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EINTEGRATED PROCESSES FOR PARA-XYLENE PRODU{CTION

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priornity to US Provisional Patent Application No. 62/701,085 filed on

July 20, 2018, whose contents are expressly incorporated heremn by reference in its entivety.

FIELD OF THE INVENTION

The present mvenfion relates (o processes for producing para-xyviene from an umpure
cthvibenzene-confamnmg feed that comprises mixed xylene isomers, such as a relormate
obtained from naphtha reforming or a pyrolysis gasoline obtained from naphtha cracking.
Para-xylene production 1s integrated with ethylbenzene separation (e.g., via extractive

distilation) to recover the cthylbenzene.
BACKUGROUND OF THE INVENTION

The somers of xylene (dimethvibenzene), namely ortho-xylene, meta-xyiene, and para-
xvlene, are important chemical mtermediates, with para-xyiene having by far the greatest
commercial significance. The primary applicatton of para-xylene mvolves us oxidation o
make terephthalic acid. Terephthalic acid, m turn, 18 used to make polvmers such as

polytrimethyleneterephthalate (P11}, polybutvieneterephthalate (PB'T), and

".

N

polyethyieneterephthaiate (PET). PET, one of the largest volume polymers i the world, 18
made via condensation polymenizatnon of terephthabic acid with ethylene glycol. Given the
large market for PET plastics and fibers, in addition to other end products produced from

para-xyiene, there 18 a substantial demand for thas intermediate 1n high punty.

As a source of these Xvlene 1somers, the refinery process known as reforming generally refers
to the conversion (or “aromatization ) of a naphtha hydrocarbon feed, as a crude o1l fraction,
to these (g aromatic hydrocarbons, 1n addition to benzene and toluene as other sigmficant
products. The eftiuent of the reforming reaction zone or reformer {e.g., a catalytic retormer
with continuous or semi-regenerative catalyst regeneration) 1s separated by distdlation and n
parficular using a reformate splitter. The s and {7 aromatic hydrocarbons, namely benzene
and toluene, are often recovered in a sphitter overhead fraction, whereas the (g aromanc
hydrocarbons, namely the xylene 1sormers in addition to ethylbenzene, are essentially all
recovered 1 a splitter bottoms fraction at approximately thew equilibrium concentrations.

i
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Higher-boiling Co and Cip aromatic hydrocarbons contained in this reformate sphitter bottoms
traction are conventionally separated by downstream distillation, for example using a xylene
splitter or xylene column, from the 3 aromatic hydrocarbons and ethylbenzene i this
stream.  simuar separations, mvolving removing lower-boiling (/U7 aromatic hvdrocarbons
and/or higher-boling Co/Ci¢ aromatic hydrocarbons, can be performed on other known
comumnercial products, such as pyrolysis gasoline obtamed from naphtha cracking, to imcrease
the concentrations of mixed Xylenes and ethylbenzene in fractions recovered from such

products.

The high-value para-xylene can be separated from a stream of mmuxed xyilengs and
ethyvibenzene, for example obtained as a low-boiling fraction {e.g., overhead fraction) of a
xviene column as described above, using a para-xylenc separation process. Due to the similar
boilling pomnts of the xvlene somers, Xviene separation processes are not performed
economically using disallation.  Such processes instead generally rely on adsorptive
separation using a simulated moving bed (SMB) of adsorbent having micropores of the
proper size and geometry for selectively adsorbing para-xylene over the other xylene 1somers.
Hepresentative adsorbents and processes for the selective separation para-xylene in this
manner are described, for example, m Ud 5,495,061 and US 3,948,930, Alternatively, para-
xylene may be separated by selective crystallization due to tis higher melting temperature
relative to the other Xylene isomers, 1for example according to a process described i Ubd

5,329,061,

Regardiess of the particular method used for para-xylene separation and recovery, a resultmg
para-xyiene lean or depleted effivent stream 18 obtained. In the case of SMB, adsorbent-
based separations, this effiuent may be referred to as a “rafhinate,” whereas it 1s commonly
termed a “reject filtrate” in the case of crystallization. Downstream of the xXylene separation
zone, this para-xviene-depleted eiffiuent, comprising predominantly ortho-xvlene and meta-
xylene, 1s typically further processed 1n an 1somerzation reaction zone to restore
approximately an equilibrium concentration of the xXviene 1somers, mciuding about 20-23%
by weight of para-Xyiene. The para-xvilene produced ifrom this isomerization may
advantageously be recyeled to the xXviene separation zone tor s separation and recovery,
fhereby improving the overall vield of recovery of para-xyiene, while recycling the other
xylene 1somers essentially to extinction. Otherwise, product obtained from the isomerizanion

zone, oF “isomerate,” may be recycled to the xviene column, such that {9, {10, and/or higher
2
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molecular weight hydrocarbons (particularly aromatic hvdrocarbons), as reaction byproducts,
may be continuously removed. In either case, successive zones for para-xylene separation
(by selective adsorption or selective crystalhzation) and isomerizaton, operating in
combination with the recvcle of less desirable xviene tsomers, are commercially tnplemented
for the recovery of para-xylene from (g aromatic hvdrocarbon products, including those

obtained from catalytic reforming, naphtha cracking, and other processes.

An essentially closed loop operation, formed by continuous recycele of the isomerate back to
either the para-xviene separation zone and/or upstream xXviene column, 1s generally desirable
tor maxinmzing overall product recovery. Nonetheless, this 18 known to lead to the
accumulation of certain components that are continucusly fed to this process flow loop, as a
result of their boiling points bemg close o those of the xvlene isomers and corresponding
ditficulty of thew removal through conventional, upstream fractionation {(e.g., 11 a retormate
sphitter or xylene column, described above). One such component 18 ethylbenzene, which,
depending on the catalyst used in the i1somerization reaction zone, 18 isomerized only to a
limited extent i the somerization zone {0 produce mixed xylenes, from which additional
para-xyiene may ultimately be prodoced and separated. Methods for the separation of
cthyvibenzene through mtensive disnllabon {e.g.. usmg mudaple columns) have proven

uneconomical.

