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Terms and Conditions
Gulf Publishing Company provides this handbook and licenses its use throughout

the world. You assume responsibility for the selection of the handbook to achieve your
intended results, and for the installation, use and results obtained from the handbook.

LICENSE
You may:
l. Use the handbook on a single machine;
2. Copy the handbook into any machine readable or printed form for backup

or modification purposes in support of your use of the handbook on the
single machine;

You must reproduce and include the copyright notice on any copy ofthe handbook.

GENERAL LIMITATIONS
You may not use, copy. modify, or transfer the handbook, or any copy of it, modified

or merged portion, in whole or in part, except as expressly provided for in this license.
You agree not to make copies of the handbook or documentation for any purpose
whatsoever, but to purchase all copies ofthe handbook from Gulf Publishing Company,
except when making for security purposes reserve or backup copies of the handbook
for use on the single machine.

TERM
This license is effective until terminated. You may terminate it at any other time by

destroying the handbook together with all copies, modifications and merged portions
in any form. lt will also terminate upon conditions set forth elsewhere in this agreement
or if you fail to comply with any term or condition of this agreement. You agree upon
such termination to destroy the handbook together with all copies.

LIMITED WARRANTY
The handbook is provided "as is" without warranty of any kind, either expressed

or implied, including but not limited to the implied warranties of merchantability and
fitness for a particular purpose. The entire risk as to the quality, fitness, results to be
obtained, and of performance ofthe handbook is with you. Should the handbook prove
unsatisfactory or deficient, you (and not Gulf Publishing Company or any authorized
reseller) assume the entire cost of all necessary servicing, repair or correction.

Gulf Publishing Company shall not be liable in any manner whatsoever for the re-
sults obtained through the use of the handbook. Persons using the handbook are re-
sponsible for the supervision, management, and control of the handbook.

Some states do not allow the exclusion of implied warranties, so the above exclusion
may not apply to you.

Gulf Publishing Company does not warrant that the functions contained in the
handbook will meet your requirements. However, Gulf Publishing Company warrants
the media, on which the handbook is furnished to be free from defects in materials and
workmanship under normal use for period of thirty (30) days from the date of delivery
to you as evidenced by a copy of your receipt.

Gulf Publishing Company may discontinue support and distribution of the hand-
book covered by this license agreement, at any time, without liability or notice.

LIMITATIONS OF REMEDIES AND LIABILITY
Gulf Publishing Company's entire liability and your exclusive remedy shall be:
I. The replacement of any handbook not meeting Gulf Publishing Company's

limited warranty and which is returned to Gulf Publishing Company or an
authorized reseller with a copy of your receipt, or

2. lf Gulf Publishing Company or the authorized reseller is unable to deliver a
replacement handbook which is free of defects in materials or workmanship,
you may terminate this agreement by returning the handbook and your money
will be refunded.

In no event will Gulf Publishing Company be liable to you for any damages of any
kind, including any lost profits, lost data, lost savings, or other incidental or consequen-
tial damages or use or inability to use such handbook even if Gulf Publishing Company
or an authorized reseller has been advised ofthe possibility ofsuch damages, orfor any
claim by any other party.

Some states do not allow the limitation or exclusion of liability for incidental or con-
sequential damages so the above limitation or exclusion may not apply to you.

GENERAL
You may not sublicense, assign or transfer the license or the handbook except as

expressly provided in this agreement. Any attempt otherwise to sublicense, assign or
transfer any of the rights, duties or obligations hereunder is void.

This agreement will be governed by the laws of the State of Texas.
Should you have any question concerning this agreement, you may contact Gulf

Publishing Company by writing to Gulf Publishing Company
PO. Box 2608, Houston, Texas 77252.

By viewing the handbook you acknowledge that you have read this agreement, un-
derstand it and agree to be bound by its terms and conditions. You further agree that
it is the complete and exclusive statement of the agreement between us which super-
sedes any proposal or prior agreement, oral or written, and any other communications
between us relating to the subject matter of this agreement.

www.HydrocarbonProcessing.com
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Processes Index (1 / 2 / 3 / 4 )
1,3 Butadiene Aromatics treatment Axens

Air Liquide Global E&C Solutions Germany GmbH Aromatics treatment
1,3 Butadiene (Extraction from mixed C4) CB&l ExxonMobil Chemical Technology Licensing LLC
ABS—Emulsion process Benzene Axens

Technip Stone & Webster Process Technology Benzene CB&l
ABS—l/lass process Benzene, ethylbenzene dealkylation GTC Technology US, LLC

Technip Stone & Webster Process Technology Benzene saturation GTC Technology US, LLC
Acetic acid Ch/yoda Corporation Bisphenol A Badger Licensing Co.
Acrylic acid Air L/guide Global E&C Solutions Germany GmbH Bisphenol A Kellogg Brown & Root, LLC
Acrylonitrile l/\/EOS Technologies Ltd BTX aromatics Axens
Acrylonitrile butadiene styrene (ABS) copolymer BTX aromatics UOF? A Honeywell Company

Toyo Engineering Corp. BTX aromatics UOF2 A Honeywell Company
Alpha olefins Linde AG BTX aromatics and LPG Axens
Ammonia Casale BTX extraction GTC Technology US, LLC
Ammonia Linde AG BTX recovery from FCC gasoline GTC Technology L/S LLC
Ammonia, l<AAPplus Kellogg Brown & Root, LLC Butadiene from n-butane CB&/
Ammonia, l<BR Kellogg Brown & Root, LLC Butanediol, I, 4- Johnson Matthey Davy Technologies
Ammonia, KBR KAAP Kellogg Brown & Root, LLC Butene-l Axens
Ammonia, KBR Purifier Kellogg Brown & Root, LLC Butene-l CB&l
Ammonia, PURlFlERplus Kellogg Brown & Root, LLC Butenes (extraction from mixed butanes/butenes) CB&l
Aromatics, transalkylation GTC Technology US. LLC Butyraldehyde, n and i Dow Chemical Company
Aromatics extraction UOP, A Honeywell Company C5 componenets recovery GTC Technology US, LLC
Aromatics extraction UOP, A Honeywell Company Chlor-alkali /NEOS Technologies Ltd
Aromatics extractive distillation Cumene Badger Licensing Co.

Air Liguide Global E&C Solutions Germany GmbH Cumene CB&/
Aromatics recovery Axens Cumene UOP, A Honeywell Company

www.HydrocarbonProcessing.com
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Processes Index, cont. (I/2/3/4)
Cyclohexane Axens
Dimethyl carbonate CB&/
Dimethyl ether (DME) Toyo Engineering Corp.
Dimethylformamide Johnson Matthey Davy Technologies
Diphenyl carbonate CB&/
Direct chlorination (DC) Vlnnolit GmbH & Co. KG
Ethyl Acetate Johnson Matthey Davy Technologies
Ethylbenzene Badger Licensing Co.
Ethylbenzene CB&l
Ethylbenzene CB&l
Ethylene CB&/
Ethylene UOP, A Honeywell Company
Ethvlene—Cracking furnaces

Technip Stone & Webster Process Technology
Ethylene: Ethane and E/P mix Linde AG
Ethylene: Liquid feedstocks Linde AG
Ethylene, SCORE Kellogg Brown & Root, LLC
Ethylene—Steam cracking and product recovery (gaseous

feedstocks) Technip Stone & Webster Process Technology
Ethylene—Steam cracking and product recovery (liquid

feedstocks) Technip Stone & Webster Process Technology
Ethylene: Value cracking Linde AG
Ethylene feed preatment—mercury, arsenic and lead removal

Axens
Ethylene glycol Dow Chemical Company
Ethylene glycol (EG) Shell Global Solutions international Bl/

Ethylene glycol, mono (MEG)
Shell Global Solutions international BV

Ethylene oxide Dow Chemical Company
Ethylene oxide (EO) Shell Global Solutions international Bl/
Ethylene recovery from refinery offgas with contaminant

removal Technip Stone & Webster Process Technology
Hexene-I Axens
Hexene-I CB&l
High-olefins FCC and ethylene plant integration

Technip Stone & Webster Process Technology
lsobutylene CB&/
lsomerization CB&/
lsooctene/lsooctane Kellogg Brown & Poot. LLC
lsoprene GTC Technology US, LLC
Linear alkylbenzene UOP, A Honeywell Company
Low-pressure melamine process

Air Lic/uide Global E&C Solutions Germany GmbH
m-Xylene UOP, A Honeywell Company
Maleic anhydride /NEOS Technologies Ltd
Methanol Air Lic/uide Global E&C Solutions Germany GmbH
Methanol Casale
Methanol Casale
Methanol Johnson Matthey Davy Technologies
Methanol Kellogg Brown & Poot, LLC
Methanol (autothermal reforming) Toyo Engineering Corp.
Methanol (combined reforming) Toyo Engineering Corp.

www.HydrocarbonProcessing.com
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Processes Index, cont.
Methanol (exchanger reformer combined)

Toyo Engineering Corp.
Methanol (steam reforming) Toyo Engineering Corp.
Methylamines
Mixed xylenes
Mixed xylenes
Mixed xylenes
Mixed xylenes
Mixed xylenes

Johnson Matthey Davy Technologies
Axens
Axens
Exxon/Wobil Chemical Technology Licensing LLC
Exxon/Wobil Chemical Technology Licensing LLC
UOP A Honeywell Company

I‘/ITBE/ETBE and TAIVIE/TAEE: Etheritication technologies
Axens

n-Paraffin Kellogg Brown & Root, LLC
Natural detergent alcohols

Johnson l‘/latthey Davy Technologies
Normal parafins, C,O—C,3 UOP A Honeywell Company
Octenes Axens
Olefins—Deep catalytic cracking

Technip Stone & Webster Process Technology
Paraffin lsomerization GTC Technology US, LLC
Paraxylene
Paraxylene
Paraxylene
Paraxylene
Paraxylene
Paraxylene

Axens
Axens
Exxon/Wobil Chemical Technology Licensing LLC
UOP, A Honeywell Company
UOP, A Honeywell Company
UOP, A Honeywell Company

Paraxylene, crystallization GTC Technology US, LLC

Phenol CB&l
Phenol Kellogg Brown & Root LLC
Phenol UOP, A Honeywell Company
Polyethylene ll\/EOS Technologies Ltd
Polyethylene l/\/EOS Technologies Ltd
Polyethylene Nova Chemicals
Polyethylene—LDPE

EXXOfIMODl/ Chemical Technology Licensing LLC
Polypropylene CB&l
Polypropylene Dow Chemical Company
Polypropylene ll\lEOS Technologies Ltd
Polypropylene Japan Polypropylene Corporation
Polystyrene /l\/EOS Technologies Ltd
Polystyrene, expandable lNEOS Technologies Ltd
Polystyrene, general-purpose (GPPS) Toyo Engineering Corp
Polystyrene—GPPS and HIPS

Technip Stone & Webster Process Technology
Polystyrene, high-impact (HIPS) Toyo Engineering Corp
Polyvinyl chloride suspension l/innolit GmbH& Co KG

Axens
Axens
CB&l
UOP A Honeywell Company
UOP A Honeywell Company

Propylene, K-COT Kellogg Brown & Root LLC
Propylene and ethylene UOP A Honeywell Company

Propylene
Propylene
Propylene
Propylene
Propylene

www.HydrocarbonProcessing.com
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A 4 .tr/£5’-9r¢§ii/H Propylene glycol Johnson Matthey Davy Technologies

Propylene production from refinery C5s via metathesis CB&l
Propylene via metathesis CB&/

.,e£21¢ Purified terephthalic acid (PTA)
Johnson Matthey Davy Technologies

Pygas hydrotreating GTC Technology US, LLC
Styrene Badger Licensing Co.
Styrene CB&l
Styrene acrylonitrile (SAN) copolymer

Toyo Engineering Corp.
Styrene recovery from pygas GTC Technology US, LLC
Substitute natural gas (SNG)

Johnson Matthey Davy Technologies
Toluene alkylation GTC Technology US, LLC
Upgrading pyrolysis gasoline Axens
Upgrading steam cracker C3 cuts Axens
Upgrading steam cracker C4 cuts Axens
Urea Casale
Urea Saipem
Urea Toyo Engineering Corp.
Vinyl chloride monomer (VCM) Vinnolit GmbH& Co. KG
Xylene lsomerization Axens
Xylene lsomerization

Exxonlllobil Chemical Technology Licensing LLC
Xylene lsomerization GTC Technology US, LLC
Xylene lsomerization UOP, A Honeywell Company

www.HydrocarbonProcessing.com
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Company Index

Badger Licensing Co.
Casale
CB&l
Chiyoda Corporation
Dow Chemical Company
ExxonMobil Chemical Technology Licensing LLC
GTC Technology US, LLC
INEOS Technologies Ltd
Japan Polypropylene Corporation
Johnson Matthey Davy Technologies
Kellogg Brown & Root, LLC
Linde AG
NOVA Chemicals
Saipem
Shell Global Solutions International B\/
Technip Stone & Webster Process Technology
Toyo Engineering Corp.
UOP, A Honeywell Company
Vinnolit GmbH & Co. KG

www.HydrocarbonProcessing com



Air Liquide Global E&C Solutions Germany GmbH
l,3 Butadiene
Acrylic acid
Aromatics extractive distillation
Low-pressure melamine process
Methanol

Copyright © 2014 Gulf Publishing Company. All rights reserved



Processes
Aromatics recovery0 .

A S Aromatics treatment
/F/’/5/01/,0 léc/100/ag/ks Bf-‘HZQPQ

BTX aromatics
BTX aromatics and LPG
Butene-I
Cyclohexane
Ethylene feed preatment—mercury, arsenic and lead removal
Hexene—l
Mixed xylenes
Mixed xylenes
MTBE/ETBE and TAME/TAEE: Etheritication technologies
Octenes
Paraxylene
Paraxylene
Propylene
Propylene
Upgrading pyrolysis gasoline
Upgrading steam cracker C3 cuts
Upgrading steam cracker C4 cuts
Xylene lsomerization

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Badger Licensing Co.
Bisphenol A
Cumene
Ethylbenzene
Styrene

Copyright © 2014 Gulf Publishing Company. All rights reserved



Casale
Ammonia
Methanol
Methanol
Urea

Copyright © 2014 Gulf Publishing Company. All rights reserved



CB&l
1,3 Butadiene (Extraction from mixed C4)
Benzene
Butadiene from n-butane
Butene-1
Butenes (extraction from mixed butanes/butenes)
Cumene
Dimethyl carbonate
Diphenyl carbonate
Ethylbenzene
Ethylbenzene
Ethylene
Hexene-1
lsobutylene
lsomerization
Phenol
Polypropylene
Propylene
Propylene production from refinery C55 via metathesis
Propylene via metathesis
Styrene

Copyright © 2014 Gulf Publishing Company. All rights reserved



Chiyoda Corporation
Acetic acid

Copyright © 2014 Gulf Publishing Company. All rights reserved



Dow Chemical Company
Butyraldehyde, n and i
Ethylene glycol
Ethylene oxide
Polypropylene

Copyright © 2014 Gulf Publishing Company. All rights reserved



ExxonMobil Chemical Technology Licensing LLC
Aromatics treatment
Mixed xylenes
Mixed xylenes
Paraxylene
Polyethylene—LDPE
Xylene lsomerization

Copyright © 2014 Gulf Publishing Company. All rights reserved



GTC Technology US, LLC
Aromatics, transalkylation
Benzene, ethylbenzene dealkylation
Benzene saturation
BTX extraction
BTX recovery from FCC gasoline
C5 componenets recovery
lsoprene
Paraffin lsomerization
Paraxylene, crystallization
Pygas hydrotreating
Styrene recovery from pygas
Toluene alkylation
Xylene lsomerization

Copyright © 2014 Gulf Publishing Company. All rights reserved



INEOS Technologies Ltd
Acrylonitrile
Chlor-alkali
Maleic anhydride
Polyethylene
Polyethylene
Polypropylene
Polystyrene
Polystyrene, expandable

Copyright © 2014 Gulf Publishing Company. All rights reserved



Japan Polypropylene Corporation
Polypropylene

Copyright O 2014 Gulf Publishing Company All rights reserved



Johnson Matthey Davy Technologies
Butanediol, 1, 4-
Dimethylformamide
Ethyl acetate
Methanol
Methylamines
Natural detergent alcohols
Propylene glycol
Purified terephthalic acid (PTA)
Substitute natural gas (SNG)

Copyright © 2014 Gulf Publishing Company. All rights reserved



Kellogg Brown & Root, LLC
Ammonia, KAAPplus
Ammonia, KBR
Ammonia, KBR KAAP
Ammonia, KBR Purifier
Ammonia, PURlFlERplus
Bisphenol A
Ethylene, SCORE
lsooctene/lsooctane
Methanol
n-Paraffin
Phenol
Propylene, K-COT

Copyright © 2014 Gulf Publishing Company. All rights reserved



Processes
Alpha olefins
Ammonia
Ethylene: Ethane and E/P mix
Ethylene: Liquid feedstocks
Ethylene: Value cracking

Copyright © 2014 Gulf Publishing Company. All rights reserved.



