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IntroductionIntroduction
Strict EPA regulations for mercury control.Strict EPA regulations for mercury control.

Mercury control depends on the speciation of mercury.Mercury control depends on the speciation of mercury.

Gas phase reactions don't influence the effluent mercury Gas phase reactions don't influence the effluent mercury 
speciation. speciation. 

Surface reactions in the post combustion zone control Surface reactions in the post combustion zone control 
mercury speciation in stack gases.mercury speciation in stack gases.

Surface composition plays an important role in mercury Surface composition plays an important role in mercury 
transformation.transformation.

Study of mercury transformation in the post combustion Study of mercury transformation in the post combustion 
zone is important to determine the speciation of mercury.zone is important to determine the speciation of mercury.



Possible Mercury Transformation   Possible Mercury Transformation   
Reactions in Combustor Cool ZoneReactions in Combustor Cool Zone

OxidationOxidation
-- Activated CarbonActivated Carbon
-- Fly AshFly Ash
-- Surface Oxygen ComplexesSurface Oxygen Complexes

ChlorinationChlorination
-- HCl (poor chlorinating agent)HCl (poor chlorinating agent)
-- Conversion of HCl to ClConversion of HCl to Cl2 2 (Deacon Reaction)(Deacon Reaction)
-- Role of MetalsRole of Metals



Role of SurfacesRole of Surfaces

AdsorptionAdsorption
-- Dependence on carbon/calcium contentDependence on carbon/calcium content

CatalysisCatalysis
-- Dependence on metal contentDependence on metal content

Surfaces play an important role in 
mercury transformation reactions



ObjectivesObjectives
Understand how fly ash surface and composition Understand how fly ash surface and composition 

of flue gas affect mercury speciation, partitioning, of flue gas affect mercury speciation, partitioning, 
and reactions under postand reactions under post--combustion zone combustion zone 
conditions.  conditions.  

Use this knowledge to develop a predictive tool Use this knowledge to develop a predictive tool 
that could estimate mercury speciation based on fly that could estimate mercury speciation based on fly 
ash characteristics and composition of flue gas.ash characteristics and composition of flue gas.



Experimental ApproachExperimental Approach

Our Experimental approach is based on previous surface Our Experimental approach is based on previous surface 
catalyzed cool zone pollutant formation studies.catalyzed cool zone pollutant formation studies.
Fly ash is a very complex surface Fly ash is a very complex surface –– do extensive do extensive 
characterization.characterization.
Obtain preliminary data on mercury transformation reactions Obtain preliminary data on mercury transformation reactions 
using coal fly ashes.  Use these results to determine the using coal fly ashes.  Use these results to determine the 
range of catalytic activity of coal fly ashes in mercury range of catalytic activity of coal fly ashes in mercury 
transformation reactions. transformation reactions. 
Correlate fly ash composition and flue gas composition with Correlate fly ash composition and flue gas composition with 
observed catalytic activity. observed catalytic activity. 
Divide overall mercury transformation process into several Divide overall mercury transformation process into several 
manageable reaction systems. Use model fly ashes to manageable reaction systems. Use model fly ashes to 
validate observed correlations.validate observed correlations.



Elemental Analysis of Fly Ashes (EDS) Elemental Analysis of Fly Ashes (EDS) 

0.540.211.380.8643.2116.150.732.451.8521.2411.480.4410
0.860.142.342.2244.114.090.92.361.5721.0110.860.419
0.550.081.160.7743.8714.530.712.21.9822.1712.090.468
0.780.332.22.2243.8514.051.112.641.6919.5711.910.447
0.820.081.921.4444.0413.690.942.71.5621.5911.40.646
0.70.260.570.7243.9714.430.632.591.9521.7912.670.425

0.950.731.260.8643.834.081.0814.940.8619.7210.112.534
2.350.110.560.2847.324.170.922.322.8626.2914.270.923
2.620.050.320.2247.843.811.071.182.9626.7215.40.52
6.980.060.190.3547.724.841.380.752.6926.6414.80.591

SA
(m2/gm)

PNaSOFe Ti CaKSiAlMgAsh



High Resolution SEM of Ash Samples High Resolution SEM of Ash Samples 

6.98 m2/g 2.62 m2/g

2.35 m2/g 0.95 m2/g



Mercury DesorptionMercury Desorption
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Mercury Desorption at 400Mercury Desorption at 400ººCC
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Carbon AnalysisCarbon Analysis
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Thermo Gravimetric and LECO Analysis Thermo Gravimetric and LECO Analysis 
of Original and Desorbed Fly Ashof Original and Desorbed Fly Ash

