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1 MARKET/TECHNOLOGY TRENDS & OPPORTUNITIES 

1.1 Introduction 
1.2 Market Conditions and Outlook 

1.2.1 Refinery Units Emitting Sulfur 
1.2.2 Refinery Sulfur Production 
1.2.3 Global Sulfur Production and Demand 

1.3 Technology Competition, Directions, and Future Prospects 
1.3.1 Acid Gas Removal 
1.3.2 Claus 
1.3.3 Tailgas Treating 
1.3.4 Alternative Sulfur Production and Handling Methods 

2 STATE-OF-THE-ART TECHNOLOGY 
2.1 Introduction 
2.2 Commercial Process Technology 

2.2.1 Acid Gas Removal 
2.2.1.1 BASF 
2.2.1.2 Dow Gas Treating Products and Services 
2.2.1.3 ExxonMobil 

2.2.1.3.1 AGE 
2.2.1.3.2 FLEXSORB 

2.2.1.4 Fluor 
2.2.1.5 INEOS Oxide 
2.2.1.6 Lurgi 
2.2.1.7 Shell Global Solutions 

2.2.1.7.1 ADIP 
2.2.1.7.2 Sulfinol 
2.2.1.7.3 ADIP-X and Sulfinol-X 

2.2.1.8 TKK 
2.2.1.9 Uhde 

2.2.1.9.1 Morphysorb 
2.2.1.9.2 Genosorb 

2.2.1.10 UOP 
2.2.2 Claus 

2.2.2.1 Oxygen Enriched Claus 
2.2.2.1.1 Air Liquide 
2.2.2.1.2 BOC Gases/WorleyParsons 

2.2.2.1.2.1 SURE Single Combustion......................................... 
2.2.2.1.2.2 SURE Double Combustion....................................... 
2.2.2.1.2.3 SUREMAX............................................................... 

2.2.2.1.3 CB&I 
2.2.2.1.4 Duiker Combustion Engineers 
2.2.2.1.5 Fluor 
2.2.2.1.6 Goar, Allison & Associates/Air Products and Chemicals 
2.2.2.1.7 Lurgi/Black & Veatch 

2.2.2.2 Sub-dew Point Claus 
2.2.2.2.1 BP 
2.2.2.2.2 DEG-ITS 
2.2.2.2.3 Delta Hudson 
2.2.2.2.4 Linde 
2.2.2.2.5 Lurgi 
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2.2.2.3 Direct Oxidation 
2.2.2.3.1 Jacobs 

2.2.2.3.1.1 SUPERCLAUS......................................................... 
2.2.2.3.1.2 EUROCLAUS.......................................................... 

2.2.2.3.2 Linde 
2.2.2.3.3 Lurgi 
2.2.2.3.4 UOP/WorleyParsons 

2.2.2.3.4.1 Selectox/Recycle Selectox........................................ 
2.2.2.3.4.2 PROClaus................................................................. 

2.2.2.4 Siirtec Nigi 
2.2.3 Tailgas Treatment 

2.2.3.1 CANSOLV Technologies 
2.2.3.2 CB&I 
2.2.3.3 DuPont Clean Technologies 
2.2.3.4 Linde 
2.2.3.5 Lurgi 
2.2.3.6 MECS 

2.2.3.6.1 DynaWave Wet Gas Scrubbing 
2.2.3.6.2 ClausMaster 

2.2.3.7 Prosernat IFP Group Technologies 
2.2.3.7.1 Clauspol II 
2.2.3.7.2 Clauspol Booster 99.9+ 

2.2.3.8 Shell Global Solutions 
2.2.3.9 Siirtec Nigi 
2.2.3.10 Technip 

2.2.3.10.1 Reduction Absorption Recycle 
2.2.3.10.2 Multipurpose Reduction Absorption Recycle 

2.2.3.11 TKK 
2.2.3.12 UOP/WorleyParsons 

2.2.3.12.1 Beavon Sulfur Removal 
2.2.3.12.2 Rameshni Catalytic Thermal Incineration 

2.2.4 Alternative Sulfur Removal Processes 
2.2.4.1 Adding a Redox Process for Increased Sulfur Recovery 

2.2.4.1.1 Gas Technology Products (GTP) 
2.2.4.1.1.1 LO-CAT.................................................................... 
2.2.4.1.1.2 LO-CAT II................................................................ 
2.2.4.1.1.3 MINI-CAT................................................................ 

