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Chapter 8Chapter 8

Petroleum RefiningPetroleum Refining

Categories of Refining OperationsCategories of Refining Operations

•• Separation processesSeparation processes

•• Conversion processesConversion processes

•• Treatment processesTreatment processes

•• Auxiliary processesAuxiliary processes
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Typical Processing StepsTypical Processing Steps
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Separation ProcessesSeparation Processes

•• DesaltingDesalting

•• DistillationDistillation

•• DeasphaltingDeasphalting

DistillationDistillation

•• Atmospheric distillationAtmospheric distillation

•• Vacuum distillationVacuum distillation



Chapter 8: Petroleum Refining

8-3

Atmospheric Distillation UnitAtmospheric Distillation Unit

Crude
Oil

Crude Oil
Distillation

Column

Steam

Steam

Steam

Steam

Light Naphtha

to Stablilizer

Gas to
Fuel Gas
System

Water to
Treatment

Heavy
Naphtha

Light
Gas Oil

Heavy
Gas Oil

To Vacuum
Unit or
Storage

Crude Oil

Crude
Heater

Desalter

Overhead
Accumulator

Vacuum DistillationVacuum Distillation

Steam

Oil to
Slops

Light Vacuum
Gas Oil to Storage

Heavy Gas Oil
to Storage

Vacuum Residual
to Tankage

Distillation
Tower

xxxxx

xxxxx

To Sour
Water Stripper

From Crude
Tower
Residuals

Vacuum
Heater

Noncondensed
Vapor

DeasphaltingDeasphalting

Separates asphaltic compounds
using liquid-liquid extraction with
liquid propane



Chapter 8: Petroleum Refining

8-4

Conversion ProcessesConversion Processes

•• CokingCoking

•• VisbreakingVisbreaking

•• Catalytic crackingCatalytic cracking

•• PolymerizationPolymerization

•• AlkylationAlkylation

•• IsomerizationIsomerization

•• ReformingReforming
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•• Milder form of cracking than cokingMilder form of cracking than coking

•• Residues from atmospheric and vacuumResidues from atmospheric and vacuum
distillation fed to process heaterdistillation fed to process heater

•• Thermal cracking produces residual tars,Thermal cracking produces residual tars,
gas oils, gasoline and light gasesgas oils, gasoline and light gases

•• Used to reduce viscosity of residualUsed to reduce viscosity of residual
fractions for blending into fuel oilsfractions for blending into fuel oils
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Catalytic Cracking UnitCatalytic Cracking Unit
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PolymerizationPolymerization

•• Catalytic conversion of olefin gases toCatalytic conversion of olefin gases to
liquid condensation productsliquid condensation products

•• Provided a gasoline blending stock whenProvided a gasoline blending stock when
octane level were lowoctane level were low

•• Rarely used todayRarely used today

•• Polymers are valuable as additives forPolymers are valuable as additives for
motor oilmotor oil

AlkylationAlkylation

•• Branched hydrocarbons are synthesizedBranched hydrocarbons are synthesized
by the catalytic addition of a paraffinic orby the catalytic addition of a paraffinic or
aromatic hydrocarbon to an olefinaromatic hydrocarbon to an olefin

•• The product, alkylate, is used as anThe product, alkylate, is used as an
antiknock additiveantiknock additive
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IsomerizationIsomerization

•• Rearranges feedstock molecular structureRearranges feedstock molecular structure
to produce branchedto produce branched--chain compoundschain compounds
from straightfrom straight--chain compoundschain compounds

•• Process is usually applied to butane orProcess is usually applied to butane or
mixtures of pentane and hexanemixtures of pentane and hexane

ReformingReforming

•• Converts straightConverts straight--chain naphthachain naphtha
compounds to ring or branched structurescompounds to ring or branched structures

•• Predominate use is the dehydrogenationPredominate use is the dehydrogenation
of naphthenes to form aromaticsof naphthenes to form aromatics

Treatment ProcessesTreatment Processes

•• HydrotreatingHydrotreating

•• Amine treatingAmine treating

•• Chemical sweeteningChemical sweetening

•• Asphalt blowingAsphalt blowing
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HydrotreatingHydrotreating

