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FIG. 1

(57) Abstract: Processes and apparatuses for producing para-xylenes are provided. The processes comprises providing a hydrocarbon
stream comprising C7+ hydrocarbons. The hydrocarbon stream is separated to provide a C8 aromatics stream and an ortho-xylene rich
stream. The C8 aromatics stream is passed to a para-xylene separation unit for separating para-xylene to provide a para-xylene stream
and a raffinate stream. At least a portion of the raffinate stream is passed to a first isomerization unit to provide a first isomerization
effluent, wherein the first isomerization effluent is produced in the presence of an ethylbenzene (EB) isomerization catalyst. At least
a portion of the ortho-xylene rich stream is contacted with an isomerization catalyst in a second isomerization unit in liquid phase at
isomerization conditions in substantial absence of hydrogen to produce a second isomerization effluent.
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PROCESS AND APPARATUS FOR IMPROVED PARA-XYLENE
YIELD IN AN AROMATIC COMPLEX

STATEMENT OF PRIORITY

6001} This application claims prionty to U.S. Application Number 15/491,796 which

(]

was filed April 19, 2017 the contents of which are hereby incorporated by reference in its

cntirety.
BACKGROUND

3002} The technical field generally relates to apparatuses and processes for producing

xylene isomers in an aromatics complex. More particularly, the present disclosure relates to
10 mitcgration of a liquid phase isomenzation unit i an aromatics complex to improve the para-

xvlene yield.

[0603] Most new aromatics complexes are designed to maximize the vield of benzene

and Cs aromatic isomer {para-xylene, meta-wyleng, ethylbenzene and ortho-xylene). Para-

xylene, meta-xvlene and ortho-xylene, arc tmportant intermediates which find wide and

[
(¥,

varied application in chemical syntheses. Para-xviene upon oxidation vields terephthalic acid
which 13 used in the manufacture of synthetic textile fibers and resins. Meta-xvlene 1s ased m
the manufactare of thermoplastic resins, plasticizers, azo dyes, wood preservers, etc. Ortho-
xviene is feedstock for phthalic anbvdnde production. The distribution of xylenc isomers
from catalyue reforming and other sources generally does not match that of the sought
20 isomers for chemical mtermediates and thus the producer converts the foedstocks to generate
more of the sought isomers 1 the aromatics complexes.
3004} The production of xylenes is practiced commercially in jarge-scale facilities and is
highly competitive. Concemns exist not only about the efficient conversion of feedstock
through one or more of isomerization, transalkylation and disproportionation steps to produce
25 xylenes, but also other competitive aspects with respect to such tacilitics including capital
costs and encrgy costs.
[G005] A prior art aromatics complex flow scheme has been disclosed by Mevers in the
HANDBOOK OF PETROLEUM REFINING PROCESSES, 2d. Edition in 1997 by McGraw-Hill.
3006} In an aromatics complex, the para~xviene lean stream from para-xylene separation

3¢ unitis typically routed to the isomerization unit to re-cstablish the xvlene equilibrivim and
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convert ethyl benzene (EB). In vapor phase, the isomerization process with EB dealkylation
tvpe catalvst, ethyl benzene 1s dealkylated to form benzene and xylenes are 1somerized o
establish cquilibrium. Un the other hand, the isomerization process with EB isomerization
type catalyst converts ethyl benzene in the feed to xylenss via a naphthene mtermediate
pathway while still re-establishing xvlene equilibrium. The performance of the EB
isomerization unit 1s highly sensitive to the ortho-xylene content of the feed with higher
ortho-xylene levels leading to higher operating temperatures and therefore higher ring losses.
Much of this additional ring loss is from ring opening and cracking (unrecoverable) leading
to lower xvlene yields in the aromatics complex.

13607} Accordingly, it is desirable to provide an improved process and apparatus for
production of para-xyvlene that can lower the vield losses occurring in the EB isomerization
unit to improve para-xylene production. Further, it is desirable to control the amount of ortho-
xvlene bemg fed to the EB isomenzation unit. Furthermore, other desirable features and
characteristics of the present subject matter will become apparent from the subsequent
detailed description of the subject matter and the appended claims, taken in conjunction with

the accompanving drawings and this background of the subject matter.
BRIEF SUMMARY

[G008] Various embodiments contemplated hercin relate to apparatuses and processes for
producing para-xyiene in an aromatics complex. The exemplary embodiments taught herein
llustrate integration of the hquid phase 1somerization unif in an aromatics complex producing
para-xviencs.

[6609] In accordance with an exemplary embodiment, a process is provided for the
production of para-xylene comprising providing a hydrocarbon stream comprising Cr+
hydrocarbons. The hydrocarbon stream 15 separated to provide a CUs aromatics stream and an
ortho-xylene rich stream. The (s aromatics stream is passed to a para-xylene separation unit
for separating para-xviene to provide a para-xvicne stream and a raffinate stream. Atleasta
portion of the raffinate stream is passed to a first 1somenization unit to provide a first
isomerization offlaent, wherein the first isomerization effluent is prodoced in the presence of
an ethyibenzene (EB) isomerization catalyst. At feast a portion of the ortho-xylens rich

stream is contacted with an isomerization catalyst in a second 1somerization unit in liguid
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phase at isomerization conditions in substantial absence of hydrogen to produce a second
isomerization effluent.

