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1. INTRODUCTION
1.1. General

The definition of "clay” was formalized in 1546 by Agricola (Guggenheim & Martin, 1995). Clays and clay
minerals are very important industrial minerals. Clay materials have been used in well over 100 recognized
industrial applications. Clays are used in a variety of sectors, including those that process materials,
agriculture, engineering, and building, as well as geology and environmental remediation (Murray, 2006).
However, it has undergone several revisions since then, with most of the principles pertaining to plasticity,
particle size, and fire hardening remaining the same (Ni, Lin, Wei, Yang, & Yang, 2013). Clay is an earth
substance made mostly of small particles of hydrous aluminum silicates and other minerals. It is flexible while
wet but becomes hard when fired (Rao, 2013). It is crystalline aluminum silicate that incorporates various
impurities, according to its chemical makeup. Quartz flakes and, less frequently, zircon, apatite, granite, and
other materials can be secondary components of clay (Saba et al., 2014). Iron hydroxides are common
admixtures in clays. Clays may also include an organic material. small concentrations of greenish-colored
manganese rock. There are four primary categories of clays based on their mineralogical composition:
kaolinite (Al4(OH)gSi,O44), montmorillonite (complex hydrated silicates of Al, Mg and Na), illite (complex
hydrated silicates of Al, Mg, Fe i Na) and haloizit (Al,(OH)sSi,0.0%x4H,0) as well as around 30 different types
of pure clays within these categories (Uddin, 2008).

According to geological investigations, there are two distinct forms of clay, depending on how they were
deposited. Residual Clay is a category of clays that can be found where they originated. These kinds of clays
are typically found in a very pure state and are deposited next to the igneous rocks from whence they
originated. They are discovered to have a coarse particle size with a broad particle size dispersion based on
their in-situ nature. These clays exhibit less flexibility as a result. A very pure form of residual clay with
higher particle size and less flexibility is china clay. The other type is sedimentary clays, which are transported
from their source by natural forces like water, wind, etc. and then deposited. Due to contaminants that are
picked up during transmission and are preserved in the deposits, sedimentary clays are seldom found in their
purest form. The sedimentary clay has a very high plasticity due to the very tiny particle sizes produced by the
grinding action of clay particles in water, wind, and ice. Sedimentary clays like ball clay have finer particle
sizes and excellent plasticity while not being very pure (Mousharraf, Hossain, & Islam, 2011).

This paper focuses on the economic evaluation of clay deposits in the Sahabi area. Although the beds of
the clay cover a large area of the Sahabi area, it lacks precious metals, due to the absence of Magmatic and
Hydrothermal deposits. The clay deposits in the study area considered to have secondary clay, In this study, we
discuss the chemical composition of clay in the Sahabi area and how to use it in industry.

No study mentioned the possibility of using Sahabi clay in the industry. Most of the previous work in the
Sahabi area focused on sedimentological and paleontological studies; only a few studies mentioned the
deposits in the area, such as: (De Heinzelin & El-Arnauti, 1987) discussed the type of clay in the Sahabi
Formation. (Beyer, 2008) studied the sedimentary sequence, which was dated using K-Ar dating and
palaeomagnetism. (Muftah & EI Ebaidi, 2012) discussed the geochemical and mineralogical analyses of the
Sahabi clays from the Upper Neogene. The As Sahabi Formation's depositional environment was examined by
(Muftah et al., 2013), and the results indicate to highly mature and reprocessed sediments of continental origin
and felsic sources without any basaltic contribution. This study's primary objective is to evaluate the Sahabi
clay deposit's potential as an industrial resource by contrasting its chemical and physical characteristics with
those of other standard clay types.

1.2. Location of the study area

The As Sahabi region is located in northeast Libya at the southeastern margin of the Sirte Basin within a
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tectonic province called the Ajdabiya Trough, covering an area of about 375 km2. Most of this area, in the
current climate, is a desert with Quaternary eolian dunes and sabkhas. The As Sahabi is an old Roman,
Byzantine and Turkish fort, nowruined, situated 75 km south of Ajdabiya on the road to Jalu (Fig. 1).