NOVA Chemicals
Polyethylene

Copyright © 2014 Gulf Publishing Company. All rights reserved



Saipem
Urea

Copyright © 2014 Gulf Publishing Company. All rights reserved



Shell Global Solutions International BV
Ethylene glycol (EG)
Ethylene glycol, mono (MEG)
Ethylene oxide (EO)

Copyright © 2014 Gulf Publishing Company. All rights reserved



Technip Stone & Webster Process Technology
ABS—Emulsion process
ABS—Mass process
Ethylene—Cracking furnaces
Ethylene—Steam cracking and product recovery (gaseous feedstocks)
Ethylene—Steam cracking and product recovery (liquid feedstocks)
Ethylene recovery from refinery offgas with contaminant removal
High-olefins FCC and ethylene plant integration
Olefins—Deep catalytic cracking
Polystyrene—GPPS and HIPS

Copyright © 2014 Gulf Publishing Company. All rights reserved



Toyo Engineering Corp.
Acrylonitrile butadiene styrene (ABS) copolymer
Dimethyl ether (DME)
Methanol (autothermal reforming)
Methanol (combined reforming)
Methanol (exchanger reformer combined)
Methanol (steam reforming)
Polystyrene, general-purpose (GPPS)
Polystyrene, high-impact (HIPS)
Styrene acrylonitrile (SAN) copolymer
Urea

Copyright © 2014 Gulf Publishing Company. All rights reserved



UOP, A Honeywell Company
Aromatics extraction
Aromatics extraction
BTX aromatics
BTX aromatics
Cumene
Ethylene
Linear alkylbenzene
m-Xylene
Mixed xylenes
Normal parafins, C1@—C1;
Paraxylene
Paraxylene
Paraxylene
Phenol
Propylene
Propylene
Propylene and ethylene
Xylene lsomerization

Copyright © 2014 Gulf Publishing Company. All rights reserved



Vinnolit GmbH & Co. KG
Direct chlorination (DC)
Polyvinyl chloride, suspension
Vinyl chloride monomer (VCM)

Copyright © 2014 Gulf Publishing Company. All rights reserved



1,3 Butadiene (Extraction
from mixed C4)
Application: To produce high-purity butadiene (BD) from a mixed C4
stream, typically a byproduct stream from an ethylene plant using liq-
uid feeds (liquids cracker). The BASF process uses n-methylpyrrolidone
(NMP) as the solvent.

Description: The mixed C4 feed stream is fed into the main washer, the
first extractive distillation column (1), which produces an overhead bu-
tanes/butenes stream (raffinate-1) that is essentially free of butadiene
and acetylenes.

The bottoms stream from this column is stripped free of butenes
in the top half of the rectifier (2). A side stream containing butadiene
and a small amount of acetylenic compounds (C5 and C4-acetylenes) is
withdrawn from the rectifier and fed into the after-washer [the second
extractive distillation column (3)1. In recent designs, the rectifier (2) and
after-washer are combined using a divided wall column.

The C4 acetylenes, which have higher solubilities in NMP than
1,3-butadiene, are removed by the solvent in the bottoms and returned
to the rectifier. A crude butadiene (BD) stream from the overhead of
the after-washer is fed into the BD purification train. Both extractive
distillation columns have a number of trays above the solvent addition
point to allow for the removal of solvent traces from the overheads.

The bottoms of the rectifier, containing BD, C4 acetylenes and C5
hydrocarbons in NMP, is preheated and fed into the degasser [the solvent
stripping column (4)]. In this column, solvent vapors are used as the
stripping medium to remove all light hydrocarbons from NMP.

The hot, stripped solvent from the bottom of the degasser passes
through the heat economizers (a train of heat exchangers) and is fed to
the extractive distillation columns.

Methyl acetylene _
(pmpyne) I, 3-Butadiene product

Butenes (ra inate-I)
lean
NMP

solvent
Lean NMP H H
solvent

C4/(5 heavies stream

C4 acetylenes stream

Mixed (4 Ieed

$4 Lean NMP solvent to heat recovery

The hydrocarbons leaving the top of the degasser are cooled in a
column by direct contact with solvent (NMP) and fed to the bottom of
the rectifier.

Hydrocarbons having higher solubilities in the solvent than
1,3-butadiene accumulate in the middle zone of the degasser and are
drawn off as a side stream. This side stream, after dilution with raffinate-1,
is fed to a water scrubber to remove a small amount of NMP from the
exiting gases. The scrubbed gases, containing the C4 acetylenes, are
purged to disposal.

In the propyne column (5), the propyne (C5 acetylene) is removed
as overhead and sent to disposal. The bottoms are fed to the second

Continued Y
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1,3 Butadiene (Extraction from mixed C4), cont
distillation column [the 1,3-butadiene column (6)1, which produces pure
BD as overhead and a small stream containing 1,2-butadiene and C5
hydrocarbons as bottoms.

Yield: Typically, more than 98% of the 1,3-butadiene contained in the
mixed C4 feed is recovered as product.

Economics: Typical utilities, per ton BD
Steam, ton 1.8
Water, cooling, m3 150
Electricity, kWh 150

Commercial plants: Currently. 38 plants are in operation using the
BASF butadiene extraction process. Fourteen additional projects are in
the design or construction phase.

Licensor:BASF/CB&| CONTACT



1,3 Butadiene
Application: 1,3 Butadiene is recovered from a crude C4 stream from
olefins plants by extractive distillation. N-methylpyrrolidone (NMP)
as the selective solvent substantially improves the volatilities of the
components. Different process configurations are available.

Description: The C4 cut enters the pre-distillation tower, in which
methyl acetylene, propadiene and other light components are
separated as gaseous overhead product. Its bottom product enters
the bottom section of the main washer column while NMP solvent
enters at the column top as overhead product C4 raffinate consisting
of butanes and butenes is drawn off. The loaded solvent is sent to
the rectifier, which comprises a vertical plate in its upper section.
In its first compartment, the less soluble butenes are stripped and
fed back into the main washer. In its second compartment, the C4
acetylenes are separated from crude butadiene (BD) due to their
higher solubility in NMP.

The solvent from the rectifier bottoms is sent to the degassing
tower, where it is completely stripped from hydrocarbons. The stripped
hydrocarbons are recycled to the rectifier bottoms via a compressor.
The side stream of the degassing tower containing diluted C4
acetylenes is fed into a scrubber to recover NMP solvent. After further
dilution with raffinate or other suitable materials, the C4 acetylene
stream is discharged to battery limits for further processing.

The crude butadiene withdrawn as overhead product from the
rectifier is sent to the butadiene column. In its top section, mainly
water and some remaining light components are separated, while
heavy ends are drawn off as bottom product. The butadiene product
is withdrawn as liquid side product.

Ecology: DuetotheexcellentpropertiesofNMPthe process hasabetter
ecological fingerprint than competing BD extraction technologies.

(4/C, Ht Ralfinate

Ia "Mp C, acetylenes Water

C, cut NMP % -
XK w Butadiene

A ’ é ¥
I 9 ViA

I (4/C, HC
NMP to heat recovery

C; predistillation Extractive distillation Degassing BI) distillation

_>X

Recovery rate: Typically more than 98% of 1,3-butadiene.

Economics: The BASF process requires less equipment items than
other BD extraction technologies and is especially renowned for
reliability and availability as well as low operating costs.

Utilities, per ton BD
Steam, tons 1.7
Electricity, kWh 150
Water, cooling, m3 150

Commercial plants: Thirty-six units are in operation.

Licensor: BASF SE/Air Liquide Global E&C Solutions Germany GmbH
CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



ABS—Emulsion process
Application: Acrylonitrile butadiene styrene (ABS) is used in the elec-
tronics, appliances, building, construction and transportation industries.
A wide range of ABS thermoplastic resin products can be produced by
SABlC’s ABS emulsion process. Composites of styrene acrylonitrile (SAN)
copolymer and high butadiene acrylonitrile styrene graft [high rubber
graft (HRG)1 yield ABS products with exceptional impact strength. The
properties of ABS can be widely varied by using different concentrations
of butadiene rubber and acrylonitrile in the copolymer.

Description: The ABS process requires the production of four distinct
products: SAN copolymer; polybutadiene latex (PBL), an emulsion of
polybutadiene rubber in water; HRG resin; and finished ABS product via
compounding. The SAN production area includes feed filtration, bulk
reaction, devolatization, unreacted monomer recovery and product pel-
letizing. Styrene, acrylonitrile and additives are continuously charged to
the reactor. The SAN polymer is produced in a single stirred reactor that
provides sufficient residence time at the controlled reactor conditions to
achieve the required monomer conversion, typically operated at 55% to
70% solids. Unreacted volatile materials in the polymer melt are devola-
tilized by using a flash system operating at controlled vacuum. Recov-
ered monomers are recycled to the reactor. Features of the SAN reactor
configuration allow straightforward control of product composition and
molecular weight. Waste vapors are scrubbed for recovery. Following de-
volatization, the polymer melt is pelletized, cooled and sent to storage. A
typical design is capable of producing multiple unique SAN grades.

Separately but in parallel with SAN production, PBL is manufactured
as a raw material to make resin in the HRG process area. The four main
steps to produce PBL are feed preparation, reaction, flash removal of
unreacted butadiene, and particle size control. The reactor is charged
with demineralized water, emulsifier and butadiene. After heat-up and
polymerization, additional butadiene, initiator and chain transfer agent

Initiator Initiator

Styrene Demineralized water
Styrene A I 't'I ' ' 'auvmnmne _ lioillile Charntransferagent Polybutadrene Butadiene

Chain transfer agent EmulsrtrerRecycle
mm latex reactor

monomer Remit

IIrl I|,_|BD
Devolatrzatron Water and

BD recovery

Pelletrzrng and _
storage Polvbutadiene latex Particle size

(0ntt0

Demineralized water Styrene
Chain transler agent High rubber Acrylonitrile
Initiator 913" 193601 Methyl methacrylate

Coagulation

Drying
High rubber gratt product

Additives - -
SAN l"°d"[l Compounding Pelletizing Hmshed ABS product

are added on a continuous basis. This unique semi-batch process signifi-
cantly improves reactor cycle time while minimizing the risk of runaway
reaction that is normally present in traditional batch PBL reactors. Buta-
diene is polymerized to near completion. Reactor contents (crude PBL)
are directed to a flash chamber operating under vacuum to remove unre-
acted butadiene monomer which is recycled to the feed system. Prior to
storage and feeding, in the HRG resin production area, crude PBL is sent
to a proprietary particle size control step.

Continued Y
Copyright © 2014 Gulf Publishing Company. All rights reserved.



ABS—Emulsion process, cont.
The HRG reaction process, a semi-batch emulsion reaction of styrene

and acrylonitrile with PBL, is followed by a continuous coagulation to
form resin particles, water removal and drying. Initially, PBL latex solu-
tion and demineralized water are added to the reactor. After heating, sty-
rene, acrylonitrile and additives are charged to the reactor. Application of
semi-batch operation results in lower monomer inventory and reduced
runaway polymerization potential. Prior to transfer from the reactor, to
increase monomer conversion, a small amount of methyl methacrylate
is added. The HRG latex is next directed to a coagulation system where
particle size is controlled by agitation speed and acid addition. The pro-
prietary coagulation process is designed to separate the latex emulsion
by creating an HRG resin slurry. The coagulated slurry is then washed and
dewatered in a series of proprietary process steps. Finally. the wet resin is
dried to less than 1% moisture content in a rotary dryer.

Finished ABS product is formulated in the compounding area using a
twin-screw extruder. An automated feed system delivers HRG resin, SAN
pellets and pre-blended additives to the extruder. The extruder system
includes a screen changer, strand die, water slide pelletizer, pellet dryer,
water recirculation system and screener. After screening, the pellet mate-
rial is transferred to product surge hoppers and packaging.

Products: A broad range of ABS products, including plating, extrusion
and fire-retardant grades, are available for license. Emulsion ABS prod-
ucts are well suited for high-gloss automotive, high-heat automotive, re-
frigeration, medical, food and pipe applications. Cycolac* ABS resins pro-
vide an excellent balance of processability, impact, dimensional stability,
and high-temperature resistance with a stable light base color.
*Cycolac is a trade name of SABIC Innovative Plastics.

Commercial plants: Licensed plants include two 200-KTA plants in
China and a 140-KTA plant in KSA. SABIC operates four ABS facilities:
three in the USA and one in Mexico.

Key features:
- inherently safe reaction processes, low reaction viscosities
- Competitive capital and operating costs
- High reactor productivity
- Single HRG product results in simplified operation
- Exceptional product quality
- A broad family of products meeting the most demanding

application requirements
- Optimized impact-flow performance with low organic volatiles

and non-polymer impurities
- Additive flexibility enables specialty products from natural/

black/white and custom colors

Licensor: Technip Stone & Webster Process Technology CONTACT



ABS—Mass process
Application: Acrylonitrile butadiene styrene (ABS) is used in the elec-
tronics, appliances, building, construction and transportation industries.
A wide range of ABS thermoplastic resin products can be produced by
SABIC’s Mass ABS process, which uses a proprietary mass polymeriza-
tion reactor configuration and devolatization system to produce high-
quality, low-volatility content product. The properties of ABS can be
widely varied by using different concentrations of butadiene rubber and
acrylonitrile in the polymer.

Description: ABS production is accomplished by continuous copoly-
merization of styrene and acrylonitrile monomers with polybutadiene
rubber (PBR) or styrene butadiene rubber (SBR) in the presence of or-
ganic peroxide, using multiple reactors in series. PBR or SBR is chopped
(1) and fed to a slurry tank (2) with styrene monomer. Feed is then
pumped into the ABS feed batch tank (3), where the rubber is com-
pletely dissolved. The concentrated rubber solution is diluted with fresh
acrylonitrile, recovered recycle monomer and chain transfer agent ac-
cording to product requirements. The combined ABS feed is preheated
(4) prior to being fed to the polymerization reactors.

The polymerization section (5) uses a unique combination of plug
flow and boiling stirred tank reactors operating in series. To initiate po-
lymerization, organic peroxide is fed to the system. The reactor arrange-
ment allows accurate control of the degree of rubber grafting, phase
inversion, rubber particle size, extent of cross-linking, molecular weight
and polymer morphology. Monomer conversion increases steadily
through the reactor system to a final conversion of between 60%—75%.

Two options for devolatization (6) are offered: extrusion devolatil-
ization or flash chamber devolatilization. Product from the last reactor
is stripped of the unreacted monomers and byproducts in an extruder
devolatilization system. The temperature gradient within the extruder is
set to control the degree of flashing and recovery. Alternatively, the reac-
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tor product is stripped of volatiles in a multistage flash devolatilization
system that operates under deep vacuum. Vapor from the devolatization
steps are condensed in a series of exchangers (7). The recovered mono-
mer and ethylbenzene mixture stream is recycled to the upfront ABS
feed preparation section. Devolatilized polymer melt is then sent to a
strand cut pelletizer system (8) to create polymer strands. After the cut-
ting and cooling steps, the pellets are dried and then classified to remove

Continued Y
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ABS—Mass process, cont.
fines and over-sized pellets. The finished ABS pellets are then pneumati-
cally conveyed to storage and packaging (9).

