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BACKGROUND OF THE INVENTION

1. Field of the fovention

8601} The ficld of invention relates to the production of mixed xylenes. More specifically,

the field relates to the production of mixed xylenes using heavy reformate.

2. Deseription of the Related Axt

18662} Petrochemical refiners are facing issues with the utihization of heavy reformate
streams.  Environmental regulations are limiting the amount of aromatics (C6+) content in
gasoline fuel, Gasoline refiners and blenders traditionally use C6+ aromatics, which include
the C6-8 BTEX components (Benzene, Toluene, Ethylbenzene and mixed Xylenes) o

nprove octane ratings and anti-knocking atfributes of motor fuels,

[6803] Although mootor fuel use is a major consurser of BTEX components, each of the
BTEX products has alterpative markets for their use besides motor fucls, Benzene is a
widely used precursor for many chemical and solvation processes. Toluene and ethylbenzene
arc also reactants and precursors in chemucal and polvmerization processes.  The three
isomers of xylene (CeHig) — para-xviene {(p-xylene), meia-xylene (m-xylenc} and ortho-

xylens {o-xylene) - are all petrochemical feedstocks of value.

6004} “Mixed xylenes” is a mixture of all three xylene isomers. P-xylene is a feed for
polyester, a polymer with significant and growing global demand. O-xylene is the feedstock
for phthalic anhvdride manufacturing, which, in turn, feeds alkyd resin and urcthane
production. M-xylene has a lower commercial demand than the other two xylenes and makes
isophthalic acid and plasticizers. When mixed xylenes form during catalytic reformation,

meta-xylene forms in greater amounts than para-wviene and orrho-xylene bhecause of
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thermodynamics. Market demand, however, currently favors p-xylene followed distantly by

o-xylene.

[0605] Reformate, which is the bottoms product from paphtha catalytic reforming, and
- 5 M LU | . & A . s O §
pyrolysis gasoline ("pygas”), a byproduct of ethylene cracking, are the usual sources for these
compounds. Extracting the BTEX components from reformate and pygas leaves a heavy
reformate, which comprises mainly C9+ alkyl aromatic compounds (pygas may also confain
diolefing). Heavy reformate can also form from running hydrogen production process at a
greater severity (that is, tomperature) to produce additional hydrogen alkanes and olefins

from the same naphtha feedstock.

[8686] The heavy reformate as a chemical stream in and of itself has little direct commercial
value. Any ability to blend away C9+ alkyl aromatics info gasoline pools is shrinking

rapidly.

[6687] Toluene is not usually found in heavy reformate as it has been previously recovered or
the heavy reformate forms under severe processing conditions such that light aromatics like
toluene do not form. Often petrochemical refiners that use transalkylation to convert tri-
methyl benzenes found in heavy reformate into xylenes add previously extracted toluene back
into the heavy reformate stream.  This is a waste of processing energy and unnccessarily

imcreases capifal expenditure.

SUMMARY OF THE iINVENTION

1008] A dealkylation-transalkylation system that is useful for forming mixed xvlenes from a
heavy reformate that includes both methyl ethyl benzenes and tri-methyl benzenes includes a
dealkvlation stage, a non-aromatic product gas separations stage and a transalkylation stage.
The dealkylation stage contains a hydrodealkylation catalyst. The hydrodealkylation catalyst
is operable to selectively convert methy! ethyl benzenes and hydrogen into toluene and a non-
aromatic product gas. The dealkylation stage is operable to receive both a hydrogen-
contamning material and the heavy reformate, and it 1s operable to also produce a dealkylation
stage product that contains toluene, tri-methyl benzenes and non-aromatic product gas. The
non-aromatic product gas separations stage is fluidly coupled to the dealicyiation stage. The
non-aromatic product gas separations stage is operable to receive the dealkylation stage
product, and it is operable to produce separately the non-aromatic product gas and a
dealkylation heavy reformate that contains toluene and tri-methyl benzenes.  The

transalkylation stage is fhudly coupled to the nou-aromatic product gas separations stage and

[
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contains a transalkylation catalyst. The transalkylation catalyst is operable to selectively
convert tri-methyl benzenes and toluene into mixed xylenes. The hydrodealkylation catalyst
and the transalkylation catalyst are not the same materiall  The transalkylation stage is
operable to receive the dealkylation heavy reformate, and it is operable to produce a
transabicylation stage product that contains mixed xylenes. The hydrodealkylation catalyst

and the transalkylation catalyst are not contained in the same stage.

[B809] A method of forming mixed xylenes from a heavy reformate using the deatkylation-
transalkylation system includes the step of introducing both the heavy reformate and a
hydrogen-containing material nto the dealkylation stage of the dealkylation-transalkylation
systern such that the heavy reformate and the hydrogen-containing material intermingle and
contact the hydrodealkylation catalyst. The imtroduced heavy reformate includes a significant
amount of both methyl ethyl benzenes and tri-methyl benzenes and is substantially free of
tohuene by weight. The introduced hydrogen-containing material includes hydrogen. The
method also mmcludes the step of operating the dealkylation stage such that both toluene forrs
from the reaction of methy! ethyl benzenes and hydrogen in the presence of the
hydrodealkylation catalyst and a dealkylation stage product is produced. The dealkylation
stage product includes toluene, fri-methy] benzenes and non-aromatic product gas. The
method also includes operating the non-aromatic product gas scparations stage such that the
non-aromatic product gas and a dealkylation heavy reformate are produced separately. The
dealkvlation heavy reformate comprises tohuene and tri-methy! benzenes. The method also
mcludes the step of miroducing the dealkylated heavy reformate into the transalkylation stage
such that the dealkylated heavy reformate contacts a transalkylation catalyst. The method
also inchudes the step of operating the transalkylation stage such that both mixed xylenes
form from the reaction of tri-methy] benzenes and toluene in the presence of the
transalkoylation catalyst and a transalkvlation stage product is produced. The transalkylation

stage product mixture includes mixed xylenes.

[3616] A way to produce mixed xylenes and other BTEX components from a heavy
reformate containing CY+ aromatics uses transalkylation to react tri-methyl benzenes
{(“TMBs"), which are C9 alky! aromatics found in heavy reformate, with toluene in the
presence of a transalkylation-selective catalyst to form mixed xylenes.