Alternative solutions for lmiting the excessive accumulation of ethyibenzene have thervefore
targeted the conversion of this component, tor example by mcreasing the extent to which it is
isomerized to xylenes and/or dealkylated {or cracked) to benzene and ethviene, which are
more easily separable from the process flow {oop. Benzene formaton i1s not particularly
problematic, as it s nonetheless an aromatic hydrocarbon that can be converted to xylenes
through disproportionation and/or transalkviation reactions, which are often incorporated in
aromatics processing complexes.  However, increases i catalytic functionality toward
ethyibenzene conversion i the somerization zone (either through dealkyvlation or enhanced
isomertzation) have mvariably led to comresponding mcreases i non-selective side reactions,
resulting m the formation of other byproducts that are less valuable and/or less casily

converted to desirable components.

Particular examples of such byproducts are non-aromatic (e.g., parafiic, cycloparatfinic,

and/or naphthenic) hydrocarbons that may, like the ethylbenzene sought fo be eliminated,
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stmilarly  accunmidate the process flow loop. Non-aromatic hydrocarbons and other
byproducts turther contribute to overall losses of product yield and consequently result in less
tavorable process econonucs. 'The same detrimental etfects are encountered when condifions
in the isomerization zone, as opposed to mere changes in the catalyst formulation {(such as
increased acidity of the catalyst support to promote cracking), are adjusicd to cnhance
ethylbenzene conversion. That 15, the mcreases m operating severity, as needed to react this
component, lead to the formation of non-aromatic hydrocarbons and other byproducts, again
with the overall effect of decreasing para-xyicne vield. More recently, it has been proposed
to add a dehydrogenation reactor downstream of the isomerization reactor, in order to offset
at least some of the byproduct tormation, by converting naphthenic hydrocarbons back to the

more desirable aromatic hydrocarbons.

However, any catalyst formulations and/or process condifions designed to promote reactions
other than xviene isomerization, such as the isomerization or dealkylation of ethylbenzene, or
otherwise the dehvdrogenation of naphthenic hydrocarbons as described above, imvariably
merease costs and complexity associated with para-xylene production according (o
conventional technology. increased isomerization operating severity to convert ethylbenzene
can nvolve the mtroduction and recyele of hydrogen, leadimg to signthicant capital and
operating expenses. Moreover, the proposals oifered to date do not completely address
aromatic ring loss, or formation of non-aromatic hydrocarbons through side reactions, as a

consequence of converting ethytbenzene.

in general, the production of para-xylene is practiced commercially in large-scale facilities,
with the costs among various producers in the mdustry bemng mghly competitive. Relinmmg
and petrochemucal operators must therefore strive continually to achieve the highest possible
performance characteristics (e.g., conversion, separation, and recovery) i integrated process
units, 1 the most economically attractive manner {e.g., in terms of capital and operating
costs).  To this end, a conventional aromatics complex 18 described 1 Mevyers ef al.,
HANDBOOK OF PETROLEUM REFINING PROCESSES, 4% Edition (2016). There remains 4 need
i the art tor para-xylene production from (g aromatic hydrocarbon-containing products,
which offer an efficient solution for the management of ethylbenzene and other components

that accumulate 1 the process fiow 1oop.
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SUMMARY

The present mvention 1s associated with the discovery of para-xylene production processes
that are integrated with the eifective removal and recovery of ethylbenzene and other
components that co-boil with the 1somers of xyiene. These components refer generally to
non-xylene hydrocarbons that are generated and/or introduced (o the process and that have
boiling point temperatures, such that the expense associated with conventional distdlation
does not justiy the value obtained from the separation and recovery of such components
from xylene-containing process streams, inciuding those forming a para-xviene process tlow
loop. Such components may generally have boihing pomts withan 15°C (+/-15°C or +/-27°F),
within 10°C (+/-10°C or +/-18°F), or within 3°C (+/-53°C or +/-8°F), of the boiling pomt of
para-xylene (133°C or 2Z280°F) and therefore include, in addition to ethyibenzene, g
paratfinic hydrocarbons {e.g., n-octane and i1somers of 1so-octane), (- cycloparaffinic
hydrocarbons {(e.g., ethylcyclohexane and cyclooctane), ¢ naphthenic hydrocarbons (e.g..

isomers of trunethyicyelohexane) and other non-aromatic compounds.

Absent their separation and recovery, for example using extractive distiliation as described
herein, these components must be converted to products {e.g., benzene and ethylene i the
case of ethylbenzene cracking) that can ulttmately form para-xylene {e.g., by transalkylation)
or otherwise products that can be removed elsewhere in the para-xyiene production process.
For example, (2 bydrocarbons, tormed as a byproduct of various reactions, such as
ethvibenzene cracking, may be removed in a {o" hvdrocarbon stream, as a high boiling
fraction obtained from separation tn a xXylene column. As described above, conventional
para~-xyiene production processes have relied upon the conversion of co-boiling components
to avord thewr excessive accumuianion i the para-xylene process flow loop. The modiication
of 1somerization catalysts and/or 1somerization operating condittons o target such conversion
{e.g., cthylbenzene isomerization, ethyvibenzene cracking, and/or naphthenic hydrocarbon
dehydrogenation), has led o non-selective side reactions that ultimately reduce para-xylene

production efficiency.

in contrast, the present mmvenfion 18 associated with the discovery of para-xyiene production
processes i which ethyibenzene and other components that co-boil with the isomers of
xylene can be recovered as products, without significant conversion. Advantageously, the

isomerization zone {e.g., condifions in an isorperization reactor and/or an isomerizafion

N
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atalyst used mn this reactor) can be dedicated essentially or compiletely o ortho-xviene and
meta-xylene isomerization (o para-xyleng. According to some embodiments, thas can require
less severe and/or less complex operating parameters, such as liquid-phase (as opposed to
vapor-phase) operation in the isomerization zone (or isomerization reactor in this zone),
without the need for hydrogen introduction and its associated recyele, consumption {(e.g., in

the ethylbenzene cracking reaction}, and inevitable losses {2.g., gaseous purge stream losses

and/or hquid stream solution losses).