3610} In accordance with another exemplary embodiment, a process is provided for the
production of para-xviene comprising providing a reformate stream comprising aromatic
hydrocarbons to a reformate splhiticr to provide a reformate bottoms stream comprising Co+
aromatic hvdrocarbons and a reformate overhead stream comprising Cr7- aromatic
hydrocarbons. The reformate bottoms stream is passed to a xylene column to provide an Cs
aromatics stream and a xylene bottoms stream comprising ortho-xvlenes and Co+
alkviaromatic hyvdrocarbons. The Cs aromatics stream 1s passed 1o a para-xviene separation
unit for separating para-xylene, wherein the Ce aromatics stream is contacted with an
adsorbent vnder adsorption conditions to provide a para-xyleng stream and a raffinate stream.
The xvlene bottoms stream is passed to an ortho-xylene column to provide the ortho-xylene
rich stream and an ortho-xyiene column botioms stream comprising Co+ alkylaromatic
hydrocarbons. At least a portion of the raffinate product stream is passed to a first
isomerization unit to provide a first isomerization effluent, wherein the first isomerization
cfffuent 1s produced in the presence of an ethyibenzene (EB) isomerization catalyst. At least a
portion of the ortho-xylene rich stream is contacted with an 1somerization catalyst in a second
isomerization onit in liguid phase at isomerization conditions in substantial absence of
hydrogen to produce a second isomerization cffluent.

6611} In accordance with yet another exemplary embodiment, a process is provided for
the production of para-xylene comprising providing a reformate stream comprising aromatic
hydrocarbons to a reformate sphitter to provide a reformate bottoms stream comprising {7+
aromatic hydrocarbons and a reformate overhead stream comprising Cr. aromatic
hydrocarbons. The reformate bottoms stream is passed to a xvlene column o provide a Cs
aromatics stream from an overhead, an ortho-xviene rich stream ag a side draw and a xylene
column bottoms stream comprising Co+ alkylaromatic hydrocarbons. The (s aromatics stream
18 passed to a para-xylene separation unit for separating para-xylene fo provide a para-xviene
stream and a raffinate stream. At least a portion of the raffinate stream is passed to a first
isomerization unit to provide a first isomerization effluent, wherein the first isomerization
cfffuent is produced in the presence ot an ethylbenzene (EB) isomerization catalyst. At least a

portion of the ortho-xylene nich stream contacted with an isomerization catalyst in a second
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tsomerization unit in liquid phase at isomerization conditions in substantial absence of
hydrogen to produce a second isomerization effluent.

03612} These and other features, aspects, and advantages of the present disclosure will
become better understood upon consideration of the following detailed description, drawings

and appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[6613] The various embodiments will hereinafter be described in conjunction with the
following FIGURES, wherein like numerals denote like elements.

[6614] FIG. 1 tllustrates an aromatics complex according to an embodiment of the
present disclosure.

[6615] FIG. 2 dlustrates an aromatics complex according to another embodiment of the
present disclosure.

3816} Corresponding reference characters indicate corresponding components
throughout the several views of the drawings. Skilled artisans will appreciate that clements in
the figures are itlustrated for simplicity and clarity and have not necessarify been drawn fo
scale. For example, the dimensions of some of the elements 1n the figures may be
exaggerated relative to other elements to help to improve understanding of various
cmbodiments of the present disclosure. Also, common but well-understood elements that are
useful or necessarv in a commercially feasible embodiment are often not depicted in order to

facilitate a less obstructed view of these various embodiments of the present disclosure.
DEFINITIONS

G817} As used herein, the torm “stream” can include various hydrocarbon molecules and
other substances.

EIRAS

, “part” or “portion” can

3618} Ag used herein, the term “stream”, “feed”, “product’
include varicus hydrocarbon molecules, such as straight-chaio and branched alkangs,
naphthenes, alkencs, alkadienes, and alkynes, and optionally other substances, such as gases,
¢.g., hyvdrogen, or impurities, such as heavy metals, and sulfur and nitrogen compounds. Each
of the above may also include aromatic and non-aromatic hydrocarbons.

G819} As used herein, the term “overhead stream™ can mean a stream withdrawn at or

near a top of a vessel, such as a columm.
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G824} As used herein, the torm “bottoms stream” can mean a stream withdrawn at or
near a bottom of a vessel, such as a columm.

6621} Hydrocarbon moelecules may be abbreviated Ci, Co, Cs, Un where “n” represents
the number of carbon atoms in the one or more hydrocarbon molecules or the abbreviation
may be used as an adjective for, ¢.g., non-aromatics or compounds. Similarly, aromatic
compounds may be abbreviated As, A7, As, An where “n” represents the number of carbon
atoms i the one or more aromatic molecules. Furthermore, a superscript “+7 or " may be
used with an abbreviated one or more hydrocarbons notation, ¢.g., Ci+ or Us-, which is
inclusive of the abbreviated one or more hvdrocarbons. As an example, the abbreviation
“Ca+” means one or more hydrocarbon molecules of three or more carbon atoms.

106622] As ased herein, the torm “unit” can refer to an area including ong or more
cquipment items and/or one or more sub-zones. Equipment itens can include, but are not
himited to, one or more reactors or reactor vessels, separation vessels, distillation towers,
heaters, exchangers, pipes, pumps, compressors, and controllers. Additionally, an eguipment
item, such as a reactor, dryer, or vessel, can further mehude one or more zongs or sub-zones.
G823} The term “column” means a distillation column or columns for separating one or
more components of ditferent volatihities. 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 bottoms stream back to the bottom of the column. Feeds to the columns
may be preheated. The top or overhead pressure is the pressure of the overhead vapor at the
vapor outlet of the column. The bottom temperature is the liquid bottom outlet temperature.
Overhead lines and bottoms lines refer to the net hines tfrom the column downstream of any
reflux or reboil to the column unless otherwise shown. Stripping columns omit a reboilerat a
bottom of the column and instead provide heating requirements and separation impetus from
a fluidized inert media such ag steam.,

6624} As used herein, the term “rich” can mean an amount of at least generally 30%,
preferably 70% and more preferably 90%, by mole, of a compound or class of compounds in
a stream.