16611} In the method, toluene is formed in-sifir as the heavy reformate is processed before
transalkylation. A preceding dealkylation process using a hydrodealkylation catalyst and

hyvdrogen seclectively converts methyl ethyl benzenes ("MEBs”} intfroduced with the heavy
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reformate into toluene and ethane. A downsircam non-aromatic product gas separations
process removes the alkane product gases and unreacted hydrogen from the dealkylated

aromatics before transalkylation,

16612} The method calls for converting the heavy reformate in two separate stages {reactors
in series). In the dealkylation stage, a selective dealkylation catalyst maximizes the in-situ
tohuene production by selective hydrodealkylation of the MEBs. In the transalkvlation stage,
the selective transalkylation catalyst processes the resultant of the dealkylation stage after
degassing. Toluene in the dealkylated heavy reformate transaliyiates the TMBs, which are
unconverted in the dealkylation stage, into mixed xylenes i the transatkylation stage. The
systern operates such that p-xylene preferably forms by appropriate section of the

transabicylation catalyst and management of operating conditions of the transalkylation stage.

[6613] Useful amounts of benzene, toluene, alkanes and olefins, which are all commercially
vahiable, form during the deatkylation-transalkylation process. In a variety of embodiments
to the method, at least some of the benzene, toluene, mixed xylenes and m-xylene are
recycled to alter the thermodynamics of the transalkylation process and cnhance the

production of p-xvlene.

18614} The dealkylation-transalkylation method enables the maximization of xylenes from
low-value heavy reformates (C9+), Using the dealkyviation-transalkylation two-stage reaction
system, the dealkylation stage maximizes the dealkylation of the MEBs in the heavy
reformate for /in-situ gencration of toluene and the downstream transalkyvlation stage
selectively transalkylates the TMBs with the /n-situ generated toluene. This separate and
distinct two-part reaction system mmproves the vield of the nuxed xylenes for the heavy
reformate material over a single stage or vessel system. A single catalyst that is optimally
selective for dealkylation at a particular set of operating conditions is not also optimally
selective for transalkylation at the same operating conditions, and vice versa. Different
catalyst and operating conditions improve cfficiency and selectivity. Using a dual-catalyst
system in a single-stage or vessel system can cause U9+ alkyl aromatics such as TMBs to
disproportionate or transalkylate into heavier alkyl aromatics. Suach side-reactions can cause
rapid catalyst deactivation via coking and the formation of polyaromatics.

8615} The dealkylation-transalkylation method removes light, non-aromatic product gases
from the dealkylation stage product before it is introduced intc the vessel where

transalkylation ocours. This degassing reduces the physical size of the vessel required for the
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transalkylation stage. The removal of the non-aromatic gases also improves the etficiency of
the transalkvlation process by removing diluent materials. In single-stage systems using a
dual-catalyst systern, light gases that form during the dealkylation process cause an increase

in the volume of the catalyst bed as entrained gases attermpt to escape the catalyst bed.

3616} The dealkylation-transalkylation method does not require the introduction or recycle
of benzene, toluene, mixed xylenes, meta-xylene or any other aromatic streams mnto the
system beyond the treated heavy reformate. Since the dealkylation stage generates toluene
in-situ, the introduction of virgin aromatics to assist in the conversion of U9+ alicyl aromatics
is not required. Such materials can be optionally recycled from downsiream refining process

to form desired system products at destred ratios to one another.

[8617] The method of using the dealkylation-transalkylation, using a low-value heavy
reformate stream and a hittle hydrogen, can produce a spectrum of useful and commercially
vahiable chemicals that greatly improves the economics for a petrocherical processor. The
in-situ generation of tolucne as part of the process not only consumes MEBs and converts
them to useful components but also eliminates the requirement for using prior-processed
BTEX chemicals for effecting the conversion of TMBs. Optionally, at feast a portion of the
benzene, toluene, or one or more isomers of xylenes, including mixed xylene and mera-
xylene, can be recyeled and reintroduced into the transalkylation stage or the dealkylation
stage to change the intermediate and final product mixtures. The conversion of MEBs mnto
toluene fn situ provides sutficient toluene for conversion of the remaining TMBs into mixed

xylenes.

BRIEF DESCRIPTION OF THE DRAWINGS

[BG18] These and other features, aspects, and advantage of the present invention will be
better understood with regard to the following Detailed Description, appended Claims, and

accompanying Figures, where:

[3619] Figure 1 1s a process tlow diagram for an embodiment of the dealkylation-
transalicylation systeny; and

{06208} Figure 2 is a process flow diagram for an embodiment of the dealkylation-
transatkylation system that inchides additional recycling and separations processes.

{6821} In the accompanying Figures, a similar coraponent or feature, or both, may have a

similar reference label
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16622} The Figures are general process flow diagrams of an embodiment of the dealkylation-
transalkylation system. The Figures and its description facilitate a better understanding of the
dealkylation-transalkylation system and its method of use. In no way should the Figures hout
or define the scope of the mvention. The Figures arc a simple diagram for ease of
description.  Those of ordinary skill in the art understand that such systems are complex
structures with ancillary equiproent and subsystems that render thom operable for their

intended purpose.

BETAIRLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

16623} The Specification, which includes the Summary of Invention, Brief Description of the
Drawings and the Detatled Description of the Preferred Embodiments, and the appended
Clairas refer to particular features (including process or method steps) of the mvention.
Those of skill in the art understand that the invention includes all possible combinations and
uses of particular features described in the Specification. Those of skill in the art understand
that the invention is not limited to or by the description of embodiments given in the
Specification, The inventive subject matter is not restricted cxcept only in the spirit of the

Specification and appended Claims.

16624} Those of skill in the art also understand that the terminology used for deseribing
particular embodiments does not himit the scope or breadth of the invention. In interpreting
the Specification and appended Claims, all terms should be interpreted in the broadest
possible manner consistent with the context of cach term. All technical and scientific terms
used i the Specification and appended Claims have the same meaning as commonly
undersiood by one of ordinary skill in the art to which this invention belongs unless defined

otherwise.