Fig. 1. Location map of the studied areas.

1.3. Geological setting

The Sirt Basin, which has a NW-SE trending pattern and covers an area of about 300.000 km?, is the biggest
and youngest sedimentary basin in Libya (Fig. 2). It is surrounded by the Mediterranean Sea to the north, the
Hun Graben to the west, a major dip-slip fault including the Antelat uplift dividing the basin from the
Cyrenaica platform to the east, and the major Tibisti Sirt uplift to the south. (Fig. 2). In the Cenomanian, the
Sirt Basin was created, and a number of grabens and horsts with a NW-SE trend also developed. The Ajdabya
trough, which contains the As Sahabi region, is one of the deepest portions of the basin (troughs), is considered
as the eastern graben of the horst - graben system of Sirt Basin complex (EI-Arnauti and El Sogher, 2004).

The Sirt arm is dominated by normal faults, which produce a series of sub-parallel horsts and grabens that form
eastward-tilted fault blocks parallel to the structural axis. In addition to these characteristics, the structural
strike of the Sarir arm is paralleled by E-W trending dextral shear zones. (Finetti, 1982).

According to (Morley et al., 1990), the southern and south-eastern portions of the Sirt basin are dominated by
E-W and ESE-WNW trending faults, whereas the northwest portion of the Sirt basin is dominated by NW-SE
trending dip-slip normal fault zones. Rift infill consists of basal continental marine siliciclastics of Triassic,
Late Jurassic and Early Cretaceous age, fine-grained marine siliciclastics of late Cretaceous age, marine
carbonates and evaporites of Late Cretaceous, Palaeocene, and Eocene age, and mixed carbonate -siliciclastics,
of Oligocene, Miocene, and Plio-Pleistocene age. Continental siliciclastics from the Pleistocene and Holocene

serve as the sequence's capstone.
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Fig. 2. The tectonic map shows a geological cross section of the Sirt Basin and the Ajdabya Trough. (Roohi, 1996)

2. MATERIALS AND METHODS
The steps of this study are:

1.Field work: In this step three samples have been collected from three different outcrops.

2.. Laboratory work: In the second step the work are as follows: -
Chemical analysis was carried out using X-ray fluorescence ( XRF) by Libyan Cement Company Inc. (LCC),
benghazi laboratory. -
Swelling Test was done by Jowfe Company for Qil Technology.

2.1. X-ray fluorescence( XRF)

An elemental analysis technique that provides quantitative chemical data is X-ray fluorescence (XRF). To
differentiate between X-rays released from the sample surface, XRF uses an analytical crystal. An analytical crystal
with a known composition has set interplanar spacing between its atoms' planes, which makes it easier to
distinguish between different X-rays coming from a sample. (Fig.3) shows a typical XRF detection system in
schematic form (Nasrazadani & Hassani, 2016)

Fig. 3. X-ray detection system schematic diagram for the XRF technique.
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To find compositional variation, several investigations on clays from various regions of the country have been
carried out. Typically, such analysis is conducted using X-ray fluorescence (XRF). The XRF analyses in the
research region are listed in Table 1:

Table 1. Chemical analysis data XRF (major oxides in wt. %) of the Sahabi deposits.

