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ABSTRACT 
 

The objective of this exploratory research project was to generate experimental data on 
the comparative reactivities of different commercially available Ca/Mg-based sorbents 
(i.e., limestone and dolomite) toward SO2 & SO3 to determine their effectiveness for 
removal of SO3 in dry injection FGD processes designed for SO2 removal. 

 
To achieve this objective, samples of a high purity dolomite as well as a high purity 
limestone were procured for testing in this project.  The sorbents were crushed and 
sieved, and the -50 / +40 mesh fraction (i.e., dp = 300-425 µm) was selected for testing in 
this project.   
 
A total of fifty four (54) sulfation tests involving dolomite/limestone and SO2/SO3 were 
conducted in the thermogravimetric Analyzer (TGA) reactor.  The results of the TGA 
tests with SO2 indicate the rate of sulfation reaction involving dolomite and SO2 is first 
order with respect to SO2 concentration and that the reactivity of dolomite toward SO2 
decreases with increasing temperature above 650°C, which may be attributed to partial 
sintering of the sorbent at elevated temperatures.  The results also indicate that the rate of 
sulfation reaction involving limestone and SO2 also appears to be first order with respect 
to SO2 concentration with the reactivity increasing with increasing temperature.  
However the apparent activation energy is very low, suggesting the possibility of partial 
sintering.  Furthermore, the results indicate that although the reactivity of the dolomite is 
higher than that of the limestone, because of the higher calcium content of the limestone, 
the sulfur loading of the limestone is higher than that of the dolomite at all conditions 
tested.   

 
In the TGA test involving SO3, (where sulfuric acid was used as the precursor), because 
of the high dew point of the sulfuric acid mixture and temperature limitation of the inert 
PFA® feed line, condensation was a major experimental problem.  The results indicate 
that because of the condensation and the low concentration of SO3 used in the 
experiment, a significant level of uncertainty is associated with the actual concentration 
of SO3 during these runs.  Therefore, it should be concluded that the reactivities of the 
sorbents toward SO3 determined in this project are significantly lower than the “actual” 
values.   
 



EXECUTIVE SUMMARY 
 

During the pulverized coal combustion process sulfur in coal is released mainly in the 
form of sulfur dioxide (SO2) in the flue gas.  However, a small fraction of the SO2 (i.e., 
0.5% to 1.5%) is further oxidized by the excess oxygen in the flue gas to form SO3 that 
combines with the moisture in the flue gas to form a mist of sulfuric acid, also known as 
the “blue plume,” which is the biggest impediment to Illinois basin coals displacing 
appalachian coals in newly scrubbed units in the southeast.  In some instances, utilities 
are experiencing a blue plume following the retrofit of selective catalytic reduction (SCR) 
for the control of emissions of nitrogen oxide (NOX) on units equipped with FGD's. 
 
In addition to environmental problems and concerns, sulfuric acid in the flue gas can 
cause various power plant operating and maintenance problems.  Condensation of 
sulfuric acid has a significant detrimental effect on downstream equipment, including 
fouling and corrosion of heat transfer surfaces in the air heater.  Condensation of sulfuric 
acid in the flue gas can be controlled by raising the flue gas temperature.  However, 
higher air heater temperature will result in lower overall plant efficiency.  In power plants 
that are equipped with Selective Catalytic Reduction (SCR) systems for NOX control, 
sulfuric acid can cause catalyst deactivation.  Finally, sulfuric acid reacts with ammonia 
(injected for NOX control in SCR) to form ammonium sulfate and ammonium bisulfate.  
The latter is a sticky solid substance that can combine with, and contaminate fly ash, and 
foul the air heater.  Sulfuric acid in the stack gas also contributes significantly to PM2.5 
releases, which is expected to be regulated by year 2010. 
 
Unfortunately, despite all the problems associated with the presence of SO3 in the flue 
gas, this area of research has not received much attention.  The results of previous studies 
suggest that, depending on the properties and amount of sorbent used and injection 
location 20%-90% of SO3 can be removed from the flue gas by calcium-based sorbents.  
However, a systematic study of the comparative reactivities of different commercially 
available Ca/Mg-based sorbents (i.e., limestone and dolomite) toward SO2 & SO3 is 
needed to determine their effectiveness for removal of SO3 in dry injection FGD 
processes designed for SO2 removal. 
 
