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Abstract. It is known that petroleum coke, a product of deep processing of oil, can be used as fuel in 

power boilers. The method of petroleum coke burning in a fluidized bed is the most optimal to complete its 

combustion. To improve the combustion characteristics of this fuel, we studied the influence of catalysts on 

the petroleum coke burning in the simulation mode of a stationary fluidized bed. The laboratory setup is 

described. The results of the experiments are given. 

1 Introduction 

The level of energy development of any country is 

determined not by the amount of extracted or consumed 

fuel and energy resources, but by the efficiency of their 

use. Today, many types of fuel are being researched, 

developed and used in the world, which are alternative to 

traditional types of fuel (gas, coal, fuel oil). In view of 

the development of energy production, one of the main 

tasks of any state is to search for new types of fuel that 

will fit technical and environmental standards [1-6]. 

Also, together with the solution of this problem, it is 

possible to solve other problems that exist in a particular 

industry [7-13]. One of these problems is a huge amount 

of petrochemical production wastes. 

Problems of disposal of waste oil always remain 

relevant. One of the solutions to this problem is the 

production of petroleum coke. Further processing is 

impossible, and storage is not advisable. Therefore, 

worldwide, this product has found its application in 

metallurgy, in aluminum and cement productions, and in 

the energy sector [14]. 

In many developed countries, the experience of using 

petroleum coke as a fuel or a burnable additive makes an 

essential contribution to the global energy industry. In 

other countries, especially in the United States, 

approximately 30% of coke is burned in furnaces. 

Already in 2000, a combined-cycle gas turbine setup 

with gasification of petroleum coke with a gross capacity 

of 240 MW was commissioned at the Delaware State Oil 

Refinery in the USA. In Latvia, MixOil, which is 

engaged in the development and preparation of fuels 

from petroleum waste, uses petroleum coke as the main 

fuel or as an additive to the main fuel. The Canadian 

producer of petroleum coke, located between the cities 

of Alberta and Saskatchewan, according to data for 

2015, produced about 10 million tons of this product. 

Half of the coke produced was stored in warehouses and 

was not useful in any way. The manufacturer chose to 

import another part to other countries [15].  

It is known that petroleum coke is most efficiently 

burned in the fluidized bed. Fluidized bed devices are 

widely used in industry due to the simplicity of the 

device, the intensity of action, ease of automation, the 

relatively small hydraulic resistance of the layer 

(regardless of the speed of the fluidizing agent). 

The advantages of fluidized bed boilers are: 

1. High efficiency. Fluidized bed boilers can burn 

fuel with a combustion efficiency of more than 95%. 

2. High heat transfer speed. This makes it possible to 

use boilers of small sizes. 

3. The ability to use different types of fuel. 

4. The ability to burn low-grade fuel. Fluidized bed 

boilers give nominal capacity even during the low-

quality fuels burning. Fuels containing as little as 1% 

carbon by weight can sustain fluidized bed combustion. 

5. Easy operation. High layer turbulence facilitates 

quick start and shutdown. Full automation of start-up 

and operation using reliable equipment is possible [16].  

Petroleum coke is a slow burning fuel. Therefore, 

there arises a problem of increasing the intensification of 

its combustion. There are known examples of the use of 

blast dust, coal ash and biofuel ash to intensify the 

petroleum coke burning. Presumably, some oxides 

contained in the petroleum coke ash can also serve as 

catalysts for the combustion process, affecting the 

melting temperature of the ash and its slagging. 

However, some of the oxides can serve as inhibitors. 

Taking into account the abovementioned, it was decided 

to study the impact of catalysts on the petroleum coke 

combustion in the mode of the so-called stationary 

fluidized bed [17]. 
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2 Description of the laboratory setup 

This study was conducted to determine the thermal effect 

of various types of solid fuels. It allows one to 

investigate the temperature change caused by the thermal 

impact in the process of petroleum coke burning during a 

dynamic air flow. It also gives the ability to assess the 

influence of catalysts on the combustion process [18]. 

The setup (Fig. 1) is a quartz cylindrical tube of 30 

cm length. At the edges of the tube brass nuts are 

fastened with a small hole in the center for insertion a 

thermocouple into the setup. Quartz glass is poured into 

the tube to a height of 12-13 cm. The glass is tamped 

with light strokes on the quartz tube. Then silica gel is 

filled up with a height of 2 cm. The next step is to drop 

the sample, which is tamped with a small cylinder. The 

weight of the sample does not exceed 0.5 grams (height 

is approx. 0.5-1 cm). Then, silica gel is again filled up 

with a height of 2 cm. At the end, quartz glass is filled 

up, which is also tamped with light strokes. Two 

thermoelectric converters (thermocouples) are imposed 

into the setup, which are connected to the measuring 

device. Thermocouple T1 registers the temperature of 

the silica gel in front of the sample. Thermocouple T2 

registers the sample temperature. Quartz tube is fixed on 

fixed racks. At the beginning and end of the tube there 

are small holes with silicone hoses for supplying air 

coming from the compressor and leaving the flue gases. 

