
 

 

 
PERP Report 

 

Hydrogen Peroxide-Based Propylene 
Oxide 
06/07S2 

 

December 2007 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

44 South Broadway, White Plains, New York 10601, USA 
Tel:  +1 914 609 0300      Fax:  +1 914 609 0399 

 
Copyright© by Nexant Inc. 2007 

 
This report was prepared by Nexant, Inc (“Nexant”) and is part of the Process Evaluation Research Planning (PERP) Program. Except where 
specifically stated otherwise in this Report, the information contained herein is prepared on the basis of information that is publicly available, 
and contains no confidential third party technical information to the best knowledge of Nexant. Aforesaid information has not been 
independently verified or otherwise examined to determine its accuracy, completeness or financial feasibility. 
Neither NEXANT, Subscriber nor any person acting on behalf of either assumes any liabilities with respect to the use of or for damages 
resulting from the use of any information contained in this Report. Nexant does not represent or warrant that any assumed conditions will come 
to pass. 

The report is submitted on the understanding that the Subscriber will maintain the contents confidential except for the Subscriber’s internal use. 
The Report should not be reproduced, distributed or used without first obtaining prior written consent by Nexant. Each Subscriber agrees to use 
reasonable effort to protect the confidential nature of the Report. 



 

 Hydrogen Peroxide-Based Propylene Oxide 
PERP 06/07S2 

i

Q407_00101.0007.4114 

Contents 
 
Section Page 
 
1 Executive Summary.................................................................................................  1 

1.1 INTRODUCTION .........................................................................................  1 

1.2 HYDROGEN PEROXIDE BASED PO TECHNOLOGY............................  1 

 1.2.1 Background.....................................................................................  1 

 1.2.2 Epoxidation with Purchased Hydrogen Peroxide ...........................  2 

 1.2.3 Dow Patent......................................................................................  2 

1.3 CONVENTIONAL TECHNOLOGY............................................................  5 

 1.3.1 Chlorohydrin Integrated with Chlor-Alkali ....................................  5 

 1.3.2 Ethylbenzene Hydroperoxide with Styrene Co-product (POSM) ..  5 

 1.3.3 Cumene Hydroperoxide without Co-product..................................  7 

1.4 ECONOMIC ANALYSIS .............................................................................  10 

1.5 COMMERCIAL ANALYSIS........................................................................  11 

 1.5.1 North America ................................................................................  11 

 1.5.2 Western Europe...............................................................................  11 

 1.5.3 Asia/Pacific .....................................................................................  12 

1.6 CONCLUSIONS............................................................................................  13 

2 Hydrogen Peroxide Based PO Technology............................................................  14 

2.1 INTRODUCTION .........................................................................................  14 

2.2 EPOXIDATION WITH PURCHASED HYDROGEN PEROXIDE............  14 

 2.2.1 Chemistry........................................................................................  15 

 2.2.2 Earlier Work....................................................................................  15 

 2.2.3 Dow Patent......................................................................................  17 

 2.2.4 Degussa/Uhde Patents.....................................................................  18 

 2.2.5 Process Description.........................................................................  21 

2.3 EPOXIDATION WITH DIRECTLY SYNTHESIZED HYDROGEN 
PEROXIDE....................................................................................................  27 

 2.3.1 Process Description.........................................................................  28 

2.4 EPOXIDATION WITH IN-SITU HYDROGEN PEROXIDE .....................  31 

 2.4.1 Chemistry........................................................................................  31 

2.5 OTHER DEVELOPMENTS .........................................................................  33 



 Contents 

 Hydrogen Peroxide-Based Propylene Oxide 
PERP 06/07S2 

ii

Q407_00101.0007.4114 

 2.5.1 Dow.................................................................................................  33 

 2.5.2 Lyondell ..........................................................................................  33 

 2.5.3 Dalian Institute of Chemical Physics (DICP) .................................  34 

 2.5.4 Recovery/Purification of Propylene Oxide.....................................  34 

3 Conventional Technology ........................................................................................  36 

3.1 CHLOROHYDRIN INTEGRATED WITH CHLOR-ALKALI ...................  36 

 3.1.1 Chemistry........................................................................................  36 

 3.1.2 Process Description.........................................................................  38 

3.2 ETHYLBENZENE HYDROPEROXIDE WITH STYRENE CO-PRODUCT 42 

 3.2.1 Chemistry........................................................................................  42 

 3.2.2 Process Description.........................................................................  45 

3.3 CUMENE HYDROPEROXIDE WITHOUT CO-PRODUCT .....................  49 

 3.3.1 Chemistry........................................................................................  49 

 3.3.2 Process Description.........................................................................  53 

3.4 PROPERTIES, STORAGE, AND HANDLING...........................................  59 

3.5 HEALTH AND SAFETY..............................................................................  60 

4 Economic Analysis ...................................................................................................  62 

4.1 BASIS .........................................................................................................  62 

 4.1.1 Pricing Basis ...................................................................................  62 

 4.1.2 Investment Basis .............................................................................  63 

 4.1.3 Cost of Production Basis.................................................................  63 

4.2 ECONOMIC ANALYSIS .............................................................................  65 

 4.2.1 Hydrogen Peroxide-Based Propylene Oxide ..................................  65 

 4.2.2 Propylene Oxide via Conventional Routes .....................................  66 

4.3 SENSITIVITY ANALYSIS ..........................................................................  71 

 4.3.1 HPPO Conversion/Selectivity.........................................................  71 

 4.3.2 Pricing.............................................................................................  72 

 4.3.3 Capital Investment ..........................................................................  76 

 4.3.4 Economy of Scale ...........................................................................  76 

4.4 CONCLUSIONS............................................................................................  77 

5 Commercial Analysis ...............................................................................................  78 



