(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/093564 A1l

19 June 2014 (19.06.2014) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
C07C 7/04 (2006.01) C10G 11/18 (2006.01) kind of national protection available): AE, AG, AL, AM,
CO7C 4/06 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) Tat tional Application Number- BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCTUS2013/074520 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
12 December 2013 (12.12.2013) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
- ) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(26) Publication Language: English ?’V’ TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: o
13/714,548 14 December 2012 (14122012) Us (84) De51gnated States (unless otherwise indicated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: UOP LLC [US/US]; 25 East Algonquin Road, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
P.O. Box 5017, Des Plaines, Illinois 60017-5017 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Tnventors: FREET, Christian D.; UOP LLC, 25 East Al- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
. : e EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
gonquin Road, P.O. Box 5017, Des Plaines, Illinois 60017-
. MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
5017 (US). KRUSE, Todd M.; UOP LLC, 25 East Algon-
. . L TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
quin Road, P.O. Box 5017, Des Plaines, Illinois 60017- KM. ML. MR. NE. SN. TD. TG
5017 (US). NICHOLAS, Christopher P.; UOP LLC, 25 ? ’ ? P - TG).
East Algonquin Road, P.O. Box 5017, Des Plaines, I[llinois Published:
60017-5017 (US). —  with international search report (Art. 21(3))
(74) Agent: PASCHALL, James C.; UOP LLC, 25 East Al- __

gonquin Road, P.O. Box 5017, Des Plaines, Illinois 60017-
5017 (US).

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

20147093564 A1 |1 000 1 1010 O 0 OO0 00

0

g|38 86

(54) Title: PROCESS AND APPARATUS FOR RECOVERING PRODUCT

—178

2

VA 7
30' g S 11 87
56 78

A
4 Fos s A,

"[ it 8¢ [
1 FE e
b [+ 1 (a0
5847 52 LD
VAR 6 N
6

N P’I T
40

FIG. 1

(57) Abstract: A process and apparatus are disclosed for recovering a product stream by fractionation perhaps with compression of a
C5? hydrocarbon stream. The C5? hydrocarbon stream may be taken from an overhead of a fractionation column. Fractionation in -
cludes a depentanizer column followed by a depropanizer column for producing a C4 and C5 stream. The recovered product stream

o may be oligomerized to produce larger oligomers. Oligomers may be delivered to a cracking reactor which may produce the C5? hy-

W

drocarbon stream.
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PROCESS AND APPARATUS FOR RECOVERING PRODUCT

PRIORITY CLAIM OF EARLIER NATIONAL APPLICATION

[0001] This application claims priority to U.S. Application No. 13/714,548 filed
December 14, 2012.

FIELD OF THE INVENTION

[0002] The field of the invention is the recovery of hydrocarbon streams by separation

and oligomerization of light olefins to heavier oligomers.
BACKGROUND

[0003] The oligomerization of butenes is often associated with a desire to make a high
yield of high quality gasoline product. What can be achieved when oligomerizing butenes can
be limited. When oligomerizing butenes, dimerization is desired to obtain gasoline range
material. However, trimerization and higher oligomerization can occur which can produce
material heavier than gasoline such as diesel. Efforts to produce diesel by oligomerization
have failed to provide high yields except through multiple passes.

[0004] When oligomerizing olefins from a fluid catalytic cracking (FCC) unit, there is
often a desire to maintain a liquid phase within the oligomerization reactors. A liquid phase
helps with catalyst stability by acting as a solvent to wash the catalyst of heavier species
produced. In addition, the liquid phase provides a higher concentration of olefins to the
catalyst surface to achieve a higher catalyst activity. Typically, this liquid phase in the reactor
is maintained by hydrogenating some of the heavy olefinic product and recycling this
paraffinic product to the reactor inlet.

[0005] To maximize propylene produced by the FCC unit, refiners may contemplate
oligomerizing FCC olefins to make heavier oligomers and recycling heavier oligomers to the
FCC unit. However, some heavy oligomers may be resistant to cracking down to propylene.
[0006] Improved apparatuses and processes are desired for recovering valuable products

from product gases for use in an oligomerization zone.
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SUMMARY OF THE INVENTION

[0007] In the oligomerization of light olefins a hydrocarbon feed stream of C4 and Cs
olefins is desired. Typically, a C4 and Cs olefin feed stream would be acquired by mixing a
C4 hydrocarbon stream from a bottoms stream of a C3/Cy splitter column with Cs
hydrocarbon stream from an overhead of a depentanizer column. However, the Cs
hydrocarbon stream is typically taken from a naphtha cut from a side of the FCC main
column. This naphtha cut typically contains large concentrations of poisons such as
mercaptans and thiophenes that can deactivate the oligomerization catalyst.

[0008] The apparatus and process may be used to recover cracked product or to produce
hydrocarbon product which may include olefinic product. The apparatus and process are
designed to recover a hydrocarbon stream comprising C4 and Cs olefins. A portion of a main
column overhead stream or a compressed stream is fed as a depentanizer feed stream to a
depentanizer column to provide a Cs— overhead stream which is then fed as a depropanizer
feed stream to a depropanizer column to provide a stream comprising C4 and Cs
hydrocarbons which may be recovered or used as an oligomerization feed to an
oligomerization zone.

[0009] An object of the invention is the provision of a C4 and Cs olefinic feed stream

with a lower concentration of poison.
BRIEF DESCRIPTION OF THE DRAWING
[0010] The FIGURE is a schematic drawing of the present invention.
DEFINITIONS

[0011] As used herein, the term “stream” can include various hydrocarbon molecules and
other substances. Moreover, the term “stream comprising Cy hydrocarbons” or “stream
comprising Cy olefins” can include a stream comprising hydrocarbon or olefin molecules,
respectively, with “x” number of carbon atoms, suitably a stream with a majority of
hydrocarbons or olefins, respectively, with “x”” number of carbon atoms and preferably a
stream with at least 75 wt-% hydrocarbons or olefin molecules, respectively, with “x”
number of carbon atoms. Moreover, the term “stream comprising Cx hydrocarbons” or

“stream comprising Cy olefins” can include a stream comprising a majority of hydrocarbon

.
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or olefin molecules, respectively, with more than or equal to “x” carbon atoms and suitably
less than 10 wt-% and preferably less than 1 wt-% hydrocarbon or olefin molecules,
respectively, with x-1 carbon atoms. Lastly, the term “Cy stream” can include a stream
comprising a majority of hydrocarbon or olefin molecules, respectively, with less than or
equal to “x” carbon atoms and suitably less than 10 wt-% and preferably less than 1 wt-%
hydrocarbon or olefin molecules, respectively, with x+1 carbon atoms.

[0012] As used herein, the term “zone” can refer to an area including one or more
equipment items and/or one or more sub-zones. Equipment items can include one or more
reactors or reactor vessels, heaters, exchangers, pipes, pumps, compressors, controllers and
columns. Additionally, an equipment item, such as a reactor, dryer, or vessel, can further
include one or more zones or sub-zones.

[0013] As used herein, the term “gasoline” can include hydrocarbons having a boiling
point temperature in the range of 25° to 200°C at atmospheric pressure.

[0014] As used herein, the term “diesel” or “distillate” can include hydrocarbons having
a boiling point temperature in the range of 150° to 400°C and preferably 200° to 400°C.
[0015] As used herein, the term “vacuum gas oil” (VGO) can include hydrocarbons
having a boiling temperature in the range of from 343° to 552°C.

[0016] As used herein, the term “vapor” can mean a gas or a dispersion that may include or
consist of one or more hydrocarbons.

[0017] As used herein, the term “overhead stream” can mean a stream withdrawn at or
near a top of a vessel, such as a column.

[0018] As used herein, the term “bottom stream” can mean a stream withdrawn at or near
a bottom of a vessel, such as a column.

[0019] As depicted, process flow lines in the FIGURE can be referred to interchangeably
as, e.g., lines, pipes, feeds, gases, products, discharges, parts, portions, or streams.

[0020] The term “communication” means that material flow is operatively permitted
between enumerated components.

