
Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

1 

100101.200.2021.003 

TECHNOLOGY & COSTS 

Technoeconomics - Energy & Chemicals (TECH) 

TECH 2021-3 Nitrobenzene/Aniline/MDI 
Table of Contents 

A Report by NexantECA, the Energy and Chemical Advisory company 

Published Date: August 2021 

www.nexanteca.com/subscriptions-and-reports 

Contents 

1 Executive Summary ........................................................................................................................... 1 

2 Business Overview ............................................................................................................................. 6 

2.1 Introduction ............................................................................................................................ 6 

2.2 Historical Development ......................................................................................................... 8 

2.3 Business Development .......................................................................................................... 9 

2.4 Intellectual Property Development ...................................................................................... 14 

2.5 Barriers to Entry .................................................................................................................. 19 

2.5.1 Technology ............................................................................................................. 19 

2.5.2 Market .................................................................................................................... 24 

2.6 Sustainability ....................................................................................................................... 25 

2.7 Properties and Hazards....................................................................................................... 29 

2.7.1 Nitrobenzene .......................................................................................................... 29 

2.7.2 Aniline ..................................................................................................................... 30 

2.7.3 Methylene Diphenyl Diisocyanate (MDI) ................................................................ 31 

2.8 Handling and Storage .......................................................................................................... 33 

2.8.1 Nitrobenzene .......................................................................................................... 33 

2.8.2 Aniline ..................................................................................................................... 34 

2.8.3 Methylene Diphenyl Diisocyanate (MDI) ................................................................ 34 

2.9 Regulatory Developments ................................................................................................... 36 

2.9.1 Nitrobenzene .......................................................................................................... 36 

2.9.2 Aniline ..................................................................................................................... 36 

2.9.3 Methylene Diphenyl Diisocyanate (MDI) ................................................................ 36 

3 Nitrobenzene Process Technology .................................................................................................. 38 

3.1 Chemistry ............................................................................................................................ 38 

3.2 Process Technology ............................................................................................................ 40 

3.2.1 NORAM .................................................................................................................. 40 

3.2.2 KBR PLINKESM ..................................................................................................... 45 

3.2.3 Josef Meissner ....................................................................................................... 47 

3.3 Waste Treatment ................................................................................................................. 55 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

2 

100101.200.2021.003 

4 Aniline Process Technology ............................................................................................................. 58 

4.1 Chemistry ............................................................................................................................ 58 

4.2 Vapor Phase Process Technology ...................................................................................... 60 

4.2.1 Generic ................................................................................................................... 60 

4.2.2 BASF ...................................................................................................................... 62 

4.2.3 BorsodChem .......................................................................................................... 62 

4.2.4 Chemours ............................................................................................................... 63 

4.2.5 Covestro ................................................................................................................. 64 

4.3 Liquid Phase Process Technology ...................................................................................... 66 

4.3.1 Bondalti .................................................................................................................. 66 

4.3.2 Chematur ................................................................................................................ 68 

4.3.3 Chemours ............................................................................................................... 70 

4.3.4 Huntsman ............................................................................................................... 71 

4.3.5 Wanhua Chemicals ................................................................................................ 73 

4.4 Waste Treatment ................................................................................................................. 74 

4.5 Developing Technologies .................................................................................................... 76 

5 Polymeric and Crude MDI Process Technology .............................................................................. 77 

5.1 Chemistry ............................................................................................................................ 77 

5.1.1 Methylene Dianiline (MDA) .................................................................................... 78 

5.1.2 Phosgene Generation ............................................................................................ 81 

5.1.3 Methylene Diphenyl Diisocyanate (MDI) ................................................................ 83 

5.1.4 Polyurethane .......................................................................................................... 85 

5.2 Process Technology ............................................................................................................ 92 

5.2.1 Generic ................................................................................................................... 92 

5.2.2 BASF .................................................................................................................... 102 

5.2.3 Chematur .............................................................................................................. 103 

5.2.4 Covestro ............................................................................................................... 103 

5.2.5 Dow ...................................................................................................................... 104 

5.2.6 Huntsman ............................................................................................................. 104 

5.2.7 Wanhua Chemical ................................................................................................ 109 

5.2.8 BUSS ChemTech ................................................................................................. 112 

5.2.9 HH Chem Tech ..................................................................................................... 113 

5.3 Developing Technologies .................................................................................................. 120 

5.3.1 Methyl N-Phenyl Carbamate (MPC) ..................................................................... 121 

5.3.2 Dimethyl Methylene Diphenyl 4,4’-Dicarbamate (MDC) ...................................... 135 

5.3.3 Methylene Diphenyl Diisocyanate (MDI) .............................................................. 139 

6 Monomeric MDI Technology .......................................................................................................... 146 