in addition to reduced bydrogen consumption relative to conventional para-xviene production
processes, the recovery of ethylbenzene according to processes described heremn can provide
turther economic benetits in terms of reduced yields of byproducts, and particularly those
generated in conventional somerization 1n which ethylbenzene conversion functionality is
characteristic of the isomerization catalyst and/or process condifions used. Such byproducts
include non-aromatic hydrocarbons, associated with aromatic ning 1oss reactions, as well as
light hydrocarbon gases {e.g., ethylene), associated with cracking reactions. Accordingly,
processes described heremn can mcorporate an ethyvibenzene (BEb) separation umt {(e.zg.,
coraprising extractive distillation) for the recovery of ethylbenzene, thereby improving the
vield of hgwmd products, mncluding, for example, an ethylbenzene-rich product having
econoimic value for downstream styrene monomer production. Moreover, as a result of
relaxmg or clinmunating the requuement for cthylbenzene conversion in the isomerization
7zone, imcluding the avoidance of mtroducing hydrogen for ethyibenzene cracking, the vield of
low-value gaseous products {e.g., hydrogen-contaiming purge streams that include byproduct
cthylene) may be signiticantly reduced. Overall utility (e.g., hydrogen recycle Ccomprassor)

cOsts can also be reduced.,

Those skilled 1n the art will appreciate that even modest improvements 1 any of the above
parameters, such as reductions in hydrogen consumption, byproduct yields, and/or utibity
requirements, as weil as increases m para-xviene yield and/or overall product value {e.g., due
{0 the generation of an ethylbenzene-rich product), can impart signdicant economic

advantages.

These and other embodiments and aspects relating to the present invention are apparent from

the following Detalled Description.
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BRIEF DESCRIPTION OF THE DRAWING

FI{rS. 1-4 depict representative processes for the recovery of para-xylene, for exampie from
an mmpure ethvibenzene-contaiming feed, 1 which an ethylbenzene (EB)} separation unit is
used at various aiternative pomnts m process, to prevent the excess accumuiation of

ethyibenzene i process streams.

Fi(5. 5 depicts a representative extractive distillation process, for exampice that may serve as a

parficular type of BB separafion wt that 1s integrated 1n a process depicted in FIGS. 1-4.

The teatures referred to 1n the FHGS. 1-5 are not necessaridy drawn to scale and should be
understood to present a schematic illustration of representative embodiments of the invention
and/or principles mvolved. To aid m understanding, equipment such as reactors and other
vessels, valves, pumps, compressors, heat exchangers, mstrumentation, and auxibary process
flow streams, all of which would be apparent to those skilled in the art with knowledge of the
present specification, are not shown.  Processes according to other embodiments of the
mvention will have conbigurations, components, and operating parameters defermined, m

part, by thewr intended application and the environment 1 which thev are used.

DETAILED DESCRIPTION

(seneral Termy

HEmbodiments described herein utilize the separation of ethyibenzene to improve the overall
economucs of para-xylene production. For this separation, certain embodiments utiize a umit
operation for the separation and/or recovery of ethylbenzene and/or other products that
improve the overall product stream value obtained from the para-xyiene produciion process,
with such unit operation bemg referved 0 as an “EB separvation unit” that may be utilized at
various points 1in a para-xyviene production process. EBEthylbenzene separation, for example
using an EB removal untt, may be pertormed, for example, by extraction, distiliation, or a
combination of both extraction and distillation, which combination 1s a preferred separafion
fechnique that 18 referred to as extractive distilation and described m more detail beiow.
Dnstitlation, whether used alone or in combination with extraction, can refer o pressurized or
vacuum distdlation and may imclude the mtroduction of an upwardly flowing gas {stripping

agent) or a downwardly tlowmng higuid (solvent), o aid 1n the desired separation. According
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to preterred embodunents, an EB removal unit as described hercin may comprise extractive

distillation, such that a preferred EB removal unit 1s an extractive disallaoon zone.

%

As described herein, steps such as “separating,” “isomerntzing,” “recyching,” “removing,”
(.g2., by extractive distillation), may be described in terms of being performoed on “at least a
portion” of a designated process stream {(e.g., an unpure ethylbenzene-contavung feed, a (g
aromatic hydrocarbon stream, a para-xyiene-depleted etfluent, or a Xviene-equilibrated
isomerate). The step may theretfore be pertormed on the entwe stream, substantially all (e.g.,
at least about Y53%) of the stream, or some other fraction {e.g., at least about 30%) of the
streamm.  The phrase “at least a portion’ 1s therefore meant to emphasize the possibihity of
intervening separations {e.g., distiliation) that mayv be used to remove some fraction {(e.g.,
enriched i an impurity such as {7 hydrocarbons) of the designated process stream. In
addifion, this phrase accounts for the possibility that amounts of a given process stream may
be removed where appropriate for reducing equipment loading, prevention of byproduct

accumulation, sampling, eic.