[8625] As used in the Specification and appended Claims, the singular forms “a”, “an”, and
“the” inclade plural refercuces unless the context clearly indicates otherwise. The verb
“comprises” and 1its conjugated forms should be mterpreted as referring to clements,
components or steps in a non-exclusive manner. The referenced clements, components or
steps may be present, utilized or combined with other clements, componenis or sieps not
expressly referenced. The verb “couple” and s comjugated forms means to complete any
type of required junction, including electrical, mechanical or fluid, to form a singular object
from two or more previously non-joined objects. It a first device couples to a second device,

the connection can occur either directly or through a common connector. “Optionally”™ and
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its various forms means that the subsequently described event or circumstance may or may
not occur.  The description includes instances where the event or circumstance occurs and
instances where it does not occur. “Operable” and its various forms means fit for s proper
functioning and able to be used for s intended use. "Associated” and its various forms
means something connected with something else because they occur together or that one

produces the other,

{8826} Spatial terms describe the relative position of an object or a group of objects relative
to another object or group of objects. The spatial relationships apply along vertical and
horizontal axes. Orientation and relational words including “upstream” and “downsiream”
and other like terms are for descriptive convenience and are not limiting unless otherwise

indicated,

{36271 Where the Specification or the appended Claims provide a range of values, it is
understood that the interval encompasses each intervening value between the upper limif and
the lower limit as well as the upper limit and the lower hmit. The tnvention encompasses and
bounds smaller ranges of the inferval subject to any specific exclusion provided.
“Substantially free”™ means less than 1% by the indicated unit of measure. “Significant”
means cqual to or greater than 10% by the indicaied unit of measure. “Detectable amount”

means 0.1% by the indicated unit of measure.

16028] Where the Specification and appended Claims reference a method comprising two or
more detined steps, the defined steps can be carried out in any order or simulianeously except

where the context excludes that possibility.

[6029] When a patent or a publication is referenced in this disclosure, the reference is
mcorporated by reference and in its entirety to the extent that it does not contradict statements

made in this disclosure.
Figure 1

18638} Figure 1 is a process flow diagram for an embodiment of the dealkylation-
transalkoylation system, Process 100 begins with the introduction of €9+ heavy reformate
feed stream 102, Feed stream 102 contains alkyl aromatics of the % and C10 variety and is
vaporized. Feed stream 102 combines with hydrogen recycle stream 104 and heavy
aromatics recyele stream 106, forming a combined feed stream 108, Process 100 passes

combined feed stream 108 into dealkylation reactor 110

~¥
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16631} A catalytic hydrodeallcylation reaction in dealkylation reactor 110 removes the alkyl
groups ethyvl and higher from their associated aromatic rings. The conversion of the feed
regults in the formation of light alkanes, which includes ethane, and olefins, which mcludes
propylene. In addition, some unused hydrogen passes tfrom dealkylation reactor 110, The
light, non-aromatic gases separate from the aromatics and move through dealkyiator lights
stream 112 to gas processing system 114, The dealkylation aromsatics, which melude
benzene, toluene and other methylated aromatics, pass from dealkylation reactor 110 through

dealkylation reactor product stream 116,

18632} Dealkylation reactor product stream 116 introduces the dealkylated heavy reformate
mto transalkylation reactor 118, Transalkylation reactor 1§ promotes the reaction of
benzene and toluene with the tri-methylated aromatics to form mixed xylenes and toluene,
Disproportionation of methylated aromatics also creates additional mixed xylencs and C10
alkyl aromatics. The xylene-rich produet stream passes from trapsalkylation reactor 118

through xvlene splitter feed stream 120,

8633} Aromatics splitter teed stream 120 introduces the xyiene-rich product stream to
aromatics splitter 122, Aromatics splitter 122 selectively separates and passes product
streams of benzene 124, tohiene 126 and mixed xvlenes 128. Aromatics splitier hights stream
130 passes alkanes and olefins formed in transalkylation reactor 118 to gas processing system
114 for separation. Process 100 recycles heavier-than-xylene {C9+) alky!l aromatics, which
include C1{ alkyl aromatics formed in transalkylation reactor 11§, through heavy aromatics

recycle stream 106,

6034} Gas processing system 114 receives the contents of dealkylator lights stream 112 and
aromatics splitter lights stream 130 and separates the hydrogen from the alkanes and olefins.
Hydrogen recyele stream 104 conveys hydrogen passing from gas processing system 114 to
the upstream portion of process 100 for use in dealkylation reactor 110 as a hydrogen-
containing material. Light chemicals stream 132 transports the alkanes and the olefins to
processes outside of process 100.

Figure 2

[6035] Figure 2 is a process flow diagram for an embodiment of the dealkylation-
transalkylation system that includes additional recyching and separations processes, Process
200 takes advantage of additional recycling and separations process o maximize xviene

sroduction.  Process 200 beging with the introduction of Co+ heavy reformate feed stream
fes) o



WO 2013/158956 PCT/US2013/037304

202, Feed stream 202 contains C9+ alkyl aromatics. Feed stream 202, hydrogen recycle
stream 204 and heavy aromatics recycle stream 206 cach pass into dealkylation reactor 110

separately.

16036} The catalytic hydrodealkylation reaction in dealkylation reactor 210 removes alkyl
groups higher than cthyl from their associated aromatic rings. A mixed dealkylated heavy
reformate and light, non-aromatic gases passes from dealkylation reactor 210 through

E

dealkvlation reactor product stream 216,

{8637} Dealkylation reactor product stream 216 infroduces the mixed dealkylated heavy
reformate and light, non-aromatic gases into non-aromatic gas separator 252. Non-aromatic
gas separator 252 separates the nou-aromatic gases, which includes hydrogen, from the
dealkylated heavy reformate. Process 200 divects the light, non-aromatic gases from non-
aromatic gas separator 252 through deallylator lights stream 212 into gas processing system
214, Process 200 also directs the dealkylated heavy reformate from non-aromatic gas
separator 252 through transalkylation reactor feed stream 250 toward transalkylation reactor

218.

{8638} Before introduction into transalkylation reactor 21¥, optionally, at least a portion of
the produced benzene is introduced through benzene recycle stream 254, at least a portion of
the produced toluene is introduced through toluene recyele strearn 256 and at least a portion
of the produced meta-xylene is mtroduced through mr-xylene recycle stream 258, Figure 2
shows the optional ability to supplement the dealkylated heavy reformate with at least some,

if not all, of the production amounts of m-xylene, toluene and benzene, forming &

supplemented dealkylated heavy reformate. The elective supplementation increases the ratio
of C6-8s in the transalkylation reactor feed stream 250 to alter the reaction output of

transalkylation reactor 218 and facilitate p- and o-xylene production.

