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Introduction  



Combustion is the chemical reaction of fuel oxidation with heat release and 

for its complexity, in practice, a perfect combustion is not attainable 

Incomplete combustion represents a waste of fuel for the industry that 

causes operational problems and severe damage to the environment. 

Catalytic Cells can burn all the fuel, eliminating the waste and reducing the 

emission of polluting gases into the atmosphere. 

Combustion reactions are of great utility in the industry, however, its 

complexity fosters inefficiencies that increase with the poor quality of fuel 

and the employed technology in the equipment's design. 



Fuels obtained from fractional distillation of oil are classified by their state 

in gaseous and liquid, and their structural characteristics depend of the 

temperature range at which they are distilled.  

Operational and pollution problems caused by burning fuels are problems 

derived from their structural characteristics.  

Some of the fuel characteristics are: moisture content, density, viscosity, 

heating value, fire point, sulfur and ash content  

The most important of these features is the heating value, which is the 

amount of heat energy that a fuel is capable of delivering when burnt. 
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The hydrocarbons in the fuels are burnt by a complex network of 

combustion pathways in a large number of intermediate reactions 

The complexity of the reactions makes the combustion be incomplete 

giving place to fractions known as "Unburned hydrocarbons (UHCs)". 

The amount of "UHCs" varies with the kind and quality of fuel, the design 

and physical condition of the burners, spraying techniques and the 

technology used in the design and construction of furnaces and boilers. 

UHCs are hydrocarbons in gaseous state in different stages of combustion, 

carbon monoxide and particles and particles with high carbon content. 

In addition to the above and independently of this, it should be noted that 

despite the technological advances to improve combustion, there still 

exists an amount of fuel that does not burn well. 



The UHCs, besides of representing a waste of fuel, cause environmental 

pollution and are primarily responsible of the operational problems that 

limit the availability of equipment. 

Gaseous hydrocarbons in different stages of combustion, exit mixed with 

the combustion gases and in the atmosphere are precursors in ozone 

formation.  

Carbon monoxide and particles with high carbon content exit the flue-

gas stack as "smoke". 

The complexity in the combustion reactions can be seen by analyzing 

the reaction of natural gas with oxygen from the air when forming 

carbon dioxide. 



CO 2 + 2H20 +7.52N2 + heat  

The combustion of natural gas, the lightest of hydrocarbons, initiates 

more than 250 intermediate reactions before the formation of carbon 

dioxide. 

Natural gas is considered a clean and easy-to-burn fuel but it also 

produces UHCs such as hydrocarbons in different stages of combustion, 

carbon monoxide and soot. 

Unburned fuel equals 2 - 3% of the total. 

CH4 + 2(O 2 + 3.76N2)  
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The diagram shows the complex combustion routes network through 

which hydrocarbons are burnt and which involves a great amount of 

elementary reactions. 

This, relatively simple, flow chart shows the most important 

transformations that take place in the overall course of the smaller 

hydrocarbons, methane and ethane's, the main components of natural 

gas, combustion reaction. 

We omitted from the diagram the final products of the CO2 and H2O 

combustion and the additional reactions of acetylene and the 

hydrocarbon intermediates, some of which lead to the formation of 

longer hydrocarbons and solid waste particles. 



In the case of liquid fuels the combustion is more complex and therefore 

the efficiency decreases. The combustion's complexity and the amount of 

UHCs is greater, the heavier the fuel is. 

In Mexico, the most used fuels in the industry are the natural gas, diesel 

and those manufactured from refining oil's waste oils. 

Industrial fuels are made from fuel oil, which is the residue from the 

vacuum distillation tower, by adding different amounts of diesel fuel or 

diesel to reduce viscosity. 

NATURAL GAS 

Natural gas consists of methane with variable proportions of ethane, 

propane and butane. 

The Calorific value of natural gas is 8,500 Kcal/m3. The amount of 

unburned fuel equals 3-4% 



The diesel is the fraction of hydrocarbons from C15 to C23 which distilled in 

the temperature range of 230 to 350Á C and is composed of paraffinic and 

naphtenic hydrocarbons, aromatic naphtene and aromatics. 

Paraffinic hydrocarbons are composed of straight and branched chain 

paraffins, and constitute about 30% of the fuel. 

The naphtenic fraction represents 35% of the fuel and its composed 

by an alkanes and olefins cycle. 

