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Summary:  

Oil shale represents an alternative energy source. Beneficiation before retorting is 

effective in improving its kerogen%  .Improper fine grinding of oil shale leads to the 

appearance of smearing phenomenon which results in flotation deficiency. Attrition 

scrubbing represents good solution to avoid such phenomenon. A statistical design was 

used to study the attrition of oil shale in terms of soaking, attrition times and pH. Oil 

shale flotation was conducted using pine oil and sodium oleate for both conventionally 

ground and attrited samples. results indicated the attrited samples gave higher 

kerogen%.  
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Abstract 

Petroleum is considered the main conventional natural resource of energy in the 

world. It is being rapidly consumed in a depleting trend of its reserves due to the great 

growth in the industrial production all over the world.  The oil shale large reserves are 

considered as a very promising alternative source of petroleum. 

This thesis aims to find solutions to the problems associated with the beneficiation 

and retorting of the oil shale. Samples used were obtained from two localities, namely; El 

Beida and El Nakheil mines in the Qusier area, Eastern Desert. 

There are several studies regarding the beneficiation of the oil shale deposits 

indicating that the flotation techniques is the most promising. Among several problems 

facing the separation of the valuable content "kerogen" from oil shale by flotation, the 

smearing effect is most deteriorating. It appears due to fine grinding of oil shale particles 

that leads to the release of oil phase as well as the coating of large particles with smaller 

ones. Such smearing phenomenon leads to deficiency in the flotation selectivity and 

results in a decrease in the desired organic matter “kerogen” grade and recovery 

percentages. 

Attrition is used as a cleaning technique for the surface of particles as well as a size 

reduction technique. It is used not only to dispose of the inorganic minerals that decrease 

the kerogen and its recovery but also used to avoid the smearing effect. Experimental 

design of the attrition process was used for both samples El beida and El Nakheil to 

optimize the process in terms of the main affecting variables. The main factors are 

soaking time, attrition time, and pH.  In addition, the flotation behavior of the samples 

was studied with respect to collectors type and dosage. 

Three sizes of El-Beida sample were analyzed (+3 mm, +2.36 mm, -2.36 mm), after being 

attrited. The most successful size achieved great results was -2.36 mm where it was 

attrited for 120 min soaking time  and  120 min. attrition time consequently at pH 2.  

Flotation is conducted to El-Beida attrited sample containing 10% kerogen in the feed that 

reaches to 18.4% by attrition to achieve 27.7% by flotation with more than 95 % recovery 

at pH 3 with higher dose of pine oil:7.5 kg/t. 

 For El Nakheil sample, the statistical design was used in terms of the main affecting 

factors: stirring time, attrition time, and pH. The design results indicated that the kerogen 

was effectively improved from 28% to 33.2%. While the usage of flotation on the attrited 

samples at pH 3, with 7.5kg/t pine oil, the kerogen improved from 33% to 38% with a 

recovery of 50% . 

 

Attrition achieved better results either for both samples at the acidic medium pH 3 where 

the kerogen and recovery percentages were improved. It is also worth mentioning that the 

smearing phenomenon was minimized and that was detected especially when the attrited 

oil shale achieved better results than the ground in the flotation tests for both samples. 
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Chapter 1 : Introduction 

1.1. Introduction 

The petroleum is a natural resource which is rapidly consumed [1]. There are enormous 

efforts to find possible substitutes for it. The reserves of oil shale.stand out as a very 

important source of substitutes for .petroleum [2].   

Oil shales are fine-grained rocks. These rocks have not been under the necessary heat, 

pressure, and/or depth for the right length of time required to form conventional crude oil. 

However, this immature form of petroleum contains refractory organic material that can be 

refined into fuels [3].  It consists of soluble bitumen fraction represents about 20% of this 

organic material, whereas the remainder exists as an insoluble kerogen, most of oil shales 

appear to have been deposited in shallow lakes, marshes, or seas [4]. 

Oil shale contains materials such as paraffin hydrocarbons. These paraffins are major 

constituents of natural gas and oil and are called kerogen. When the rock is heated, it releases 

petroleum-like liquids. 

Oil shale is described as a compact, laminated rock of sedimentary origin with the 

observation that the organic matter is not oily (bituminous), yielding over 33% of ash and 

containing organic matter that yields oil when distilled.[5]   

To distinguish the difference, the term oil shale means kerogen-rich sediments that can 

produce oil upon retorting or else. The term shale oil means the oil that can be produced from 

the rock. Oil shale can be described as “composites” of tightly-bound organics and inorganics 

[6]. 

 Oil shale can be extracted from the ground, but compared to mining crude oil from 

wells; the process is much more complicated. However, with oil shale, the kerogen is in a 

solid form and cannot be pumped out of the rock. This means that the rock itself has to be 

mined first before any attempts to extract the oil can begin. Once the rock has been mined, a 

process called retorting (in which the rock is heated to a high temperature) is carried out. 

These results in an oil-like liquid that can be further refined and burned for fuel and energy.  

Shale oil is similar to petroleum, and can be refined into many different substances, 

including diesel fuel, gasoline, and liquid petroleum gas (LPG). Companies can also refine 

shale oil to produce other commercial products, such as ammonia and sulfur. The spent rock 

can be used in cement. 

A significant amount of inorganic minerals is produced when oil shale is mined , leading 

to a decrease in the grade and yield of the oil shale , and to increase in the cost of the 

pyrolysis stage of production ,these factors make oil shale energy less readily usable. 

Beneficiation processes have been used in the separation of the organic content from 

other mineral impurities of the oil shale deposits. 

The most promising beneficiating techniques is the flotation technique, where it has been 

widely used and previous studies indicated that flotation is inexpensive, reduces the amount 

of ash, and increases the organic content percentage.    

Although flotation is an effective method for increasing the grade of an oil shale, 

previous studies indicated that there are several problems facing the separation of the valuable 

content "kerogen" from oil shale, one of the major limitations  is the smearing effect which 

appears during the froth flotation due to the fine grinding of oil shale particles produced by 

ball mill or rod mill  and that leads to deficiency in the selectivity of organic matter  resulting 
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in a decrease in the kerogen and recovery percentages through the beneficiation process. 

Hence this thesis aims to find solutions to the problems associated with the beneficiation and 

retorting of the oil shale. 

 

This work focuses on the beneficiation of oil shale using the attrition of the oil shale 

particles followed by flotation. The attrition process was used as a substitute method for 

grinding instead of conventional grinding methods by ball or rod mills. The selection of 

attrition technique is due to its effectiveness in disintegrating the oil shale particles as well as 

cleaning the particle surface because of its erosion, abrasion and friction effect. Thus, the 

main objectives of this thesis are increasing the separation efficiency in terms of kerogen 

grade and recovery percentages by scrubbing the particles‟ surface from impurities and 

overcoming the smearing phenomenon resulted from grinding using the conventional 

methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