Products: A broad range of ABS products are available for license. Mass
ABS products are well suited for low-gloss automotive, high-heat auto-
motive, general-purpose and pipe applications. Cycolac* mass ABS res-
ins provide an excellent balance of processability, impact, dimensional
stability and high temperature resistance with a stable light base color.
Mass ABS resins are available in a wide range of melt flow rates and im-
pact strengths for both medium- to low-gloss general-purpose molding.
*Cycolac is a trade name of SABIC Innovative Plastics.

Commercial plants: SABIC operates two Mass ABS lines on the US
Gulf Coast.

Key features:
- High polymer yields, typically greater than 99%
- A unique reactor design for grafting, phase inversion and

accurate control of rubber particle size and distribution
- Reactors incorporate special features for effective control

and removal of the exothermic heat of reaction

- Uses peroxide as an initiator and grafting agent,
allowing for precise particle size control

- Customizable devolatilization processes based on
utility cost considerations

~ Produces medium- to low-gloss high-impact Mass ABS resins
- Produces a clean, stable base color ABS resin with low

residual monomers that are ideal for coloring
- Limited polymer fouling results in turnaround frequency

on the order of two years
- High safety and environmental performance in response

to the more stringent regulations

Licensor: Technip Stone & Webster Process Technology CONTACT



Acetic acid
Application: To produce acetic acid by using the CT-ACETlCA@ process.
Methanol and carbon monoxide (CO) are reacted with the carbonylation
reaction, using a heterogeneous Rh catalyst.

Description: Fresh methanol is split into two streams and is contacted
with reactor offgas in the high-pressure absorber (7) and with light gases
in the low-pressure absorber (8). The methanol, exiting the absorbers,
are recombined and mixed with the recycle liquid from the recycle surge
drum (6). This stream is charged to a unique bubble-column reactor (1).

Carbon monoxide is compressed and sparged into the reactor riser.
The reactor has no mechanical moving parts, and is free from leakage/
maintenance problems. The CT-ACETICA catalyst is an immobilized Rh
complex catalyst on solid support. which offers higher activity and oper-
ates under less water conditions in the system due to its heterogeneous
system, and, therefore, the system has much less corrosivity.

Reactor effluent liquid is withdrawn and flash-vaporized in the flash-
er (2). The vaporized crude acetic acid is sent to the dehydration column
(3) to remove water and any light gases. Dried acetic acid is routed to the
finishing column (4), where heavy byproducts are removed in the bot-
tom draw-off. The finished acetic-acid product is treated to remove trace
iodide components at the iodide removal unit (5).

Vapor streams from the dehydration column overhead contacted with
methanol in the low-pressure absorber (8). Unconverted CO, methane,
and other light byproducts exiting in the vapor outlets of the high- and
low-pressure absorbers and heavy byproducts from the finishing column
are sent to the incinerator with the scrubber (9).

Economics: ISBL cost US$122 MM US Gulf (Y1) 300,000 metric tons (MT)/year
Feed and utility consumption:
Methanol O.537 MT/MT
Carbon monoxide 0.500 MT/MT

‘°°|" ! Acetic acid product

A.M -I " ,,,. l
MakeupCH,l
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Methanol teed H u

Steam U I
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Power (@ CO supply 0 K/G) 129 kWh/MT
CW 122 mg/MT
Steam @100 psig 1.6 MT/MT*

*Provided by steam generators on reactor and incinerator

Installations: Contract for the license and preparation of the basic
design package was signed for a Brazilian client in October 2012.

Reference: “Acetic Acid Process Catalyzed by Ironically Immobilized
Rhodium Complex to Solid Resin Support," Journal of Chemical Engi-
neering ofJapan, Vol. 37, 4, pp. 536-545 (2004).

“Chiyoda Acetic Acid Process ACETICA," Handbook of Petrochemi-
cals Production Processes, Part 1, Chapter 1.1 (2005).

Licensor: Chiyoda Corporation CONTACT
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Acrylic acid
Application: Acrylic acid (AA) is used as feedstock for numerous
applications. The Lurgi/Nippon Kayaku combined technology produces
ester-grade acrylic acid (EAA). Main uses are adhesives, paints and
coatings (acrylic esters).

Description: The general flow diagram comprises six main sections:
reaction, quench, solvent extraction, crude acrylic acid recovery, raffinate
stripping and acrylic acid purification.

Reaction (1): Acrylic acid is produced by catalyzed oxidation of
propylene in a two-stage tubular fixed-bed reactor system. The reactors
are cooled by circulating molten heat transfer salt. The heat of reaction is
used to produce steam.

Quench (2): The AA is recovered from the reactor product gas in a
quench tower. The AA solution is routed to an extractor (3). Uncondensed
gases are sent to an offgas treater to recover the remaining AA. The side
draw of the offgas is sent to incineration. Overhead gas is recycled to the
first reactor.

Solvent extraction (3): Liquid-liquid extraction is used to separate
water and AA. The top of the extractor is forwarded to a solvent separator.
The extractor bottom is sent to the raffinate stripper (5) to recover solvents.
Crude acrylic acid (CAA) is separated from the solvents by distillation. The
overhead vapor is condensed in an internal thermoplate condenser. The
two-phase condensate is separated. The organic phase is recycled. The
aqueous phase is sent to the raffinate stripper (5). The column bottom,
mostly AA and acetic acid, is routed to the CAA separator (4).

Crude AA recovery (4): In this section, two columns work together
to separate solvent and acetic acid from the CAA. The CAA separator
produces a concentrated AA bottoms stream. The overhead vapors are
condensed in an internal thermoplate condenser and sent to the recovery
column. The bottom stream is routed to the ester-grade acrylic acid (EAA)
column (6). The recovery column separates solvent and acetic acid from

Otfgas recycle Oitgas to
incinerator

Propylene I
. ' Z 3 4Arr Ream“ ttuenchlott exS;ggi[:)tn/ I Crude AA

Steam gas treater separation recovery

EAA dct5 rrarriiiaie 6 AA pm U
stripping purification

Wastewater Organic waste

AA. The overhead vapors from the recovery column are condensed by an
internal thermoplate condenser and are recycled. The bottom stream is
returned to the CAA separator.

Raffinate stripping (5): The raffinate stripper recovers solvents from
the wastewater streams. The overhead is recycled. A part of the stripper
bottom stream is recycled to the offgas treater; the remainder is removed
as wastewater.

Acrylic acid purification (6): CAA is purified in the EAA column.
The column base stream is sent to a dedimerizer, which maximizes AA
recovery by converting AA dimer back to AA. The overhead EAA product
is condensed in an internal thermoplate condenser.

Economics: The Lurgi/Nippon Kayaku technology combines high-
performance catalysts with highest acrylic acid yields and outstanding

Continued Y
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Acrylic acid, cont.
catalyst longevity with an optimized process. With low raw material and
energy consumption, low environmental impact and high onstream time,
this technology exhibits competitive production costs.

Commercial plants: One plant with a capacity of 140,000 metric tpy of
EAA is operated in China; startup took place in 2012.

Licensor: Air Liquide Global E&C Solutions Germany GmbH/
Nippon Kayaku Co., Ltd. CONTACT



Acrylonitrile butadiene styrene
(ABS) copolymer
Application: To produce a wide range of acrylonitrile butadiene styrene
(ABS) copolymer with excellent impact strength, heat stability and
process ability via the continuous bulk polymerization process using
Mitsui Chemicals Inc. (MCI)/Toyo Engineering Corp. (TOYO) technology.

Description: Styrene monomer, acrylonitrile monomer, ground rubber
chips and a small amount of additives are fed to the rubber dissolver (1).
The rubber chips are completely dissolved in styrene and acrylonitrile. This
rubbersolutionissenttoarubber-solution-feedtank(2).Therubbersolution
from the tank is sent to the specially designed polymerizer (A) where the
desired rubber morphology. which enables excellent impact strength and
glosses, is established (3). The polymerization temperature of the reactor
is carefully controlled at a constant level to keep certain conversion rates
to obtain desired product properties. The heat of polymerization is easily
removed by a specially designed heat-transfer system.

The polymerized solution is polymerized to the final stages in
polymerizers (B) (4) and then transferred to the devolatilizers (6)
after being preheated (5). Volatile components are recovered from the
polymer solution by evaporation under vacuum to get molten polymer.
The recovered volatile components are condensed (7) and recycled to the
process. The molten polymer is pumped through a die head (8) and cut
into pellets by a pelletizer (9).

The MCI/TOYO process is an environment-friendly process that
releases very small amounts of waste water and waste gas to the
environment, and its characteristic polymerization system enables
excellent impact strength, heat stability and process ability in its products.

Acrylonitrile
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Economics: Basis: 50,oOO mtpy ABS
Raw materials consumption peri metric ton of ABS, kg 1,009
Utilities consumption peri metric ton of ABS, US$ 16

Installations: Toyo has licensed 42 polystyrene plants (GPPS/HlPS/SAN/
ABS) with a total production capacity of 950,000 tpy.

Licensor: Mitsui Chemicals inc. technology/Toyo Engineering Corp.
(TOYO) CONTACT
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Acrylonitrile
Application: The INEOS acrylonitrile technology, known as the SOHIO
acrylonitrile process, is used in the manufacture of over 95% of the worlds
acrylonitrile. INEOS Technologies licenses the acrylonitrile process tech-
nology and manufactures and markets the catalyst that is used in the ac-
rylonitrile process.

Description: The INEOS acrylonitrile technology uses its proven fluidized-
bed reactor system. The feeds containing propylene, ammonia and air are
introduced into the fluid-bed catalytic reactor, which operates at 5 psig-
30 psig with a temperature range of 750°F—950°F (400°C—510°C). This
exothermic reaction yields acrylonitrile, byproducts and valuable steam.

in the recovery section, the effluent vapor from the reactor is scrubbed
to recover the organics. Non-condensables may be vented or incinerated
depending on local regulations. In the purification section, hydrogen cya-
nide, water and impurities are separated from the crude acrylonitrile in a
series of fractionation steps to produce acrylonitrile product that meets
specification. Hydrogen cyanide (HCN) may be recovered as a byproduct
or incinerated.

Basic chemistry
Propylene + Ammonia + Oxygen —~Acrylonitrile + Water

Products and economics: Production includes acrylonitrile (main
product) and byproducts. Hydrogen cyanide may be recovered as a
byproduct of the process or incinerated. In addition, ammonium sulfate-
rich streams may be processed to recover sulfuric acid or concentrat-
ed and purified for sale of ammonium sulfate crystals depending upon
economic considerations. The INEOS acrylonitrile process offers robust,
proven technology using high-yield catalysts resulting in low-cost opera-
tion. The process is also designed to provide high onstream factor.

Non-condensabies
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Catalyst: The development and commercialization of the first fluid-bed
catalyst system for the manufacture of acrylonitrile was complete in
1960. This catalytic ammoxidation process was truly revolutionary. Since
the introduction of this technology, INEOS has developed and commer-
cialized several improved catalyst formulations. These catalyst advance-
ments have improved yields and efficiencies vs. each prior generation to
continually lower the cost to manufacture acrylonitrile. INEOS continues
to improve upon and benefit from this long and successful history of cat-
alyst research and development. In fact, many of lNEOS's licensees have
been able to achieve increased plant capacity through a simple catalyst
changeout, without the need for reactor or other hardware modifications.
iNEOS’s catalyst system does not require changeout overtime, unless the
licensee chooses to introduce one of lNEOS’s newer, more economically
attractive catalyst systems.

Continued Y
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Acrylonitrile, cont.
Acrylonitrile end uses: The primary use for acrylonitrile is in the manu-
facture of polyacrylonitrile (PAN) for acrylic fiber, which finds extensive
uses in apparel, household furnishings, and industrial markets and ap-
plications, such as carbon fiber. Other end-use markets such as nitrile
rubber, styrene-acrylonitrile (SAN) copolymer and acryIonitriIe-butadi-
ene-styrene (ABS) terpolymers have extensive commercial and indus-
trial applications as tough, durable synthetic rubbers and engineering
plastics. Acrylonitrile is also used to manufacture adipinitrile, which is the
feedstock used to make Nylon 6,6.

Commercial plants: INEOS is the world's largest manufacturer and
marketer of acrylonitrile. With four wholly-owned, world-scale acryloni-
trile plants (in Lima, Ohio; Green Lake, Texas; Koeln, Germany: Teeside.
UK), INEOS has extensive manufacturing expertise and commercial ex-
perience in the international marketplace. INEOS total acrylonitrile pro-
duction capacity is approximately 1.3 million tpy. The SOHIO process was
first licensed in 1960. Since then, through more than 45 years of licensing
expertise and leadership, INEOS has licensed this technology into over
20 countries around the world.

Licensor: INEOS Technologies. From SOHIO to its successor companies,
BP Chemicals, BP Amoco Chemical, lnnovene and now INEOS benefit
from the extensive acrylonitrile operating experience, and successful li-
censing and transfer of acrylonitrile technology. CONTACT



Alpha olefins
Application: The oc—Sablih process produces oc—OleiihS such as butene-1,
hexane-1, octene-1 decene-1, etc. from ethylene in a homogenous cata-
lytic reaction. The process is based on a highly active bifunctional cata-
lyst system operating at mild reaction conditions with highest selectivi-
ties to or-olefins.

Description: Ethylene is compressed (6) and introduced to a bubble-
column type reactor (1) in which a homogenous catalyst system is intro-
duced together with a solvent. The gaseous products leaving the reactor
overhead are cooled in a cooler (2) and cooled in a gas-liquid separator
for reflux (3) and further cooled (4) and separated in a second gas-liquid
separator (5).

Unreacted ethylene from the separator (5) is recycled via a com-
pressor (6) and a heat exchanger (7) together with ethylene makeup to
the reactor. A liquid stream is withdrawn from the reactor (1) containing
liquid Ot-Ol€fll'iS and catalyst, which is removed by the catalyst removal
unit (8). The liquid stream from the catalyst removal unit (8) is combined
with the liquid stream from the primary separation (5). These combined
liquid streams are routed to a separation section in which, via a series of
columns (9), the or-olefins are separated into the individual components.

By varying the catalyst components ratio, the product mixture can
be adjusted from light products (butene-1, hexene-1, octene-1, decene-1)
to heavier products (C12 to C20 or-olefins). Typical yield for light olefins is
over 85 wt% with high purities that allow typical product applications.
The light products show excellent properties as comonomers in ethy-
lene polymerization.
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Economics: Due to the mild reaction conditions (pressure and temper-
ature), the process is lower in investment than competitive processes.
Typical utility requirements for a 160,000-metric tpy plant are 3,700 tph
cooling water, 39 MW fuel gas and 6800 kW electric power.

Commercial plants: One plant of 150,000 metric tpy capacity is in op-
eration at Jubail United in AI-Jubail, Saudi Arabia.

Licensor: The technology is jointly licensed by Linde AG and SABIC
CONTACT
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Ammonia, KAAPplus
Application: To produce ammonia from hydrocarbon feedstocks us-
ing a high-pressure heat exchange-based steam-reforming processin-
tegrated with a low-pressure advanced ammonia synthesis process.

Description: The key steps in the KAAPplus process are reforming us-
ing the KBR reforming exchanger system (KRES), cryogenic purifica-
tion of the synthesis gas and low-pressure ammonia synthesis using
KAAP catalyst.

Following sulfur removal (1), the feed is mixed with steam, heated
and split into two streams. One stream flows to the autothermal reform-
er (ATR) (2) and the other to the tube side of the reforming exchanger
(3), which operates in parallel with the ATR. Both convert the hydrocar-
bon feed into raw synthesis gas using a conventional nickel catalyst.

in the ATR, feed is partially combusted with excess air to supply
the heat needed to reform the remaining hydrocarbon feed. The hot
ATR effluent is fed to the shell side of the KRES reforming exchanger,
where it combines with the reformed gas exiting the catalyst-packed
tubes. The combined stream flows across the shell side of the reforming
exchanger where it efficiently supplies heat to the reforming reaction
inside the tubes.