A flow meter is installed between the setup and the 

compressor to regulate the air consumption. Leaving 

gases are passed through a flask of water to filter and 

prevent backflow. The volume air consumption supplied 

to the setup is 0.5 l/min. Air enters the setup from 

thermocouple No. 1. The setup is heated in the center 

with an external ceramic heater. The data from the 

thermocouple is sent to the computer and entered into 

Excel as a graph, showing relationship between time (t, 

s) and temperature (Т,˚С). Т1 is the thermocouple T1 

temperature; T2 is the thermocouple T2 temperature; D is 

the difference between temperatures Т1 and Т2.  

3 Preparation of samples 

To create the effect of a stationary (fixed) fluidized bed, 

petroleum coke was mixed with silica gel (inert 

atmosphere). Due to this mixing, independent particles 

of petroleum coke are separated. A mixture of petroleum 

coke and silica gel is called the main sample. 

A solvent, methylene chloride, was used to better 

mix some of the components. This solvent is quickly 

evaporated at room temperature. After mechanical 

mixing of dry substances, they are poured into the 

container. Further methylene chloride is poured in this 

container. The sample vessel is placed in the evaporation 

cabinet. After some time, the solvent evaporates and the 

mixture remains dry. 

The main sample was obtained by mechanical mixing 

of 0.1 g petroleum coke and 0.4 g silica gel. 

The second sample was obtained by mechanical 

mixing of 0.1 g of the main sample with the addition of 

1% petroleum coke ash and 0.4 g of silica gel. 

The third sample was obtained by mixing of 0.1 g of 

the main sample with the addition of 1% copper stearate 

and 0.4 g of silica gel. Petroleum coke with copper 

stearate was mixed with methylene chloride. 

The fourth sample was obtained by mixing of 0.1 g 

of the main sample with the addition of 10% fuel oil ash 

and 0.4 g of silica gel. The main sample with fuel oil ash 

was mixed with methylene chloride. 

The fifth sample was obtained by mixing of 0.1 g of 

the main sample with the addition of 10% nano coal and 

0.4 g of silica gel. The main sample with nano coal was 

mixed with methylene chloride. Nano coal is carbon soot 

containing nanoparticles of copper and carbon obtained 

by plasma pyrolysis from heavy oils with the addition of 

copper precursors. 

The sixth sample was obtained by mixing of 0.1 g of 

the main sample with the addition of 1% cobalt ferrite 

and 0.4 g of silica gel. The main sample with cobalt 

ferrite was mixed with methylene chloride. Cobalt ferrite 

(CoFe2O4) is formed when bivalent ferrous iron is 

replaced by cobalt in magnetite. 

The seventh sample was obtained by mixing of 0.1 g 

of the main sample with the addition of 1% camphor and 

0.4 g silica gel. The main sample with camphor was 

mechanically mixed. Camphor is a product of oxidative 

destruction of plexiglass. 

 

Fig. 1. Setup scheme for the petroleum coke combustion in the stationary fluidized bed mode. 

 

Fig. 2. The main sample burning. 

 

Fig. 3. Experimental results. 
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4 Results of the experiments 

The experiment of the main sample burning (petroleum 

coke with silica gel) is shown in fig. 2. 

Line T1 shows the temperature of petroleum coke. 

T2 shows the temperature of the silica gel that is in the 

heating zone from an external heat source. D is the 

temperature difference. This line shows the temperature 

change of the sample without taking into account the 

influence of the external heater. 

The results of experiments with 7 different samples 

are shown in fig. 3. The graph shows the temperature 

difference for each sample. 

We set the samples in ascending order according to 

the maximum temperature reached: Cu(St)2, fuel oil ash, 

mainsample, CoFe2O4, camphor, FBCash, NanoCu + 

Carbon. We conclude that CoFe2O4, camphor, FBCash, 

NanoCu + Carbon are catalysts. We also see that the 

growth speed of temperature in CoFe2O4, camphor, is 

noticeably higher than that of the other samples. In this 

regard, we can conclude that these substances increase 

the burning speed of petroleum coke. 

5 Conclusion 

According to the results of the experiments, it can be 

concluded that CoFe2O4, camphor, FBCash, NanoCu + 

Carbon, mixed with petroleum coke, are catalysts for its 

combustion. This is evident from their maximum 

burning temperature. It is also possible to note a more 

vertical angle of elevation of the CoFe2O4 curves, 

camphor, which means an increase in the burning speed. 

The simplest catalyst for petroleum coke is its own ash. 

Even after successful burning of coke, it is possible to 

improve the activation of its burning only with the help 

of its own ash. After the study, it becomes clear that the 

use of different types of catalyst increases the efficiency 

of petroleum coke burning. The use of catalysts to 

improve the petroleum coke combustion makes it 

possible to improve the technology of burning this 

product in modern and reconstructed power boilers. 

Today, only 30% of the total world stock of petroleum 

coke is used for combustion in power plants. When using 

the technology of adding catalysts to petroleum coke, it 

is possible to increase this index. The increase in this 

index makes it possible to rationally solve the disposal of 

a huge number of petrochemical residues, saving 

traditional fuel, and increasing the efficiency of fuel 

combustion. These factors, in turn, increase the 

indicators of world energy development. 
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