6.1 Introduction ........................................................................................................................ 146 

6.2 Sulzer ChemTech .............................................................................................................. 148 

6.2.1 Distillation Process Technology ........................................................................... 148 

6.2.2 Crystallization Process Technology ..................................................................... 151 

6.3 GEA ................................................................................................................................... 161 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

3 

100101.200.2021.003 

6.3.1 MDI Splitting Process ........................................................................................... 161 

6.3.2 Ultra Purification of 4,4-MDI ................................................................................. 162 

7 Specialty MDI Grade Process Technology .................................................................................... 164 

7.1 Modified MDI ..................................................................................................................... 164 

7.2 MDI Prepolymers ............................................................................................................... 165 

8 Third Party Process Technology .................................................................................................... 168 

8.1 Introduction ........................................................................................................................ 168 

8.2 Chloralkali – Chlorine/Caustic Soda .................................................................................. 169 

8.2.1 Overview .............................................................................................................. 169 

8.2.2 Asahi Kasei Chemical .......................................................................................... 170 

8.2.3 BlueStar Chemical ................................................................................................ 171 

8.2.4 INEOS Technologies (INOVYN) .......................................................................... 171 

8.2.5 thyssenkrupp Uhde Chlorine Engineers............................................................... 173 

8.3 Formaldehyde ................................................................................................................... 182 

8.3.1 Overview .............................................................................................................. 182 

8.3.2 Alder ..................................................................................................................... 182 

8.3.3 DB Western .......................................................................................................... 184 

8.3.4 Dynea ................................................................................................................... 184 

8.3.5 Haldor Topsoe ...................................................................................................... 186 

8.3.6 Johnson Matthey .................................................................................................. 186 

8.3.7 Josef Meissner ..................................................................................................... 189 

8.4 Hydrogen/Carbon Monoxide ............................................................................................. 191 

8.4.1 Overview .............................................................................................................. 191 

8.4.2 Air Liquide ............................................................................................................ 191 

8.4.3 Haldor Topsoe ...................................................................................................... 197 

8.4.4 Linde ..................................................................................................................... 197 

8.4.5 thyssenkrupp Industrial Solutions ........................................................................ 201 

8.5 Nitric Acid .......................................................................................................................... 209 

8.5.1 Overview .............................................................................................................. 209 

8.5.2 Casale .................................................................................................................. 210 

8.5.3 DuPont ................................................................................................................. 210 

8.5.4 Espindesa ............................................................................................................. 211 

8.5.5 KBR Weatherly ..................................................................................................... 211 

8.5.6 Stamicarbon ......................................................................................................... 212 

8.5.7 thyssenkrupp ........................................................................................................ 213 

9 Decarbonization Potential .............................................................................................................. 215 

9.1 Introduction ........................................................................................................................ 215 

9.2 Emission Intensity ............................................................................................................. 218 

9.3 Market Emissions .............................................................................................................. 220 

9.4 Decarbonization Pathways ................................................................................................ 221 

9.5 Cost Competitiveness ....................................................................................................... 222 

9.5.1 Carbon Taxation ................................................................................................... 222 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

4 

100101.200.2021.003 

9.5.2 Investment in Industrial Decarbonization ............................................................. 224 

9.5.3 Industrial Decarbonization and Carbon Taxation ................................................. 232 

9.6 Profitability and Pricing Analysis ....................................................................................... 236 

10 Process Economics ........................................................................................................................ 243 

10.1 Costing Basis .................................................................................................................... 243 

10.1.1 Investment Basis .................................................................................................. 243 

10.1.2 Pricing Basis ......................................................................................................... 246 

10.1.3 Cost of Production Basis ...................................................................................... 247 

10.2 Cost of Production of Mononitrobenzene .......................................................................... 248 

10.2.1 NORAM Process .................................................................................................. 248 

10.2.2 KBR Plinke Process ............................................................................................. 249 

10.2.3 Josef Meissner Process ....................................................................................... 250 

10.2.4 Summary .............................................................................................................. 251 

10.3 Cost of Production of Aniline ............................................................................................. 252 

10.3.1 Vapor Phase Process........................................................................................... 252 

10.3.2 Chematur Process ................................................................................................ 253 

10.3.3 Summary .............................................................................................................. 254 

10.4 Cost of Production of Polymeric MDI ................................................................................ 255 

10.4.1 Two-stage Liquid Phase Process ......................................................................... 255 

10.4.2 Summary .............................................................................................................. 256 

10.5 Cost of Production of Monomeric MDI .............................................................................. 257 

10.5.1 Vacuum Distillation ............................................................................................... 257 

10.5.2 Summary .............................................................................................................. 258 

10.6 Sensitivity Analysis ............................................................................................................ 259 