The naphtene aromatics are branched cyclic hydrocarbons and 

constitute about 10% of the fuel. 

The aromatic fraction represents 25% of the fuel and are composed by one 

and two benzene rings with saturated lineal branches mainly. 

. 

DIESEL 



INDUSTRIAL DIESEL SPECIFICATIONS 

Specific Gravity at 20/4Á C  (g/cm3) 0.849 

API Gravity at 60/60Á F 34.4 

Flash Point   (Á C) 52  Min. 

Freezing  Temperature   (Á C) -10 

Sulfur   (wt%) 0.05 -0.5 

Water and Sediment (vol %) 0.05 Max. 

Ash  (wt%) 0.01 Max. 

Cetane Index 55.0 

Calorific Value   (Kcal/Kg) 10,483 

Distillation     (Á C) 

                  TIE 249 

10% distilled to 264 

50% distilled to 295 

90% distilled to 330 

                  TFE 350 

Saybolt Universal Viscosity (sec.) 

                   to   21.1 Á C 47.0 

                   to   37.8 Á C 39.6 

                   to   50.0 Á C 36.7 



Combustion reactions in the case of diesel become more complex than 

those of natural gas and gasoline due to the amount of aromatic 

hydrocarbons that contains, which constitute 25% of the fuel. 

Unburned fuel represents 4-8% of the total and exits through the flue-gas 

stack as gaseous hydrocarbons that can only be measured with a gas 

chromatograph or flue gas analyzers equipped with sensors that detect 

them. 

. 

The emission of smoke and soot when burning diesel is important and 

to conceal  it, "excess air" is used, negatively affecting the thermal 

efficiency. 

The diagram is illustrated from the physical point of view of how the diesel 

combustion is developed. 
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The chemical reaction of diesel combustion produces a large number of 

compounds 

C21H44.5+ 0.04 S  +  39.48 (O2 + 3.76N2)                    

 8.89 O2    +  148.6 N2  +  21.3 H2O  +  

 0.04 SO2  + 0.005 NO +  0.02NO2   + 

 0.015 C 

Emissions from this representative reaction of diesel combustion in a boiler 

are within the norm as the excess air is 30%, and the emission of carbon 

monoxide is 85 ppm. 

. 

In the reaction, the amount of unburned fuel was estimated to be equal to 

5% and released to the atmosphere mixed with the combustion gases as 

gaseous hydrocarbons. 

 19.9 CO2  + 0.015 CO + 0.26 C4H8  + 



The fraction of unburned fuel is the one from aromatic hydrocarbons because 

these compounds require, to burn correctly, of a greater energy that the one 

received in the furnace or in the combustion chamber. 

Gaseous hydrocarbons go unnoticed because they mix with the gases 

produced by the combustion and its existence is only confirmed with a gas 

chromatography or flue gas analyzers equipped with sensors that detect 

them. 

In the table below, we compared the composition of the combustion gas 

composition of the reaction by estimating different amounts of unburned 

fuel and it can be seen that the conventional gas analyzers don't detect the 

unburned hydrocarbons. 

The percentage of carbon dioxide reported by the analyzers is practically 

the same and therefore the thermal efficiency is always the same. 
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NITROGEN 

OXIDES 

ppm 

0 0 62.94 13.63 15.91 125 0 2,403 249 

5.0 0 81.47 17.64 12.12 95 0 1,831 190 

5.0 5.0 77.15 16.71 12.13 100 1,600 1,930 200 

5.0 10.0 72.83 15.77 12.14 106 3,381 2,038 212 

5.0 15.0 68.51 14.84 12.16 112 5,377 2,161 225 

5.0 20.0 64.19 13.90 12.17 119 7,628 2,299 239 



Industrial fuels are produced from the vacuum residue from oil's distillation, 

which are added different amounts of diesel fuel to reduce viscosity and sulfur 

content and are known as Fuel Oil, Bunker or Fuel Oil. 

The amount of unburned fuel represents 5-12% of the total and it's the 

fractions of the resins and asphaltenes that exit through the flue-gas stack as 

gaseous hydrocarbons, which, as noted, are measured with a gas 

chromatography or with flue gas analyzers equipped with sensors that detect 

them 

The emission of pollutants to the atmosphere when burning fuel oil or 

industrial fuels is significant. 