18639} Transalkylation reactor feed stream 250 introduces the supplemented dealkylated
heavy reformate into transalkylation reactor 218, Transalkylation reactor 218 facilitates the
benzene and toluene reaction with the methylated aromatics to form mixed xylenes and
toluene. The xylene-rich product stream passes from transalkylation reactor 218 through
splitter teed stream 220,

60408} Splitier feed stream 220 introduces the xylene-rich product stream to aromatics
gplitter 222, Aromatics splitter 222 separates and produces product streams of benzene 224,

toluene 226 and mixed xylenes 228, Process 200 is operable to recyele both at least a
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portion, if not all, of the produced benzene through benzene recycle stream 254 and at least a
portion, if not all, of the toluene through toluene recyele stream 256 o upstream portions of
process 200, Aromatics splitter 222 passes the roixed xvlenes through mixed xylenes product
stream 228 fo xylene separations 262 tor additional processing. Aromatics splitter fights
stream 230 passes light alkanes and olefins to gas processing system 214 for further
separation. Heavier-than-xylene (C9+) alkyl aromatics are recycied in process 200 through

heavy aromatics recycle stream 206.

8041} Xylenc separations 262 selectively separates and produces product streams of p-
xylene 264, o-xylene 266 and m-xylene 268 from the introduced mixed xylenes stream.
Process 200 1s operable to recycle at least a portion, if vot all, of the produced m-xylene

through m-xylene recycle stream 258 to upstream portions of process 200,

16642 (Gas processing sysiem 214 receives dealkylator lights stream 212 and aromatic
splitter lights stream 130 and scparates the alkancs and the olefing from the hydrogen.
Hydrogen recycle stream 204 passes hydrogen from gas processing system 214 to
dealkylation reactor 210. Light chemicals stream 232 transports the alkanes and olefins away

from process 200.
Process reaciants

18643} The introduced reactant materials for the method of dealkylation-transalkylation are
heavy reformate, which contains C9+ alkyl aromatics, and hydrogen-containing material,

which contains hydrogen.

#8344} The hydrocarbon feed for the dealioviation-transalicylation is a “heavy” reformate.
Modern catalytic reforming processes and cthylene crackers operate to maximize light gas
and hydrogen production by catalytically reforming naphtha feed stocks. In turn, aromatics
and alkyl aromatics concentrate in the bottoms or tfails streams of these process to form a
reformate. Recovery of light aromatics from the reformate or a great enocugh severity in
reforming naphtha produces a “heavy” reformate. The heavy reformate can originate from
sources internal to or external of the processing facility. One source is from a bottoms or tails
stream after reforming naphtha and extracting the BTEX compounds. This heavy reformate
has a typical composition of C9+ alkyl aromatics and is sufficiently free of C6-8s. The heavy
reformate can be what s considered straight reformate, which coutains C6+ aromatics and
alkyl aromatics. Heavy fractionation of pyrolysis gasoline or liquids coal materials from

coking operations can supply “heavy” reformate. The dealkylation-transalkylation process

-10-
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itself can also provide a recycle stream containing unreacted C9+ alkyl aromatics. One of
ordinary skill in the art can clearly recogmize other sources of C8+ alkyl aromatics that are

useful for the dealkylation-transalkylation process.

16045} Regardless of the source, useful heavy reformate comprises MEBs suitable for
conversion into toluene and TMBs suitable for conversion into mixed xylenes. Useful heavy
reformate comprises MEBs in a range of from about 15 w196 to about 50 wt.% and TMBs in
a range of from about 25 wi.% to about 80 wt.%. The weight ratio value of MEBs to TMBs
in heavy reformate compositions can be from about 0.01 to abowt 100, An embodiment of
the method includes where the weight ratio value of MEBs to TMBs in the heavy reformate is
in a range of from about 0.1 to about 3. Other components are optionally present i the
useful heavy reformate, including other C9 aromatics, including isopropylbenzene, which are
present in a range of from O wt. 9% fo about 15 wi. %, C10 aromatics, which are present in a
range of from 0 wt. % to about 25 wit. %, C11 aromatics, which are present in a range of from
{0 to about 5 wi. %, and a combination of mixed xylenes and cthylbenzene, which are present
as a combination in a range of from O to about 5 wt. %. Useful heavy reformates are
optionally substantially free of any of the other U9 aromatics, C10 aromatics, C11 aromatics,
mixed xylenes and ethylbenzenes, and combinations thereof. Useful heavy reformates may
contain less than detectable amounts of any of the other €9 aromatics, C10 aromatics, C11

aromatics, mixed xylenes and ethylbenzenes, and combmations thereof.

[38346] An embodiment of the method includes introducing the heavy reformate that is
substantially free of all of the individual BTEX compounds. The heavy reformate has been
previously processed in a BTEX recovery unit before passing to the dealkylation-
transalkyiation system. An embodiment of the method inchudes introducing the heavy

reformate having less than detectable amounts of the individual BTEX compounds.

18647} Table 1 shows an example assay of a heavy reformate stream prodoced from a

naphtha reformer system.

Major Compound Abbreviation Composition, wt%
Iso-propyl benzene iPB 1.7
n-propyl benzene nPB 4.3

ol
L

t-methyl 2-ethyl benzene IM2EB

-11-
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F-methyl 3-ethyl benzene IM3EB 18.5
I-methyl 4-cthyl benzene IM4EB 9.1
1,2,3-tri-moethyi benzene 123T™MB 6.6
1,2 4-tri-methyl benzene 124TMB 39.0
1,3,5-tri-methyl benzene 135TMB 101
Total C9 aromatics 95.%
n-butyl benzene nBB 8.5
I,4-diethyl benzene 14DEB 0.8
[,3-diethyl benzene 13DEB .4
1,3-dimethyl, S-cthyl I3DMSEB 0.8
benzene
I.4-dimethyl, 2-cthyl 14DM2EB 3.4
benzene
Others ClOs £.2
Total C10 avomatics 4.1

Table 1: Example assay of a useful heavy reformate.

16648} The total amount of methvl ethyl benzenes in the heavy reformate composition of
Table 1 is approximately 34.1 weight percent. An embodiment of the method of forming
mixed xvlenes from a heavy reformate inchudes introducing heavy veformate having methyl
ethyl benzenes comprises at least about 30 percent by weight, The cumulative amount of tri-
methy! benzenes ("TMBs”} in the same heavy reformate composition is approximately 55.7
weight percent.  An embodiment of the method includes introducing heavy reformate having
a greater amount of TMBs than MEBs by weight. The weight ratio value of MEBs to TMBs
for the heavy reformate composition in Table 1 is about 0.61.

16649 The heavy reformate of Table 1 is substantially free of toluene. An embodiment of
the method of forming mixed xylenes from a heavy reformate includes introducing heavy
reformate that is substantially free of toluene. An embodiment of the method of forming

mixed xvlenes from a heavy reformate includes introducing heavy reformate that comprises

-12-
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less than a detectable amount of toluene by weight. MERBs are the toluene precursor for the

method. Toluene formed in-sity from the MEBs transalkylates with the TMBs.

