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1. Introduction

The formation of sulfur compounds is a significant complication associated with the combustion of coal in power 
plants. Sulfur is introduced by the coal, which can have wide-ranging sulfur contents. Most of the sulfur in fuel is 
oxidized to sulfur dioxide (SO2), while a small percentage can be further oxidized to sulfur trioxide (SO3), the 
amount depending on the temperature and combustion conditions such as oxygen concentration, SO2 concentration 
and the presence of catalytic materials. Although the amount of sulfur trioxide is very small compared to sulfur 
dioxide, sulfur trioxide has negative effects on plant operations, mainly through the formation of sulfuric acid 
(H2SO4). It can lead to the corrosion of surfaces in the reactor and the heater, especially at temperatures below the 
acid dew point. Sulfur trioxide also has environmental consequences since it increases the emission of acid aerosols, 
which create visible plumes and cause acid rain. In addition, SO3 can have positive impacts by improving 
electrostatic precipitator (ESP) efficiency by forming an adsorbed layer on the surface of the fly ash particles that
weakens the overall particle resistivity. 

In oxy-fuel combustion, the oxygen concentration in the oxidizer stream is generally much higher than in air-fuel 
combustion, in order to provide similar flame temperatures or heat flux profiles as compared to conventional air-
fi red conditions. The increased amount of oxygen in oxy-fuel combustion has the potential of affecting the oxidation 
of SO2 to SO3. Therefore, considering the effects of sulfur trioxide on the environment, and the possibility of 
increasing SO3 emissions in oxy-fuel combustion, it is important to investigate the behavior of sulfur compounds 

during oxy-fuel combustion.

2. Experimental Methods

The controlled condensation method (CCM) was used to measure the emissions of both sulfur dioxide and sulfur 
trioxide. Sulfur dioxide was also measured with an on-line analyzer for comparison. The CCM approach used was 
essentially the same as that described by ASTM method D3226-73T and EPA method 8A.

The 1.5 MW pilot-scale combustor (L1500) at the University of Utah was used for the pulverized-coal (PC)
experiments. It is a horizontally-fired test furnace that was designed to simulate combustion conditions in low NOx, 
PC-fired boilers. The reaction zone of this furnace has a 1.0 m2 cross section and is approximately 12 m in length. 
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The pilot-scale circulating-fluidized-bed (CFB) experiments were performed in a 330 KW test facility at the 
University of Utah. The CFB test facility stands approximately 6.5 m in height with an outside shell diameter of 0.6
m, and the internal cross -section is 0.25 m in diameter. Both pilot facilities have been retrofit for oxygen injection at 

multiple locations, along with flue-gas recycle, to facilitate oxy-fi ring, air-fi ring or oxygen-enriched firing.

3. PC-Fired Results

In the PC-fi red experiments using the L1500, three different U.S. coals were used for both air- and oxy-fired 
combustion: a high-sulfur eastern bituminous (Illinois #6), a low-sulfur western bituminous (Utah Skyline) and a 

Powder River Basin coal (PRB) (North Antelope). 

Data on the concentrations of SO2 and SO3 in the PC-fi red test were collected for a range of conditions. SO2 was 
measured with an online gas analyzer. The concentration of SO2 was also compared with the SO2 concentration as 
determined by titration from the controlled condensation method. SO3 was measured by the controlled condensation 
method, and samples were taken at three different locations in the furnace to assess the impact of sampling 
temperature. The concentrations of SO2 were much higher during oxy-fired combustion than air-fi red combustion, 
due to the recycling of flue gas, with concentrations ranging from twice as much (PRB) to almost six times as much 

(Illinois #6). The SO2 results will be included in the presentation.

The results for SO3, shown in Figure 1, indicated a wide range of concentrations that depended on coal type, 
combustion temperature and the combustion environment (i.e., oxy-fired vs. air-fired). For Illinois #6 coal, which 
had the highest sulfur content (4%), the concentration of SO3 at sampling temperatures around 800 K increased by a 
factor of 4-6 for oxy-fired combustion as compared to air-fi red combustion. At the lowest measurement 
temperatures (around 600 K), differences between oxy and air-fired conditions were notably greater, with the 
extremes in measurements showing a span up to a factor of 16. At higher sampling temperatures (>1200K);
however, no difference was found between oxy-fi red and air-fired combustion, even with Illinois 6 coal. For the 
low-sulfur PRB and Utah coals, no significant differences in SO3 concentrations were found between oxy-fi red and 

air-fired combustion at all temperatures. 

The measured sulfur emissions were also computed on a normalized mass basis, (mass of SO2 per unit energy 
consumed) as shown in Figure 2 and Figure 3. For the SO2 data, shown in Figure 2, we see that normalized mass 
emissions of SO2 didn’t show a significant difference between air-fired and oxy-coal conditions. For the SO3 data, 
shown in Figure 3, the results for the air- and oxy-fired cases are quite similar at the lowest sampling temperature; 
however, at higher sampling temperatures normalized mass emissions of SO3 are a little lower for oxy-coal than air-
fi red conditions. Potential explanations for this reduction include condensation of SO3 in flue gas recycle lines, and 

capture of SO3 by fly ash in the combustor facilitated by the higher concentrations under oxy-firing conditions.

Figure 1. SO3 concentration measured in the pilot scale PC-fired experiments.
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Figure 2. Normalized mass emissions of SO2 from the pulverized-coal-fired tests.

Figure 3. Normalized mass emissions of SO3from the pulverized-coal-fired tests.

4. CFB Results

For the pilot-scale CFB tests, a single bituminous coal (Utah Skyline) was used. SO2 and SO3 emissions were 
measured under both air-fired and oxy-fired conditions, and the effects of varying oxygen concentrations, as well as 
the effect of limestone injection, were examined. Due to limited space, detailed results will not be presented here; 
however, a brief summary will be given. SO3 concentrations under oxy-firing conditions were significantly higher 
than air-fi red conditions, as would be expected with flue gas recycle; however, when normalized to a mass per unit 
energy basis, the emissions levels were similar for air- and oxy-firing under conditions that led to comparable bed 

temperatures.

The results of tests with varying oxygen levels indicated that the influence of oxygen was most notable in its 
influence on bed temperature (and thus exhaust temperature) in the CFB, as the temperature sensitivity for SO3

formation is much greater than the oxygen sensitivity for the ranges examined. 

The influence of limestone injection on SO3 formation was difficult to assess from the data. Ca:S ratios of 0, 2.5, 
3.5, 5.0 and 10.0 were utilized; however, there was significant variability in the SO3 emissions for each injection 
ratio. As with the oxygen data, it appears that bed temperature, as influenced by oxygen concentration, heat removal, 

etc., had the greatest impact on SO3 formation.