2.2.4.1.2 Prosernat IFP Group Technologies/Le Gaz Integral 
2.2.4.1.3 Shell Global Solutions 

2.2.4.2 Produce Sulfuric Acid 
2.2.4.2.1 DuPont STRATCO 
2.2.4.2.2 Haldor Topsøe 

2.2.4.3 Other Processes 
2.2.4.3.1 Black & Veatch 
2.2.4.3.2 CrystaTech 
2.2.4.3.3 Paques B.V./Shell Global Solutions 
2.2.4.3.4 Paques B.V./Shell Global Solutions/UOP 

2.2.5 Sulfur Degasification 
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2.2.5.1 Black & Veatch 
2.2.5.2 ExxonMobil 
2.2.5.3 Goar, Allison & Associates 
2.2.5.4 Lurgi 
2.2.5.5 Shell Global Solutions 
2.2.5.6 Siirtec Nigi 

2.2.6 Sulfur Finishing Processes 
2.2.6.1 Enersul 
2.2.6.2 Sandvik 

2.3 Commercial Catalysts 
2.3.1 Axens 
2.3.2 BASF Catalysts 
2.3.3 Criterion Catalysts & Technologies 
2.3.4 Haldor Topsøe 
2.3.5 Jacobs 
2.3.6 UOP 

2.4 Advanced Process Control and Simulation 
2.4.1 Aspen Tech 
2.4.2 Bryan Research and Engineering 
2.4.3 Jacobs 
2.4.4 Optimized Gas Treating 
2.4.5 Siirtec Nigi 
2.4.6 Shell 

2.5 Summary of Commercially Available Sulfur Plant Technologies 
2.6 Comparison of Commercial Sulfur Plant Catalysts 

3 PLANT OPERATIONS AND PRACTICES 
3.1 Acid Gas Removal 

3.1.1 Amine System Operating Issues 
3.1.1.1 Amine Solvent Replacement 
3.1.1.2 Wet Acid Gas Corrosion 
3.1.1.3 Amine Solution Corrosion 
3.1.1.4 Foaming 
3.1.1.5 Amine Losses 
3.1.1.6 Carbon Filters in Amine Systems 
3.1.1.7 Optimization of an Amine Unit 

3.1.2 Safe Acid Gas Handling 
3.1.3 Fuel Gas Sweetening in a Hydrocracker Fractionation Section 

3.2 Claus 
3.2.1 Increasing Sulfur Recovery Capacity 
3.2.2 The Effects of Extreme Turndowns 
3.2.3 Benefits and Drawbacks of Oxygen Enrichment 
3.2.4 Claus Unit Shutdowns 
3.2.5 Claus Catalyst Life and Reuse 

3.3 Alternatives to the Claus Process 
3.3.1 Iron Redox Process Concerns 

3.4 Tailgas Treating 
3.4.1 Experience with Designing a New TGTU 
3.4.2 Proper TGT Catalyst Selection 

3.5 Other 
3.5.1 Reducing Energy Use in Sulfur Plants 
3.5.2 Liquid Sulfur Storage and Handling 
3.5.3 Liquid Scavengers for H2S Removal 

4 REFINING R&D ALERT! 



 

1Q 2009 
iv 

Hydrocarbon Publishing Co./Copyright Protected 

4.1 Introduction 
4.2 Acid Gas Removal 

4.2.1 Patents 
4.2.2 Research 

4.3 Claus-based Technology 
4.3.1 Patents 
4.3.2 Research 

4.4 Tailgas Treating 
4.4.1 Patents 
4.4.2 Research 

4.5 Miscellaneous Production and Handling Methods 
4.5.1 Patents 
4.5.2 Research 

5 WORLDWIDE INSTALLED CAPACITY 
6 CONSTRUCTION 

6.1 Recent Construction Activity 
6.2 Completed Construction Projects 
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