The shell-side effluent from the reforming exchanger is cooled in
a waste-heat boiler, where HP steam is generated, and then it flows to
the CO shift converters containing two catalyst types: one (4) is a high-
temperature catalyst and the other (5) is a low-temperature catalyst.

The shift reactor effluent is cooled and condensed water is sepa-
rated (6). The effluent is then routed to the gas purification section.
Carbon dioxide (CO4) is removed from synthesis gas using a wet-CO2
scrubbing system such as hot potassium carbonate or methyl dietha-
nolamine (MDEA) (7).

After CO2 removal, final purification includes methanation (8), gas
drying (9) and cryogenic purification (10). The resulting pure synthesis
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gas is compressed in a single-case compressor and mixed with a recycle
stream (11). The gas mixture is fed to the KAAP ammonia converter (12),
which uses a ruthenium-based, high-activity ammonia synthesis catalyst.

It provides high conversion at the relatively low pressure of 90 bar
with a relatively small catalyst volume. Effluent vapors are cooled by
ammonia refrigeration, (13) and unreacted gases are recycled. Anhy-
drous liquid ammonia is condensed and separated (14) from the efflu-
ent. Energy consumption of KBR‘s KAAPplus process is less than 25
MMBtu (LHV)/short-ton. Elimination of the primary reformer combined
with low-pressure synthesis provides a capital cost savings of about 10%
over conventional processes.

Continued Y
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Ammonia, KAAPplus, cont.
Commercial plants: More than 230 single-train plants of KBR design
have been contracted worldwide. Over 30 of these plants use the KBR
Purifier process for capacities up to 2,700 metric tpd. Seven plants use
the KBR KAAP ammonia process, KBR has 20 large ammonia plants now
in design or under construction.

Licensor: Kellogg Brown & Root, LLC CONTACT



Ammonia, KBR KAAP
Application: To produce ammonia from hydrocarbon feedstocks using
a low-pressure advanced ammonia synthesis process

Description: The key steps in the KBR KAAP process are primary re-
forming, secondary reforming, and low-pressure ammonia synthesis us-
ing KAAP catalyst.

Following sulfur removal (1), the feed is reacted with steam in the
primary reformer (2). Primary reformer effluent is reacted with air in the
secondary reformer (3). An alternative to the above described conven-
tional reforming is to use KBR‘s reforming exchanger system (KRES), as
described in KBR’s KAAPplus ammonia process.

The secondary reformer effluent is cooled in a waste-heat boiler (4),
where high-pressure steam is generated, and then it flows to the C0 shift
converters containing two catalyst types: one (5) is a high-temperature
catalyst, and the other (6) is a low-temperature catalyst.

The shift reactor effluent is cooled and condensed water is separat-
ed. The gas is then routed to the gas purification section. Carbon diox-
ide (CO2) is removed from the synthesis gas using a CO2 licensed pro-
cess. Following C02 removal, the residual carbon oxides are converted to
methane in the methanator (8). The methanator effluent is cooled, and
water is separated (9) before the raw gas is dried (10).

The dried synthesis gas is compressed in a single-case compressor
and mixed with a recycle stream (11). The gas mixture is fed to the KAAP
ammonia converter (12), which uses ruthenium-based, high-activity am-
monia synthesis catalyst. lt provides high conversion at the relatively low
pressure of 90 bar with a relatively small catalyst volume. Effluent vapors
are cooled by ammonia refrigeration, (13) and unreacted gases are re-
cycled. Anhydrous Iiquid ammonia is condensed and separated from the
effluent in the unitized chiller (14).
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Commercial plants: More than 230 single-train plants of KBR design
have been contracted worldwide. Over 30 of these plants use the KBR
Purifier process for capacities up to 2,700 metric tpd. Seven plants use
the KBR KAAP ammonia process. KBR has 20 large ammonia plants now
in design or under construction.

Licensor: Kellogg Brown & Root, LLC CONTACT
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Ammonia, KBR Purifier
Application: To produce ammonia from hydrocarbon feedstocks and air.

Description: The key features of the KBR Purifier process are mild prima-
ry reforming, secondary reforming with excess air, cryogenic purification
of syngas and synthesis of ammonia over magnetite catalyst in a horizon-
tal converter.

Desulfurized feed is reacted with steam in the primary reformer (1)
with an exit temperature of about 700°C. The primary reformer effluent
is reacted with excess air in the secondary reformer (2) with an exit tem-
perature of about 900°C. The air compressor is normally a gas-driven tur-
bine (3). The turbine exhaust is fed to the primary reformer and used as
preheated combustion air. An alternative to the above described conven-
tional reforming is to use KBR's reforming exchanger system (KRES). as
described in KBR’s Purifierplus ammonia process.

Secondary reformer exit gas is cooled by generating high-pressure
steam (4). The shift reaction is carried out in two catalytic steps—high-
temperature (5) and low-temperature shift (6). Carbon dioxide (C02)
removal (7) uses licensed processes. Following CO2 removal, residual
carbon oxides are converted to methane in the methanator (8). The
methanator effluent is cooled, and water is separated (9) before the raw
gas is dried (10).

The dried synthesis gas flows to the cryogenic purifier (11), where it
is cooled by feed/effluent heat exchange and then fed to a rectifier. The
syngas is purified in the rectifier column, producing a column overhead
that is essentially a 75:25 ratio of hydrogen and nitrogen. The column bot-
toms is a waste gas that contains unconverted methane from the reform-
ing section, excess nitrogen and argon. Both overhead and bottoms are
reheated in the feed/effluent exchanger. The waste-gas stream is used to
regenerate the dryers, and it then is burned as fuel in the primary reformer.

A small, low-speed expander provides the net refrigeration. The puri-
fied syngas is compressed in the syngas compressor (12), mixed with the
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loop-cycle stream and fed to the converter (13). The converter effluent is
cooled and then chilled by ammonia refrigeration. The ammonia product
is separated (14) from unreacted syngas. Unreacted syngas is recycled
back to the syngas compressor. A small purge is scrubbed with water (15)
and recycled to the dryers.

Commercial plants: More than 230 single-train plants of KBR design
have been contracted worldwide. Over 30 of these plants use the KBR
Purifier process for capacities up to 2,700 metric tpd. Seven plants use
the KBR KAAP ammonia process. KBR has 20 large ammonia plants now
in design or under construction.

Licensor: Kellogg Brown & Root, LLC CONTACT
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Ammonia, KBR
Application: To produce ammonia from hydrocarbon feedstocks and air.

Description: The key steps in the KBR ammonia process are primary
reforming, secondary reforming and ammonia synthesis over magnetite
catalyst in a horizontal converter.

Following sulfur removal (1), the feed is reacted with steam in the
primary reformer (2). Primary reformer effluent is reacted with air in the
secondary reformer (3). Secondary reformer effluent is cooled in a waste-
heat boiler (4), where high-pressure steam is generated, and then it flows
to the CO shift converters containing two catalyst types: one (5) is a high-
temperature catalyst and the other (6) is a low-temperature catalyst.

The shift reactor effluent is cooled and condensed water is separat-
ed. The gas is then routed to the gas purification section. Carbon dioxide
(CO2) is removed from the synthesis gas using a licensed CO2 removal
process. Following CO2 removal, residual carbon oxides are converted to
methane in the methanator (8). The methanator effluent is cooled, and
water is separated (9) before the raw gas is dried (10).

The dried synthesis gas is compressed in a single-case compressor
and mixed with a recycle stream (11). The gas mixture is fed to the horizon-
tal ammonia converter (12). Effluent vapors are cooled by ammonia refrig-
eration, (13) and unreacted gases are recycled. Anhydrous liquid ammonia
is condensed and separated from the effluent in the unitized chiller (14).

Commercial plants: More than 230 single-train plants of KBR design
have been contracted worldwide. Over 30 of these plants use the KBR
Purifier process for capacities up to 2,700 metric tpd. Seven plants use
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the KBR KAAP ammonia process. KBR has 20 large ammonia plants now
in design or under construction.

Licensor: Kellogg Brown & Root, LLC CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Ammonia, PURiFiERpIus
Application: To produce ammonia from hydrocarbon feedstocks using
a high-pressure (HP) heat exchange-based steam-reforming process in-
tegrated with cryogenic purification of syngas.

Description: The key steps in the PURlFlERp/us process are reforming
using the KBR reforming exchanger system (KRES) with excess air, cryo-
genic purification of the synthesis gas and synthesis of ammonia over
magnetite catalyst in a horizontal converter.

Following sulfur removal (1), the feed is mixed with steam, heated
and split into two streams. One stream flows to the autothermal reformer
(ATR) (2) and the other to the tube side of the reforming exchanger (3),
which operates in parallel with the ATR. Both convert the hydrocarbon
feed into raw synthesis gas using a conventional nickel catalyst.

in the ATR, feed is partially combusted with excess air to supply the
heat needed to reform the remaining hydrocarbon feed. The hot ATR ef-
fluent is fed to the shell side of the KRES reforming exchanger, where it
combines with the reformed gas exiting the catalyst-packed tubes. The
combined stream flows across the shell side of the reforming exchanger
where it supplies heat to the reforming reaction inside the tubes.

The shell-side effluent from the reforming exchanger is cooled in
a waste-heat boiler, where HP steam is generated, and it then flows to
the CO shift converters containing two catalyst types: one (4) is a high-
temperature catalyst and the other (5) is a low-temperature catalyst.

The shift-reactor effluent is cooled and condensed water is sepa-
rated (6). The effluent is then routed to the gas purification section.
Carbon dioxide (CO2) is removed from synthesis gas using a wet-CO2
scrubbing system such as hot potassium carbonate or methyl dietha-
nolamine (MDEA) (7).

Following CO2 removal, the residual carbon oxides are converted to
methane in the methanator (8). Methanator effluent is cooled and wa-
ter is separated (9) before the raw gas is dried (10). Dried synthesis gas
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flows to the cryogenic purifier (11), where it is cooled by feed/effluent
heat exchange and fed to a rectifier. The syngas is purified in the rectifier
column, producing a column overhead that is essentially a 75:25 ratio of
hydrogen and nitrogen. The column bottoms is a waste gas that contains
unconverted methane from the reforming section, excess nitrogen and
argon. Both overhead and bottoms are re-heated in the feed/effluent ex-
changer. The waste-gas stream is used to regenerate the dryers, and then
it is burned as fuel in the primary reformer. A small, low-speed expander
provides the net refrigeration.

The purified syngas is compressed in the syngas compressor (12),
mixed with the loop-cycle stream and fed to the horizontal converter

Continued Y
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Ammonia, PURiFiERplus, cont.
(13). Converter effluent is cooled and then chilled by ammonia refrigera-
tion in a unitized chiller (14). The ammonia product is separated (15) from
the unreacted syngas, which is recycled back to the syngas compressor.
A small purge is scrubbed with water (16) and recycled to the dryers.

Commercial plants: More than 230 single-train plants of KBR design
have been contracted worldwide. Over 30 of these plants use the KBR
Purifier process for capacities up to 2,700 metric tpd. Seven plants use
the KBR KAAP ammonia process. KBR has 20 large ammonia plants now
in design or under construction.

Licensor: Kellogg Brown & Root, LLC CONTACT



Ammonia
Application: To produce anhydrous ammonia from natural gas. The pro-
cess is based on applying Casale's highly efficient equipment, including:

- Casale high-efficiency design for the secondary reformer
- Casale axial-radial technology for shift conversion
- CASALE ejector ammonia wash system
~ Casale axial-radial technology for the ammonia converter
- Casale advanced waste-heat boiler (WHB) design in the

synthesis loop.

Description: Natural gas (1) is first desulfurized (2) before entering a
steam reformer (3) where methane and other hydrocarbons are reacted
with steam to be partially converted to synthesis gas, i.e., hydrogen (H2),
carbon monoxide (CO) and carbon dioxide (CO2). The partially reformed
gas enters the secondary reformer (4) where air (5) is injected, and the
methane is finally converted to syngas. In this unit, Casale supplies its high-
efficiency process burner, characterized by low AP and a short flame. The
reformed gas is cooled by generating high-pressure (HP) steam, and then
it enters the shift section (6), where CO reacts with steam to form hydro-
gen and CO2. There are two shift converters, the high-temperature shift
and low-temperature shift; both are designed according to the unique
axial-radial Casale design for catalyst beds, ensuring a low AP, lower cata-
Iyst volume, longer catalyst life and less expensive pressure vessels.

The shifted gas is further cooled and then it enters the CO2 removal
section (7), where CO2 is washed away (8). The washed gas, after pre-
heating, enters the methanator reactor (9), where the remaining traces
of carbon oxides are converted to methane.

The cleaned synthesis gas can enter the synthesis gas compressor
(10), where it is compressed to synthesis pressure. Within the syngas
compressor, the gas is dried by the ejector-driven Casale liquid ammonia
wash (11) to remove saturation water and possible traces of CO2. This pro-
prietary technology further increases the efficiency of the synthesis loop.
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by reducing the power requirements of the synthesis gas compressor
and the energy duty in the synthesis loop refrigeration section.

The compressed syngas reaches the synthesis loop (12) where it is
converted to ammonia in the Casale axial-radial converter (13), charac-
terized by the highest conversion per pass and mechanical robustness.
The gas is then cooled in the downstream WHB (14), featuring the Ca-
sale water tubes design, where HP steam is generated. The gas is further
cooled (15 and 16) to condense the product ammonia (17) that is then
separated, while the unreacted gas (18) is circulated (19) back to the con-
verter. The inerts (20), present in the synthesis gas, are purged from the
loop via the Casale purge recovery unit (21), ensuring almost a complete

Continued Y
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Ammonia, cont.
recovery of the purged hydrogen (22) back to the synthesis loop (12),
while the inerts are recycled as fuel (23) back to the primary reformer (3).

Economics: Due to the high efficiency of the process and equipment
design, the total energy consumption (evaluated as feeds + fuel + steam
import from package boiler and steam export to urea) is lower than 6.5
Gcal/metric ton of produced ammonia.

Commercial plants: Casale has designed over 150 ammonia synthesis
reactors.

Licensor: Ammonia Casale SA, Switzerland CONTACT



Ammonia
Application: The Linde ammonia concept (LAC) produces ammonia
from light hydrocarbons. The process is a simplified route to ammonia,
consisting of a modern hydrogen plant, standard nitrogen unit and a high-
efficiency ammonia synthesis loop.

Description: Hydrocarbon feed is preheated and desulfurized (1). Process
steam, generated from process condensate in the isothermal shift reactor
(5) is added to give a steam ratio of about 2.7; reformer feed is further
preheated (2). Reformer (3) operates with an exit temperature of 850°C.

Reformed gas is cooled to the shift inlet temperature of 250°C by
generating steam (4). The CO shift reaction is carried out in a single stage
in the isothermal shift reactor (5), internally cooled by a spiral wound tube
bundle. To generate MP steam in the reactor. de-aerated and reheated
process condensate is recycled.

After further heat recovery, final cooling and condensate separation
(6), the gas is sent to the pressure swing adsorption (PSA) unit (7). Load-
ed adsorbers are regenerated isothermally using a controlled sequence of
depressurization and purging steps.

Nitrogen is produced by the low-temperature air separation in a cold
box (10). Air is filtered, compressed and purified before being supplied
to the cold box. Pure nitrogen product is further compressed and mixed
with the hydrogen to give a pure ammonia synthesis gas. The synthesis
gas is compressed to ammonia-synthesis pressure by the syngas com-
pressor (11), which also recycles unconverted gas through the ammonia
loop. Pure syngas eliminates the loop purge and associated purge gas
treatment system.

The ammonia loop is based on the Ammonia Casale axial-radial
three-bed converter with internal heat exchangers (13), giving a high con-
version. Heat from the ammonia synthesis reaction is used to generate HP
steam (14), preheat feed gas (12) and the gas is then cooled and refriger-
ated to separate ammonia product (15). Unconverted gas is recycled to
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the syngas compressor (11) and ammonia product chilled to —33°C (16)
for storage. Utility units in the LAC plant are the power-generation sys-
tem (17), which provides power for the plant from HP superheated steam,
BFW purification unit (18) and the refrigeration unit (19).