Sample
wt. % Major Oxides number
S1 S2 S3 Average composition
SiO, 42.775 % 41.198 % 50.485 % 44.819 %
TiO, 1.662 % 1.359 % 1.542 % 1.521 %
Al,O; 12.582 % 12.185 % 9.425 % 11.397 %
Fe,O3 4.329 % 6.190 % 5.411 % 5.310 %
P>0s 0.040 % 0.067 % 0.044 % 0.050 %
MnO 0.031 % 0.035 % 0.042 % 0.036 %
MgO 4.970 % 3.892 % 3.859 % 4.240 %
CaO 0.000 % 0.857 % 0.000 % 0.285 %
K,O 1.598 % 1.901 % 2.282 % 1.927 %
SOs 0.339 % 2.037 % 0.121 % 0.832 %
Cl 3.439 % 1.685 % 1.210 % 2111 %
Na,O - - - -

Sum 71.96 % 71.49 % 74.50 % 72.65 %

2.2. Swelling Test

Water molecules in clay minerals often adsorb on their exterior surfaces, mostly in broken bonds or in their
interlayer gaps, connected to the interlayer cations or internal surface. With increasing water activity, the following
modes of clay mineral hydration are distinguished (Guven, 1992): (i) interlamellar hydration via adsorption of
limited amounts of water molecules on the internal surfaces of clay mineral particles; (ii) continuous hydration via
unlimited adsorption of water on the internal and external surfaces of clay mineral particles; and (iii) capillary
condensation of free water molecules in the inter-aggregate and intra aggregate micropores. Intercalation of 04
discrete layers of water molecules between individual 2:1 layers causes interlamellar or crystalline swelling due to
interlamellar hydration, which mostly affects smectites and vermiculites. (Laird, 2006).

The swelling index was determined using the method of (Inglethorpe et al., 1993)., modified from (George
Christidis, 1992). The CEC, which is a clear indication of the clay quality. The samples were activated with 1, 2, 3,
4, 5 and 6% Na,CO; . The optimum concentration of Na,COs; was determined to be the quantity that caused the
greatest swelling in bentonites, and this concentration served as a guide for the following testing. The swelling
volume provides an indirect indication of the bentonite grade (G Christidis & Scott, 1993); Inglethorpe et al., 1993).
The Sahabi clay samples were dried, crushed and passed through a 125 um sieve and mixed it with an amount of
Na,CO; (sodium carbonate) between 1 to 6 %. A excellent bentonite will swell to a volume of around 25 mL,
whereas a moderately swelling bentonite would swell to a volume of 15-20 mL. A top grade will expand to 30 mL
or more (Inglethorpe et al., 1993).

The samples did not give any change with swelling. The comparison of the Sahabi clay's results to other standards
for clay is shown in Table 2.

Table 2. Swelling test values for three Sahabi clay samples compared to Wyoming clay.

Type Before 24 hrs. After 24 hrs. Swelling volume (ml)
Standard .
Composition Wyoming (USA) 2.50 4.00 15
S1 (Sahabi formation) 3.50 3.50 Nil
Locally Available
Clay S2 (Sahabi formation) 3.50 3.50 Nil
S3 (Sahabi formation) 3.50 3.50 Nil
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3. RESULTS

Clay material has many applications in different fields, these applications depend on the quality of the clay which
may include: mineral composition, content of Al,O; and SiO,, impurity content, chemical stability, swelling,
Place and value and whiteness. The raw clay from the Sahabi region was not tested for use in any production.
Thus, from an academic and technological standpoint, investigating the suitability of this clay for any

manufacturing is of interest.

IJSRSD (2024): Volume 7, Issue 1

3.1. Clay Bricks Manufacturing.

Bricks are small rectangular construction materials that are often used to make walls. Ancient Greeks and
Romans used bricks to construct their houses because it was an inexpensive and available material.
(Punmia, Jain, & Jain, 2003) the constituents of a good brick earth are:

Silica (sand) — 50% to 60% by weight

Alumina (clay) — 20% to 30% by weight

Lime — 2 to 5% by weight

Iron oxide — < 7% by weight

Magnesia — less than 1% by weight

Comparing the ideal composition of the bricks with the results of analyzing the Sahabi clay samples, the results
showed that the use of Sahabi clay is not appropriate in the manufacture of bricks.