 Contents 

 Hydrogen Peroxide-Based Propylene Oxide 
PERP 06/07S2 

iii

Q407_00101.0007.4114 

5.1 APPLICATIONS ...........................................................................................  78 

5.2 NORTH AMERICA ......................................................................................  78 

 5.2.1 Consumption ...................................................................................  78 

 5.2.2 Supply .............................................................................................  79 

 5.2.3 Supply, Demand and Trade.............................................................  80 

5.3 WESTERN EUROPE ....................................................................................  81 

 5.3.1 Consumption ...................................................................................  81 

 5.3.2 Supply .............................................................................................  81 

 5.3.3 Supply, Demand and Trade.............................................................  82 

5.4 ASIA PACIFIC..............................................................................................  83 

 5.4.1 Consumption ...................................................................................  83 

 5.4.2 Supply .............................................................................................  83 

 5.4.3 Supply, Demand and Trade.............................................................  84 

6 References .........................................................................................................  86 

 

 
Appendix Page 
 
A Equipment List and Cost.........................................................................................  A-1 

B Nexant’s ChemSystems Capital Cost Estimates ....................................................  B-1 

C PERP Program Title Index .....................................................................................  C-1 

 

 



 Contents 

 Hydrogen Peroxide-Based Propylene Oxide 
PERP 06/07S2 

iv

Q407_00101.0007.4114 

 
Figure Page 
 
1.1 The BASF-Dow HPPO Process.................................................................................  4 

1.2 Summary of PO Economics.......................................................................................  10 

2.1 The BASF-Dow HPPO Process.................................................................................  19 

2.2 Speculative Dow Hydrogen Peroxide-based  Propylene Oxide Process ...................  22 

2.3 HPPO Block Flow Diagram.......................................................................................  26 

2.4 Propylene Oxide via Epoxidation with  Direct Hydrogen Peroxide..........................  29 

3.1 Propylene Oxide  Chlorohydrin Process....................................................................  39 

3.2 Block Flow Diagram of  PO (Chlorohydrin) Plant with  Integral Caustic/Chlorine .  41 

3.3 Styrene/Propylene Oxide via Lyondell Process: Peroxidation and Epoxidation.......  46 

3.4 Styrene/Propylene Oxide via Lyondell Process: Recovery .......................................  47 

3.5 Speculative Sumitomo Co-product Free PO Process: Block Diagram......................  54 

3.6 Speculative Sumitomo PO Process – Oxidation and Epoxidation.............................  56 

3.7 Speculative Sumitomo PO Process – Recovery and Hydrogenolysis .......................  57 

4.1 Summary of PO Economics.......................................................................................  71 

4.2 Sensitivity of HPPO Cost to Yield.............................................................................  72 

4.3 Propylene (Chem Grade) Price History .....................................................................  73 

4.4 Sensitivity of PO Economics to Propylene Price.......................................................  73 

4.5 Sensitivity of PO Economics to Hydrogen Peroxide Price........................................  74 

4.6 Styrene Price History .................................................................................................  75 

4.7 Sensitivity of PO Economics to Styrene Price...........................................................  75 

4.8 Sensitivity of PO Economics to Capital Investment..................................................  76 

4.9 Sensitivity of PO Economics to Plant Capacity.........................................................  77 

5.1 North America Propylene Oxide Consumption, 2006...............................................  79 

5.2 West European Propylene Oxide Consumption, 2006 ..............................................  81 

 



 Contents 

 Hydrogen Peroxide-Based Propylene Oxide 
PERP 06/07S2 

v

Q407_00101.0007.4114 

Table Page 
 

1.1 Selectivity in Ethylbenzene Oxidation.......................................................................  7 

1.2 Comparison of Hydroperoxidation Parameters .........................................................  9 

1.3 North America Propylene Oxide Supply, Demand and Trade ..................................  11 

1.4 West European Propylene Oxide Supply, Demand and Trade ..................................  12 

1.5 Asia Pacific Propylene Oxide Supply, Demand and Trade .......................................  12 

2.1 Reactor Conversion and Selectivity – Dow Patent ....................................................  21 

2.2 Dow HPPO Material Balance ....................................................................................  24-25 

3.1 Selectivity in Ethylbenzene Oxidation.......................................................................  43 

3.2 Comparison of Hydroperoxidation Parameters .........................................................  52 

3.3 Physical Properties of Propylene Oxide ....................................................................  59 

4.1 Feedstock and Byproduct Prices................................................................................  62 

4.2 ISBL Capital Buildup – Hydrogen Peroxide-Based Propylene Oxide (HPPO) ........  65 

4.3 Cost of Production Estimate for: Propylene Oxide  
Process: BASF-Dow HPPO.......................................................................................  67 

4.4 Cost of Production  Estimate for: Propylene Oxide 
Process: Chlorohydrin (Integrated with Chloro-alkali) .............................................  68 

4.5 Cost of Production Estimate for: Propylene Oxide  
Process: POSM ..........................................................................................................  69 

4.6 Cost of Production  Estimate for: Propylene Oxide 
Process:  Sumitomo Hydroperoxide ..........................................................................  70 

5.1 U.S. Propylene Oxide Capacity, 2006 .......................................................................  80 

5.2 North American Propylene Oxide Supply, Demand and Trade ................................  80 

5.3 Western European Propylene Oxide Capacity, 2006.................................................  82 

5.4 West European Propylene Oxide Supply, Demand and Trade ..................................  82 

5.5 Asia Pacific Propylene Oxide Capacity, 2006...........................................................  84 

5.6 Asia Pacific Propylene Oxide Supply, Demand and Trade .......................................  85 

 




