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 1 Process Units - ISBL-
 The core process plant is comprising the following Units:
 •  Tankfarm for Chemicals
 •  PO Reaction
 •  Propylene Recovery
 •  PO Separation
 •  Methanol Water Separation•  Purge Scrubbing
 •  Effluent collection / ISBL Relief and blow down system
 •  Back-up Nitrogen System
 •  PO intermediate Tanks ( prover Tanks )
 •  Final PO Storage Tank
 •  ISBL Steam and Condensate system
 •  Process special Laboratory equipment
 •  Process special Online Analyzer Equipment
 If chemical grade propylene shall be used a splitter has to be included in the ISBL design.
 2 Utility and Offsites Units -OSBL-
 The PO process plant requires the following OSBL Units:
 •  Flare System
 •  Waste Water Treatment
 •  (Incineration)
 •  HVAC
 •  Utility Units
 •  Fire Fighting Water supply and secondary containment for water from Fire Fighting
 according to national regulations
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 3 Consumptions for ISBL 1) 
 3.1 Feedstock
 Major Feedstocks (average values unless indicated otherwise)
 Operating hours 8,000
 Capacity mt/a 200,000
 Capacity kg/h 27500
 Hydrogen Peroxide (@100%)2  to/toPO  0.683
 Propene (@100%, > 35 barg) to/toPO  0.766
 Methanol to/toPO  0.023
 TiSi Catalyst (@2 Years Lifetime) kg/toPO  0.293)
 Hydrogenation Catalyst4) kg/toPO  0.019
 1) Figures are not guarantee figures but estimated values for the Propylene Oxide
 Process performance2) As 70 wt% aqueous solution.3)  @ catalyst density of 0.63 kg/l ± 5%, amount based on 29°C cooling water supply4) Depending on the type of catalyst. Figures are estimated on basis of Ni-catalyst @
 4 years lifetime and density of 0.60 to/m3.
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 3.2 Chemicals
 Auxiliary Chemicals (average values unless indicated otherwise)
 Operating hours including regeneration 8000Recommended
 Feed capacity
 Capacity kg/h 275000
 Hydrogen (>18 barg) to/toPO  0.0029 1000 Nm³/h
 Hydrazine (@100%) to/toPO  0.0008
 Caustic (@100%) to/toPO  0.00025
 Sulfuric Acid (@100%) to/toPO  0.009
 Ammonia (@100%) to/toPO  0.001
 Ion Exchange Resin (Strong Acidic)5) kg/ toPO  0.084
 5) @estimated lifetime of 1 year. Lifetime may be higher.
 3.3 Utilities
 Utilities (average values unless indicated otherwise)
 Operating hours (calculated as 100% capacity) 8000Recommended
 Feed capacity
 Capacity kg/h 27500
 Nitrogen average (> 8 bar) to/toPO  0.22 13.000 kg/h
 Nitrogen continuous maximum to/toPO  0.33
 Steam (> 20 barg) to/toPO  3.7 110 t/h
 Common OSBL Cooling Water
 (@ max 32°C Supply, Return 42°C)m
 3/toPO  230
 6) 6.500 m³/h
 Make up water for ISBL HPPO Cooling Tower m³/toPO  2,7 80 m³/h
 Chilled Water (Supply 5°C, Return 10°C) 7)  m
 3/toPO  18 500 m³/h
 Demin Water to/toPO  0.086 6 m³/h
 Instrument Air Nm3/toPO  Approx. 8 300
 Electricity kWh/toPO  Approx. 290
 6) Depending on utilization of air cooler 7) Chilled Water unit is part of ISBL investment
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 4 Specifiation of Consumables
 4.1 Specification of Feedstock, Chemicals and UtilitiesSpecifications base on chemicals used in the pilot plant. Evonik and Uhde are open for
 discussion if items of these specifications are critical concerning availability or economics.
 4.1.1 Standard Specification of Polymer Grade Propene
 a) To be specified
 Properties Figure Unit Method
 Propylene > 99.6 Vol % ASTM D- 5273
  Acetylene < 1 mg/kg ASTM D- 5273
 Methane + Ethane < 200 mg/kg ASTM D- 5273
 Ethylene < 20 mg/kg ASTM D- 5273