In Mexico, the most used industrial fuel is the fuel oil that can be found as 

heavier and lighter fuel oil and its composed of four hydrocarbon fractions: 

saturated, aromatics, asphaltenes and resins. 

INDUSTRIAL FUELS 



Fuel Oil is a residual oil and, therefore, it's a very complex mix of 

hydrocarbons, identifying among them four large fractions: saturates, 

aromatics, asphaltenes and resins.. 

The saturated fraction is approximately 30% of the fuel oil and is composed 

mainly of straight chain paraffins but are also present in minor concentrations 

of cycloalkanes, olefins and branched paraffins. 

The aromatic fraction is 28% and contains compounds of one and two 

benzene rings with straight saturated branches, mainly. 

Asphaltenes represent the 13% of the fuel oil and are mainly porphyrins and 

condensed poly-nuclear aromatic ring systems with alkyl chains. 

  

Resins are compounds ranging from 250 to 500 mass units or greater. 

FUEL OIL 



PROPERTY FEATURES 

WATER BY DISTILLATION (%) 0.617 

WATER AND SEDIMENT BY CENTRIFUGATION (%) 0.55 

AROMATICS (wt%) 28.336 

ASPHALTENES (wt%) 13.188 

SULFUR (wt%) 3.405 

CALCIUM (ppm) 19.2 

CONRADSON CARBON (wt%) 14.073 

CARBON (wt%) 84.866 

ASH (wt%) 0.052 

DENSITY 20/4º C (gr/ml) 0.983 

IRON (ppm) 7.7 

API GRAVITY 12.122 

HYDROGEN (wt%) 10.899 

MAGNESIUM (ppm) 4.3 

NICKEL (ppm) 13.3 

NITROGEN (wt%) 0.409 

CALORIFIC VALUE (Kcal/Kg) 10,130 

POLAR POLYAROMATICS (wt%) 26.36 

SATURATED (wt%) 30.682 

SODIUM (ppm) 30.6 

FLASH POINT (º C) 95 

VANADIUM (ppm) 184.0 

VISCOSITY 50º C (SSF) 501.44 

VISCOSITY 60º C (SSF) 223.70 

VISCOSITY 82.2º C (SSF) 68.835 

FUEL OIL SPECIFICATIONS 



The asphaltenes and resins are the hardest fractions to burn and 

together contain two-thirds of the total sulfur content of fuel oil 

There is a close relationship between the content of asphaltenes and the 

char obtained from the pyrolysis of the fuel oil and an equally close 

relation keeps the contents of aspahltenes and Conradson carbon. 

This means that with higher asphaltenes contents there's a strong 

tendency to the formation of unburned fuel and carbon residue. 

The asphaltene fraction brings the total vanadium and along with the 

resins the total nitrogen. 
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Combustion reactions in the case of fuel oil, are made more complex by 

the wide variety of high-weight molecular compounds it contains. 

The amount of unburned fuel ranges from 5-12% and exits through the 

flue-gas stack as gaseous hydrocarbons that can only be measured with 

a gas chromatography or with combustion gas analyzers equipped with 

sensors that can detect them. 

The diagram illustrates from the physical point of view how the fuel oil 

combustion is developed. 

The smoke and particles emission when burning fuel oil is apparent and 

to conceal it, "excess air" is used, which, as already mentioned, 

negatively affect the thermal efficiency. 
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The chemical reaction of fuel oil combustion produces a large number of 

compounds. 

42.65 CO2  +  0.03 CO  +  0.56 C4H 8  + 

0.06 NO2  +  16.65 O2  +  286.53 N2  + 

0.67 SO2  +  0.01 SO3  +  0.01 NO    + 

32.3 H2O  +  0.06 C 

This typical reaction of fuel oil in a boiler is within the norm as the excess 

of air is 30%, carbon monoxide is 100ppm and particle emission is 300 

mg/m3.  

The emission of sulfur trioxide is 15 ppm and the NOx 200 ppm. The 

estimated amount of unburned fuel is 5% and leaves the atmosphere 

mixed with the combustion gases as gaseous hydrocarbons. 

C45H69.1+0.68 S + 0.09 N2 + 76.22 (O2 + 3.76N2 ) 



In this reaction, the fraction of unburned fuel is the one from the high 

molecular weight hydrocarbons, highly stable compounds that need a higher 

amount of the received energy in the oven or combustion chamber in order to 

burn. 