10.6.1 Raw Material Analysis .......................................................................................... 259 

10.6.2 Hydrochloric Acid Analysis ................................................................................... 261 

10.6.3 Time Analysis ....................................................................................................... 262 

11 Commercial Applications ................................................................................................................ 263 

11.1 Nitrobenzene ..................................................................................................................... 263 

11.2 Aniline ................................................................................................................................ 263 

11.3 Methylene Diphenyl Diisocyanate (MDI) ........................................................................... 264 

11.3.1 Flexible Foams ..................................................................................................... 265 

11.3.2 Semi-rigid Foams ................................................................................................. 266 

11.3.3 Rigid Foams ......................................................................................................... 266 

11.3.4 Coatings ............................................................................................................... 270 

11.3.5 Adhesives ............................................................................................................. 271 

11.3.6 Elastomers ........................................................................................................... 272 

12 Market Dynamics ............................................................................................................................ 274 

12.1 Nitrobenzene ..................................................................................................................... 274 

12.2 Aniline ................................................................................................................................ 275 

12.3 MDI .................................................................................................................................... 276 

12.3.1 Global ................................................................................................................... 276 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

5 

100101.200.2021.003 

12.3.2 North America ...................................................................................................... 280 

12.3.3 Western and Central Europe ................................................................................ 283 

12.3.4 Asia Pacific ........................................................................................................... 285 

12.3.5 Rest of World ........................................................................................................ 287 
A  

Appendices 

A Glossary ......................................................................................................................................... 290 

B Supporting Cost of Production Estimates ...................................................................................... 293 

C Definitions of Capital Cost Terms Used in Process Economics ..................................................... 299 

D Definitions of Operating Cost Terms Used in Process Economics ................................................ 304 

E TECH Program Title Index (2011-2021) ........................................................................................ 307 

F References ..................................................................................................................................... 310 
B  

 

Figures 

Figure 1 Global Polymeric MDI Capacity by Marketer ........................................................................... 1 

Figure 2 Global Polymeric MDI Capacity by Geography ....................................................................... 2 

Figure 3 The Relationship between Raw Material Suppliers and Processors ....................................... 3 

Figure 4 Cost of Polymeric MDI Production by Geography ................................................................... 3 

Figure 5 Cost Competitiveness of Polymeric MDI Over Time ............................................................... 4 

Figure 6 Delivered Cost of Production for Nitrobenzene under Carbon Taxation Scenarios ................ 5 

Figure 7 Methylene Diphenyl Diisocyanate (MDI) ................................................................................. 6 

Figure 8 Commercial Grades of MDI ..................................................................................................... 6 

Figure 9 MDI Value Chain...................................................................................................................... 7 

Figure 10 Total MDI Capacity by Marketer .............................................................................................. 8 

Figure 11 Timeline of Polyurethane Developments ................................................................................. 9 

Figure 12 BASF in the MDI industry, 2020 ............................................................................................ 10 

Figure 13 Covestro in the MDI industry, 2020 ....................................................................................... 10 

Figure 14 Dow Chemical in the MDI Industry, 2020 .............................................................................. 11 

Figure 15 Huntsman in the MDI Industry, 2020 ..................................................................................... 11 

Figure 16 Wanhua Chemical in the MDI Industry, 2020 ........................................................................ 12 

Figure 17 Capabilities of Top 5 in the MDI Industry, 2020 .................................................................... 13 

Figure 18 Intellectual Capital by MDI Technology ................................................................................. 15 

Figure 19 WIPO Patent Development by Time and Country of Origin .................................................. 15 

Figure 20 WIPO Patent Development by Company for Nitrobenzene .................................................. 16 

Figure 21 WIPO Patent Development by Company for Aniline ............................................................. 17 

Figure 22 WIPO Patent Development by Company for Polymeric MDI ................................................ 17 

Figure 23 WIPO Patent Development by Company for Monomeric MDI .............................................. 18 

Figure 24 WIPO Patent Development by Company for Modified MDI .................................................. 18 

Figure 25 WIPO Patent Development by Company for MDI Prepolymers ............................................ 19 

Figure 26 Nitrobenzene Emission Profile .............................................................................................. 26 

Figure 27 Aniline Emission Profile ......................................................................................................... 27 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

6 

100101.200.2021.003 

Figure 28 Polymeric MDI Emission Profile ............................................................................................ 27 

Figure 29 MDI Market Emissions by Geography ................................................................................... 28 

Figure 30 MDI Market Emissions by Source ......................................................................................... 28 

Figure 31 Property Matrix for Commodity Isocyanates ......................................................................... 32 

Figure 32 Nitronium Ion Formation ........................................................................................................ 38 

Figure 33 Nitration of Benzene .............................................................................................................. 38 