LOI = 1LOI = 1-- 1.5%1.5%
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Conversion of Mercury at Conversion of Mercury at 
Different Temperatures Different Temperatures 
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Mercury Oxidation (same plant)Mercury Oxidation (same plant)
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Mercury Oxidation (Different Plants)Mercury Oxidation (Different Plants)
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Impact of HCl Impact of HCl 
Fly Ashes from Different PlantsFly Ashes from Different Plants
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Surface Catalyzed Transformation at Surface Catalyzed Transformation at 
Different TemperaturesDifferent Temperatures
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Surface Catalyzed Transformations : Surface Catalyzed Transformations : 
Presence of HClPresence of HCl

HCl not a good oxidizing agentHCl not a good oxidizing agent
But in the presence of surface it is But in the presence of surface it is 
converted to chlorine: Deacon Reactionconverted to chlorine: Deacon Reaction

Chlorine better oxidizing agent.Chlorine better oxidizing agent.
2HCl + 2O2 H2O +  Cl2



Surface Catalyzed Transformations Surface Catalyzed Transformations 
: Presence of HCl: Presence of HCl
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Surface Catalyzed Transformations Surface Catalyzed Transformations 
: HCl : HCl vsvs HBrHBr
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Surface Catalyzed Transformations Surface Catalyzed Transformations 
: HCl : HCl vsvs HBrHBr
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Surface Catalyzed Transformation: Surface Catalyzed Transformation: 
Presence of Water and HClPresence of Water and HCl
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Mercury Oxidation on Model Fly AshesMercury Oxidation on Model Fly Ashes
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ConclusionsConclusions
Desorption modifies the ash and also removes Desorption modifies the ash and also removes 
most of the extractable carbonmost of the extractable carbon
Soot shows low Soot shows low adsorbtionadsorbtion and  high oxidation and  high oxidation 
capabilities and hence may be responsible for capabilities and hence may be responsible for 
the oxidation properties of fly ash.the oxidation properties of fly ash.
Iron Oxide seems to be a good Iron Oxide seems to be a good adsorberadsorber of of 
mercury.mercury.
Addition of HCl seems to increase mercury Addition of HCl seems to increase mercury 
oxidation and inhibits mercury adsorption.oxidation and inhibits mercury adsorption.
Under the postUnder the post--combustion zone conditions HCl combustion zone conditions HCl 
is a slightly better oxidizing agent than is a slightly better oxidizing agent than HBrHBr
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QuestionsQuestions



Mercury Chlorination (same plant)Mercury Chlorination (same plant)
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Data Analysis and ModelingData Analysis and Modeling
 

 Hg0(g) + X (g) (Cl2 or O2)              Hg+2X(g) 
 Hg0(s) + X (g) (Cl2 or O2)              Hg+2X(s) 
 Hg0(g) + X (s) (Cl or O)               Hg+2X(s)  
 Hg0(s) + X (s) (Cl or O)              Hg+2X(s) 
                        Hg+2X (s)              Hg+2X(g) 
 Hg+2X(s) + R(g) (SO2 or CO)   Hg0(s) + RO(g) 
                             Hg0 (s)              Hg0(g) 
  Hg+2X(g) + R(g) (SO2 or CO)   Hg0(g) + RO(g) 
  



BackgroundBackground

GasGas--phase equilibrium assumption is not valid phase equilibrium assumption is not valid 
for mercury containing species at Temp < 500for mercury containing species at Temp < 500ººC.C.
Post combustion zone temperatures range from Post combustion zone temperatures range from 

700700ººC to ambient and the gas residence times C to ambient and the gas residence times 
are in the range of 2 to 10 seconds.are in the range of 2 to 10 seconds.
Gas quench and surface catalyzed reactions Gas quench and surface catalyzed reactions 
(cool zone reactions) should be  important.(cool zone reactions) should be  important.
The results of recent studies have clearly shown The results of recent studies have clearly shown 
that presence of fly ash enhances mercury that presence of fly ash enhances mercury 
oxidation under postoxidation under post--combustion zone combustion zone 
conditions. conditions. 


