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IntroductionIntroduction

Tackticks, LLCTackticks, LLC
SCR Consulting and SCR Consulting and 
ManagementManagement
Founded in 2001Founded in 2001
Located in Durham, Located in Durham, 
NCNC

FlowTack, LLCFlowTack, LLC
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ModelsModels
Founded in 2003Founded in 2003
Located in Durham, Located in Durham, 
NCNC
75 % Owned by 75 % Owned by 
Tackticks, LLCTackticks, LLC



Impact of SOImpact of SO22/SO/SO3 3 
Conversion RateConversion Rate

Coal TypesCoal Types
Impact On Other EmissionsImpact On Other Emissions
Operational Problem AreasOperational Problem Areas



Relevant Coal TypesRelevant Coal Types

High Sulfur Bituminous Coal, Pet Coke, OilHigh Sulfur Bituminous Coal, Pet Coke, Oil
Operational Issues, Visible Plume Operational Issues, Visible Plume 

Low  Sulfur Bituminous CoalLow  Sulfur Bituminous Coal
Visible PlumeVisible Plume

Sub Bituminous Coal (PRB)Sub Bituminous Coal (PRB)
Mercury ReductionMercury Reduction



Impact of SOImpact of SO22/SO/SO33 Conversion Conversion 
Rate On EmissionsRate On Emissions

SOSO33
New Source PerformanceNew Source Performance

OpacityOpacity
SOSO3 3 Becomes visible at Becomes visible at 
concentrations of 5 to 8 PPM concentrations of 5 to 8 PPM 
depending on ambient depending on ambient 
conditionsconditions

MercuryMercury
SOSO3 3 reduces mercury adsorption reduces mercury adsorption 
on activated carbonon activated carbon
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Operational IssuesOperational Issues
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SCR System Process SCR System Process 
ReactionsReactions

Undesired Reactions/Implications:

2SO2 + O2 2SO3  

NH3 + SO3 + H2O NH4 HSO4 
(Ammonium Bisulfate)

•Ammonia Slip From Process Reacts With 
SO3 From the Boiler and the Catalyst to 
Form Ammonium Bisulfate

•Ammonium Bisulfate Can Precipitate at 
Intermediate Basket Levels of the Air 
Heater Leading to Plugging

•SO3 Can Condense on the Cold End 
Layers

Catalyst



Air Heater IssuesAir Heater Issues

Ammonium Bi Sulfate Deposition

< 480 F
Temperature Range Depends on SO3 and NH3

Concentration

Cold End Plugging Due To Condensed
Sulfuric Acid

< 280 F
Temperature Range Depends on SO3 and Moisture

Concentration



Air Heater IssuesAir Heater Issues
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ABS Deposition on Air HeaterABS Deposition on Air Heater
Difference of ConcentrationsDifference of Concentrations
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MercuryMercury
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Mercury AdsorptionMercury Adsorption

Carbon Adsorbs:Carbon Adsorbs:
Acid Gases SOAcid Gases SO33, , HClHCl, HF, HF
MercuryMercury
Dioxins/ Dioxins/ FuranesFuranes



OpacityOpacity
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SOSO33 Concentration Concentration 
In The Flue Gas PathIn The Flue Gas Path

Boiler SCR Air Heater ESP FGD

SO3 Concentration depends on fuel and equipment
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Fuel SummaryFuel Summary
High Sulfur Bituminous CoalHigh Sulfur Bituminous Coal

Air Heater Ammonium Bi Sulfate PluggingAir Heater Ammonium Bi Sulfate Plugging
Air Heater Cold End Condensation, Plugging and Air Heater Cold End Condensation, Plugging and 
CorrosionCorrosion
Corrosion of Downstream EquipmentCorrosion of Downstream Equipment
PlumePlume

Low  Sulfur Bituminous CoalLow  Sulfur Bituminous Coal
Visible Plume at SOVisible Plume at SO33 Concentrations of Five to Eight Concentrations of Five to Eight 
PPM, Depending on Ambient ConditionsPPM, Depending on Ambient Conditions

Sub Bituminous Coal (PRB)Sub Bituminous Coal (PRB)
Mercury Reduction With Activated CarbonMercury Reduction With Activated Carbon



What Is LowWhat Is Low
SOSO22/SO/SO33 Conversion Rate?Conversion Rate?



