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Abstract 
Agglomeration of iron ore materials represents one of the methods of iron ore preparation. This 
process takes place in the gas-liquid-solid phase system, where the gaseous phase ensures the 
course of decisive processes (fuel burning, heat transfer, oxidation and reduction processes), 
while the liquid phase is generated by melting of the fine grained iron ore particles and alkali 
materials. The agglomeration process produces solid porous agglomerates, which represent the 
basic component of blast furnace charge. However, agglomeration plants are among industries 
that contribute significantly to environment pollution. The aim of our experiments was to 
analyze the effect of selected parameters of sintering on the formation of gaseous and particulate 
matter pollutants with regard to the agglomerate quality. On the basis of the theoretical 
knowledge the effect of the sucked air under-pressure and humidity of the agglomeration 
mixture, the regulation of which can contribute to the reduction of environmental burden of 
emissions, was examined under laboratory conditions. The research included seven sintering 
procedures, the diversity of which was ensured by the change of technological parameters of the 
agglomeration process. Pollutant concentrations were recorded by combustion product 
analyzers; the agglomerate quality was monitored by tests in accordance with STN standards. 
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1 Introduction 
The recent trend of using metal materials worldwide is permanently focused on the development 
of steel production. From this perspective the preparation of charging stock for pig iron 
production is very important with regard to economic and environmental aspects of this process. 
Global warming and climate changes are the current worldwide environmental problems. The 
Kyoto Protocol, which became effective on February 14, 2005, is the only initiative against 
climate changes. The main goal of countries which committed to adhere to the agreement of this 
protocol is to reduce greenhouse gas emissions by 8 % compared to  level from year 1990. In 
accordance with new agreements, leaders of individual member states have agreed upon 
increasing the total share of renewable energy sources to 20 % by 2020 and simultaneously 
decreasing greenhouse gas emissions by 20 – 30 % during the same time period [1-2]. CO2 

emissions generated by burning fossil fuels contribute to the global warming of the Earth. 
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Therefore it is important to search for new technologies the use of which could result in the 
reduction of fossil fuels used in industries [3-5]. The agglomerate production is both power and 
material consuming and environmentally demanding. The gaseous phase originating in the 
agglomeration process contains significant amount of pollutants, which pollute the environment. 
In addition to carbon oxide emissions, SO2, NOx and particulate matter pollutants, the 
agglomeration process is also a source of dioxin contamination [6-7]. The reduction of the 
environmental burden caused by emissions can be achieved through the use of suitable, high 
quality charging stock as well as by means of regulation of selected sintering parameters 
(sintered bed thickness, quantity and speed of sucked air, quantity and type of fuel, concentrate-
to-agglomeration ore ratio etc) [8-11]. The regulation of the sucked air under-pressure can 
influence not only the quantity of pollutants, but also the quality of produced agglomerates [12-
13]. The particulate matter (PM) quantity is significantly affected by the mixture humidity and 
the quantity of fuel. Authors [14] have found that the increase of humidity level from 5.5 % to 9 
% results in the decrease of particulate matter concentrations in combustion products, while the 
increase of coke from 5.5 % to 7.5 % results in its increase. The research focused on the 
reduction of NOx emissions showed that nitrogen oxide concentrations can be reduced by 
controlling combustion in the sintering process. Nowadays, the use of high quality fuel with low 
nitrogen content is one of the methods that can be used in agglomeration plants [15]. 
 
 

2 Experimental materials and methods 
The laboratory experiments included seven measurements which aimed at determining the effect 
of selected technological parameters (charge humidity, under-pressure) on the quantity of 
pollutants, with regard to the agglomerate quality. The sintering was performed in a laboratory-
scale pan with the capacity of 0.121 m3; the weight of each charge was approximately 240 kg. 
The slight differences in weight between individual experimental mixtures were caused by the 
effect of various bulk densities of charge. One of the possibilities of optimizing the sintering 
process is the control of the charge permeability, which in case of laboratory experimental 
sintering was achieved through various levels of moistening of the charge. The charge 
permeability subsequently affects the quantity of sucked air, while the sucked air speed 
determines the under-pressure values. In sintering procedures No.1 to No.7, the humidity was 
changed within the range of 4.5 % - 8.5 % during these experiments. Sintering No.7 was 
simulated so that the negative impact of the low mixture permeability, low humidity and under-
pressure on the sintering duration, quantity of emissions and agglomerate quality were 
demonstrated. As the mixture permeability value was only 0.25 m3/min and the humidity value 
was 4.5%, the experiment failed as expected, so the granulometric analysis, ISO testing and 
other quantitative parameters could not be established. In addition to the charge humidity, also 
the effect of under-pressure, which changed within the interval of 4.5 kPa – 7.2 kPa, was 
monitored during the experimental sintering procedures. The laboratory sintering parameters and 
the chemical composition of the sintered mixture are shown in Table 1.  
 
