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The mineral is one of the most important energy resources. Indirect energy derived from Sun as
Biomass. Organic byproducts were converted to fossil fuels through photosynthesis on Earth. Coal is
a sedimentary rock that contains the accumulation of organic matter from plants. Coal is upgraded
using gravity and flotation techniques. In many countries, SOz is being removed from flue gases by
different methods. Oil shale is shale that contains organic matter of incomplete conversion to oil. Oil
shale can be burned directly to generate electricity. It can be upgraded to increase its organic
content. It can be converted to oil or gas through pyrolysis. Nuclear fuel is a material that contains
fissionable elements such as Uranium, Plutonium, and Thorium. Uranium is widely distributed in
mineral ores. Natural uranium contains 0.7% U235 (fissile isotope) and 99.3% U238. The U235
must be increased up to 8% to be a fuel for energy reactor while the weapon-grade must contain at

1. Introduction

Clean and inexpensive energy is a challenge. New sources of
energy are changing the landscape, products made from fossil
fuels, heat our homes, and fuel our cars.

Wind, solar, and bio-fuels as new energy sources may change
the lifestyle. Effective transportation to big cities and storage are
important requirements for them. Another source of future
energy is natural gas. Among the alternatives being considered is
equipping vehicles with the ability to consume natural gas. It is
important to develop electric cars to offset the demand for
gasoline and diesel fuel. Another technology is the hydrogen
cars that burn hydrogen. The major advantage of this technology
is that the only waste product is water.

A mineral is any substance that comes from Earth. Figure 1
presents a classification of mineral ores. Minerals are sources of
metals and nonmetals such as silicon, phosphorus, sulfur. Some
minerals are used in their natural form such as clay.

Energy Resources are classified into:
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e Conventional (wood, coal, oil, natural gas, and electricity).
e Non-conventional (wind, solar, biogas, and atomic energy).
There are two essential energy sources on Earth are:
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Figurel: Classification of Mineral Ores

- Solar Energy: Electromagnetic radiation from Sun.
- Nuclear Energy: Radioactive decay of atoms.

Energy derived directly from Sun is used in heating and generates
electricity by solar cells or indirectly biomass energy produced
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by photosynthesis. Biomass energy is stored on Earth as fossil
fuels.

As atomic fission enormous energy is released as heat which is
used for electric generation. But nuclear power is not considered
as a safe, cheap, and clean source [1].

Metallic and non-metallic industries are the most sources of
greenhouse emissions and consume huge amounts of energy.
Only 10 countries consumed more than 80% of the world's
energy and emissions releasing [2].

Biofuels can be used in the steel industry rather than coke with
some limit (max60%) due to blast furnace technology. Although
hydrogen is an energy source, it has limited applicability in steel
and non-ferrous metals industries.

Although electricity is theoretically easier to be replaced by
renewable energy sources, the hydropower potential may be a
promising energy source for many countries as a stable
electricity supply and to reduce emissions from electricity in the
minerals industry [2].

2. Energy Source Minerals
2.1. Fossil Fuels

Fossil fuel is formed because of the rapid burial of organic matter
on Earth. It is converted to hydrocarbons through a series of slow
chemical reactions. Hydrocarbons are chains of carbon and
hydrogen elements. Oil and natural gas consist of numerous
different hydrocarbons, but the most important of them are the
paraffin group (CnHzn«2).

Oil shale is shale that contains un-decomposed organic matter or
intermediate to be oil. Oil can be extracted from oil shale through
pyrolysis. It must be heated to drive the oil out. This process
requires much energy, so it is not cost-effective. It may become
so with the depletion of petroleum. Tar sands are sandstones that
include oil in their pores. The extraction of this oil is energy-
intensive because it requires heating.

Coal is a sedimentary or metamorphic rock. It is produced
because of the accumulation of organic matter from plants. Water
and methane were derived off from peat because of compaction,
producing lignite. It is black-colored organic-rich coal. Further
compaction and heating form bituminous coal. Anthracite is
produced if rock becomes metamorphosed. Carbon is converted
to graphite under extremely higher temperatures and pressure. It
is not useful as an energy source because it burns only at high
temperatures. Anthracite coal produces more energy compared
with bituminous and lignite, [3].

2.2. Nuclear Energy Fuels:

Nuclear fuel must include heavy fissionable metals. Nuclear
fuel is shaping as rods of fuel material, mixed with neutron
reflecting materials. Uranium-235 (***U), Plutonium-239 (%°Pu)
and Thorium-232 (?*2Th) are the most common fuels.

Small amounts of nuclear power can be used as a result of the
radioactivity of Plutonium-238 and some other elements. In a
nuclear fusion reactor, light nuclides such as tritium (®H) are
used as fuel. In fission reactors, fuel oxides are used rather than

metal because the oxide melting point is much higher than its
metal and it is not burnable (it is already in the oxidized state)
[4, 5]. Several nuclear reactors used Thorium as a fuel [6].

3. Occurrence, Reserves, and Production of Energy Source
Minerals

3.1. Fossil Fuels
3.1.1. Coal

Coal is a black sedimentary rock, the harder coal is anthracite
coal. It is a metamorphic rock because of its exposure to
elevated temperature and pressure, [7].

Coal is derived from dead plant matter and peat matter which is
converted into lignite, then sub-bituminous coal, bituminous
coal, and lastly anthracite. It involves many biological and
geological processes that took place over a long period [8].
Lignite is the lowest coal grade. It is a brown color with high
moisture content.

Bituminous coal is found at very deep and it is the most
commercially used and widespread coal. Its High grade is the
best metallurgical application. Anthracite is the higher hard coal

quality [1].

Energy Information Administration (EIA) estimated that there
are 861 billion tons as proved recoverable coal. They are
equivalent to 4,106 Billion of oil Barrels, Table 1 [8].

The United States has coal resources higher than the natural gas
and oil resources, based on total British thermal units (Btu). In
the period between 1990 and 1999, EIA obtained updated coal
reserves information and data largely through its Coal Reserves
Database (CRDB) program. According to that, the revised coal
reserves estimates include improved analyses of coal quality,
recoverability, and accessibility in the studied areas.

It is important to state that the recovery rates vary greatly
between underground and surface mining. The coal resources
that can be recovered from deposits varies from less than 40% in
some underground mines to more than 90% at some other
surface mines. Adverse geologic features in a mining area, such
as folding, faulting, and inter-layered rock can limit the amount
of recovered coal. The property rights, land-use conflicts, and
environmental restrictions showed that there is only 53% of the
DRB may be available or accessible for mining.

Annually, EIA estimates the recoverable coal reserves by
adjusting the DRB to reflect both accessibility and recovery rates
in mining. In 2018, EIA estimated that the remaining U.S.
recoverable coal reserves are more than 253 billion tons, from a
DRB of 475 billion tons.