The goal of this program is to generate the necessary information to aid the utilities in the 
selection of suitable alkaline sorbents as well as sorbents injection strategies for the 
removal of sulfuric acid from the flue gas of coal-fired utility boilers.  The objective of 
this exploratory research project was to generate experimental data on the comparative 
reactivities of different commercially available Ca/Mg-based sorbents (i.e., limestone and 
dolomite) toward SO2 & SO3 to determine their effectiveness for removal of SO3 in dry 
injection FGD processes designed for SO2 removal. 
 
To achieve this objective, samples of a high purity dolomite as well as a high purity 
limestone were procured for testing in this project.  The dolomite sample was obtained 
from Thornton Quarry located in Illinois, while the limestone sample was obtained from 
Southern Illinois Power Cooperative Inc., (SIPC).  The sorbents were crushed, sieved, 
and divided in different size ranges.  The -50 / +40 fraction (i.e., dp = 300-425 µm) was 



selected for testing in this project.   
 
A total of fifty four (54) sulfation tests involving dolomite/limestone and SO2/SO3 were 
conducted in the thermogravimetric Analyzer (TGA) reactor.  These tests were conducted 
in the temperature range of 650° to 850°C with simulated flue gas mixtures containing 
10% steam, 14% CO2, 3% O2 and nitrogen.  The SO2 content of the flue gas ranged from 
0 to 2500 ppmv and the SO3 content ranged from 0 to 500 ppmv.   
 
The results of the TGA tests with SO2 indicate the rate of sulfation reaction involving 
dolomite and SO2 is first order with respect to SO2 concentration.  The results also 
indicate that the reactivity of dolomite toward SO2 decreases with increasing temperature 
above 650°C, which may be attributed to partial sintering of the sorbent at elevated 
temperatures.  The results obtained with the limestone indicate that the rate of sulfation 
reaction involving limestone and SO2 also appears to be first order with respect to SO2 
concentration and that the reactivity of limestone toward SO2 increases with increasing 
temperature.  However the apparent activation energy is very low, suggesting the 
possibility of partial sintering.  Furthermore, the results indicate that although the 
reactivity of dolomite is higher than that of the limestone, because of the higher calcium 
content of the limestone, the sulfur loading of the limestone is higher than that of the 
dolomite.   

 
In the TGA test involving SO3, (where sulfuric acid was used as the precursor), because 
of the high dew point of the sulfuric acid mixture and temperature limitation of the inert 
PFA® feed line, condensation was as a major experimental problem.  The results indicate 
that because of the condensation and the low concentration of SO3 used in the TGA 
experiments, the TGA reactor may not have been operating as a “differential” reactor, 
where the concentration of the reactive gaseous component in the reactor exit line is very 
close to the feed concentration.  This leads to the conclusion that a significant level of 
uncertainty is associated with the actual concentration of SO3 during these runs.  
Therefore, it should be concluded that the reactivities of the sorbents toward SO3 
obtained in this project are believed to be significantly lower than the “actual” values.   



 

OBJECTIVES 
 

The objective of this exploratory research project was to generate experimental data on 
the comparative reactivities of different commercially available Ca/Mg-based sorbents 
(i.e., limestone and dolomite) toward SO2 & SO3 to determine their effectiveness for 
removal of SO3 in dry injection FGD processes designed for SO2 removal. 
 
The specific objectives of the proposed work were to: 
 
• Procure up to three (3) different commercially available Ca/Mg-based alkaline 

sorbents (i.e., limestone, dolomite). 
• Determine the chemical and physical properties of the sorbents. 
• Perform experimental tests in the TGA reactor to measure the rate of reaction 

between the sorbents and SO2 &SO3 (or sulfuric acid ) at different temperatures and 
gas compositions. 

• Develop a reaction model based on the measured reaction rate data from the TGA 
experiment. 

 
INTRODUCTION AND BACKGROUND 

 
During the pulverized coal combustion process sulfur in coal is released mainly in the 
form of sulfur dioxide (SO2) in the flue gas.  However, a small fraction of the SO2 (i.e., 
0.5% to 1.5%) is further oxidized by the excess oxygen in the flue gas to form SO3 that 
combines with the moisture in the flue gas to form a mist of sulfuric acid, also known as 
the “blue plume”. 
 