Economics: Simplification over conventional processes gives important
savings such as: investment, catalyst-replacement costs, maintenance
costs, etc. Total feed requirement (process feed plus fuel) is approxi-
mately 7 Gcal/metric ton (mt) ammonia (25.2 MMBtu/short ton) depend-
ing on plant design and location.

Continued Y
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Ammonia, cont.
Commercial plants: The first complete LAC plant, for i,350—metric tpd
ammonia, has been built for GSFC in India. Two other LAC plants, for
230-metric tpd and 600-metric tpd ammonia, were commissioned in
Australia. The latest LAC plant was erected in China and produces hy-
drogen, ammonia and CO2 under import of nitrogen from already exist-
ing facilities. There are extensive reference lists for Linde hydrogen and
nitrogen plants and Ammonia Casale synthesis systems.

References: “A Combination of Proven Technologies,” /\lltrogen, March-
April 1994.

Licensor: Linde AG CONTACT



Aromatics extraction
Application: The UOP ED Sulfolane process recovers high-purity aro-
matics from hydrocarbon mixtures by extractive distillation. Extractive
distillation is a lower cost, more suitable option for feeds rich in aromat-
ics containing mostly benzene and/or toluene.

Description: Extractive distillation is used to separate close-boiling
components using a solvent that alters the volatility between the com-
ponents. An ED Sulfolane unit consists of two primary columns; they
are the ED column and the solvent recovery column. Aromatic feed is
preheated with lean solvent and enters a central stage of the ED column
(1). The lean solvent is introduced near the top of the ED column. Non-
aromatics are separated from the top of this column and sent to storage.
The ED column bottoms contain solvent and highly purified aromatics
that are sent to the solvent recovery column (2). In this column, aromat-
ics are separated from solvent under vacuum with steam stripping. The
overhead aromatics product is sent to the BT fractionation section. Lean
solvent is separated from the bottom of the column and recirculated
back to the ED column.

Economics: The solvent used in the Sulfolane process exhibits higher
selectivity and capacity for aromatics than any other commercial sol-
vent. Using the Sulfalane process minimizes concern about trace nitro-
gen contamination that occurs with nitrogen-based solvents.

Commercial plants: in 1962, Shell commercialized the Sulfolane pro-
cess in its refineries in England and Italy. The success of the Sulfolane
process led to an agreement in 1965 whereby UOP became the exclu-
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sive licensor of the Sulfolane process. Many of the process improve-
ments incorporated in modern Sulfolane units are based on design fea-
tures and operating techniques developed by UOP. As of 2013, UOP has
licensed over 150 Sulfolane units throughout the world with 23 of these
being ED Sulfolane units.

Licensor: UOP LLC, A Honeywell Company CONTACT
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Aromatics extraction
Application: The UOP Sulfolane process recovers high-purity C5-C9
aromatics from hydrocarbon mixtures, such as reformed petroleum
naphtha (reformate), pyrolysis gasoline (pygas), or coke oven light oil
(COLO), by combining extractive distillation with liquid-liquid extraction.

Description: Fresh feed enters the extractor (1) and flows upward,
countercurrent to a stream of lean solvent. As the feed flows through
the extractor, aromatics are selectively dissolved in the solvent. A raf-
finate stream, very low in aromatics content, is withdrawn from the top
of the extractor. The rich solvent, loaded with aromatics, exits the bot-
tom of the extractor and enters the stripper (2). The lighter nonaromatics
taken overhead are recycled to the extractor to displace higher molecular
weight nonaromatics from the solvent.

The bottoms stream from the stripper, substantially free of nonaro-
matic impurities, is sent to the recovery column (3) where the aromatic
product is separated from the solvent. Because of the large difference in
boiling point between the solvent and the heaviest aromatic component,
this separation is accomplished easily, with minimal energy input.

Lean solvent from the bottom of the recovery column is returned to
the extractor. The extract is recovered overhead and sent on to distilla-
tion columns downstream for recovery of the individual benzene, toluene
and xylene products. The raffinate stream exits the top of the extractor
and is directed to the raffinate wash column (4). In the wash column,
the raffinate is contacted with water to remove dissolved solvent. The
solvent-rich water is vaporized in the water stripper (5) and then used
as stripping steam in the recovery column. The raffinate product exits
the top of the raffinate wash column. The raffinate product is commonly
used for gasoline blending or ethylene production.

The solvent used in the Sulfolane process was developed by Shell Oil
Co. in the early 1960s and is still the most efficient solvent available for
recovery of aromatics.
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Economics: The purity and recovery performance of an aromatics ex-
traction unit is largely a function of energy consumption. In general, higher
solvent circulation rates result in better performance, but at the expense
of higher energy consumption. The Sulfolane process demonstrates the
lowest solvent-to-feed ratio and the lowest energy consumption of any
commercial aromatics extraction technology. A typical Sulfolane unit
consumes 275-300 kcal of energy per kg of extract produced, even when
operating at 99.99 wt% benzene purity and 99.95 wt% recovery.

Commercial plants: in 1962, Shell commercialized the Sulfolane pro-
cess in its refineries in England and Italy. The success of the Sulfolane
process led to an agreement in 1965 whereby UOP became the exclusive
licensor of the Sulfolane process. Many of the process improvements in-
corporated in modern Sulfolane units are based on design features and
operating techniques developed by UOP. UOP has licensed over 150 Sul-
folane units throughout the world.

Licensor: UOP LLC, A Honeywell Company CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Aromatics extractive distillation
Application: The DISTAPEX process uses extractive distillation to re-
cover individual aromatics from a heart-cut feedstock containing the
desired aromatic compound.

Description: The feedstock enters the extractive distillation column in
its middle section while the solvent, N-methylpyrrolidone (NMP), is fed
on the top tray of its extractive distillation section. The NMP solvent al-
lows the separation of aromatic and non-aromatic components by en-
hancing their relative volatilities.

The vapors rising from the extractive distillation section consisting
of non-aromatic components still contain small quantities of solvent.
These solvent traces are separated in the raffinate section located above
the extractive distillation section. The purified non-aromatics are with-
drawn as overhead product.

The rich solvent comprising the aromatic component is withdrawn
at the bottom of the column and sent to the solvent stripper column, in
which the contained components are stripped off under vacuum condi-
tions. The aromatic stream is withdrawn as overhead product, while the
stripped solvent is circulated back to the extractive distillation column.

An optimized heat integration results in a very low consumption of
medium-pressure (MP) steam. In contrast to competing technologies,
solidification of the solvent during maintenance works will not occur
due to the low solidification point of NMP.

Ecology: Due to the unique properties of NMP, the process has an ex-
cellent ecological fingerprint.

Recovery rate: Typically more than 99.5% depending on the aromatic
content in the feedstock.

Economics: The DISTAPEX process requires a minimum number of
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equipment items and is especially renowned for reliability and availabil-
ity as well as low operating costs. Due to the low boiling point of the
solvent only MP steam is required.

Utilities, e.g., per ton benzene
Steam, ton 0.7
Electricity, kWh 8
Water, cooling, m5 19
Solvent loss, kg 0.01

Commercial plants: The DISTAPEX process is applied in more than 27
reference plants.

Licensor: Air Liquide Global E&C Solutions Germany GmbH CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Aromatics recovery
Application: Recovery via extraction of high-purity C5-C9 aromatics from
pyrolysis gasoline, reformate, coke oven light oil and kerosine fractions.

Description: Hydrocarbon feed is pumped to the liquid-liquid extraction
column (1) where the aromatics are dissolved selectively in the sulfolane
water-based solvent and separated from the insoluble non-aromatics
(paraffins, olefins and naphthenes). The non-aromatic raffinate phase
exits at the top of the column and is sent to the wash tower (2). The wash
tower recovers dissolved and entrained sulfolane by water extraction and
the raffinate is sent to storage. Water containing sulfolane is sent to the
water stripper.

The solvent phase leaving the extractor contains aromatics and small
amounts of non-aromatics. The latter are removed in the stripper (3)
and recycled to the extraction column. The aromatic-enriched solvent is
pumped from the stripper to the recovery tower (4) where the aromatics
are vacuum distilled from the solvent and sent to downstream clay treat-
ment and distillation. Meanwhile, the solvent is returned to the extractor
and the process repeats itself.

Yields: Overall aromatics‘ recoveries are > 99% while solvent losses are
extremely small—less than 0.006 lb/bbl of feed.
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Commercial plants: Over 20 licensed units are in operation.

Licensor: Axens CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Aromatics treatment
Application: To reduce olefinic content in either a heavy reformate feed or
an aromatic extract feed using ExxonMobil Chemicals Olgone“ process.

Description: The Olgone process is an alternative solution to clay treating
that is used to reduce olefins content and, thus, lower the Bromine Index
(Bi) of heavy reformate and aromatic extract streams. In this process, a
stream of either mixed xylenes, benzene/toluene or a combination of each
is preheated in a feed heater (1). The stream is then sent to a liquid-phase
reactor (2) containing the ExxonMobil proprietary EM-1800 catalyst. Simi-
lar to a clay treater system, a typical Olgone treater system consists of two
vessels with one in service and one in standby mode (3).

The primary reaction is the acid-catalyzed alkylation of an aromatic
molecule with an olefin, resulting in the formation of a heavy aromatic
compound. The heavy aromatic compound is then fractionated out of the
low Bl liquid product downstream of the Olgone reactor (4).

The catalyst used in the Olgone process exhibits a Bl capacity typically
six times greater than conventional clay.

Operating conditions: The Olgone process is essentially a drop-in re-
placement for clay treating. Olgone technology operates at temperatures
and pressures similar to clay operations, sufficient to keep the feed in the
liquid state. The catalyst offers long uninterrupted operating cycles and
can be regenerated multiple times.

Economics: By virtue of the Olgone technology's very long cycles and
reuse via regeneration, solid waste can be reduced by greater than 90%
and clay waste can be reduced by 100% where the Olgone process is
deployed in its catalyst-only configuration. The user enjoys both dis-
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posal cost reductions and tremendous environmental benefits. Operat-
ing costs are significantly lowered by less-frequent unloading/reloading
events, and downstream units are better protected from Bl excursions
due to the technology's enhanced capacity for olefins removal. Olgone
technology also provides a potential debottleneck for units limited by
short clay treater cycles.

Commercial plants: The Olgone technology was first commercialized
in 2003. There are currently eight Olgone units in operation.

Licensor: ExxonMobil Chemical Technology Licensing LLC (retrofit
applications)

Axens (grassroots applications) CONTACT
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Aromatics, transalkylation
Application: GT-TransAIk5’“ process technology produces benzene and
xylenes through transalkylation of the methyl groups from toluene and/
or heavy aromatics streams. The technology features a proprietary zeolite
catalyst (TransMax 501 from Clariant) and can accommodate varying ratios
of feedstock, while maintaining high activity and selectivity. GT-TransAlk is
especially well-suited for processing heavy aromatics (C9—Cj9*) with a long
run length, in order to maximize the production of xylenes from the aro-
matic feedstock. High-purity benzene is produced by simple distillation.

Description: The technology encompasses three main processing areas:
splitter, reactor, and stabilizer sections. The overhead C9/C49 aromatic prod-
uct is the feed to the transalkylation reactor section. The aromatics product
is mixed with toluene and hydrogen, vaporized, and fed to the reactor. The
reactor gaseous product is primarily unreacted hydrogen, which is recycled
to the reactor. The liquid product stream is subsequently stabilized to re-
move light components. The resulting aromatics are routed to product frac-
tionation to produce the final benzene and xylene products. The reactor is
charged with zeolite catalyst, which exhibits both long life and good flexibil-
ity to feed stream variations including substantial C49 aromatics. Depending
on feed compositions and light components present, the xylene yield can
vary from 25% to 32% and C9 conversion from 53% to 67%.

Process advantages:
- Simple, low-cost fixed-bed reactor design; drop-in replacement

for other catalysts
- Very high selectivity; benzene purity is 99.9% without extraction
- Physically stable catalyst
- Flexible to handle up to 90+% C9* components in feed

with high conversion
- Catalyst is resistant to impurities common to this service
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- Moderate operating parameters; catalyst can be used as
replacement for other transalkylation units or in grassroots designs

- Decreased hydrogen consumption due to low cracking rates
- Significant decrease in energy consumption due to efficient

heat integration scheme

Economics:
Basis 1 million tpy (22,000 BPSD) feed rate
Erected cost $19 million (ISBL, 2014 US Gulf Coast basis)

Commercial plants: Three commercial licenses

Licensor: GTC Technology CONTACT
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Benzene saturation
Application: GTC‘s process know-how can meet refiners‘ needs by
providing a variety of cost-effective solutions, ranging from aromatics
extraction to catalytic hydrogenation for benzene management in gas-
oline-bound streams. GTC’s GT-BenZapR process is suggested for refiner-
ies limited by economies of scale required for benzene extraction or for
units located in remote areas away from benzene consumers.

Description: GTC‘s GT-BenZap process features a reliable traditional de-
sign paired with a proven active hydrogenation catalyst. The process con-
sists of hydrotreating a narrow-cut C5 fraction, which is separated from
the full-range reformate to saturate the benzene component into cyclo-
hexane. The reformate is first fed to a reformate splitter, where the C5
heart cut is separated as a side-draw fraction. while the Cf cut and the
C5‘ light fraction are removed as bottom and top products of the column.

The C5 olefins present in the C5 cut are also hydrogenated to paraf-
fins, while the C5* olefins removed at the top of the splitter are not, thus
preserving the octane number. The hydrogenated C5 fraction from the
reactor outlet is sent to a stabilizer column, where the remaining hydro-
gen and lights are removed overhead. The C5“ cut, produced from the
splitter overhead, is recombined with the hydrogenated C5 cut within the
GT-BenZap process in a unique manner that reduces energy consump-
tion and capital equipment cost.

The light reformate is mixed with the Cf cut from the splitter column
and together they form the full-range reformate, which is low in benzene.
GTC also offers a modular construction option and the possibility to re-
use existing equipment (Dividing Wall Column).

Process advantages:
- Simple process to hydrogenate benzene and remove it

from gasoline
- Reliable technology that uses an isolated hydrogenation reactor
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- Reduces benzene in reformate streams by over 99.9%
- Minimal impact to hydrogen balance and octane loss

Economics:
Basis 15,000 bpsd C5 cut stream
Erected cost $13 million (ISBL, 2014 US Gulf Coast basis)

Commercial plants: Two licensed units

Licensor: GTC Technology CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.
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Benzene, ethylbenzene
dealkylation
Application: The DX process was developed to convert ethylbenzene
(EB) contained in the C5 aromatic feedstocks to high-purity benzene plus
ethane, and to upgrade the mixed xylenes to premium grade. The feed-
stocks can be either pygas C5 or reformer C5 streams. The technology
features a proprietary catalyst with high activity, low ring loss and supe-
rior long catalyst cycle length. This technology is partnered with Toray
Industries inc. of Japan.

Description: The technology encompasses two main processing areas:
the reactor section and the product distillation section. In this process,
a C5 aromatics feed stream is first mixed with hydrogen. The mixed
stream is then heated against reactor effluent and sent through a pro-
cess furnace. The heated mixture is fed into the DX reaction unit, where
EB is dealkylated at very high conversion, and xylenes are isomerized
to equilibrium.

The reactor effluent is cooled, and it flows to the separator where
the hydrogen-rich vapor phase is separated from the liquid stream. A
small portion of the vapor phase is purged to control purity of the re-
cycle hydrogen. The recycle hydrogen is then compressed, mixed with
makeup hydrogen, and returned to the reactor.

The liquid stream from the separator is pumped to the deheptanizer
to remove light hydrocarbons. The liquid stream from the deheptanizer
overhead contains benzene and toluene, and is sent to the distillation
section to produce high-purity benzene and toluene products. The liq-
uid stream from the deheptanizer bottoms contains mixed xylenes and
a small amount of C9* aromatics. This liquid stream is sent to the paraxy-
lene (PX) recovery section. The mixed-xylenes stream is very low in EB
due to high EB conversion in the DX reactor, which debottlenecks the PX
recovery unit.