[0021] The term “downstream communication” means that at least a portion of material
flowing to the subject in downstream communication may operatively flow from the object

with which it communicates.
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[0022] The term “upstream communication” means that at least a portion of the material
flowing from the subject in upstream communication may operatively flow to the object with
which it communicates.

[0023] The term “direct communication” means that flow from the upstream component
enters the downstream component without undergoing a compositional change due to
physical fractionation or chemical conversion.

[0024] The term “column” means a distillation column or columns for separating one or
more components of different volatilities. Unless otherwise indicated, each column includes a
condenser on an overhead of the column to condense and reflux a portion of an overhead
stream back to the top of the column and a reboiler at a bottom of the column to vaporize and
send a portion of a bottom stream back to the bottom of the column. Feeds to the columns
may be preheated. The top pressure is the pressure of the overhead vapor at the outlet of the
column. The bottom temperature is the liquid bottom outlet temperature. Overhead lines and
bottom lines refer to the net lines from the column downstream of the reflux or reboil to the
column.

[0025] As used herein, the term “boiling point temperature” means atmospheric
equivalent boiling point (AEBP) as calculated from the observed boiling temperature and the
distillation pressure, as calculated using the equations furnished in ASTM D1160 appendix
A7 entitled “Practice for Converting Observed Vapor Temperatures to Atmospheric
Equivalent Temperatures”.

[0026] As used herein, “taking a stream from” means that some or all of the original
stream is taken.

[0027] The term “predominant” means a majority, suitably at least 80 wt-% and
preferably at least 90 wt-%.

DETAILED DESCRIPTION

[0028] The stream comprising C,4 and Cs hydrocarbons may be obtained from a cracked
product stream that may come from a fluid catalytic cracking (FCC) zone. The process and
apparatus will be described as such, but the stream comprising C4 and Cs hydrocarbons may
be obtained from other sources. In such an exemplary embodiment, the apparatus and process
may be described with reference to four components shown in the FIGURE: an FCC zone 20,

an FCC recovery zone 90, a pretreatment zone 180, an oligomerization zone 190, and an

-4 -
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oligomerization recovery zone 220. Many configurations of the present invention are
possible, but specific embodiments are presented herein by way of example. All other
possible embodiments for carrying out the present invention are considered within the scope
of the present invention.

[0029] The fluid catalytic cracking zone 20 may comprise a first FCC reactor 22, a
regenerator vessel 30, and an optional second FCC reactor 70.

[0030] A conventional FCC feedstock and higher boiling hydrocarbon feedstock are a
suitable FCC hydrocarbon feed 24 to the first FCC reactor. The most common of such
conventional feedstocks is a VGO. Higher boiling hydrocarbon feedstocks to which this
invention may be applied include a heavy bottom from crude oil, heavy bitumen crude oil,
shale oil, tar sand extract, deasphalted residue, products from coal liquefaction, atmospheric
and vacuum reduced crudes and mixtures thereof. The FCC feed 24 may include a recycle
stream 230 to be described later.

[0031] The first FCC reactor 22 may include a first reactor riser 26 and a first reactor
vessel 28. A regenerator catalyst pipe 32 delivers regenerated catalyst from the regenerator
vessel 30 to the reactor riser 26. A fluidization medium such as steam from a distributor 34
urges a stream of regenerated catalyst upwardly through the first reactor riser 26. At least one
feed distributor injects the first hydrocarbon feed in a first hydrocarbon feed line 24,
preferably with an inert atomizing gas such as steam, across the flowing stream of catalyst
particles to distribute hydrocarbon feed to the first reactor riser 26. Upon contacting the
hydrocarbon feed with catalyst in the first reactor riser 26 the heavier hydrocarbon feed
cracks to produce lighter gaseous cracked products while coke is deposited on the catalyst
particles to produce spent catalyst.

[0032] The resulting mixture of gaseous product hydrocarbons and spent catalyst
continues upwardly through the first reactor riser 26 and are received in the first reactor
vessel 28 in which the spent catalyst and gaseous product are separated. Disengaging arms
discharge the mixture of gas and catalyst from a top of the first reactor riser 26 through outlet
ports 36 into a disengaging vessel 38 that effects partial separation of gases from the catalyst.
A transport conduit carries the hydrocarbon vapors, stripping media and entrained catalyst to
one or more cyclones 42 in the first reactor vessel 28 which separates spent catalyst from the
hydrocarbon gascous product stream. Gas conduits deliver separated hydrocarbon cracked

gaseous streams from the cyclones 42 to a collection plenum 44 for passage of a cracked

-5-



10

15

20

25

30

WO 2014/093564 PCT/US2013/074520

product stream to a first cracked product line 46 via an outlet nozzle and eventually into the
FCC recovery zone 90 for product recovery.

[0033] Diplegs discharge catalyst from the cyclones 42 into a lower bed in the first
reactor vessel 28. The catalyst with adsorbed or entrained hydrocarbons may eventually pass
from the lower bed into a stripping section 48 across ports defined in a wall of the
disengaging vessel 38. Catalyst separated in the disengaging vessel 38 may pass directly into
the stripping section 48 via a bed. A fluidizing distributor delivers inert fluidizing gas,
typically steam, to the stripping section 48. The stripping section 48 contains baffles or other
equipment to promote contacting between a stripping gas and the catalyst. The stripped spent
catalyst leaves the stripping section 48 of the disengaging vessel 38 of the first reactor vessel
28 stripped of hydrocarbons. A first portion of the spent catalyst, preferably stripped, leaves
the disengaging vessel 38 of the first reactor vessel 28 through a spent catalyst conduit 50 and
passes into the regenerator vessel 30. A second portion of the spent catalyst may be
recirculated in recycle conduit 52 from the disengaging vessel 38 back to a base of the first
riser 26 at a rate regulated by a slide valve to recontact the feed without undergoing
regeneration.

[0034] The first riser 26 can operate at any suitable temperature, and typically operates at
a temperature of 150° to 580°C at the riser outlet 36. The pressure of the first riser is from 69
to 517 kPa (gauge) (10 to 75 psig) but typically less than 275 kPa (gauge) (40 psig). The
catalyst-to-oil ratio, based on the weight of catalyst and feed hydrocarbons entering the riser,
may range up to 30:1 but is typically between 4:1 and 10:1. Steam may be passed into the
first reactor riser 26 and first reactor vessel 28 at a rate between 2 and 7 wt-% for maximum
gasoline production and 10 to 15 wt-% for maximum light olefin production. The average
residence time of catalyst in the riser may be less than 5 seconds.

[0035] The catalyst in the first reactor 22 can be a single catalyst or a mixture of different
catalysts. Usually, the catalyst includes two catalysts, namely a first FCC catalyst, and a
second FCC catalyst. Such a catalyst mixture is disclosed in, e.g., US 7,312,370 B2.
Generally, the first FCC catalyst may include any of the well-known catalysts that are used in
the art of FCC. Preferably, the first FCC catalyst includes a large pore zeolite, such as a Y-
type zeolite, an active alumina material, a binder material, including either silica or alumina,

and an inert filler such as kaolin.
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[0036] Typically, the zeolites appropriate for the first FCC catalyst have a large average
pore size, usually with openings of greater than 0.7 nm in effective diameter defined by
greater than 10, and typically 12, member rings. Suitable large pore zeolite components may
include synthetic zeolites such as X and Y zeolites, mordenite and faujasite. A portion of the
first FCC catalyst, such as the zeolite portion, can have any suitable amount of a rare earth
metal or rare earth metal oxide.

[0037] The second FCC catalyst may include a medium or smaller pore zeolite catalyst,
such as exemplified by at least one of ZSM-5, ZSM-11, ZSM-12, ZSM-23, ZSM-35, ZSM-
38, ZSM-48, and other similar materials. Other suitable medium or smaller pore zeolites
include ferrierite, and erionite. Preferably, the second component has the medium or smaller
pore zeolite dispersed on a matrix including a binder material such as silica or alumina and an
inert filler material such as kaolin. These catalysts may have a crystalline zeolite content of
10 to 50 wt-% or more, and a matrix material content of 50 to 90 wt-%. Catalysts containing
at least 40 wt-% crystalline zeolite material are typical, and those with greater crystalline
zeolite content may be used. Generally, medium and smaller pore zeolites are characterized
by having an effective pore opening diameter of less than or equal to 0.7 nm and rings of 10
or fewer members. Preferably, the second FCC catalyst component is an MFI zeolite having a
silicon-to-aluminum molar ratio greater than 15. In one exemplary embodiment, the silicon-
to-aluminum molar ratio can be 15 to 35.

