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ENERGY EFFICIENT FRACTIONATION PROCESS FOR SEFARATING THE
REACTOR EFFLUENT FROM TOL/ASH TRANSALKYLATION PROCESSES
CROSS-REFFRENCE TORELATED APPLICATION
[B001] This application claims priority o 1.8, Provisional Application No, 61/93%,314,

filed February 13, 2(H4, which is hereby incorporated by reference in its entirety,

BACKGROUND
{6862] Aromatics complexes generally derive their feed from a catalytic reformer,
although other sources of mixed xylenes feeds are possible, such as those derived from
pyrolysis gasoline from olefin crackers. The reformate product from the reformer contains
benzene (Bz), toluene (TOL), C8 aromatics (ethylbenzene (EB), and the three xylene isomers
of paraxylene (pX), metaxylene {mX), and orthoxylene (0X)}), and C9+ aromatics that are
primarily- C9 and to a lesser extent C10+ aromatics. Most aromatics complexes focus on the
production of paraxylene and benzene, and occasionally orthoxylene and metax yiene,
although the markets for orthoxylene and metaxylene arc not as large as for paraxylene.
Paraxylene is oxidized o terephthalic acid which is purified and polymetized with ethylene
glycol to make polyester. Polyester i3 used in making clothing, film and botiles. Benzene is
used n making many useful derivatives with end products such as polystvrene, nylon,
polycarbonate, and phenolic resins,
[6003] To make the most amount of paraxylene and benzene from a given amount of
reformaie, aromatics complexes may comprise units that will convert the toluene and/or C9+
aromatics in the reformate to xylenes and benzene, including TOL/A%S+ transalkylation
(TOL/AG+ TA) units,
{6004]  TOL/A9+ transalkylation uscally takes place in the presence of hydrogen.

Processing C9+ aromatics is complex, because there are a number of A% and A1) isomers
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that can undergo a number of different reactions depending on the choice of catalyst,
Reactions occurring in.a TOL/AS+ wansalkylation (TA) reactor include but are not lunited to:
TOL + TOL = Bz + XYL {n
MEB+H2 > TOL +C2  {2)
TOL + TMB =2 XYL (3)
C3Bz-+H2 ~» Bz + C3 (4)

DMEB + HZ » XYL +C2  (5)

DEB +H2 - EB + (2 ()
ER+C2 - Bz + C2 0

C4Bz+ H2 = Bz + (4 (&)
CIXYL+H2 > XYL +C3 (9)
TMB +TOL=TTMB+ Bz (10)
Where:
XYL = xylene isomers
MEB = methylethytbenzenes (3 fsomers)
TMB = trimethyibenzenes (three isomers)
C3Bz = propylbenzences (iso-propylbenzene = cumene and n-propylbenzene)
H2 = hydrogen
C2 = gthane
C3 = propane
DMEB == dimethylethylbenzenes (6 isomers)
DER = diethylbenzenes (3 isomers}
C4Bz = butylbenzenes (4 isomers)
C3XYL = propylxylenes (includes n-proylxylenes and iso-propylxylencs known as

cymenes}



TTMB = tetramethylbenzenes {3 isorers)

[0005]  Note that MEB hydrocracking (Reaction 2) produces TOL, which can react with
TMB to form xylenes (Reaction 3} or disproportionate to form xylenes and benzene
(Reaction 1). Thus, A9+ can be a feed to a TOL/A9+ reactor alone, i.e., TOL in the feed can
be zero.

[0006]  MEB and propylbenzene hydrocracking (Reactions 2 and 4) can be driven 1o very
high conversion. However, transalkylation reactions that produce xylene isomers (such as
Reactions 1 and 3) are equilibrium limited. Thus, the reactor efffuent from TOL/A9+ TA
will contain light ends, including C2 and C3, Bz, XYL, and unreacted TOL and A9+. The
reactor effluent is separated into streams fich in light ends, Bz, XYL, and unreacted TOL and
A9+, The TOL and components of the A%+ are recycled to the reactor. Separation of the
reactor effluent info these streams is energy intensive and represents a substantial portion of
the variable cost for these processes.

[0087] Accordingly, there remains the need for other energy and capital efficient schemes

for separating the teactor effluent from TOL/A94+ transalkylation reactors,

SUMMARY

0008} The present disclosure addresses the energy efficient separation of the effluent
from a TOL/A9+ TA reactor into streams concentrated in light ends, benzene, TOL, A8, and
A9+, 1n an embodiment, the disclosure is directed to a process that includes (a) providing a
prefractionation column feed stream including toluene, C8 aromatics, and C9+ aromatics to a
reboiled prefractionation column to produce a prefractionation column top stream and a
prefractionation column bottom stream; and (b) providing the prefractionation column top
stream and the prefractionation column bottom stream to a sidedraw column to produce a

sidedraw column fop stream including toluene, and a sidedraw column first side stream



including C8 aromatics. The process also includes producing a sidedraw column bottoms stream
including C9+ aromatics. Alternatively, the progess may inchide producing a sidedraw column.
sccond side stream including A9 for recycle to a TOL/AS+ transalkylation reactor without further
fractionation, and a CL0+ sidedraw column bottoms stream that is substantially free of AS.

In one aspect, the present disclosure relates to a A process comprising the steps of: (a)
providing a prefractionation column feed stream comprising toluene, C8$ aromatics, and C9+
aromatics to a reboiled prefractionation.column to produce a prefractionation column top stream
and a prefractionation colurn bottom stream; and. (b) providing the prefractionation column top
stream and the prefractionation column bottom stream to a reboiled sidedraw column to produce
a sidedraw column top stream comprising teluene, and a sidedraw column first side stream
comprising C8 aromalfics, and a sidedraw column bottoms stream comprising C9+ aromatics,
wherein the side draw column is separately reboiled from the prefractionation column, and a
liquid stream is recovered from the side draw column and used gs reflux to the prefractionation
column.

[0009] In various embodiments of the disclosure, the process includes recovering
paraxylene from the sidedraw column first side stream including C8 aromatics to produce a
paraxylene product stream and a paraxylene lean stream.

[0010] In one particular embodiment of the disclosure a benzene column feed stream
including benzene, (oluene, C8 aromatics, and C9+ aromatics is provided to a benzene column to
produce & benzene column top stream including benzene and a benzene column bottom stream
including teluene, C8 aromatics, and C9+ aromatics, wherein the benzene column bottom stream
is the prefractionation.columnn feed stream.

[0011] In another embodiment, the benzene column feed stream is obtained by the
process including providing a stabilizer column feed stream including light ends, benzene,
toluene, C8 aromatics, and C9+ aromatics to a stabilizer column to. produce a stabilizer column

top stream or Streams including light cnds and a stabilizer column bottom streami including



benzene, toluene, C8 aromatics, and C9+ aromatics, wherein the stabilizer column botlom siream
is the benzehe column feed stream.

[0012] In these and other embodiments of the disclosure, the process may include mixing
a transalkylation reactor effluent stream including light ends, benzene, toluene, ('8 aromatics, and
C9+ aromatics with a paraxylene unit siream. including benzens and toluene to produce the
stabilizer column feed stream.