One of the biggest impediments to Illinois Basin coals displacing Appalachian coals in 
newly scrubbed units in the southeast relates to the "blue plume" phenomenon.  In some 
instances, utilities are experiencing a blue plume following the retrofit of selective 
catalytic reduction (SCR) for the control of emissions of nitrogen oxide (NOx) on units 
equipped with FGD's.(1)  The additional acid aerosol has a significant impact upon stack 
opacity, thereby creating a visible blue plume. Since sulfur dioxide concentrations are 
directly related to coal sulfur content, the difficulties associated with the creation of a 
blue plume are correlated with coal sulfur content.  If the Illinois Basin coal is not able to 
be used in this "new" market, much of the future anticipated market for the Illinois Basin 
will not materialize.  The problem for the Illinois Basin coal is that the scrubbers are 
being designed today in the context of the "blue plume" problem.  If utilities do not spec 
their scrubbers to allow for higher sulfur coals (and many do not appear disposed to do 
so), Illinois Basin coals may be precluded from these units if and when a low cost 
solution to the blue plume problem is found.(1) 

 
In addition to environmental problems and concerns, sulfuric acid in the flue gas can 
cause various power plant operating and maintenance problems.  Condensation of 
sulfuric acid has a significant detrimental effect on downstream equipment, including 
fouling and corrosion of heat transfer surfaces in the air heater.  Condensation of sulfuric 
acid in the flue gas can be controlled by raising the flue gas temperature.  However, 



 

higher air heater temperature will result in lower overall plant efficiency.(2)  In power 
plants that are equipped with Selective Catalytic Reduction (SCR) systems for NOX 
control, sulfuric acid can cause catalyst deactivation.  Finally, sulfuric acid reacts with 
ammonia (injected for NOX control in SCR) to form ammonium sulfate and ammonium 
bisulfate.  The latter is a sticky solid substance that can combine with, and contaminate 
fly ash, and foul the air heater.(3)  Sulfuric acid in the stack gas also contributes 
significantly to PM2.5 releases, which is expected to be regulated by year 2010. 
 
To avoid condensation of vapor phase sulfuric acid, removal of SO3 must be 
accomplished before the gas enters the air heater.  It should be noted that the rate of 
reaction between SO3 and potential sorbents at high flue gas temperatures (before 
entering air heaters) is different than rate of the parallel reaction involving SO2 and that 
the concentration of SO3 is about two orders of magnitude lower than that of SO2.  
Additionally, because of their different impacts, the acceptable levels of SO3 and SO2 are 
different.  This leads to the conclusion that the assumption of successful incidental 
removal of SO3 in a high temperature process developed for SO2 removal will be 
incorrect.  Therefore, to assure successful SO3 removal, the process should be specifically 
geared toward SO3 removal.  Given the high temperature constraint, to date, the only 
technology suitable for SO3 removal appears to be injection of calcium-based sorbents 
into the utility boiler. 
 
To address this issue, pilot- and full-scale plant studies have been conducted to evaluate 
the effectiveness of commercially available alkaline sorbents for removal of sulfuric acid 
from coal-fired utility boilers.(2,3)  A pilot plant study was conducted by CONSOL (3) to 
evaluate two alkaline sorbents for reduction of SO3 content of coal-fired flue gas.  The 
results obtained in this study indicate that in general, higher SO3 removal should be 
expected with dolomitic limestone compared to high calcium limestone.  In a full-scale 
demonstration project (2) conducted by URS (formerly Radian International), the 
effectiveness of four alkaline sorbents for removal of sulfuric acid from coal-fired utility 
boilers were evaluated.  However, the results obtained in this study appear to contradict 
the results obtained in the pilot-plant study in identifying the key variables for SO3 
removal. 
 
These studies, because of the large scale of the tests, were inherently expensive, and 
because of the large number of operating variables involved, did not and cannot provide 
any reliable guidelines for selection of the sorbents and the injection strategy, if this 
technology is to be used for removal of SO3 in different plants with different operating 
variables.  Therefore, a systematic study of the comparative reactivities of different 
commercially available Ca/Mg-based sorbents (i.e., limestone and dolomite) toward SO2 
& SO3 is needed to determine their effectiveness for removal of SO3 in dry injection FGD 
processes designed for SO2 removal.  However, data generated in large-scale units are 
very valuable in validating and if necessary, fine tuning process simulation models that 
are developed based on the results of fundamental research studies conducted under 
controlled environment in laboratory experiments. 
 