ArheniusArhenius EquationEquation
kk = A exp (= A exp (EEa/a/RTRT) ) 

Example for Temperature Dependance 
of Catalyst
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SOSO22/SO/SO33 Conversion RateConversion Rate
Example 1Example 1

3 3 –– 3.5 % Sulfur Coal3.5 % Sulfur Coal
2800 2800 –– 3300 PPM of SO3300 PPM of SO22

Temperature Range @ Full Load 680 to Temperature Range @ Full Load 680 to 
740 Degree F740 Degree F
Conversion Rate .5 % @ 740 F = Max. Conversion Rate .5 % @ 740 F = Max. 
16.5 PPM SO16.5 PPM SO33 AdditionalAdditional
Not Measurable @ 680 FNot Measurable @ 680 F



SOSO22/SO/SO33 Conversion RateConversion Rate
Example 2Example 2

3 3 –– 3.5 % Sulfur Coal3.5 % Sulfur Coal
2800 2800 –– 3300 PPM of SO3300 PPM of SO22

Temperature Range @ Full Load 680 to Temperature Range @ Full Load 680 to 
740 Degree F740 Degree F
Conversion Rate 1 % @ 680 FConversion Rate 1 % @ 680 F
Max. 132 PPM SOMax. 132 PPM SO33 Additional @ 740 FAdditional @ 740 F
33 PPM @ 680 F33 PPM @ 680 F



NONOxx Reaction Reaction 
MechanismMechanism



Chemical Reactions On SCR Chemical Reactions On SCR 
CatalystCatalyst
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NH3

4NO + 4NH3 + O2 4N2 + 6H2O

2NO2 + 4NH3 + O2 3N2 + 6H2O

NO + NO2 +2 NH3 2N2 + 3H2O

SCR Process ChemistrySCR Process Chemistry

Catalyst

320 - 1100°F

Catalyst

320 - 1100°F

Catalyst

320 - 1100°F



Catalyst MaterialCatalyst Material

Flue Gas Flow

Catalyst Bulk
Material

Catalyst 
Surface

Micro
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Active
Center



Reaction MechanismReaction Mechanism
Ammonia AdsorptionAmmonia Adsorption
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Reaction MechanismReaction Mechanism
Reaction Of NOReaction Of NOxx and NHand NH33
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Reaction MechanismReaction Mechanism
Desorption of NDesorption of N22 and Hand H22O O 
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Reaction MechanismReaction Mechanism
RegenerationRegeneration
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Catalyst PoisonsCatalyst Poisons



What can poison the catalyst?What can poison the catalyst?

The most common elements found in The most common elements found in 
coal, oil, or fuel additives that can coal, oil, or fuel additives that can 
poison the catalyst material  by poison the catalyst material  by inertinginerting
catalyst material sites:catalyst material sites:

Sodium , NaSodium , Na
Lead, Lead, PbPb
Potassium, KPotassium, K
Zinc, ZnZinc, Zn
Arsenic,  AsArsenic,  As
PhosphorusPhosphorus



Arsenic PoisoningArsenic Poisoning
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Catalyst DeactivationCatalyst Deactivation

Arsenic Reduces the Activity of Catalyst Arsenic Reduces the Activity of Catalyst 
Through Reaction With Active CentersThrough Reaction With Active Centers
Reaction Product is PermanentReaction Product is Permanent
Active Centers Are Not Available for NOx Active Centers Are Not Available for NOx 
ReductionReduction



Catalyst DeactivationCatalyst Deactivation

Arsenic in Solid Form Does not React with Arsenic in Solid Form Does not React with 
Catalyst ComponentsCatalyst Components
Gaseous Arsenic is Formed in the Gaseous Arsenic is Formed in the 
Furnace as As2O3Furnace as As2O3
Arsenic in a Liquid Solution Can Penetrate Arsenic in a Liquid Solution Can Penetrate 
the Catalystthe Catalyst



History of Arsenic in SCR Systems History of Arsenic in SCR Systems 
Fly Ash RecirculationFly Ash Recirculation

Boiler SCR Air Heater ESP
Coal

Fly Ash

Bottom Ash



Arsenic VS Ash RecirculationArsenic VS Ash Recirculation
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Catalyst DeactivationCatalyst Deactivation

Arsenic Impact
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Catalyst DeactivationCatalyst Deactivation

ExampleExample
30 PPM by Weight in Coal = 3850 Micro 30 PPM by Weight in Coal = 3850 Micro 
Grams per NM3 in Flue Gas if All Arsenic in Grams per NM3 in Flue Gas if All Arsenic in 
the Coal Would be Converted to Gaseous the Coal Would be Converted to Gaseous 
Arsenic at SCR TemperatureArsenic at SCR Temperature



Arsenic DeactivationArsenic Deactivation
The amount of Gaseous Arsenic at the Catalyst The amount of Gaseous Arsenic at the Catalyst 
Inlet Depends on:Inlet Depends on:

The Arsenic Concentration in the CoalThe Arsenic Concentration in the Coal
The Calcium Concentration in the CoalThe Calcium Concentration in the Coal
The Chlorine Concentration in the CoalThe Chlorine Concentration in the Coal
The Type of Burner.  The Reducing Atmosphere of a The Type of Burner.  The Reducing Atmosphere of a 
Low NOLow NOxx Burner Increases the Amount of Gaseous Burner Increases the Amount of Gaseous 
ArsenicArsenic
Excess AirExcess Air
UnknownsUnknowns



Arsenic ChlorideArsenic Chloride

Chlorine helps in the case of mercury removal, 
But also forms gaseous arsenic chloride