The United States has a higher coal reserve of 237.2 billion ton
(22.6%), Russia has 157 billion ton (14.4%), China has 114
billion ton (12.6%), Australia has 76 billion ton (8.9%) and India
has 60.6 billion ton (7%). In 2007, Petroleum estimated those
147 vyears of reserves-to-production. It is based on proven coal
reserves worldwide [10].
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Table 1: Recoverable coal reserves (million tons) [12, 13].

Table 2 shows the world production of coal. In 2011, the
production by China was 3,520 M tons (it is approximately 50%
of world coal production). The United States (993 Mt), India
(589 Mt), European Union (576 Mt), and Australia (416 Mt)
[11]. Table 3 shows the world consumption of coal, [12].

Table 2: Coal Production by Country (million tons) [10].

Reserve

Country 2004 2005 2006 2007 (years)

2008 2009 2010 2011 Share

-China 2122 2349 2528 2691 2802 2973 3235 3520 49.5% 35

14.1% 239

= USA. 1008 1026 1054 1040 1063 975 983 992

m India 407 428 449 478 515 556 573 588 5.6% 103
- Euro.Un. 927 607 595 592 563 538 535 576 4.2% 97
E Australia 364 375 382 392 399 413 424 415 5.8% 184
- Russia 281 298 309 313 328 301 321 333 4.0% 471

Indonesia 132 152 193 216 240 256 275 324 51% 17

ES.Africa 243 244 244 247 252 250 254 255 3.6% 118
Germany 207 202 197 201 192 183 182 188 1.1% 216

I Poland 162 159 156 145 144 135 133 139 14% 41

.. 8 s 9% 97 111 100 110 115 15% 290

World Total 5716 6,035 6342 6573 6,795 6,880 7,254 7,695 100% 112

Anthracite Sub- Percentage
Country Bt Bituminous Lignite Total of World
ituminous Total
=- USA 108,501 98,618 30,176 237,295 22.6
N Russia 49,088 97,472 10,450 157,010 14.4
- China 62,200 33,700 18,600 114,500 12.6
ﬂ Australia 37,100 2,100 37,200 76,400 8.9
mmmm India 56,100 0 4,500 60,600 7.0
Germany 99 0 40,600 40,699 4.7
Ukraine 15,351 16,577 1,945 33,873 39
[“ Kazakhstan 21,500 0 12,100 33,600 3.9
E S.Africa 30,156 0 0 30,156 35
L Serbia 9 361 13400 13,770 16
NN Colombia 6,366 380 0 6,746 0.8
I i I Canada 3,474 872 2,236 6,528 0.8
I Poland 4338 0 1371 5,709 07
Indonesia 1,520 2,904 1,105 5,529 06
-C Brazil 0 4,559 0 4,559 0.5
—
=— Greece 0 0 3,020 3,020 04
m Bos.&Herz. 484 0 2,369 2,853 0.3
i | Mongolia 1,170 0 1,350 2,520 0.3
I suigaria 2 190 2,174 2,366 0.3
Pakistan 0 166 1,904 2,070 0.3
Turkey 529 0 1,814 2,343 0.3
DE—
e Uzbekistan 47 0 1,853 1,900 0.2
m— Hungary 13 439 1,208 1,660 0.2
B hailand 0 0 1,239 1,239 0.1
l '. Mexico 860 300 51 1,211 0.1
—
m— |ran 1,203 0 0 1,203 0.1
B e rep. 162 0 98 1,100 01
ﬂ Kyrgyzstan 0 0 812 812 01
- Albania 0 0 794 794 0.1
“ N.Korea 300 300 0 600 0.1
ﬂ N.Zealand 33 205 333-7000 571 0.1
—
i Spain 200 300 30 530 01
ﬂ Laos 4 0 499 503 0.1
i Zimbabwe 502 0 0 502 0.1
Argentina 0 0 500 500 0.1
All others 3,421 1,346 846 5,613 0.7
World Total 404,762 260,789 195,387 860,938 100

Table 3: Coal Consumption by Country (million tons) [11].

Country 2008 2009 2010 2011 Share
B . 2956 3188 3695 4053 50.7%
B= ysa 1,121 997 1048 1,003 12.5%
— [ndia 641 705 722 788 9.9%
B Russia 250 204 256 262 33%
B Comany 268 248 256 256 3.3%
B s Afica 215 204 206 210 2.6%

o [ 204 181 206 202  25%
mmm poland 149 151 149 162 2.0%
World Total 7327 7318 7,994 NA  100%

Table 4 shows the major exporters. The largest exporters are
Australia (328.1 Mt), Indonesia (316.2 Mt), and Russia (122.1
Mt). Table 5 shows the major importers. The largest importers
are Japan (206.7 Mt), China (195.1 Mt), and South Korea (125.8
Mt) [13-17].

Coal Specifications: Bituminous coal is commonly called steam
coal or thermal coal which is used in power and heat generation
[18-20]. Specification of steam coal is about 5000 Kcal/kg, total
moisture < 24%, Inherent Moisture < 12%, Ash < 10%, and total
sulfur < 1% [21, 22].

Egypt has a small underground coal mine in the Sinai Peninsula.
Although its production is 0.36 Mt/y of non-coking coal and the
national demand is 1.2 Mtly, it is blended with imported
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metallurgical coal. The recoverable amount is 17.637 million
tons [23].

Table 4: Coal Exports by Country (million tons) [15-17].

Country 2004 2005 2006 2007 2008 2009 2010  Share

ﬂAustralia 2476 2550 255.0 2685 278.0 2885 3281 27.1%

1314 1420 1922 2219 2282 2614 3162 26.1%

Indonesia

-Russia 55.7 986 1034 1122 1154 1309 1221 10.1%

= USA 48.0 51.7 51.2 60.6 83.5 60.4 83.2 6.9%

E S.Africa 74.9 78.8 75.8 726 68.2 73.8

B Colombia %4 59.2 68.3 74.5 74.7 75.7 76.4 6.3%

76.7 6.3%

B*Bconaga 288 312 312 334 365 319 369 3.0%
I .ocn, 274 283 305 328 476 330 363 3.0%
Vienam 117 198 235 351 213 282 247 20%
B, o5 91 ss6 74 ees 252 27 19%

_ Mongolia 17 2.3 25 3.4 4.4 7.7 18.3 1.5%

B Poland 275 26.5 25.4 20.1 16.1 14.6 18.1 1.5%

Total 764.0 936.0 1,000.6 1,073.4 1,087.3 1,090.8 12128 100%

Table 5: Coal Imports by Country (million tons) [14, 18].