[0038] The total catalyst mixture in the first reactor 10 may contain 1 to 25 wt-% of the
second FCC catalyst, including a medium to small pore crystalline zeolite, with greater than
or equal to 7 wt-% of the second FCC catalyst being preferred. When the second FCC
catalyst contains 40 wt-% crystalline zeolite with the balance being a binder material, an inert
filler, such as kaolin, and optionally an active alumina component, the catalyst mixture may
contain 0.4 to 10 wt-% of the medium to small pore crystalline zeolite with a preferred
content of at least 2.8 wt-%. The first FCC catalyst may comprise the balance of the catalyst
composition. The high concentration of the medium or smaller pore zeolite as the second
FCC catalyst of the catalyst mixture can improve selectivity to light olefins. In one exemplary
embodiment, the second FCC catalyst can be a ZSM-5 zeolite and the catalyst mixture can

include 0.4 to 10 wt-% ZSM-5 zeolite excluding any other components, such as binder and/or

filler.
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[0039] The regenerator vessel 30 is in downstream communication with the first reactor
vessel 28. In the regenerator vessel 30, coke is combusted from the portion of spent catalyst
delivered to the regenerator vessel 30 by contact with an oxygen-containing gas such as air to
regenerate the catalyst. The spent catalyst conduit 50 feeds spent catalyst to the regenerator
vessel 30. The spent catalyst from the first reactor vessel 28 usually contains carbon in an
amount of from 0.2 to 2 wt-%, which is present in the form of coke. An oxygen-containing
combustion gas, typically air, enters the lower chamber 54 of the regenerator vessel 30
through a conduit and is distributed by a distributor 56. As the combustion gas enters the
lower chamber 54, it contacts spent catalyst entering from spent catalyst conduit 50 and lifts
the catalyst at a superficial velocity of combustion gas in the lower chamber 54 of perhaps at
least 1.1 m/s (3.5 ft/s) under fast fluidized flow conditions. In an embodiment, the lower
chamber 54 may have a catalyst density of from 48 to 320 kg/m’ (3 to 20 1b/ft’) and a
superficial gas velocity of 1.1 to 2.2 m/s (3.5 to 7 ft/s). The oxygen in the combustion gas
contacts the spent catalyst and combusts carbonaceous deposits from the catalyst to at least
partially regenerate the catalyst and generate flue gas.

[0040] The mixture of catalyst and combustion gas in the lower chamber 54 ascends
through a frustoconical transition section to the transport, riser section of the lower chamber
54. The mixture of catalyst particles and flue gas is discharged from an upper portion of the
riser section into the upper chamber 60. Substantially completely or partially regenerated
catalyst may exit the top of the transport, riser section 58. Discharge is effected through a
disengaging device 58 that separates a majority of the regenerated catalyst from the flue gas.
The catalyst and gas exit downwardly from the disengaging device 58. The sudden loss of
momentum and downward flow reversal cause a majority of the heavier catalyst to fall to the
dense catalyst bed and the lighter flue gas and a minor portion of the catalyst still entrained
therein to ascend upwardly in the upper chamber 60. Cyclones 62 further separate catalyst
from ascending gas and deposits catalyst through dip legs into a dense catalyst bed. Flue gas
exits the cyclones 62 through a gas conduit and collects in a plenum 64 for passage to an
outlet nozzle of regenerator vessel 30. Catalyst densities in the dense catalyst bed are
typically kept within a range of from 640 to 960 kg/m’ (40 to 60 1b/ft’).

[0041] The regenerator vessel 30 typically has a temperature of 594° to 704°C (1100° to
1300°F) in the lower chamber 54 and 649° to 760°C (1200° to1400°F) in the upper chamber
60. Regenerated catalyst from dense catalyst bed is transported through regenerated catalyst

-8 -
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pipe 32 from the regenerator vessel 30 back to the first reactor riser 26 through the control
valve where it again contacts the first feed in line 24 as the FCC process continues. The first
cracked product stream in the first cracked product line 46 from the first reactor 10, relatively
free of catalyst particles and including the stripping fluid, exit the first reactor vessel 28
through an outlet nozzle. The first cracked products stream in the line 46 may be subjected to
additional treatment to remove fine catalyst particles or to further prepare the stream prior to
fractionation. The line 46 transfers the first cracked products stream to the FCC recovery
zone 90, which is in downstream communication with the FCC zone 20. In an aspect, the line
88 may carry first cracked products to the FCC recovery zone 90 after mixing with second
cracked products in line 86. The FCC recovery zone 90 typically includes a main
fractionation column 100 and a gas recovery section 120.

[0042] A recycle cracking stream in recycle cracking line 230 delivers an FCC recycle
stream to the FCC zone 20. The recycle cracking stream is directed into a first FCC recycle
line 40 with the control valve thereon opened. In an aspect, the recycle cracking stream may
be directed into an optional second FCC recycle line 68 with the control valve thereon
opened. The first FCC recycle line 40 delivers the first FCC recycle stream to the first FCC
reactor 22 in an aspect to the riser 26 at an elevation above the first hydrocarbon feed in line
24. The second FCC recycle line 68 delivers the second FCC recycle stream to the second
FCC reactor 70. Typically, both control valves on lines 40 and 68, respectively, will not be
opened at the same time, so the recycle cracking stream goes through only one of the first
FCC recycle line 40 and the second FCC recycle line 68. However, feed through both is
contemplated.

[0043] The optional second FCC recycle stream may be fed to the optional second FCC
reactor 70 in the second FCC recycle line 68 via feed distributor 72. The second FCC reactor
70 may include a second riser 74. The second FCC recycle stream is contacted with catalyst
delivered to the second riser 74 by a catalyst return pipe 76 to produce cracked upgraded
products. The catalyst may be fluidized by inert gas such as steam from distributor 78.
Generally, the second FCC reactor 70 may operate under conditions to convert the second
FCC recycle stream to second cracked products such as ethylene and propylene. A second
reactor vessel 80 is in downstream communication with the second riser 74 for receiving
second cracked products and catalyst from the second riser. The mixture of gaseous, second

cracked product hydrocarbons and catalyst continues upwardly through the second reactor
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riser 74 and is received in the second reactor vessel 80 in which the catalyst and gaseous,
second cracked products are separated. A pair of disengaging arms may tangentially and
horizontally discharge the mixture of gas and catalyst from a top of the second reactor riser
74 through one or more outlet ports 82 (only one is shown) into the second reactor vessel 80
that effects partial separation of gases from the catalyst. The catalyst can drop to a dense
catalyst bed within the second reactor vessel 80. Cyclones 84 in the second reactor vessel 80
may further separate catalyst from second cracked products. Afterwards, a second cracked
product stream can be removed from the second reactor 84 through an outlet in a second
cracked product line 86 in downstream communication with the second reactor riser 74. The
second cracked product stream in line 86 is fed to the FCC recovery zone 90, in an aspect,
optionally mixed with the first cracked product stream in line 88. The second cracked
products may be fed to the FCC recovery zone 90 separately from the first cracked products.
Separated catalyst may be recycled via a recycle catalyst pipe 76 from the second reactor
vessel 80 regulated by a control valve back to the second reactor riser 74 to be contacted with
the second FCC recycle stream.

[0044] In some embodiments, the second FCC reactor 70 can contain a mixture of the
first and second FCC catalysts as described above for the first FCC reactor 22. In one
preferred embodiment, the second FCC reactor 70 can contain less than 20 wt-%, preferably
less than 5 wt-% of the first FCC catalyst and at least 20 wt-% of the second FCC catalyst. In
another preferred embodiment, the second FCC reactor 70 can contain only the second FCC
catalyst, preferably a ZSM-5 zeolite.