{0013] In 6ne.embodiment, the process includes. apzrating the sidedraw column at a

pressure above atmospheric pressure and using the condensing vapors in the sidedraw column
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top streani to generate steam, to reboil the benzene column, and/or reboil the stabilizer
column,

[0014] The disclosure is also directed to an apparatus that includes a reboiled
prefractionation column for receiving a prefractionation feed stream including toluene, C8
aromatics, and C9+ aromatics and producing a prefractionation column top stream and a
prefractionation column bottom stream; and a sidedraw column for feceiving the
prefractionation column top stream and the prefractionation eohimn bottom stream and
producing a sidedraw column top stream including toluene, and a sidedraw column Tirst side
stream including C8 aromatics.

In another aspect, the present disclosure relates {0 an apparatus comprising: (d) a
reboiled prefractionation column for receiving a prefractionation feed stream comprising
toluene, C8 aromatics, and C9+ aromatics and producing a prefractionation column, top
stream and & prefractionation column bottom streamn; and (b) a reboiled sidedraw column for
receiving the prefractionation column top stream and the prefractionation column botfom
stream and producing a sidedraw column fop stream comprising toluene, and a sidedraw
colomn first side stream comprising C8 arbmdtics, wherein the side draw column is
separately reboiled. from the prefractionation column, and a liquid stream is recovered from
the side draw column and used as reflux to the prefractionation column.

In various embodiments of this embodiment, the sidedraw column further produces-a
sidedraw column bottoms stream including C9+ aromatics. Alternatively, the sidedraw
column further produces a sidedraw column second sidedraw stream including A9 for recycle
to-a TOL/A9+ transalkylation reactor without further fractionation, and a C10+ sidedraw
column boitoms stream that is substantially free of A9.

{0015] In another embodiment, the apparatus includes a benzene column for receiving

a benzene coluron feed stream including benzene, {oluene, C8 dromatics, and C9+ aromatics,



and separating the benzene column feed stream into a benzene column top streem _includmg
benzene and a benzene column bottom stream including toluene, C8 aromatics, and C9-+
aromatics, wherein the benzene column bottom stream is the prefractionation column feed
stream,

[0016] The apparatus may also include a stabilizer column for recelving a stabilizer
column feed siream including light ends, benzene, toluene, C8 aromatics, and U9+ aromatics,
and producing a stabilizer column top stream including light ends and a stabilizer column
bottom stream including benzene, toluene, C8 aromatics, and C9+ aromatics; wherein the

stabilizer column bottom stream is the benzené column feed stream.
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{0017) The apparatus may also include a mixer for mixing a transalkylation reactor
effluent stream including light ends, benzene, toluene, C8 aromatics,. and C9+ aromatics with
a paraxylene unit stream including benzene and toluene to produce the stabilizer column feed
strcam.,

[0018] The disclosure is also directed to a process including the steps of® reacting in a
transalkylation reactor a reactor feed stream including toluene and, optionally, C9+ aromatics
to produce a transatkylation reactor effluent stream.including light ends, benzene, toluene, C8
aromatics, and C9+ aromatics; optionally mixing the transalkylation reactor effluent stream
with a paraxylene vnit stream including benzene and toluene to produce a stabilizer column
feed stream including light ends, benzene, toluene, CB aromatics, and CS+ aromatios;
separating the stabilizer column feed stream in @ stabilizer column to produce a stabilizer
column top stream including light ends and a stabilizer column bottom stream including
benzene, toluene, C8 aromatics, and C9+ aromatics; separating the stabilizer colurn bottom
stream in a benzene column to produce a benzene column top stream including benzene and a
benzene column bottom stream including toluene, C8 aromatics, and C9+ aromatics;
providing the benzene column bottom stream to a reboiled prefractionation column to

produce & prefractionation column top stream and a prefractionation column bottom stream;
providing the prefractionation column top stream and the prefractionation column bottom
stream (o a sidedraw column to produce a sidedraw column top stream including toluene, and
a sidedraw column first side stréam including C8 arematics; recovering paraxylene from the
sidedraw column side stream including C8 aromatics; and recovering benzene from the
benzene column top stream, wherein at least a portion of the sidedraw column top stream
containing toluene and optionally a sidedraw column stream containing C9+ aromatics is
recycled to the transalkylation reactor,

In anather aspect, the present disclosure relates to a process comprising the steps of:



(a) reacting in a transalkylation reactor a reactor feed stream comprising toluene and,
optionally, CO+ aromatics to produce a transalkylation reactor effluent stream comprising
light ends, benzene, toluene, C8 aromatics, and C9+ aromatics; (b) optionally mixing the
transalkylation reactor effluent stréam with a paraxylene unit stream comprising benzene and
toluene to produce a stabilizer column feed siream comprising light ends, benzene, toluene,
8 aromatics, and C9+aromatics; {c) separating the siabilizer column feed stream ina
stabilizer column to produce a stabilizer column top stream comprising light ends and a
stabilizer column bottom stream comprising benzene, toluene, C8 aromatics, and Co+
aromatics; (d) separating the stabilizer column bottom stream in a benzene column to
produce a benzene column top stream compiising benzene and a benzene column bottom
stream comprising toluene, C8 aromatics, and C9+ aromatics; (€) providing the benzene
column bottom siream to a reboiled prefractionation column to produce a prefractionation
column top stream and a prefractionation column bottom stream; (f) providing the
prefractionation column top stream and the prefractionation column bottom stream to a
reboiled sidedraw column to produce a sidedraw column top stream comprising toluene, and
a sidedraw column first side stream comprising C8 aromatics; (g) recovering paraxylene from
the sidedraw column side stream comprising C8 aromatics; and (h) recovering benzene from
‘the benzene column top stream, wherein at least a portion of the sidedraw column top stream:
is recycled to the transalkylation reactor, and wherein the side draw column is separately
reboiled from the prefractionation column, and.a liquid stream is recovered from the side

draw column and used as reflux to the prefractionation column.
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BRIEF DESCRIPTION OF THE DRAWINGS
{801Y] Figure I shows an integrated arematics complex for paraxylene recovery by a
PAREX™ selective adsorption process. The effluent from the TOL/AY+ transalkylation
reactor is separated into streams concentrated in benzene, TOL, C8A, and COA+ by separate

sequential Bz, TOL, Xylene Splitier and A9 columms.

16028] Figure 2 shows a scparation scheme for separating strearns concentrated in light
ends, benzene, toluene, C8 aromatics, and C9+ aromatics. The scheme includoes a reboiled
prefractionation colunm fed by the beitoms stream of a benzene column that includes toluene,
C8 aromatics, and €9+ aromati¢s. The top and botiom sticams of the reboifed
prefractionation columan ave fod to the sidedraw cofumn, which produces a sidedraw columm
top stream inchiding toluene, a sidedraw column side stream including C8 aromatics, and a

sidedraw columm bottom stream including C9+ aromatics,

[6621]  Figure 3 shows s scheme wherein the A%+ material for recycle to the TOL/AG+
TA reactor is taken as an additional sidedraw of the sidedraw column. The bottoms streain of

the sidedraw column includes C10+.