18650] The introduced hydrogen-containing roaterial contains hydrogen.  The hydrogen
upplied to the dealkylation stage through the hydrogen-containing material can originate
from various sources. The hydrogen can origimate from liquefied or eryogenic storage
facilitics, which vaporizes the high-pressure liquid hydrogen for use. The hydrogen-
confaining material can come from other process units as a product or recycle gas stream,
mchuding hydrocracking systems. Other portions of the dealkyvlation-transalkylation system
can also supply the hydrogen-containing material as recycled hydrogen from light gas
processing to the dealkylation stage. The hydrogen concentration in the hydrogen-containing
material can be of a refined quality (+99.9% mole purity} or it can be lower as part of a
blended material. The other gases that comprise the hydrogen-containing material should be
mert to the dealkylation process and not cause any side reactions, including such reactions
that cause coking or deactivation of the hydrodealkvlation catalyst. Pretferably, the amount of
non-hydrogen in the hydrogen-containing material should be minimized to reduce the size of
processing equipment and to lower the consumption of energy. An embodiment of the
method of forming mixed xvlenes from a heavy reformate includes miroducing the hydrogen-
confaining material where the hydrogen comprises at least about 99.9 mole percent of the

material.
Process reactions

16651} The two main reactions of the dealkylation-transallkylation method are a dealkylation
reaction, which uses hydrodealkylation to convert MEBs into toluene and benzene, and a
transalkyfation reaction, which converts toluene and benzenes with TMBs info toluenc and

mixed xylenes.
Deallcvlation veaction

166521 The dealkylation reactions remove attached alkyl constituents from an aromatic base.
Hydrodealkylation, a form of dealkylation, uses a combination of hydrogen and the presence
sf a dealkylation catalyst to free alkyl moieties and create alkanes through hydrogen
saturation while maintaining the unsaturation of the base aromatic. For exarople, Equation |
shows hydrogen and 1-methyl 3-cthyl benzene (“IM3ER”, a MEB) forming toluene and

cthane through the hydrodeatkylation process:
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{(Eq. 1)

16653} The more carbons that are present on the alicyl constituency, the more likely the alkyl
constituent is subject to dealkylation through hydrodealkylation. Non-MEB alkyl aromatics
are capable of deallylation in the presence of the hydrogen and the hydrodealkylation
catalyst.  Hydrodealkylation of n- and iso-propyl benzenes (oPB and iPB) can form
combinations of ethane/toluene and propane/toluene reaction products. Hydrodealkylated n-
butyl benzenes (nBB) tend to form butane/toluene reaction products — the u-butane docs not
schista 1nto smaller alkane products in the presence of hydrogen. The formation of light
olefins during hvdrodealicylation occurs in small amounts. Methy! moicties are orders of
magnitude less reactive than the 2+ alkyl groups; however, with execess hydrogen,
prolonged residence time and elevated temperature demethylization ean occur. Therefore,

the dealkylation stage 15 operated such that demethvlization is mitigated.

{8054} For the hydrodealkylation reaction, a suitable dealkylation catalyst is selected by one
of ordinary skill in the art that maximizes the dealkyiation reaction of MEBs at the operating
conditions of the dealkylation stage. Useful dealkylation catalysts include metal-loaded
Z8M-5 or Z8M-12 zeolites. Another catalyst that is useful for dealkylation is the catalyst

described in co-pending U.S. Provisional Patent Application No. 60/619,161 {o Ercan, ef af.
Transalkylation reaction

6055} The transalkylation reaction transfers an alkyl branch from one alkyl aromatic
compound and attaches it to another aromatic or alky! aromatic compound in exchange fora
hydrogen atom. For example, Equation 2 shows 1,24 tri-methyl benzene (“124TMB”, one of

the TMBs) reacting with toluene to form two molecules of any of the three isomers of xylene.

-14-
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{Eq.

18656 The two xylene molecules formed i Equation 2 during any given transalkylation
reaction do not have to be the same isomer of xylene. The reaction of Eguation 2 and similar
reactions produce amounts of all thee xylene isomers, resulting in the formation of mixed
xylenes. For the reaction given in Equation 2, a number of factors influence the isomer
distribution of the mixed xyleues, inchiding the selection of the transalkylation catalyst and
the 1somer distribution of the TMBs.  An embodiment of the method of forming mixed
xylencs from the heavy reformate inchides operating the transalkylation stage at conditions

supporting maximization of para-xylene in the produced transalkylation stage product.

18657} Other transalkylation reactions inchude disproportionation of two TMBs to form a
xylene molecule and a C10 alky! aromatic. Disproportionation reactions are not desirable as
they foster deactivation of the fransalkylation catalyst over time due to coking. Hydrogen,

light alkanes and olefins can also form in small quantitics during the transalkylation process.

(3058} For the transalkylation reaction, a suitable transalkylation catalyst is selected by one
of ordmary skill i the art that maximizes the transalkylation reaction of TMBs to mixed
xylencs at the operating conditions of the transalkylation stage. Useful transalkylation

catalysts inchude ZSM-12, and beta or mordenite zeolites.

(8659 Optionally, a small amount of hydrogen, including hydrogen from the hydrogen-
contamning material, can be introduced as part of the overall transalkylation process to help
facilitate the transalkylation reactions as well as prevent the formation of C10+ alkyl
aromatics and polyaromatic precursors. The minor amount of bydrogen can quench reactive
sites on the base aromatic if the alkyl transfer between two alkyl aromatic molecules is not

successiul.
Method of forming mixed xylenes

16668} The heavy reformate dealkylation-transalkylation method for creating mixed xylenes
imchides introducing into a dealkylation stage of the dealkvlation-transalkvlation system a

heavy reformate and hydrogen-containing material.  The heavy reformate and the hydrogen

i
[y
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are introduced such that the MERBs and the hydrogen contact the hydrodealkylation catalyst
contained in the dealkylation stage. An embodiment of the method of forming mixed xvlenes
imchides where the feed ratio of hvdrogen-containing material to heavy reformate is in a

range of from about 1 to about 4.

