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ABSTRACT 

The rise in energy costs had led to seeking for sources of non-conventional fuels as 

alternatives without much alteration to the present system of refining conventional 

oils. Ahoko oil shale which is part of the Bida basin has been investigated by Pyrolysis. 

The pyrolysis of the Oil shale, polystyrene and their mixture at 1:1 was performed 

using a Perkin Elmer TGA 4000 (Netherland) machine through the use of nitrogen as 

the purge gas for the experiment at a heating rate of 10◦C/min. Proximate analysis 

was carried out on the oil shale sample. The TGA results were used to determine the 

kinetic parameters with a temperature range of 260oC-580oC using Arrhenius 

equation, this was done according to the behavior of the quantity ln{(1/1-C) (dc/dt)} 

vs 1/T(K-1) for the sample of oil shale, polystyrene and their mixture. The oil shale, 

polystyrene and their mixture was found to have an activation energy (Ea) of 45.19 

KJ/Mol., 153.14 KJ/Mol. And 52.95KJ/Mol respectively: while the Pre-exponential 

factor (A) of the three samples were also found to be 432.54 sec-1, 4.76 𝑋 103sec-1and 

82.26 sec- 1respectively. This research was carried out to investigate the effect of 

polystyrene on Ahoko oil shale, its effect indicates a lower activation energy when 

pyrolysed together than when it is carried out singly. This confirms that there is a 

synergistic effect when two materials are co-pyrolysed and may in turn reduce the 

energy demand in the production of oil from oil shale. 

 

Keywords: Thermogravimetric analysis, Co-pyrolysis, pyrolysis, kinetics, oil shale, 

polystyrene. 

 

INTRODUCTION 

The rapid rise in energy requirements has brought about a strong need to search for 

alternative fuels to serve future energy demand. Alternative fuels can be found from 

various sources, such as bioenergy, wind, solar, nuclear, etc.  Oil shale can contribute 

significantly to energy requirements. This is done by producing oil from 

unconventional source by heat treatment. This can be a viable alternative to produce 
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oil and gas through pyrolysis or by direct combustion. The technologies for oil shale 

production must be improved for the process to be economical. Oil shale is a complex 

heterogeneous material that contains significant quantities of organic matter, with 

kerogen being the principal component. Kerogen is a complex compound with a high 

molecular weight. During thermal retorting, kerogen decomposes and releases liquid 

(shale oil) and gaseous products (Aboulkas et al., 2007). This process decomposition 

requires heat input.  

Conventional oil reserves can be substituted by the vast resources of petroleum 

generating source rock known as oil shale. There are significant resources of oil shale 

in Nigeria and the world at large, which if exploited in an environmentally safe 

manner, would provide secure source of transportation fuels. (Oil shale is a 

sedimentary rock that contains organic matter laminated with a complex mineral 

matrix) The organic matter undergoes chemical decomposition on heating or retorting 

to produce volatile matter. The generated volatile products are both lighter gases as 

well as condensable higher boiling point substances known as shale oil (Ballice et al., 

2002). 

Oil shale deposits are found in all world oil provinces because they are source rocks 

for most conventional oil reservoirs, although most of them are too deep to be 

exploited economically(Youngquist, 1998). There are more than 600 known oil shale 

deposits around the world (Youngquist, 1998). Although resources of oil shale occur 

in many countries, only 33 countries possess known deposits of possible economic 

value (Youngquist, 1998). 

Rising energy costs have propelled the world to search for alternate sources. Many 

sources of energy are been considered to supply the increased demand of energy. One 

source of potential energy is the organic matter in oil shale. It is particularly attractive 

as an energy source because of its ability to supply the transportation needs of a 

growing population without a drastic change in established infrastructure. This is 

because this organic matter can be a raw material to make a product similar to 

conventional liquid hydrocarbon fuels and can be refined into gasoline, diesel fuel, or 

other high value products (Ballice et al., 2002).  