[B025] As depicted, process flow lines n the FIGURES can be referred to
wnterchangeably as, e.g., lines, pipes, feeds, gases, products, discharges, parts, portions, or

streams.
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[G826] The term “communication” means that material flow is operatively permitied
between enumerated components.

3627} The term “downstream commuunication” means that at least a portion of material
Howing to the subject in downstream communication may operatively flow from the object
with which it communicates.

[6628] ¢ term “upstream communication” means that at least a portion of the matenial
flowing from the subject in upstream communication may operatively flow to the object with
which it commaunicates.

3629} 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.

6630} The term “predominantly” means a majonity, suitably at least 50 mol% and
preferably at least 60 moi%%.

{6631} The term “passing” means that the material passes from a conduit or vessel to an
object.

[G832] As used herein, the torm “substantial” can mean an amount of at least generally
80%, preferably 90%, and optimally 99%, by weight, of a compound or class of compounds
in a stream.

6633} The terms “application” and “program’” refer to onge or more compuier programs,
software components, sets of mstructions, procedures, functions, objects, classes, nstances,
related data, or a portion thereof adapted for implementation 1n a surtable computer code
{including source code, obiect code, or executable code}. The term “communicate,” as well as

derivatives thercof, encompasses both direct and indirect communication
DETAILED DESCRIPTION

106834} The following detailed description is merely exemplary in natare and is not
intended to himit the various embodiments or the application and uses thereof. Furthermore,
there is no miention to be bound by any theory presented in the preceding background or the
following detailed description. Moreover, the reaction conditions including selection of
emperature, pressure, LHSY and catalyst in the various units in the aromatics complex
described below are conventional which are known 1o one of ordinary skill i the art, unless

wherever mentioned.

-6 -
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[G835] Yarious embodiments are directed to apparatuses and processes for producing a
Cs aromatic 1somer product in an aromatic complex. An exemplary embodiment of the
process and apparatus for producing a para-xvlene product in an aromatic complex is
addressed with reference to a process and apparatus 100 illastrating an aromatics complex
according to an embodiment as shown in FIG. 1. The process and apparatus 100 includes a
reformate splitter column 104, a xylene column 110, an ortho-xvlene column 116, a para-
xylene separation unit 122, a first 1somerization unit 128, a second isomerization umit 132, a
deheptanizer column 138, an aromatics extraction unit 144, a clay treater 150, a benzeng-
toluene (BT) colummn 154, a transalkviation unit 162, a transalkyvlation stripper 166, a
stabilizer 172 and a heavy aromatics column 178,

[(6636] In various embodiments, a hydrocarbon stream comprising C7+ hydrocarbons is
provided and separated to provide a Cs aromatics stream and an ortho~-xylene rich stream. In
accordance with an exemplary embodiment as shown n FIG.1, a reformate stream in line 102
comprising aromatic hvdrocarbons may be passed to the reformate splitter colomn 104, A
reformate overhead stream in e 106 comprising Cr. aromatic hydrocarbons and a reformate
bottoms stream in ling 108 comprising Cr+ aromatic hydrocarbons may be withdrawn from
the reformate spliticr column 104, In accordance with an exemplary embodiment as shown,
an overhead stream from the reformate splitter column 106 may be condensed and separated
1 a receiver with a portion of the condensed liquid being refluxed back to the reformate
sphitter column 104 1o obtain the reformate overhead stream from a net portion n line 106.
Farther, in an exemplary cmbodiment, the reformate splitter cohimn 104 may mclade a
rebotler at a bottom of the column to vaporize and send a portion of the reformate bottoms
stream back to the bottom of the column.

3637} The reformate bottorms stream may be passed to a xvlene column to provide the Cs
aromatics stream from an overhead and a xylene bottoms stream comprising ortho-xvienes
and Co- alkviaromatic hydrocarbons. In accordance with an exemplary embodiment as shown
in FIG. 1, the reformate bottoms stream i line 108 may be passed to the xylene column 110
for separation. The xvlene columm 110 may further receive a benzene-toluene (hereinafter
“BT™) column bottoms stream in line 160 comprising xvienes. Further, the xylene column
110 may receive Cs+ aromatic hydrocarbous in a deheptanizer bottoms stream in ling 142
from the deheptanizer columm 138, In an aspect, the reformate bottoms stream n line 108

may be passed through an olefin treatment unit to treat residual olefin contaminants before
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being passed to the xviene column 110, Examples of the olefin treatment unit include, but are
not hinuted to, a clay treater and an olefin reduction process {ORP} unit may be passed
through a clay treater prior to being passed to the xylene column 110,

13038] The xylene column 110 separates concenirated Ce aromatic comprising para-
xvlene, meta-xylene and ethyl benzenc as a Cs aromatics stream 1o line 112 from a xylene
botioms stream comprising ortho-xvienes and Co+ alkviaromatic hvdrocarbons in line 114,
The Cs aromatics stream in line 112 15 withdrawn from an overhead and a xylene bottoms
stream 10 ine 114 comprising ortho-xviene is withdrawn from the bottoms of the xviene
colummn 110, As shown in FIG 1, the Cs aromatics siream in line 112 may be passed to the
para-xylence separation unit 122 for separating para-xylene to provide a para-xylene stream in
line 124 and a raffinate stream in line 126. Further. the xylene bottoms stream in hine 114
may be passed to the ortho-xylene column 116 for separation.