 

3 Results and analysis  
The chemical composition and size distribution of agglomerates produced under laboratory 
conditions are shown in Table 2. Table 3 displays concentrations of pollutants in combustion 
products recorded during experimental sintering. 
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Table 1 The laboratory sintering parameters and the mixture chemical composition 
 sinetring 1 sintering 2 sintering 3 sintering 4 sintering 5 sinetring 6 sintering 7 

permeability 
[m3/min ] 0,58 0,6 0,5 0,65 0,6 0,5 0,25 

humidity [%] 7 8,5 5 7 7 7 4,5 
underpressure  

[kPa] 7,2 6,5 6 6,2 4,5 4,5 4,5 

speed of sintering 
[mm/min] 13,35 13,51 11,41 12,88 9,6 8,69  
chemical 

composition [%]  
Fe 52,28 50,82 52,39 52,39 52,39 52,39 52,39 

FeO 11,5 11,06 11,06 11,06 11,06 11,06 11,06 
Fe2O3 62,01 60,41 62,66 62,66 62,66 62,66 62,66 
SiO2 6,15 6,55 6,3 6,3 6,3 6,3 6,3 
CaO 9,17 9,18 9,15 9,15 9,15 9,15 9,15 
MgO 1,16 1,13 1,46 1,46 1,46 1,46 1,46 

Al 2O3 0,86 1,17 1,05 1,05 1,05 1,05 1,05 
Mn 0,25 0,24 0,29 0,29 0,29 0,29 0,29 
P 0,032 0,036 0,035 0,035 0,035 0,035 0,035 
S 0,093 0,105 0,104 0,104 0,104 0,104 0,104 
C 4,814 5,6 4,3 4,3 4,3 4,3 4,3 
Zn 0,009 0,013 0,013 0,013 0,013 0,013 0,013 

Na2O 0,075 0,084 0,082 0,082 0,082 0,082 0,082 
K2O 0,066 0,091 0,075 0,075 0,075 0,075 0,075 

 
 

Table 2 Qualitative parameters and chemical composition of agglomerates 

  Sinter 1 Sinter 2 Sinter 3 Sinter 4 Sinter 5 Sinter 6 Sinter 7 

Size distribution [%] 

>  25 mm   58,39 54,22 56,36 50,68 53,12 62,93 

10 - 25 mm 18,9 22,05 18,82 20,15 17,87 13,87 

5 - 10 mm 11,41 12,84 12,07 14,97 15,42 10,34 

< 5 mm 9,59 8,95 8,69 13,06 12,35 9,07 

under grate 1,7 1,94 4,06 1,14 1,24 3,79 
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Chemical composition % 

Fe 54,77 55,15 55,64 55,71 55,71 54,98   

FeO 12,93 15,23 10,38 10,63 10,78 11,21   

Fe2O3 63,99 61,98 68,1 67,88 67,71 66,2   

SiO2 8,21 7,87 7,61 7,6 7,58 8,22   

CaO 9,74 9,85 9,38 9,45 9,45 9,58   

MgO 1,8 1,28 1,48 1,37 1,37 1,64   

Al2O3 1,03 1,28 1,12 1,1 1,04 1,03   

Mn 0,29 0,24 0,3 0,27 0,35 0,32   

P 0,059 0,042 0,045 0,044 0,044 0,05   

S 0,036 0,038 0,037 0,038 0,038 0,036   

C 0,33 0,63 0,296 0,24 0,174 0,16   

Zn 0,015 0,026 0,018 0,018 0,017 0,018   

Na2O 0,04 0,062 0,056 0,053 0,049 0,048   

K2O 0,023 0,044 0,022 0,018 0,021 0,02   

basicity 1,25 1,22 1,24 1,24 1,25 1,21   
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Table 3 Concentrations of particulate matter and gaseous pollutants  

Sintering No. PM mg/m3 CO mg/m3 NOx mg/m3 
1 58 2768 38 
2 22 2041,5 24 
3 8 1562 26 
4 54 490 14 
5 11 330 13 
6 9 485 21 
7 2 237 17 

 
 

The evaluation of laboratory experiments has shown that the significant increase of particulate 
matter was observed in the sintering procedure No.1 and No. 4, where the particulate matters 
(PM) values reached the level of 58 mg/m3 (sintering 1) and 54 mg/m3 (sintering 4), Fig. 1. 
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Fig.1 Concentrations of pollutants as per sintering 

 
 