The goal of this program is to generate the necessary information to aid the utilities in the 



 

selection of suitable alkaline sorbents as well as sorbents injection strategies for the 
removal of sulfuric acid from the flue gas of coal-fired utility boilers. The objective of 
this exploratory research project was to generate experimental data on the comparative 
reactivities of different commercially available Ca/Mg-based sorbents (i.e., limestone and 
dolomite) toward SO2 & SO3 to determine their effectiveness for removal of SO3 in dry 
injection FGD processes designed for SO2 removal.  The work performed in this 
exploratory research project was geared toward measurement of the rate of reaction 
between SO2/SO3 and Ca/Mg-based sorbents in a Thermogravimetric Analyzer (TGA) 
under controlled operating condition.   
 

EXPERIMENTAL PROCEDURES 
 
The work performed in this program was divided into the following tasks: 
 
Task 1.  Procurement, Preparation, and Characterization of the Sorbents  
Task 2.  Measurement of Sorbents Reactivities Toward SO3 and SO2 
Task 3.  Comparative Modeling of the Sulfation Reactions 
 
Task 1.  Procurement, Preparation, and Characterization of the Sorbents  
 
The objective of this task was to obtain different commercially available Ca/Mg-based 
sorbents.  The sorbents to be considered in this study, which included a dolomited and a 
limestone. 
 
Samples of a high purity dolomite as well as a high purity limestone were procured for 
testing in this project.  The dolomite sample was obtained from Thornton Quarry located 
in Illinois, while the limestone sample was obtained from Southern Illinois Power 
Cooperative Inc., (SIPC).  This sorbent, which is used by SIPC for FGD application is 
from Vulcan Materials Quarry located in Jonoesboro, Illinois.  The sorbents was crushed, 
sieved, and divided in different size ranges.  The -50 / +40 fraction (i.e., dp = 300-425 
µm) was selected for testing in this project.  The chemical and physical properties of the 
sorbents are given in the section “RESULTS AND DISUSSION”. 
 
Task 2.  Measurement of Sorbents Reactivities Toward SO3 and SO2 
 
The objective of this task was to measure the rate of reaction between the Ca/Mg-based 
sorbents (prepared and characterized in Task 1) and SO2/SO3 (or sulfuric acid) in a 
ThermoGravimetric Analyzer (TGA) unit at different temperatures and gas compositions.  
 
The schematic diagram of the TGA unit is shown in Figure 1.  In a typical TGA test, the 
sample (i.e., sorbent) is placed in a wire mesh basket that is suspended from a recording 
microbalance and a simultaneous recording is made of the sample weight and the 
temperature in close proximity of the sample.  The reactor is heated to the desired 
temperature while an inert gas (usually nitrogen) is flowing in the reactor.  After the 
desired reaction temperature is achieved, the inert gas is switched to a gas mixture 
containing the desired concentration of the reactive components.  The sample weight 



 

changes as the result of reaction, which is proportional to the rate of reaction and the 
difference between the molecular weights of solid reactants and products.  The 
experiment generally continues until the sample weight reaches a constant value (no 
weight loss or gain).   
 
The TGA unit was modified to allow testing with gas mixtures containing water vapor 
and SO3.  In the modified TGA setup, the water vapor is fed into the TGA reactor by 
bubbling a stream of nitrogen through a flask containing water maintained at a pre-
determined temperature.  In the TGA runs involving SO3, a separate stream of nitrogen is 
bubbled through a second flask containing sulfuric acid maintained at a different pre-
determined temperature.  The streams containing condensable mixtures (i.e., water vapor 
as well as sulfuric acid vapor) are heated with electric heating tapes above the dew point 
of the mixture to prevent condensation.  The saturators were calibrated to determine the 
water and sulfuric acid rate as a function of temperature.  Several shakedown tests were 
performed to establish the experimental procedure.  After a number of changes made to 
the system, a stable and consistent weight trace with acceptable signal to noise ratio 
caused was obtained.   
 
Although the tests involving SO2 and water vapor were relatively trouble-free, in the tests 
involving sulfuric acid, because of the high dew point of the sulfuric acid mixture, the 
feed line carrying sulfuric acid had to be heated to relatively high temperature (i.e., 
>200°C) to avoid condensation than would effectively lower the concentration of the 
sulfuric acid.  Furthermore, because of the highly corrosive and reactive nature of the 
sulfuric acid, since metallic (e.g., stainless steel) tubing could not be used and the 
maximum exposure temperature of the inert PFA® tubing used was in the vicinity of the 
dew point temperature, condensation continue to remain as a major experimental 
problem. 
 