Fuel gas
D

Makeup H2E,
H1
recycle

Separator
"“"°' light ends

Stabilizer

"eam Reduced EB product

C5aromatics

Process advantages:
- Simple, low-cost fixed—bed reactor design
- Flexible feedstock and operation
- High EB conversion per pass can be nearly 100%
- DX products are isomerized to equilibrium composition of xylene,

which relaxes the lsomerization unit
- Low ring loss at very high EB conversion
- On-specification benzene with traditional distillation
- Extremely stable catalyst
- Low hydrogen consumption
- Moderate operating parameters

Continued Y
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Benzene, ethylbenzene dealkylation, cont
- Efficient heat integration scheme reduces energy consumption
- Turnkey package for high-purity benzene, toluene and paraxylene

production available from licensor

Economics:
Basis 100,000 tpy (2,200 bpsd) feed rate
Erected cost $10.6 million (ISBL, 2014 US Gulf Coast basis)

Commercial plants: Commercialized technology available for licensing

Licensor: GTC Technology CONTACT



Benzene
Application: Produce benzene via the hydrodealkylation of C7-C5
aromatics.

Description: Fresh C7—C5* (to Ca) feed is mixed with recycle hydrogen,
makeup hydrogen and Cf aromatics from the recycle tower. The mix-
ture is heated by exchange (1) with reactor effluent and by a furnace (2)
that also generates high-pressure steam for better heat recovery.

Tight temperature control is maintained in the reactor (3) to arrive
at high yields using a multi-point hydrogen quench (4). In this way, con-
version is controlled at the optimum level, which depends on reactor
throughput, operating conditions and feed composition.

By recycling the diphenyl (5), its total production is minimized to
the advantage of increased benzene production. The reactor effluent is
cooled by exchange with feed followed by cooling water or air (6) and
sent to the flash drum (7) where hydrogen-rich gas separates from the
condensed liquid. The gas phase is compressed (8) and returned to the
reactor as quench, recycle H2.

Part of the stream is washed counter currently with a feed side
stream in the vent H2 absorber (9) for benzene recovery. The absorber
overhead flows to the hydrogen purification unit (10) where hydrogen
purity is increased to 90%+ so it can be recycled to the reactor. The
stabilizer (11) removes light ends, mostly methane and ethane, from
the flash drum liquid. The bottoms are sent to the benzene column (12)
where high-purity benzene is produced overhead. The bottoms stream,
containing unreacted toluene and heavier aromatics, is pumped to the
recycle column (13). Toluene, C5 aromatics and diphenyl are distilled
overhead and recycled to the reactor. A small purge stream prevents the
heavy components from building up in the process.

Hvdrooenmakeuo tight ends
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Yields: Benzene yields are close to the theoretical, owing to several
techniques used such as proprietary reactor design, heavy aromatic (di-
phenyl) recycle and multi-point hydrogen quench.

Commercial plants: Thirty-six plants have been licensed worldwide
for processing a variety of feedstocks including toluene, mixed aromat-
ics, reformate and pyrolysis gasoline.

Licensor: Axens CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Benzene
Application: To produce high-purity benzene from toluene and heavier
aromatics. The process has been applied to pyrolysis gasoline (Pyrotol®),
light coke-oven cases (Litol@) and toluene (Detol@).

Description: Feed and hydrogen are heated and passed over the cata-
lyst (1). Benzene and unconverted toluene and/or xylene and heavier
aromatics are condensed (2) and stabilized (3).

To meet acid wash color specifications, stabilizer bottoms are
passed through a fixed—bed clay treater, then distilled (4) to produce
the desired specification benzene. The purification of recycle hydrogen
reduces the make-up hydrogen requirement.

Unconverted toluene and/or xylenes and heavier aromatics are
recycled.

Yields: Aromatic yield is 99.0 mol% of fresh toluene or heavier aromatic
charge. Typical yields for production of benzene are:

Feed
Nonaromatics 3.2
Benzene —
Toluene 47.3
C5 aromatics 49.5
C9* aromatics —

Products, wt% of feed
Benzene* 75.7

" 545°C minimum freeze point

:1 ltl lléllit H2 recycle

Recycle toluene and C,‘ aromatics

tight ends
D

Benzene

C,‘ Aromatic *
l_

Economics: Typical utility requirements, per bbl feed:
Electricity, kWh 5.8
Fuel, MMBtu 031*
Water, cooling, gal 450
Steam, lb 14.4
* No credit taken for vent gas streams

Commercial plants: Twelve Detol plants with capacities ranging from
about 12 million gpy to 100 million gpy have been licensed. A total of 31
hydrodealkylation plants have been licensed.

Licensor: CB&l CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Bisphenol A
Application: The Badger BPA technology produces high-purity bisphe-
nol A (BPA) product suitable for polycarbonate and epoxy resin applica-
tions. BPA is produced over ion exchange resin from phenol and acetone
in a process featuring proprietary purification technology.

Description: Acetone and excess phenol are reacted by condensation in
an ion exchange resin-catalyzed reactor system (1) to produce p,p BPA,
water and various byproducts. The crude distillation column (2) removes
water and unreacted acetone from the reactor effluent. Acetone and lights
are adsorbed into phenol in the lights adsorber (3) to produce a recycle
acetone stream. The bottoms of the crude column is sent to the crystal-
lization feed pre-concentrator (4), which distills phenol and concentrates
BPA to a level suitable for crystallization.

BPA is separated from byproducts in a proprietary evaporative
crystallization and recovery system (5) which produces adduct crystals
of p,p BPA and phenol. Mother liquor from the purification system is dis-
tilled in column (6) to recover dissolved evaporative coolant. The distilled
mother liquor stream is recycled to the reaction system. A purge from the
mother liquor is sent to the purge cracking and recovery system (7) along
with the process water to recover phenol. The purified adduct is process-
ed in a BPA finishing system (8) to remove phenol from product, and the
resulting molten BPA is solidified in the prill tower (9) to produce product
prills suitable for the merchant BPA market.

Process features: The unique crystallization system produces a stable
crystal that is efficiently separated from its mother liquor. These plants are
extremely reliable and have been engineered to meet the operating stan-
dards of the most demanding refining and chemical companies. The cata-
lyst system uses a unique upflow design that is beneficial to catalyst life
and performance. High capacity operation has been fully demonstrated.

Recycle Phenol
acetone E 1 A 1

ant/'
A‘°l°"° Adduct Molten BPA BPA prillsWaterI u

Motiier liquorPurge

I Wastewater
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Product quality: Typical values for BPA quality are:
BPA w/w, wt% 99.95
Phenol, ppmw 15
Methanol color, APHA 5

Commercial plants: The first plant, among the largest in the world, be-
gan operation in 1992 at the Deer Park (Houston) plant now owned and
operated by Momentive Specialty Chemicals. Since that time, 10 other
world-scale plants with a combined capacity of nearly 1.4 million metric
tpy have been licensed to the Asia-Pacific and Middle East markets.

Licensor: Badger Licensing LLC CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Bisphenol A
Application: The Bisphenol A (BPA) process, owned by Mitsubishi Chem-
ical Corp. (MCC) and offered by MCC and Kellogg Brown & Root (KBR) for
license, produces the highest-quality BPA from phenol and acetone using
an advanced, proprietary catalyst and an optimized purification section
designed to incorporate MCC's many years of BPA operations experience.

Description: The phenol and acetone feed streams are treated in the raw
material preparation and recovery section to remove impurities from the
feed streams, while the water of reaction from the reaction/dehydration
section is treated to maximize recovery of feed materials from the wa-
ter effluent. in the reaction/dehydration section, phenol and acetone are
reacted over MCC's proprietary catalyst to produce BPA and water of re-
action. The reaction/dehydration section also separates water. along with
unreacted acetone and small amounts of phenol, from the reactor effluent.

The dehydrated reactor effluent is then fed to the purification sec-
tion. In the purification section, BPA/phenol adduct crystals are formed
and separated from the mother liquor. impurities and heavy byproducts
remain in the mother liquor. Adduct crystals are sent forward, while the
mother liquor is recycled to the BPA synthesis reaction. A purge is taken
from the mother liquor to remove the impurities. The purge stream from
the purification section is fed to the purge-recovery section, where heavy
impurities are rejected from the process, and the recoverable materials
are captured and recycled to the reaction/dehydration section to improve
overall process yields. The adduct crystals from the purification section
are fed to the dephenolation/prilling section, where the phenol compo-
nent from the adduct crystals is removed. The resulting BPA stream is
then fed to the prilling tower for the production of high purity BPA prills.

Process features: The advanced catalyst developed by MCC, utilizing
a bound co catalyst, maximizes production of 4,4’ BPA and minimizes
byproduct formation, all without the use of a volatile, sulfur containing,

Acetone Phenol Water

“gm °i| W9“ Raw material
preparation and recovery

Reaction/dehydration HPurification (crystallization)

Dephenolation/prilling BPA

Tar

free promoter. Elimination of the free promoter also reduces the equip-
ment count by eliminating the need for the separation, purification, re-
cycle and continuous makeup of the free promoter. MCC’s long history
and on going experience operating this technology has led to the design
of crystallization and separation processes in the purification section that
simplify operations to enhance process stability and onstream time, while
delivering exceptional BPA purity. MCC’s proprietary prilling technology
produces product of superior consistency.

Commercial plants: MCC’s BPA technology is currently in operation in
nine plants, with startup of the first licensed plant in 1991.

Licensor: Kellogg Brown & Root, inc. and Mitsubishi Chemical Corp.
CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



BTX aromatics and LPG
Application: Advanced Pygas Upgrading (APU) is a catalytic process
technology developed by SK Corp. and is exclusively offered by Axens
to convert pyrolysis (ex steam cracking) gasoline to a superior steam-
cracker feed (LPG), and benzene, toluene and xylene (BTX) aromatics.

Description: Cuts originating from second-stage pygas hydrogenation
units are used as feedstocks. The principal catalytic reactions are:

- Conversion of non-aromatics (especially C5 to C15 alkanes) into
ethane and LPG.

- Conversion of C9* aromatics into BTX, thereby increasing BTX yield.
The reaction section product delivers after standard distillation high-

purity individual BTX cuts, and there is no need for further extraction.

Typical yields:
Feed, wt% APU effluent, wt%

Hydrogen 1.0 —
Methane — 0.7
Ethane - 6.6
LPG — 17.7
C5* non aro. 19.2 1.4
Benzene 42.3 44.4
Toluene 16.5 22.5
EB 5.9 0.5
Xylene 4.0 5.2
C9* Aro. 12.1 1.0

The BTX product quality after simple distillation is:

Typical APU BTX product quality
Benzene 99.9%
Toluene 99.75%
Xylenes isomer grade

Hydrogen
Fuel gas
Ethylene

Propylene
Butadiene
C, olefins

‘ C(S PygasHDI 5

C2 + IPG C5‘

C2 + LPG
Benzene
Toluene
Xylenes

Naphtha
Ethyleneiv) par

In some locations, ethane and LPG are the desired products; they
provide valuable cracking furnace feedstocks. Typical olefin yields based
on the original pygas feed are:

Typical APU olefins yields
Ethylene 12.5%
Propylene 3.2%

Continued Y
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BTX aromatics and LPG, cont.
Economics: APU technology is the ideal choice for:

- Complementing or debottlenecking existing extraction units
for the production of high-purity aromatics (routing of excess
pygas to the APU)

- Converting low-value pygas, especially the C9* fraction often
sent to fuel oil, into BTX, ethane, propane and butanes

- Increasing ethylene and propylene production by recycling
the C2-C4 paraffins to the cracking furnaces

- Displaying a significant net value addition per ton of pygas
processed (over $250/ton based on 2007 European prices).

Reference: Debuisschert, O., “New high value chain for Pygas Upgrading,”
ARTC 2008. May 24-25. 2008. Kuala Lumpur.

Commercial plants: Two APU units have been licensed by Axens and
SK Corp.

Licensor: Axens and SK Corp. CONTACT



BTX aromatics
Application: To produce high yields of benzene, toluene, xylenes (BTX)
and hydrogen from hydrotreated naphtha via the CCR Aromizing process
coupled with RegenC continuous catalyst regeneration technology. Ben-
zene and toluene cuts are fed directly to an aromatics extractive distilla-
tion unit. The xylenes fraction is obtained by fractionation. Depending on
capacity and operation severity, implementation of an Arofining reactor
aiming at the selective hydrogenation of diolefins and olefins can repre-
sent a valuable option to reduce clay usage.

Description: This process features moving bed reactors and a continu-
ous catalyst regeneration system. Feed enters the reactor (1), passes ra-
dially through the moving catalyst bed, exits at the reactor bottom and
proceeds in the same manner through the 2-3 remaining reactors (2). The
robust catalyst smoothly moves downward through each reactor.

Leaving the reactor, the catalyst is gas-lifted to the next reactor’s feed
hopper where it is distributed for entry. The catalyst exiting the last reac-
tor is lifted to the regeneration section with an inert gas lift system, thus
isolating the process side from the regeneration section.

The coked catalyst is regenerated across the RegenC section (3).
Coke burning and noble metal redispersion on the catalyst are managed
under carefully controlled conditions. Catalyst chemical and mechanical
properties are maintained on the long term. Regenerated catalyst is lifted
back to the inlet of the first reactor; the cycle begins again.

A recovery system (4) separates hydrogen for use in downstream
units, and the Aromizate is sent to a stabilization section. The unit is fully
automated and operating controls are integrated into a distributed con-
trol system (DCS), requiring only a minimum of supervisory and mainte-
nance efforts.
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Commercial plants: One hundred and ten CCR reforming units have been
licensed, including the gasoline-mode and BTX-mode operation targets.

Licensor: Axens CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



BTX aromatics
Application: To produce reformate, which is concentrated in benzene,
toluene and xylenes (BTX) from naphtha and condensate feedstocks via
a high-severity reforming operation with a hydrogen byproduct. The CCR
Platforming Process is licensed by UOP.

Description: The process consists of a reactor section, continuous catalyst
regeneration section (CCR) and product recovery section. Stacked radial
flow reactors (1) facilitate catalyst transfer to and from the CCR catalyst
regeneration section (2). A charge heater and interheaters (3) are used to
achieve optimum conversion and selectivity for the endothermic reaction.

Reactor effluent is separated into liquid and vapor products (4). Liquid
product is sent to a stabilizer (5) to remove light ends. Vapor from the
separator is compressed and sent to a gas-recovery section (6) to separate
90%*-pure hydrogen byproduct. A fuel gas byproduct of LPG can also be
produced. UOP’s latest R-334 series catalyst maximizes aromatics yields.

Yields: Typical yields from lean Middle East naphtha:
H2, wt% 3.9 Commercial plants: There are 250 units in operation and over 40 ad-
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tiglit ends
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C5*, wt% 88 ditional units in design and construction.

Economics: Estimated ISBL investment per metric tpy of feed: Licensor: UOP LLC, A Honeywell Company CONTACT
US$ 65-80
Utilities per metric ton feedrate

Electricity, kWh 100
Steam, HP, metric ton 0.13
Water, cooling m3 5
Fuel, MMkcal 0.53
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BTX aromatics
Application: To produce petrochemical-grade benzene, toluene and xy-
lenes (BTX) via the aromatization of propane and butanes using the BP/
UOP Cyclar process.

Description: The process consists of a reactor section, continuous cata-
lyst regeneration (CCR) section and product-recovery section. Stacked
radial-flow reactors (1) facilitate catalyst transfer to and from the CCR
catalyst regeneration section (2). A charge heater and interheaters (3)
achieve optimum conversion and selectivity for the endothermic reac-
tion. Reactor effluent is separated into liquid and vapor products (4). The
liquid product is sent to a stripper column (5) to remove light saturates
from the C5* aromatic product. Vapor from the separator is compressed
and sent to a gas recovery unit (6). The compressed vapor is then sepa-
rated into a 95% pure hydrogen coproduct, a fuel-gas stream containing
light byproducts and a recycled stream of unconverted LPG.