Figure 34 NORAM Mononitrobenzene Process .................................................................................... 41 

Figure 35 Example of a Jet Impingement Engine .................................................................................. 40 

Figure 36 NORAM’s Mononitrobenzene Plant in China ........................................................................ 43 

Figure 37 KBR Plinke Mononitrobenzene Process ............................................................................... 46 

Figure 38 Meissner Adiabatic Nitration of Benzene .............................................................................. 49 

Figure 39 Washing Section (1) .............................................................................................................. 50 

Figure 40 Washing Section (2) .............................................................................................................. 51 

Figure 41 Stripping of Mononitrobenzene .............................................................................................. 53 

Figure 42 Wet Air Oxidation Process ..................................................................................................... 56 

Figure 43 Hydrogenation of Aniline ....................................................................................................... 58 

Figure 44 Aniline via Nitrobenzene Hydrogenation (Vapor Phase) ....................................................... 61 

Figure 45 Schematic of BASF’s Reactor System .................................................................................. 62 

Figure 46 Covestro Aniline Process Utilizing Phase Separators ........................................................... 65 

Figure 47 Simplified Flow Diagram of Bondalti‛s Process ..................................................................... 67 

Figure 48 Chematur Aniline Process ..................................................................................................... 69 

Figure 49 Chemours Aniline Process via Liquid Phase Hydrogenation of Nitrobenzene ..................... 71 

Figure 50 Schematic of Huntsman’s Vanguard Aniline Process ........................................................... 72 

Figure 51 Schematic of Wanhua’s Liquid Phase Aniline Process ......................................................... 74 

Figure 52 Treatment of Waste Water from Aniline Complex ................................................................. 75 

Figure 53 Bio-Aniline Chemistry ............................................................................................................ 76 

Figure 54 Methylene Dianiline Hydrochloride Formation ....................................................................... 78 

Figure 55 Methylene Dianiline Formation .............................................................................................. 78 

Figure 56 Detailed Condensation and Rearrangement Mechanism...................................................... 79 

Figure 57 Methylene Dianiline Formation via 4-Aminobenzyl Alcohol .................................................. 81 

Figure 58 Versatility of Phosgene .......................................................................................................... 82 

Figure 59 Formation of Phosgene ......................................................................................................... 83 

Figure 60 Formation of Carbamoyl Chloride Intermediates ................................................................... 84 

Figure 61 Formation of Methylene Diphenyl Diisocyanate .................................................................... 84 

Figure 62 Polarization of the Isocyanate and Hydroxyl Functional Groups by Catalysis ...................... 85 

Figure 63 Reaction of Isocyanates with Hydroxyl Functional Groups ................................................... 86 

Figure 64 Reaction of Isocyanates with Water ...................................................................................... 87 

Figure 65 Reaction of Isocyanate with Amine ....................................................................................... 87 

Figure 66 Key Cross-linking Reactions .................................................................................................. 88 

Figure 67 Polyurethane Flexible Foams and High Modulus Elastomers ............................................... 89 

Figure 68 Rigid Polyurethane Polymers ................................................................................................ 90 

Figure 69 Dimerization of Isocyanate to Form an Uretidione ................................................................ 90 

Figure 70 Trimerization of Isocyanate to Form an Isocyanurate ........................................................... 91 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

7 

100101.200.2021.003 

Figure 71 Formation of Carbodiimides and Uretonimines ..................................................................... 91 

Figure 72 MDA/PMDA Production via Formaldehyde Condensation of Aniline .................................... 94 

Figure 73 Diagram of the Tubular Reactor Used for Phosgene Generation ......................................... 95 

Figure 74 Conventional Phosgene Generation Process ....................................................................... 97 

Figure 75 Generic MDI Process ............................................................................................................ 99 

Figure 76 HCI Recovery and MDI Distillation ...................................................................................... 100 

Figure 77 Huntsman MDA Process ..................................................................................................... 107 

Figure 78 Huntsman MDI Process ....................................................................................................... 108 

Figure 79 Yantai Wanhua MDA Process ............................................................................................. 111 

Figure 80 Schematic of BUSS ChemTech’s Integrated Phosgene Generator .................................... 112 

Figure 81 HH Chem Tech: TDA Phosgenation and Distillation Unit ................................................... 118 

Figure 82 HH Chem Tech: T01 Finishing Unit TDI .............................................................................. 119 

Figure 83 Overview of Non-phosgene Pathways to Isocyanates ........................................................ 120 

Figure 84 Summary of Non-Phosgene Routes to MDI ........................................................................ 121 

Figure 85 Reductive Carbonylation of Nitrobenzene to MPC .............................................................. 122 

Figure 86 Nitrobenzene Carbonylation Step to MPC .......................................................................... 123 