Country 2006 2007 2008 2009 2010 Share
® o 1997 2090 2060 1821 2067 17.5%
B 420 562 445 1519 1951 16.6%
% 5 korea 841 941 1071 1099 1258 10.7%
— India 527 206 709 767 1016  8.6%
Bl .iwan 691 725 709 646 711 6.0%
B oy 506 562 557 459 551 4T%
Turkey 229 258 217 227 300  25%
B UK 568 489 492 422 293  2.5%
B0y 279 280 279 209 237  19%
N lands 257 203 235 221 228  1.9%
B Russia 288 263 346 268 218  19%
[ | . 241 221 249 183 208  1.8%
= sa 403 388 378 231 206  18%
Total 9918 10565 1,063.2 1,039.8 1,178.1 100%
3.1.2. Oil Shale

The main organic matter in oil shale is kerogen (insoluble in
organic solvents), and bitumen (soluble in organic solvents). In
the absence of migrant hydrocarbons, kerogen is usually 95%
[24]. Bitumen is a molecular organic matter. It is saturated;
aromatic and polar compounds-resins and asphalt [25] while
kerogen is composed of particulate organic matter with
empirical formula Ca21Hes044S4NCI, Figure 2 [26]. The
economy of reserves depends on its kerogen content and
extraction costs. It also depends on the oil price.

Fig.2: Chemical structure of kerogen with empirical formula C;Hgzs044S:NCI
[27]

Oil shale deposits are widespread over the world. But most of
them cannot explore economically. There are 600 known oil
shale deposits [27]. Well-explored deposits could be classified as
reserves. Expected deposits at Green River (USA), Queensland-
Australia, Sweden, Estonia, Jordan, France, Germany, Brazil,
China, and Russia would yield 40 liters of oil per ton[28, 29].

In 2008, 689 giga-tons are the total world resources. It is
equivalent to 4.8 trillion barrels of oil (760 billion meters). The
largest reserve is 3.7 trillion barrels in the United States
(590 billion meters). Conventional oil reserves are estimated to
be 1.317 trillion barrels [30].

Estimating shale oil reserves is complicated. Some reserves are
estimated as the kerogen in place. These estimates do not
consider extracted kerogen. Most definitions refer only to the
technically exploitable amounts and economically feasible.
Extraction technologies are still developing, so the amount of
recoverable kerogen can only be estimated [27-31].

Table 6 shows the major African deposits. They are located in
Congo (14.3 bmt) and Morocco (6.4 bmt). Deposits in Congo are
not properly explored yet [29]. In Morocco, only limited
program research has been studied [32]. South Africa, Egypt,
Madagascar, and Nigeria have oil shale reserves [29]. China has
a major Asian deposit [30-34].

In Europe, the reserves are located in Russia (35 bmt),
Italy(10 bmt), Estonia (2.5 bmt), France (1 bmt) and Belarus (1
bmt) [29]. Jordan has high-quality deposits (5.2 bmt) except its
high sulfur content [30-35]. The United States has the largest
deposit  (Devonian-Mississippian, Colorado, Wyoming, and
Utah).

Resource in Australia is estimated at 4.5 bmt. Brazil has the
second resources and it is the second producer, Table 7 [35, 36].

Egyptian reserves at Eastern and the Western Desert are
estimated at 4.5 and 1.2 mt [37]. In 1996 Phoenix Resources, of
Qarun Lake was discovered [38]. Apache has developed 18% of
10 million acres. About 50 exploration wells and plans included
development and exploration [39, 40].
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Table 6: Largest oil shale deposits by John Dyni [30].

Oil shale resources

Deposit Country

million barrels million tons
Green River Formation  United States 1,466,000 213,000
Phosphoria Formation United States 250,000 35,775
Eastern Devonian United States 189,000 27,000
Heath Formation United States 180,000 25,578
Olenyok Basin Russia 167,715 24,000
Congo Congo 100,000 14,310
Irati Formation Brazil 80,000 11,448
Sicily Italy 63,000 9,015
Tarfaya Morocco 42,145 6,448
Volga Basin Russia 31,447 4,500
Baltic Oil Shale Basin Russia 25,157 3,600
Vychegodsk Basin Russia 19,580 2,800
WadiMaghar Jordan 14,009 2,149
Graptolitic argillite Estonia 12,386 1,900
Timahdit Morocco 11,236 1,719
Collingwood Shale Canada 12,300 1,717
Italy Italy 10,000 1,431

Table 7: Oil shale resources and production by regions.

Oil shale Oil shale Production
Region resources resources in 2008
(10%barrels) (108 tons) (10° tons)
Africa 159,243 23,317 -
Congo 100,000 14,310 -
Morocco 53,381 8,167 -
Asia 384,430 51,872 375
China 354,000 47,600 375
Europe 368,156 52,845 355
Russia 247,883 35,470 -
Italy 73,000 10,446 -
Estonia 16,286 2,494 355
Mid. East 38,172 5,792 -
Jordan 34,172 5,242 -
N.America 3,722,066 539,123 -
USA 3,706,228 536,931 -
Canada 15,241 2,192 -
Oceania 31,748 4,534 -
Australia 31,729 4,531 -
S.America 82,421 11,794 157
Brazil 82,000 11,734 159
World total 4,786,131 689,227 930

3.2. Nuclear Energy Source Minerals

Uranium is occurring in Earth's crust with abundant, but it is 40
times as silver. To make nuclear fuel, it must be extracted then

concentrated in uranium-235 isotope [41]. Although there are
hundreds of uranium-containing minerals only a few of them are
feasible. Uraninite (uranium dioxide) and pitchblende are the
common ores [42]. 5.5 M tons of uranium can be extracted
economically (US$59 per Ib [43]. 35 million tons are classed as
mineral resources [44]. In 2003 the price was $10/Ib while in
2007 it is increased to $138/lb. Thus, US$200 million was spent
on exploration. Australia has 31% of ore reserves [45] at the
Olympic Dam Mine, [46]. Japanese could extract uranium from
seawater usingion exchangers feasibly. 4.6 bt uranium is
estimated in seawater [47, 48].

In 2005, about 50% of the world's production was produced by
Canada and Australia. While more than 30% was produced by
Kazakhstan, Russia, Namibia, and Niger [49]. The available
uranium is sufficient for at least the next 85 years [44]. Uranium
is discovered in high concentrations in Egypt such as in Sinai,
Red Sea, Upper Egypt, and the Guitar area, near Hurghada, [50].

Plutonium has twenty radioactive isotopes range from 228 to
247. The half-life of isotope-244 is 80.8 million years so; it is
the longest life [51]. There is a small trace of plutonium-239
which decays products as the natural nuclear fission reactor [52,
53].