Whereas processes for producing para-xyiene utihize the above-mentioned steps and/or other
steps as described herein, for example in forming a para-xviene process fHow loop, these
processes do not preclude the possibility of one or more additional steps, or operations,
occurring upstream and/or downstreamn of a recited step, such as maxing (e.g., with an
auxihiary feed stream to a given siep), separation {e.g., of an miermediate product stream).
bypassing of a recited step {e.g., with a portion of a process stream), recycle back to a step
{(e.2., 01 a portion of a process stream), and/or reaction {e.g., to react undesired components
and/or mcrease the vield of deswed components). in the case of separation, representative
additional steps or operations mclude the removal of dealkylated products (e.g., benzene),
occurring downstream of the para-xvlene separation zone or the removal of a fraction
enriched m U7 hydrocarbons, occurring downstream of the isomerization zone. in the case of
recycle, a representative additional step or operation 18 the recycle of a portion of the xylene-
equilibrated 1somerate, downstream of the 1somerization zone, back to the xyiene separation
zone. In the case of reaction, a representative additional step or operation is the
transalkylation, or disproportionation, reaction between €7 aromatic hydrocarbons (e.g.,
toluene) and Oy aromanic hydrocarbons (e.g., trimethyibenzene) to produce xylenes, occurring

downstream of the 1somerization zone.
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In some cases, however, processes may be performed without any one of, or any combination
of, such maxing, separation, bypassing, recycle, and reaction, occurnng upstream of, and/or
downstream of, any one recited step, or any two or more recited steps.  According o
particular embodiments, processes may be performed with an additional step of separating a
fraction enriched 1 7 hydrocarbons from the xviene-equilibrated 1somerate and/or reacting
at least a portion of the xviene-equilibrated 1somerate i a transalkylation zone. In these
empodiments, at least a portion of the resulting €7 hyvdrocarbon-depleted, xylene-equilibrated
isomerate and/or at least a portion of the resulting transalkylation zone etflucnt (having an
mcreased concentration of xvienes, relative to the Xviene-equilibrated isomerate), can be

recvcled to the xylene column, whereby these resulting streams nonetheless comprise at least

a portion of the xylene-equibibrated 1somerate.

Pistiliation steps described herein to provide fractions designated “overhead fraction’ and
“bottoms fraction” may be removed from the overhead or bottoms of a respective distillation
column. However, an “overhead fraction” may otherwise be referred to as a “low-boiling
fraction,” which i1s meant to more broadly encompass any fraction having a higher volatility
(lower bothing point range ) and/or a lower distillation end point temperature, relative o a feed
to, and/or relative (o a “bottoms fraction” from, the respective distiliation column. Likewise,
a “bottoms fraction” may otherwise be referred to as a “high-boiling fraction,” which s
meant to more broadly encompass any fraction having a iower volatihity (higher boiling pomnt
range) and/or a higher tutial boiling point temperature, relative to a feed to, and/or relative o
an overhead fraction from, the respective dastilation column, with the overhead fraction
being as detined above. Inifial bouling pomt and end point temperatures may be determined

according to ASTM DE&6.

The process parameters of ethylbenzene conversion and aromatic ring loss, on the basis of
“ongce through™ the isomerization zone {(e.g., isomerization reactor in this zone) and on the
basis of overall conversion {i.e., conversion of ethyibenzene miroduced mto the para-xylene
process tlow loop and loss of aromatic rings mtroduced nto the para-xylene process flow
loop, are as defined herein. The vield of para-xylene may likewise be determined on a “per-
pass’ {once-through) or “overall” basis. The per-pass vield, or recovery, refers to the total
para-xyiene mput to the xyviene separation zone (e.g., the para-xviene i the (g aromatic
byvdrocarbon stream, or portion thereof, or otherwise the combined para-xvlene m the

ethvibenzene-depleted, Ug aromatic hydrocarbon stream and portion of the g aromatic
&
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bhyvdrocarbon stream bvpassing the extractive distillation) that 18 present in the para-xviene
rich product, cutput from the xylene separaton zone. The overall yield refers to the total
xylenes mput to the process, such as input to para-xylene process low loop as described
herein {(e.g., total xyicnes m the mmpure ethyibenzene-contamning feed) that are present as
para-xylene in the para-xylene rich product. Theretore, the per-pass vield 1s based on 100%
yvield being the total recovery of para-xviene, input to the Xvilene separation zone, in the para-
xylene rich product, whereas the overall yield 18 based on 100% wield being the total
conversion of ortho-xylene and meta-xviene, imput (o the process, to para-xyiene (i.e., the

recyeie of these isomers (o extinction i the para-xviene process tlow loop) and therefore

total recovery of all Xylenes input to the process as para-xylene.

In a para-xylene separation zone comprising ¢cither adsorptive separation or crystallization,
the per-pass vield and/or the overall vield of para-xylene may be greater than about 60%.
greater than about 8%, greater than about Y5%, or greater than about Y8%. The purity of the
para-xvlene rich product s generally such that it comprises greater than about 93% by weight
(wt-9%), greater than about 97 wt-%, greater than about 99 wi-9%, or even greater than about
9.7 wt-% of para-xylene. Those skilied 1n the art wil appreciate that theve 18 generally a
tradectt between para-xylene recovery, or per-pass vield, and para-xylene purnity, according

to a “purity/recovery curve’ that is associated with a given process.

The wmpure ethylbenzene-contatming feed to processes described heremn comprises any
nuxture of ethvibenzene and xXylenes, from which para-Xyiene may be recovered in an
cconomically favorable manner, using a combination of para-xXylene separation and
isomerization of the resulting para-xylene-depleted elfiuent (¢.g., raflimate or reject {iltrate).
Hepresentafive unpure ethylbenzene-containing teeds comprise {Ug aromanc hydrocarbons m
a combined amount of greater than about 30 wi-%, greater than about 73 wt-%, or greater
than about 95 wit-%. At least a portion of the balance of such feeds may be o'
hydrocarbons, mcluding Co aromatic hydrocarbons.  For example, impure ethyibenzene-
contavung feeds may comprise CoF hydrocarbons i an amount of less than about 20 wit-%,
less than about 10 wt-%, or less than about 3 wt-%. Generally, all or substantially all (e.g.,
oreater than about 85 wt-9%) of such (o hydrocarbons may be conveniently removed i a
xyiene coluron as described berein, and/or i an EB separation umt. in carrving out such
remnoval, the resulting (s aromatic hydrocarbon stream that may be obtammed, for example as

an overhead fraction or low-boiling fraction from the xylene column, may comprise g
131
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aromatic hydrocarbons i a combined amount of greater than about 85 wi-%, greater than

about 95 wt-%, or greater than about 98 wit-%.