[8022] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figurss can be exaggerated relative to other
elements to help improve understanding of the embodiment(s) of the present invention.
Skilled artisans will also understand that certain elements within these figures may represent
scctions of an aromatics complex that comprise many unit operations and equipment, such as
reactors, pumps, distillation columns, pamps, compressors, heat exchangérs, and sepatation

equipment such as filiers, centrifuges, selective adsorption chambers, and the fike.
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DESCRIPTION
6023] The disclosure relates to an encrgy efficient fractionation process for separating a
TOL/A9+ transalkylation (TA) reactor efftuent into streams concentrated in Light ends,
benzene, a stream concentrated in TOL that can be recyeled to the reactor, 4 stream
concentrated in '8 aromatics (A8 or C8A) that can be sent dircctly 10 a crystallization or
selective adsorpiion paraxylene recovery unit without the need for additional fractionation,
and an A9+ stream that can be optionally forther fractionated 1o recover C9 aromatics (AS or
C94) and C10 aromatics (A10 or C10A) for recycle to the TOL/AY+ TA reactor,
{6924) The methods and apparatuses diselosed herein provide certain advantages and
advancements over the prior art. As one example, light ends and benzene are separated in a
stabilizer column 2nd a benzene column respectively, Then benzene column botioms
including TOL, A8, and A9+ (TOL/A8/AS) are separated into separate streams rich in those
components using ai apparatus incloding a reboiled prefractionation column and 2 sidedraw
column that produces: 1) an overhead stream concentrated in TOL; 2) a stream concentrated
in A+, which streams may be reeyeled o the reactor; and 3) a sidedraw stream concentrated
in A8 and substantially free of benzene, TOL, and A9+ that can be directed to a
crystallization or selective adsorption pX separaiion unit for recovery of pX product. The
pressure of the reboiled prefactionation columm and the sidedraw column may be increased
such that the condensing overhead vapors of the sidedraw colomn may be used to reboil the
stabilizer and/or benzene column and vptionally may be used to generate siream. The-
overhead vapor of the prefractionation coluran may be fed to the sidedraw column without
condensation, thus eliminating the need for a condenser, reflux. drum, and asseciated
equipment. An additional sidedraw may be talken from the sidedraw column concentrated in

A9 and optionally A10 that may be recycled 1o the reactor: In this case, the sidedraw column
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bottoms includes C10+ hydrocarbons that may be used for fisel, or other uses. This avoids
the need for a separate A9 column and saves additional energy.

{8925] Those skilled in the art will appreciate that the designator “CX7 refers to a
compound including X carbon atoms, “CX+” refers o a compound including X or greater
carbon atoms, and “CX- vefers 10 a compound mcluding X or fewer carbon atoms. The term
“AX” is used to designate a stream including aromatics having X carbon atoms. For
example, A9+ may be used to designate a stream Including argmatics having nine or more
carbon atoms. “CX aromatics™ or “CXA” refers to 2 mixture of aromatic and nonaromatic
compounds having X atoms. Accordingly, for example, “CR aromatics™ or “C8A” racans
designates a stroam of aromatic and non-aromatic compounds having § carbon atoms,
Sipilarly, “CB+” may contain some A8+ and noa-aromatics with mwore 8 or more carbon
afoms.

[926] Mixed xylenes is a term used for a stream including not only the xvlene isomers,
but also ethylbenzene (EB), which has the same molecular formula as the xylene isomers
{Cstin), but which is a structural isomer that has one ethyl group attached to a benzene,
instead of two methyl groups in the case of the xylene isomers. There are three isomers of
xylenes: orthoxylene (0X), metaxylene (mX), and paraxylene (pX). Collectively, the xylene
iwomers and EB are called C8 Aromatics or CBA. The boiling points of the C8A are very
close, and thus, it is not practical or economic to separate pX from mixed xylenecs by
distillation. Thus, pX is separated from C8A by processes such as crysiallization or pX
sefective adsorption.

{8027 As used herein, the phrase “substantially free of” generally refers to Tess than
about 2 wit% of a component, more particularly less than sbeut 1.5 wi%h of the component,
for example less thas about 1.0 wi% of the component if the pX separation unit is a

crystallization unit. In one embodiment, if the pX separation onit is 2 pX selective adsorption
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unif, substantially free of A9+ means less than about 500 ppmw, about 400 ppmw, about 300
ppaw, about 200 ppw, or 100 sbout ppmw of A9+ or as otherwise Tequirsd for the feed
stream to the pX scparation unit.

[8028] As used herein, the phrase “a stream concentrated in an aromatic component (or
components)” refers 1o a siream incloding those components and substantially free of other
aromatic components. For example, a stream concentrated in benzene ineans a stream
mcluding mainly benzence and substantially free of TOL, A8, and A9+, A stream
concentrated in C8A+ means a siream including mainly C8A and C9A+ but substantially free
of benzene and TOL.

{B629] An aromatics complex including a scheme for separating the reactor effluent from
a TOL/A9+TA umit 3s lustrated in Figure 1. This aromatics complex includes several
process units including a naphtha hydrotreater (NHT); a reformer, such as a UOP CCR
PLATFORMING™ unit; an extraction unit, such as a UOP SULFOLANET™ Extraction unit;
2 TOL/A9+ TA unit, such as a UOP TATORAY ™ ynit; a paraxylene unit that further
meludes a xylene isomerization Onit, such as a UOP ISOMAR™ gnit for isomerizing xylene
isomers and converting ethylbenzene (EB); a pX selective adsorption umit, such as a UOP
PAREX™ ynii; and distillation colurns for separating the reactor efflueni from the
TOL/A9+ TA unit and the xylene isomerization umit into streams rich in benzene, TOL, CRA,
and C2A+. A further description of various aspects this aroreatics complex and the units that
comprise it can be found in R. A, Moyers, editor, Handbook of Petroleun: Refining
Processes, 3™ Edition, Mc-Graw-Hill (2004}, which is incorporate herein in its entirety.
{B836] in Figure 1, a naphtha stream (Stream 1} that includes C6-C10 paraffins and
naphihenes is fed to a naphtha hydrotreater (NHT) unit 2. The NHT unil 2 includes a reactor
that reacts sulfur and nitrogen containing compounds with hydrogen (stream not shown) and

typically temoves the sulfar and nitrogen compouonds as Hght gaseous products such as
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hydrogen sulfide and ammonia (also not shown). The hydrotreated naphtha steam (Stream 3)
is sent t0 a reformer 4. The reformer unit 4 includes a reactor that cyclizes straight chain and
branched paraffins to form naphthenes and dehydrogenates the naphthenes to form aromatic
compounds. The reformer generates a stream rich in hydrogen 5 and light ends 6, and a
stream including C5+ hydrocarbons (Stream 7) that is tich in aromatics including benzene,
toluene, C8 aromatics, and C9+ aromatics. The Stream 7 is fed to a reformate splitter colamn
3. The reformaie splitter column 8 generates an overhead stream (Stream 9) rich in C7-
hydrocarbons that includes benzene and toluene, and a bottom stream including C8+
aromatics (Stream 10). Stream 9 is fed to an extraction unit 11 that separates a raffinate
stream (Stream 12) ineluding mainly C5-C7 non-aromatics that is lean in aromatics and
extract strearn (Stream 13) that is rich in benzene and toluene and is substantially free of non-
aromatics. Stream 13 is combined with the Hquid effluent from a TOL/AG+ transalkylation
{TA) unit 14, The TOL/ASH TA unit 14 includes a reactor that converts at least a portion of
the TOL and A%+ to products including benzene and xylene isomers via veactions including
Reactions 1-10 (above). The TOL/AS+ unit 14 consumes hydrogen from 2 hydrogen vich
feed stream (not shown}, and generates light ends (not shown). The light ends may be
removed by a stabilizer (not shown), which may be part of the TOL/AS+ unit,

80313 The stabilized reactor effluent from the TOL/A9+ TA unit 14 (Stream 15)
mecludes benzene, unreacted TOL, C8A, and unreacted C9A+. Stredm 15 is combined with
the strcam from the extraction unit 11 {Stream 13} to produce Stream 16, The benzenc, TOL,
CBA, and CO9A+ in combined Stream 16 are separated in sequential benzene, toluene, xylene
splitter, and A9 distillation columms 17, 20, 24, and 38. Figure 1 shows optional co-
production of an orthoxylene product as the overhead of 0X column 35,

[9832] Stream 16 is directed to a benzene cohumn 17, which produces an overhead stream

including benzene (Benzene Product Stream 1R) and is substantially fiee of other aromatics,
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and bottoms streamn (Stream 19) including C7+ aromatics, Stream 19 is directed to a TOL
column 20, which produces an overhead stream (Stream 21) including TOL and substantiaily
free of other aromatics that is dirccied to the TOL/AS+ TA unit 14, and botioms stream
{Siream 22) including C8+ aromatics.