A Total of fifty four (54) TGA tests were conducted in this project.  The ranges of 
operating parameters and the breakdown of all the tests conducted in this project are 
given in Tables 1 and 2, respectively.  The results of the TGA tests are given in the 
section “RESULTS AND DISUSSION”. 
 
Task 3.  Modeling of Sulfation Reaction 
 
The objective of this task was to develop a reaction model to describe the rate of sulfation 
reaction involving Ca/Mg-based sorbents and SO2/SO3 as a function of operating 
condition and sorbent properties.   
 
Because of the experimental problems encountered in the tests involving SO3, accurate 
comparison the rate of reactions involving SO2 and SO3 could not be made.  Therefore, 
the modeling of comparative rates of reaction involving SO2/SO3 could not be performed.   

 



 

RESULTS AND DISCUSSION 
 
Task 1.  Procurement, Preparation, and Characterization of the Sorbents  
 
As indicated above, samples of a high purity dolomite as well as a high purity limestone 
were procured for testing in this project.  The sorbents was crushed, sieved, and divided 
in different size ranges.  The -50/+40 fraction (i.e., dp = 300-425 µm) was selected for 
testing in this project.  The chemical composition of the dolomite is given in Tables 3.  
 
The dolomite contains 99% CaCO3•MgCO3, with a molar Ca/Mg ratio of very close to 
1.  This sorbent is very low in sulfur (0.01%) and Silica (0.6%) content.  The high purity 
limestone essentially contains 99% CaCO3.   
 
Task 2.  Measurement of Sorbents Reactivities Toward SO3 and SO2 

 
The result of a typical TGA test conducted with dolomite is shown in Figure 2.  As 
shown in this figure, a typical run consists of an initial period at ambient condition, 
followed by a temperature ramp from ambient to the reaction temperature during which 
the sorbent is completely calcined.  The calcined sorbent is maintained at the reaction 
temperature in the inert environment (usually nitrogen) for 15 to 30 minutes to establish 
the baseline.  The reactor feed gas then switched to the gas mixture containing the desired 
concentration of the reactive gas, which reacts with the sorbent resulting is sorbent 
weight gain as calcium oxide (MW=56) is converted to calcium sulfate(MW=136). 
 
   CaCO3  CaO + CO2     (A) 
 
   CaO + SO2 + ½ O2  CaSO4    (B) 
 
   CaO + SO3  CaSO4     (C) 
 
The results obtained in a typical TGA test is presented in Figure 2 indicating that a stable 
baseline (i.e., 60-120 min) can be achieved with an inert gas (i.e., nitrogen) at a constant 
temperature and flow rate.  Furthermore, the results shown in this figure indicate that the 
sample (about 25 mg) lost approximately 50% of its weight during the calcination, which 
is consistent with the weight loss associated with release of CO2.  
 
The results of the sulfation tests involving dolomite and SO2 are presented in Figures 3 
through 5.  As expected the rate of sulfation reaction increases with increasing SO2 
concentration.  Since the initial rate of reaction (i.e., x 0) is independent of intra-particle 
and product layer diffusion, the reaction rate may be described by a simple expression. 
 
   [dX/dt]x 0 =k0.e(-Ea/RT).[SO2]n     (1) 
 
From equation 1, it is clear that the slop of the of ln[dX/dt] vs ln[SO2] provides the 
apparent rate of reaction with respect to SO2 concentration.  As shown in Figure 6, the 
order of reaction at all three temperatures is very close to 1, which is consistent with 



 

those reported in the literature.(4)  Furthermore, the results indicates that the reactivity of 
dolomite decreases with increasing temperature above 650°C.  Similar results have been 
reported in the literature, which have been attributed to partial sintering of the sorbent at 
elevated temperatures.(4) 
 
The results of the sulfation tests involving limestone and SO2 are presented in Figures 7 
through 9.  Similar to the sulfation reaction with the dolomite, the rate of reaction 
involving limestone increases with increasing SO2 concentration and as shown in Figure 
10, the initial rate of sulfation reaction involving limestone and SO2 also appears to be 
first order with respect to SO2 concentration, which is also consistent with the values 
reported in the literature.   However, unlike the case of dolomite, the results indicate that 
the reactivity of the limestone increases with increasing temperature.  The Arrhenius plot 
of the initial sulfation reaction rate involving limestone is presented in Figure 11, 
indicating that the apparent activation energy (i.e., Ea in equation 1) is very low, 
suggesting the possibility of partial sintering.  It should be noted that although a 
comparison of the reactivities of the dolomite and the limestone (i.e., Figures 3-5 and 7-
9) indicates that reactivity of the dolomite is higher than that of the limestone, because of 
the higher calcium content of limestone, the sulfur loading of the limestone is higher than 
that of the dolomite (see Figure 12).   
 