[0045] The second FCC reactor 70 may be in downstream communication with the
regenerator vessel 30 and receive regenerated catalyst therefrom in line 87. In an
embodiment, the first FCC reactor 22 and the second FCC reactor 70 both share the same
regenerator vessel 30. Line 66 carries spent catalyst from the second reactor vessel 80 to the
lower chamber 54 of the regenerator vessel 30. The catalyst regenerator is in downstream
communication with the second FCC reactor 70 via line 66.

[0046] The same catalyst composition may be used in both reactors 22, 70. However, if a
higher proportion of the second FCC catalyst of small to medium pore zeolite is desired in
the second FCC reactor 70 than the first FCC catalyst of large pore zeolite, replacement
catalyst added to the second FCC reactor 70 may comprise a higher proportion of the second

FCC catalyst. Because the second FCC catalyst does not lose activity as quickly as the first
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FCC catalyst, less of the second catalyst inventory must be forwarded to the catalyst
regenerator 30 in line 66 from the second reactor vessel 80, but more catalyst inventory may
be recycled to the riser 74 in return conduit 76 without regeneration to maintain a high level
of the second FCC catalyst in the second reactor 70.

[0047] The second reactor riser 74 can operate in any suitable condition, such as a
temperature of 425° to 705°C, preferably a temperature of 550° to 600°C, and a pressure of
140 to 400 kPa , preferably a pressure of 170 to 250 kPa. Typically, the residence time of the
second reactor riser 74 can be less than 3 seconds and preferably is than 1 second. Exemplary
risers and operating conditions are disclosed in, e.g., US 2008/0035527 A1 and US 7,261,807
B2.

[0048] The FCC recovery zone 90 comprises a main column 100. The main column 100
is a fractionation column with trays and/or packing positioned along its height for vapor and
liquid to contact and reach equilibrium proportions at tray conditions and a series of pump-
arounds to cool the contents of the main column. The main fractionation column is in
downstream communication with the FCC zone 20 and can be operated with an top pressure
of 35 to 172 kPa (gauge) (5 to 25 psig) and a bottom temperature of 343° to 399°C (650° to
750°F). The first cracked product stream and perhaps second cracked product stream in line
88 are directed to a lower section of an FCC main fractionation column 100. A variety of
products are withdrawn from the main column 100. In this case, the main column 100
recovers an overhead stream of light products comprising unstabilized naphtha and lighter
gases in a main overhead line 94. The overhead stream in the main overhead line 94 is
condensed in a condenser and perhaps cooled in a cooler both represented by 96 before it
enters a main column receiver 98 in downstream communication with the FCC zone 20 and
the main overhead line 94 for separation. An overhead line 102 withdraws a light off-gas
main receiver overhead stream of Cs hydrocarbons, LPG and dry gas from the receiver 98.
The main receiver overhead stream in the main receiver overhead line 102 should comprise at
least 10 wt-% and preferably at least 15 wt-% Cs hydrocarbons. An aqueous stream is
removed from a boot in the receiver 98. A bottoms liquid stream of light unstabilized naphtha
leaves the receiver 98 via an overhead receiver bottom line 104. A first portion of the bottoms
liquid stream is directed back to an upper portion of the main column and a second portion in

line 106 may be directed to a naphtha splitter column 180 in upstream communication with a
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gas recovery section 120. The main receiver overhead line 102 may feed the main receiver
overhead stream to the gas recovery section 120.

[0049] Several other fractions may be separated and taken from the main column
including an optional heavy naphtha stream in line 108, a light cycle oil (LCO) in line 110, a
heavy cycle oil (HCO) stream in line 112, and heavy slurry oil from the bottom in line 114.
Portions of any or all of lines 108-114 may be recovered while remaining portions may be
cooled and pumped back around to the main column 100 to cool the main column typically at
a higher entry location. The light unstabilized naphtha fraction preferably has an initial
boiling point (IBP) temperature at or below the Cs range; i.e., 25°C (77°F) and preferably
30°C (86°F), and an end point (EP) temperature at greater than or equal to 127°C (260°F).
The optional heavy naphtha fraction has an IBP temperature at or above 127°C (260°F) and
an EP temperature at or above 200°C (392°F), preferably between 204° and 221°C (400° and
430°F), particularly at 216°C (420°F). The heavy naphtha fraction will comprise the Cs to Cy
hydrocarbon fraction. The LCO stream has an IBP temperature at or above 127°C (260°F) if
no heavy naphtha cut is taken or at the EP temperature of the heavy naphtha if a heavy
naphtha cut is taken and an EP in a range of 260° to 371°C (500° to 700°F) and preferably
288°C (550°F). The HCO stream has an IBP temperature of the EP temperature of the LCO
stream and an EP temperature in a range of 371° to 427°C (700° to 800°F), and preferably
399°C (750°F). The heavy slurry oil stream has an IBP temperature of the EP temperature of
the HCO stream and includes everything boiling at a higher temperature.

[0050] In the gas recovery section 120, the naphtha splitter column 180 may be located
upstream of a primary absorber column 140 to improve the efficiency of the gas recovery
unit. This embodiment has the advantage of decreasing the molecular weight of the naphtha
fed to the gas recovery section 120. Therefore, the lean oil from the primary absorber bottom
results in lower reboiling temperatures and also makes it possible to recover heat more
efficiently. The gas recovery section 120 is shown to be an absorption based system, but any
vapor recovery system may be used including a cold box system.

[0051] To obtain sufficient separation of light gas components the gaseous overhead
receiver stream in overhead receiver line 102 may be a first compressor feed stream taken
from the main overhead stream in main overhead line 94. The first compressor feed is
compressed in a first compressor 122, also known as a wet gas compressor, which is in

downstream communication with the main fractionation column 100, the main column
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overhead receiver 98 and the overhead line 102 of the main overhead receiver. Any number
of compressor stages may be used, but typically dual stage compression is utilized. In dual
stage compression, a compressed steam in compressor effluent line 123 from the first
compressor 122 is cooled and enters a first compressor receiver 124 in downstream
communication with the first compressor 122 to be separated between liquid and vapor.
[0052] If one compression stage is used, a liquid compressor receiver bottom stream in a
first compressor receiver bottom line 126 from a bottom of the compressor receiver 124 is fed
as stripper column feed to the stripper column 146, which arrangement is not shown in the
FIGURE. If two compression stages are used, as shown in the FIGURE, liquid in line 126
from a bottom of the compressor receiver 124 and the unstabilized naphtha in line 106 from a
bottom line 104 of the main fractionation column overhead receiver 98 flow into a naphtha
splitter 180 in downstream communication with the compressor receiver 124. In an
embodiment, these streams may join and flow into the naphtha splitter 180 together. In an
aspect shown in the FIGURE, line 126 flows into the naphtha splitter 180 at a higher
elevation than line 106.

[0053] If one compressor stage is used, compressed gas in the overhead compressor
receiver stream in overhead compressor receiver line 128 from a top of the compressor
receiver 124 may enter a primary absorber column 140. If two compressor stages are used as
shown in the FIGURE, compressed gas in the overhead compressor receiver stream in
overhead compressor receiver line 128 enters a second compressor 130 as a second
compressor feed stream taken from the overhead stream in main overhead line 94. The
second compressor 130 is also known as a wet gas compressor and is in downstream
communication with the first compressor receiver 124 and the main fractionation column
100. A compressed stream from the second compressor 130 in line 131 may be joined by
streams in lines 138 and 142, and they are cooled and fed to a second compressor receiver
132 in downstream communication with the second compressor 130 for separation.
Compressed overhead gas from a top of the second compressor receiver 132 travels in an
overhead line 134 to enter a primary absorber 140 at a lower point than an entry point for a
naphtha splitter overhead stream in line 182. The primary absorber 140 may be in
downstream communication with an overhead of the second compressor receiver 132. A
liquid compressor receiver bottom stream comprising a stripper column feed from a bottom

of the second compressor receiver 132 travels in compressor receiver bottom line 144 and is
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fed to a stripper column 146. The stripper column 146 is in downstream communication with
the first compressor 122 and the second compressor 130 if there is one. In an aspect, the
stripper column 146 is in downstream communication with the first compressor receiver
bottom line 126 and/or the second compressor receiver bottom line 144 if there is one.
[0054] The first compression stage compresses gaseous fluids to a pressure of 345 to
1034 kPa (gauge) (50 to 150 psig) and preferably 482 to 690 kPa (gauge) (70 to 100 psig).
The second compression stage compresses gaseous fluids to a pressure of 1241 to 2068 kPa
(gauge) (180 to 300 psig).

