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ABSTRACT 

Due to the growing production on a global scale, the use of fossil fuels is also 
increasing. Therefore, the control of pollutant emissions produced in the industrial 
sphere has become a global concern. In general, an imperfect combustion process 
has a negative impact on the overall efficiency and economy of plant operation, but 
at the same time increases the share of total emissions in the environment. We also 
encounter this problem when operating gas fired melting furnaces. Therefore, the 
paper aimed to describe the results of experimental measurements of the number of 
emissions produced during the operation of a gas fired melting furnace, which in 
practice is mainly used for melting alloys. Experimental measurements were 
oriented to find the most suitable variant of the operating mode of the gas fired 
melting furnace with regard to minimizing the total amount of emissions produced. 
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INTRODUCTION 

Melting furnaces use different energy sources. It is most often thermal energy 
produced by a combustion process or the transformation of an electric current. In 
the case of obtaining thermal energy by the combustion process, one of the common 
sources of this energy is natural gas. Natural gas can generally be characterized as 
a mixture of hydrocarbons, the vast majority of which is methane. The main 
products in its combustion are carbon dioxide (CO2) and water vapor. Although 
emissions of nitrogen oxides (NOx), sulfur dioxide (SO2) and other particles 
produced during the combustion of natural gas are several times lower compared to 
other fossil fuels, they are not negligible. In the case of the application of natural 
gas for the production of thermal energy, which is subsequently applied to the 
melting of metals in the melting furnace, the operating mode is decisive. Many 
current producers of products cast from various alloys try to maximize the 
performance of their melting furnaces to ensure the higher productivity of their 
production. In many cases, however, the performance, but especially the low 
efficiency of the melting furnace, is closely linked to the increased production of 
pollutants 1 . These negatively affect the environment. A certain solution to the 
negative impact of increased production of pollutants and their release into the air 
in much technological equipments is their reduction by means of separators and 
filters. However, in the case of gas fired melting furnaces, this is a problem 2 . 
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Exhalates produced by melting metals in a gas fired melting furnace are very 
problematic to capture. Therefore, the paper aims to describe the results of 
experimental research aimed at eliminating the amount of pollutants produced 
during the operation of the gas fired melting furnace used mainly for melting alloys. 
The solution is based on the design of the most suitable variant of its operating mode 
in order to maximize the efficiency of the melting furnace and thus reduce the 
amount of emissions produced with increasing demands to increase the productivity 
of melting furnaces 4 . 

THEORETICAL ANALYSIS OF THE PROBLEM 

Although many studies have shown that the proportion of pollutants produced 
in the combustion of natural gas is several times lower compared to other fossil 
fuels, this is not a completely negligible amount. This fact is also pointed out by 
several studies, during which it was found that the actual amount and concentration 
of pollutants produced during the combustion process is also significantly affected 
by the efficiency of the combustion process itself. In case the combustion process 
is insufficient, i. has low efficiency, emission values can increase several times. In 
addition, during the process of melting the alloys in the melting furnace, exhalants 
are also produced, which are produced by the melting alloy 5 . These emissions 
are practically impossible to prevent during the melting process of the alloy. 
Therefore, a certain solution is at least the reduction of pollution fumes produced 
during the combustion of natural gas. Several researchers working in the field are 
looking for ways to reduce these pollutants. They are trying to find ways to 
eliminate these pollutants released into the environment. However, in the case of 
melting furnaces, these methods are inefficient. Therefore, some researchers have 
focused more closely on eliminating emissions that occur in the process of melting 
alloys. This group of researchers tried to achieve lower emissions in the gas furnace, 
by increasing the proportion of oxygen 3 . The results of these experimental studies 
are described in detail in several works 6 . In this context, the results of other 
authors point to the negative fact that the application of oxygen in the gas fired 
melting furnace cools the molten alloy. This has the negative consequence of 
prolonging the melting process. With increasing time, there is an increase in the 
emissions produced, which in summary then means their total increase within one 
melting cycle 7 . Therefore, one of the suitable solutions for eliminating the 
production of pollutants in a gas melting furnace appears to be the optimization of 
its operating mode.  