To carry out the test involving SO3, a stream of nitrogen was bubbled through a saturator 
containing sulfuric acid.  The vapor phase sulfuric acid mixture was then mixed with 
another stream containing nitrogen and water vapor to form the desirable mixture.  The 
mixture entered the reactor and heated to the reaction temperature, where the sulfuric acid 
is expected to decompose to produce SO3 and water.   
 
   H2SO4   SO3 +H2O     (D) 

 
Because of the very low vapor pressure of sulfuric acid (see Figure 13), to achieve the 
desirable level of sulfuric acid in the vapor phase, the saturator containing the sulfuric 
acid was maintained at 170°C ( head space vapor temperature) and the nitrogen flow rate 
through the saturator was selected as the adjustable operating variable to achieve different 
concentration in the simulated flue gas mixture entering the reactor.  To avoid 
condensation of sulfuric acid vapor in the feed line, the entire line from the saturator to 
the reactor was heated with electric tapes and maintained at or above 200°C.  As 
indicated above, because of the highly corrosive and reactive nature of the sulfuric acid, 
metallic (e.g., stainless steel) tubing could not be used and the maximum exposure 
temperature of the inert PFA® tubing used was in the vicinity 200°C, as higher 
temperature resulted in melting of the feed line.  Under these experimental operating 
conditions, condensation continued to remain as a major experimental problem, affecting 
the experimental results as explained below.   
 
The results of the sulfation tests involving the dolomite and the limestone with SO3 are 
presented in Figures 14 and 15, respectively.  These results indicate that, similar to the 
sulfation reaction involving SO2, the rate of reaction increases with increasing SO3 
concentration for both the limestone and the dolomite.  Also, similar to the results 



 

obtained with SO2, the reaction rates indicate a decreasing trend with increasing 
temperature for the dolomite and an increasing trend for the limestone.   
 
It should be noted that, given of the potential problems with condensation and the low 
concentration of SO3 used in the experiment, because of unavailability of sufficient 
quantities of the reactive gaseous component, the TGA reactor may not have been  
operating as a “differential” reactor, where the concentration of the reactive gaseous 
component in the reactor exit line is very close to that in the feed concentration.  In cases 
where the reactive gas concentration is very low and the reaction rate is relatively high, 
this will lead to the “starvation” condition, which is generally represented by an 
approximately linear conversion vs time curve.  A close examination of the tests results 
involving SO3 at 200 ppmv (in Figures 14 and 15) indicates that these tests were probably 
carried out at “starvation” condition.  Furthermore, because of the problems encountered 
with condensation (which lowers the concentration of the reactive gas) coupled with the 
low levels of feed concentrations used in these test it can be concluded that there is a 
significant level of uncertainty associated with the concentration of SO3 during these 
runs.  This is evident by the unexpectedly very high apparent order of reaction shown in 
Figure 16, indicating that the actual concentrations of SO3 is lower that nominal 
concentration used in this figure.  This is further evident by comparing the reactivities of 
the sorbents towards SO2 and SO3 in Figures 17 and 18, indicating that sulfur loading of 
the sorbent obtained in the tests with SO3 is less than half those obtained with SO2.  
Therefore, it should be concluded that the reactivity of the sorbents toward SO3 obtained 
in this project is significantly lower than the “actual” values.   
 
Task 3.  Modeling of Sulfation Reaction  
 
Because of the experimental problems encountered in the tests involving SO3, accurate 
comparison the rate of reactions involving SO2 and SO3 could not be made.  Therefore, 
the modeling of comparative rates of reaction involving SO2/SO3 could not be performed.   
 

CONCLUSIONS AND RECOMMENDATIONS 
 
The following conclusions can be made from the data collected and the results obtained 
in this project— 
 

1. The rate of sulfation reaction involving the dolomite and SO2 is first order with 
respect to SO2 concentration.   

 
2. The reactivity of the dolomite toward SO2 decreases with increasing temperature 

above 650°C, which may be attributed to partial sintering of the sorbent at 
elevated temperatures. 