[6661] An embodiment of the method of forming mixed xylenes from a heavy reformate
mcludes introducing the heavy reformate and the hyvdrogen-containing material as separate
fluid streams into the dealkylation stage. “Fluids” means vapors, liquids, gases and their
combinations at their present condition, Combining heavy reformate and the hydrogen-
containing material before introduction nto the dealkylation stage intermingles the materials

hetfore contacting the hydrodealkylation catalyst,

[3662] The heavy reformate and the hydrogen-countaining  material  contacts  the
hydrodealkylation catalyst in the dealkylation stage. The catalyst is operable to convert at
teast a significant portion if not all of the MEBs in the heavy reformate juto toluene and
cthane at the dealkylation stage operating conditions, One of ordimary skall in the art is
capable of sclecting an appropriate, commercially available hydrodealkylation catalyst for
performing the dealkylation portion of the process without undue or excessive
experimentation. Such parameters in selecting the physical, selectivity and activity attributes
of an appropriate hydrodealkylation catalyst include dealkylation stage operating conditions,
feed stock compositions, ratios of hydrogen to MEBs, desired conversion efficacy and
efficiency, average dealkylation stage residence time and physical attributes of the vessel of

the dealkylation stage.

6863} The dealkylation stage operates such that toluene and nov-aromatic gases form as
products of the selective hydrodealkylation of MEBs while the TMBs are maintained and
relatively unaffected. The reactions that occur during hydrodealkylation are similar to the
reaction presented in Equation 1. An embodiment of the method of forming mixed xylenes
from a heavy reformate inchudes operating the dealkylation stage such that the temaperature is
maintained in a range of from about 200 °C to about 540 “C. An embodiment of the method
mcludes maintaining the pressure of the dealkylation stage is in a range of from about 10 bars
to about 50 bars. An embodiment of the method includes maintaining the fluid hourly space
velocity (FHSV) for the dealkylation stage is in a range of from about 1 hr' to about § !,
An embodiment of the method inchides introducing the hydrogen-containing maierial and the

heavy reformate such that the feed ratio is in a range of from about 1 to about 4,
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16664} The dealkvlation stage product includes toluene and TMBs. The dealkylation stage
product can also include benzene and mixed xylenes from the dealkylation reaction as side-
products. A useful dealkylation stage product includes toluene in a range of from about 10
wt.% to about 45 wt. % and TMBs in a range of trom about 15 wi. % to about 70 wt. %.
Other components are optionally present in the useful dealkylation stage product, inchuding
MERBs in a range of from 0 wi. % to about 15 wt. %; benzene in a range of from § wt. % to
about 5 wt. %; light alkane gases, which are C1-5 gases, in the range of from {0 wt. % to about

25 wt. %, and light olefins in a range of from 0 wi. % io about 2 wit. %.
5 £ 4

16665} The method of dealkylation-transalkylation inchides operating the non-aromatic
procuct gas separations stage such that the nov-aromatic gases formed during the
dealkylation stage separate from the deallkylation stage product, forming not only the non-
aromatic product gas but also the dealkylated heavy reformate. The dealkylated heavy
reformate forms before introduction into the transalkylation stage. The selective separation
of the non-aromatic gases from the dealkylation stage product forms the dealkylated heavy
reformate.  The non-aromatic product gas contains a useful and recoverable amount of
hydrogen. The non-aromatic product gas alse includes alkkanes and alkenes that can interfere
with the transalkylation process. Removal of the non-aromatic gases improves the longevity

and effectivencss of the transalkylation catalyst,

18066] An embodiment of the dealkylation-transalkyiation system inchides where the non-
aromatic product gas separations stage and the dealloylation stage are part of the same vessel.
An embodiment of the method of forming mixed xylenes from a heavy reformate includes
where the selective separation of non-aromatic product gases and the dealkylation of the
heavy reformate occurs in the same vessel.  In such a method and system, the non-aromatic
gases pass through a separations means, which may include a separations membrane selective
for non-aromatics or a condenser that is operable to induce phase change in aromatic
compounds but not the non-aromatic compounds, including light alkenes, alkanes, inerts and
hydrogen. In some other methods, a separations means selectively separates the dealoylation
non-aromatic gases from the dealkylated heavy reformate outside the dealkylation stage.

6867} The heavy aromatics dealkylation-transalkylation method includes mtroducing the
dealkylated heavy reformate into the transalkylation stage. The dealkylated heavy reformate
is introduced such that the toluene and the TMBs contact the transalkviation catalyst

contamed in the transalkylation stage.
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[80668] Optionally, the introduction of supplemental benzene, toluene, mixed xylenes or
refined metg-xylene, and combinations thereof, can aller the vesultant mix of the
transalkylation process. Transalkylation reactions similar to the reaction shown in Equation 2
break down 9+ alkyl aromatics, especially C10 alkyl aromatics, into useful C7-8 aliyl
aromatics. Sources of C6-8 aromatics and alkyl aromatics include not only stand-alone
mtemal or external storage and production facilitics but also recycle sireamns from a post-
dealkylation-transalkylation refining and scparations systems, inchuding aromatics and xylene
separations systems. An embodiment of the method of forming mixed xylenes from a heavy
reformate includes recycling at least a portion of the benzene selectively separated from a
produced transalkylation stage product back into the transalkylation stage. An embodiment
of the method includes recycling at least a portion, if not all, of the toluene selectively
separated from the produced transalkylation stage product back into the transalkylation stage.
An embodiment of the method includes recycling at least a portion, if not all, of the mixed
xylencs selectively separated from the produced transalkylation stage product back into the
transalkyiation stage. An embodiment of the method includes recycling at least a portion, if
not all, of the meta-xylene selectively separated from the mixed wylenes back into the
transalkylation stage. The recycled C6-8 aromatics and alkyl aromatics can form an intireate
mixture with the dealkylated heavy reformate before introduction into the transalkylation
stage or can be separately introduced into the transalkyliation stage, or both if more than one

stream 1s recycled.

[3869] The tohiene and the TMBs in the dealkylated heavy reformate contact the
transalkyfation catalyst. The transalkylation catalyst is operable to convert a signiticant
portion if not all of the TMBs in the dealkylated heavy reformate into mixed xylenes at the
transalkylation stage operating conditions. One of ordinary skill in the art is capable of
selecting an appropriate, cornmercially available transalkoylation catalyst for performing the
transabicylation portion of the process without undue or excessive experimentation. Such
parameters inclode the physical, selectivity and activity attributes of an appropriate
transalkylation catalyst include transalkylation operating conditions, feed stock compaositions,
ratios of toluene to TMBs, desired conversion efficacy and cfficiency, stage residence time,
and physical attributes of the second stage reaction vessel.