iIn the case of either the impure ethvibenzene-containing feed or the g aromatic hydrocarbon
stream {(e.2., g aromatic hydrocarbon fraction of this feed), ethylbenzene may be present in
an amount generaily from about 3 wi-% to about 75 wit-%, dependmg on the source of the
impure ethylbenzene-containing teed. bFor example, the impure ethyibenzene-containing feed
may comprise a product of naphtha retorming {e.g.. a reformate}, a product of naphtha
cracking {e.g., pyrolysis gasoline), a product of transalkyiation (e.g., an effluent {rom the
reaction of toluene and o aromatic hvdrocarbons to produce g aromatic hydrocarbons), or
any combination of one or more of such products. In the case of an impure ethvibenzene-
containing fecd comprising, consisting of, or consisting essentially of {e.g., comprising
agreater than 95 wt-% of) a product of naphtha reformang, ethylbenzene may be present i the
feed 1 an amount from about 5 wit-% to about 45 wi-% or trom about 10 wi-% to about 33
wt-%. in the case of an umpure ethylbenzene-containing feed comprising, consisting of, or
consisting essentrally of (e.g., comprising greater than 95 wt-% of) a product of naphtha
cracking {e.g., pyrolysis gasoline), ethvibenzene may be present in the feed in an amount
from about 25 wit-% to about 75 wt-% or from about 35 wt-% to about 63 wi-%. In the case
of an mmpure ethvibenzene-contaimning feed comprising, consisting of, or consisting
essentially of (e.g., comprising greater than 95 wi-% of) a product of fransalkyiation,
ethyibenzene may be present i the feed in amount trom about 1 wt-% to about 23 wt-% or
from about 2 wt-% to about 15 wit-%. Representative products of naphtha reforming naphtha
cracking, and/or transalkylation include those products from which benzene and toluene have
been separated upstrecam 1 an overhead fraction, for example usimg a reformafte splitier as

described herem.

Embodiments of the mventon are directed (0 a process for producing para-xviene, the
PYOCEss comprising: in a Xyiene column, separating a {g aromatic hydrocarbon stream and a
{¢" hydrocarbon stream, trom an impure ethvibenzene-containmg feed. The (g aromatic
bydrocarbon strearmn may represent a low-bothing fraction, being enriched m g aromatic
nydrocarbons and depleted 1w o7 hydrocarbons, relative to the mmpure ethylbenzene-

contaiming feed, whereas the {o" hydrocarbon stream may represent a high boiling fraction,

11
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being enriched 1n Lo hiydrocarbons and depleted in Cx aromatic hydrocarbons, relative to the
unpure ethylbenzene stream. Representative impure ethyibenzene-containing feeds comprise
a mixture of ethylbenzene and xylenes, such as a smxture obtained from products of naphtha
reforming {(e.g., a reformaie), naphtha cracking (e.g., a pyrolysis gasoline), and/or
fransalkvlation (e.z., products of conversion of toluene and (o aromatic hydrocarbons to (g
aromatic hydrocarbons). For example, such nmuxtures may be obtained following the removal
of {7 hvdrocarbons from such products, i a low-boiling fraction that 1s separated 1in an

upstream splitter.

The process may further comprise: in a xyleng separation zone, separating a para-xylene rich
product from at least a portion of the g aromatic hyvdrocarbon stream, to provide a para-
xviene-depleted effluent. In the case of a Xviene separation zone utilizing a simulated
moving bed (SMB) adsorption process, the para-xylene-depleted etthient may be a ratfinate
obtained from this process, as described above. In the case of a xyiene separation zone
utilizing crystallization, the para-xylene-depleted etffluent may be a reject fitrate, as

described above.

The process may further comprise: 1n an isomerization zone, iwsomenzing at least a portion of
the para-xylene-depleted etfluent, to provide a xviene-equilibrated 1somerate. This product
may have concentrations of the xylene 1somers {ortho-xvilene, meta-xylene, and para-xviene)
approaching their equilibrium concentrations o a greater extent, relative to the para-xviene-
depleted etfluent. The xvlene-equiibrated isomerate may also be enriched in {or have a
higher concentration of) para-xyiene, relative to the para-xyiene-depleted eftluent. The
process may additionally comprise recycling at least a portion, and preferably all, of the
xviene-equilibrated 1somerate to the xylene column. This recyclhing may result i a para-

xylene process tlow loop, as described in greater detadd herein.

The 1somenzation zone, or an isomerization reactor within this zone, may operate as
described herein, with relatively low levels of ethylbenzene conversion and/or aromatic rng
loss, either of which parameters may be measured on a “per-pass’ {once-through) basis, from
the 1somerization zone (or isomerization reactor) mlet {e.g., the para-xviene-depleted
eifiuent) to the i1somernization zone {(or isomerization reactor) outlet (e.gz., the xylene-

equilibrated 1somerate ).

12
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For example, the per-pass ethvibenzene conversion may be determined, on a percentage

pasis, according to:
 -(EBrxour/EBrxan)i x 100,

in winch EBgrxour represents the weight of ethylbenzene output irom an isomerization reactor
{(¢.g., present in the xyilene-equilibrated isomerate) and EBpxaw represents the weight of
cthvibenzene mput to the isomerization reactor {(e.g., present i the para-xviene-depleted
eifluent or portion thereot bemyg fed to this reactor). These weights of ethylbenzene input to,
or ouiput from, an somerization reactor, may be calculated {(e.g., during steady-state
gperation; from the percentage by weight of ethylbenzene 1n the relevant mput and output
process stream(s), multiplied by the respective weights, or mass flow rates, of these
stream(s).  In representative embodiments, operation of the somerization zone {(or
isomerization reactor in this zone) 1s carried out with a per-pass ethvibenzene conversion of

less than about 5%, less than about 2%, or even less than about 19%.
The per-pass aromatic ring 108s may be determined, on a percentage basis, according to:
N(—_}N foOB’/{R‘ﬂ:}E{TA{ AROMRXIN A 10{}5

