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Abstract

In the present work, the effect of solvent on the extraction of the organic matter from Quseir’s oil
shales was studied. The experimental results revealed that the extraction yield obtained by the
tetrahydrofuran was very high compared to other solvents. In addition, the solvent had a signifi-
cant effect on the yield and the composition of the obtained oil. The analysis carried out on the ex-
tracted oil showed that the tetrahydrofuran was a very efficient solvent for oil shale extraction,
giving a better quality of the oils extracted containing a large proportion of aromatics compounds
and fewer amounts of sulphur and paraffin compounds.

Keywords
0il Shale, Solvent Extraction, Oil

1. Introduction

Energy plays an important role in the economic growth and development around the world. Though convention-
al oil resources like petroleum and natural gas are still the main sources of energy, the depletion of oil reserves
and the continuing soaring oil price indicate that countries should turn to unconventional oil resources as reliable
and secure energy sources. Oil shale represents one of the largest hydrocarbon resources in the world [1]. Its uti-
lization has received much attention all over the world due to the rise of oil-prices [2]. The petroleum supply/
cost factors create a need for alternative transportation fuels. Shale oil derived fuels are one of these alternatives,
and perhaps should be viewed as the most attractive for several reasons: first, shale oil is a superior source of
feedstock for transportation fuels-our single largest domestic energy requirement. Utilizing the gas oil conver-
sion flexibility found in most modern refineries, essentially all of the syncrude can be converted to transporta-
tion fuels. Jet fuels, diesel and gasoline can all be produced from syncrude, and by choosing the processing con-
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ditions, any product can be maximized. Second, the environmental challenges posed by oil shale development
are manageable [3]. Also, oil shale have some potential for the production of several synthetic products such as
cement, calcium, alumina, pitches, the carbon adsorbents, zeolites, carbon fibres and other chemicals. These
various industrial applications of oil shale have generated in recent years many studies on methods for extracting
these oils, such as pyrolysis by conventional heating or under microwave irradiation, extraction with various
solvents under sub and supercritical conditions and combustion in fluidized bed reactors [4]. The percentage of
organic carbon present can vary from approximately 8 wt% to 81 wt%. The organic material is normally classi-
fied into two components: 1) kerogen, a high-molecular-weight material which is insoluble in normal petroleum
solvents; and 2) natural bitumen, a lower-molecular-weight substance which is soluble in benzene and other
common petroleum solvents. One distinction between oil shale and coal and tar sands is the amount of ash
present. Qil shale normally has an ash yield of 33 wt% or more, whereas coal and tar sands have significantly
smaller amounts [5]. Carbonaceous shales have a wide distribution on the Egyptian surface and in subsurface
sedimentary sequences e.g. in sediments of predominantly Carboniferous, Jurassic, Cretaceous, Paleocene and
Eocene age. The carbonaceous and black shales in Egypt gained interest since five decades when the phospho-
rite deposits were discovered and exploited. The phosphorites are intercalated with and capped by black shales
that contain considerable amounts of organic matter and are enriched in trace elements, which may be of eco-
nomic potential. The interest in the black shales all over the world in the last decades principally stem from the
widespread recognition that black shales are important source rocks for petroleum or may be used as natural fuel
resources. Various previous studies of the carbonaceous shales in Egypt concentrated on an individual location
or an individual geological age. Various techniques for the recovery of shale oil are available such as solvent
extraction, thermal decomposition (retorting) [6]-[10] and supercritical fluid extraction [4] [11]. Solvent extrac-
tion of organic matter is one of the well-known techniques for dissolving organic matter within rock composite.
The soluble kerogen decomposition products are removed from the oil shale matrix into a solvent carrier usually
present in excess [12]. Some of the advantages of this process are the process selectivity, not very high temper-
atures needed (under pyrolysis conditions), energetic gain, easily recoverable solvents, possibility of using a big
number of solvents, extraction rate of about 90% of initial kerogen, etc. On the other hand, the most important
disadvantage is the lack of thermodynamic equilibrium or solubility data available, mainly in multi component
[13]. Shale oil also is produced by the thermal decomposition of its kerogen components. Oil shale must be
heated to temperatures between 400°C and 500°C. This heating process is necessary to convert the embedded
sediment to kerogen oil and combustible gases. Supercritical fluid extraction is the process of separating one
component (the extractant) from another (the matrix) using supercritical fluids as the extracting solvent. Much
research has been carried out on a small scale to develop extraction methods which operate at lower tempera-
tures and which remove as much organic material from the shale as possible to maximize the oil yield. These in-
clude the use of supercritical, non-hydrogen donor solvents such as water, toluene and methanol. A wide range
of hydrogen donor solvents have also been used including tetralin and hydrogenated recycle distillate [14]. Su-
percritical water extraction is receiving particular interest in oil shale processing due to the oil yield increase,
ease of removal of the products, its compatiblity with the environment and its already accepted role as a means
for shale oil processing for production of special chemicals like ethylene, propylene, benzene, toluene, and xy-
lene [15]. The present study aimed to investigate the effect of different solvents on the extraction of shale oil
from Egyptian oil shale obtained from Al-Quseir area for obtaining maximum yield of oil. Also it is aimed to
study the effect of operating parameters including particle size, extraction time, stirring speed and solvent to oil
shale ratio on rate of extraction.