The organic matter in oil shale is referred to as kerogen. Kerogen is a rather broad 

definition that encompasses more than 1016 tons of carbon worldwide including 

substances such as oil, coals, as well as the organic matter in oil shale (Vandenbroucke 

and Largeau, 2007) Kerogen refers to the organic portion of oil shale and is bound to 

a mineral matrix to form the oil shale. This type of kerogen in oil shale represents 

approximately 1012 tons of carbon. The kerogen is divided into types (I, II, or III) 

based on hydrogen to carbon ratios. 
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The oil shale of interest is the Ahoko oil shale which is part of the Bida basin. It 

comprises hydro carbon seepages in the basins around Pategi/Muregi on the Niger 

River in Niger State and around Ahoko near Lokoja in Kogi State, Ahoko is 49km 

from Lokoja on the Lokoja – Abuja express way (Akande et al., 2006). The 

argillaceous units of the Patti formation are well exposed. The approximately 26m 

thick section level consists predominantly of shales and siltstones which are 

rhythmically interbedded with concrete to massive bioturbated ironstone at the basal 

part of the section is a predominant shale bed with average thickness of 0.5m. the 

shales are dark to light grey. (Akande et al., 2006) 

The essence of this research is to develop simple Kinetic model for Ahoko Oil Shale 

using Thermogravimetric analysis (TGA) at a single heating rate to estimate its 

activation energy and pre-exponential factor and subsequently add polysterene to the 

oil shale and see if there will be any significant change in its kinetic properties. So far, 

this research is starting with simple kinetic models because till date no predicting 

model has been proposed for Ahoko oil shale. 

 

Table1:  Proximate Analysis of Ahoko Oil Shale  

PARAMETER      (Wt%) 

Volatile matter      46.0 

Ash        42 

Moisture        4.69 

Fixed Carbon       6.81 

 

MATERIALS AND METHODS 

Materials  

The oil shale used in this study is from Ahoko North central Nigeria, specifically Bida 

Basin.  Raw oil shale samples were sampled, crushed, and sieved to a grain size of 0-

088mm and dried at 45-500C to constant mass. The proximate analysis results are 

summarized in Table 1.  

 

Characterization of oil shale by TGA 

TGA analysis was performed using a Perkin Elmer TGA 4000 (Netherlands). Nitrogen 

was used as the purge gas for pyrolysis experiment at a heating rate of 10◦c/min. The 

experiments were performed at least twice. 

 

Kinetic Modeling 

The study of loss of weight for Non-isothermal kinetics for pyrolysis of carbonaceous 

materials is a complex task because of the presence of various complex components 
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and their consecutive and parallel reactions. The extent of conversion of the fraction 

of pyrolysis material, X is defined by the expression:  

 

𝑋 =
𝑀𝑜−𝑀

𝑀𝑜 −𝑀𝑓
        (1) 

 

Where M is the mass of the sample at a given time t, M0 and Mf  refer to values at the 

beginning and the end of the mass Event of interest. The rate of the kinetic process can 

be described by Equation 2: 

 

                    
𝑑𝑐

𝑑𝑇
=  𝐾(𝑇) 𝐹(𝑥)       (2) 

 

Where K(T) is a temperature-dependent reaction rate constant and F(x) is a dependent 

kinetic model function. There is an Arrhenius type dependency between K(T) and 

temperature according to Equation 3: 

 

𝑲(𝑻) = 𝑨 𝒙 𝒆−
𝑬

𝑹𝑻       (3) 

 

Where A is the pre-exponential factor (usually assumed to be independent of 

temperature), E, the apparent activation energy, T, the absolute temperature and R is 

the gas constant. 