[6833] Stream 22 is mixed with a deheptanizer column 32 bottoms stream (Streum 34)
and the reformate splitier 8 bottoms stream (Stream 10) to form a feed stream (Stream 23}
directed to xylene splitter column 24, The column 24 produces an overhead stream inchuding
C8A and some TOL (Stream 25) and substantially free of other arematics and a bottoms
stream: (Stream 26) including COA+, and in this case including a sobstantial fraction of the
oX in combined xylene splitter coluinn feed stream (Stream 23). Orthoxylene is produced as
an overhiead product of columm 35, Co-production of oX within an aromatics complex is
optional. The bottoms of column 33 comprising A9+ is directed to A9 colunm 38 which
prodaces an overhead stream 39 comprising A9 and typically some A10 that is recyeled to
the TOL/A9+ TA unit. The bottoms of column 38 comprising C10+ s laken as a product for
use as fusl, for example, or for other uses.

i6034]  In one embodiment of the scherue shown in Figure 1, the condensing vapors of the
zylens splitter {X§) in an aromatics complex including a PAREX™ pX selective adsorption
umnit ean be used to reboil the extract and raffinaie columns within the PAREX™ section
(which are not shown). Thus, there may not be enough additional heat available in the
condensing X8 overhoad vapors to reboil the TOL/AY+ transalkylation unit benzens column
or toliene colwmn.

[6835] Streamn 25 is directed to a pX recovery unit 27 such as a UOP PAREX™ unit,
which produces a high purity pX produoct (Stream 28), and a raffinate stream (Streain 29} thai
is lean in pX. When the pX recovery unit is a UOP PAREX™ unit, it may also produce a

stream rich in TOL (not shown) from co-adsorbed TOL that can be directed to the TOL/AG+

i2
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TA unit 14, p3X lean raffinate stream (Stream 29) is directed to a xylene Isumerization unit 30
that includes a reactor that isomerizes the xylenes in the pX lean raffinate to 2 near
equilibrium distribution, and converts at least a portion of the EB to xylene isomers, or
benzene and ethane. Xylene isomerization catalysts that convert EB primarily to xylene
isomers of to benzene and ethane are well known 1o those skilled in the art, Xylene
isomerization and EB conversion reactions usually talce place in the vapor phase, consume
hydrogen from a hydrogen rich feed stream (not shown) and may generate a hydrogen rich
vent stream (not shown}. However, xylene isomerization and EB conversion processes are
known that are conducted o the liquid or supercritical phases without the addition of
hydrogen,

§8835] The reactor effluent (Strean 31) from the xylene isomerization unit 30 may be
directed to the deheptanizer columm 32 that produces a C7- stream (Stream 33). Stream 33
may be a vapor siream, a liquid stream, or both, Stream(s) 33 may comprise benzene and
TOL, and may be further stabilized to remove light ends before directing to the benzene
column 17 or the extraction ynit 11 to recover benzene as product and TOL for recyele to the
TOL/AS+ TA unit 14, This stabilizer is not shown in Figure 1.

[8637] A deheptanizer bottoms stream (Stream 34) inclodes C8A+, This stream is
contbined with reformate splitter bot_mms stream (Stream 10), and TOL colunm 20 bottoms
sireamn {Siream 22}, which are also comprise C8A+, and directed w the xylene splitier
column 24.

{BO38] Acxylene splitter bottoms stream {Stream 26) may be directed to an oX column 35
that produces an oX product overhead stream (Stream 36} and a bottoms stream (Streani 37).
including A9+, Stream 37 is direcied to an A9 column 38 which produces a betioms stream

{Stream 40) including C10+ that may be taken as a product for use s, for example, a fucl,
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and an overbead stream (Streamn 39) including A9+ that can be directed to the TOL/AO+ TA
uit,

{8639] Tarning now to Figure 2, a TOL/AY+ TA unit reactor (not shown) effluent stream
{Stream 215) may be combined with an extraction unit (net shown) extract stream {Stream
213} to produce a stabilizer column feed stresm (Stream 241). The stream 241 may be
preheated in a heat exchanger 242 to produce a prebeated stream (Stream 243) that is divected
to a stabilizer column 244. The heat used to preheat Stream 241 may be derived from 4 warm
process stream available within the aromatics complex. The stabilizer column 244 produces
a vapor overhead stream (Stream 245) that includes light vapor hydrocarbons, a bottors
stream (Stream 247) that includes benzenc, TOL, C8A, and C9A+, and may produce a liguid
overhead stream (Stream 246), which may be a benzene drag stream including benzene and
non-aromatic benzene co-boilers.

{0840] Stream 247 may be combined with an extraction unit (not shown) extract siream
{Stream 213) including benzenc and toluene to produce a benzene column feed sircam
(Stream 216). Strewm 216 Is directed to benzene column 217 that produces an overhead
stream (Stream 218) including benzene and a botioms stream (Stream 219) including TOL.,
C8A, and COA+

[0941] Stream 219 is directed to a disiillation apparatus 260 having a prefractionation
column 250, including a reboiler 251, and a sidedraw column 252. The prefractionation
cobumn 250 produces an overhoad stream (Stream 255) that is directed as a feed to the
sidedraw colummn 252, In one embodiment, the overhead siream 255 is preferably a vapor
stream, but may be a liguid stream if the prefractionation colomm 250 has an overhead
condenser, or it may be both a vapor and liquid stream. The prefractionation column 250 also
produces a liquid bottoms siream (Stream 258} that is directed as feed to sidedraw column

252
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{6042} The sidedraw cohmnn 252 produces several streamns, including 2 Hguid stream
(Stream 256) used as reflux.to the prefractionation column 250, an overhead stream {Stream
221} inchading TOL and substantially free of C8A+, a sidedraw stream (Stream 257)
including AR, and substantially free of TOL and A9+, and a bottoms stream {Stream 237)
including C9A+ and substantially free of AR-. The stream mchiding TOL (Stream 221} may
be recycled to a TOL/A9+ TA unit (not shown). A bottoms siream including A9+ (Stream
237) may be directed to an AS columa (not shown) which may produce an overhead stream
meluding A9 and some A [0 that may be recyeled to @ TOL/AS+ TA unit, and a bottoms
streams including C10+ that is subsrantially free of A9 that may be used as, for example, a
fuel. Sidedraw column 252 includes a reboiler 253 and one or move condensers 254. The
condensers may be used to reboil other cohumns such as stabilizer column 244, benzene
column 217, and/or used to generate steam,

i9043) Figore 3 is identical to Figure 2, except (1) an additional sidedraw stream {Stream
301} 1s taken from the sidedraw column 252 ncluding mainly A9 and some A10 for recvele
to the TOL/AS+ TA reactor, and 2) the sidedraw column bottoms stream {Stream 302)
including C10+ that may be used as, for example, a fuel. This embodiment eliminates the
need for a separate A9 column and forther reduces cnergy and capital for an aromatics
complex. The stream including A8 and substantially free of TOL and A9+ (Stream 257) may
be directed fo a pX recovery section for recovery of pX product.