2. Material and Methods
2.1. Solvent Extraction Method

The oil shale used in this work was obtained from Al-Quseir area deposit located in the South of Hurghada. This
deposit consists of several layers that are in turn subdivided in sub-layers, each having a different amount of or-
ganic matter. The oil shale samples used were crushed and sieved The powdered shale (100 g, grain size 0.063 -
0.08 mm) as shown in Figure 1. A 200 gm of the solvent were introduced in the three neck round flask as
shown in Figure 2. The mixture was then subjected to mechanical stirrer for 4 h. Extraction was carried at the
boiling points of each solvent. The shale was then measured and from the difference between the weight of the
spent shale, the original weight of the sample and the amount of oil extracted the weight of the adsorbed solvent

can be determined.
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Figure 1. Fully-crushed oil shale.
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2.2. Analysis of 0il Shale

The elemental analysis of oil shale was performed at National Research Institute in Cairo; Egypt the data is giv-
enin Table 1.

3. Results and Discussion
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Figure 2. Experimental set-up of the recovery process of oil by solvent extraction.

3.1. Solvent Selection and Yield Calculation

The rate of extraction of bitumen depends on the type of organic solvent used. If the force of attraction between
the bitumen and the solvent is greater than that between the solvent molecules or of the dissolution of the bitu-
men, then the bitumen can be easily extracted. Different organic solvents pure and combined were used for
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Table 1. The elemental analysis of oil shale sample.

Oil Shale Sample © N S H

4.69% 0.06% 0.2% 1.5%

extraction [16] [17]. The oil yield was computed for 50 gm shale and 100 gm solvent. Comparison among these
solvents and selectivity of the best solvents was made qualitatively based on quantity and quality of yield and of
solvent recovered. As shown in Figure 3 the yield obtained by the action of THF is much higher than those ob-
tained during the extraction of organic matter from the same sample using other solvents and this results in
accordance with [18]-[20]. The extraction of an analyte from sample consists of several steps, including sol-
vation of the analyte by extraction solvent, desorption from the matrix surface and finally, transportation of
the analyte into the bulk extraction liquid. The solvent can play different roles in the extraction process, either
solubilization and extraction of smaller, unbound molecules, which are present in oil shale matrix, and/or by
attacking the kerogen structure. Solvents having different physical and chemical properties can break bonds
based on electron donor-electron acceptor interactions and hydrogen bonding. Water, alcohols, or aliphatic
amines could be such solvents to improve the conversion of kerogen matrix into smaller molecules. By compar-
ing this results with Estonian oil shale it was found that for the same solvents [THF, Toluene, n-hexane] the
Egyptian oil shale has higher percentage yield of oil produced.

3.2. Effect of Solvent to Oil Shale Ratio

The quantity of solvent used for extraction should be large enough to impregnate all the oil shale particles with
the solvent and high enough to allow the contact of the solvent with all possible accessible soluble hydrocarbons
in the oil shale. Results showed that the yield increased with increasing the solvent to oil shale ratio until it
reached 2:1 and after that the increase in the yield is negligible as shown in Figure 4.

3.3. Effect of Extraction Time

The effect of extraction time on the yield is shown in Figure 5. It shows that as the time of extraction increases
the yield increases too up to a time of four hours. Beyond this time, the effect of time became not very signifi-
cant. These results in accordance with reference [19] [20] by longer time reactions confirm the ease of conver-
sion of the shale to oil.

3.4. Effect of Particle Size

Particle size is an important parameter in extraction of oil shale. It is a direct function of the total surface area
available for extraction. The smaller the size of the particles the greater is the interfacial area between the solid
and the liquid and therefore the rate of transfer of material. Effect of the particle size on extraction is shown in
Figure 6. It was found that the yield decreases with increasing particle size from 1.0 mm to 4.0 mm. It was
found that 1.0 mm as the optimum particle size that provided the sufficient mass transfer without agglomeration
of particles which in turn, ensured the free mass transfer mechanism. It was also noticed that the larger the par-
ticle size the smaller the amount of solvent adsorbed and the lower the extraction rate, so the optimum particle
size was taken as 1.0 mm. These results are in agreement with the results obtained by Haddadin and Pinwen [21]
[22].

3.5. Physicochemical Properties of the Extracts

Shale oil was analyzed by gas chromatography (GC) as shown in Figure 7 with the intent of establishing a pre-
liminary set of guidelines and conditions. It was observed that the sample contains high hydrocarbon range from
C12 - C18 in high percentage. The analysis of Quseir shale oil was performed using a 60 m DB-1 fused silica
capillary column. The column internal diameter was 0.32 UMM and the film thickness was 0.5 pMM. The col-
umn was programmed 40°C at 5°C/min. Helium was used as a carrier gas at a pressure 1.4 kg/cm?. These results

in accordance with [23].
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Figure 3. Comparison of the yield percentage (Yield %) for different solvents.
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Figure 5. The effect of extraction time on the yield percentage (Yield %).
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Figure 6. Effect of particle size on the percentage yield.
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Figure 7. GC of oil shale extracts.

4. Conclusion

Demand for light hydrocarbons has been steadily increasing in the market with a corresponding decrease in
heavy hydrocarbon demand. Therefore, there is a need to develop environmentally friendly and efficient tech-
nologies for conversion of heavy molecular weight hydrocarbons. In the present study, the nature of solvent was
found to have a very significant effect on the yield of recovery and the composition of the oils obtained. The oil

yield

obtained by THF extraction is significantly higher than those obtained by other solvents.
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