Thorium is detected in trace amounts in many rocks and soils. Its
abundance is triple of tinin the earth crust [54]. The average
thorium content in soil is about 6 ppm [55]. Some rare earth
mineral ores contain higher thorium content. Thorianite contains
12% as oxide. Monazite, allanite, and zircon have up to 2.5%
[56]. Thorium of different isotopes especially Th-232 are present
in the Earth's crust exceeds uranium [57-60].

Thorium and other rare earth elements were found in black
sands. In the case of the rapid cooling of lava with water, it
forms small particles of different sizes. Much of them are of a
sand size to be considered sand. Flowing of large lava into an
ocean may build a new black sand beach. The lifetime of a black
sand beach is short because it is not renewable. It may be
disappeared by washing or storms, [61].

4. Mineral Processing Techniques for Energy Source
Minerals

4.1. Coal Cleaning

Usually, coal is ground to fine size for beneficiation processes.
After that, clean coal is agglomerated. The product is used for
power generation. It is burned in a furnace that converts boiler
water to steam. It is then used to spin turbines for turning
generators. The process efficiency maybe about 35%.More than
40% of the world's electricity is produced by coal, [62, 63].

In 2012, about 30% of the electricity is produced by coal in the
United States. It was about 49% in 2008. In 2012, coal is
replaced partially by natural gas in the United States. This is due
to the low prices of natural gas obtained by hydraulic
fracturing of tight shale formations,[64].

Coke is a solid carbonaceous residue. It is formed because of
heating low ash and sulfur bituminous coal. The Heating of coal
in the absence of air is causing driven off the volatile
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constituents away. The fixed carbon and residual mineral matter
are fused in each other at a temperature of about 1000°C.
Metallurgical coke is used as a fuel and in the iron industry as
a reducing agent[65].Petroleum coke is a residue of oil refining,
but it is not suitable for metallurgical applications. It has a lot of
impurities. Syngas is composed of a mixture of carbon
monoxide and hydrogen gases. It is produced as coal gasification
[66].

Phosphorus is an important factor in coal grade and its
marketing. This is because phosphorus is retained in resultant
coke [67]. Thus, it will go into produced iron and subsequently
to a steel product. Phosphorus forms super-heater deposits in
some bhoilers [68] and it causes catalysts to poison [69].
Phosphorus has a significant effect on the leaching of coal waste
products such as washer refuse and flies ash [70]. Usually, coal
has an average phosphorus content of 0.05% [71]. It is
approximately equal to phosphorus content in sedimentary rocks
(0.042%) [72]. It is stated that the phosphorus is associated with
low density (organic) fraction [73, 74].

Refined coal is the product of coal-cleaning technology. In
which moisture and certain pollutants were removed from low-
rank coal. It is a pre-combustion treatment and process for coal.
The technology of pre-combustion coal aims to enhance
efficiency and reduce emissions accompanied by coal burning.

4.1.1. Gravity separation technique

Static Separators are based on the separation of particles
depending on their differences in specific gravity. The coal is fed
into magnetite suspension of required specific gravity which
separates the feed into floats (lighter than the media density) and
sinks (heavier than the media density). Generally, the particle
size of coal feed (range from —75 mm to + 6 mm) is acceptable.
Dynamic Separators are based on moving media to impart
separation. Heavy media cyclone is the most important example
of dynamic separators. It is operated with media range from 1.45
to 1.60 depending on coal quality. Generally, it is suitable for the
fraction size of —40 mm to +0.5 mm [75].

Segregation of fine particles in a vibrated gas-fluidized bed can
separate fine coal particles from their gangues. Thus, it can skip
the problem of fine coal separation in a dry process. It is greatly
useful with fine coal for energy resources in North-West China.
In this process, jigging is made using gas bubbles for space and
time suitable for the segregation of coal particles in the axial
direction. It is depending on their hindered settling velocity
differences. The fine coal separation with a vibrated gas-
fluidized bed system is more effective for fine coal cleaning in
cold regions [76].

Usually, fine coals are treated using the flotation technique in
most coal preparation plants. Gravity concentration is preferred
over flotation if it is feasible. Enhanced gravity separation is
established as a promising separator for fine coal, such as Kelsey
centrifugal, nelson, and falcon separators, Figure 3 [77].

T

Figure 3: Falcon Concentrator-Enhanced Gravity Separator

The heavy medium can be applied in the enhanced gravity
concentrator. It provides separation performances for fine coal
that are equal to those achieved for coarse coal. Probable error
values were achieved from the treatment of 1000 x 44 pum coal
using magnetite as a heavy medium in a Falcon Concentrator.
Their values are typical of that achieved on coarse coal
separation by dense-medium cyclones. With a low-density
medium of 1.42, the separation was achieved by a heavy
medium in Falcon Concentrator. The ash content of difficult-to-
clean coal is reduced from 29.0% to about 6.9%.

By using water as a medium in Falcon concentrator, it provides
relatively low separation efficiency. The performances of heavy
medium separation are great compared to those obtained from
modified release analyses. Further evidence is that the gravity-
based separation process provides more selective separation than
froth flotation systems. The slow particle Kinetics can be
overcome by the application of an enhanced gravity field [78].

Summarizing the previous works led to the model is extended to
cover a wide range of operating conditions and particle
properties. The studies available in the literature show good
agreement between model predictions and industrial data. Thus,
this model can be used to identify separation efficiency
limitations. It can provide possible solutions to overcome them.
This model can introduce valuable information for improving
physical separation processes using a Falcon concentrator, or to
evaluate a new application for Falcon separator [79]. Enhanced
gravity separators have been developed to increase separation
efficiency. Interaction between particle size, speed of rotation,
and water pressure of fluidized bed are the most affecting
parameters of the separation performance [80].

4.1.2. Centrifugal float—sink separation

Centrifugal sink float technique can separate bituminous coal
into clean coal and mineral matter fractions in presence of
isopropyl alcohol, carbon tetrachloride, and zinc chloride as a
dense medium of specific gravity of 1.4 g/cm®. The separation
efficiency depends on medium density, rotor speed, centrifuge
time, and particle size distributions [81].
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4.1.3. Oil Agglomeration Technique

Vegetable oils, such as soybean or sunflower oils were used oil
agglomeration. Lower concentrations cause energy loss. In the
case of using 5% refined sunflower oil, a concentrate has 39.5%
ash that could be obtained from fine coal has 64.2 % ash.
Recovered coal of 29.4% ash is obtained by decreasing oil
concentration to less than 5%. These results showed that by
using vegetable oils in agglomeration, a good recovery of fine
coal can be obtained. Moreover, more than 40% of the waste of
fine coal can be saved depending on product quality [82].