 
3. The rate of sulfation reaction with the limestone and SO2 also appears to be first 

order with respect to SO2 concentration. 
 



 

4. The reactivity of the limestone toward SO2 increases with increasing 
temperatures.  However the apparent activation energy is very low, suggesting the 
possibility of partial sintering.   

 
5. Although the reactivity of the dolomite is higher than that of the limestone, 

because of the higher calcium content of the limestone, the sulfur loading of the 
limestone is higher than that of the dolomite. 

 
6. Because of the problems encountered with condensation of sulfuric acid (which 

lowers the concentration of the reactive gas) coupled with the low levels of feed 
concentrations used in these test, it can be concluded that there is a significant 
level of uncertainty associated with the actual concentration of SO3 during these 
runs.  Therefore, it should be concluded that the reactivity of the sorbents toward 
SO3 obtained in this project is significantly lower than the “actual” values.   

 
7. Because of the experimental problems encountered in the tests involving SO3, 

accurate comparison the rate of reactions involving SO2 and SO3 could not be 
made.   
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Table 1.  Ranges of Operating Variables 
Operating Variable  
Sorbent Dolomite and Limestone 
Pressure, atm 1 
Temperature, °C 650, 750, 850 
Gas Composition  
     SO2 Conc., ppmv 0, 500, 1000, 2500 
     SO3 Conc., ppmv (Estimated Maximum) 0, 100, 250, 500 
     H2O, % 10 
     CO2, % 14 
      O2, % 3 
      N2, % Balance 

 
Table 2.  Breakdown of TGA Experiments 

Type Number of Tests 
Blank  
    SO2   7 
    SO3   5 
Dolomite  
    SO2   18 
    SO3   7 
Limestone  
    SO2   12 
    SO3   5 
Total 54 

 
Table 3. Chemical Composition of Dolomite Used 

Components /Elements Amount, %w/w 

CaCO3 55 
MgCO3 44 

SiO2 0.6 
Carbon Dioxide 46.5 
Calcium 22.1 
Magnesium 13.5 

Potassium 0.7 

Iron 0.13 
Aluminum 0.12 

Silicon 0.36 
Sulfur 0.01 

Strontium 0.006 



 

 
 

Figure 1.  Schematic Diagram of the TGA unit 
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Figure 2.  A Typical TGA Result  
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Figure 3.  Reactivity of Dolomite toward SO2 at 650°C 
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Figure 4.  Reactivity of Dolomite toward SO2 at 750°C 
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Figure 5.  Reactivity of Dolomite toward SO2 at 850°C 
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Figure 6.  The Order of Sulfation Reaction with Dolomite and SO2 
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Figure 7.  Reactivity of Limestone toward SO2 at 650°C 
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Figure 8.  Reactivity of Limestone toward SO2 at 750°C 
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Figure 9.  Reactivity of Limestone toward SO2 at 850°C 
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Figure 10.  The Order of Sulfation Reaction with Limestone and SO2 



 

 

-4.5

-4

-3.5

-3

-2.5

-2

0.8 0.9 1 1.1
1000/T, K-1

ln
[d

x/
dt

]
500 ppmv
1000 ppmv
2500 ppmv

Ea =1000-2000, cal/gmol

 
Figure 11.  The Apparent Activation Energy of Sulfation Reaction  

with Limestone and SO2 

 

 

 

 

0

1

2

3

4

5

6

7

8

9

650 750 850

Temperatue, C

Su
lfu

r L
oa

di
ng

, %

Dolomite
Limestone

[SO2]: 2500 ppmv
Time:  10 min

 
Figure 12.  Comparison of Sulfur Capacities of Limestone and Dolomite for SO2 
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Figure 13.  Vapor Pressures of SO3 and H2SO4

* 

* Data obtained from reference (5) 
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Figure 14.  Reactivity of Dolomite Toward SO3 at Different Conditions 
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Figure 15.  Reactivity of Limestone Toward SO3 at Different Conditions 
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Figure 16.  The Apparent Order of Sulfation Reaction Involving SO3 
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Figure 17.  Comparison of Reactivity of Dolomite Toward SO2 and SO3 
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Figure 18.  Comparison of Reactivity of Limestone Toward SO2 and SO3 