18678] The configuration of the transallyvlation stage can take onc of several forms., An
embodiment of the dealkylation-transalkylation systern includes where the transalkylation

stage is a fluidized catalyst bed. An embodiment of the dealkylation-transalicylation system
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mchudes where the transalkylation stage is a moving catalyst bed. In such configuration, the
transalkylation catalyst can be removed, regenerated external to the transalkylation stage and
reintroduced using processes known in the art similar to fhud catalytic cracking (FCC) and
continuous catalytic reformer {CCR} systems. In such a system configuration, the optional
hydrogen would not be used as the transalkylation catalyst would be contimually regenerated

and reintroduced.

{6871} The transalkvlation stage operates such that a transalkylation stage product mixture
forms from the selective transalkylation reaction. The reactions that occur during
transalkylation are similar to the reaction presented i Equation 2. An embodiment of the
method of forming mixed xvlenes from a heavy reformate includes maintaiung the
temperature of the transalkylation stage in a range of from about 200 °C to about 540 °C. An
embodiment of the method includes maintaining the pressure of the transalkyiation stage in a
range of from about 10 bars to about 50 bars. An embodiment of the method includes
maintaining the fluid hourly space velocity (FHSV) for the transalkylation stage is in a range

of from about 1 hr'l to about 5 hr'.

16672} The transallcylation stage product includes mixed xylenes. The transalkylation stage
product can also mclude benzene, toluene, light gases, which can include alkanes, olefins or
hoth, and voreacted MEBs and TMBs, A useful transalkylation stage product includes mixed
xylenes inn a range of from about 20 wt.% to about 40 wt. %. Other componenis that are
sptionally present include benzene in a range of from 8 wt. % to about § wt. %; toluene in a
range of from { wit. % to about 30 wt. %; light gases in the range of from 0 wt. % to about 10
wi. %; MEBs in a range of trom 0 wt. % to about 15 wit. %; TMBs in a range of from ¢ wt. %

to about 40 wi. %.; and ethylbenzene in a range of from {0 wi. % to about 3 wt. %.

16673} In an embodiment of the method of forming mixed xylenes from a heavy reformate,
the transalkylation stage operates to selectively remove non-aromatic gases that form in the
transabicylation  stage reaction before passing the (ransalkylation stage product.
Transalkylation stage non-aromatic gases can include hydrogen, light alkanes and some light
olefins, which are the result of partially completed transallvlation and disassociation

reactions.

8674} The wansalkylation stage feeds the transalkylation stage product into a post-
dealkylation-transalkylation refining or scparations system that is operable to separate most

of the products in the transalkylation stage product mixture from one another. An
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embodiment of the method of forming mixed xylenes from a heavy reformate includes
operating the dealloylation-transallvlation systern such that benzene, toluene and mixed
xylenes are sclectively separated from the produced transalkylation stage product. The post-
deallkylation-transalicylation  refining system is operable 1o selectively separate the
transabicylation stage product into several useful products, including non-arcmatic gases,
benzene, toluene and mixed xylenes. The remaining C9+ alkyl aromatics, which are the
“bottoms” of the separated transalkylation stage product mixture, are conveyed into a
separate fluid stream for other processing. As previously described, in some embodiments
the dealkylation-transalkylation systern is operable to convey at least a portion, if not all, of
the benzene production, the toluene production or the mixed xylene production upstream to

the transalkylation stage, or combinations thercof.

[75] After separation, the remaining 9+ alkyl aromatics not previously eliminated are
optionally recycled or stored for later, batch-like processing.  An embodiment of the
dealkviation-transalkylation systermn mceludes a recycle loop that fluidly couples the
dealkylation stage to the post-dealkylation-transalkviation refining system and that is
operable to convey CO9+ alkyl aromatics recovered from the post-dealkylation-transalkylation
refining system to the dealkylation stage. The unconverted or partially converted C9+ alkyl
aromatics arc conveyed to the upstream portion of the embodiment of the system and
reintroduced directly into the dealicylation stage as a feedstock or blended with fresh heavy
reformate feed. The recycle effectively results in a “recycle until extinction” for any
mitroduced €9+ alkyl aromatics. This elirninates a potential waste stream and effectively
converts all of the C9+ alkyl aromatics into useful components ranging from hydrogen to

mixed xylenes.

18676} The post-dealkvlation-transalkylation refining systern can further separate the xylene
isorers into commercial-grade products or products for use as industrial feedstocks., An
embodiment of the method of forming mixed xylenes from a heavy reformate imcludes
operating the dealkylation-transalkylation system such that ortho-xylene, para-xylene and
mefa-xylene are selectively separated from the previously produced mixed xylenes. The
mdividual xylenc isomers are useful as products and as recycle feedstocks.,  As previously
described, in some embodiments the dealkylation-transalkylation system is operable to
convey at least a portion, it not all, of the mesg-xyiene production upstream to the

transalkylation stage.
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186771 A gas separations system can selectively extract hydrogen from the light gas streams
produced by the deallcylation and transalkylation stages. The gas handling system is operable
to recover hydrogen from the dealkyvlation non-aromatic gases and the post-dealkylation-
transabicylation refining and separations systems, Excess hydrogen can be recycled to the
dealkviation stage for use in the hydrodealkylation reaction. An embodiment of the
dealkviation-transalkylation systermn mceludes a recycle loop that fluidly couples the
dealkylation stage to the non-aromatic product gas separations stage and that is operable to
convey hydrogen recovered from the non-aromatic gases to the dealkylation stage. The gas
separations system can divect the remaining gases from the process — light alkanes, alkenes
and methane — towards other chemical or petrochemical processes outsides of the

deallcylation-transalicylation system.
Supporting equipment

{3678} Embodiments include many additional standard components or equipment that
enables and makes operable the described apparatus, process, method and system. Exaraples
of such standard equipment known to one of ordinary skill in the art includes heat exchanges,
pumps, blowers, reboilers, steam generation, condensate handling, membranes, single and
multi-stage  compressors, separation and  fractionation equipment, valves, switches,
controllers and pressure-, temperature-, level- and flow-sensing devices,

16679 Operation, conirol and performance of portions of or entire steps of a process or
method can occur through human interaction, pre-programmed computer confrol and

response systems, or combinations thereof,
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CEAIMES
What is claimed is:

1. A method of forming mixed xvienes from a heavy reformate using a dealkylation-

transalkoylation system, the method characterized by the steps of!