[0055] The naphtha splitter column 180 may split a naphtha stream into a heavy naphtha
bottoms, typically C;1 hydrocarbons, in a bottom line 192 and a light naphtha overhead,
typically C;~ hydrocarbons, in an overhead line 182. The overhead stream from the naphtha
splitter column 180 is carried in the overhead line 182 to the primary absorber column 140.
Therefore, only light naphtha is circulated in the gas recovery section 120. The compressed
overhead compressor receiver stream in line 134 may enter the primary absorber column 140
which is in downstream communication with the naphtha splitter column 180 via naphtha
splitter overhead line 182. The naphtha splitter column 180 may be operated at a top pressure
to keep the overhead in liquid phase, such as 344 to 3034 kPa (gauge) (50 to 150 psig) and a
temperature of 135° to 191°C (275° to 375°F).

[0056] The gaseous hydrocarbon stream in lines 134 fed to the primary absorber column
140 is contacted with naphtha from the naphtha splitter overhead in line 182 to effect a
separation between C3' and C,~ hydrocarbons by absorption of the heavier hydrocarbons into
the naphtha stream upon counter-current contact. A depentanized naphtha stream in line 168
taken from the bottom of a depentanizer column 160 to be described subsequently may be
delivered to the primary absorber column 140 at a higher elevation than the naphtha splitter
overhead stream in line 182 to effect further separation of Cs* from C,~ hydrocarbons. The
primary absorber column 140 utilizes no condenser or reboiler but may have one or more
pump-arounds to cool the materials in the column. The primary absorber column may be
operated at a top pressure of 1034 to 2068 kPa (gauge) (150 to 300 psig) and a bottom
temperature of 27° to 66°C (80° to 150°F). A predominantly liquid C;T stream with some
amount of C, material in solution in line 142 from the bottoms of the primary absorber
column is returned to line 131 upstream of the condenser to be cooled and returned to the

second compressor receiver 132.
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[0057] An off-gas stream in line 148 comprising a predominantly C, stream with some
larger hydrocarbons from a top of the primary absorber 140 is directed to a lower end of a
secondary or sponge absorber 150. A circulating stream of LCO in line 152 diverted from
line 110 absorbs most of the remaining Cs' material and some C3-C4 material in the off-gas
stream in line 148 by counter-current contact. LCO from a bottom of the secondary absorber
in line 156 richer in C;T material than the circulating stream in line 152 is returned in line
156 to the main column 100 via the pump-around for line 110. The secondary absorber
column 150 may be operated at a top pressure just below the pressure of the primary absorber
column 140 of 965 to 2000 kPa (gauge) (140 to 290 psig) and a bottom temperature of 38° to
66°C (100° to 150°F). The overhead of the secondary absorber 150 comprising dry gas of
predominantly C, hydrocarbons with hydrogen sulfide, amines and hydrogen is removed in
line 158 and may be subjected to further separation to recover ethylene and hydrogen.

[0058] A stripper column feed comprising a compressor receiver bottom stream in the
first compressor receiver bottom line 126 of the first compressor receiver 124 or the second
compressor receiver bottom line 144 of the second compressor receiver 132 may be fed to the
stripper column 146. Most of the C,” material is stripped from the C;-C7 material and
removed in a stripper overhead stream of the stripper column 146 and returned to line 131 via
stripper overhead line 138. The overhead gas in line 138 from the stripper column comprising
C, material and LPG and some light naphtha is returned to line 131 perhaps without first
undergoing condensation. The condenser on line 131 will partially condense the stripper
overhead stream from line 138 and the compressed stream in line 131 which are both mixed
with the bottoms stream 142 from the primary absorber column 140 to provide a mixed,
condensed stream in line 133. The mixed, condensed stream in line 133 will undergo vapor-
liquid separation in the second compressor receiver 132. The stripper column 146 may be in
downstream communication with the main fractionation column 100, the compressor 122 or
130 via a bottom line 126 or 144 of the respective compressor receiver 124 or 132, the FCC
reactor zone 20, a bottom of the primary absorber 140 and an overhead of the naphtha splitter
180. The stripper column 146 may be run at a pressure above the compressor 130 discharge
at 1379 to 2206 kPa (gauge) (200 to 320 psig) and a temperature of 38° to 149°C (100° to
300°F). The bottoms product of the stripper column 146 in line 162 may be rich in light
naphtha.
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[0059] Typically, gas recovery sections utilize a debutanizer column to debutanize the
stripper bottoms stream in line 162 to provide a debutanized C4— overhead stream which is
then sent to a splitter column to separate C; from C4 hydrocarbons. The splitter column
bottoms product comprising C,4 hydrocarbons would have to be combined with a Cs stream
from a depentanizer overhead stream to provide a stream comprising C4 and Cs
hydrocarbons. The depentanizer feed stream would typically come from a naphtha cut taken
from a side of the main column 100 which would have additional poisons that may deactivate
a downstream catalyst such as an oligomerization catalyst. The present invention instead
takes a depentanizer feed stream from the overhead stream in the main overhead line 94 or
from the main overhead receiver stream in the main overhead receiver line 102 from the main
fractionation column 100 in one embodiment or from the compressed stream from the
compressor 122 or 130 in another embodiment and depentanizes it in the depentanizer
column 160. The depentanizer column 160 may be in downstream communication with the
main overhead line 94 or the main overhead receiver line 102 from the main fractionation
column 100 in one embodiment, the compressor 122 or 130 in separate embodiments or the
bottom line 162 of the stripper column 146 in a further aspect. The depentanizer column 160
may also be in downstream communication with the FCC zone 20, the bottom of the primary
absorber 140 and an overhead line 182 of the naphtha splitter 180.

[0060] The FIGURE shows that the liquid bottoms stream from the stripper column 146
comprising depentanizer column feed in stripper bottoms line 162 may be fed to a
depentanizer column 160. The depentanizer column 160 separates the depentanizer feed into
a vaporous depentanizer overhead stream comprising Cs hydrocarbons and a liquid
depentanized bottoms stream comprising Cs hydrocarbons and no more than 10 wt-% Cs
hydrocarbons. The depentanized bottoms stream in bottoms line 166 may be split between a
recycle stream that may be recycled to the primary absorber in recycle line 168 and a product
gasoline stream in line 169 through a control valve thereon. The primary absorber 140 is then
in downstream communication with the depentanizer bottom line 166 via recycle line 168.
The depentanized naphtha recycled to the primary absorber column 140 in recycle line 168
assists in the absorption of C; materials. Typically, 25 to 50 wt-% of the depentanized
naphtha is recycled to the primary absorber 140 in line 168 to control the recovery of light
hydrocarbons. The depentanizer column may be operated at a top pressure of 862 to 1551

kPa (gauge) (125 to 225 psig) and a bottom temperature of 149° to 204°C (300° to 400°F).
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The pressure should be maintained as low as possible to maintain reboiler temperature as low
as possible while still allowing complete condensation with typical cooling utilities without
the need for refrigeration.

[0061] The depentanizer overhead stream in a depentanizer overhead line 164 from the
depentanizer column 160 is condensed to provide a net depentanizer overhead stream
comprising Cs— hydrocarbons which is taken as the depropanizer feed stream in the
depentanizer overhead line 164. The depropanizer feed stream comprises no more than 10
wt-% and, preferably, no more than 5 wt-% Cg hydrocarbons and at least 5 wt-%, suitably at
least 10 wt-% and preferably at least 20 wt-% Cs hydrocarbons. The depropanizer feed
stream is taken from the depentanizer column 160, in an aspect, the depentanizer overhead
stream in the depentanizer overhead line 164, and is fed to a depropanizer column 170 which
is in downstream communication with the overhead line 164 of the depentanizer column 160.
In an aspect, the depropanizer column 170 is in direct communication and downstream
communication with the depentanizer column 160 via the depentanizer overhead line 164.
[0062] In the depropanizer column 170, C; hydrocarbons are separated from C4 and Cs
hydrocarbons. The depropanizer overhead stream comprising C; hydrocarbons in a
depropanizer overhead line 174 may be recovered or further processed in a Cs splitter to
recover propylene product. A depropanized bottom stream comprising C4 and Cs
hydrocarbons in the depropanized bottom line 176 may be recovered for blending in a
gasoline pool as product. In an embodiment, the depropanized bottom stream can be taken as
an oligomerization feed stream. The depropanizer column 170 may be operated with a top
pressure of 690 to 1723 kPa (gauge) (100 to 250 psig) and a bottom temperature of 38° to
121°C (100° to 250°F).