Based on the detailed analysis of all factors that could cause the increase of the particulate 
matter values, it can be assumed that the increased concentration of particulate matter was 
caused by under-pressure, which achieved the highest level in case of sintering No. 1 (7.2 kPa). 
The quantity of particulate matter is significantly affected by the under-pressure level and 
pelletizing of the mixture, which is moisture-dependent. Other cases of experimental sintering 
did not show such high quantities of dust emissions due to the under-pressure optimization. This 
decrease was demonstrated mostly in sintering No. 5, 6 and 7, where under-pressure was lower – 
at the level of 4.5 kPa. In these cases of experimental sintering the particulate matter 
concentrations did not reach values higher than 22 mg/m3. 
The analyses have shown the connection between the under-pressure value and the CO 
concentrations in combustion products. In sintering No. 1 the CO emission value of 2768 mg/m3 
was reached, and in sintering No. 2 the quantity of CO emissions in the amount of 2041 mg/m3 
was measured. In both cases the sintering was performed at a higher under-pressure compared to 
other sintering procedures. The increased under-pressure accelerates the sintering process, which 
results in the existence of imperfect combustion of fuel. It means that CO is formed in addition 
to CO2 during the combustion process. The presence of CO can be explained by the fact that the 
fast air flow carries CO produced on the surface of the burning fuel into the cold zone so quickly 
that the oxidation by atmospheric oxygen is not completed. In addition to other things, the 
under-pressure change influences also the vertical speed of sintering, (Fig.2), which is also 



Acta Metallurgica Slovaca, Vol. 17, 2011, No. 4, p. 269-275                                                                                         273 

 

reflected in the total sintering time. The increase of under-pressure from 4.5 kPa to value 7.2 kPa 
resulted in the decrease of the sintering time from 43 minutes to approximately 30 minutes. The 
related vertical speed of sintering changed within the range from 8.69 mm/min at under-pressure 
of 4.5 kPa to 13.35 mm/min at under-pressure of 7.2 kPa. 
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Fig.2 The effect of under-pressure on the vertical speed of sintering 
 
 

The change of under-pressure during the sintering process was displayed also by the 
granulometric analysis of agglomerate, which is demonstrated by Fig.3 showing the correlation 
between the under-pressure values and the undersize portion of sinter.  
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Fig.3 Correlation between under-pressure and sinter quality parameters 
 
 

It results from the figure that the reduction of under-pressure at the level of 4.5 kPa has a 
negative impact on one of the agglomerate quality parameters. This impact is demonstrated by 
the increased values of the undersize portion below 5 mm (especially in case of sintering No. 5). 
The percentage share of agglomerate below 5 mm in case of sintering No. 5 (under-pressure = 
4.5 kPa) was above 12% level.  It must be noted that in relation to under-pressure the value of 
charge permeability must be considered.  Sintering No. 4 was performed at under-pressure of 6.2 
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kPa; however, the highest permeability of mixture (0.65 m3/min) was the indispensable factor in 
this case. With regard to the complexity of the agglomeration process, the results of the sintering 
analysis require a comprehensive evaluation of several parameters. 
 
 

4 Conclusion 
The results of the laboratory experiments proved that the change of technological parameters can 
be used to regulate quantities of pollutants formed. The experiments performed under laboratory 
conditions proved the influence of the mixture humidity level on the charge permeability and the 
total sintering time.  
The regulation of the sucked air under-pressure and the agglomeration charge humidity affected 
the overall sintering process, as these parameters resulted in the change of vertical speed of 
sintering, the overall time of sintering and the quantity of produced particulate matter. 
It was established that humidity of the sintered mixture must not drop under 4.5 %. The mixture 
with the lowest humidity reached the permeability of only 0.25 m3/ min, while the sintering time 
increase up to 61 minutes. 
Sintering of the mixture with the highest permeability of 0.65 m3/min was characterized by the 
increased values of particulate matter concentrations in combustion products and simultaneously 
by the highest quantity of the undersize portion of agglomerate (13.06 % below 5 mm). Also the 
highest abrasion values ISO-0,5 (8%) were observed. Even though it is a technological 
requirement to sinter agglomeration mixtures with the highest possible  permeability, under 
certain conditions higher values of sucked air under-pressure may result in the reduction of the 
produced agglomerate quality (e.g. in case of sintering No. 4).  The reduction of particulate 
matter concentrations can be achieved through decreasing the sucked air quantity. Its results in 
the drop of the total flow of combustion products, however, the sintering time increases 
undesirably. The reduction of under-pressure to the level of 4.5 kPa had a positive effect with 
regard to the environmentally friendly aspects of the production process; however it had a 
negative impact on the qualitative parameters of agglomerate, as in case of sintering with lower 
under-pressure levels, the value of agglomerate in the grain class below 5 mm increased.  
In connection with the reported results of the laboratory experiments the importance of the 
optimization of agglomeration charge was proved. 
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