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Abstract. SO2 emissions has begun to cause serious problems in industrialized countries. 
Today, various methods are used for removal of SO2 gas. SO2 gas is an important raw material 
for production of sulfuric acid. However, SO2 content of flue gas must be over 6% to produce 
sulfuric acid commercially. Flue gases, which don’t have enough amount of SO2 to produce 
sulfuric acid commercially are harmful to the environment and human health and they must be 
filtered. In this study, calcined dolomite was used to remove SO2 in flue gas which doesn’t 
have enough SO2 to produce sulfuric acid but have high emission values. Pyrite was used as 
SO2 source and SO2 removal efficiency of dolomite was determined for different experimental 
parameters. SO2 capturing system was thermodynamically modeled and SO2 capturing 
efficiency was determined as 77.81% in the experiments. 

1. Introduction 
The increasing population of the world and industrialization leads to an increase in energy needs. Use 
of fuels with sulfur content has been increasing to meet the rising energy demand. Emission of air-
pollutant gases has been rising for that reason [1].  

Sulfur dioxide (SO2) is known as the most important air-pollutant gas. Main reasons that causes 
arising of SO2 are natural sources and human activities. Microbial activities, volcanic eruptions, 
combustion of sulfur-containing fossil fuels, molten sulfur ores and oil refineries are among the causes 
of SO2 formation. [2-6]. 

SO2 is highly soluble in water and SO2 in flue gas is used as raw material in sulfuric acid 
production. On the other hand, SO2 content of flue gas must be over 6% to produce sulfuric acid 
commercially. It is necessary to filter the flue gases containing SO2 which do not have enough SO2 
amount for production of sulfuric acid commercially. It may cause serious irreversible damage if they 
are released directly into the nature. [7-11]. SO2 gas pollutes the nature and it also increases the risk 
for cardiovascular diseases and lung cancer [12-14]. 

Sulfur dioxide is a colorless, sour-scented, fireproof and stifling gas. Taste of SO2 can be detected 
when its concentration reaches to 785 µgr/m3 and SO2’s smell can be detected when its concentration 
reaches to 1305 µgr/m3 in the atmosphere. Sulfur dioxide is present in volcanic gases and its level is 
high in industrialized regions. SO2 is formed with combustion of sulfur-containing coals. This gas is 
condensed as a colorless liquid when cooled to -10 °C and it is solidified in white crystalline form 
when cooled to -73 oC [1, 15]. 
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Thermo Scientific XSeries 2 ICP-MS was used for chemical analyses of the samples. Bruker D8 

Advance was employed for XRD analyses and mineralogical examinations. Roasting operation were 
carried out in a tube furnace working with 220V electricity. Samples were grinded with ring mill and 
dehumidified in Binder drying-oven. Samples particle size were measured with Malvern Mastersizer 
2000.  

In the roasting experiments, ceramic boat was weighed initially and it was weighed again after 
filling with pyrite. Pyrite was roasted in furnace and weight loss caused by roasting was measured by 
weighing. Roasting process was carried out with different times and optimum roasting time was 
determined. Various air flow rates were used in SO2 capturing experiments. SO2 emissions were 
measured after roasting process for every air flow rate used. SO2 emission measurements after roasting 
process were repeated for different flow rates with using dolomite for capturing SO2 gas. Then, SO2 
capturing results were compared.  

Titrimetric method was used in SO2 analysis. In this method, gases released from the flue were kept 
in the hydrogen peroxide solution which was in the washing bottle and it was converted to sulfuric 
acid. Concentration of SO2 was determined by titration with a base with a known normality. 

100 ml. of a 1% H2O2 solution was filled in each of the two gas washing bottles, which were 
coupled in series. Gas exited from the flue was transferred to first gas washing bottle. SOX was 
oxidized to acid by H2O2 in the washing bottle. SOX gas, which didn’t react in the first washing bottle 
moved to second washing bottle and reacted with H2O2. After the process was completed, solutions in 
two washing bottles were titrated with alkali (1N Na2CO3) and equivalent SO2 quantity in the flue gas 
was determined. Reactions took place in this process are given in Equation 1 and Equation 2. 