{3635} In accordance with an exemplary embodiment, an energy efficient aromatics
complex may include a first xvlene column and a second xvlene column (not shown). In such
an embodiment, reformate bottoms stream in line 108 and the BT column bottoms stream in
line 160 may be provided to the first xviene column and the deheptanizer bottoms stream in
line 142 may be passed to the second xylene column. Further, in the instant aspect, the
bottoms of first xylene column may be passed to the ortho-xylene column 116 for separation
of the ortho-xylene. In another aspect, the ortho-xvienc column 116 may be in
communication with the second xviene column and bottoms of the second xylene column
may be passed to the ortho-xylene column 116 for separation.

10844] In an alternative embodiment, the deheptanizer column and the first xylene
colunmn may be combined to provide an aromatics stripper column and the second xviene
column may be the aromatics rerun column. fn the instant flow scheme, the reformate
bottoms stream in line 108 may be passed to the aromatics stripper column and bottoms of
the aromatics stripper column may be passed to the ortho-xylene cohumn for separation of
ortho-xylene from the heavier hydrocarbons being passed to the aromatics rerun column to
extract the remaining Cs aromatics. In ancther aspect, the ortho-xylene colomn 116 may be in
communication with the aromatics rerun colomn and bottoms of the aromatics rerun colomn
may be passed to the ortho-xylene colwmn 116,

3041} Referring back to FIG. 1, the Cs aromatics stream in ling 112 comprising para-

xyviene, meta-xviene and ethyl benzene 18 withdrawn and may be passed to the para-xviene
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separation unit 122 for separating para-xylene to provide a para~xylene stream in ling 124 and
a raffinate stream 1 line 126

16042} In the para-xylene separation unit 122, the Cs aromatics stream may be contacted
with an adsorbent under adsorption conditions to provide the para-xvlene stream in line 124
and the raffinate stream in line 126, In an embodiment, the adsorption conditions mayv include
an adsorption temperature of less than 175° C (350° F). In accordance with an exemplary
embodiment, the adsorbent may be a binderless adsorbent comprising zeolite X having an
average crystallite size of less than 1.8 microns. In an exemplary aspect, the adsorbent may
have at least 95% of its ion~exchangeable sites exchanged with barium or a combination of
barium and potassnum. In accordance with an excmplary

embodiment, the binderless adsorbent may include a converted portion of zeolite X resulting
from the conversion of a zeolite X-precursor. Examples of the zeolite X-precursor mclude,
but are not hmited to, kaolin clav. Binderless adsorbents that can be used in the present
disclosure include conventional binderless zeolite adsorbents such as those disclosed 1n U5,
Pat. No. 8,283,274, U.S. Pat. No. 7,812,208, U.S. Pat. No. 7,820,869, and U.5. Pat. Publ. No.
2009/0326308, the teachings of which are incorporated herein by reference.

3043} In accordance with an exemplary embodiment, the separation process in the para-
xyiene separation unit 122 operates, preferably via simulated moving adsorption bed (SMB)
cmploving a desorbent. Examples of desorbent include, and are not limited fo para-
diethylbenzene or toluene. Although not shown in the exemplary FIG 1, the para-xviene
separation untt may inclede a fractionation zone to obtain the para-xylenc stream m line 124
and the raffinate stream in line 126. An exemplary fractionation zone may comprise an
extract colunm and a raffinate colunm. In the instant exemplary aspect, a para-xylene extract
stream may be withdrawn from the para-xylene separation unit and may be passed to the
extract columm which separates the para-xylene from the desorbent to provide the para-xylene
stream comprising the desired para-xylene. Further, a first return desorbent stream may be
withdrawn which may be subsequently recyveled to the para-xylene separation unit 122, The
para-xviene stream in hne 124 may be passed to the finishing cohumn {not shown} to separate
a para-xylene product from the lighter hvdrocarbons. Further, an intermediate raffinate
stream comprisimg non-cquilibrivim mixture of Cg aromatics raffinate and the desorbent may
be also withdrawn from the para-xylene separation unit and may be passed to the raffinate

column. The raffinate column separates the raffinate stream for isomerization in the first
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tsomerization wut 128 from a second return desorbent stream. In accordance with another
exemplary embodiment, para-xvlene may be separated by fractional crystallization. In
another aspect, para-xylene may be separated by combination of fractional crystallization and
adsorptive separation.

16044} Referring back to FIG 1, the raftinate stream in line 126 comprising a non-
cquilibrium mixture of xylene isomers and cthylbenzene may be passed to a first
1somerization unit to provide a first isomerization effhuent m line 130, The raffinate stream is
isomerized 1o the first isomerization unit 130, which containg an isomerization catalyst to
provide a product approaching equilibrium concentrations of Cs aromatic isomers. fn
accordance with the instant embodiment as discussed for producing para-xylene, additional
para-xvlene may be produced by reestablishing an equilibrium or near-equilibrium
distribution of xylene isomers. In accordance with an exemplary embodiment as discussed,
the isomerization catalyst 1s an cthylbenzene (EB) isomerization catalyst. In the first
tsomerization unit 128, the non-equilibrium mixture, depleted in para-xylene, is contacted
with the ethylbenzene (EB} isomernization catalvst well-known in the art. The first
tsomerization effluent is withdrawn in line 130 from the first isomerization unit 128, The first
isomerization effluent from the first isomerization unit 128 may be passed to the deheptanizer
column 138,

