
SULFURIC ACID EMISSIONS SULFURIC ACID EMISSIONS 
FROM COALFROM COAL--FIRED BOILERSFIRED BOILERS

Edward K. Levy
Nenad Sarunac

Energy Research Center
Lehigh University

Bethlehem, PA  18015



STACK EMISSIONS OF HSTACK EMISSIONS OF H22SOSO44

! Depend on:

" Fuel Sulfur

" Boiler Design

" SCR Design

" Boiler and SCR Operating Conditions

! Site Specific
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KEY PROCESSESKEY PROCESSES

! SO3 Formed in Boiler and SCR

! Converted to H2SO4 in Air Preheater

! Some Condenses in Air Preheater

! Some Deposited Onto Fly Ash

! Remainder Flows Out Stack as Mixture of H2SO4
Vapor and Liquid Droplets



PRESENTATION OUTLINEPRESENTATION OUTLINE

! SO3 Formation Mechanisms

! Acid Condensation and Evaporation in Air 
Preheater Flow Passages

! Acid Adsorption and Condensation on Particles

! Stack Emissions



Boiler and SCR design and operating 
conditions and fuel properties affect quantity 
of SO3 produced

! Fuel Sulfur Content and Ash Composition

! Excess O2 Level

! Gas Temperature and Residence Time 
Distribution in Boiler and SCR

! Tube Material and Surface Area

! Very Site Specific
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SOSO33 FORMATION WITHOUT SCRFORMATION WITHOUT SCR

Measured SOMeasured SO33 Concentrations in Economizer Concentrations in Economizer 
Gas Exit Ducts of Three CoalGas Exit Ducts of Three Coal--Fired BoilersFired Boilers



SOSO33 FORMATION WITHOUT SCRFORMATION WITHOUT SCR



CONTRIBUTION OF SCRCONTRIBUTION OF SCR
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Catalyst Characteristics
Catalyst C, Mid-V

7 mm. Pitch
Oper. Temp. 380 deg. C

Ref. Svachula, J., et al., Ind. Eng. Chem. Res. 1993, 32, 826-834

Effect of SO2 Concentration on the Oxidation of SO2 to SO3
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Effect of Area Velocity on the Oxidation of SO2 to SO3
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Effect of Gas Temperature on the Oxidation of SO2 to SO3
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BACKEND PROCESSESBACKEND PROCESSES



The rotating regenerative air preheater transfers 
heat from hot flue gas to cool incoming air by way of 
a rotating metal matrix.
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CONDENSATION AND EVAPORATION CONDENSATION AND EVAPORATION 
FROM APH BASKET SURFACEFROM APH BASKET SURFACE







Both Acid Condensation and Evaporation Are ImportantBoth Acid Condensation and Evaporation Are Important

Schematic Representation of APH Acid Deposition Processes



COMPUTATIONAL RESULTS OF RPHSOCOMPUTATIONAL RESULTS OF RPHSO3 3 CODECODE

Effect of Flue Gas SO3 Concentration

• Peak acid deposition rate is roughly 
proportional to SO3 concentration.

• Acid dew point increases with SO3
concentration, increasing depth of acid 
penetration into the cold end basket matrix.



Net Acid DepositedNet Acid Deposited



Field Measurements of APH Acid Evaporation and Depletion 







Effect of Inlet Air MoistureEffect of Inlet Air Moisture

• Dry air has greater ability to evaporate 
acid from the APH surface.

• The effect of air moisture content on acid 
condensation is negligible.

• Moisture effect implies that net acid 
deposition is greater in the summer (moist 
air) than in the winter (dry air).





ACID DEPOSITION ONTO FLY ASHACID DEPOSITION ONTO FLY ASH

• Adsorption (Occurs Above Dewpoint)

• Condensation



Condensation of Acid and Water Vapor on Particles

Adsorption

Condensation



ACID ADSORPTIONACID ADSORPTION

• Laboratory Experiments

• Fly Ash From Pulverized Bituminous Coal

• Amount of Adsorbed Acid Depends on Acid 
Concentration and Temperature



Acid Adsorption on Fly Ash
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CONDENSATION ONTO ASHCONDENSATION ONTO ASH







STACK EMISSIONS =    (SOSTACK EMISSIONS =    (SO33 Entering Entering 
Economizer)Economizer)

–– (Acid Deposited in (Acid Deposited in 
APH Baskets)APH Baskets)

–– (Acid Deposited Onto(Acid Deposited Onto
Fly Ash)Fly Ash)

[
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Unit B at 640 MW.  (Ljungstrum Air Preheater)



305 640 

O   2

6.7 %

 UNIT LOAD (MW)

3.4%







Sketch of a tubular air preheater.



Acid Deposition in a Tubular APH

Metal Temperatures



Acid Deposition in a Tubular APH
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Rate





590 MW Unit with a Tubular Air Preheater



CONSEQUENCES OF DECREASING STACK CONSEQUENCES OF DECREASING STACK 
TEMPERATURETEMPERATURE

! More Severe APH Cold End Fouling and 
Corrosion

" Lost Generation for ID Fan Limited Units

" Increased Maintenance Costs

! Increased Corrosion in Flue Gas Ducts, ESP and 
Stack

! Impact on ESP Performance – Could Be Good or 
Bad

! Improved Heat Rate – Lower Stack Loss







Typical Plot of APH Air Pressure Drop Versus Time







CONCLUSIONSCONCLUSIONS

Acid Emissions Acid Emissions –– Strong Function of:Strong Function of:

• Boiler and SCR Design
• Fuel Sulfur and Ash Content
• Operating Conditions

Emissions Vary with:Emissions Vary with:

• Unit Load
• Economizer O2

• SCR Gas Inlet Temperature
• Air Preheater Exit Gas Temperature