Yields: Total aromatics yields as a wt% of fresh feed is approximately
56%, but varies depending on feed composition. Hydrogen yield is ap-
proximately 5wt% fresh feed. Typical product distribution is 25% ben-
zene, 39% toluene, 24% C5 aromatics and 12% C9* aromatics.

Economics: US Gulf Coast inside battery limits basis, assuming gas tur-
bine driver is used for product compressor.

investment, USS per metric ton of feed 250-350

Typical utility requirements, unit per metric ton of feed
Electricity, kWh 102
Steam, HP, metric ton (0.5)
Water, cooling, metric ton 12
Fuel, MMkcal 1.3

Stripper offgas
:<____

CB*Aromatic product

Net fuel gas
. Hydrogen
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Commercial plants: In 1990, the first Cyclar unit was commissioned at
the BP refinery at Grangemouth, Scotland. This unit was designed to pro-
cess 1,000 bpd of C5 or C4 feedstock at either high- or low-pressure over
a wide range of operating conditions. The second Cyclar unit was com-
missioned in 1999 and operated until 2013, processing 1.3 million metric
tpy of mixed C5/C4 feedstock.

Licensor: UOP LLC, A Honeywell Company CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



BTX extraction
Application: GT-BTX“" is an aromatics recovery technology that uses
extractive distillation (ED) to purify benzene, toluene and xylene (BTX)
from refinery or petrochemical aromatics streams such as catalytic refor-
mate, pyrolysis gasoline (pygas) or coke oven light oil (COLO).

Description: Hydrocarbon feed is preheated with hot circulating solvent
and fed at a midpoint into the extractive distillation column (EDC). Lean
solvent is fed at an upper point to selectively extract the aromatics into the
column bottoms in a vapor/liquid distillation operation. The non-aromatic
hydrocarbons exit the top of the column and pass through a condenser.
A portion of the overhead stream is returned to the top of the column as
reflux to wash out any entrained solvent. The balance of the overhead
stream is raffinate product and does not require further treatment.

Rich solvent from the bottom of the EDC is routed to the solvent
recovery column (SRC), where the aromatics are stripped overhead. A
stripping stream from a closed-loop water circuit facilitates hydrocar-
bon stripping. The SRC is operated under a vacuum to reduce the boiling
point at the base of the column.

Lean solvent from the bottom of the SRC is passed through heat ex-
change before returning to the EDC. A small portion of the lean circulat-
ing solvent is processed in a solvent regeneration step to remove heavy
decomposition products.

The SRC overhead mixed aromatics product is routed to the purifica-
tion section, where it is fractionated to produce chemical-grade benzene,
toluene and xylenes.

Process advantages:
- Lower capital cost compared to conventional liquid-liquid

extraction or other ED systems
- Energy integration reduces operating costs
- Higher product purity and aromatic recovery
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- Recovers aromatics from full-range BTX feedstock
- Distillation-based operation provides better control and

simplified operation
- Proprietary formulation of commercially available solvent

exhibits high selectivity and capacity
- Low solvent circulation rates
- Insignificant fouling due to elimination of liquid-liquid contactors
~ Fewer hydrocarbon emission sources for environmental benefits

Economics:
Basis 12,000 bpsd reformate or pygas
Erected cost $16 million (ISBL, 2014 US Gulf Coast basis)

Commercial plants: 27 commercial licenses of new and revamp units

Licensor: GTC Technology CONTACT
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BTX recovery from FCC gasoline
Application: GT-BTX PluS° is a variation of GT-BTX° that uses extractive
distillation technology for simultaneous recovery of benzene, toluene and
xylene (BTX) and thiophenic sulfur species from refinery or petrochemi-
cal aromatic-containing streams. The technology helps produce low-sul-
fur gasoline meeting the 10-ppm limit of sulfur without change in octane
value. An alternative use of GT-BTX PluS is to generate a large volume
of aromatics to produce paraxylene without the requirement of a typical
naphtha reformer unit. The aromatics recovery is especially attractive for
use with feedstocks produced from high-severity FCC operations.

The process is optimally installed on the FCC mid-cut naphtha
stream. GT-BTX PluS removes all thiophenes and some of the mercaptan
species from the FCC gasoline feed. The olefin-rich raffinate can be sent
directly to the gasoline pool for blending. or to a caustic treating unit to
remove the mercaptan-type sulfur compounds before being sent to the
gasoline. The desulfurized aromatics extract stream can be directly fed
into petrochemical production units instead of recycling to the naphtha
reformer. GT-BTX PluS provides an effective solution for meeting today’s
clean-gasoline requirements and gives refiners the ability to convert
lower-value gasoline components into higher-value petrochemicals.

Description: The optimum feed is the mid-fraction of FCC gasoline
from 70°C to 150°C. This material is fed to the GT-BTX PluS unit, which
extracts the sulfur and aromatics from the hydrocarbon stream. The
sulfur-containing aromatic components are processed in a conventional
hydrotreater to convert the sulfur into hydrogen sulfide (H2S). Because
the portion of gasoline being hydrotreated is reduced in volume and is
free of olefins, hydrogen consumption and operating costs are greatly
reduced. In contrast, conventional desulfurization schemes must pro-
cess the majority of the gasoline through hydrotreating units to remove
sulfur, which inevitably results in olefin saturation, octane downgrade
and yield loss.

C5-

 Desulfurized/dearomatized oletin-rich gasoline
>

Full-range
Fa naphtha ["4 _ Aromatics/sulfuriractionation ,i,|, 5,5,5“

H, H,S

Aromams Benzene, Toluene, Xylenes, C,‘
fractionation

FCC gasoline is fed to the extractive distillation column (EDC). in a
vapor-liquid operation, the solvent extracts the sulfur compounds into
the bottoms of the column, along with the aromatic components, while
rejecting the olefins and non-aromatics into the overhead as raffinate.
Nearly all of the non-aromatics, including olefins, are effectively sepa-
rated into the raffinate stream. The raffinate stream can be optionally
caustic washed before routing to the gasoline pool or to an aromatiza-
tion unit to further increase BTX production.

Rich solvent, containing aromatics and sulfur compounds, is routed
to the solvent recovery column (SRC), where the hydrocarbons and sul-
fur species are separated, and lean solvent is recovered in columns bot-
toms. The SRC overhead is hydrotreated by conventional means and ei-
ther used as desulfurized gasoline or directed to an aromatics plant. Lean
solvent from the SRC bottoms is recycled back to the EDC.

Continued Y
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BTX recovery from FCC gasoline, cont
Process advantages:

- Eliminates FCC gasoline sulfur species to meet a pool gasoline
target of 10 ppm sulfur

- Rejects olefins from being hydrotreated in the
hydrodesulfurization (HDS) unit to prevent loss of octane rating
and to reduce hydrogen consumption

- Fewer components (only the heavy-most fraction and the aromatic
concentrate from the ED unit) sent to hydrodesulfurization,
resulting in a smaller HDS unit and less yield loss

- Purified benzene and other aromatics can be produced from the
aromatic-rich extract stream after hydrotreating.

- Olefin-rich raffinate stream can be directed to other process units
for product upgrade.

Economics:
Basis 1 million tpy (22,000 bpsd) feed rate
Erected cost $32 million (ISBL including fractionation

and HDT, 2014 US Gulf Coast basis)

Commercial plants: Four licensed units

Licensor: GTC Technology CONTACT



Butadiene from n-butane
Application: Technology for dehydrogenation of n-butane to make bu-
tadiene. The CATADiENE® process uses specially formulated proprietary
catalysts from Clariant.

Description: The CATADIENE reaction system consists of parallel fixed-
bed reactors and a regeneration air system. The reactors are cycled
through a sequence consisting of reaction, regeneration and evacuation/
purge steps. Multiple reactors are used so that the reactor feed/product
system and the regeneration air system operate in a continuous manner.

Fresh n-butane feed is combined with recycle feed from a butadiene
extraction unit. The total feed is then vaporized and raised to reaction
temperature in a charge heater (1) and fed to the reactors (2). Reaction
takes place at vacuum conditions to maximize n-butane conversion and
butadiene selectivity. The reactor effluent gas is quenched with circulat-
ing oil, compressed (3) and sent to the recovery section (4), where inert
gases, hydrogen and light hydrocarbons are separated from the com-
pressed reactor effluent. Condensed liquid from the recovery section
is sent to a depropanizer (5), where propane and lighter components
are separated from the C4s. The bottoms stream, containing butadiene,
n-butenes and n-butane, is sent to an OSBL butadiene extraction unit,
which recovers butadiene product and recycles n-butenes and n-butane
back to the CATADIENE reactors.

After a suitable period of onstream operation, feed to an individual
reactor is switched to another reactor and the reactor is reheated/regen-
erated. Reheat/regeneration air heated in the regeneration air heater (6)
is passed through the reactors. The regeneration air serves to restore the
temperature profile of the bed to its initial onstream condition in addition
to burning coke off the catalyst. When reheat/regeneration is completed,
the reactor is re-evacuated for the next onstream period.

The low operating pressure and temperature of CATADIENE reac-
tors, along with the robust Clariant catalyst, allow the CATADIENE tech-
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nology to process n-butane feedstock with stable operation and without
fouling of process equipment. The simple reactor construction, with its
simple internals, results in very high on stream factors for the CATADI-
ENE technology.

Butadiene yield: The consumption of n-butane (100%) is 1.67 metric
ton (mt) per mt of butadiene product.

Commercial plants: The CATADIENE process has been licensed for
19 plants. Of these, three are currently in operation, producing 270,000
mtpy of butadiene.

Licensor: CB&l CONTACT
Copyright © 2014 Gulf Publishing Company. All rights reserved.



Butanediol, 1,4-
Application: To produce 1,4 butanediol (BDO) from butane via maleic
anhydride and hydrogen using ester hydrogenation.

Description: Maleic anhydride is first esterified with methanol in a reac-
tion column (1) to form the intermediate dimethyl maleate. The methanol
and water overhead stream is separated in the methanol column (2) and
water discharged.

The ester is then fed directly to the low-pressure, vapor-phase
hydrogenation system where it is vaporized into an excess of hydrogen in
the vaporizer (3) and fed to a fixed-bed reactor (4), containing a copper
catalyst. The reaction product is cooled (5) and condensed (6) with the
hydrogen being recycled by the centrifugal circulator (7).

The condensed product flows to the lights column (8) where it is
distilled to produce a co-product tetrahydrofuran (THF) stream. The
heavies column (9) removes methanol, which is recycled to the methanol
column (2). The product column (10) produces high-quality butanediol
(BDO). Unreacted ester and gamma butyralactone (GBL) are recycled to
the vaporizer (3) to maximize process efficiency.

The process can be adapted to produce up to 100% of co-product
THF and/or to extract the GBL as a co-product if required.

Economics: per ton of BDO equivalent:
Maleic anhydride
Hydrogen
Methanol 0.02
Electric power, kWh 160
Steam, ton 3.6
Water, cooling, m3 320

1.125
0.115

Makeup H,

Me0H recycle 4
Me0H QMakeup Me0H H a a

Feed MAH I l

H,0 “1'°""° l Product mr
 >

ProductBDOHeavies u ' u

Ester
recycle

Commercial plants: Since 1989, 14 plants have been licensed with a
total capacity of 800,000 tpy.

Licensor: Johnson Matthey Davy Technologies Ltd., UK CONTACT
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Butene-1
Application: To produce high-purity butene-1 that is suitable for copo-
lymers in LLDPE production via the AlphaButol ethylene dimerization
process developed by IFPEN/Axens in cooperation with SABIC.

Description: Polymer-grade ethylene is oligomerized in a liquid-phase
reactor (1) with a homogeneous liquid system that has high activity and
selectivity.

Liquid effluent and spent catalyst are then separated (2); the liquid
is distilled (3) for recycling of unreacted ethylene to the reactor, and
fractionated (4) in order to produce high-purity butene-1. Spent catalyst
is treated to remove volatile hydrocarbons before safe disposal.

The AlphaButol process features are: simple processing, high turn-
down. ease of operation. low operating pressure and temperature. liq-
uid-phase operation and carbon steel equipment. The technology has
advantages over other production or supply sources: uniformly high-
quality product, low impurities, reliable feedstock source, low capital
costs, high turndown and ease of production.

Yields: LLDPE copolymer grade butene-1 is produced with a purity ex-
ceeding 99.5 wt%. Typical product specification is:

Other C4s (butenes + butanes) < 0.3 wt%
Ethane < 0.15 wt%
Ethylene < 0.05 wt%
C5 olefins <100 ppmw
Ethers (as DME) < 2 ppmw
Sulfur, chlorine <1 ppmw
Dienes, acetylenes < 5 ppmw each
C0, CO2, O2, H20, Me0H < 5 ppmw each

Catalyst
preparation
and storage B"t°“°'l

Ethylene teed

Cg
1 .Camvmemova, Heavy ends with spent catalyst

Economics: Case for a 2010 ISBL investment at a Gulf Coast location
for producing 20,000 tpy of butene-1 is:

investment, million US$ 10
Raw material
Ethylene, tons/ton of butene-1 1.1
Byproducts, C5 + tons/ton of butene-1 0.08
Typical operating cost, US$/ton of butene-1 38

Commercial plants: Thirty-one AlphaButol units have been licensed
producing 728,000 tpy. Eighteen units are in operation.

Licensor: Axens CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Butene-1
Application: To produce high-purity butene-1 from a mixed C4 stream
using CB&l’s comonomer production technology (CPT). The feedstock
can contain any amount of butene-1, butene-2 and butane.

Description: The CPT process for butene-1 production has two main
steps: butene lsomerization and butene distillation. While the following
description uses raffinate-2 feed, steam-cracker raw C4s or raffinate-1 can
be used with additional steps for butadiene hydrogenation or isobutene
removal before the CPT unit.

in the butene lsomerization section (1), raffinate-2 feed from OSBL
is mixed with butene recycle from the butene distillation section and
is vaporized, preheated and fed to the butene lsomerization reactor,
where butene-2 is isomerized to butene-1 over a fixed bed of proprietary
lsomerization catalyst. Reactor effluent is cooled and condensed and
flows to the butene distillation section (2) where it is separated into bu-
tene-1 product and recycle butene-2 in a butene fractionator. Butene-1
is separated overhead and recycle butene-2 is produced from the bot-
tom. The column uses a heat-pump system to efficiently separate bu-
tene-1 from butene-2 and butane, with no external heat input. A portion
of the bottoms is purged to remove butane before it is recycled to the
lsomerization reactor.

Yields and product quality:
Typical yields

metric ton butene-1/metric ton 075-09, depending on
n-butenes feed quality

Typical product quality
Butene-1 99 wt % min
Other butenes + butanes 1 wt % max
Butadiene and propadiene 200 ppm wt max

lsomerization effluent l'B"l9"9
Raffinate-Z teed . Butt“. .B‘.'t°“.° comonomerlsomerization |;,,j5,,5 ,55,,5|5 distillation

(1) (Z)

C,,H5 purge

Economics: Typical utilities, per metric ton butene-1 (80% butenes in feed)
Steam + fuel, MMKcal 1.3
Water, cooling (10°C rise), m5 190
Electricity, MWh 1.0

Commercial plants: The process has been demonstrated in a semi-
commercial unit in Tianjin, China. The first CPT facility for butene-1 pro-
duction started up in early 2014 and produces 40,000 metric tpy.

Reference: Gartside, R. J., M. I. Greene and H. Kaleem, “Maximize butene-1
yields," Hydrocarbon Processing, April 2006, pp. 57-61.

Licensor: CB&l CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



Butenes (extraction from mixed
butanes/butenes)
Application: The BASF process uses n-methylpyrrolidone (NMP) as sol-
vent to produce a high-purity butenes stream from a mixture of butanes
and butenes. The feedstock is typically the raffinate byproduct of a buta-
diene extraction process or an “on-purpose" butene process.

Description: The C4 feed, containing a mixture of butanes and butenes,
is fed to the butenes absorber column (1), which produces an overhead
butanes stream containing only a few percent butenes. The bottoms
stream from this column contains butenes absorbed in the solvent. The
butenes are stripped from the solvent in the butenes stripper (2). The
overhead of the butenes stripper is a butenes stream that contains a few
percent butanes.