16045} Referring back to the ortho-xylene colwmn 116, an ortho-xyiene rich stream in
118 and an ortho-xylene column bottoms stream in Jine 120 comprising Co+ alkvlaromatic
hydrocarbons may be withdrawn from the ortho-xylene coluomn 116. In accordance with an
exemplary embodiment, an amount of ortho-xviene in the Cs aromatics stream and the ortho-
xylene rich stream during the separation step may be controlled via a control svstem. Each
control system mncludes any suitable structure for interacting with one or more sensors and
controlling one or more actuators. Each controller could, for example, represent a
muitivariable controlier, such as a [Robust Multivariable Predictive Control Technology
(RMPCT)] controlier or other type of controtler implementing {model predictive control
{(MPC} or other [advanced predictive control (APC)]. As a particular example, each
controller could represent a computing device running a real-time operating system.

[0046] In an aspect, the control system may include one or more sensors, wherein the one
or more sensors calculate the amount of ortho-xylene n the Cs aromatics stream. Further, one

or more process conditions may be changed in response to the step of caleulation to hmut the
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amount of ortho-xvlene in the Cs aromatics stream in case the amount of ortho-xylene is
above a predetermuned amount. In an aspect, the one or more process conditions may be
changed via a feedback module present in the control system.

10647} Subsequently, at least a portion of the ortho-xylene rich stream in line 118 may be
passed to the second isomerization unit 132, In the second isomerization unit, the ortho-
xylene stream may be contacted with an isomerization catalvst in liguid phase at
tsomerization conditions in substantial absence of hydrogen to produce a second
tsomenization effluent. In an aspect, isomerization in the second isomerization unit 132 {akes
place in complete absence of hydrogen.

(30438} In accordance with an exemplary embodiment as shown in FIG 1, a first portion
of the second isomerization effiuent in line 134 may be passed to the deheptanizer column
138, In accordance with an exemplary embodiment, the first isomerization ctfluent may
comprise at least 60 wit%, preferably 80 wit% and more preferably 99 wi% of the
somerization effluent. In an aspect, the first isomerization effluent may comprise 100 wi%6 of
the isomerization effluent. Further, a second portion of isomerization cffluent in line 136 may
be passed to the para~xylene separation for further processing as described above. In
accordance with an exemplary embodiment, the second portion of the isomenization ettluent
may comprise 0 to 40 wt. % of the 1somerization effluent.

16049} in the deheptanizer column 138, a deheptanizer bottoms stream 1o

hing 142 comprising Cs aromatics including para~xylene is withdrawn. Typically, in processes
using an EB Isomerization type catalyst, the deheptanizer bottoms stream 15 passed through
an olefin treatment unit to treat residual olefin contaminants before being passed to the xvlene
colunmn 110, Examples of the olefin treatment unit include, but are not limited to, a clay
treater and an olefin reduction process (ORP) unit. In accordance with an exemplary
embodiment as shown in FIG 1, the deheptanizer bottoms stream in ling 142 may be passed
directly to the xviene column 110 without an intermediate step for removal of olefins.
Accordingly, the xylene column 110 may be in direct, downstream communication with the
deheptanmizer column 138, In accordance with an exemplary embodiment as shown, a portion
of the first isomerization effluent in line 135 may be mixed with the debeptanizer bottoms
stream 1n line 142 and passed to the xvlene column 110 Accordingly, in the instant aspect, a
portion of the first isomerization effluent may bypass the deheptanizer column 138, In

accordance with an exemplary embodiment, the portion of the first isomerization effluent
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may vary from 0 to 30 wt% of the isomerization effluent. A deheptanizer overhead stream in
tine 140 may also be withdrawn from the deheptanizer column 138 and may be passed to the
stabilizer 172.

16050} Referring back to the reformate splitter colomn 104, the reformate overhead
stream in line 106 cormprising Co. aromatic bydrocarbons may be passed to the aromatics
extraction unit 144, Further, a stabilizer bottoms stream m line 176 may also be passed to the
aromatics extraction unit 144, The aromatics extraction unit 144 can comprise different
methods of separating aromatics from a hydrocarbon stream. One industry standaid is the
Sulfolane™ process, which 1s an extractive distillation process utilizing sulfolane solvent to
facilitate high purity extraction of aromatics. The Sulfolane™ process 15 well known to those
skilled in the art. An aromatics extract stream in line 148 comprising benzene and toluene and
a raffinate stream in line 146 comprising non-aromatic hydrocarbons may be withdrawn from
the aromatics extraction unit 144, The aromatics extract stream n line 148 may be passed to
the BT column 154 to provide benzene and toluene via separation. In accordance with an
exemplary embodiment as shown in FIG.1, the aromatics extract stream in line 148 may be
passed through a clay treater 150 1o treat residual oletin contaminants and provide a treated
aromatics extract stream in hne 152 prior to being passed to the BT column 154, A
transalkvlation bottom stream in hne 170 from the transalkvlation stripper colummn 166 may
also be passed to the BT column 154, A benzene-enriched stream in Jine 156 and a toluene-
enriched stream 1n line 158 are withdrawn from the BT column 154, Further, the BT column
bottoms stream in line 160 is withdrawn and sent to the xylene column 110 for further
processing as described above. The toluene-enriched stream in line 158 may be passed to the
transalkylation unit 162 for production of additional xviencs and benzene.