 C3+ Hydrocarbons (saturated and
 unsaturated) < 4000 mg/kg ASTM D- 5273
 C4 – C6 Hydrocarbons (saturated
 and unsaturated)< 25 mg/kg ASTM D- 5273
 Total Chlorides (as HCl) < 1 mg/kg ASTM D- 5273
 Total sulphur (as S) < 0.5 mg/kg ASTM D- 5273
 Total arsenic (H3As) < 0.01 mg/kg ASTM D- 5273
 HBr < 0.01 mg/kg ASTM D- 5273
 HCN < 0.5 mg/kg ASTM D- 5273
 Total Fe < 0.1 mg/kg ICP-AES
 Total Ni < 0.01 mg/kg ICP-AES
 CO < 1 mg/kg ASTM D- 5273
 CO2 < 2 mg/kg ASTM D- 5273
 COS < 0.1 mg/kg ASTM D- 5273
 Total aldehyds (as propionic
 aldehyde)< 5 mg/kg
  ASTM E-411 or
 Evonik SAA 0712
 Total organic amines < 1 mg/kg ASTM D- 5273
 Non volatile residue < 50 mg/kg Uhde/Evonik Method
 In general chemical grade propene can be used for the Propylene Oxide Process as well.
 Increased propane content will have influence on the C3-Splitter design.
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 b) to be monitored (please provide typical values)
 Properties Figure Unit Method
 Hydrogen mg/kg ASTM D- 5273
 Nitrogen mg/kg ASTM D- 5273
 Methyl acetylene mg/kg ASTM D- 5273
 Propadiene mg/kg ASTM D- 5273
 Butadiene mg/kg ASTM D- 5273
 Butene + Butane mg/kg ASTM D- 5273
 Oxygen mg/kg ASTM D- 5273
 H2S mg/kg ASTM D- 5273
 Water mg/kg ASTM D- 5273HCI mg/kg ASTM D- 5273
 4.1.2 Standard Specification for aqueous Hydrogen Peroxide
 Properties Figure Unit Method
 H2O2 70 ± 2 % wt Cefic AM-7157
 Total Metals < 40 mg/l Evonik 
 Iron < 0.60 mg/l Evonik 
  Aluminium < 0.25 mg/l Evonik 
 Stabilizer Dedicated Evonik PO Quality
 4.1.3 Standard Specification for Methanol
 Properties Figure Unit Method Appearance
 Purity
 Total carbonyles
 as acetone
 Colour
 Water
 Specific gravity 20°/20°Ethanol
 Chloride as Cl- 
 Total sulphur
 Hydrocarbons
 Carbonisable Substances
 (Sulfuric Acid Wash Test)
  Acidity as acetic acid
 Total iron
 Non volatile matter
 Total nitrogen content
 Total metals excl. Sodium
 Total Sodium
 Clear, free of suspended matter
 > 99.85
 < 30
 < 5
 < 0.1
 0.791-0.793< 50
 < 0.5
 < 0.5
 pass test
 < 30
 < 30
 < 0.2
 < 50
 < 1
 < 0.1
 < 0.5
 wt.%
 mg/l
 Pt-Co
 wt.%
 mg/lmg/l
 mg/l
 mg/l
 Pt-Co
 mg/l
 mg/l
 mg/l
 mg/l
 mg/l
 mg/l
 Balance*
  ASTM E 346-03
  ASTM D1209-00
  ASTM E 1064-04
  ASTM D 891-00 ASTM E 346-03
 DIN 51408
  ASTM D 3961-98
  ASTM D 1722-04
  ASTM E 346-03
  ASTM D 1613-03
  ASTM E 394-00
  ASTM D 1353-03
  ASTM D 4629-02
 ICP-AES
 ICP-AES
 *) 100 wt% - Content of Carbonyles (as Acetone) – Content of Ethanol – Water Content.
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 4.1.4 Hydrogen
 Properties Figure Unit MethodH2  min. 99.4 vol% Supplier  CO + CO2  max. 2 ppm vol Supplier  O2 max. 10 ppm vol Supplier  Cyanide (HCN) max. 1 ppm vol Supplier  Halogenes max. 0.1 ppm vol Supplier  Sulphur (organic + anorganic) max. 1 ppb vol Supplier  Methane max. 25 ppm vol Supplier  N2, Argon (sum) Balance to 100 Vol.% Vol% Supplier  
  Analytical methods of local supplier will be qualified by Uhde / Evonik
 4.1.5 Nitrogen
 Properties Figure Unit MethodNitrogen
 Water
 Oxygen
 min. 99.8
 max. 0.2
 max 0.1
 vol%
 vol%
 vol%
 Supplier
 Supplier
 Supplier
  Analytical methods of local supplier will be qualified by Uhde / Evonik
 4.1.6 Demineralised Water
 Properties Figure Unit MethodpH 5-7 Supplier
 Conductivity <1 µS/cm Supplier  Chlorides <1 mg/l Supplier  Si as SiO2 < 0.02 mg/l  Supplier  Fe <0.1 mg/l  Supplier  S as SO4 <0.1 mg/l  Supplier  P as P2O5 <0.05 mg/l  Supplier  Total Cations (without Fe) < 0.02 mg/l  Supplier  
  Analytical methods of local supplier will be qualified by Uhde / Evonik