•• Removes sulfur, nitrogen and metalRemoves sulfur, nitrogen and metal
compounds from intermediate fractionscompounds from intermediate fractions

•• In hydrodesulfurization, the petroleumIn hydrodesulfurization, the petroleum
stream is mixed with hydrogen and passedstream is mixed with hydrogen and passed
over a fixedover a fixed--bed catalystbed catalyst

•• Reactor effluent is separated to recoverReactor effluent is separated to recover
the hydrogen and the hydrogen sulfidethe hydrogen and the hydrogen sulfide
and ammoniaand ammonia

Amine TreatingAmine Treating

•• Removes acid impurities, mainly hydrogenRemoves acid impurities, mainly hydrogen
sulfide and carbon dioxide, fromsulfide and carbon dioxide, from
intermediate fractionsintermediate fractions

•• Petroleum stream is contacted with anPetroleum stream is contacted with an
aqueous amine solution in a tray oraqueous amine solution in a tray or
packed towerpacked tower

•• Spent amine solution is processed toSpent amine solution is processed to
regenerate the scrubbing solution andregenerate the scrubbing solution and
producing a concentrated acidproducing a concentrated acid--gas streamgas stream

Chemical SweeteningChemical Sweetening

•• Sweetens distillates by extraction orSweetens distillates by extraction or
conversion of mercaptansconversion of mercaptans

•• In conversion process, sour feed isIn conversion process, sour feed is
sparged with air and passed over a fixedsparged with air and passed over a fixed--
bed catalyst wetted by caustic solutionbed catalyst wetted by caustic solution

•• In extraction process, sour feed isIn extraction process, sour feed is
contacted with caustic solution in a packedcontacted with caustic solution in a packed
tower. Spent caustic is regenerated andtower. Spent caustic is regenerated and
mecaptans recovered as alkyl disulfidesmecaptans recovered as alkyl disulfides
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Asphalt BlowingAsphalt Blowing

Auxiliary ProcessesAuxiliary Processes

•• Sulfur recoverySulfur recovery

•• Wastewater treatmentWastewater treatment

•• Fuel gas recoveryFuel gas recovery

•• Blowdown systemsBlowdown systems

Sulfur RecoverySulfur Recovery

•• Sulfur compounds in petroleum fractionsSulfur compounds in petroleum fractions
are converted into hydrogen sulfide byare converted into hydrogen sulfide by
treatment processestreatment processes

•• Hydrogen sulfide is collected andHydrogen sulfide is collected and
converted to elemental sulfur, usually withconverted to elemental sulfur, usually with
a Claus processa Claus process
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Wastewater TreatmentWastewater Treatment

•• Specific design of system variesSpecific design of system varies

•• Systems generally include:Systems generally include:

•• Drain systemsDrain systems

•• OilOil--water separatorswater separators

•• Air flotation unitsAir flotation units

•• Additional treatment may involve secondaryAdditional treatment may involve secondary
and tertiary processesand tertiary processes

Fuel Gas RecoveryFuel Gas Recovery

•• Recovers hydrocarbon vapors fromRecovers hydrocarbon vapors from
various refinery processesvarious refinery processes

•• Collected gases are compressed,Collected gases are compressed,
condensed and separated into constantcondensed and separated into constant
vapor pressure mixturesvapor pressure mixtures

•• Recovered mixtures used as refinery fuelRecovered mixtures used as refinery fuel
or feedstock or soldor feedstock or sold

Blowdown SystemsBlowdown Systems

•• Provides for safe disposal of liquid andProvides for safe disposal of liquid and
gaseous hydrocarbons from pressuregaseous hydrocarbons from pressure--
relief devicesrelief devices

•• Blowdown is separated into liquid andBlowdown is separated into liquid and
vapor fractions and recycled or flaredvapor fractions and recycled or flared
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Emission Control TechniquesEmission Control Techniques

•• FlaresFlares

•• IncineratorsIncinerators

•• Process heatersProcess heaters

•• CoversCovers

•• Fugitive emission controlFugitive emission control

Emission RegulationEmission Regulation

Process InspectionProcess Inspection