{6051} In accordance with an exemplary embodiment as shown i FIG .1, in additionto a
toluenc-enriched stream, a heavy aromatics column overhead stream in line 180 nch in Go
and Cio alkylaromatics from the heavy aromatics cohumn 178 may be passed to the
transalkvlation unit 162. A make-up hydrogen gas stream (not shown) may also be provided
to the transalkyiation unit 162, In the transalkylation unit 162, the mcoming feedstreams may
be contacted with a transalkylation catalyst vader transalkylation conditions. In the
transalkylation unit 162, the process continues by transatkyiating Co and Cio alkylaromatics
with toluene. A transalkviated stream i line 164 comprising benzene and xylenes may be

withdrawn from the transatkviation unit 162,
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[G052] Transalkylation catalysts that can be used in the present disclosure include
conventional transkylation catalysts such as those disclosed in U.S. Pat. No. 6740788, the
teachings of which are incorporated herein by reference. Conditions emploved in the
transatkylation unit 162 nomally include a temperature of from 200° C to 5340° C. The
transatkviation unit 162 is operated at moderately clevated pressures broadly ranging from |
kg/em? to 60 kg/om?®. The transatkviation reaction can be effected over a wide range of space
velocities, with higher space velocities affecting a higher ratio of para-xylene at the expense
of conversion. Liquid hourly space velocity generally is in the range of from 0.1 to 20 hr™!,
[B053] The transaikylated stream m line 164 may be sent to the transalkylation stripper
166 to recover the transalkvlation stripper bottoms stream in bne 170, A net overhead stream
in line 168 comprising Cs and lighter hvdrocarbons may also be withdrawn from the
transatkviation stripper 166. Subscquently, the transalkylation stripper bottoms stream in line
170 may be recyeled to the BT column 134 to recover benzene product and unconverted
toluene for further processing as previously described. The net overhead stream 1n line 168
may be passed to the stabilizer 172 to provide a stabilizer overhead vaporous strcam in line
174 and the stabilizer bottoms stream in line 176, The stabilizer bottoms stream in line 176
mayv be passed to the aromatics extraction unit 144,

3054} Referring back to the ortho-xylene cobumn 116, the ortho-xylene bottoms stream
in line 120 rich in Co and heavier alkylaromatic hydrocarbons may be passed to the heavy
aromatics column 178 to separate heavy aromatics comprising Cii-alkylaromatic
hydrocarbons from Co and Cho alkylaromatics recovered as the heavy aromatics column
overhead stream in line 178, The Chi-alkylaromatic hydrocarbons may be withdrawn from
the heavy aromatics column 178 as a bottoms stream in hine 182, The heavy aromatics
columm overhead stream in line 178 rich in Co and Cro alkylaromatics may be passed to the
transalkylation unit 162 for production of additional xylenes and benzene as previcusly
described.

[6635] In the mstant flow scheme as described above, the first isomenization unit 128 1e.
the EB isomerization unit rans more efficiently with ortho-sylene lean feed resulting m lower
ring loss. Further, the newly added second isomerization unit 132 Le. liquid phase
isomerization unit receives an ortho-xvlene rich stream which can cffectively isomerize the
xylenes with a zeolite based catalyst. Since liguid phase 1somerization unit 1s operated under

Higuid phase, and does not need hydrogen, there 18 saving 1n operating expenditures. The
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major benefit comes from the lowering of ring losses across the EB 1somerization untt along
with a para-xylene vield improvement of 1 to 2 wit% from the mstant flow scheme.

3656} Turning now to FIG. 2, another embodiment of the aromatics complex is
addressed with reference to a process and apparatus 200 for producing a para-xyiene product
in an aromatic complex. Many of the clements in FIG. 2 have the same configuration as in
FIG. 1 and bear the same respective reference number and have similar operating conditions,
Further, streams that have same configuration as in FIG 1 but vary in composition bear the
same reference numeral as in FIG. 1 but are marked with a prime symbol (*). The apparatus
and process in FIG. 2 are the same as m FIG. 1 with the exception of the noted following
differences. The apparatus 200 includes a xylene column 210 which provides the ortho-
xylene rich stream. In accordance with an exemplary embodiment, the xviene column may be
a divided wall column with the incoming feed streams being fed to one side of the colwmn
and the various product fractions being taken out from the other side of the xviene column
110. In accordance with an exemplary embodiment as shown in FIG.2, an ortho-xylene rich
stream in fine 212 may be taken as a side draw in addition to the Cs aromatics stream in ling
112 and a xviene column bottoms stream comprising Ce- alkvlaromatic hydrocarbons in line
1147 Accordingly, the ortho-xylene rich stream is obtained from the xvlene columm without
the need of a dedicated ortho-xylene column as per the instant embodiment.

16057} The ortho-xvlene rich stream in line 212 mav be passed to the sccond
isomerization unit 132 which will perform the same functions as described above with
respect to the FIG. 1. Further, the xvlene bottoms stream in line 1147 may be passed to the
heavy aromatics column 178 which will perform the same functions as described above with
respect to the FIG. 1. The rest of the process flow is sumilar to what is described in FIG.1.
[B058] In some embodiments, various functions described herem are implemented or
supported by a computer program that is formed from computer readable program code and
that is embodied in a computer readable medium. The phrase “computer readable program
code” mncludes any tvpe of computer code, including source code, object code, and
executable code. The phrase “computer readable medium” includes any type of medium
capable of being accessed by a computer, such as read only memory (ROM), random access
memory {RAM), a hard disk drive, a compact disc (CD), a digital video disc (DVD), or any
other type of memory. A “non-transifory” computer readable medium excludes wired,

wircless, optical, or other conmunication links that transport transitory electrical or other
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signals. A non-transitory computer readable medium inchudes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a

rewritable optical disc or an erasable memory device.
SPECIFIC EMBODIMENTS

3059} While the following 1s described in conjunction with specific emnbodiments, 1t will
be understood that this deseription 1s intended to dlustrate and not limit the scope of the
preceding description and the appended claims.