MATERIAL AND METHODS OF WORK  

Experimental research was focused on finding ways to reduce emissions 
produced by the gas fired melting furnace during a one melting cycle 8 . One of 
the suitable solutions was considered to be the optimization of its operating regime 
in order to minimize pollutants while maintaining or, ideally, increasing its 
productivity. In the experiment, a gas fired melting furnace was used, the 
construction of which consists of steel profiles and sheets. The base is formed by a 
supporting frame, which is anchored in the base plate 9 . The melting furnace is 
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mounted on one side on two plain bearings and on the other side is mounted in a 
hydraulic cylinder 10 . The stroke of one end of the melting furnace during 
emptying is controlled by a hydraulic cylinder 11 . The following Fig. 1 shows the 
basic construction of the gas fired melting furnace. 

An important structural part of the gas fired melting furnace used is the 
protective jacket. It consists of a lining with refractory bricks and ceramic insulation 
boards. The spaces of the outlet opening and the flue gas outlet as well as the 
movable door of the melting furnace are protected by refractory concrete. One of 
the most thermally stressed parts of the gas fired melting furnace is the burner area 
[12]. This construction part is protected by a special refractory material that can 
withstand temperatures up to 1600 °C. Heating of alloy in the used gas melting 
furnace is realized by means of two gas burners No. 1 and No. 2 with a maximum 
output of 2 700 kW. These are monobloc burners with programmable semi-
automatic power control. 

 
Fig. 1. Container gas fired melting furnace 

Measuring device used in the experiment 

Experimental measurement of the amount of pollutants produced during the 
melting of alloys in the gas fired melting furnace required the application of a 
special measuring device. These were measuring devices Testo 340, which is shown 
in the following Fig. 2. 
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Fig. 2. Special emission measuring device Testo 340 

Using a special measuring device Testo 340, measurements of the content of 
pollutants produced by the gas fired melting furnace during the individual operating 
modes of melting the alloy were continuously performed. Total melting times were 
recorded during the individual operating modes, in which approximately the same 
amount of melt was applied in each case. Within the experiment, 5 different 
operating modes were applied. These were modes of operation of the gas melting 
furnace in which the mechanism of maximizing the melting power was applied, 
resp. a mechanism for minimizing the actual values of the emissions produced. The 
first operating mode "Maximum High Operation" was aimed at achieving the 
maximum output with both burners of the gas fired melting furnace. The second 
operating mode "Half High Operation" corresponded to maximizing the power of 
one of the burners of the gas fired melting furnace with partial support of the other 
burner. The third operating mode "Semi Operation" again corresponded to setting 
one of the burners of the gas fired melting furnace to full power, while the other 
burner was out of operation. The fourth operating mode "Low Operation" 
corresponded to the setting of the minimum output of both burners of the gas fired 
melting furnace. The last fifth operating mode "Very Low Operation" corresponded 
to setting one of the burners of the gas fired melting furnace to a minimum, while 
the other burner was out of operation 

ANALYSIS OF THE OBTAINED DATA ON THE PRODUCED 
POLLUTANTS BY THE GAS FIRED MELTING FURNACE  

Individual measurements of the content of pollutants produced during the 
operation of the gas fired melting furnace were performed with a special measuring 
device Testo 340. Measurements of the content of these emissions were performed 
in the individual operating modes No.1 - Maximum High Operation, No.2 - Half 
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High Operation, No.3 - Semi Operation, No.4 - Low Operation and No.5 - Very 
Low Operation. In addition to the content of pollutants, in the individual operating 
modes of the gas fired melting furnace, the operating times top required to achieve 
a T of approximately 700 °C were also recorded. In the following Fig. 3, the results 
of the experimental measurement of the emissions produced by the gas melting fired 
furnace during the No.3 - Semi Operation mode can be observed. 

 

Fig. 3. Recorded emissions of the gas fired melting furnace during the melting of 
alloy during operating mode No.3 -Semi Operation  

As part of the experimental measurements, we found that during the individual 
operating modes of the gas fired melting furnace, not only the content of actually 
produced pollutants changed, but also the total times required to reach the melting 
temperature Tm of alloy at about 720 °C. It was also found that despite the relatively 
low production of emissions in some operating modes of the gas fired melting 
furnace, the overall emission balance was higher than in the operating mode during 
which the currently increased emission values were achieved. This was due to 
extended operating time. In the following tab. 1 show the current values of the 
content of pollutants produced by the gas fired melting furnace in individual 
operating modes, as well as their total balance during one melting cycle. 
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Table 1. Actual content of pollutants and their total balance during one melting 
cycle  