Gaseous hydrocarbons go unnoticed because they are mixed with the gases 

that are a product of combustion and their existence is only confirmed with a 

gas chromatography or with combustion gases analyzers equipped with 

sensors that can detect them. 

. 
In the following table, the reaction combustion gases from the composition 

is compared estimating different amounts of unburned fuel, and it can be 

seen that the conventional gas analyzers don't detect the hydrocarbons. 

The percentage of carbon dioxide reported by the analyzers is practically the 

same and therefore the thermal efficiency is always the same. 
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0 0 62.94 13.63 15.91 125 0 2,403 249 

5.0 0 81.47 17.64 12.12 95 0 1,831 190 

5.0 5.0 77.15 16.71 12.13 100 1,600 1,930 200 

5.0 10.0 72.83 15.77 12.14 106 3,381 2,038 212 

5.0 15.0 68.51 14.84 12.16 112 5,377 2,161 225 

5.0 20.0 64.19 13.90 12.17 119 7,628 2,299 239 



  

Problems with the use 
of Industrial Fuels  



The unburned cause environmental pollution problems and are primarily 

responsible for the operational problems that limit the equipment's 

availability. 

The combustion of fuel oil and industrial fuels in general is very 

complicated by the wide variety of high molecular weight compounds that 

contains and its own viscosity. 

It's necessary to add diluents in order to reduce viscosity and atomize, yet 

the amount of unburned fuel that exits as unburned equals 5-12% 

The unburned gaseous hydrocarbons exit the flue-gas stack as radicals 

and are ozone precursors in the atmosphere.. 

Particles exit as smoke and produce toxic compounds that affect the 

humans respiratory tract. 

Problems of environmental pollution: 



A part of the sulfur dioxide formed in the combustion reacts to trioxide by 

the action of vanadium pentoxide. Sulfuric acid formed with the humidity 

from the combustion gases is responsible for the corrosion problems.. 

Vanadium pentoxide formed by the reaction of the fuel oil's vanadium is the 

cause of high temperature corrosion. To raise vanadium pentoxide's melting 

point, additives are used, but a poor quality in these dirties the equipment. 

Conradson carbon does not burn well and produces char in form of a 

resinous amalgam that attaches to the equipment's tubes dirtying them. 

The residue accumulates progressively, hindering the heath transfer. 

 

The industrial fuel combustion also causes acid rain pollution caused 

by the sulfur combustion 

Operational problems: 



Å Environmental Pollution 

Å The equipment gets dirty, 

reducing the thermal 

efficiency 



Å The soiling process causes 

supplementary stoppages for cleaning of 

the equipment. 

Å Decrease in Production because of 

stoppages for equipment cleaning due to 

soiling. 

Production  

Months  



ÅTo diminish high 

temperature corrosion, 

additives are used to 

elevate the melting point of 

vanadium pentoxide. 

Å A bad additive quality 

dirties the equipments 



Solution  



The solution of the problems caused by a bad combustion are the Imporex 

Catalytic Cells. 

Imporex Catalytic Cells provide an activation energy, to the oxygen and 

fuel in the combustion's air, that modifies energetic levels of the bonds 

making them more reactive. 

With Imporex Catalytic Cells all hydrocarbons burn correctly and waste 

is eliminated. 

Imporex Catalytic Cells are used to optimize the combustion of all fuels. 

 The action of the Imporex Catalytic Cells allows to burn 99% of the fuel 

and the hydrocarbons react with the oxygen in the air to directly form 

carbon dioxide and water. 



Combustion optimization reduces considerably and immediately smoke 

emissions, gaseous hydrocarbons and particles. 

The 99% combustion eliminates the unburned and drastically reduces 

operational and pollution problems caused by a poor combustion..  

In the case of diesel, the 99% combustion eliminates soot formation and 

in the case of industrial fuels the high molecular weight hydrocarbons 

are burnt without forming char. 

The elimination of soot and char keeps the equipment clean. 

The optimization of combustion and equipment cleaning increases the 

thermal efficiency, reduce the fuel consumption: in the case of natural gas 

it reduces an average of 3%, 4% in diesel and 5% in the industrial fuels. 



Reduction of emissions to 

the atmosphere 

Cleanness of equipment 


