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•• Carbon adsorptionCarbon adsorption

•• IncinerationIncineration

•• CondensationCondensation

•• BioreactionBioreaction

Carbon AdsorptionCarbon Adsorption
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Activated CarbonActivated Carbon

•• A class of materialsA class of materials

•• Produced from coal, wood, nut shells andProduced from coal, wood, nut shells and
petroleumpetroleum--based productsbased products

•• Activation processActivation process

•• Heat material to ~1,100Heat material to ~1,100°°F without oxygenF without oxygen

•• Use stream, air or COUse stream, air or CO22 to increase poreto increase pore
structurestructure

Types of Adsorption ProcessesTypes of Adsorption Processes

•• Chemical adsorptionChemical adsorption

•• Physical adsorptionPhysical adsorption
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Adsorption CapacityAdsorption Capacity

RetentionRetention

•• Lbs of VOC adsorbed per 100 lbs of carbonLbs of VOC adsorbed per 100 lbs of carbon

•• Weight percentWeight percent
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Types of Adsorption SystemsTypes of Adsorption Systems

•• OnOn--site regenerationsite regeneration

•• OffOff--site regenerationsite regeneration
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OffOff--Site Regeneration AdsorbersSite Regeneration Adsorbers
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Regeneration MethodsRegeneration Methods

•• Thermal swingThermal swing

•• SteamSteam

•• Hot gasHot gas

•• Pressure swingPressure swing
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Regeneration MethodsRegeneration Methods

•• Thermal swingThermal swing

•• SteamSteam

•• Hot gasHot gas

•• Pressure swingPressure swing

Regeneration MethodsRegeneration Methods

•• Thermal swingThermal swing

•• SteamSteam

•• Hot gasHot gas

•• Pressure swingPressure swing

Other Adsorber DesignsOther Adsorber Designs
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Carbon Fiber AdsorberCarbon Fiber Adsorber
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IncinerationIncineration

•• FlaresFlares

•• Thermal oxidizersThermal oxidizers

•• Catalytic oxidizersCatalytic oxidizers

FlareFlare

Steam
injection
point

Pilot
assembly

Waste gas
retention ring

Steam
distribution
ring

Flare stack

Thermal OxidizerThermal Oxidizer

•• RefractoryRefractory--brink lined chamber with one orbrink lined chamber with one or
more oil or gas burnersmore oil or gas burners

•• Temperature: 1,300Temperature: 1,300--1,8001,800°°FF

•• Residence time: 0.3Residence time: 0.3--0.5 seconds0.5 seconds
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Recuperative Thermal OxidizerRecuperative Thermal Oxidizer

Regenerative Thermal OxidizerRegenerative Thermal Oxidizer

Ceramic
media

Valves

Induced
draft fan

Process Heaters and BoilersProcess Heaters and Boilers

•• Boiler must operate at 40Boiler must operate at 40--100% of full load100% of full load

•• Contaminated gas stream flow rate shouldContaminated gas stream flow rate should
be small portion of totalbe small portion of total

•• Nothing corrosive or that causes depositsNothing corrosive or that causes deposits
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Catalytic OxidizerCatalytic Oxidizer

Catalyst MaterialsCatalyst Materials

•• Noble metal oxidesNoble metal oxides

•• PlatinumPlatinum

•• PalladiumPalladium

•• RhodiumRhodium

•• Base metal oxidesBase metal oxides

•• VanadiumVanadium

•• TitaniumTitanium

•• ManganeseManganese
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TemperatureTemperature

•• ~100~100°°F above catalyst lightF above catalyst light--off temperatureoff temperature

•• Typical inlet temperature: 500Typical inlet temperature: 500--600600°°FF

•• Typical outlet temperature: 700Typical outlet temperature: 700--900900°°FF

•• Maximum outlet temperature: 1,100Maximum outlet temperature: 1,100--1,2001,200°°FF

Space VelocitySpace Velocity

BV

Q
VelocitySpace 

Q = standard flow rate (60°F)

BV = catalyst bed volume

Typically 30,000-40,000 hr-1 for noble metals

10,000-15,000 hr-1 for base metals
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Catalyst Performance ProblemsCatalyst Performance Problems

•• FoulingFouling

•• PoisoningPoisoning

•• MaskingMasking

•• Thermal agingThermal aging

CondensationCondensation

•• Conventional systemsConventional systems

•• Refrigeration systemsRefrigeration systems

•• Cryogenic systemsCryogenic systems

Types of CondensersTypes of Condensers

•• Direct contact condensersDirect contact condensers

•• Surface condensersSurface condensers
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DirectDirect
ContactContact

CondenserCondenser

Spray
nozzles

Mist
eliminator

Ejector CondenserEjector Condenser

High pressure
spray nozzle

Inlet gas
stream

Discharge

Shell and Tube CondenserShell and Tube Condenser

Coolant
inlet

Coolant
outlet

Noncondensing
vapor outlet

Condensate
outlet

Baffles

Straight
seamless
tubes

Reversing
channel



Chapter 13: Introduction to Control Technology

13-16

Tube and Fin CondenserTube and Fin Condenser

Traverse fins Longitudinal fins
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Single Heat ExchangerSingle Heat Exchanger
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BioreactionBioreaction

•• BiofiltersBiofilters

•• Biotrickling filtersBiotrickling filters

•• BioscrubbersBioscrubbers
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Microbial Population RequirementsMicrobial Population Requirements

•• Sufficient moistureSufficient moisture

•• Sufficient nutrientsSufficient nutrients

•• Temperature of 60Temperature of 60°°F to 85F to 85°°FF

•• pH of 6 to 8pH of 6 to 8

Biofilter SystemBiofilter System

Nutrients, buffer
(Discontinuous)

Water influent

Waste
air

Particulate,
temperature,

and
load control

Humidifier

Blower

Leachate

Clean air

Biofilter
reactor

Waste air

Discontinuous
water addition

Biotrickling Filter SystemBiotrickling Filter System

Water, nutrients, buffer

Water influent

Waste
air

Particulate,
temperature,

and
load control

Blower

Wastewater
purge

Clean air

Biotrickling
filter
reactor

Waste air

Recycled
water

Pump



Chapter 13: Introduction to Control Technology

13-19

Bioscrubber SystemBioscrubber System
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