[0063] Before the oligomerization feed stream can be fed to the oligomerization zone
190, the oligomerization feed stream in depropanized bottom line 176 may require
purification. Many impurities in the oligomerization feed stream can poison an
oligomerization catalyst. Carbon dioxide and ammonia can attack acid sites on the catalyst.
Sulfur containing compounds, oxygenates, and nitriles can harm oligomerization catalyst.
Acetylene and diolefins can polymerize and produce gums on the catalyst or equipment.
Consequently, the oligomerization feed stream may be purified in an optional pretreatment
zone 180. The pretreatment zone 180 may be in downstream communication with the

depentanizer column 160 and the depropanizer column 170. The pretreatment zone 180 may
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include a mercaptan extraction unit to remove mecaptans, a selective hydrogenation reactor
to minimize diolefins and acetylenes and/or a nitrile removal unit such as a water wash unit
to reduce the concentration of oxygenates and nitriles in the oligomerization feed stream in
line 176. A drier may follow the nitrile removal unit.

[0064] A pretreated oligomerization feed stream is provided in oligomerization feed
stream line 178. The light olefin oligomerization feed stream in line 178 may be taken from
the depropanizer column and particularly from a bottom line 176 of the depropanizer column
170. The oligomerization feed stream need not be obtained from a cracked stream but may
come from another source. The oligomerization feed stream may comprise C4 hydrocarbons
such as butenes, i.e., C4 olefins, and butanes. Butenes include normal butenes and isobutene.
The oligomerization feed stream in oligomerization feed stream line 178 may comprise Cs
hydrocarbons such as pentenes, i.c., Cs olefins, and pentanes. Pentenes include normal
pentenes and isopentenes. Typically, the oligomerization feed stream will comprise 20 to 80
wt-% olefins and suitably 40 to 75 wt-% olefins. In an aspect, 55 to 75 wt-% of the olefins
may be butenes and 25 to 45 wt-% of the olefins may be pentenes. Ten wt-%, suitably 20 wt-
%, typically 25 wt-% and most typically 30 wt-% of the oligomerization feed may be Cs
olefins.

[0065] The oligomerization feed line 178 feeds the oligomerization feed stream to an
oligomerization zone 190 comprising an oligomerization reactor 192 which may be in
downstream communication with the FCC recovery zone 90, the depentanizer column 160,
the depropanizer column 170 and the pretreatment zone 180. Specifically, oligomerization
zone 190 comprising the oligomerization reactor 192 is in downstream communication with
the bottoms line 176 of the depropanizer column 170 and the overhead line 164 of the
depentanizer column 160. The oligomerization feed stream in oligomerization feed line 178
may be mixed with an oligomerate recycle stream in one or more recycle lines represented by
recycle line 194 prior to entering the oligomerization zone 190 to provide an oligomerization
feed stream in an oligomerization feed conduit 196.

[0066] The oligomerization zone 190 comprises a first oligomerization reactor 192. The
first oligomerization reactor 192 may be preceded by an optional guard bed for removing
catalyst poisons that is not shown. The first oligomerization reactor 192 contains the
oligomerization catalyst. An oligomerization feed stream may be preheated before entering

the first oligomerization reactor 192 in an oligomerization zone 190. The first
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oligomerization reactor 192 may contain a first catalyst bed 202 of oligomerization catalyst.
The first oligomerization reactor 192 may be an upflow reactor to provide a uniform feed
front through the catalyst bed, but other flow arrangements are contemplated. In an aspect,
the first oligomerization reactor 192 may contain an additional bed or beds 204 of
oligomerization catalyst. C4 olefins in the oligomerization feed stream oligomerize over the
oligomerization catalyst to provide an oligomerate stream comprising C4 olefin dimers and
trimers. Cs olefins that may be present in the oligomerization feed stream oligomerize over
the oligomerization catalyst to provide an oligomerate comprising Cs olefin dimers and
trimers and co-oligomerize with Cy4 olefins to make Co olefins. The oligomerization produces
other oligomers with additional carbon numbers.

[0067] In an aspect, the oligomerization zone 190 may include one or more additional
oligomerization reactors 210. The oligomerization effluent from oligomerization reactor 190
may be heated and fed to the optional additional oligomerization reactor 210 in
oligomerization effluent line 198. It is contemplated that the first oligomerization reactor 192
and the additional oligomerization reactor 210 may be operated in a swing bed fashion to take
one reactor offline for maintenance or catalyst regeneration or replacement while the other
reactor stays online. In an aspect, the additional oligomerization reactor 210 may contain a
first bed 212 of oligomerization catalyst. The additional oligomerization reactor 210 may also
be an upflow reactor to provide a uniform feed front through the catalyst bed, but other flow
arrangements are contemplated. In an aspect, the additional oligomerization reactor 210 may
contain an additional bed or beds 214 of oligomerization catalyst. Remaining C,4 olefins in the
oligomerization feed stream oligomerize over the oligomerization catalyst to provide an
oligomerate comprising C,4 olefin dimers and trimers. Remaining Cs olefins, if present in the
oligomerization feed stream, oligomerize over the oligomerization catalyst to provide an
oligomerate comprising Cs olefin dimers and trimers and co-oligomerize with C, olefins to
make Co olefins. Over 90 wt-% of the C,4 olefins in the oligomerization feed stream can
oligomerize in the oligomerization zone 190. Over 90 wt-% of the Cs olefins in the
oligomerization feed stream can oligomerize in the oligomerization zone 190. If more than
one oligomerization reactor is used, conversion is achieved over all of the oligomerization
reactors 192, 210 in the oligomerization zone 190.

[0068] An oligomerate conduit 216, in communication with the oligomerization reactor

zone 190, withdraws an oligomerate stream from the oligomerization zone 190. The
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oligomerate conduit 216 may be in downstream communication with the first oligomerization
reactor 192 and the additional oligomerization reactor 210.

[0069] The oligomerization zone 190 may contain an oligomerization catalyst. The
oligomerization catalyst may comprise a zeolitic catalyst. The zeolite may comprise between
5 and 95 wt-% of the catalyst. Suitable zeolites include zeolites having a structure from one
of the following classes: MFI, MEL, ITH, IMF, TUN, FER, BEA, FAU, BPH, MEI, MSE,
MWW, UZM-8, MOR, OFF, MTW, TON, MTT, AFO, ATO, and AEL. In a preferred
aspect, the oligomerization catalyst may comprise a zeolite with a framework having a ten-
ring pore structure. Examples of suitable zeolites having a ten-ring pore structure include
TON, MTT, MFI, MEL, AFO, AEL, EUO and FER. In a further preferred aspect, the
oligomerization catalyst comprising a zeolite having a ten-ring pore structure may comprise a
uni-dimensional pore structure. A uni-dimensional pore structure indicates zeolites
containing non-intersecting pores that are substantially parallel to one of the axes of the
crystal. The pores preferably extend through the zeolite crystal. Suitable examples of zeolites
having a ten-ring uni-dimensional pore structure may include MTT. In a further aspect, the
oligomerization catalyst comprises an MTT zeolite.