[Bd4] Various ecmbodiments of the prefractionaiion cohumn and the sidedraw column
including examples of tray locations for feed streams 255 and 258 {o the sidedraw column,
and withdrawal of the reflux stream 256 and the sidedraw stream 257 are provided in the
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[(045] In some embodiments, the prefractionation column and the sidedraw column may
be combined into a single shell dividing wall column with a reboiler for the profractionation
side.

{6846]  As shownin the examples, the combination of the prefractionation (PREFRAC)
coluran and the sidedraw column (S§D-COL) can be designed to meet specifications for TOL
and A9+ in the AR sidedraw stream, such that this stream can be sent directly to a unit that
separales pX either by selective adsorption or by erysiallization.

{88477 Insome aspects of the methods and apparatuses disclosed here, the sidedraw
celumn, and consequently the prefractionation colummn are designed to operate at overhead
pressures sufficienty high that condensing overhead vapors of the sidedraw colomn can be
used to reboil the benzene columuy, the stabilizer column, and/or generate sicwrn in order to
save additional energy. One skilled in the art will recognize that the temperature of the
condenging overhead vapors of a column with a total condenser, such as the SD-CGL is
related to the overhead pressure of that column.  Similarly the boitoms temperature-of a
colummn is related to the pressure of that columm, and thus column pressure determines the
minimum temperature of the heating medium that can be used to reboil that column. The
pressure of saturated steam is related to the temperatute of the heating medium required to
generate that steam. In all cases, the higher the pressure, the higher the temperatare, The
wemperature of the condensing overhead vapors of a first column must be higher than the
temperature at the bottom of a second column which is being reboeiled by the first column,
and it must be higher by an amoont that provides a sufficient driving force for heat iransfer.
Thus, the overhead pressure of the sidedraw column {SD-COL), and consequently of the
prefractionation (PREFRAC) column may be increased to provide a temperature of the
condensing overhead vapors of the SD-COL. that is greater than about 5 to about 25 degrees

Celsiug, more preferably greater than about 18 to about 15 degrees Celsius higher than the
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temperatre of the bottoms of a column that these vapors are being used to reboil, or the
saturation temperature of the steam that is being generated. Increasing column pressure
beyond that which provides such temperature differences is possible, but will increase the
wall thickness required for the column, and thus, its cost.

18948] If the condensing vapors of the SD-COL are being used to veboil the benzene
columu, then, the overhead pressure of the SD-COL may be increased, for example, above
about 50 psia (345 kPa absolute). If steam is of value for heating process streams within the
atomatics complex or for export to other units, it is preferable to increase the pressure of the
prefractionation and sidedraw colamms such that steam can be generated from the condensing
gverhead vapors of the sidedraw column, Generating sieam recovers soﬁu—: of the energy put
into the colurn rebotlers as useful energy. To generate medium pressure (10 barg) steam,
the overhead pressure of the SD-COL may be increased above about 115 psia {793 kPa
absohite).,  Ifthe condensing overhead vapors of the S-COL are only being used to
generate low pressure (25 psia) steam, then the SD-COL overhead pressure wouold only need
to be increased to above about 22 psia (152 kPa absoluie). 1f the condensing overhead vapors
of the sidedraw colurmm are only used to reboil the stabilizer columu, then the overhead
pressure of the SD-COL can be increased to above about 115 psia (793 kPa absoluic).

{3845] Insome embodiments of the methods and apparatuses disclosed herein, the
efftuent frora a TOL/AY+ reactor is separated by the fractionation schemes of Figures 2 or 3
described above, which are designed i produce an AS sidedraw strcam that meets the
specification of fess than 500 ppmw AY+ suitable for feeding directly into a unit that
separates pX by selective adsorption. Tn various embodiments, the AR sidedraw stream
containg less than about 2 wi%e TOL and more particularly less than abowt 1.5 wi% TOL,
somie of which may be recovered via a TOL finishing column within the selective adsorption

unit (not shown),
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{GO50] Insome embodiments shown In Figures 2 and 3, the stabilizer colionm 244 15
designed as 2 dehexanizer column where non-aromatic benzene co-boilers are removed in the
overhead streams 245 and 246. In this case, Stream 218 may meet specifications for salable
benzene product. In other-embodiments, the stabilizer colummn 244 may be designed asa
depentanizer where C35- hydrocarbons are removed in overhead streams 245 and 246, and the
stream concentrated in benzene (Stream 218) or the stabilizer boitoms stream 247 is directed
to an extraction unit for removal of non-aromatic benzene co-boilers.

[8s1] Units that separate pX by crystallization can tolerate much higher levels of AS+ in
their feed. Commercial pX crystallization units operate with as much as 2 wi% A9+ or even
higher. In another embodiment of this disclosure, the cffluent from a TOL/AY+ reactor is
separated by the fractionation schemes of Figures 2 and 3 described above designed to
prodoce an A8 sidedraw stream that containg less than about 2 wi% A9+, in particular less
than about 1.3 wit% A9+, and more particularly less than about 1,0 wi%h A9+ that is snitable
for feeding directly into a pX separation section that separates pX by erystallization.
Embodiments employing a crystallization unit for pX separation will require less energy for
separation than embodiments emploving a selective adsorption unit for pX recovery.

[6052] In other embodimenis, aromatics complexes including various combinations of
conventional toluene disproporttionation {TDP) units, selective toluene disproportionation
(STDP) units that produce xylene isomers rich in pX, and/or TOL/A Y+ benefit from the
separation scheme of this disclosure.

EXAMPLES

[6053] The Examples that follow are set forth for explanatory purposes only, and are not
to be taken as imiting the disclosure.