Monitored indicators 

Operating mode of gas fired melting furnace 
Maximum 

High 
Operation 

Half High 
Operation 

Semi 
Operation 

Low 
Operation 

Very Low 
Operation 

Emissions 

NOx 
(%) 

0.0183 0.0187 0.0181 0.0199 0.0201 

CO (%) 0.0080 0.0083 0.0079 0.0093 0.0107 
CO2 

(%) 
10.78 10.94 10.46 11.39 11.67 

TZL 
(g.m-3) 

0.0599 0.0674 0.0551 0.0774 0.0987 

Operating 
time top 

(hours) 10.0 11.5 13.0 13.5 14.0 

Total 
balance 

mpollut 
(tons) 

1.85 1.81 1.76 2.14 2.43 

Environmental 
impact increased increased low high high 

 

From the Tab. 1, it can be observed that in the operating mode of the gas fired 
melting furnace No.1 - Maximum High Operation, the shortest operating time top 
at the level of 10 hours was achieved. On the contrary, the longest operating time 
was reached during the operating mode No.5 - Very Low Operation at the level of 
approximately 14 hours. From the point of view of the overall balance of pollutants 
produced during one melting cycle of the gas melting furnace, the operating mode 
No.3 - Semi Operation can be positively evaluated. In this mode of operation of the 
gas fired melting furnace, the lowest amount of emissions was produced at the level 
of approximately 1.77 tons. On the contrary, the worst overall balance of emissions 
produced during one operating cycle was recorded in operating mode No.5 - Very 
Low Operation. 

From the point of view of the optimum operation of the melting furnace under 
consideration, it is appropriate to perform its optimization. The optimization was 
performed with a view to minimizing the total balance of emissions produced by 
the gas fired melting furnace during one melting cycle, as well as with a view to 
minimizing its total operating time. In the following Fig. 4, a graphical optimization 
of the operating mode of the gas fired melting furnace can be observed with respect 
to minimizing the total melting cycle time, as well as minimizing the total amount 
of emissions produced during one melting cycle. 

The performed optimization proved that the most unsuitable variant of the 
operating mode of the gas fired melting furnace from the point of view of the 
production of pollutants is the operating mode No.3 - Semi Operation. In this 
operating mode, although one melting cycle lasts 13 hours, which is 3 hours longer 
compared to the shortest operating mode No.1 - Maximum High Operation. On the 
other hand, from the point of view of the production of pollutants during one 
melting cycle of the gas fired melting furnace, the lowest amount of pollutants is 
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produced mpollut = 1.76 tons. Compared to the No.5 - Very Low Operation mode, 
which produces the highest amount of pollutants mpollut = 2.43 tons, this represents 
a decrease of 0.67 tons. Therefore is the recommendation for the operation of this 
type of gas fired melting furnace is the application of the operating mode No.3 -
Semi Operation, in which only one burner is in operation at full power. 

 
Fig. 4. Graphical optimization of the operating mode of the gas fired melting 

furnace with regard to the minimization of the operating time top and the 
minimization of the total amount of mpollut produced emissions 

CONCLUSION  

It is generally known that the application of the gas fired melting furnace in 
practice produces a large number of contaminants [13]. The primary part of these 
pollutants is the combustion process, the secondary part of the pollutants released 
during the melting of a particular alloy. Even in the case of the use of the most 
modern technological equipment with active reduction of the production of 
pollutants, we cannot completely rule out the production of these harmful 
substances. At the same time, during the operation of gas fired melting furnaces, 
the production of pollutants is affected by the operating mode used. In practice, it 
is required that the melting times of the alloys be as short as possible. However, this 
has a negative impact on the overall balance of pollutants produced during one 
melting cycle. Therefore, in order to minimize the total amount of pollutants 
produced, it is necessary to select an operating mode of the gas fired melting furnace 
in which the operating time of one melting cycle is partially extended, but at the 
same time, the lowest overall balance of pollutants produced is achieved. In the case 
of the applied gas fired melting furnace, it was the No.3 - Semi Operation mode. In 
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this operating mode of the gas fired melting furnace, the lowest total emissions 
balance was produced at the level of 1.76 tons per one melting cycle. 
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