.36% to 2.14% and 0.34% to 0.42% respectively. Some other trace oxides,
such as MgO and Na,O were detected.

As a result, the elevated silica content found in the examined sand samples validates their siliceous
nature. Nonetheless, the presence of minor impurities, specifically Al,O3, CaO and MgO could

potentially influence the technical specifications of this sand, as discussed by Haghi et al. (2016)
[16] and Abdellaoui et al. (2018) [17].

The oxides geochemistry can offer valuable information about both the origin of the samples and
the prevailing weather conditions. The chemical maturity index (CMI), determined by the ratio
of SiO; to ALO; abundance in the studied sand samples, falls within the range of 33 to 51,

indicating the significant chemical maturity of the analyzed samples.

According to the binary change diagram of SiO; versus ALO; + K,O + Na,O [18], we also found
that all sand samples were formed under semi-arid/arid conditions. However, lower K;O and Na,O
contents indicate lower feldspar concentration. In addition, we also confirmed that Fe,O3 + MgO
< 0.8% and ALO;/SiO; < 0.3 in all samples, which indicates that they are related to passive

continental margins according to the structural map of Bhatia (1983)[19].

The chemical index of alteration (CIA) and the chemical index of weathering (CIW) stand as the
prevailing indices for evaluating the extent and duration of weathering in deposits. CIA is
calculated using the formula [ALO; x 100/ (ALO; + Na,O + CaO + K,O)] [20], while CIW is
determined by [ALO3 x 100/ (ALLOs + CaO + Na,O)]. As depicted in Table 1, the CAI and CIW
values derived from the sand samples indicate a moderate to high degree of chemical weathering

and corresponding environmental conditions [20].
3.2. X-ray Diffraction method (XRD)

Figure 3 displays the X-ray patterns of sand samples Sland S2 form the Bier El Ater and Engoussa
area. These diffractograms confirms that all the samples of sand comprise mainly a-quartz (SiO»)
phase and a less quantity of calcite (CaCO;) and gypsum (CaSO,; 2H,O). The mineral
identification was carried out by the X’Pert HighScore program and by using the JCPDS cards.
The following diffractions are observed at 20 angles values : 21.126°, 26.733°, 36,767° and 40.387°
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corresponding respectively to the crystalline planes (100), (101), (110) and (111) of SiO; (a-
quartz) hexagonal crystal structure under the space group P3221 (154), which is in agreement with
JCPDS card N°00-046-1045 in the white sand (S1). As well as Engoussa sand dunes samples (S2)
are characterized by diffraction peaks at 28: 20.827°, 26.607°, 36.489°, 39.429°, 40.234°, 42.384°,
45.728°, 54.803° and 55.277° for the crystalline planes (100), (011), (110), (102), (111), (200),
(201), (022) and (013) respectively. These findings provide confirmation of the presence of quartz,

as detailed in reference [21].

Calcium carbonate (CaCOs) phase in S1 samples are observed at 20 equal 42.962°(202)
rhombohedral crystal structure with space group R-3¢ (167) according to the JCPDS card N° 01-
083-1762 [22] and Gypsum phase (CaSO4,2H,O) are distinguished by values of 26 angles :
50.381°(-262), 50.674°(-321) for S2 and 20 = 50.317° (-262) crystalline plane in monoclinic
structure space group 12/c as indicate the JCPDS card N° 01-074-1905 at S1 samples [23].

3000 — Q(101)

i Q:Quartz (SI0,)
—_ 2500'_ G:Gypsum (CaSO ; 2H O)
o 4 2
‘E 2000 C:Calcite (CaCO,)
> 4 3
S 1500
%‘ 1000 ] Q(100) Dune Sand
2 ] Q(200) .
S g Q10R(192) 6(-262)
= ] 0 lQ(111)CE(201)] Q(202)

0 T T T T T |l T T 4 !
10 20 30 40 50 60

2 Theta (degree)
Q(101)

G(-262)

Bir Elater Sand

Intensity(counts)
[=>]
8
1

2 Theta (degree)

Fig. 2. XRD spectra of studied samples.

The shift observed in the positions of the peaks is probably due to the crystalline defects (shear
planes, dislocations, and vacancies), which were may be caused by the initial formation. Further,
the existence of impurities in the crystal lattice creates additional defects, affecting the crystal size

and, therefore, the d spacing between lattice planes.
3.3.  Fourier transformation infrared spectroscopy method (FTIR)

The FTIR spectra for the studied sand samples (S1 and S2) are presented in Fig. 3. It shows the
characteristic bands of a-quartz phase at 459, 692, 779, 795, 1080, 1170, and 1878 cm''; these
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bands are assigned to symmetric stretching and bending vibration of Si—O and Si—-O-Si bond [24-

25].