RemedyRemedy

Calcium Addition to the Coal or Injection Calcium Addition to the Coal or Injection 
Into the Furnace Can Reduce the Into the Furnace Can Reduce the 
Gaseous Arsenic ConcentrationGaseous Arsenic Concentration
Limiting FactorsLimiting Factors

Liquid Fusion Point of the AshLiquid Fusion Point of the Ash
Gypsum Blinding of the CatalystGypsum Blinding of the Catalyst



Arsenic And Conversion Rate Arsenic And Conversion Rate 

Arsenic Occupies Active CentersArsenic Occupies Active Centers
The More Active Centers In the Catalyst, The More Active Centers In the Catalyst, 
The Smaller Is Impact of ArsenicThe Smaller Is Impact of Arsenic
The More Active Centers The Higher Is The More Active Centers The Higher Is 
The SOThe SO22/SO/SO33 Conversion RateConversion Rate
The Result Is The Development of New The Result Is The Development of New 
CatalystCatalyst



Arsenic Distribution in CatalystArsenic Distribution in Catalyst
Typical Concentration in Flow Typical Concentration in Flow 
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Arsenic Distribution in CatalystArsenic Distribution in Catalyst
Typical Concentration in Catalyst Typical Concentration in Catalyst 

MaterialMaterial
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Catalyst
Wall



Earth Metal PoisoningEarth Metal Poisoning
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MercuryMercury



MercuryMercury

Adsorption/ DesorptionAdsorption/ Desorption
SO3 ImpactSO3 Impact
SO2 ImpactSO2 Impact
NO ImpactNO Impact
Hg speciesHg species
Unburned CarbonUnburned Carbon



Mercury FundamentalsMercury Fundamentals

Hg Species: elemental HgHg Species: elemental Hg00, Ionic Hg, Ionic Hg2+2+, on , on 
particles particles HgHgpp

HgHg00 cannot be removed in scrubberscannot be removed in scrubbers
HgHg2+2+ as HgClas HgCl22 can easily be scrubbedcan easily be scrubbed
HgHgpp can be removed in ESPcan be removed in ESP
HgHg00 can be physically adsorbed on can be physically adsorbed on 
activated carbonactivated carbon
Catalyst Stores and Releases MercuryCatalyst Stores and Releases Mercury



Mercury in the CatalystMercury in the Catalyst
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Chemical ReactionsChemical Reactions

HgHg00 + Cl+ Cl22 HgClHgCl22
Combustion produces only Combustion produces only HClHCl
Deacon Reaction Catalyst AcceleratedDeacon Reaction Catalyst Accelerated

4 4 HClHCl + O+ O22 2 Cl2 Cl22 + 2 H+ 2 H22OO
Reactions take place on active centers of Reactions take place on active centers of 
the catalystthe catalyst
ChlorineChlorine--Griffin ReactionGriffin Reaction

ClCl2 2 + SO+ SO22 + H+ H22O               2 O               2 HClHCl + SO+ SO33



Reaction MechanismReaction Mechanism

SoSo22 Oxidation Reaction Is A Chemical Oxidation Reaction Is A Chemical 
Reaction Controlled MechanismReaction Controlled Mechanism
Mercury Oxidation Is A Diffusion Mercury Oxidation Is A Diffusion 
Controlled MechanismControlled Mechanism
Mercury Oxidation Reaction Depends On Mercury Oxidation Reaction Depends On 
Activity of CatalystActivity of Catalyst



Mercury DesorptionMercury Desorption

Source Title

Authors



Mercury DesorptionMercury Desorption

Source Title

Authors



Mercury on ParticlesMercury on Particles

Mercury can be adsorbed on carbon Mercury can be adsorbed on carbon 
particlesparticles

Unburned CarbonUnburned Carbon
Activated Carbon InjectionActivated Carbon Injection



Activated Carbon Injection And Activated Carbon Injection And 
Flue Gas ConditioningFlue Gas Conditioning

From
Air Heater To ESP

SO3
Injection

Carbon
Injection



Activated Carbon Injection And Activated Carbon Injection And 
Flue Gas ConditioningFlue Gas Conditioning

From
Air Heater To ESP

SO3
Injection

Carbon
Injection

NH3
Injection

Reaction 
Zone

Dense Injection Grids



SummarySummary

Competing reactions on active cellsCompeting reactions on active cells
NONOx x reductionreduction
SOSO22 ConversionConversion
Mercury OxidationMercury Oxidation
Chlorine ReactionsChlorine Reactions

Either Low Conversion Rate or Other Either Low Conversion Rate or Other 
EquipmentEquipment



ConclusionsConclusions
Reducing the SOReducing the SO33 Concentration becomes Concentration becomes 
more and more importantmore and more important
Catalyst with low SOCatalyst with low SO22/SO/SO33 conversion rate conversion rate 
and capability to oxidize mercury and has and capability to oxidize mercury and has 
enough capacity to last even if catalyst enough capacity to last even if catalyst 
poisons are present is existingpoisons are present is existing
Chose the correct design conversion rateChose the correct design conversion rate
A layer more of catalyst may be the A layer more of catalyst may be the 
solution in many casessolution in many cases
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