Figure 87 Oxidative Carbonylation of Aniline to MPC ......................................................................... 124 

Figure 88 Oxidative Carbonylation of Aniline....................................................................................... 126 

Figure 89 Reaction of Aniline with Dimethyl Carbonate to Produce MPC ........................................... 128 

Figure 90 Oxidative Carbonylation of  Methanol for DMC Production ................................................. 130 

Figure 91 Dimethyl Carbonate Recovery from Oxidative Methanol Carbonylation ............................. 132 

Figure 92 Reaction of DMC with Aniline .............................................................................................. 133 

Figure 93 Reaction of Phenylurea and Methanol ................................................................................ 134 

Figure 94 Reaction of Aniline with Urea and Methanol ....................................................................... 135 

Figure 95 Methoxycarbonylation of MDA using DMC .......................................................................... 135 

Figure 96 Methoxycarbonylation of MDA Using Methyl Carbamate .................................................... 136 

Figure 97 MPC Condensation with Formaldehyde .............................................................................. 137 

Figure 98 MPC Condensation with Formaldehyde .............................................................................. 138 

Figure 99 Thermal Decomposition of MDC ......................................................................................... 139 

Figure 100 Carbamate Cracking to Isocyanates via Reactive Distillation ............................................. 139 

Figure 101 Thermal Decomposition of MDC Decomposition to MDI ..................................................... 140 

Figure 102 Carbonylation of Aniline ....................................................................................................... 141 

Figure 103 Condensation of EPC with Formaldehyde .......................................................................... 141 

Figure 104 Thermal Decomposition of MDU ......................................................................................... 141 

Figure 105 Asahi Aniline Carbonylation  Process to EPC ..................................................................... 142 

Figure 106 Asahi EPC Condensation with Formaldehyde Process to MDU ......................................... 143 

Figure 107 Asahi Decomposition of  MDU to MDI Process ................................................................... 144 

Figure 108 Historical Monomeric MDI price premium over Polymeric MDI ........................................... 147 

Figure 109 Common Distillation Set-up for Purification of MDI Species ............................................... 148 

Figure 110 General Distillation Apparatus ............................................................................................. 150 

Figure 111 Binary Phase Diagram of Pure Components ...................................................................... 151 

Figure 112 Example of a Static Crystallizer ........................................................................................... 152 

Figure 113 Temperature Profile of the Static Crystallization ................................................................. 152 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

8 

100101.200.2021.003 

Figure 114 Example of a Falling Film Crystallizer ................................................................................. 153 

Figure 115 FFC Schematic .................................................................................................................... 154 

Figure 116 Suspension Process Methodology, Wash Column Action .................................................. 155 

Figure 117 Suspension Crystallization .................................................................................................. 156 

Figure 118 Example of a Suspension Crystallizer ................................................................................. 157 

Figure 119 Hybrid and Two-stage Purification System ......................................................................... 158 

Figure 120 Block Flow Diagram of GEA MDI Splitting process ............................................................. 161 

Figure 121 GEA’s Suspension Crystallization Unit and Wash Column ................................................. 162 

Figure 122 MDI Value Chain.................................................................................................................. 168 

Figure 123 Membrane Electrolysis Using Oxygen Depolarized Cathodes ............................................ 175 

Figure 124 Simplified Flow Diagram of Membrane Electrolyzer with ODC ........................................... 176 

Figure 125 Membrane Process – Anodic Reaction ............................................................................... 177 

Figure 126 Diaphragm Flow Diagram .................................................................................................... 178 

Figure 127 Diaphragm Cell Electrolysis ................................................................................................. 179 

Figure 128 Diaphragm Cell .................................................................................................................... 180 

Figure 129 Flowsheet of Dynea fasil® Silver Catalyst Technology ........................................................ 185 

Figure 130 Formaldehyde Production FORMOX™ Process ................................................................. 188 

Figure 131 Typical Air Liquide HyCO Process Diagram ........................................................................ 192 

Figure 132 Linde's Ammonia Concept LAC.L1 ...................................................................................... 199 

Figure 133 Linde Isothermal Shift Reactor ............................................................................................ 200 

Figure 134 thyssenkrupp Primary Reformer Design ............................................................................. 203 

Figure 135 tkIS Uhde Hydrogen/Syngas Plant With Pressure Swing Adsorption ................................. 205 

Figure 136 tkIS Direct Process Condensate Reuse System ................................................................. 206 

Figure 137 Block Flow Diagram of HYCO Plant .................................................................................... 207 

Figure 138 HYCO Plants using thyssenkrupp Technology ................................................................... 208 

Figure 139 Factors included in NexantECA Emission Analysis ............................................................ 216 

Figure 140 Calculation of Contained Emissions in Chemical A from Raw Materials ............................ 216 