mtroducing both the heavy reformate and a hydrogen-containing material into a
dealkylation stage of the dealkylation-transalkylation system such that the heavy
reformate and the hydrogen-containing material intermingle and contact a
hydrodealkylation  catalyst, where the dealkylation stage contains  the
hydrodealkylation catalyst, where the heavy reformate comprises a significant
amount of both methyl ethyl benzenes and tri-methy! benzenes and is substantially
free of toluene by weight, and where the hydrogen-containing material coraprises

hydrogen;

operating the dealkylation stage such that toluene forms from the reaction of methyl
cthyl benzenes and hydrogen in the presence of the hydrodealkylation catalyst and
such that a deallkylation stage product is produced, where the dealkylation stage

product comprises toluene, fri-methy! benzencs and non-aromatic product gas;

operating the non-aromatic product gas separations stage such that the non-aromatic
product gas and a dealkylation heavy reformate are produced separately, where

the dealkylation heavy reformate cormprises toluene and tri-methyl benzenes;

miroducing the dealkylated heavy reformate into the transalkylation stage such that
the dealkylated heavy reformate contacts a transalkylation catalyst, where the

transalloylation stage contains the transalkylation catalyst; and

operating the transalkylation stage such that mixed xylenes form from the reaction of
tri-methy] benzenes and toluene in the presence of the transalkylation catalyst and
such that a transalkylation stage product is produced, where the transalkylation
stage product mixture comprises mixed xylenes.

2. The method of claim | where methyl ethyl benzenes comprises at least about 30

percent by weight of the introduced heavy reformate,
3. The method of any of claims 1-2 where a weight ratio valuc of methy! ethyl benzenes
to tri-methyl benzenes in the introduced heavy reformate is in a range of from about 0.1 to

about 3.
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4. The method of any of claims 1-3 where the introduced heavy reformate comprises
less than a detectable amount of toluene by weight.

5. The method of any of claims -4 where a feed ratio of hydrogen-containing material

to heavy reformate is in a range of from about 1 to about 4.

6. The method of any of claims 1-5 where the selective separation of non-aromatic

product gases and the dealkylation of the heavy reformate occurs in the same vessel.

7. The method of any of claims 1-6 where the transalkylation stage operaies at
conditions supporting maximization of parg-xylene in the produced transalkylation stage

product,

&. The method of any of claims 1-7 further characterized by the step of operating the
dealkylation-transalkylation system such that benzene, toluene and mixed xyleunes are

selectively separated from the produced transallcylation stage product.

g. The method of claim 8 further characterized by the step of recycling at least a portion

sf the selectively separated benzene into the transalkylation stage.

10, The method of claim 8 further characterized by the step of vecycling at least a pottion

of the selectively separated toluene mio the ransalkylation stage.

11 The method of claim 8 further characterized by the step of recycling at least a portion

of the selectively separated mixed xylenes into the transalkylation stage.

12 The method of claim 8 further characterized by the step of operating the dealkylation-
transalkylation systern such that ortho-xylene, para-xylene and mefa-xylene are selectively

separated from the mixed xylenes.

13. The method of claim 12 further characterized by the step of recycling at feast a

portion of the selectively separated mefa-xyiene into the transalkylation stage.

i4. A dealkylation-transalkylation system that is useful for forming mixed xylenes from a

heavy reformate that includes both methyl ethyl benzenes and tri-roethyl benzenes comprises:

a dealkviation stage that contains a hydrodealkylation catalyst, that is operable to
receive both a hydrogen-containing material and the heavy reformate, and that is
operable to produce a dealkylation stage product that confains toluene, tri-methyl

benzenes and non-aroratic product gas;
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a non-aromatic product gas separations stage that is fluidly coupled to the
dealkylation stage, that is operable to receive the dealkvlation stage product, and
that is operable to produce separately the non-aromatic product gas and a

dealkylation heavy reformate that contains toluene and tri-methyl benzenes; and

a transalkylation stage that is fluidly coupled to the non-aromatic product gas
separations stage, that contains a transalkylation catalyst, that is operable to
receive the dealkylation heavy reformate, and that s operable to produce a

transalkylation stage product that contains mixed xylenes;

where the hydrodealkylation catalyst is operable to selectively convert methyl ethyl benzenes

and hydrogen into toluene and the non-aromatic product gas;

where the transalkylation catalyst s operable to selectively convert tri-macthyt benzenes and

toluene into mixed xylenes;

where the hydrodealkviation catalyst and the transalkylation catalyst are not the same

material, and

where the hydrodealkylation catalyst and the transalkylation catalyst are not contained in the

same stage.

15, The system of claim 14 where the non-aromatic product gas separations stage and the

dealkylation stage are part of the same vessel.

16, The system of any of claims 14-15 further characterized by a recyele loop that tluidly
couples the dealkylation stage to the non-aromatic product gas separations stage and that is

operable to convey hydrogen to the dealkylation stage.

17 The system of any of claims 14-16 further characterized by a post-dealkylation-
transatkylation refining system that fhudly couples to the transalkylation stage, that is
operable to reccive the transalkylation stage product and that is operable to produce a
benzene product, a toluene product, a mixed xylenes product and a €9+ alkyl aromatics.

i8. The system of claim 17 further characterized by a recycle loop that fluidly couples the
dealkylation stage to the post-dealkylation-transalkylation refining system and that is
operable to convey the CO+ alky! aromatics to the dealkylation stage,

19. The system of clain 17 further characterized by a recycle loop that fluidly couples the
transabicylation stage to the post-dealkylation-transalioylation refining system and that is

operable to convey at least a portion of the benzene product to the transalkylation stage.

4.
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20, The system of claim 17 further characterized by a recycle loop that fluidly couples the
transalkylation stage to the post-dealkylation-transalkylation refining system and that is

operable to convey at least a portion of the toluene product to the transalkylation stage.

21 The system of clain 17 further characterized by a recycle loop that fluidly couples the
transabicylation stage to the post-dealkylation-transalioylation refining system and that is

operable to convey at least a portion of the mixed xylene product to the transalkoylation stage.

22, The system of claira 17 where the post-dealkylation-transaikylation refining system is
further operable to produce a para-xylenc product, an ortho-xylene product and a mefa-
xylene product from the mixed xylenes.

23. The system of claim 22 further characterized by a recycle loop that fluidly couples the
transalkylation stage to the post-dealkylation-transalkylation refining systern and that 15
operable to convey at least a portion of the mefa-xylene product to the transalkylation stage.
24, The system of any of claims 14-23 where the transalkylation stage comprises a
fluidized catalyst bed.

23, The system of any of claims 14-23 where the transalkylation stage coraprises a

maoving catalyst bed.
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