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Petroleum SulfurPetroleum Sulfur
Source & IssuesSource & Issues

HeteroatomsHeteroatoms present in Crude Oilpresent in Crude Oil
–– SulfurSulfur
–– Nitrogen Nitrogen 
–– OxygenOxygen

Environmental IssuesEnvironmental Issues
–– tailpipe emissionstailpipe emissions

Refiner IssuesRefiner Issues
–– product specificationsproduct specifications
–– corrosioncorrosion
–– catalyst poisoncatalyst poison



Fuel RegulationsFuel Regulations
Allowable SulfurAllowable Sulfur

YearYearTarget levelTarget level
Country & Country & 
ProductProduct

2005200550 50 ppmppmEU DieselEU Diesel

2005200550 50 ppmppmEU GasolineEU Gasoline

20072007
20102010

500 500 ppmppm
15 15 ppmppm

US offUS off--road dieselroad diesel

2006200615 15 ppmppmUS DieselUS Diesel

2005200530 30 ppmppmUnited States United States 
GasolineGasoline



Analytical Characterization SolutionAnalytical Characterization Solution

GCGC--AEDAED
–– Chromatographic column separation of Chromatographic column separation of 

heteroatomicheteroatomic species followed by elemental species followed by elemental 
detection.detection.
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Case #1 Case #1 

IssueIssue
–– Hydroprocessing: Sulfur removed by Hydroprocessing: Sulfur removed by 

conversion to hydrogen sulfide (H2S)conversion to hydrogen sulfide (H2S)
•• added hydrogen breaks carbonadded hydrogen breaks carbon--sulfur bonds & sulfur bonds & 

saturates remaining hydrocarbon chainssaturates remaining hydrocarbon chains
•• need to link process conditions to sulfur need to link process conditions to sulfur 

conversion and distributionconversion and distribution

Analytical SolutionAnalytical Solution
–– GCGC--AED analysis used to track processing AED analysis used to track processing 

chemistrychemistry



Beta substitutedBeta substituted--DibenzothiopheneDibenzothiophene
FamilyFamily

Sulfur SpeciesSulfur Species

SS

ThiophenesThiophenes
BenzothiophenesBenzothiophenes
NonNon--ThiophenesThiophenes
DibenzothiophenesDibenzothiophenes
MonoMono--BetaBeta--DibenzothiophenesDibenzothiophenes

Most Difficult SpeciesMost Difficult Species
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High Sulfur FeedHigh Sulfur Feed

GCGC--AED sulfur 181AED sulfur 181

4 MDBT 4,6 DMDBT
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Case #2 Case #2 

IssueIssue
–– Hydroprocessing: Nitrogen is removed by conversion Hydroprocessing: Nitrogen is removed by conversion 

to ammonia (NH3)  to ammonia (NH3)  
•• Nitrogen requires about 4x hydrogen as the equivalent sulfur Nitrogen requires about 4x hydrogen as the equivalent sulfur 

removalremoval

•• Nitrogen inhibition of Nitrogen inhibition of desulfurizationdesulfurization

•• Some feeds harder to process than othersSome feeds harder to process than others

Analytical SolutionAnalytical Solution
–– GCGC--AED analysis used to track processing chemistryAED analysis used to track processing chemistry
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Case #3 Case #3 

IssueIssue
–– Oxidative Diesel Oxidative Diesel DesulfurizationDesulfurization: Sulfur is : Sulfur is 

removed by reacting sulfur containing removed by reacting sulfur containing 
compounds with oxygen to form compounds with oxygen to form sulfonessulfones

–– Adsorbent used to remove Adsorbent used to remove sulfonessulfones

Analytical SupportAnalytical Support
–– GCGC--AED used to track conversionAED used to track conversion
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GCGC--AED AED 
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ConclusionsConclusions

GCGC--AED is a powerful tool for the analysis AED is a powerful tool for the analysis 
of of heteroatomsheteroatoms in petroleum samplesin petroleum samples
Having information on only 1 heteroatom is Having information on only 1 heteroatom is 
insufficient for determining process insufficient for determining process 
performance of a feedstock in performance of a feedstock in 
hydroprocessinghydroprocessing