Figure 141 Calculation of Additional Emissions in Chemical A from Utilities ........................................ 216 

Figure 142 Calculation of additional emissions in Chemical A from fixed sources ............................... 217 

Figure 143 Calculation of Emissions Removal from Chemical A by CCUS .......................................... 217 

Figure 144 Nitrobenzene Emission Profile ............................................................................................ 218 

Figure 145 Aniline Emission Profile ....................................................................................................... 219 

Figure 146 Polymeric MDI Emission Profile .......................................................................................... 219 

Figure 147 MDI Market Emissions by Geography ................................................................................. 220 

Figure 148 MDI Market Emissions by Source ....................................................................................... 220 

Figure 149 Delivered Cost of Production for Nitrobenzene under Carbon Taxation Scenarios ............ 222 

Figure 150 Delivered Cost of Production for Aniline under Carbon Taxation Scenarios....................... 223 

Figure 151 Delivered Cost of Production for MDI under Carbon Taxation Scenarios ........................... 224 

Figure 152 Overview of Weighted Average Ranking of Scenarios Against Base Case ........................ 225 

Figure 153 Overview of Emission and Cash Cost Impact of Scenarios against Base Case ................. 226 

Figure 154 Overview of CAPEX Requirements of Scenarios against Base case ................................. 226 

Figure 155 Overview of Benzene Feedstock Scenarios against Base Case ........................................ 228 

Figure 156 Overview of Fuel Gas Scenarios against Base Case .......................................................... 228 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

9 

100101.200.2021.003 

Figure 157 Overview of Electricity Scenarios against Base Case ......................................................... 229 

Figure 158 Overview of Steam Scenarios against Base Case .............................................................. 230 

Figure 159 Overview of CHP Scenarios against Base Case ................................................................. 230 

Figure 160 Overview of CCUS Scenarios against Base Case .............................................................. 231 

Figure 161 Cost of Production of Top 10 Decarbonization Routes for Nitrobenzene under 
Carbon Taxation .................................................................................................................. 234 

Figure 162 Cost of Production of Top Ten Decarbonization Routes for Aniline under Carbon 
Taxation ............................................................................................................................... 234 

Figure 163 Cost of Production of Top 10 Decarbonization Routes for MDI under Carbon 
Taxation ............................................................................................................................... 235 

Figure 164 MDI Cash Cost Margin Analysis for Feedstock Scenarios .................................................. 236 

Figure 165 MDI Cash Cost Margin Analysis for Fuel Gas Scenarios .................................................... 237 

Figure 166 MDI Cash Cost Margin Analysis for Electricity Scenarios ................................................... 238 

Figure 167 MDI Cash Cost Margin Analysis for Steam Scenarios ........................................................ 238 

Figure 168 MDI Cash Cost Margin Analysis for CHP Scenarios ........................................................... 239 

Figure 169 MDI Cash Cost Margin Analysis for CCUS Scenarios ........................................................ 240 

Figure 170 Percent Change in Cost Relative to Emissions for Decarbonization Scenarios ................. 240 

Figure 171 MDI Pricing under Emission Reduction Scenarios .............................................................. 241 

Figure 172 MDI Value Chain.................................................................................................................. 245 

Figure 173 Cost of Mononitrobenzene Production by Technology and Geography ............................. 251 

Figure 174 Cost of Aniline Production by Technology and Geography ................................................. 254 

Figure 175 Cost of Polymeric MDI Production by Geography ............................................................... 256 

Figure 176 Cost of Monomeric MDI Production by Technology and Geography .................................. 258 

Figure 177 Breakdown of Raw Material Costs ...................................................................................... 259 

Figure 178 Cost Sensitivity of Aniline to Raw Material Pricing .............................................................. 260 

Figure 179 Cost Sensitivity of MDI to Raw Material Pricing .................................................................. 260 

Figure 180 MDI Cost Sensitivity to Hydrochloric Acid Strategy ............................................................. 261 

Figure 181 Cost Competitiveness of Polymeric MDI Over Time ........................................................... 262 

Figure 182 Global Nitrobenzene Capacity by Marketer ......................................................................... 274 

Figure 183 Global Aniline Capacity by Marketer ................................................................................... 275 

Figure 184 Global Polymeric MDI Capacity by Marketer ....................................................................... 277 

Figure 185 Global Polymeric MDI Supply, Demand and Trade ............................................................. 278 

Figure 186 Global Monomeric MDI Capacity by Marketer ..................................................................... 279 

Figure 187 North American MDI Supply, Demand, and Trade .............................................................. 282 

Figure 188 Western and Central European MDI Supply, Demand, and Trade ..................................... 284 

Figure 189 Asian MDI Supply, Demand, and Trade .............................................................................. 286 