4.1.4. Flotation Technique

Fine coal is defined as less than 0.5 mm fraction. Flotation is
used to treat the declined fine fraction. High grade and recovery
of clean coal were obtained from high ash coal using resinite
flotation depending on the frothier type. Wet screening, grinding
and pH control can improve the grade [83].

The column flotation showed higher separation efficiency than
that of mechanical or conventional flotation. The most effective
parameters on the efficiency of column flotation are the flow rate
of air and wash water; and the dose of collector and frothier. At
optimum conditions values of the process parameters of air and
wash water flow rates, feed solids concentration. By using
MIBC as a frothier, (DMU-101 as a collector and SMP as a
depressant, a coal concentrate of 85% recovery with 81% ash
removal was obtained [84].

The floatability of coal is affected by its surface oxidation. Both
physical and chemical properties are affected. The zeta potential
of coal particles decreases because of oxidation. Promoter
addition during the grinding process reduces the surface attrition.
Fresh surfaces adsorb promoters easily and thus increase
hydrophobicity. At neutral pH, the charge on the coal surface is
negative. The adsorption of collector molecules on its surface is
hindered. Thus, neutral pH makes the flotation more effective
[84].

Coal cleaning using mechanical flotation showed that the
concentrate needs more cleaning. So, the rougher concentrate
must be refloating to reduce ash content. Clean coal produced by
single-stage column flotation is better than mechanical flotation
especially with low air velocity [85].

4.1.5. Effect of Ultrasonic Energy

Washing coal using low-energy ultrasonic is a good technique
for the removal of sulfur. It could be reduced to less than 1%.
The maximum removal was achieved with minimum
concentration, conditioning time, and the dose of used alkali
with ultra-sonication. A replacement of other conventional coal
cleaning methods is carried out for the reduction of energy,
treatment time, and reagent volume and concentration. It may be
used on a large-scale for high sulfur and ash coals around the
world [86]. Low-grade coal cleaning using low energy ultrasonic
energy is effective. It was found that the low-energy ultrasonic
could remove all impurities such as sulfur, phosphorus, and ash
in hydrogen peroxide solution in a short treatment time. It is
considered a green process [87].

4.1.6. Effect of Microorganisms

Bacteria were used in bio-flotation and bio-flocculation
processes for cleaning coal. Bacteria can be adsorbed onto
mineral surfaces. The adsorption is based on electrostatic
charges. Bacteria followed coal surface charge after their
adsorption. The adsorption process depends on pH-dependent.
The maximum adsorption for all bacteria was showing at pH 3.
It noted that Bacillus subtilis is the best type for ash and sulfur
removal. The removal order of impurities follows the sequence
of bacteria adsorption. The cleanest coal is achieved with
bacteria of higher adsorption, [88].

4.1.7. Post Treatment of exhaust coal burn

The SO emissions are no longer accepted according to the
environmental regulations. Thus, SO, gas must be removed from
flue gases. There are different techniques for emission reduction:

1- Scrubbing solution:
It is carried out in alkaline sorbent, usually limestone or
lime, or seawater.

2- Scrubbing with a spray:
It is a different technique using similar sorbent solutions.

3- Wet sulfuric acid process:
It produces commercial sulfur which is used for sulfuric
acid production.

4- SNOX flue gas system:
It removes sulfur dioxide, nitrogen oxides, and particulates
from flue gases.

5- Dry sorbent injection systems.

Flue-gas desulfurization (Fig.4) can remove more than 95% of
the SO, from the flue gases [89]. SO, can be oxidized in the
presence of an extra amount of oxygen gas into sulfur
trioxide (SO3). Temperature enhances the oxidation process.

Type V Turbufaire® scrubber .

Ey ]

Bhary Recpcts Lapassmed
Pyphcaly by oere)

Figure 4: Schematic design of the absorber of an FGD

The SOz gas can be formed using catalytic reactions depending
on the metals in the fuel. The catalytic reaction is true for heavy
fuel oil, due to the presence of vanadium with a significant
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amount.SO3 gas forms a liquid aerosol known as sulfuric acid
(H2S0.) mist that is very difficult to remove. Generally, about
1% of sulfur dioxide will be converted to SOs. Sulfuric acid mist
causes a series of hazardous. Wet electrostatic precipitators can
treat this issue [90].

FGD (flue-gas desulfurization chemistry) systems are carried out
in two stages:

1- Fly ashand other SO;gas are removed. The removal is
carried out for both fly ash and SO, gas in one scrubbing
vessel. The flue gas passes through an electrostatic
precipitator or wet scrubber to remove the fly ash removal
device. Then passing in the SO,-absorber. However, as a dry
injection or spray dryer operations, SO; is first reacted with
the sorbent, and then the flue gas passes through a particulate
control device [91].

2- Wet FGD systems in which the flue gas exiting the absorber
is saturated with water and still contains some SO,. These
gases are highly corrosive to any stream equipment. To
minimize corrosion, the gases were reheated to a temperature
above their dew point or using materials of construction and
designs that allow equipment to withstand the corrosive
conditions [92].

Scrubbing in calcium hydroxide (lime) solution, calcium sulfate
is formed according to the following reaction:

Ca (OH)z + SO, — CaSO3 + H,O

Scrubbing in magnesium hydroxide solution, magnesium sulfite
is formed according to the following reaction:

Mg (OH)z + SO, — MgSO; + Hz0

Forced oxidation is another technique in which further oxidation
of the CaSOs (calcium sulfite) to produce CaSOa4-2H.0

(gypsum):
CaS0s + %20, — CaSOq4

Another technique in which the SO, is absorbed in the seawater
and then oxygen is added to form sulfate ions SO4%~and free H*.
The carbonates in seawater shift the carbonate equilibrium to
release CO; gas:

SO, +H,0 + %0, — SO+ + 2H*
HCO®* + H* — H,0 + CO,

Although there are no technical problems for sulfur dioxide
removal by available flue gas cleaning technologies, NOx
removal needs to be further developed. The mitigation of non-
condensable gases is an important operation issue for large-scale
oxy-fuel combustion plants, [93].

4.2. Oil Shale

Although oil shale can be used as a fuel for thermal power-
plants, the oil shale may be used in the production of different
products. Fibers, carbon adsorber, carbon black, resins, glues,
tanning agents, mastic, bitumen of road, cement, bricks, glass,
rock-wool, construction and decorative blocks, soil-additives,

and pharmaceutical products were produced from oil shale[94].
But, these products remain in their experimental stages [95].

In 1946 a marine type of Dictyonema shale served for uranium
production in Sillamae, Estonia. Sweden used alum shale for the
same purposes [95].