9054} A pX unit C7- (FHght aromatics) stream including benzene and TOL and a
TOL/A%+ condensed reactor cfftuent stream having the component mass fractions shown in

i8



WO 2015/123065 PCT/US2015/014465

Table 1 are used In the examples. The condensed TOL/AS+ reactor efffuent stream contains
640 ppoiw naphthalene. The compositions ave typical, but as is known 1o those skilled in the
art, the compositions and the flow rates depend on many variables including reformate

composition, and the relative size of the pX unit and {the TOL/AG+ unit,

Table 1. Typical compositions of reactor effiuent and pX wunit stream

TOL/AST |pX Unit

Reactor  |Light

Effluent  |Aromaties
5 Paraffing C.0011 0.0245
Other Lights and Paraffins (.0308 0.0612
Bz ' G.0365 0.7085
TOL G.3792 0.1047
L, 0.0085 6.6013
X 0.0755 0.0031
mX 0.1650 0.0052
oX 0.0767 £.0004
MER 0.0139 0.0000
ThB 0.1340 0.0000
BEBR 0.0004 0.0000
DMEB 0.0028 6.00080
Other A0+ 0.0235 £.0000
Fiow Rate, lofhr 705512 45556

[6055] In all examples, this mbxture is preheated and sent o a stabifizer column that
removes light ends, and then to 2 benzene colummn where a stream concentrated in benzene is
taken overhead for sale as high purity benzene or as feed to an extraction unit, where the
benzene is further purified by removal of a primarily non-aromatic raffinate stream. The
performances of all columns, including the compositions and conditions of all column
product streams are simulated using an ASPEN Plus® process simulator of Aspen
Technelogy, Inc. Forall examples, the design of the stabilizer column and benzene column
remains the same. Thus, the feed rate and composition of the benzene column botioms
remains the same. Typical specifications for the benzene colunm are 98% benzene recovery
in the overbead, and 406 ppmw of TOL with base component Bz, The feed rate,
composition, and temperature of the benzene colimn bottoms sircam are provided in Table 2.
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[8836] The ¢aleulated absorbed duty of the benzene column for all examples obtained

from ASPEN Plus® simulations is 79.5 MMBTU/br (23.3 MW), and the caleulated benzene

column bottoms temperatuse is about 150 “C. The calculated absorbed duty of the stabilizer

column is 37.7 MMBTU/hr (11.0 MW), and the ealculated stabilizer bottoms temperatore is

about 184 °C.

Table 2. Benzene celumn botioms stream feed rate, composition, and temperature

QOthers 0.001¢
Br 0.0027
TOL 0.4271
EB 0.0108
pX 0.08571
mX 0.1870
aX 0.0368
MER 0.0158
TVB 0.1531
DEB 0.0005
DMERB 0.0032
A10+ 0.0262
Faed Rate, Ib/hr 815,507
Temperature, F 301.7
8057] EXAMPLE I: Separation Scheme for Producing an AR Stream Suitable for

Sending Directly to a Unit for Recovery of pX by Selective Adsorption

[6038] Example 1 demonstrates production of mixed xylenes via further fractionation of

the benzene columm bottoms stream following the fractionation scheme of Figure 1.

{3591 The benzene colurn bottoms streanz s fed fo a2 toluene column simulated to have

52 theoretical stages with the feed to stage 26, The prossure of the vapor leaving the top tray

is set to 62.3 psia (430 kPa absolite) and the condenser is assumed to have a pressure drop of

5 psi (34.5 kPa). Design specifications are placed on the ¢cohnmn simulation of 0.5 wi% C8A

in the TOL overhead streamn and 1 wi% TOL amongst the C8A in the column bottoms

siream. The caleulated absorbed reboiler duty from the simulation is 152:6 MMBTU/hr (44.7

MW). The temperature of the condensed overhead vapors of the colunm is 166.2 °C, and the
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caloulated duty of the condenser s 125.1 MMBT U/l (36.7 MW), which are sufficient fo
reboil the benzene column,

[806#] The tolucne column bottoms stream is passed 10-a xylene splitter (X8) column
simulated to have 122 theoretical stages with feed to theoretical stage 91 from the top. The
pressure of the vapor leaving the top tray is set at 85 psia (586 kPa) such that the condensing
overhead vapors have a femperature sufficient to reboil the extract and raffinate columns of a
vmit that separates pX by seleclive adsorption. Diesign specifications are placed onthe xylene
splitter column sirmlation of 0,05 wi% (500 ppmw? A9 in the C8A overhead siream and 1
wite CBA in the CO9A+ column bottoms stream. The calenfated absorbed column reboiler
duty from the simulation is 112.8 MMBTU/br (33.1 MW).

{6611  Thus, a combined absorbed reboiler duty of 265.4 MMBTU/Me (77.8 MW) for the
TOL colwmmn and the X8 colomu is required to perform the desired separation of the benzene
column bottoms stream inio & TOL stream, a CEA stream and an A9+ streams where the C8A
stream containg L wi% TOL and meets 2 specification of 500 ppm A9+ such that this stream
cun be sent directly to a selective adsorption unit for separation of pX.

{6962} The A9+ stream may be divected to an A9 column which may produce an
overhead stream inchiding A9 and some A10 that may be recyeled t0 2 TOL/AS+ TA unit,
and a bottoms stream including C10+ that is substantially free of A9 that may be used as, for
example, a fuel

{e863] EXAMPLE Z: Separation Scheme for Producing an A% Sircam Suitable for
Sending Directly to a Unit for Recovery of pX by Crystallization

[8864]  Example 2 demonstrates production of mixed xylenes via further fractionation of
ihe benzene columm bottoms siream following the fractionation scheme of Figure 1.

{8865] The design of the benzene and toluene columns is the same as for Example §. The

benzene columu botioms stream i3 fad to a toluene column simulated 1o have 52 theoreticsl
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stages with the feed to stage 26, The pressure of the vapor leaving the top tray is set to 62.3
psia (430 kPa absolute} and the condenser is assumed to have a pressure drop of 5 psi (34.5
kPa). Design specifications are placed on the column simulation of 0.3 wt% C8A in the TOL
overhead stream and 1 wi% TOL amongst the C3A in the column bottoms stream. The
calculated absorbed reboiler duty from the simulation was 152.6 MMBTU hr (44.7 MW,
The temperatore of the condensed overhead vapors of the column is 166.2 °C, and the
calculated duty of the condenser was 125.1 MMBTUlhr (36.7 MW), which are sufficient to
reboil the benzene colwnn,

{o006] The toiuene column bottoms stream is passed to a xylene splitter (X5) cotumn
sinnilated to have 122 theorctical stages with feed to theorctical stage 91 from the top. As in
Example 1, a design specification is placed on the xylene splitter columa simulation of 1 wi%
C8A in the COA+ column bottonis stream. However, because & orystallization unit can
tolerafe a higher concentration of AS+ in the feed to crystallization, the specification for A9+
in the AB stream is refaxed to I wit% A9+, This lowers the caleulated required absorbed
column reboiler duty shightly to 107.0 MMBTU/ir (31.4 MW).

[8867| Thus, for this example, a combined absorbed reboiler duty of 259.6 MMBTU/hr
(76.1 MW) for the TOL column and the XS columin is requited to perform the desired
separation of the benzene column bottoms stream into a TOL stream, a C8A stream and an
A9+ siream where the C8A stream contains 1 wi%e TOL and | wi% A9+ such that this stream
can be sent dircetly to a crystatlization unit for separation of pX.

{806E] The A9+ stream may be divected t0 an A9 column which may produce an
overhead stream incloding A9 and some A 10 that may be recyeled to a TOL/A9+ TA umit,
and a botioms stream including C10+ that is substantially free of A9 that may be uvsed, for

example, as fuel.
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{6969] EXAMPLE 3: Separation Scheme for Producing an A§ Stream Suitable for
Sending Directly to a Unit for Recovery of pX by Selective Adsorption

{8478 The separation scheme for this Example is shown in Figure 2, and was similated
via ASPEN, The design ofthe stabilizer and benzene columns is the same as for Examples |
and 2. Various combinations of design parameters for the prefractionation ¢column and
sidedraw columm are implemented. Combinations of design variables with corresponding
column perforniance paramelers are summarized in Table 3 for some cases where energy
savings can be achieved relative to Example 1 while meeting specificaiions of less than 1.5
wi% TOL and less than 300 ppmw of A9+ in the A8 stream, such that the A8 stream can be
sent to a sclective adsorption unit for separation of pX without the need for further
fractionation. The combined absorbed duty of the prefractionstion (PREFRAC) and sidedraw
(SD-COL) columns of Example 3 represents the duty required to separate the Bz colunn
bottoms into a TOL stream suitable for recycle to the TOL/A9+ reactor, an A9+ stream, and
an AR stream that can be sent directly to a selective adsorption unit for pX recovery without
the need for furiher fractionation. The A%+ stream may be directed to an A9 colunm which
may produce an overhead sweam iricluding A9 and some A10 that may be recycled to g
TOL/AS+ TA wnit, and a botfoms stream including C10+ that is substantially free of A9 that
may be used as, for example, a fuel.