6064} A first embodiment of the invention is a process for the production of para-xylene,
wherein the process comprises providing a hvdrocarbon stream comprising Cos
hydrocarbons; separating the hvdrocarbon stream to provide a (s aromatics stream and an
ortho-xylene rich stream; passing the (s aromatics strgam to a para-xylene separation unit for
scparating para-xylene to provide a para-xylene stream and a raffinate stream; passing at least
a portion of the raffinate stream to a first isomenization unit to provide a first isomerization
effluent, wherein the first isomenzation effluent 1s produced in the presence of an
cthyibenzene {EB) isomerization catalyst; and contacting at least a portion of the ortho-
xvlene rich stream with an isomerization catalyst in a second 1somernization unit in biquid
phase at isomerization conditions in substantial absence of hydrogen to produce a second
isomerntzation effluent. An embodiment of the mveuntion is one, any or all of prior
cmbodiments in this paragraph up through the first embodiment 1 this paragraph, wherein
separating the hydrocarbon stream comprises passing the hydrocarbon siream to a xylene
colummn to provide the (s aromatics stream from an overhead and a xylene bottoms stream
comprising ortho~-xviene and Co+ alkviaromatic hydrocarbons; and passing the xylene
botioms stream to an ortho~xylene column to provide the ortho-xylene rich stream and an
ortho-xylene cohumn bottoms stream comprising Co+ alkvlaromatic hydrocarbons. An
embodiment of the invention is oneg, any or all of prior embodiments in this paragraph up
through the first cmbodument m this paragraph, wherein separating the hvdrocarbon stream
comprises passing the hvdrocarbon stream to the xvlene column to provide the Cs aromatics
stream from an overhead and the ortho-xylene nich stream as a side draw from the xylene
column. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment m this paragraph, wherein the xviene column s a

divided wall column. An embodiment of the invention 1s one, any or all of prior embodiments



o

(]

WO 2018/195037 PCT/US2018/027906

in this paragraph up through the first cmbodument i this paragraph further comprising
passing the first 1somenzation effluent and a first portion of the second 1somerization effluent
to a deheptanizer column. An embodiment of the mvention is one, any or all of prior
embodiments in this paragraph up through the first cmbodiment i this paragraph, wherein a
second portion of the second 1somerization effluent is passed to the para-xylene separation
unit. An embodiment of the mvention 18 one, any or all of prior embodiments n this
paragraph up through the first embodiment i this paragraph, wherein contacting the at least
portion of the ortho-xvlene rich stream in the second isomerization vnit oocurs in complete
absence of hvdrogen. An embodiment of the invention 1s one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph, wherein
separation 1n the para-xylene separation unit takes place by crystallization or adsorption. An
embodiment of the mvention is one, any or all of prior coboduments in this paragraph up
through the first embodiment m this paragraph further comprismg controlling an amount of
ortho-xylene in the Ce aromatics stream and the ortho-xyilene rich stream during the
separation step via a control system. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first cmbodiment in this paragraph
further comprising calculating an amount of ortho-xylene in the Cs aromatics stream and
changing one or more process conditions in response to the step of calculation to limit the
amount of ortho-xvlenc in the Cs aromatics stream via a feedback module.

6661} A second embodiment of the invention 1s a process for the production of para-
xylene, wherein the process comprises providing a reformate stream comprising aromatic
hydrocarbons to a reformate sphitter to provide a reformate bottoms stream comprising {7+
aromatic hydrocarbons and a reformate overhead stream comprising Cr. aromatic
hydrocarbons; passing the reformate bottoms stream to a xvlene column to provide an Cs
aromatics stream and a xylene bottoms stream comprising ortho-xylene and Cor
atkvlaromatic hydrocarbons; passing the Cs aromatics stream to a para-xylenc separation unit
for separating para-xvlene, wherein the Cs aromatics stream is contacted with an adsorbent
under adsorption conditions to provide a para-xylene stream and a raffinate stream; passing
the xyvlenc botioms stream to an ortho-xvlene column to provide the ortho-xylene rich stream
and an ortho-xylenc colunm bottoms stream comprising Co+ alkviaromatic hydrocarbons;
passing at least a portion of the raffinate product stream to a first 1somerization unit to

provide a first isomerization effluent, wherein the first isomerization effluent 1s produced 1n
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the presence ot an cthyibenzene (EB) isomerization catalyst; and contacting at [cast a pottion
ot the ortho-xvlene rich stream with an isomerization catalyst in a second 1somerization unit
in liquid phase at isomerization conditions in substantial absence of hvdrogen to produce a
second isomerization effluent. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the sccond embodiment 1 this paragraph further
comprising passing the first isomerization effluent and a first portion of the second
somerization effluent to a deheptanizer column. An embodiment of the mvention is one, any
or all of prior embodiments in this paragraph up through the second embodiment in this
paragraph, wherein a second portion of the second isomernization effluent 1s passed to the
para~-xylene separation unit. An embodiment of the invention 1s one, any or all of prior
embodiments in this paragraph up through the second embodiment in this paragraph, wherein
contacting the at least portion of the ortho-xvlene rich stream in the second isomerization
occurs in complete absence of hvdrogen. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the second embodiment n this paragraph
further comprising calcelating an amount of ortho-xvlene in the Cs aromatics stream and
changing onc or more process conditions in response 1o the step of calculation to limit the
amount of ortho-xylene in the Cs aromatic stream via a feedback module.