Although oil shale gas has served as a substitute for natural gas
[96, 97], in 1972, coal liquefaction was less expensive,
generating more oil, and creating fewer environmental impacts
than extraction from oil shale. It noted that conversion of 650
liters of oil per one ton of coal, as against 150 liters of shale oil
per one ton of oil shale [98].

The viability of oil shale as a source of energy lies in the ratio of
the energy produced by shale to the energy used in its mining
and processing. It is estimated that the various known oil-shale
deposits are varying between 0.7-13.3 [99].

According to IEA most of the produced oil shale is used in
energy production. It can be provided by burning the spent shale
or oil-shale gas [100]. The water needed in the oil shale retorting
process make additional economic consideration and also, it may
be a problem in areas with water scarcity.

The kerogen in oil shale formations differs widely, and the
economic feasibility of its extraction is highly dependent on
international and local costs of oil [30].

Kerogen— Oil + Gas

Usually, oil shale exploitation includes mining followed by
shipping elsewhere. After which it may be burned directly to
generate electricity. Sometimes, it undertakes further processing
[101].

The pyrolysis process is a process of kerogen conversion into
shale oil (synthetic oil) or shale gas. The process involves
heating oil shale in the absence of air to the temperature of
kerogen decomposition. It is converted to gas, condensable oil,
and solid residue. It usually takes place at 450 - 500°C[102].
There are four known technologies in use. They are Kiviter,

Galoter, Fushun, and Petrosix Processes, Figure 5, [103, 104].
RAW SHALE DELIVERY

VALVE SYSTEM

HOPPER

CAST-IRON
RETORT GASAND OIL
VAPOUR
COAL-FIRED COLLECTION
FURNACE
STEAM
INJECTION
WATER-SEAL
TROUGH

Figure 5: Kiviter, Galster and Petrosix Processes

The Kiviter process is an internal combustion technology. The
Kiviter retorter is a vertical cylindrical vessel. The coarse oil
shale is heated with recycled gases, steam, or air [104]. The
vapors and evolving gases condensed. The non-condensable
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gases are fed back to the retort. Recycled gas cools the spent
shale, and then leaves the retort through a water-sealed discharge
system [101]. The Kiviter process causes water pollution. It uses
large amounts of water which is polluted with solid waste
residues. It contains soluble toxic substances causing environ-
mental problems, [105].

Galster process is aboveground oil shale retorting technology. It
is a type of hot recycled solids technology [106]. A horizontal
cylindrical rotating kiln retorter is used [107]. The retorting is
carried out crushed oil shale into fine particles to less than 25
mm. The crushed oil shale is dried in a fluidized bed drier with
hot gases. The dry product is preheated to 135°C. The particles
are separated from gases using an air classifier. The ratio of oil
shale ash to raw oil shale is 3:1. The oil vapors and gases are
cleaned from solids by cycling and condensed. The condensed
oil is separated from gases[108]. Galster process has higher
thermal and technological efficiency. It obtains a high oil
recovery ratio. The oil yield is reached up to 90%. The retort gas
is 48 m3/ton. Although the oil quality is good, the equipment and
capacity are relatively low. The main advantage is that this
process causes minimum pollution than internal combustion
technologies. It uses less water. But it still generates carbon
dioxide as also carbon disulfide and calcium sulfide, [107-109].

The Fushun process is an internal combustion technology. It
includes external gas heating [110]. It uses a vertical cylindrical
retorter. The oil shale is crushed to particle size range 10 to 75
mm. it fed on the top of the retorter. In the upper section of the
retorter, the oil shale is dried and heated. The hot gases cause the
decomposition of rock. The produced oil vapor and gases move
from the bottom[111]. The Fushun process has small
investments and a stable operation. It is characterized by high
thermal efficiency, but it consumes high water. It is not suitable
for fine ores or of oil content lower than 5% [112].

Petrosix is the largest world surface oil shale pyrolysis retort
with 11 meters diameter vertical shaft kiln, operational since
1992. It is located in Brazil, and it is owned and operated by the
Brazil energy company Petrobras, [113].

The beneficiation of oil shale is based on the difference in both
the physical and chemical properties of organic and inorganic
constituents. By controlling particle dispersion in aqueous slurry,
the kerogen particles are hydrophobic. Thus, the hydrophilic
mineral matter can be separated by using oil agglomeration
[114]. There are many techniques for mineral separations. The
sink-float technique is based on density differences. Froth
flotation is based on hydro-phobicity or wet-ability. Kerogen can
be extracted with organic liquids. Also, the mineral particles can
be wetted, and thus it is extractable with water [115].

In South African, oil shale is ground with water in a porcelain
ball mill. The grinding is continued after the addition of oil to
form a paste of the organic fraction. The mineral matter became
suspended in the aqueous phase. It was discarded. The oily paste
was solvent washed, dried, and analyzed. The results show that
the ash content was reduced from 40% to about 10% [116].

Brunswick oil shale contains 58% mineral matter. It was pre-
ground in a heavy gasoil before the introduction of water. After

sixteen hours of grinding, the mineral content is reduced to 34%
[117].

Green River oil shale is treated with a 5 percent acetic acid
solution. Thus, the carbonate minerals are removed before
grinding. Water and normal octane were used as grinding
mediums. The aqueous suspension is removed. It is replaced
with fresh water. The results showed that the mineral content is
reduced from 75% to 16% [118].

Bitumen impacts the surface chemistry of oil shale particles.
Releasing of bitumen because of the particle size reduction or
grinding to a particle size less than 100 um. The release of
bitumen coats the organic-rich surface. Decreasing of selectivity
during flotation with decreasing particle size fineness is known
as the "smearing effect”. Bitumen affects organic-rich oil shale
particles as well as inorganic entities. It means that the
difference between hydrophilicity and hydrophobicity was lost
with bitumen releasing. It harms separation efficiency between
organic and inorganic portions. So, it is important to preserve the
native surface properties of oil shale particles during grinding.
Also, the fineness degree to which the oil shale particles lose
their surface characteristics must be determined. It means the
critical size for oil shale beneficiation to avoid over-grinding that
would allow the release of bitumen, [119].

Flotation of EI-Nakhil Oil shale, Qussier, Eastern Desert, Egypt,
using drops of Procol (F890) as a frothier with or without
collectors such as Kerosene, sodium oleate or dodecyl amine
acetate shows similar floatability trends. A higher reduction of
ash content with low recovery was achieved by decreasing the
pH values. With increasing the pH, a higher flotation yield is
obtained due to increasing froth stability. The selectivity is
decreased at higher pH. For particle size less than 90um and
more than 63 puma better response to the flotation process than
that for size fraction (-250+90 pum). Higher selectivity at acidic
medium requires large amounts of acid. The acid leaching may
release some kerogen. Thus, a decrease in the ash content of the
float is expected, [120].