in which NONAROMrxosi 1A represents the number of moles of non-aromatic hyvdrocarbons
generated 1n an 1somertzation reactor {e.g., moles present in the xylene-equibibrated 1somerate
minus moles present in the para-xylene etfluent or portion thereol being fed to this reactor)
and AROMgxiv represents the number of moles of aromatic hvdrocarbons mput to the
1somerization reactor {e.g., moles present in the para-xylene ettluent or portion thereot being
ted to this reactor). These numbers of moles of non-aromatic hydrocarbons generated in an
isomerization reactor, as well as numbers of moles of aromatic hydrocarbons mput to this
reactor, may be calculated (e.g., during steady-state operation) from the percentages by
weight of non-aromatic and aromatc hydrocarbons, divided by their respective molecular
weights, in the relevant mput and output stream(s), and multiplied by the weights, or mass
flow rates, of the respective stream(s). In representative embodiments, operation of the
1Isomerization zone {(or Bomerization reactor i this zone) 18 carned out with a per-pass

aromatic ring loss of less than about 5%, less than about 2%, or even less than about 1%.

The parameters of ethylbenzene conversion and aromatic ring loss may otherwise be

measured on an “overall” basis, from the total inputs to the process (e.g., the impure
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cthvibenzene-containing feed} to the total outputs from the process {e.g., the para-xylenc rich
product, the ethylbenzene-rich product, the non-aromatic compound-enriched stream, and the
{o" hydrocarbon stream). The total mputs and oufputs may therefore be those mputs and
outputs to a para-xviene process tlow {oop, as described herein, or may otherwise mclude
addifional mputs and outputs added {0, or removed from, this loop (e.g., an output that 1s a (7
-rich effluent removed as an overhead ifraction from a deheptanizer column). The overall
ethylbenzene conversion and overall aromatic nng loss may theretore be determined,

respectively, according {o
1-(EBprocessour/EBrrocessing X 100 and NONAR OMerocessperLia/ AROMprocrssin X 100,

in a manner analogous to that described above with respect to these paramicters being
determyined on a per-pass basis.  Therefore, EBprocpssour and EBprocpssiv vepresent,
respectively, the weight of ethvibenzene output from, and nput to, the process {(e.g., output
from and mput t0 a para-xylene process fiow loop, as described herein), and
NONAROMerocrsspriTa and AROMprocessin represent, respectively, the number of moles
of non-aromatic hydrocarbons generated 1n the process and the number of moles of aromatic
nydrocarbons mput to the process. In representative embodiments, operation of the process 18
carried out with an overall ethylbenzene conversion of less than about 30%, less than about
2%, less than about 1U0%, or even less than about 2%. These ranges can therefore represent
the percentage conversion of ethylbenzene, introduced 1mto the para-xyiene process flow loop
(.., under steady-state conditions). In hurther representative embodiments, operation of the
process 18 carried out with an overall aromatic ring loss of less than about 10%, less than
about 5%, or even less than about 2%. These ranges can thereiore represent the percentage
toss of aromafic rings, mtroduced mto the para-xvyiene process flow loop (e.2., under steady-

state conditions).

Whether determined on a per-pass or overall basis, the relatively low levels of ethylbenzene
conversion and aromatic nng loss, compared (o conventional processes, may reside in
reduced requirements of the isomerization zone in terms of ethyibenzene conversion (e.2., by
isomertzation or cracking as described above) and correspondingly nulder operating
conditions and/or simpidied somenzation catalyst formulations.  These effects, m

combination, can promote mcreased para-xylene vyields; reduced utibty requirements,
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bydrogen consumption, and byproduct vields; and the generation of a high value

sthylbenzene-nch product.

According to representative embodiments, extractive distillation or other separation method
(e.g., occourring i an BB separation unif) 1s used to remove ethylbenzene from at least a
portion of one or more streams wdentified above {(e.g., the umpure ethyvibenzene-containing
feed, the (g aromatic hydrocarbon stream, the para-xviene-depleted effluent, and/or the
xyiene-equilibrated isomerate). According o turther representative embodiments, following
fius ethylbenzene separation {(e.g., to generate an ethylbenzene-rich product), at least a
portion of the resulting ethylbenzene-depleted stream {e.g., the ethylbenzene-depleted (g
aromatic hydrocarbon stream, the ethylbenzene-, para-xylene-depieted efiluent, and/or the
cthvibenzenc-depleted, xylenc-equilibrated isomerate) i1s combined with a portion of the
streamn bypassing the extractive dastillation. 'That 1s, at least a portion of the one or more
streams identified above 18 used as a feed to an EB separation unit {(e.g., an extractive
distillation zone), and the resultimyg ethyibenzene-depleted stream is returned to the process
(e.g., returned to the para-xylene process flow loop) in the same stream (e. 2., without having
fhe stream bypassing the EB separvation umit bemng subjected to any mnfervemng separation or

conversion, prioy to being combined with the resulting ethylbenzene-depleted stream).

Accordingly, the portion of a given process stream bypassing the BB separation unit may
refter to that which 1s diverted from the portion used as the feed to this unif, and which
bypassing portion forms all or part of a stream of the para-xylene process tiow loop, such as
all or part of (i) the Cy aromatic hvdrocarbon stream, (i) the para-xviene depleted eifluent, or
(11} the Xvlene-equulibrated isomerate, as described herem. Preferably, the bypassing porfion
forms the stream the of para-xylene process How loop, corresponding to the porfion used as
the feed to the EB separation unit, for example mn the case of (1) a portion of the g aromatic
hydrocarbon stream bemg fed to the EB separation unit, and the bypassing porfion forming
the (¢ aromatic hydrocarbon stream of the para-xylene process tlow loop; (1) a portion of the
para-xylene depleted effluent being fed to the BB separation umit, and the bypassing portion
forming the para-xviene depleted effluent of the para-xylene process tlow loop, or (1i1) a
portion of the xviene-equilibrated isomerate being fed to the EB separation unit, and the
bypassing portion forming the xylene-equilibrated 1somerate of the para-xylene process tlow
toop. It 1s also possible, 1n the case of separating an ethvibenzene-rich product from all or a

portion of the impure ethvlbenzene contaming feed, to combine the resulting ethvibenzene-
i5