3.2 Manufacture of Portland Cement
The process of making Portland cement involves heating raw materials including oxides of calcium, silicon, and
aluminum to temperatures close to 1500°C, followed by grinding the resultant material with a little quantity of

gypsum.
The composition of standard cement and its comparison to Sahabi clay are shown in the following table:

Table 3. XRF analysis of Sahabi and ASTM C150 clay

Standard
Locally Available Composition
Composition (%) Clay *ASTM
C150
Sl+iZ+S3(Sahab| for '?’a“"”) Portland cement Raw clay
verage composition
SiO, 44.819 % 20.49 % 59.7 %
Al,O3 11.397 % 4.26 % 25.53 %
Fe,O3 5.310 % 3.14% 5.22 %
Ca0 0.285 % 63.48 % 0.16 %
MgO 4.240 % 211 % 1.37 %
SOs 0.832 % 29% 0.07%
Na20+ K20 1.927 % 0.49 % 241 %

*ASTM C150: American Society of Testing Materials ASTM C150 2016 ASTM Int.

3.3. Ceramic industry

Clay is one of the main raw materials used in the traditional ceramic industry. Although we did not do a complete
analysis of the clay material in the Sahabi area to evaluate its use in the ceramic industry, because ceramic
requires several tests, including: physical property, dry shrinkage, firing shrinkage, dry flexural strength, thermal
flexure, specific surface area and water absorption. However, based on the results obtained from the chemical
analysis, we give a first impression of the possibility of using Sahabi clay in the ceramic industry. The chemical
analysis Table 4 shows that the oxides in the clay of the Sahabi formation compared to Turkish standard TS EN

14411 (2006), (Celik, 2010).
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Table. 4 comparison between Locally available clay and Standard Composition

Composition (%) Locally Available Clay ST CETIpes e
S1+S2+S3(Sahabi formation) Istanbul clay (IC)
Average composition
Sio, 44.819 % 55.85
Al,03 11.397 % 26.46
Fe,O3 5.310 % 3.23
TiO, 1.521 % 121
CaO 0.285 % 0.34
MgO 4.240 % 0.58
Na,O - 0.11
K,O 1.927 % 2.00
SOs 0.832 % 0.22
P,0s 0.050 % 0.12

4. DISCUSSION

Because of its low chemical content in silica and aluminum and high impurity levels, Sahabi clay cannot be used
to make bricks, cement, ceramics, or drilling fluid. Based on the XRF analysis, clay samples from the Sahabi
formation It is not suitable for use in the manufacture of bricks because the percentage of aluminum in all
samples is less than 20%. Furthermore, XRF analysis in Table 3, a comparison of clay samples from the Sahabi
Formation with standard compositions, reveals that the standard material contains significantly more SiO, and
Al,Os. In addition, most Sahabi clay types also have high levels of impurities such as MgO and SOs;. As a result,
Sahabi clay is not considered suitable for use in the cement industry. Also, Sahabi clay cannot be used in the
ceramic industry because of its low SiO, and Al,O; content, where the aluminum content in the ceramic is over
20%, as well as the presence of high levels of impurities such as Fe,Oj3 that could reduce the brightness of the
ceramic. Finally, clay minerals play an important role in drilling hydrocarbon reservoirs because of their direct
effects on the production process. Based on the results of the swelling test in Table 2, both unprocessed clay and
clay that had been handled with up to 6% Na,CO; did not swell to the same extent as standard bentonite, so it is
not suitable to use Sahabi mud in the drilling fluid.

5. CONCLUSION

The Clay in the Sahabi area is considered to have a secondary clay. Although the clay covers a large area of Sahabi
Formation , it is considered to be of poor quality due to the absence of Magmatic deposits. Analysis of major
oxides was done by X-ray fluorescence (XRF) technique, Where the results showed that it is not possible to use
Sahabi clay in the manufacture of bricks, cement and ceramics, due to the low chemical content such as silica and
aluminum, in addition to the large amount of impurities. Also Both unprocessed clay and clay that had been treated
with up to 6% Na,CO; did not swell to the same extent as standard bentonite.
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