The vibration bands observed at 710, 1467, 1543, 1711, and 1742cm™ confirm the presence of
calcium carbonate [28-29]; that are attributed to the C=O stretching mode, the asymmetric
stretching (v3), out-of-plane bending (v2) and in-plane bending (v4) modes of (COs) [30]. The
peaks observed at 2849and 2925cm™ signifying the organic impurities [31]; they are assigned to
C-H bond vibration [32]. The broad band at 3426 cm™ can be related to water O-H bending
and /or silanol groups stretching [12]. The FTIR spectrum of S2 samples shows band vibration at
3547 cm™ characteristic of the gypsum [32] and a band at 3407 cm™ characteristic of O-H

vibration indict the presence of water H,O.
3.4. SEM morphological analysis

Figure 8 displays the surface micrograph of sand samples. White sand granules from Bier El Ater

show characteristics of subangular, rounded, well-rounded, and irregular grains.

In contrast, the dune sand sample obtained from Engoussa displays subangular shapes and low
sphericity. Earlier investigations have revealed that the spherical configuration of granules tends to
rise proportionally with the distance sediments travel from their initial source to sedimentation
sites. Moreover, an observation was made indicating that windblown sediments tend to possess a

more spherical shape compared to waterborne sediments [33].

Table. 1. Chemical analysis of our samples by XRF analysis.

Sample | Si0, | CaO ALO; | Fe,03 KO MgO Na,O | Cl
(%) (%) (%) (%) (%) (%) (%) | (%)

S1 92.05 | 2.27 277 214 0.42 0.26 0.07 | 0.02

S2 88.03 | 8.89 172 0.36 0.34 0.42 025 | -

Sample | SiO/ALO; | Fe0s+MgO | ALOs/SiO, | Al205 + NayO + KO CIA | CIW

(%) (%)
S1 33.23 2.4 0.03 3.26 4241 | 42.41
S2 51.18 0.78 0.02 231 15.12 | 15.12
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Fig. 3. FTIR absorption spectrums of studied samples.
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Fig. 4. Scanning electron micrographs of sand samples; (S1) the white sand, (S2) the dune

sand.

3.5. Grain size distribution

The particle size distribution of sand a vital role as a textural parameter in assessing its
appropriateness for diverse applications [27, 34-35]. This parameter offers insights into the
transportation, sorting, and deposition conditions of the examined sand [6, 36]. The granulometric

curves for the S1 and S2 samples can be found in Figure 3.

For white sand, the range of grain size values can be distinguished from 88.583 pm to 1754.63
pm, classified as sand (99%) and from 2009.687 pm to 2301.841 pm, identified as gravel (Fig. 5).
In comparison, the Engoussa dunes sand have sands ranging from 200 pm to 1754.63 pm (90%).
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Fig. 5. Grain size distribution of sand samples; (S1) the white sand, (S2) the dunes sand.
4. Conclusion

Comprehensive examinations of the physicochemical, mineralogical, and morphological properties
of Bier El Ater and Engoussa sand were conducted by FTIR, XRF, XRD, SEM and granulometric

analysis.

The outcomes of our study revealed that chemical analyses conducted by XRF and FTIR indicated
high silica content (92.05%) with minor impurities such as carbonates and other oxides including

AL O3, Fe;Os, Na,O, and MgO. This finding was corroborated by the XRD technique.

The granulometric analysis (LA-960) revealed that white sand size distribution is dominated by
grains ranging from 88.583 um to 1754.63 pm in diameter. Engoussa dune sand exhibited particle
sizes ranging from 200 pm to 1754.63 pm.

The sand samples from these areas showed subangular shapes and low sphericity for the dune sand
of Engoussa areas, whereas the white sand of the Bier El Ater region exhibited an subangular,

rounded, well-rounded, and irregular morphology.

The identified physicochemical attributes indicate that these sands are suitable for concrete,
foundry, ceramic industry, as well as for purposes like solar energy storage and glass manufacturing.
As a result, these versatile applications encourage the utilization and investigation of the sand dune
as a local georesource, directly contributing to the sustainable development of the geomaterial

sector in Algeria.
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