Froth flotation technique can upgrade oil shale. As mentioned
before, the particle size affected both the yield and grade and
thus the separation efficiency. The grinding to ultra-fine particle
sizes must be avoided, it is economic consideration. The particle
size lower than 75 pum, need lower frothier and collector doses.
On the other hand, flotation of particles more than 150 pm
showed higher selectivity than that for less than 75 um particles.
It is noted that the higher separation efficiency was achieved
with a particle size of 500 - 150 um. By increasing frothier and
collector dosages, both yield and organic recovery were
increased. The yield is strongly affected by the types of frothier
[121].

Acid leaching of Egyptian weathered oil shale showed that the
acid-soluble fraction increases with decreasing the ash content as
acetic acid concentration increases. Calcite and fluorapatite
disappeared from the residue after treatment with a 5% HCI
solution. The acid-soluble fraction was 37 and 42 wt% by using
5 and 10% HCI, respectively. 10% HNOj3 solution could dissolve
all fluorapatite present in the sample whereas 20% HNOs;
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solution could dissolve almost all carbonates. 20% CH3;COOH
solution could dissolve almost all carbonates. Acetic acid
produces minimum TOC value and oil yield comparing to HCI
and HNOg leaching [122].

In 2016, the world resources of oil shale are equivalent to 6.05
trillion barrels (962 billion cubic meters) of oil. In 2018, the U.S.
Energy Information Administration (EIA) estimated that about
6.5 million barrels of oil per day were produced from tight oil
resources in the United States. This is equivalent to about 59%
of total U.S. crude oil production. Tight oil is the oil embedded
in low-permeable shale, sandstone, and carbonate rock
formations [123].

Beneficiation and upgrading of Egyptian energy source mineral
ores, such as coal and oil shale presented many studies for
upgrading them were done[88, 124-132], including selective oil
agglomeration, reverse flotation, enhanced gravity separation
(Falcon Concentrator), column flotation, flocculation using
acrylamide-acrylic copolymer, application of microorganisms
such as Bacillus subtilis, Mycobacterium Pheli, Paeni Bacillus
Polymyxa.

The results showed that gravity separation techniques are more
economical than other techniques due to their low operation and
capital costs. Moreover, gravity separation techniques have the
advantage to be environmentally friendly as they are chemically
free. Finally, on the technical level, the concentrates of Egyptian
Coal by the Ilatter technique meet the standard coal
specifications. Also, gypsum and pyrite as wastes of burning
coal were converted into useful products such as iron and sulfur
elements through the thermo-chemical process [133-135].

Egyptian oil shale from the Safaga area (Red Sea Coast) and
carbonaceous shale from the Abu-Zenima area (West Central
Sinai)were discovered and studied [136-139]. The obtaining
concentrates showed that they have high organic matter suitable
for the retorting process. Attrition scrubbing, hydro-cyclone
separation, jigging, enhanced gravity separation, and froth
flotation were used for increasing the organic matter content.

Mineralogical studies of Egyptian oil shale showed that it
contains a bituminous calcareous claystone. The main impurities
are quartz, apatite, and pyrite minerals. The carbonaceous shale
type contains carbonaceous matter with quartz and clay minerals.
The oil shale of the Rabah mine is richer in carbonates as calcite
and phosphorous as apatite. On the other hand, Abu-Zenima
carbonaceous shaleis enriched in quartz, clay, and gypsum
minerals. Its silica, alumina, and organic matter contents are
much higher than that of Rabah oil shale. The former contains
35.2% organic matter as compared with 30.6% in the latter. Also,
there are considerable amounts of calcium oxide and iron oxides.
By jigging technique, a concentrate of 70.26% organic matter
with 54.06% recovery is obtained. A flotation concentrate has an
organic matter of 54% with 65% recovery. Flotation of overflow
fraction with kerosene as a collector obtained float containing
67% organic matter with 85% recovery [136].

Mineralogical analysis of Egyptian oil shale (Wadi El-Nakhil)
showed that the shale matrix is composed of the lamina which is
consisted of carbonate and argillaceous material (rich inorganic

matter). Quartz and pyrite were dispersed in the matrix.
Phosphate is found because of the remnants of marine animals. It
is rich in the aliphatic and aromatic matrix. It is characteristic of
a higher content of calcium oxide, sulfur, silica, alumina, and
iron oxide.

An Enhanced gravity separator (Falcon concentrator) could
produce a concentrate of 40% kerogen with 88% recovery [137-
138]. Column flotation showed that there are significant
interactions of airflow rate with frothier concentration, kerosene
collector dosage, and froth depth. In contrast, the solids
concentration, feed flow rate and wash water flow rate have
fewer effects on both grade and recovery. At 15% solid content,
0.49 cm/s feed flow rate, 40 cm froth highest, and in presence of
0.5 kg/ton kerosene collector dosage, the grade and recovery
were 54% and 80%, respectively, [139].

4.3. Nuclear Energy Fuels

Uranium 235 is the most common nuclear fuels used. Ores are
chemically processed using leaching and solvent extraction.
Leaching produces yellowcake, which is tri-uranium octa-oxide.
Uranium is obtained as pure uranyl nitrate. It is decomposed to
uranium trioxide (UOs), by heating. Then it is reduced to the
dioxide form, UO,, by hydrogen. The dioxide is converted to
tetrafluoride, UF4, by hydrogen fluoride gas. Pure metal is
produced by electrolysis or chemical reduction [42].

Naturally, uranium metal is composed of 0.7205% U-235, which
is the fissile isotope of uranium. U-238 isotope is the remaining
mass (99.274%). It contains a small amount of U-234 isotope
(0.0055%). Uranium-238 does not react with slow neutron
fission; however, it can react with neutrons to form a fissile
isotope of plutonium, Pu-239. Thus U-238 is known as the
fertile material. Both uranium isotopes have the same chemical
behavior. They differ slightly in their mass. The small mass
difference allows the isotopes to be separated. The uranium fuel
for power reactors must be containing 0.8 to 8.0% U-235. It is
known as low enriched uranium. Weapons-grade must have a
higher content of Uranium 235. Its concentration is greater than
90% U-235 [140].

e Gaseous Diffusion

It is based on the effusion difference of molecules. If gas is
passed from a vacuum through a porous barrier, the gas effusion
rate is inversely proportional to the square root of its mass. Thus,
the heavier gas molecules will pass slower than that of the
lighter ones. Because Uranium hexafluoride (UFs) is volatile; it
is used in this process, Figure 6, [141].