143]

WO 2020/018875 PCT/US2019/042537

depieted feed with all or a portion of the g aromatic hydrocarbon streami. In this case, a
portion of the mmpure ethylbenzene-containing feed bypassing the EB separation umt
(bypassing portion) may form all or a portion of the fresh feed to the xvlene column, such
that a fraction of this fresh feed, namely that contained in the Cs aromatic hvdrocarbon stream
removed as an overhead traction from the xylene colummn, mayv be introduced o the para-
xylene process tiow loop. In this regard, particular aspects of the mvention are associated
with improvements in processing flexibility m the operation of para-xylene production
processes. Advantageoushy, smaller or greater quaniities of fecd portions of a given process
stream may be fed to an EB separation unit, regardiess of where it 1s positioned along the
para-Xviene processing tlow loop, and respectively greater or smaller quantities of bypassing
portions of the stream may be used to form this loop. This provides umportant benefits in
terms of adjusting the process to accommodate impure ethylbenzene-containing feeds of
varying quality (e.g., ethylbenzene content), m view of the economic tradeot! between
processing more throughput m the BB separation wmit, with the potential to achieve greater
ethylbenzene recovery, and otherwise processing more throughput i the para-xylene process
flow loop, with the potential to reduce the process demands {(e.g., utiliies) of the EB

separation unit.

Advantageously, representative processes may turther comprise removal, without conversion,
of all or substantially all (e.g., greater than about 80%, greater than about 90%, or greater
than about Y5%) of the ethylbenzene mtroduced mio the process, such as the para-xylene
process tiow loop as described heremm. The extent of ethylbenzene conversion, which may be
measured on a per-pass or overall basis as described herein, will depend on the operating
conditions and catalyst used in the 1somerization rcaction zone {e.g., 1somerization reactor
conditions and catalyst), which, as discussed above, may lead to reduced side reactions,
relative to conventional processes that do not utilize extractive distiliation tor ethyilbenzene
separation.  With respect to this process loop, all or substantially all (e.g., greater than about
3%, greater than about 90%, or greater than about 93%) of the cthylbenzene miroduced may
be present in the mnpure ethylbenzene-contamning feed to the xviene column. The extent of
ethylbenzene introduction into the process loop will depend on the operaton of the xylene
column and its efficiency m separating ethvibenzene mto the s aromatic hydrocarbon

sfreami.
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Para-Xviene Production Process and Process Flow Loop

According to the representative process depicted in FiG. 1, impure ethvibenzene-containing
fecd 2, as described above, is fed to xviene column 180 for separating Cx aromatic
hydrocarbon stream 4 as a low-botling fraction {(or overbead fraction) and (o™ hydrocarbon
streamn 12 as a high-boiling fraction (or bottoms fraction). A portion 4A of g aromatic
hvdrocarbon stream 4 18 fed to EB separation unit {(e. 2., extractive distiliation zone) 400 for
separating cthyvibenzene-rich product 402, and optionally also non-aromatic compound
enriched stream 401, and provide ethylbenzene-depleted (g aromatic hydrocarbon stream 48.
Non-aromatic compound-enriched streamn 401, if produced, 1s enriched m {(or has a higher
concentration of) non-aromatic compounds, relative to s aromatic hydrocarbon stream 4.
Non-aromatic hydrocarbons present in non-aromatic compound-enriched stream 401 may
include (r parathinic hydrocarbons (e.g., n-octane and somers of 1so-octane), (C7-Ca
cycloparatiimce hyvdrocarbons (2. g., ethyleyciohexane and cyclooctane), and/or Co naphthenic
bydrocarbons {e.g., 1somers of trimethvicyclohexane), having boiling points close to those of
{Cg aromatic hydrocarbons. Non-aromatic compound-enriched stream 401 mav comprise
greater than about 75 wi-%, greater than about 83 wt-%, or greater than about 95 wt-% of

non-aromatic hydrocarbons.

Eithyilbenzene-rich product 402 may comprise predomunantly ethyibenzene, and preferably
comprises ethylbenzene at a high concenfration, suitable for duect use 11 styrene monomer
production. For example, ethylbenzene-rich product 4032 may comprise ethylbenzene in an
amount of greater than about Y0 wit-%, greater than about 93 wt-%, greater than about Y8 wi-
%0, greater than about 99 wt-%, or greater than about Y9.3 wit-%. Ethylbenzene-rich product
432 from BB separation unit 400, for example obtained from exiractive distillation, theretore
represents a high value product that may be recovered from a para-xXylene production
processes as described herem. Accordingly, such a process may alternatively be referred 1o
48 a para-xviene and ethylbenzene production process. Ethyibenzene-depleted g aromatic
hydrocarbon stream 4B 1s depleted 10 {(or has a lower concentration of) ethylbenzene, relative
to g aromatic hydrocarbon stream 4. According to the embodiment depicted in Fi(s, 1,
ethyibenzene-depleted s aromatic hvdrocarbon stream 4B from EB separation unit 40{ is
cornbined with portion 40 of g aromatic hydrocarbon stream 4 bypassing this umt, to

provide combined teed 43 to xylene separation zone 200

b/



|46}

147]

|48}

WO 2020/018875 PCT/US2019/042537

In para-xylene separation zone 200, para-xylenc rich product 16, as described above, i
separated, Tor example using adsorptive separation or crystatlization, to provide para-xylene-
depleted effluent 6 {e.g., as a para-xylene-depleted ratiimate of an SMB adsorptive separation
process Or as a para-xviene-depleted reject fltrate of a crystallization process). In general,
para-xylene-depleted effluent 6 18 depleted 1 (or has a lower concentration of) para-xviene,
relative to combined feed 45, or otherwise relative to Cg aromatic hydrocarbon stream 4. For
example, para-xylene-depleted ettluent 6 may comprise para-xylene i an amount of less than

about 10 wt-%, less than about 5 wi-%, or less than about 2 wi-%.