For non-isothermal conditions, when the temperature varies with time with a constant 

heating rate, _ =dT/dt, Equation 2 is modified as follows: 

𝑑𝑐

𝑑𝑇
=  𝑨 𝒙 𝒆−

𝑬

𝑹𝑻 𝑥 𝐹(𝑥)      (4) 

Where F(x) = (1-x)                   (5)  

 

Equation 4 supposes that a kinetic triplet (E, A, f(x)) describes the time evolution of a 

physical or chemical change. Upon integration, Equation 4 gives 
dC

dT
=

A

D
(1 − C)e−E/RT                                   (6) 

 

RESULTS AND DISCUSSION 

Thermogravimetric analysis and kinetics of oil shale. 
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Fig. 1 

 

TGA curve as shown in fig 1 shows the temperature ranges of the phases of the mass 

loss as at various temperatures. Applying the Arrhenius equation to the data from the 

TGA the calculation for the activation energy and pre exponential factor are calculated 

as 45.19 KJ/Mol and 432.54 sec-1 Respectively. The thermogravimetric results were 

plotted for mass loss against temperature for Ahoko oil shale polystyrene and for 

1:1mixtre 
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From the Eqn y= -5.4358x + 3.7671 

The slope is -5.4358 x 103, and slope is –E/R −5.4358 𝑋 103 =  −
𝐸

𝑅
 

𝐸 = 𝑅 𝑋 5.4358 𝑋 103 , R= 8.314 X 10-3 KJ/Mol 

𝐸 = 8.314 𝑋 103 𝑋 5.4358 𝑋 103 =
45.19𝐾𝐽

𝑚𝑜𝑙
 

E= Activation Energy  

   ln
𝐴

𝐷
= 𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 

A=𝐷𝑥 𝑒𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡  D(Heating rate)= 10.0oC/min,  A= pre-exponential 

Factor 

A=10𝑥 𝑒3.7671 

A= 432.54sec-1 

 

TGA of thermal decomposition of polystyrene shows that degradation starts at about 

180oC and ends at about 580oC. The activation energy of polystyrene was calculated 

using Arrhenius method to be 153.14 KJ/mol, literature shows that Aguado et al 

(2003), calculated the activation energy of polysterene to be 123 KJ/Mol and Enciner 

and Gonzalez reported the activation energy of polystyrene degradation of 137 KJ/Mol 

while Sorum et al (2001) found for polystyrene degradation an activation energy of 

312 KJ/Mol. 
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From the Eqn y = -18.42x + 29.191 

The slope is -18.42 x 103, and slope is –E/R −18.42 𝑋 103 =  −
𝐸

𝑅
 

𝐸 = 𝑅 𝑋 18.42 𝑋 103 , R= 8.314 X 10-3 KJ/Mol 

𝐸 = 8.314 𝑋 10−3 𝑋 18.42 𝑋 103 =
153.14𝐾𝐽

𝑚𝑜𝑙
 

E= Activation Energy  

E= Activation Energy  

   ln
𝐴

𝐷
= 𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 

A=𝐷𝑥 𝑒𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡  D(Heating rate)= 10.0oC/min,  A= pre-exponential 

Factor 

A=10𝑥 𝑒29.191 

A=4.76 𝑋 103sec-1 

 

Thermogravimetic analysis and kinetics of oil shale /polystyrene mixture 
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E= Activation Energy  

E= Activation Energy  

   ln
𝐴

𝐷
= 𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 

A=𝐷𝑥 𝑒𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡  D(Heating rate)= 10.0oC/min,  A= pre-exponential 

Factor 

A=10𝑥 𝑒2.1548 

A= 82.26sec-1 

 

The activation energy of the mixture was calculated using Arrhenius method and was 

found to be 52.95KJ/Mol and a pre exponential factor of 82.26sec-1. 

 

CONCLUSION 

The thermogravimetric study has shown that the stages involved in oil shale 

decomposition are first stage; departure of any absorbed water in in the oil shale, 

second stage; the overlapping of organic matter of oil shale and polystyrene 

degradation, third stage; the degradation of mineral matter in the mixture (carbonate 

and silicates) 

The obtained activation energy of the overlap organic matter of oil shale and 

polystyrene decomposition in the mixture which is 52.95 KJ/mol is higher than that of 

oil shale which is 45.19 KJ/mol but less than that of polystyrene which is 

153.14KJ/mol. It is noted that the synergistic effect of the polystyrene on oil shale will 

make the energy demand for the pyrolysis of the mixture less. 
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