Figure 190 Rest of World MDI Supply, Demand, and Trade ................................................................. 288 
C  

  



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

10 

100101.200.2021.003 

Tables 

Table 1 Key IPC Codes for MDI Intellectual Capital ........................................................................... 14 

Table 2 Technology Barriers to Entry ................................................................................................. 20 

Table 3 Current Licensing Status of MDI-related Technologies ......................................................... 21 

Table 4 Joint Venture Status for Related MDI Technologies ............................................................. 22 

Table 5 Availability of Third-party Technologies ................................................................................. 23 

Table 6 Market Barriers to Entry ......................................................................................................... 24 

Table 7 Physical Properties of Nitrobenzene ..................................................................................... 29 

Table 8 Nitrobenzene Sale Specifications .......................................................................................... 29 

Table 9 Physical Properties of Aniline ................................................................................................ 30 

Table 10 Aniline Sale Specifications  ................................................................................................... 30 

Table 11 Physical Properties of MDI .................................................................................................... 31 

Table 12 Typical MDI Grade Sale Specifications ................................................................................. 33 

Table 13 Summary of Commercial Nitrobenzene Technologies .......................................................... 39 

Table 14 Mononitrobenzene Plants Using Josef Meissner Technology .............................................. 55 

Table 15 Summary of Commercial Aniline Technologies ..................................................................... 58 

Table 16 Aniline Plants Using Chematur Technology .......................................................................... 70 

Table 17 Summary of Commercial MDA / MDI Technologies .............................................................. 77 

Table 18 Key Process Parameters for MDA Isomer and Oligomer Control ......................................... 80 

Table 19 Key Process Parameters for Phosgenation Side Reaction Control ...................................... 85 

Table 20 Relative Reaction Rates of Isocyanates with Other Materials .............................................. 86 

Table 21 Overview of BASF Patent Literature in MDI Production Technology .................................. 102 

Table 22 Overview of Dow Patent Literature in MDI Production Technology .................................... 104 

Table 23 Overview of Huntsman Patent Literature in MDI Production Technology ........................... 105 

Table 24 Overview of Wanhua Chemical Patent Literature in MDI Production Technology .............. 109 

Table 25 Comparison of Key Parameters for Different Gas-liquid Reaction Systems ....................... 114 

Table 26 Overview of Oxidative Carbonylation Patent Literature....................................................... 127 

Table 27 Commercial Monomeric MDI Grades .................................................................................. 146 

Table 28 Vapor Pressure of the Different Components in Crude MDI Stream .................................. 148 

Table 29 Indicative Energy Consumption for MDI Applications ......................................................... 159 

Table 30 Industrially Used Technologies for Various Product Types ................................................. 160 

Table 31 Common MDI Modifications ................................................................................................ 164 

Table 32 Commercially Available Prepolymers .................................................................................. 166 

Table 33 MDI - Polyether Polyol Prepolymer Consumption Factors for Various Percent NCO 
Content ................................................................................................................................ 167 

Table 34 Availability of Third-party Technologies ............................................................................... 169 

Table 35 Chlor-Alkali Plants Using Inovyn Technology ...................................................................... 173 

Table 36 Feedstock and Product Specifications ................................................................................ 177 

Table 37 Diaphragm Cell Feedstock and Product Specifications ...................................................... 180 

Table 38 Formaldehyde Plants Using Alder Technology ................................................................... 183 

Table 39 Standard Operating Envelope of Dynea fasil® Range ......................................................... 184 

Table 40 Formaldehyde Plants Using FORMOX™ Technology ........................................................ 189 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

11 

100101.200.2021.003 

Table 41 Formaldehyde Plants Using Josef Meissner Technology ................................................... 190 

Table 42 HYCO Plants Using Air Liquide Technology ....................................................................... 197 

Table 43 Typical Catalyst Types for Process Units in Syngas Plant .................................................. 202 

Table 44 Top Ten Proposals for Decarbonization of MDI Assets by Weighted Average 
Ranking ................................................................................................................................ 225 

Table 45 Summary of Carbon Taxation Cases .................................................................................. 233 

Table 46 MDI Plant Analysis............................................................................................................... 244 

Table 47 Raw Material and Byproduct Pricing ................................................................................... 246 

Table 48 Utility Pricing ........................................................................................................................ 247 

Table 49 Cost of Production Estimate for Mononitrobenzene  
Process: NORAM, Adiabatic from Benzene ........................................................................ 248 

Table 50 Cost of Production Estimate for Mononitrobenzene  
Process: KBR Plinke, Adiabatic from Benzene ................................................................... 249 

Table 51 Cost of Production Estimate for Mononitrobenzene  
Process: Josef Meissner, Adiabatic from Benzene ............................................................. 250 