[0070] The oligomerization catalyst may be formed by combining the zeolite with a
binder, and then forming the catalyst into pellets. The pellets may optionally be treated with a
phosphoric reagent to create a zeolite having a phosphorous component between 0.5 and 15
wt-% of the treated catalyst. The binder is used to confer hardness and strength on the
catalyst. Binders include alumina, aluminum phosphate, silica, silica-alumina, zirconia,
titania and combinations of these metal oxides, and other refractory oxides, and clays such as
montmorillonite, kaolin, palygorskite, smectite and attapulgite. A preferred binder is an
aluminum-based binder, such as alumina, aluminum phosphate, silica-alumina and clays.
[0071] One of the components of the catalyst binder utilized in the present invention is
alumina. The alumina source may be any of the various hydrous aluminum oxides or alumina
gels such as alpha-alumina monohydrate of the boehmite or pseudo-bochmite structure,
alpha-alumina trihydrate of the gibbsite structure, beta-alumina trihydrate of the bayerite
structure, and the like. A suitable alumina is available from UOP LLC under the trademark
Versal. A preferred alumina is available from Sasol North America Alumina Product Group

under the trademark Catapal. This material is an extremely high purity alpha-alumina
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monohydrate (pseudo-boehmite) which after calcination at a high temperature has been
shown to yield a high purity gamma-alumina.

[0072] A suitable oligomerization catalyst is prepared by mixing proportionate volumes
of zeolite and alumina to achieve the desired zeolite-to-alumina ratio. In an embodiment, 5 to
80, typically 10 to 60, suitably 15 to 40 and preferably 20 to 30 wt-% MTT zeolite and the
balance alumina powder will provide a suitably supported catalyst. A silica support is also
contemplated.

[0073] Monoprotic acid such as nitric acid or formic acid may be added to the mixture in
aqueous solution to peptize the alumina in the binder. Additional water may be added to the
mixture to provide sufficient wetness to constitute a dough with sufficient consistency to be
extruded or spray dried. Extrusion aids such as cellulose ether powders can also be added. A
preferred extrusion aid is available from The Dow Chemical Company under the trademark
Methocel.

[0074] The paste or dough may be prepared in the form of shaped particulates, with the
preferred method being to extrude the dough through a die having openings therein of desired
size and shape, after which the extruded matter is broken into extrudates of desired length
and dried. A further step of calcination may be employed to give added strength to the
extrudate. Generally, calcination is conducted in a stream of air at a temperature from 260°C
(500°F) to 815°C (1500°F). The MTT catalyst is not selectivated to neutralize surface acid
sites such as with an amine.

[0075] The extruded particles may have any suitable cross-sectional shape, i.e.,
symmetrical or asymmetrical, but most often have a symmetrical cross-sectional shape,
preferably a spherical, cylindrical or polylobal shape. The cross-sectional diameter of the
particles may be as small as 40 pm. However, it is usually 0.635 mm (0.25 inch) to 12.7 mm
(0.5 inch), preferably 0.79 mm (1/32 inch) to 6.35 mm (0.25 inch), and most preferably 0.06
mm (1/24 inch) to 4.23 mm (1/6 inch).

[0076] In an embodiment, the oligomerization catalyst may be a solid phosphoric acid
catalyst (SPA). The SPA catalyst refers to a solid catalyst that contains as a principal
ingredient an acid of phosphorous such as ortho-, pyro- or tetraphosphoric acid. SPA catalyst
is normally formed by mixing the acid of phosphorous with a siliceous solid carrier to form a
wet paste. This paste may be calcined and then crushed to yield catalyst particles or the paste

may be extruded or pelleted prior to calcining to produce more uniform catalyst particles. The
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carrier is preferably a naturally occurring porous silica-containing material such as
kieselguhr, kaolin, infusorial earth and diatomaceous earth. A minor amount of various
additives such as mineral talc, fuller's earth and iron compounds including iron oxide may be
added to the carrier to increase its strength and hardness. The combination of the carrier and
the additives preferably comprises 15 to 30 wt-% of the catalyst, with the remainder being the
phosphoric acid. The additive may comprise 3 to 20 wt-% of the total carrier material.
Variations from this composition such as a lower phosphoric acid content are possible.
Further details as to the composition and production of SPA catalysts may be obtained from
US-A-3,050,472, US-A-3,050,473 and US-A-3,132,109 and from other references. If the
oligomerization catalyst is SPA, the oligomerization feed stream in the oligomerization feed
conduit 196 to the oligomerization zone 190 should be kept dry except in an initial start-up
phase.

[0077] The oligomerization reaction conditions in the oligomerization reactors 192, 210
in the oligomerization zone 190 are set to keep the reactant fluids in the liquid phase. With
liquid oligomerate recycle, lower pressures are necessary to maintain liquid phase. Operating
pressures include between 2.1 MPa (300 psia) and 10.5 MPa (1520 psia), suitably at a
pressure between 2.1 MPa (300 psia) and 6.9 MPa (1000 psia) and preferably at a pressure
between 2.8 MPa (400 psia) and 4.1 MPa (600 psia). Lower pressures may be suitable if the
reaction is kept in the liquid phase.

[0078] For the zeolite catalyst, the temperature in the oligomerization zone 190 expressed
in terms of a maximum bed temperature is in a range between 150° and 300°C. If diesel
oligomerate is desired, the maximum bed temperature should between 200° and 250°C and
preferably between 225° and 245°C. The weight hourly space velocity should be between 0.5
and 5.0 hr'",

[0079] For the SPA catalyst, the oligomerization temperature in the oligomerization
reactor zone 190 should be in a range between 100° and 250°C and suitably between 150°
and 200°C. The weight hourly space velocity should be between 0.5 and 5 hr-1,

[0080] An oligomerization recovery zone 220 is in downstream communication with the
oligomerization zone 190 and the oligomerate conduit 216 which removes the oligomerate
stream from the oligomerization zone 190. The oligomerization recovery zone 220 may
include one or more fractionation columns for producing the recycle stream in the recycle

line 194 which may comprise either a stream comprising Cs hydrocarbons or a stream
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comprising Cs  hydrocarbons, a light purge stream in light purge line 222 which may
comprise C4 hydrocarbons, an intermediate purge stream in line 224 which may comprise Cs
hydrocarbons, one or more product streams represented by a gasoline product stream in a
gasoline product line 226 and a diesel product stream in a diesel product line 228 and a
cracking feed stream represented by cracking feed line 230 all taken from said oligomerate
stream in line 216. The gasoline product stream, the diesel product stream and the FCC
recycle stream may be streams comprising Ce+ olefins. The diesel product stream may be a
stream comprising Cot olefins.

[0081] Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The preceding
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.

[0082] In the foregoing, all temperatures are set forth in degrees Celsius and, all parts and
percentages are by weight, unless otherwise indicated. Additionally, control valves expressed
as either open or closed can also be partially opened to allow flow to both alternative lines.
[0083] From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention and, without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions.
SPECIFIC EMBODIMENTS

[0084] While the following is described in conjunction with specific embodiments, it will
be understood that this description is intended to illustrate and not limit the scope of the
preceding description and the appended claims.

[0085] A first embodiment of the invention is a process for recovering a cracked product
comprising feeding a cracked product stream to a main fractionation column; producing an
overhead stream from the main column; taking a depentanizer feed stream from the overhead
stream; feeding the depentanizer feed stream to a depentanizer column; taking a depropanizer
feed stream from the depentanizer column; and feeding the depropanizer feed stream to a
depropanizer column. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph further

comprising taking an oligomerization feed stream from the depropanizer column and feeding
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the oligomerization feed stream to an oligomerization reactor to produce an oligomerate
stream. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph further comprising taking a
cracking stream from the oligomerate stream and delivering the recycle stream to a cracking
reactor. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph wherein taking a depentanizer
feed stream from the overhead stream further comprises compressing a compressor feed
stream taken from the overhead stream to provide a compressed stream. An embodiment of
the invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising separating a compressed stream in a
compressor receiver and feeding a compressor receiver bottom stream to a stripping column.
An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph further comprising stripping the compressor
receiver bottom stream in the stripping column to provide a depentanizer feed stream. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein taking a depentanizer feed stream
from the overhead stream further comprises separating the overhead stream in an overhead
receiver and compressing an overhead receiver stream from the overhead receiver. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the overhead stream comprises at
least 15 wt-% Cs hydrocarbons. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph further
comprising taking a recycle stream from a bottom stream from the depentanizer column and
recycling the recycle stream to a primary absorber. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein an overhead stream from the depentanizer is the depropanizer feed.
[0086] A second embodiment of the invention is a process for producing hydrocarbons
comprising feeding a hydrocarbon stream comprising a depentanizer feed stream to a
depentanizer column; taking a depropanizer feed stream from the depentanizer column;
feeding the depropanizer feed stream to a depropanizer column to produce an oligomerization
feed stream; and feeding an oligomerization feed stream to an oligomerization reactor. An

embodiment of the invention is one, any or all of prior embodiments in this paragraph up
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through the second embodiment in this paragraph further comprising taking the oligomerate
feed stream from a bottom of the depropanizer column. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the second embodiment in
this paragraph further comprising taking the depropanizer feed stream from an overhead of
the depentanizer column. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the second embodiment in this paragraph further
comprising taking a cracking stream from the oligomerate stream and delivering the cracking
stream to a cracking reactor.