¢ Electromagnetic Separation

It is based on the circular path of a charged particle in a
magnetic field depends on its mass. Thus, uranium tetrachloride
chloride ions of both U-235 and U-238 are expected to have
slightly different paths by moving in a magnetic field. The
expected path radius for U-238 ions is larger than that of U-235
ions, Figure 7.
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Figure 7: Electromagnetic Separation
e Thermal Diffusion

It is based on, the behavior of heat transfers across a thin layer of
liquid or gas. By cooling a film on one side and heating the other
side produces convection currents. Thus, an upward flow on the
hot surface and a downward flow along the cooler side occur.
Thus, the 235UFs molecules are diffused toward the warmer
surface. The 238UFg goes toward the cooler side.

o Centrifuge Enrichment

Even though centrifugation has lower energy consumption (5%
of that required for gaseous diffusion). It needs shorter
separation times, and a modular design. Thus, it is the preferred
method for enriching uranium. It can produce higher enrichment
uranium from a single centrifuge than from a single gaseous
diffusion stage. The process must be repeated in a series of
connected centrifuges known as a cascade to obtain the desired
concentration of enriched uranium, Figure 8 [142].

Figure 8: Centrifuge Separation

e Fuel fabrication

Annually; 27 tons of fresh fuel is required for 1000 MWe
nuclear reactors. A coal power station requires more than two
and a half million tons of coal to produce the equivalent energy
as electricity. Enriched UFsis converted to uranium dioxide
(UO,) powder. The powder is pressed to form small fuel pellets,
which are then heated to make a hard-ceramic material. The
pellets are inserted into thin tubes to form fuel rods, [143].

The down blending process is a process for converting highly
enriched uranium into low enriched, reactor-grade uranium. It is
used to convert the vast nuclear weapons stockpile of the former
Soviet Union, [144].

Liquid fuels are the solution of nuclear fuel which has numerous
operational advantages. Liquid-fuel reactors have significant
safety advantages. This is because their inherently stable, their
ability to be drained rapidly, and xenon gas releasing which acts
as a neutron absorber. Molten salt fuels can be dissolved directly
in the molten salt coolant such as liquid fluoride thorium
reactor (LFTR). Uranyl salt solutions were used in aqueous
homogeneous reactors (AHRs), [145].

Thorium element has been extracted from monazite ore through
a complex multi-stage process. The monazite sand ore is
dissolved in hot concentrated sulfuric acid (H2SO4). Thorium is
extracted as an insoluble residue. It is concentrated in the
organic phase of the amine solvent. Then it is separated by using
an electrolyte solution such as nitrate, chloride, hydroxide, or
carbonate. Thus, thorium is returned to an aqueous phase.
Finally, thorium is precipitated and purified, [146].

There are many techniques to produce thorium metal:

- Through electrolysis of anhydrous thorium chloride in a fused
mixture of sodium and potassium chlorides.

- By reduction of thorium oxide using calcium.

- By reduction of thorium tetrachloride mixed with anhydrous
zinc chloride.

- By reduction of thorium tetrachloride with an alkali metal
[147].

5. SUMMARY & CONCLUSIONS

Energy Source Mineral is any substance that comes from the
Earth which can produce energy. Generally, energy resources are
conventional: such as wood, coal, oil, natural gas, and electricity;
and non-conventional such as Solar, wind, biogas, and atomic
energy. Energy derived from Sun is biomass energy because of
photosynthesis of organic byproducts. Biomass energy is stored
as fossil fuels (oil, natural gas, oil shale, tar sands, and Coal)
through a series of chemical reactions.

Oil shale is a shame that contains organic matter. This organic
content has not decomposed completely to produce oil. Coal is a
sedimentary rock produced as a result of a large accumulation of
dead plants.

Nuclear fuel must include heavy fissionable metals. Nuclear
fuel is shaping as rods of fuel material, mixed with neutron
reflecting materials. Uranium-235 (>*U), Plutonium-239 (**°Pu)
and Thorium-232 (*2Th) are the most common fuels.
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The global coal production is about 7 billion tons while there is a
small underground coal mine in the Sinai Peninsula, Egypt.
Although its production is 0.36 Mt/y, the national demand is 1.2
Mt/y. It is non-coking which must be blend with imported
metallurgical coal. The recoverable amount is 17.637 million
Tons.

Gravity concentration, when feasible, is preferred over flotation.
For environmental regulations, SO, gas emissions have been
enacted. In many countries, SO is reduced from flue gases by
different techniques and methods.

Total oil shale resources are about 689 gigatons. It is equivalent
to 4.8 trillion barrels. Egyptian Oil Shale in Safaga-Quseir
estimated reserves in the Eastern Desert of Egypt is equivalent to
about 4.5 million barrels. Another reserve in the Abu-tartur area
of the Western Desertis estimated to be about 1.2 million
barrels. Qil shale can be burned directly to generate electricity. It
may be used after further cleaning processes. Pyrolysis is the
most operation used for oil shale. Though its conversion of the
kerogen into shale oil and shale gas. It is based on heating the
shale in the absence of oxygen at 450 — 500°C to decompose
(pyrolysis) kerogen. Thus, gas, condensable oil, and solid
residue were obtained.

Egyptian Maghara Coal could meet the standard coal
specifications through enhanced gravity separation. Conversion
of Coal cleaning By-product to valuable products was carried
out at CAER, University of Kentucky, USA. Metallic iron and
elemental sulfur were produced from the thermo-chemical
processing of gypsum & pyrite as wastes of coal cleaning.

Organic matter could be increased in oil shale from Safaga and
Abu-Zenima, west Central Sinai, Egypt. Different techniques
were used such as attrition scrubbing; hydro-cyclone, jig, and
froth flotation. A product of column flotation contains 67%
organic matter and 85% recovery. The flotation is carried out for
overflow fraction by using kerosene. A concentrate of 40%
kerogen with 88% recovery was obtained by enhanced gravity
separation of Egyptian Wadi EI-Nakhil oil shale. A maximum
grade and recovery of 54% and 80% were achieved by using
column flotation.

Uranium is occurring in Earth's crust with abundant, but it is 40
times as silver. Nuclear fuel is making from the uranium ore by
extracting uranium firstly then concentrated in uranium-235
isotope. Although there are hundreds of uranium-containing
minerals only a few of them are commercially feasible.
Uraninite (uranium dioxide) and pitchblende are the common
ores.

Uranium was found in many areas, in Egypt. It is found in Sinai,
Red Sea, Upper Egypt, and the Gtar area, near Hurghada.

Uranium element contains 0.72% U-235 (fissile isotope). The
remaining includes 99.27% U-238 and a small amount of U-234
(0.0055%). Uranium fuel for power reactor must beeps to 8.0%
U-235. Weapons-grade uranium must contain highly enriched
uranium greater than 90% U-235. There are different enrichment
techniques such as electromagnetic separation, gaseous and
thermal diffusion, and centrifuge.
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