[#071] Tables 3 and 4 show examples of design variables, “SD-COL, No. of stages™ is
the number of theoretical stages for this column in the simulation, including one stage for the
reboiler and one stage for the condenser, “SD-COL, Stg-RFLX1” is the sidedraw colomn
stage where a liquid sidedraw is taken for reflox to the prefractionation column, “SD-COL,
Sig-OVHDV1” is the stage in the sidedraw column to which ihe overhead vapor from the

prefractionation cofumn is directed. “SD-COL, Stg-BTTMLIQI™ is the sidedraw column
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stage to which the bottoms Hquid from the prefractionation columm is divected. “SD-COL,

Sig-CRA” is the sidedraw column stage from which the C8A is taken as a sidedraw,

Table 3. Design variables for Exanple 3

" Feed Tray

‘Wt fract TOL in A8
Wi fract AB+ in AB

Ag shown by the data m Table 3, the fiactionation scheme of this disclosure can reduce

energy required to do the separation by over 10%

[8872] EXAMPLE 4: Separation Scheme for Producing an A8 Stream Suitable for
Sending Direcily to a Unit for Recovery of pX by Crystallization

{89731 The separation scheme for this example is shown in Figure 2 and was simulated
via ASPEN. The designs of the stabilizer and benzene colomus are the same as for Examples
1 and 2. The overhead pressure of the S13-COL is assumed to be 62.3 psia (430 kPs absolute)
with an assumed 5 psi (34.5 kPa) pressure drop through the condenser. Various combinations

24



WO 2015/123065 PCT/US2015/014465

of design parameters for the prefractionation coluron (PREFRAC) and sidedraw column {SD-
COL) are tried. Combinations of design variables with corresponding columb performance
parameters are summarized in Table 4 for some cases where energy savings can be achicved
relative to Example 2, while meeting specifications of less than 1.0 wi% TOL and iess than |
wit¥o of A9+ in the AR stream, such that the A8 stream can be sent to a crystallization section
for separation of pX without the need for further fractionation. The AY+ siream may be
direcied to an A9 column which may produce an overhead siream including A9 and some
Al( that may be reoyeled to a TOL/A9+ TA unit, and a bottoms stream including C10+ that
is substantially frec of A9 that may be uvsed as, for exampls, a fuel.

Tabled, Design variables for Example 4.

'REFLX1 Stream flow iate, 15l

{8074] As shown by the data in Tabie 4, the fractionation scheme of this disclosure can
save close to 25% of the energy requived by Example 2.
{6075f  Note that the energy requirement to meet specifications of the AS sidedraw siream

necessary to feed a pX crystallization section for the cases of Example 4 are lower than ihe
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engrgy requitement to meet specifications of the AS sidedraw stream necessary to feed the
A8 stream to a pX selective adsorption section. Also note that fewer stages are required for
Example 4 than for Example 3. Reboiler duty is related to vapor and Hauid traffic in the
tower. The lower duty requoired for Example 4 relative o Example 3 ineans smaller diameaier
cotomns are needed. Lower duty also means less CO; greenhouse gas emission,

{(68740] EXAMPLE 5: Separation Scheme for Producing an A8 Stream Suitable for
Sending Dritectly 10 a Unit for Recovery of pX by Crystailization With SD-COL Pressure
Tnereased to Produce Medium Pressure Steam

{80771 The separation scheme for this Example is shown in Figure 2 and was simulated
via ASPEN. For this case, the pressure of the PREFRAC and SD-COL colummns are
mereased 1o allow production of medium pressure (10 barg) steam from the condensing
overhead vapors of the SD-COL. The overhead pressure of the SD-COL is assumed to be
116.8 psia {803 kPa absolute) with an assumed 5 pst (34.5 kPa) pressure drop through the
vondenser, This gives a SD-COL overhead temperature entering the condenser of 203 °C,
and a condenser outlet temperatare of about 201 °C, which is sufficient to generate 10 barg
steam, which has a saturation temperature of about 185 °C. These condenser temperatares
are also sufficient io reboil the benzene column which has a boitoms temperature of about
150 °C, and sufficient to reboil the stabilizer column, which has 2 bottoms temperature of 185
“C.

[6078] The design of the stabilizer and benzene columng is the same as for Exemples |
and 2. Vatious combinations of design parameters for the PREFRAC and SD-COL. are
implemented. Combinations of design variables with corresponding colomn performance
parameters are summarized in Table 5 for some cases where energy savings can be achieved
relative to Example 2, while meeting specifications of Iess fhan 1.5 wi% TOL and legs than

1.5 wi% of A9+ in the AR stream, such that the A8 stream can be sent to a crystallizdtion unit
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for separation of pX without the need for funther fractionation, The A9+ stream may be
directed o an A9 column which may produce an overhead smeam ncluding A9 and some
Al0 that may be recycled to a TOL/A9+ TA unit, and a botioms stream including C10+ that

is substantiaily free of A9 that may be used as, for example,a fuel.

Table 5. Desipn variables for Example 3

18679] As shown by the data in Table 5, for all of these cases, the total duty of the

PREFRAC and SD-COL is less than that of the total duty of TOL and XS columns of

Exampie 2 by as much as 10.2%. When credit is given for MP stcam export, the net energy

required to do the separation is Jess than half of that of Example 2.

{E080] EXAMPLE &: Separation Scheme for Producing an A8 Stream Suitable for

Sending Directly to a Unit for Recovery of pX by Crystallization With SD-COL Pressure
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Tnereased to Produce Mediom Pressure Steam and With an Additional Sidedraw Colinon
COA+ Stream

[8081] The separation scheme for this Example is shown in Figure 3 and was simulated
via ASPEN. Conditions and design considerations for the stabilizer, benzene column,
prefractionation columm, and sidedraw column are the same as for Exarple 5 Case 5.3 (ag
shown in Table 5) with the following exceptions.

[a082] In Example 3, the sidedraw columm had 90 theoretical stages, and & stream
meluding A9+ was taken as a bottoms stream.  The A9+ stredm of Example 5 may be
dirgcted 10 an A9 columm which may produce an overhead stream including A9 and some
Al0 that may be recycled to a TOL/A9+ TA unit, and-a bottoms stream including C10+ that
is substantially free of A9 that may be used as for example a fuel.