Page 11
                        

7/24/2019 FS Information 200kta_HPPO_Williams Energy.pdf
 http://slidepdf.com/reader/full/fs-information-200ktahppowilliams-energypdf 11/34
  
 HPPO Project Williams Energy
 C O N F I D E N T I A L
 HPPO Process Information Page 11 of 34
 Williams Energy
 4.1.7 Sulphuric Acid
 Properties Figure Unit MethodH2SO4  74-76 wt.% Supplier
 Chlorides <50 mg/kg as Cl-  Supplier
 Sum H2SO4 and water >99.95 mg/kg Supplier
 Fe <50 mg/kg  Supplier
 NO2 <50 mg/kg  Supplier
 SO2 <15 mg/kg  Supplier
  As <0.1 mg/kg  Supplier
 Hg <0.1 mg/kg  Supplier
 Concentration should be defined according to economic criteria. Concentration is not defined
 by process
  Analytical methods of local supplier will be qualified by Uhde / Evonik
 4.1.8 Aqueous Sodium Hydroxide (Caustic)
 Concentration should be defined according to economic criteria. Concentration is not defined
 by process.
  Analytical methods of local supplier will be qualified by Uhde / Evonik
 4.1.9 Ammonia
 Properties Figure Unit MethodNH3  99.7 wt.% min Supplier
 H2O 0.2 wt.% max Supplier
 Oil 0.002 wt.% max Supplier
 Inert gases 0.05 Vol% max Supplier
 Total sulphur 0.001 wt.% max Supplier
 CO2  0.1 wt.% max Supplier
 Light organic compounds (BP <100°C) 0.005 wt.% max Supplier
 Total organic compounds 0.008 wt.% max Supplier
  Analytical methods of local supplier will be qualified by Uhde / Evonik
 Properties Figure Unit MethodCaustic as NaOH 19 - 21 wt. % Supplier
 Chlorides as NaCl < 30 mg/kg SupplierTotal Metals (Cations) < 5 mg/kg Supplier
 Iron as Fe 1 mg/kg Supplier
 Sum NaOH + water > 99.95 wt. % Supplier
  Appearance Clear, slightly turbid, viscous liquid free from
 visible impurities and foreign matter
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 4.1.10 Hydrazine Hydrate
 Concentration should be defined according to economic criteria. Concentration is not defined
 by process.
 Properties Figure Unit Method
 Hydrazine Hydrate 55 ± 0.5 wt.% Supplier
 Hydrazine 35.2 ± 0.4 wt.% Supplier  
 Sum hydrazine hydrate and water > 99.80 wt.% Supplier  
 pH (1%) 10.5 Supplier  
 Boiling/condensation point 109 °C Supplier  Melting/Freezing point -62 °C Supplier  
 Specific gravity (25 °C) 1021 Kg/m3 Supplier  
  Appearance
 Colourless to light
 yellowSupplier  
 Refractory Index 1.389 Supplier  
 Vapour pressure (20 °C) 21.3 hPa Supplier  
  Ammonia < 1000 mg/kg Supplier  
 TOC <500 mg/kg Supplier  
 Viscosity 1.1 cP Supplier  
 Non volatiles (mineral residue) < 20 mg/kg Supplier  
 H2O Solubility total Supplier  
 Cl- < 1 mg/kg Supplier  Na < 1 mg/kg Supplier  
 Fe < 1 mg/kg Supplier  
 SO42-
   < 1 mg/kg Supplier  
 other metals < 5 mg/kg Supplier  
 If organic activator is added to hydrazine hydrate, please give compound and concentration.
  Analytical methods of local supplier will be qualified by Uhde / Evonik
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 5 PO Product Specification
 Standard Specification of Propylene Oxide
 Property Figure  Unit MethodPurity by GC (dry basis) 99.97 wt. % min Evonik / Uhde
  Aldehydes 50 mg/kg max Evonik / Uhde
 Water 100 mg/kg max Evonik / Uhde
 Colour Pt-Co 10 APHA Colour max Evonik / Uhde
  Appearance Clear and free ofSuspended matter
 (Visual)
 Evonik / Uhde
 Methanol 50 mg/kg max Evonik / Uhde
  Analytical methods according to Uhde / Evonik procedures.
 6 Environment Protection*This document contains the major continuous effluent streams. Insignificant streams like tank
 breathing, sampling, filters, strainers, tank adsorbers or domestic, laboratory and sanitary
 wastes are excluded.
 6.1 Energy and Raw Material Saving ConsiderationsThe HPPO process takes great consideration on energy and raw material utilization. The
 process is equipped with in internal energy integration to reduce the steam demand. Raw
 materials are utilized very effective by choosing mild process conditions which lead to
 excellent selectivities.
 * Figures are not guarantee figures but estimated values for the HPPO process performance
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 6.2 Waste Gases from the PO Plant
 6.2.1 Average Gaseous Effluent 1 (OBV) to OSBL Treatment*
 Typical OBV Header Composition (continous streams only)
 Norm [kg/h] Max [kg/h]
 Methanol 116 141
 Nitrogen 4437 6655
 Oxygen 604 906Propylene 1 15
 Propylene Oxide 16 22
  * estimated values
 Recommended OSBL treatment is:
 a) Treatment by incineration with steam production or catalytic oxidizer or by
 continuous flare.
 b) VOC removal by combination of chiller and absorber (biofilter or molecular sieve)
 which allows to send this treated stream to atmosphere.
 6.2.2 Average Gaseous Effluent 2 (HBV) to OSBL Treatment (*)
 Typical HBV Header Composition
 (continous streams only)
 Norm [kg/h] Max [kg/h]
 Water < 1 < 1
 Methanol 16 21
 Ethanol < 1 < 1
 Propanol < 1 < 1
 Ethylamine < 1 < 1
 Trimethylamine < 1 < 1
 Hydrogen 27 37
 Nitrogen 5 15
  Addl' Nitrogen from 24 51
 blanketing  * estimated values, peak load for Nitrogen is 3.800 kg/h for a short duration. The 3.800 kg/h
 are coming from the ISBL Nitrogen backup and thus are not part of the utility consumption list
 of this document.
 Recommended OSBL treatment is thermal treatment by continuous flare or incinerator.
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 6.2.3 General Offgas Treatment Scheme PO-Plant
 Nature Item # Type SourcePressure
 in bar gAmount
 OBV 240C003 C Purge Gas Scrubber 0.6 to 0.9aver.:7,000 kg/h
 max.:8,000 kg/h
 OBV210D011
 210D031C Tempered water normal vent 5.4 20 kg/h
 OBV D PSV Flare Head. Press. < 66 t/h
 Flare
 HBV 240R001 D Safety Flush Flare Head. Press.norm.: 0 kg/h
 Flush : 7,000 kg/h
 HBV D PSV Flare Head. Press. 10,000 kg/h
 HBV 240E010 C Hydrogenation Flash Chiller 2.8 40 kg/h
 HBV 240E005 C 1st MeOH Col. Chiller 1.1 10 kg/h
 HBV 240D050 C Rec. MeOH Drum 0.6norm.: 20 kg/h
 Peak: 480 k /h
 HBV 240D052 D Reg. Eff. Drum 0.6norm.: 15 kg/h
 max.: 115 kg/h
 HBV 230E015 C PO-Column Chiller 0.2 33 kg/h
 Nature: OBV : Oxygen Bear ing Vents HBV : Hydrogen Bearing Vents, C: Condinuous D: Discontiuous Pressure values before last control valve
 Pressure
 Boost
 Thermal Treatment or 
 VOC Removal (Biofilter or Moleculare Sieve)
 Incinerator 
  