[0087] A third embodiment of the invention is a process for producing hydrocarbons
comprising compressing a hydrocarbon stream to provide a compressed stream; taking a
depentanizer feed stream from the compressed stream; feeding the depentanizer feed stream
to a depentanizer column; taking a depropanizer feed stream from the depentanizer column;
and feeding the depropanizer feed stream to a depropanizer column. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the third
embodiment in this paragraph further comprising taking an oligomerization feed stream from
the depropanizer column and feeding the oligomerization feed stream to an oligomerization
reactor to produce an oligomerate stream. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the third embodiment in this paragraph
further comprising taking a cracking stream from the oligomerate stream and delivering the
cracking stream to a cracking reactor. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the third embodiment in this paragraph
wherein taking a depentanizer feed stream from the compressed stream further comprises
separating the compressed stream in a compressor receiver and feeding a compressor receiver
bottom stream to a stripping column. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the third embodiment in this paragraph
further comprising stripping the compressor receiver bottom stream in the stripping column
to provide the depentanizer feed stream. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the third embodiment in this paragraph
further comprising taking the depropanizer feed stream from an overhead of the depentanizer
column.

[0088] A fourth embodiment of the invention is an apparatus for recovering product

comprising a cracking reactor; a main fractionation column in communication with the
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reactor; a stripper column in communication with the main fractionation column; a
depentanizer column in communication with the stripper column; and depropanizer column
in direct communication with the depentanizer column. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the fourth embodiment in
this paragraph further comprising an oligomerization reactor in communication with the
depropanizer column. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the fourth embodiment in this paragraph wherein
the oligomerization reactor is in communication with a bottoms line of the depropanizer
column. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the fourth embodiment in this paragraph wherein the cracking reactor is
in communication with the oligomerization reactor. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the fourth embodiment in this
paragraph further comprising a oligomerization pretreatment zone in communication with the
depropanizer column and the oligomerization reactor is in communication with the
oligomerization pretreatment zone. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the fourth embodiment in this paragraph further
comprising a compressor in communication with the main fractionation column and the
stripper column. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the fourth embodiment in this paragraph further comprising an
overhead receiver in communication with an overhead line of the main fractionation column
and the compressor is in communication with an overhead line of the overhead receiver. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the fourth embodiment in this paragraph further comprising a compressor receiver in
communication with the compressor and the stripper column is in communication with a
bottom line from the compressor receiver. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the fourth embodiment in this paragraph
further comprising a naphtha splitter column in communication with a bottom line of the
overhead receiver. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the fourth embodiment in this paragraph further comprising a
primary absorber in communication with an overhead line from the compressor receiver and

a bottom line from the depentanizer column.
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[0089] A fifth embodiment of the invention is an apparatus for producing olefinic product
comprising a cracking reactor; a main fractionation column in communication with the
reactor; a depentanizer column in communication with an overhead line of the main
fractionation column; and depropanizer column in direct communication with the
depentanizer column. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the fifth embodiment in this paragraph further
comprising an oligomerization reactor in communication with the depropanizer column. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the fifth embodiment in this paragraph wherein the oligomerization reactor is in
communication with a bottoms line of the depropanizer column. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the fifth
embodiment in this paragraph further comprising a stripper column in communication with
the main fractionation column and the depentanizer column is communication with the
stripper column.

[0090] A sixth embodiment of the invention is an apparatus for recovering product
comprising a cracking reactor; a compressor in communication with the catalytic reactor; a
depentanizer column in communication with the compressor; and depropanizer column in
direct communication with the depentanizer column. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the sixth embodiment in this
paragraph further comprising a stripper column in communication with the compressor. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the sixth embodiment in this paragraph wherein the compressor is in communication
with a main fractionation column and the stripper column is in communication with the
compressor. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the sixth embodiment in this paragraph further comprising an overhead
receiver in communication with an overhead line of the main fractionation column and the
compressor is in communication with an overhead line of the overhead receiver. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the sixth embodiment in this paragraph further comprising a compressor receiver in
communication with the compressor and the stripper column in communication with a bottom
line from the compressor receiver. An embodiment of the invention is one, any or all of prior

embodiments in this paragraph up through the sixth embodiment in this paragraph further
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comprising a primary absorber in communication with an overhead line from the compressor
receiver and a bottom line from the depentanizer column.

[0091] Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The preceding
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.

[0092] In the foregoing, all temperatures are set forth in degrees Celsius and, all parts and
percentages are by weight, unless otherwise indicated.

[0093] From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention and, without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions.
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CLAIMS:

1. A process for recovering a cracked product comprising:

feeding a cracked product stream to a main fractionation column;

producing an overhead stream from said main column;

taking a depentanizer feed stream from said overhead stream;

feeding said depentanizer feed stream to a depentanizer column;

taking a depropanizer feed stream from said depentanizer column; and

feeding said depropanizer feed stream to a depropanizer column.

2. The process of claim 1 further comprising taking an oligomerization feed stream
from said depropanizer column and feeding said oligomerization feed stream to an
oligomerization reactor to produce an oligomerate stream.

3. The process of claim 2 further comprising taking a cracking stream from said
oligomerate stream and delivering said recycle stream to a cracking reactor.

4. The process of claim 1 wherein taking a depentanizer feed stream from said
overhead stream further comprises compressing a compressor feed stream taken from said
overhead stream to provide a compressed stream.

5. The process of claim 1 further comprising separating a compressed stream in a
compressor receiver, feeding a compressor receiver bottom stream to a stripping column and
stripping said compressor receiver bottom stream in said stripping column to provide a
depentanizer feed stream.

6. An apparatus for recovering product comprising:

a cracking reactor;

a main fractionation column in communication with said reactor;

a stripper column in communication with said main fractionation column;

a depentanizer column in communication with said stripper column; and

depropanizer column in direct communication with said depentanizer column.

7. The apparatus of claim 6 further comprising an oligomerization reactor in
communication with said depropanizer column.

8. The apparatus of claim 7 wherein said oligomerization reactor is in

communication with a bottoms line of said depropanizer column.
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9. The apparatus of claim 8 wherein said cracking reactor is in communication with
said oligomerization reactor.

10. The apparatus of claim 7 further comprising a oligomerization pretreatment zone
in communication with said depropanizer column and said oligomerization reactor is in

communication with said oligomerization pretreatment zone.

-30 -



PCT/US2013/074520

WO 2014/093564

11

¢cce

8L




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2013/074520

A. CLASSIFICATION OF SUBJECT MATTER

CO07C 7/04 (2006.01)
C07C 4/06 (2006.01)
C10G 11/18 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C07C 7/04, 4/06, C10G 11/18

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

RUPAT BD, PAJ, Espacenet, USPTO DB, EAPATIS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2011/0245559 A1 (UOP LLC) 06.10.2011, fig. 1, claims, paragraphs 25-39 1-10
Y WO 2005/017068 A2 (ABB LUMMUS GLOBAL INC.) 24.02.2005, claims 1, 3, 1-10
abstract
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

24 March 2014 (24.03.2014)

Date of mailing of the international search report

10 April 2014 (10.04.2014)

MName and mailing address of the ISA/ FIPS
Russia, 123995, Moscow, G-38, GSP-5,
Berezhkovskaya nab., 30-1

Facsimile No. +7 (499 243-33.37

Authorized officer
A. Sedov

Telephone No. 8(495)531-64-81

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - wo-search-report