{#083] In this Example 6, a stream including mainly A9 and some Al0 is taken as an
additional sidedraw stream {(Stream 301 of Figure 3) for recyele to the TOL/A9+ TA reacior,
and the bottoms stream of the sidedraw cohunn (Stream 302 of Figure 3} including C10+ and
asubstantially free of A9 and may be used as for example, a fuel. In this example, the stream
mchuding mainly A9 and some A10 s referred to as the C9A+ stveam, The additional
sidedraw (Stream 301) is taken as Hauid from theoretical stage 90 from the top. Additional
stages are added be!m}f this sidedraw which increases the total monber of theoretical stages to
the number shown in Table 6 Other relevant stages of the sidedraw cofumn remain the same
as per Example 5 Case 5.3, The reboiler duty of the prefractionation column and the
sidedraw column were fixed as per Example 5 Case 5.3 at 130 MMBTU/r (38.1 MW) and
105 MMBTU/Mr (30.8 MW) respectively, Thus, in Example 6, separation of the COA+
siream takes place with no additional duty relative to Example § Case 5.3,

{8084] To avoid the need for a separate AY colurn, it is desirable for the COA+ stream to

contain essentially all of the MER and TME in the combined COA+ and C10+ streams, and a
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high fraction of the DEB, DMEB, and TTMB. However, it is desirable to separate a high
fragtion of the naphthalene in the combined CSA+ and C10+ streams into the C10+ stream
since naphthalene and heavy components of the C 10+ sireant can foul exchangers within the
TOL/ASH TA unit and Ioad to a high deactivation rate of the TA unit catalyst.

18685 Strmadation results for several cages are provided in Table 6.

Table 6. Simulation Resnlis for Example 6.

i Total Mass

[{:086] As shown ta this example, recovery of desirable compenents MEB and TMB in
the CA9+ stream for recycle to the TOL/A9+ reacior can be near 100%. Recovery of the
desirable components DER, DMER, and TTMB may also be very high. Recovery of
naphthalene in the COA+ sireant is fairly low and thus, a high fraciion of the naphthatenc is
recovered in the C10+ stream. Recovery of desirable components MEB, TMB, DER,
DMEB, and TTMB in the COA+ stream increases with the specified recovery of TTMB in the
CYA+ sidedraw stream, However, naphthalene recovery in this stream also increasds,
Naphthalene recovery also increases with a reduction in the number of stages added below
the COA+ sidedraw stream.  One skilled in the art will appreciate that the optimal number of
stages and TTMRB recovery will depend on local feedstock and byproduct prices, energy cost,

and lecal cost of capital.
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[087] While the invention has been described above according to varipus embodiments,
it can be modified within the spirit and scope of this disclosure. This application is therefore
intenuded to cover any vatiations, uses, of adaptations of the invention uging the general
principles disclosed berein. Further, the application is intended to cover such departures from
the present disclosure as come within the known or customary practice in the art to which this

inveniion pertains and which fall within the limits of the following claims.
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WHAT I§ CLAIMED 1S;

1. Aprocess comprising the steps of:

() providing a prefractionation column feed stream comprising toluene, C8
aromatics, and‘ C9+ aromatics to a reboiled prefractionation cohumu to produce
a prefractionation column top stream and a prefractionation column bottom
stream; and

(b)  providing the prefractionation column top stream and the prefractionation
columin bottom stream to-a reboiled sidedraw column to produce a sidedraw
column top stream comprising toluene, and a sidedraw column first side
stream comprising C8 aromatics, and a sidedraw column bottoms stream
comprising C9+ aromatics,

wherein the side draw column is separately reboiled from the prefractionation column,

and a liquid stream is recovered from the side draw column and used as reflux to the

prefractionation column.

2, The process of claim 1, further comprising producing a sidedraw column second side
stream comprising A9 for recycle fo a TOL/A9+ transalkylation reactor without further

fractionation, and a C10+ sidedraw column bottoms stream that is substantially free of A9,

3 The process of claim 1, further comprising recovering paraxylene from the sidedraw
column first side stream comprising C8 aromatics to produce a paraxylene product siream

and a paraxylene lean stream.

4, The process of claim 1, further comprising recycling at least a portion of the sidedraw

column top siream to a transalkylation reactor,
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3. The process of claim 1, further comprising recycling at least a portion of the sidedraw

colunan bottoms stream comprising C9+ avomatics to a transalkylation reactor,

6. The process of claim 2, further comprising recyeling at least a portion of the sidedraw

column sccond side stream comprising A9 to a transalkylation reactor,

7. The process of claim 1, wherein the sidedraw column top stream is substantially free

of C8 arcmatics.

8. The process of claim 1, wherein the sidedraw column side stream comprising C8

aromatics is substantially free of toluene and C9+ aromatics.

9. The process of claim 1, wherein the sidedraw column receives the prefractionation

column top stream as-a vapor stream without condensation.

10..  An apparatus comprising:

(a) a teboiled prefractionation-column for receiving a prefractionation féed stream
comprising toluene, C8 aromatics, and €9+ aromatics and producing a
prefractionation column top stream and a prefractionation column bottomn
stream; and

(b)  areboiled sidedraw column for receiving the prefractionation column top
stream and the prefractionation column bottom stream and producing a
sidedraw column top stream comprising toluene, and a sidedraw column first
side stream comprising C8 aromatices,

wherein the side draw column is separately reboiled from the prefractionation column,

and a liquid stream is recovered from the side draw column and used as reflux to the

prefractienation cohumn.

32



11. The apparatus of claim 10, further comprising a paraxylene recovery section for

recovering paraxylene from the sidedraw column side stream comprising C8 aromatics.

12. The apparatus of claim 11, wherein the paraxylene recovery section comprises a

paraxylene selective adsorption unit.

13.  The apparatus of claim 11, wherein the paraxylene recovery section comprises a

crystallization unit.

14, The apparatus of claim 10, wherein the prefractionation column and the sidedraw

column share a common shell with a dividing wall.

15. A process comprising the steps of:

(a) reacting in a transalkylation reactor a reactor feed stream comprising toluene
and, optionally, C9+ aromatics to produce a transalkylation reactor effluent
stream comprising light ends, benzene, toluene, C8 aromatics, and C9+
aromatics;

(b) optionally mixing the transalkylation reactor effluent stream with a paraxylene
unit stream comprising benzene and toluene to produce a stabilizer column
feed stream comprising light ends, benzene, toluene, C8 aromatics, and C9+
aromatics;

(©) separating the stabilizer column feed stream in a stabilizer column to produce
a stabilizer column top stream comprising light ends and a stabilizer column

bottom stream comprising benzene, toluene, C8 aromatics, and C9+ aromatics;
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(d)

(c)

®

{g)

(h}

separating the stabilizer column bottom siream in a benzene column to
produce a benzene column top stream comprising benzene and a-benzene
column bottom stream comprising toluene, C8 aromatics, and C9+ aromatics;
providing the benzene column bottom stream to a reboiled prefractionation
column to produce a prefractionation column top stream and a prefractionation
column botiom stream; _

providing the prefractionation column top stream and the prefractionation
column bottom streamn to a reboiled sidedraw column to produce a sidedraw
column top stream cornprising toluene, and a sidedraw column first side
stream comprising C8 aromatics;

Tecovering paraxylene from the sidedraw column side stream comprising C8
aromatics; and

recovering benzene from the benzene column top stream,

wherein at least a portion of the sidedraw colummn top stream is recycled to the

fransalkylation reactor, and

wherein the side draw column is separately reboiled from the prefractionation column,

and a fiquid stream is recovered from the side draw column and used as reflux to the

prefractionation column.
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