 6.2.4 Flare Rate from PO Plant
 The maximum flow rate from emergency release streams is approx. 66 t/h. The governing
 case for the maximum flare rate is total power failure. Thus the plant must be connected to an
 OSBL emergency flare. The emergency release stream which defines the maximum expected
 heat load under this flare scenario is:
 Propylene: 65 wt.%
 Propane: 10 wt.%
 Nitrogen: 17 wt.%Oxygen: 6 wt.%
 Trace Organics: 2 wt.%
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 6.3 Waste Liquids from the PO Plant
 6.3.1 Average Waste Water
 The waste water of the HPPO process is the effluent from the bottom of the 2nd methanol /
 water separation column.
 Water: average 20400 kg/h (max. 21800 kg/h)
 Methanol and Ethanol: average 280 kg/h
 Propylene Glycol Methyl Ethers: average 920 kg/h
 Propylene Glycol: average 1000kg/h
 High Boilers: < 220 kg/h
 SO42- + HSO4
 -: 180 – 230 kg/h
 COD: average 186 g/l
 Total Nitrogen (TN): average 1.4 g/l
 pH: 1.8 - 3.0
 The organic fraction in the waste water is biodegradable. The waste water can be treated by
 a combined anaerobic / aerobic biotreatment. Propylene Glycol can be recovered.
 Technology and design information will be supplied in an independent document.
 6.3.2 Propane Bleed
 For mass balance reason the amount of propane fed into the process with the propene feed
 must be removed from the process. This is resulting in a bleed stream with the following
 composition:
 Composition (wt.%): 9.0 Propene
 85.0% Propane
 2.0 % Methanol
 4.0 % Water
 Pressure: approx. 20 bar
 Temp: approx. 62 °C
 The total mass flow of this bleed stream depends on the propane content in the propene feed.
 Calculated for an estimated propane content of 4.000 ppm in the feed propylene is approx.
 100 kg/hr. This propane bleed can be used and credited for the propylene content or the
 heating value.
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 ----------------------------------------------------------------------------------------------------------------------------O  ption for Potential Investment Saving
 In case of an OSBL infrastructure which permits recovery of the propylene from such a bleed stream
 (e.g. in an existing C3-splitter) there may be the opportunity to remove the C3-splitter from the scope of
 the ISBL-HPPO plant.
 Without ISBL C3-splitter the composition would be approximately:
 Composition (wt.%): ≈   83 % Propene
 ≈   14 % Propane
 0.5 % Nitrogen
 2.5 % Methanol
 0.2 % Water, Oxygen
 Calculated for a propane content of 4000 ppm in the feed propylene the bleed stream without ISBL C3-
 splitter is 747 kg/hr (@ 2000 ppm propan in the feed it would be proportionally 373 kg/hr).
 ----------------------------------------------------------------------------------------------------------------------------
 6.4 Solid Waste from the PO Plant
 6.4.1 Spent Oxidation Catalysts
 Titanosilicalite TS-1, 117000 kg every two years. Disposal back to supplier (Evonik).
 6.4.2 Spent Hydrogenation Catalysts
 Preferrably a Supported Nickel catalyst is used. Supported Ruthenium catalysts can be used
 as well depending on local conditions. Approx. 15000 kg every 4 years. Disposal back to
 supplier or any precious / base metal refinery for metal recovery.
 6.4.3 Spent Ion Exchange Resin
 Strong Acidic Resin, 17000 kg every year. Disposal according to supplier information.
 6.5 Boundary Conditionsa) The propene feedstock quality has been assumed as polymer grade containing <4000
 mg/kg of propane. The process tolerates chemical grade propene feedstock as well but
 depending on the propane content in the feed propene the plant would need a different C 3-
 Splitter design.
 b) Waste water treatment must be regarded in the context of local conditions and regulations
 thus no waste water treatment has been implemented in this information package. Evonik and
 Uhde will supply a technology package for waste water treatment.
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 7 Plant Operation of the PO Plant
 7.1 Plant Personell
 Team Size / Organization No. Shift Factor Inside / Outside %
 General Manager 
 Plant & Operation Manager 1 80 / 20Plant Engineer 1 80 / 20
 Instrument Engineer 80 / 20
 Lab Technician 2 80 / 20
 General Foreman 1
 Shift Foreman 5 5 80 / 20
 DCS (5 Shift System) 10 5 100 / 0
 Shift Operator (5 Shift System) 10 5 20 / 80
 Day Shift Operator 1 20 / 80
 Instr. Technician 1 50 / 50
 Electr. Technician 1 50 / 50
 Mech. Technician 1 50 / 50
 Secretary 1 100 / 0
 Total 35
 Shift Factor: Number of people required to cover the position incl. Vacation, illness, etc.
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 7.2 Equipment List for Special Laboratory Equipment
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 8 Propylene Oxide Manufacturing Technologies
 8.1 HPPO TechnologyThe Evonik-Uhde HPPO technology for propylene oxide production from propylene is a
 cutting-edge technology. The first plant has been commercialized as a license to SKC in
 Ulsan / Korea in 2008. This plant is designed for production of 100 kta propylene oxide per
 year and is running at design capacity since July 2008. BASF and DOW as a cooperation
 have an HPPO production technology of their own. Start up of a first commercial plant with a
 design capacity of 300 kta was announced in March 2009 in Antwerp / Belgium.
 8.2 Alternatives to the HPPO Technology Apart of the HPPO process propylene oxide is currently produced via the following
 commercial processes:
 •  Chlorohydrin process
 •  tertiary-Butyl alcohol co-product process
 •  Styrene precursor co-product process
 •
   Sumitomo CHP Process
 8.2.1 The Chlorohydrin Process
 The chlorohydrin process has been employed for PO production since around 1910 and is
 mainly employed by Dow Chemical in plants featuring integrated chlorine production. Over