The vapor overheads of both the absorber and stripper are con-
densed with cooling water, generating the respective butanes and bu-
tenes products. Each column has a small reflux flow that washes the
overhead product to minimize solvent losses.

The bottoms of the stripper is lean solvent, which is cooled against
process streams and then cooling water before being sent to the butenes
absorber. The butenes stripper is reboiled using medium pressure steam.

Yields and product quality: Typical product qualities are 5% butanes
in the butenes product and 5% butenes in the butanes product. Higher
quality products can be achieved if required. C4 losses are essentially zero.

Economics: Typically, this technology is used to improve the economics
of associated upstream or downstream units. Therefore, overall econom-
ics are determined on a case-by-case basis depending on the other units
associated with this process.

B"ia“°§"i"' Butenes-rich productproduct

Butanes Butenes
ahsorber(I) stripper (2)

C4feed

Typical raw material and utilities, per metric ton of butenes
MP steam, metric ton 3
Power, kWh 50

Commercial plants: More than 30 plants are in operation using NMP
solvent for separation of 1,3 butadiene from mixed C4s. While no com-
mercial plants are currently operating for the separation of butanes and
butenes using NMP as solvent, a mini-plant and a pilot plant have been
operating for more than one year demonstrating this separation.

Licensor:BASF/CB&l CONTACT
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Butyraldehyde, n and i
Application: To produce normal and iso-butyraldehyde from propylene
and synthesis gas (CO + H2) using the LP Oxo SELECTOR Technology,
utilizing a low-pressure, rhodium-catalyzed oxo process.

Description: The process reacts propylene with a 1:1 syngas at low pres-
sure (< 20/kg/cmzg) in the presence of a rhodium catalyst complexed
with a ligand (1). Depending on the desired selectivity, the hydrofor-
mylation reaction produces normal and iso-butyraldehyde ratios, which
can be varied from 2:1 to 30:1 with typical n/i ratios of 10:1 or 30:1. The
butyraldehyde product is removed from the catalyst solution (2) and pu-
rified by distillation (3). N-butyraldehyde is separated from the iso (4).

The LP Oxo SELECTOR Technology is characterized by its simple
flowsheet. low operating pressure and long catalyst life. This results in
low capital and maintenance expenses and product cost, and high plant
availability. Mild reaction conditions minimize byproduct formation,
which contributes to higher process efficiencies and product qualities.

Technology for hydrogenation to normal or iso-butanols or aldoliza-
tion and hydrogenation to 2-ethylhexanol exists and has been widely
licensed. One version of the LP Oxo Technology has been licensed to
produce valeraldehyde (for the production of 2-propylheptanol) from a
mixed butene feedstock, and another version to produce higher alcohols
(up to C15) from Fischer Tropsch produced olefins.

Economics: Typical performance data (per ton of mixed butyraldehyde):
Feedstocks

Propylene, kg (contained in chemical grade) 600
Synthesis gas (C0 + H2), Nmf 639

Utilities
Steam, kg 1,100
Water, cooling (assuming 10°C AT), m5 95
Power, kW 35

Reactor Product removal section isomer separation
115,“ iso-Butyraldehyde

Propylene

Syngas 1 !

n-Butyraldehyde

Commercial plants: The LP Oxo Technology has been licensed to over
30 plants worldwide and is now used to produce more than 85% of the
worlds licensed butyraldehyde capacity. Plants range in size from 30,000
tpy to 350,000 tpy of butyraldehyde. The technology is also practiced by
Union Carbide Corp., a wholly owned subsidiary of The Dow Chemical
Co., at its Texas City, Texas, and Hahnville, Louisiana, plants.

Licensees: Forty-two projects worldwide since 1978.

Licensor: Davy Process Technology Ltd, UK, and Dow Global Technologies
lnc., a subsidiary of The Dow Chemical Co., US CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.



C5 components recovery
Application: GTC offers GT-C55“, an optimized technology for producing
valuable C5 and C,5 components that are suitable for producing
hydrocarbon resins.

Description: The GT-C5 process consists of five operating steps:
1) Fractionation to remove light boiling components; 2) Two-stage
dimerization reaction for selective production of dicyclopentadiene
(DCPD) and codimers; 3) Fractionation section to remove crude isoprene
and similar boiling components; 4) Second-stage selective dimerization
reaction to enhance the DCPD yield; 5) Fractionation section to produce
piperylenes and DCPD suitable for hydrocarbon resin production.

Process advantages:
- Proprietary staged dimerization process to gain more flexibility
- Capable of producing DCPD stream loaded with co-dimers to

minimize external purchase for hydrocarbon resin production
- Flexibility to operate the unit to maximize the isoprene recovery

tights removal

Dimer

Crude isoprene product 30' %

C, splitter

Dimer

Suitur
removed

PIPS
(1; DUIQE

PIPS DCPD

70%

85%

Heavies

- Optimum energy scheme to produce piperylene stream rich in Commercial plants: One licensed unit
components that are ideally suited for C5 resin production

- improved isoprene concentration in the crude isoprene stream Licensor: GTC Technology CONTACT
~ Capability to produce up to 85% pure DCPD

Copyright © 2014 Gulf Publishing Company. All rights reserved.
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Chlor-alkali
Application: BICHLOR electrolysers are used to produce chlorine, sodi-
um hydroxide (or potassium hydroxide) and hydrogen by the electrolysis
of sodium chloride (or potassium chloride) solutions. BICHLOR electroly-
sers are state-of-the art, having zero electrode gap and separate anode
and cathode compartments ensuring the highest product quality at the
lowest electrical energy usage.

Basic eiectroiyser chemistry: Key features:
Low power consumption:
~ Zero Gap electrode configuration
- Uniform current and electrolyte distribution
- Sub structure designed to reduce electrical resistance
- Use of low resistance high performance membranes
Low maintenance costs:
- Modular technology minimises down time and personnel
- Long life electrode coatings
- Electrodes can be re-coated “IN PAN"
BICHLOR operating data:
Max Modules per eiectroiyser 186
Current density 2-8 kA/m2
Power consumption < 2,100 kWh/metric ton of

caustic soda (as 100%)
Operating pressure, -15 mbarg to 400 mbarg
Max capacity per eiectroiyser 35,000 metric tpy of

chlorine

Commercial plants: Since 2003, over 30 plants licensed worldwide
ranging from 5,000 metric ton to 440,000 metric ton.

Licensor: INEOS Technologies CONTACT
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Cumene
Application: To produce cumene from benzene and any grade of
propy|ene—including lower-quality refinery propylene-propane mix-
tures—using the Badger process and a new generation of zeolite cata-
lysts from ExxonMobil.

Description: The process includes: a fixed-bed alkylation reactor, a fixed-
bed transalkylation reactor and a distillation section. Liquid propylene
and benzene are premixed and fed to the alkylation reactor (1) where
propylene is completely reacted. Separately, recycled po|yisopropylben-
zene (PIPB) is premixed with benzene and fed to the transalkylation reac-
tor (2) where PIPB reacts to form additional cumene. The transalkylation
and alkylation effluents are fed to the distillation section. The distillation
section consists of as many as four columns in series. The depropanizer
(3) recovers propane overhead as LPG. The benzene column (4) recov-
ers excess benzene for recycle to the reactors. The cumene column (5)
recovers cumene product overhead. The PIPB column (6) recovers PIPB
overhead for recycle to the transalkylation reactor.

Process features: The process allows a substantial increase in capacity
for existing SPA, AICI3 or other zeolite cumene plants while improving
product purity, feedstock consumption and utility consumption. The new
catalyst is environmentally inert, does not produce byproduct oligomers
or coke and can operate at extremely low benzene to propylene ratios.

Yield and product purity: This process is essentially stoichiometric,
and product purity above 99.97% weight has been regularly achieved in
commercial operation.

Benzene
[PG

Propylene >
Benzene recycle + | (umene

| I PIPB
llllrylalion

reactor

Heavies
>-

Depropanizer
Transalkylalion Benzene Cumene PIPB

reactor column column column

Economics:
Utility requirements, per ton of cumene product:

Heat, MMkcal (import) O32
Steam, ton (export) (0.40)

The utilities can be optimized for specific site conditions/economics
and integrated with an associated phenol plant.

Commercial plants: The first commercial application of this process
came onstream in T996. At present, there are 22 operating plants with a
combined capacity of nearly 8 million metric tpy. ln addition, six grassroots
plants and one SPA revamp are in the design or construction phase.

Licensor: Badger Licensing LLC CONTACT
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Cumene
Application: The Versalis/CB&l process is used to produce high-purity
cumene from propylene and benzene using a proprietary zeolite catalyst
provided by \/ersalis. The process can handle a variety of propylene feed-
stocks, ranging from polymer grade to refinery grade.

Description: Alkylation and transalkylation reactions take place in the
liquid phase in fixed-bed reactors. Propylene is completely reacted with
benzene in the alkylator (T), producing an effluent of unconverted ben-
zene, cumene and PIPB (diisopropylbenzene and small amounts of poly-
isopropylbenzenes). The specially formulated zeolite catalyst allows pro-
duction of high-purity cumene while operating at reactor temperatures
high enough for the reaction heat to be recovered as useful steam. PIPB
is converted to cumene by reaction with benzene in the transalkylator (2).
The process operates with relatively small amounts of excess benzene in
the reactors.

Alkylator and transalkylator effluents are processed in the benzene
column (3) to recover unreacted benzene, which is recycled to the reac-
tors. On-specification cumene product is produced as the overhead of the
cumene column (4). The PIPB column (5) recovers polyalkylate material
for feed to the transalkylator and rejects a very small amount of heavy,
non-transalkylatable byproduct. The PIPB column can also reject cymenes
when the benzene feedstock contains an excessive amount of toluene.
Propane contained in the propylene feedstock can be recovered as a
byproduct, as can non-aromatic components in the benzene feedstock.

The PBE-i zeolite catalyst has a unique morphology in terms of its small
and uniform crystal size and the number and distribution of the Bronsted
and Lewis acid sites, leading to high activity and selectivity to cumene in
both the alkylation and transalkylation reactions. The catalyst is very stable
because it tolerates water and oxygenates and does not require drying of
the fresh benzene feed. Run lengths are long due to the catalysts tolerance
to trace poisons normally present in benzene and propylene feedstocks,

Reaction section Distillation section
illlrylalion Transaiirylalion Benzene Cumene PIPB

Benzene reactor reactor column column column

Benzene recvcle (umene
>

Propylene Heaw ends

L PIPB recvcle L

II‘
c>1|>Ir!>X<|>7ar r>x<i>x<r

and the extremely low rate of coke formation as a result of its unique zeo-
lite catalyst. Regeneration is simple and inexpensive.

Equipment is constructed of carbon steel, thereby reducing investment.

Yields and product quality: Cumene produced by the process can have
a purity greater than 99.95%. The consumption of propylene (lOO%) is
typically O.35l metric ton per metric ton of cumene product. The con-
sumption of benzene (lOO%) is typically 0.652 metric ton per metric ton
of cumene product.

Continued Y
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Cumene, cont.
Economics: Typical utilities, per metric ton of cumene

High-pressure steam, metric ton 0.9
Low pressure steam export, metric ton (1.0)
Power, k\/\/h T0

Commercial plants: The process has been used in Versalis' 400,000
metric tpy cumene plant at Porto Torres, Sardinia. Another unit is cur-
rently under construction.

Licensor: CB&| CONTACT



Cumene
Application: The Q-Max process produces high-quality cumene (iso-
propylbenzene) by alkylating benzene with propylene (typically refin-
ery, chemical or polymer grade) using zeolitic catalyst technology.

Description: Benzene is alkylated to cumene over a zeolite catalyst in a
fixed-bed, liquid-phase reactor. Fresh benzene is combined with recycle
benzene and fed to the alkylation reactor (T). The benzene feed flows in
series through the beds, while fresh propylene feed is distributed equal-
ly between the beds. This reaction is highly exothermic, and heat is re-
moved by recycling a portion of reactor effluent to the reactor inlet and
injecting cooled reactor effluent between the beds.

In the fractionation section, unreacted benzene is recovered from
the overhead of the benzene column (3) and cumene product is taken as
overhead from the cumene column (4). Poly-isopropylbenzene (PIPB)
is recovered in the overhead of the PIPB column (5) and recycled to
the transalkylation reactor (2) where it is transalkylated with benzene
over a second zeolite catalyst to produce additional cumene. A small
quantity of heavy byproduct is recovered from the bottom of the PIPB
column (5) and is typically blended to fuel oil. A depropanizer column is
required to recover propane when refinery or chemical-grade propylene
feed is used. The cumene product has a high purity (99.96 wt%-
9997 wt%), and cumene yields of 99.7 wt% and higher are achieved.

The zeolite catalyst is noncorrosive and operates at mild conditions;
thus, carbon-steel construction is possible. Catalyst cycle lengths are
five years and longer. The catalyst is fully regenerable for an ultimate
catalyst life of T0 years and longer. Existing plants that use SPA or AlCl;
catalyst can be revamped to gain the advantages of Q-Max cumene
technology while increasing plant capacity.

Economics: Basis: ISBL 2013 US Gulf Coast

Benzene Recycle belllene Cumene

PIPB

Propylene

l

Heavies
D

Investment, US$/tpy (270,000 tpy of cumene) T33 1 50%

Raw materials & utilities, per metric ton of cumene
Propylene, tons
Benzene, tons 0.66
Electricity, kW T3
Steam, tons (import) 0.8
Water, cooling, m3 0.6

The Q-Max design is typically tailored to provide optimal utility
advantage for the plant site, such as minimizing heat input for stand-
alone operation, maximizing the use of air cooling, or recovering heat
as steam for usage in a nearby phenol plant.

O35

Commercial plants: Twenty-two Q-Max projects have been licensed
with a total cumene capacity of 6 million tpy.

Licensor: UOP LLC, A Honeywell Company CONTACT
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Cyclohexane
Application: Produce high-purity cyclohexane by liquid-phase catalytic
hydrogenation of benzene.

Description: The main reactor (T) converts essentially all of the feed iso-
thermally in the liquid phase at a thermodynamically favorable low tem-
perature using a continuously injected soluble catalyst. The catalyst‘s high
activity allows using low-hydrogen partial pressure, which results in fewer
side reactions, e.g., lsomerization or hydrocracking.

The heat of reaction vaporizes cyclohexane product and, using pump-
around circulation through an exchanger, also generates steam (2). With
the heat of reaction being immediately removed by vaporization, accu-
rate temperature control is assured. A vapor-phase fixed-bed finishing re-
actor (3) completes the catalytic hydrogenation of any residual benzene.
This step reduces residual benzene in the cyclohexane product to very
low levels. Depending on purity of the hydrogen makeup gas, the stabili-
zation section includes either an LP separator (4) or a small stabilizer to
remove light ends.

A prime advantage of the liquid-phase process is its substantially
lower cost compared to vapor-phase processes: investment is particularly
low because a single, inexpensive main reactor chamber is used as com-
pared to multiple-bed or tubular reactors used in vapor-phase processes.
Quench gas and unreacted benzene recycles are not necessary, and bet-
ter heat recovery generates both cyclohexane vapor for the finishing step
and a greater amount of steam. These advantages result in lower invest-
ment and operating costs.

Operational flexibility and reliability are excellent; changes in feedstock
quality and flows are easily handled. If the catalyst is deactivated by feed
quality upsets, then fresh catalyst can be injected without a shutdown.

HP purge gas

catalyst ~----- --
Main

reactor
Steam

Benzene Q
Hydrogen 2

Finishing '
° reactor
L4

‘ET
Optional

= '9
separator

lP purge gas

Q
(W u Cyclohexane

HP separator
or stripper

+________

Yield: l.075 kg of cyclohexane is produced from l kg of benzene.

Commercial plants: Thirty-eight cyclohexane units have been licensed

Licensor: Axens CONTACT

Copyright © 2014 Gulf Publishing Company. All rights reserved.




































































































































































































































































