Table 52 Cost of Production Estimate for Aniline  
Process: Generic, Vapor Phase Hydrogenation of Mononitrobenzene .............................. 252 

Table 53 Cost of Production Estimate for Aniline  
Process: Chematur, Liquid Phase Hydrogenation of Mononitrobenzene ........................... 253 

Table 54 Cost of Production Estimate for Polymeric MDI  
Process: Generic, Aniline Condensation with Formaldehyde followed by Liquid 
Phase Phosgenation ........................................................................................................... 255 

Table 55 Cost of Production Estimate for 4,4-MDI and HFPMDI  
Process: Generic, Vacuum Distillation of Crude MDI .......................................................... 257 

Table 56 Overview of Preferred Raw Materials for Polyurethanes .................................................... 264 

Table 57 MDI Applications by Grade .................................................................................................. 265 

Table 58 Flexible Foam Industries and Applications .......................................................................... 265 

Table 59 Semi-rigid Foam Industries and Applications ...................................................................... 266 

Table 60 Rigid Foam Industries and Applications .............................................................................. 267 

Table 61 Key Energy Saving Directives in Europe ............................................................................. 268 

Table 62 Key Energy Saving Directives in the United States............................................................. 269 

Table 63 Key Energy Saving Directives in China ............................................................................... 270 

Table 64 Coating Industries and Applications .................................................................................... 271 

Table 65 Adhesive Industries and Applications .................................................................................. 272 

Table 66 Elastomer Industries and Applications ................................................................................ 273 

Table 67 Global Polymeric MDI Consumption Growth ....................................................................... 276 

Table 68 Global Monomeric MDI Capacity List .................................................................................. 279 

Table 69 North American Polymeric MDI Capacity List ..................................................................... 280 

Table 70 Western and Central European Polymeric MDI Capacity List ............................................. 283 

Table 71 Asian Polymeric MDI Capacity List...................................................................................... 285 

Table 72 Rest of World MDI Capacity List .......................................................................................... 287 

Table 73 Cost of Production Estimate for Nitric Acid (60 weight percent)  
Process: Generic, Conventional Dual Pressure Ammonia Oxidation ................................. 293 

Table 74 Cost of Production Estimate for Sulfuric Acid (98 weight percent)  
Process: Generic, Contact Process..................................................................................... 294 



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

12 

100101.200.2021.003 

Table 75 Cost of Production Estimate for Synthesis Gas (3:1)  
Process: Generic, Steam Methane Reforming .................................................................... 295 

Table 76 Cost of Production Estimate for Hydrogen and Carbon Monoxide  
Process: Generic, Cryogenic Separation and Pressure-Swing Adsorption ........................ 296 

Table 77 Cost of Production Estimate for Chlorine and Caustic Soda (50 weight percent)  
Process: Generic, Monopolar Membrane Cell .................................................................... 297 

Table 78 Cost of Production Estimate for Formalin (37 weight percent)  
Process: Generic, Metal Oxide (Fe / Mo) Catalyst .............................................................. 298 

D  

 

 

  



Nitrobenzene/Aniline/MDI  August 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-3 Nitrobenzene/Aniline/MDI 

13 

100101.200.2021.003 

 
 

TECHNOLOGY & COSTS 

 

Technoeconomics - Energy & Chemicals 
(TECH) 

 
 

The NexantECA Subscriptions’ Technoeconomics - Energy & Chemicals (TECH) 
program is recognized globally as the industry standard source for information 
relevant to the chemical process and refining industries.  Technoeconomics - 
Energy & Chemicals (TECH) reports are available as a subscription program or 
on a single report basis. 

 
Contact Details: 
 

Americas: 
Marcos Nogueira Cesar, Vice President, Global Subscriptions and Reports 
Phone: + 1-914-609-0324, e-mail: mcesar@NexantECA.com 
 
Erica Hill, Client Services Coordinator, Subscriptions and Reports 
Phone: + 1-914-609-0386, e-mail: ehill@NexantECA.com 
 
EMEA: 
Anna Ibbotson, Vice President, Sales and Marketing 
Phone: +44-207-950-1528, aibbotson@NexantECA.com 
 
Asia: 
Chommanad Thammanayakatip, Managing Consultant 
Phone: +66-2793-4606, email: chommanadt@NexantECA.com  
 
NexantECA Subscriptions and Reports provide clients with comprehensive analytics, forecasts and insights for the chemicals, polymers, 
energy and cleantech industries.  Using a combination of business and technical expertise, with deep and broad understanding of markets, 
technologies and economics, NexantECA provides solutions that our clients have relied upon for over 50 years. 
 

Copyright © 2000-2021 NexantECA (BVI) Limited.  All rights reserved 

 