 the years, several versions of the chlorohydrin process have been developed. Two versions
 are currently being used for commercial production, the conventional one uses lime (calcium
 hydroxide) and the other uses cell liquor (sodium hydroxide) for saponification of the
 propylene chlorohydrin to propylene oxide.
 Lime leads to the byproduct production of calcium chloride, which creates environmental
 disposal problems. Caustic soda produces sodium chloride, which can be recycled to the
 electrolysis step. Environmental concerns have dictated the use of caustic soda, rather than
 the less expensive lime, and plants not integrated with chlor-alkali production are at the
 economic disadvantage of having to treat and dispose of brine waste.
 Research and development activities pertinent to the chlorohydrin process have been minimal
 in the last years.
 8.2.2 The Hydroperoxidation Processes
 PO can be coproduced by hydroperoxidation with either tertiary -butyl alcohol (PO/TBA) or
 styrene (SM/PO). However, it is not technically feasible to operate a PO plant swinging
 between TBA and styrene coproducts.
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 Currently, Lyondell, Shell, and Repsol Quimica have PO/SM manufacturing technologies.Niznekamskneftekhim (NKNK) also has a PO/SM technology which has been licensed to
 Dow Chemical. The major differences between Lyondell and Shell, the two major, processes
 are in propylene epoxidation catalysts. Lyondell uses a homogenous Mo catalyst while Shell
 employs a heterogeneous Ti/SiO2 catalyst.
 The SM/PO technology used in styrene production features propylene oxide and styrene
 coproduction via an ethylbenzene hydroperoxide intermediate. The hydroperoxide is made by
 direct air oxidation of ethylbenzene and is subsequently converted to an alcohol in the
 epoxidation reaction with propylene. The alcohol is then dehydrated to styrene.
 In the other version, isobutane is converted to tertiary -butyl alcohol (TBA), which is
 dehydrated to isobutylene and typically etherified with methanol to produce methyltertiary -
 butyl ether (MTBE). This technology is applied by Lyondell and Huntsman which operates a
 hydroperoxide based process that results in MTBE as the co-product.
 Because of the large amount of co-product produced, the economic success of the
 hydroperoxide processes is highly dependent on the value attributed to the co-product. In
 case of the SM/PO process the prices of the key propylene oxide feedstocks, propylene,
 ethylene, and benzene, fluctuate over time, reflective of typical petrochemical cyclicality.
 Styrene co-product prices fluctuate much more than the key feedstocks. This high level of
 price fluctuation coupled with the fact that about 2.3 metric tons of styrene are coproduced forevery metric ton of propylene oxide results in the economic performance of the SM/PO
 process being dominated by styrene pricing. A similar tendency is can be considered for the
 PO/TBA processes. Furthermore the feedstock availability (ethylene and benzene for the
 SM/PO process, isobutane for the PO/TBA process) must be considered in the economic
 evaluation.
 8.2.2.1 SM/PO by Hydroperoxidation Using EBHP
 SM/PO by the Lyondell Process Using EBHP
 The Lyondell process coproduces PO and styrene at a ratio of about 1:2.25 and consists of
 six sections: ethylbenzene (EB) oxidation, propylene epoxidation, product separation, POpurification, styrene production, and catalyst recovery and preparation. The PO purification
 section is essentially the same as that in Lyondell’s PO/TBA process.
 SM/PO by the Shell Process Using EBHP
 The Shell process coproduces PO and styrene at a ratio of about 1:2.20 and consists of five
 sections: EB oxidation, propylene epoxidation, product separation, PO purification, and
 styrene production. We assume the Shell process differs from the Lyondell process mainly in
 the epoxidation section, with some slight differences in the EB oxidation section. In addition,
 the Shell process does not require the catalyst recovery and preparation section and the
 ammonia/water extraction in the product separation section.
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 8.2.2.2 PO/TBA by Hydroperoxidation Using TBHPCurrently, only Lyondell and Huntsman have PO/TBA manufacturing technologies. The major
 differences between the two processes are in catalysts used, product separation, and PO
 purification.
 PO/TBA by the Lyondell Process Using TBHP
 The Lyondell process coproduces PO and TBA at a ratio of about 1:2.43 and consists of six
 sections: isobutane oxidation, propylene epoxidation, product separation, PO purification,
 TBA treatment, and catalyst recovery and preparation. Typically TBA or isobutene are the co-
 products of the Lyondell process.
 PO/TBA by the Huntsman Process Using TBHPThe Huntsman process coproduces PO and TBA at a ratio of about 1:2.67 and consists of six
 sections: isobutane oxidation, propylene epoxidation, product separation, PO purification,
 TBHP/TBA treatment, and catalyst recovery and preparation. The Huntsman process typically
 results in MTBE as the co-product.
 8.2.2.3 PO by Hydroperoxidation Using CHPThe technology for PO by hydroperoxidation using CHP has been developed since the 1960s.
 Sumitomo realized a process plant using their proprietary technology. The essentials of this
 process differing from the PO/SM process are that cumene is used instead of ethylbenzene,
 and that the carbinol, in this case α-dimethyl benzyl alcohol (DMBA), is dehydrated and
 hydrogenated to regenerate cumene for recycling. Thus the CHP process is assumed to need
 significant part of the investment of a SM/PO plant without having the benefit from the co-
 product production.