3662} A third embodiment of the nvention 1s a process for the production of para-
xviene, whercin the process comprises providing a reformate stream comprising aromatic
hydrocarbons to a reformate splhitter {o provide a reformate bottoms stream comprising Cr+
aromatic hvdrocarbons and a reformate overhead stream comprising Cr. aromatic
hydrocarbons; passing the reformate bottoms stream to a xylene column to provide a Cs
aromatics stream from an overhead, an ortho-xylenc rich stream as a side draw and a xylene
column bottoms stream comprising Co+ alkylaromatic hydrocarbons; passing the Us aromatics
stream to a para-xylene separation unit for separating para-xyiene to provide a para-xviene
stream and a raffinate stream; pagsing at least a portion of the raffinate stream to a first
isomerization unit to provide a first isomerization etfluent, wherein the first isomerization
cffluent is produced m the presence of an ethylbenzene (EB) isomerization catalyst; and
contacting at least a portion of the ortho-xylene rich stream with an isomerization catalyst in
a second isomerization unit in liquid phase at isomerization conditions in substantial absence
of hydrogen to produce a second isomerization effluent. An embodiment of the invention is

one, any or all of prior embodiments in this paragraph up through the third embodiment in
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this paragraph further comprising passing the first 1somerization cffluent and a first portion of
the second isomenzation effluent to a deheptanizer column. An embodiment of the invention
is one, any or all of prior embodiments in this paragraph up throogh the third embodiment
this paragraph, wherein contacting of the at least portion of the ortho-xylene rich stream in
the second isomernization occurs i complete absence of hydrogen. An erabodiment of the
mvention is one, any or all of prior embodiments in this paragraph up through the third
embodiment in this paragraph, wherein the xylene column is a divided wall column. An
embodiment of the invention is oneg, any or all of prior embodiments in this paragraph up
through the third embodiment in this paragraph further comprising calculating an amount of
ortho-xviene m the Cs aromatics stream and changing one or more process conditions in
response to the step of calculation to limit the amount of ortho-xvlene in the Cs aromatics
stream via a feedback module.

6663} Without further elaboration, it 1s believed that using the preceding description that
one skilled in the art can utilize the present invention to its fallest extent and casily ascertan
the essential characieristics of this invention, without departing from the spirit and scope
thereof, to make various changes and modifications of the invention and to adapt it to various
usages and conditions. The preceding preferred specific embodiments are, therefore, 1o be
construed as merely dlustrative, and not limiting the remainder of the disclosure m any way
whatsoever, and that 1t is mtended to cover various modifications and equivalent
arrangements included within the scope of the appended clams.

0064} In the foregoing, all temperatures are set forth in degrees Celsius and, all parts and

percentages are by weight, unless otherwise indicated.



WO 2018/195037 PCT/US2018/027906

CLAIMS:

1. A process for the production of para-xylene, wherein the process comprises:

providing a hvdrocarbon stream comprising Cr+ hvdrocarbons;

separating the hydrocarbon stream to provide a Cs aromatics stream and an ortho-

5 xvlene rich stream;

passing the s aromatics stream to a para-xylene separation unit for separating para-
xvlene to provide a para-xvlene stream and a raffinate stream;

passing at least a portion of the raffinate stream to a first isomerization unit to provide
a first isomerization effluent, wherein the first isomernization effluent is produced

19 in the presence of an ethyvlbenzene (EB) isomenzation catalyst; and

contacting at least a portion of the ortho-xvilene rich stream with an isomerization
catalyst in a second isomerization unit in liquid phase at isomerization conditions
in substantial absence of hvdrogen to produce a second isomerization efflucot.

2. The process of claim 1, wherein separating the hydrocarbon stream comprises:

) passing the hvdrocarbon stream to a xylene column to provide the Cs aromatics
stream from an overhead and a xyvlene bottoms stream comprising ortho-xvienes
and Co+ alkvlaromatic hydrocarbons; and

passing the xylene bottoms stream to an ortho-xylene column to provide the ortho-

xvlene rich stream and an ortho-xylene columm bottoms stream comprising Co-

20 alkviaromatic hvdrocarbons.

3. The process of claim 1, wherein separating the hydrocarbon stream comprises
passing the hvdrocarbon stream to the xylene column to provide the Cs aromatics stream
from an overhead and the ortho-xvlene rich stream as a side draw from the xvlene columm.

4. The process of claim 3, wherein the xylene column is a divided wall column.

25 5. ¢ process of claim 1 further comprising passing the first isomenzation effluent

and a first portion of the second isomerization effluent to a deheptanizer columm.
6. The process of claim 5, wherein a second portion of the second isomerization
cffluent is passed to the para-xvlene separation unit.
7. The process of claim 1, wherein contacting the at least portion of the ortho-xylene
30 rich stream o the second isomenzation unit ocours in complete absence of hydrogen,
8. The process of claim 1, wherein separation in the para-vylene separation wunit

takes place by crystallization or adsorption.
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9. The process of claim 1 further comprising controlling an amount of ortho-xylene
in the Cs aromatics stream and the ortho-xylene rich stream during the separation step via a
control system.

10. The process of claim 1 further comprising calculating an amount of ortho-xyliene
i the Cs aromatics stream and changing one or more process conditions m response to the
step of calculation to limit the amount of ortho-xvlene in the Cs aromatics stream via a

feedback module.
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