SO2+ H2O2  SO3+H2O                                        (1)    

SO3+ H2O  H2SO4            (2) 

Total reaction is shown in equation 3. 

SO2+ H2O2 H2SO4                                  (3)   

Acid’s titration reaction is given in Equation 4. 

H2SO4+ Na2CO3  Na2SO4+H2CO3                               (4) 

SO2 concentration in the gas mass is calculated as shown in Equation 5. Here, N is normality of the 
base and S is base consumption (ml). 

SO2 (mg/l) = (32. NNa2CO3. SNa2CO3) / volume of air (l)                                              (5) 

SO2 capturing experiments were started after determining the roasting conditions in the first 
experimental set. Calcined dolomite was used to capture SO2 in this experimental set. Different air 
flow rates were used in SO2 capturing experiments. Initially, SO2 formation amounts were determined 
for every air flow rate used. Then, dolomite was used to capture SO2, and capturing efficiencies were 
compared. The amount of dolomite was determined by weighing the empty boat and then weighing the 
boat filled with dolomite. The resulting products were weighed and compared with roasting 
experiments’ results. 
 
3.Results and Discussion 
In the experimental studies, quantity of theoretical air requirement for roasting of pyrite was calculated 
initially. Studies were carried out with two times, four times, six times and eight times of the 
theoretical air quantity. According to Equation 6; in order to obtain 0.0651 mole S, 0.31 mole of air is 
required. Table 3 represents roasting experiments’ conditions. 

S + O2 SO2                                   (6) 
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Table 4. Conditions and results of SO2 capturing experiments. 

Exp. 
No 

Temperature, 
ºC 

Flow Rate, 
lit./min 

Weight Before 
Roasting, g. 

Weight After 
Roasting, g. 

SO2 Amount, 
mg./lt. 

SO2 
Capture, % 

1               
 

        600 

               
 

        1.0 

1.07  0.68  25.60    - 
  2 1.07  0.69  26.67  - 
  3 1.09  0.70  25.60  - 

Avg. 1.07  0.69  25.95  - 
      4               

 
        600 

               
 

        1.0 

1.00  0.64  7.46  71.25 
      5 1.21  0.77  7.46  71.25 
      6 0.99 0.64  6.93  73.29 
   Avg. 1.06 0.68  7.28  71.93 

7               
 

        600 

               
 

        0.8 

1.06  0.68  33.33  - 
8 1.15  0.73  33.33  - 
9 1.05  0.68  32.67  - 

Avg. 1.08  0.69  33.11  - 
10               

 
        600 

               
 

        0.8 

1.07  0.69  8.67      73.81 
11 1.09  0.70  8.67      73.81 
12 1.02  0.66  9.33  71.82 

Avg. 1.06  0.68  8.89  73.14 
13               

 
        600 

               
 

        0.6 

1.16 0.75 44.44 - 
14 1.04 0.66 44.89 - 
15 1.10 0.71 44.89 - 

Avg. 1.10 0.70 44.59 - 
16               

 
        600 

               
 

        0.6 

1.10 0.71 10.67 76.15 
17 1.00 0.64 11.11 75.16 
18 1.02 0.65 10.22 77.15 

Avg. 1.04 0.66 10.66 76.15 
19               

 
        600 

               
 

        0.4 

1.06 0.68 64.00 - 
20 1.12 0.71 64.00 - 
21 1.01 0.65 64.00 - 

Avg. 1.06 0.68 64.00 - 
22               

 
        600 

               
 

        0.4 

1.02 0.67 14.67 77.07 
23 1.11 0.70 14.67 77.07 
24 0.99 0.63 13.34 79.15 

Avg. 1.04 0.66 14.22 77.76 
25               

 
        700 

               
 

        0.4 

1.05 0.67 64.00 - 
26 1.05 0.68 61.34 - 
27 1.05 0.68 64.00 - 

Avg. 1.05 0.67 63.11 - 
28               

 
        700 

               
 

        0.4 

1.09 0.70 14.67 76.75 
29 1.11 0.68 13.67 78.34 
30 1.03 0.66 13.67 78.34 

Avg. 1.07 0.68 14.00 77.81 
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