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 8.2.3 Economic Benchmark of the HPPO Technology
 The most recent study which is dealing with the process economics of different technologies
 for propylene oxide manufacturing is the PERP report 07/08-61.
 The diagram below gives information about the total cost of production (including depreciation
 and ROCE) for POSM, integrated Chlorohydrine and an HPPO process proposed within this
 report. The data for these technologies are directly taken from PERP report 07/08-6 and set
 in relation to the Evonik-Uhde HPPO technology. The data for the Evonik-Uhde technology
 are on basis of an Evonik-Uhde estimate using the feedstock, labor and investment costs
 basis as given in PERP report 07/08-6.
 Regarding the total investment cost, an HPPO plant investment can be assumed to be < 50%of the total investment in a POSM plant of the same propylene oxide manufacturing capacity.
 Compared to POSM on basis of this study the Evonik-Uhde HPPO process strongly benefits
 from increasing steam and energy prices due to the significantly lower consumption of steam
 and electrical power.
 1 CHEMSYSTEMS PERP Report 07/08-6, „Propylene Oxide“, November 2008.
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 8.3 Propylene Oxide Product Tree
 8.4 Block Diagram of the HPPO Pocess
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 8.5 Schematic Diagram of the HPPO Pocess
 8.6 Process Description of the HPPO TechnologyThe  Evonik Uhde Process  for manufacturing of propylene oxide bases on an oxidation
 reaction of propylene with hydrogen peroxide using titanium silicalite (TS-1) as a
 heterogeneous catalyst and methanol as solvent.
 The reaction unit is fed with propene and methanol in significant excess. In addition a 70 wt.%
 aqueous solution of hydrogen peroxide is supplied via the adjacent hydrogen peroxide
 production plant. In the course of the reaction propylene oxide is formed, apart from small
 amounts of byproducts and water.
 Separation and recycling of the excess propene separates propene from offgases and
 recovers the propene almost quantitatively.
 The PO separation yields sales grade propylene oxide by separating from residual propene,methanol, water and all byproducts.
 wa ste water 
 propylene
 PO(polymer  grade)
 product,solvent
 solventwater 
 product
 propanebleed
 H2O2
 H2
 MeOH
 propylene
 reactant
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  A methanol recycling unit recovers methanol from water and reaction byproducts.
 Process Units of the Propylene Oxide Process
 The process part of the plant can be subdivided into the following main process sections:
 •  PO Reaction
 •  PO Separation
 •  Methanol Water Separation
 •  Propene Recovery
 If chemical grade propene with a significant amount of propane is used as feedstock a C3
 splitter unit may be required in addition.
 8.6.1 PO Reaction
 Main Equipment
 •  PO Reactors
 •  Oxygen Stripper
 •  Offgas Cooler
 Operating Characteristics
 The reaction of propene with hydrogen peroxide to give propylene oxide is carried out usingtrickle bed reactors, where the reaction mixture, consisting mainly of methanol and propene inexcess to hydrogen peroxide, is trickling down the reactor tubes. Due to the moderate
 reaction temperatures the formation of byproducts is surpressed while hydrogen peroxide isalmost quantitatively converted.Due to the lipophilic behaviour of propene the entire reaction mixture is diphasic, thus the
 reactors are designed to separately distribute two liquid phases in the feed and to separatetwo liquid phases in the bottom.
 The considerable heat of reaction requires reactors with high heat removal capacity. Thus
 tube bundle reactors are chosen where a secondary cooling system operating at coolingwater temperature removes the heat at the shell side. After reaction the light phase, mainly consisting of propene beside of minor amounts of
 propylene oxide and methanol, is sent to a propene rectifier while the heavy phase containing
 most of the propylene oxide, methanol and water passes an oxygen stripper where dissolvedoxygen is stripped out by a nitrogen gas stream.
 Nitrogen is fed to the reactors to prevent oxygen from accumulating inside the reactors.Oxygen is formed by hydrogen peroxide decomposition. The discharge gas consisting of
 propene, nitrogen, oxygen and methanol is combined with the oxygen stripper offgas and fed
 via offgas coolers to a purge gas scrubber to separate methanol and propene from the lightgases which are sent to flare. The oxygen content in this gas stream is adjusted to be safely
 below the explosion limits by feeding an appropriate nitrogen stream and by maintaining aminimum load of propene, which is controlled by the operating conditions of the offgas
 coolers.
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 8.6.1.1 Catalyst Regeneration
 The TS-1 catalyst is slowly deactivating during operation.The deactivation is compensated by
 slowly increasing the reaction temperature. Due to the deactivation after 1200 – 1800 hours
 of operation the process selectivity is declining to an unwanted extent and the catalyst isbeing regenerated. For catalyst regeneration the catalyst is not removed from the reactors.The operation is interrupted for approx. 70 hours and the catalyst activity and selectivity is
 restored by washing with methanol at 100 – 150 °C. For a 300 kta capacity there will be the
 opportunity to operate the plant at reduced capacity during regeneration. The methanol forwashing is continuously fed and rectified using the existing methanol distillation units. Every
 equipment for the regeneration procedure is included in the process.
 8.6.2 Propene Recovery
 Main Equipment
 •  Flasher
 •  Recycle-Propene Compressor
 •  Compressor Condenser
 •  Recycle-Propene Rectifier (RPR)
 •  RPR-Condenser
 •  RPR-Residual Gas Cooler
 •  Purge Gas Scrubber (PGS)
 •  C3-Splitter
 Operating Characteristics
  After oxidation the diphasic product mixture is separated in a phase separator which is
 located in the reactor bottoms. The upper phase is directly sent to a propene rectifier, to
 retain propylene oxide and methanol from the recycle propene. The heavy phase, which
 contains the predominant part of methanol and the reaction products, is transferred to unit 26
 after passing the oxygen stripper. About 90 % of the unreacted propene and propane are
 removed in this unit by flash evaporation.
 Behind the oxygen stripper the product mixture flows without an essential pressure drop tothe compensation stage in which the temperature is raised at partial evaporation. Depending
 on the catalyst conditions in the oxidation the product outlet temperature may vary for about
 15-20°C. Thus different quantities of propene and propane are dissolved in this heavy phase.
 The compensation stage compensates such different conditions by evaporation at almost the
 same pressure. The overheads are fed into the recycle propene rectifier.
  After passing the compensation stage the product mixture enters the adiabatic
 decompression stages, where subsequent pressure reduction leads to evaporation of about90% of the still dissolved propene and propane.
  Any vapors removed in the decompression stages are sent to a compressor section where
 the pressure is increased. The compressor condenser serves as an intercooler in order to
 limit the temperature of the compressed vapors. The compressed propene is sent to theRecycle Propene Rectifier. Before the rectified propene is recycled to the reaction section
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 propane must be removed from the process. A tailored C3-splitter is minimizing propylenelosses. The purge gas scrubber takes the entity of the residual propene containing offgasstreams. Here propene is separated from light gases by absorption in methanol and is almostquantitatively recycled with negligible losses.
 8.6.3 PO Separation
 Main Equipment
 •  Preseparation Column (PSC)
 •  PSC Preheater
 •  PSC Condensate vessel
 •  PSC Bottom Vessel
 •  C3-Stripper (C3-S)
 •  C3-S Bottom Product Vessel
 •  PO Column
 •  PC Condensate Vessel
 Operating Characteristics
 Coming from the propylene recovery, propylene oxide and the remaining part of propene and
 propane are separated from methanol and water in the preseparation column. Part of
 methanol is deliberately taken overhead with the propylene oxide while the column bottomstream which contains the major part of methanol, water and the byproducts must be free of
 propylene and propylene oxide. 
 The preseparation column overhead is fed into the C3-stripper where all C3 hydrocarbons are
 removed from the mixture of propylene oxide and methanol to yield a bottom stream free of
 propylene and propane. The propylene and propane vapors are combined with the other
 propylene recycle streams to be recovered.
 The C3 stripper bottom stream contains the entire propylene oxide produced. To yield sales
 grade purified propylene oxide from this mixture,
 1. methanol is quantitatively removed by an extractive distillation step using water as
 an extraction solvent (crossing the propylene oxide-methanol-azeotrope by
 extraction with water),
 2. aldehydes are removed by masking with hydrazine and methylformate is removed
 by reaction with sodium hydroxide, 3. water is separated from propylene oxide by rectification. This separation step is
 strongly influenced by pressure and temperature.
  All these separation tasks are realized simultaneously in the PO purification column.
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 8.6.4 Hydrogenation / Methanol-Water-Separation
 Main Equipment
 •  Hydrogenation Reactor
 •  Hydrogenation Flash Vessel
 •  Multi Effect Methanol Evaporation
 •  Methanol Columns 1 & 2
 •  Methanol Column Condensate Vessel
 Operating characteristics
 The bottom streams of the Pre-Separator and the PO purification column are combined and
 contain methanol, water and reaction byproducts. A hydrogenation is integrated to reduce
 some by-products in this stream before entering the two stage methanol column.
 Furthermore, non-converted peroxide is completely removed by hydrogenation. Thus
 formation of decomposition products and precipitates in the methanol column is prevented.
 The methanol-water-separation is realized in a system consisting of two columns which
 operate at different pressure. This design allows internal heat integration in this column
 system which takes the major part of process steam consumption.
 The overhead stream of purified methanol is fed through an ion exchanger bed to remove
 traces of amines that would harm the downstream reaction. The ion exchanger effluentserves as feed to the purge gas scrubber from where it is fed back into the reaction section.
 The bottom stream of the methanol column contains the process water and all higher boiling
 impurities and byproducts generated in the process.
 8.7 General Process Chemistry
  Almost all reactions in the PO process take place in the PO reactors, the hydrogenation
 reactor and the PO purification column. Chemical reactions outside these units are reduced to
 a minimum by adjusting residence times, temperature, and composition of the streams. Thus
 further by-products are only produced in negligible trace amounts.
 In the PO reactors  propylene reacts with hydrogen peroxide to give propylene oxide and
 water catalysed by a fixed bed titanium silicalite catalyst (TS1). The highly exothermic
 reaction runs under thermal control to 98% hydrogen peroxide conversion.
 H2O2+
 OH2O+
 TS1
  
 The major side reactions are reaction of hydrogen peroxide and propylene to 1,2-propandiol
 (saponification of propylene oxide with water), reaction of hydrogen peroxide, propylene and
 methanol to the methoxy propanol regio isomers, peroxidation of propylene with hydrogen
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 peroxide to give hydroperoxides, and the decomposition of hydrogen peroxide to form waterand oxygen.
 H2O2+
 OH
 OH 
 H2O2+ MeOH+
 OH
 OMe H2O+
  
 H2O2+ MeOH+ H2O+OH
 OMe
  
 2 H2O2+ HPOX + H2O  
 2 H2O2 2 H2O O2+ 
 Minor amounts of other by-products like formaldehyde, acetalydehyde, acetone, propanal,
 formic acid, dimethoxy methane and methyl formate are formed in consecutive reactions.
 2 H2O2+
 H
 O
 H H
 O+
 .... H2O
   .... H2O
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 H H
 O.... H2O H2O2+ MeOH+
 H
 O
 OMe3 H2O+
  
 To guarantee for high yields of propylene oxide and to suppress side reactions a high excess
 of propylene, an excess of methanol as solvent and moderate reaction temperatures are
 necessary even with a highly selective catalyst. Within the verified scope of reaction
 temperatures, which differ from 35 °C for a freshly regenerated catalyst to 60 °C for an aged
 one, no process relevant change in the by-product spectrum is monitored. Any treatment of
 the product mixture at high temperatures and long residence times in the purification might
 lead to consecutive reactions and loss of propylene oxide. This product loss is minimised by
 optimised process conditions to a negligible amount.
  Ammonia is fed to the reactors to neutralise acids. Ammonia forms soluble ammonium salts
 that are let out of the system via the waste water.
 H2O + NH3 NH4OH 
 4 H2O2 + 2 NH3 5 H2O + NH4NO3  
 In the PO purification column  and the C3-stripper bottoms vessel only two types of
 reactions take place: saponification of methyl formate with caustic and masking of aldehydes
 with hydrazine to give the corresponding hydrazones. Both measures ensure acetaldehyde
 and methyl formate to be removed from the PO product stream in the final purification stage.
 MeOH+NaOH+H
 O
 ONa+
 H
 O
 OMe 
 + N2H4  H2O+H
 O
  AAHYDR
  
 The bottom streams of the pre-separation column  and the PO-purification column  are
 combined and treated in a hydrogenation step. The hydrogenation substantially removes
 compounds, that are able to accumulate in the methanol loop, that act as a catalyst poison or
 that would decompose in the methanol column also producing catalyst poisons. The
 chemistry in the hydrogenation is manifold but not very complex. Aldehydes and acetals are
 reduced to the corresponding alcohols, which are less reactive than aldehydes.
 OHH
 O+
 cat.H2
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 OH  H2O+H
 O.... H2O + H2
 [cat.]
  
 H H
 O.... H2O + H2  H2OMeOH +
 [cat.]
  
 O+ H2
 OH[cat.]
  
 Unconverted hydrogen peroxide and organic hydroperoxides react to water and the
 corresponding alcohols respectively, without releasing oxygen as a side product.
 Unconverted hydrazine reacts to ammonia, which consequently reacts with aldehydes and
 hydrogen to the corresponding tert.-alkylamines and water ("reductive amination").
 Hydrazones are hydrogenated to the corresponding amines. Propylene oxide traces are
 partially reduced to propanol.
 + H2 2 H2OH2O2
 [cat.]
  
 NH2 NH2 + H2 + 2 H2O 2 NH4OH  
 NH3 +  H2O NH4OH 
 O   .... H2O3 + NH4OH + H2
 3N
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 N+ 7 H2O
 .... H2O
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 O
 H3 + NH4OH + H2
 3 N + 7 H2O.... H2O
  
  AAHYDR + 2 H2 NH2
 + NH3
 [cat.]
  
 O+ H
 2
 [cat.] OH
  

Page 33
                        

7/24/2019 FS Information 200kta_HPPO_Williams Energy.pdf
 http://slidepdf.com/reader/full/fs-information-200ktahppowilliams-energypdf 33/34
  
 HPPO Project Williams Energy
 C O N F I D E N T I A L
 HPPO Process Information Page 33 of 34Williams Energy
 The reaction mixture leaving the hydrogenation has a pH ≈ 10. Before entering the methanolcolumn  the mixture is acidified with sulphuric acid to achieve a pH ≈ 2 in the sump of the
 methanol column. The entire organic amines and ammonia are converted to the
 corresponding ammonium salts, which are carried out with the waste water stream.
 NaOH + H2SO4 H2O+NaHSO4  
 NH4OH + H2SO4 H2O+NH4HSO4  
 ++H
 O
 ONH4
 +
 H
 O
 OH H2ONH4OH
 [H+]
 [OH−] 
 + H2SO4NH2
 + HSO4−NH
 3
 [H+]
 [OH−]  
 N+ H2SO4 NH
 3+ HSO4
 −
 [H+]
 [OH−] 
 N+ H2SO4 NH
 3+ HSO4
 −
 [H+]
 [OH−] 
 N + H2SO4 (CH3)3NH+ HSO4−
 [H+]
 [OH−] 
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 9 Relevant Economic Figures
 1. Cost for Hydrogen Peroxide (@100% H2O2): will be given in an independent document.
 2. Cost for Oxidation Catalyst (TS-1): 135 €/kg (CFR).
 3. Cost for Hydrogenation Catalyst: In case of Ni catalyst approx. 42 €/kg
 (FOB, as per August 2011). Cost
 depending on the Nickel notation on the
 LME.
 10 Overall Annual Material Balance
 58544 H2O 59 By-Products136603 H2O2 199921 PO
 20 H2O
 4603 Methanol
 27 H2O
 44283 N2 13 Methanol
 59 Propylene
 576 H2 560 Propane
 203 NH3 4400 Oxygen
 44000 N2
 17115 H2O 757 Methanol
 11 Propylene
 107 H2O
 160 N2H4 181 H2
 283 N2
 213 H2O 75 Methanol
 53 NaOH
 148939 H2O603 H2O 2016 Methanol + Ethanol
 1803 H2SO4 7392 Propylene Glycol
 8149 Other By-Products
 153200 Propylene 1765 Sulfate
 560 Propane
 741333 Condensate
 741333 Steam
  
 Waste Water to
 Treatment
 Product
 Propane Bleed
 OBV
 HBV
 Overall Material Balance
 HPPO ISBL Plant
 Capacity 200 kta
 all figures in tons per year 
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