Para-xylene-depleted effluent 6 18 fed to 1somerization zone 30U for isomernizing this effluent,
to provide xvlene-equilibrated isoimerate 3, having concentrations of the xyleng i1somers
(ortho-xylene, meta-xviene, and para-xyiene) approaching thewr cquilibrivim concentrations to
4 greater extent, relative to para-xyiene-depleted effhient 6. in general, xylene-equilibrated
tsomerate 8 18 also enriched i (or has a higher concentration of) para-xyiene, relative to para-
xyiene-depleted etfluent 6. For example, xXylene-equilibrated isomerate 8 may comprise
para-Xviene in an amount of greater than about 10 wi-%, greater than about 20 wit-%, or
greater than about 30 wt-%. All or a portion of xylene-equilibrated 1somerate 8 may then be

recycled o xylene column 100,

L

According to the alternative emboduments depicted i FIGS. 2 and 3, it can be appreciated
that BB separation umt 400 may be utilized to remove ethyibenzene from different streams of
the process. Whereas these figures illustrate returning, or re-combining, the respective
cthylbenzene-depleted streams back to the same stream irom which a portion thereof was
subjected to EB separation (e.g., by extractive distillation), m general such ethylbenzene-
depleted streams can be returned elsewhere to the process or otherwise used for alternative
purposes. As shown in FIG. 2, a portion 6A of para-Xylene-depleted eftluent 6 is fed to EbB
separation unit 400 for separating, for example by extractive distillation, both non-aromatic
compound-enriched stream 4U1 and ethvibenzene-rich product 402, as described above. kBB
separation umt 400 provides etbyilbenzene, para-xviene-depieted effiuent 6B, which 18
depleted 1n {(or has a lower concentration of) ethylbenzene, relative {o para-xviene-depleted
eifluent 6. As further shown in FIG. 2, ethylbenzene, para-xylene-depleted effluent 6B from
EB separation umt 40U 18 combined with portion 60 of para-xylene-depleted effluent &

bypassing this unit, to provide combined feed 65 to 1somenzation zone 304
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As shown in Fi(s. 3, a portion 8SA of xviene-equilibrated isomerate 8 1s fed to EB separation
unit 400 for separatimg, for example by extractive distillation, both nop-aromatc compound-
enriched stream 401 and ethyibenzene-rich product 402, as described above. EB separation
unit 400 provides cthylbenzene-depleted, xylenc-eguilibrated isomerate 8B, which is depleted
in {or has a lower concentration of) ethylbenzene, relative to xviene-equilibrated isomerate 3.
As turther shown in FiG. 3, ethylbenzene-depleted, xvlene-equilibrated 1somerate 8B from
EB separation unit 400 1s combined with portion 80 of xylene-cquihbrated isomerate &

bypassing this untt, to provide combined recycle 35 to xylene column 1{{.

In some cases, the embodiment depicted 1 FlG. 3, m which ethyibenzene-rich product 402 18
separated trom porfion sA of xyilene-equilibrated isomerate 8, may provide additional
advantages. These may be associated with providing residual amounts of extractive agent,
used mn BB separation unit (e.g., extractive distillation zone) 400, directly to xylene column
104, and not to para-xylene separation zone 200 or isomerization zone 300, where such
extractive agent might interfere with the operations occurring 1 these zones, Minor losses of
cxiractive agent trom extractive distillation zone 400 may, Tor example, lead to ifs presence m
ethvibenzene-depleted streams 4B, 6B, 3B, as descnibed above, and an expedient solution
may theretore be its mmmediate removal 1 o' hydrocarbon stream, separated in xylene

column 100,

According to each of the embodiments depicted m FIGS. 1-3, 1t can be appreciated that such
OYoCesses comprise forming a para-xyviene process tlow loop comprising: (1) g aromatic
byvdrocarbon stream 4 (or portion 40 thereot), separated as a low-botling fraction {or overhead
fraction) in xylene column 1040, (1) para-xylene-depleted effivent 6 (or portion 60 thereot),
separated 1 Xviene separation zone 200 trom (g aromatic hydrocarbon stream 4 {(or portion
4{} thereot), and (i11) xylene-equilibrated 1somerate 8 {or portion 8O thereof), provided irom
isomerization of para-xylene-depleted ettluent 6 (or portion 60 thereof) in isomerization zone
504, The process may be completed by recycling xviene-equubibrated 1somerate 8 {(or portion
86 thereo!) to xylene column 100, Advantageously, EB separation unit 400 may be used 1o
remove ethylbenzene-rich product 402 from this loop, m order {0 obtamn the simultansous
advantages of reducing ethylbenzene concentration in the loop and recovering it as a high
vailue product. According to representative emboduments, each of {3 aromatic hydrocarbon
stream 4, para-xylene-depleted eftluent 6, and xylene-equibibrated isomerate 3, comprises

iess than about 25 wit-% of ethvibenzene. As more particularly thustrated in FIGS. 1-3,
1Y
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unpure ethvibenzene-containing feed 2 may be continuously mput to this loop, whereas
sthyibenzene-nch product 402, para-xyiene nch product 10, and opuonally non-aromatic
enriched stream 401, may be continuously output from this loop, with the accumulation of
cthyibenzene and optionally non-aromatic compounds in this loop being controlled by the
integration with EB separation unit 400. Particular types of non-aromatic compounds that
may be present in non-aromatic enriched stream 401, and that may therefore be separated
from the para-xylene process flow loop, include non-aromatic hydrocarbons, such as those
described above, namely (g parattinic hydrocarbons (e.g., n-octane and isomers of 180-
octane), C7-Us cycloparatiinic hydrocarbons {(e.g., ethvicycilohexane and cyclooctane), and/or

{¢ naphthemc hydrocarbons {e.g.. 1somers of trimethylcyclohexane).

FI(. 4 ilustrates vet another embodiment, in which cthylbenzene and optionally non-
aromatic compounds are likewise separated from the process. However, m this embodiment,
ethyibenzene-rich product 442, and optionally non-aromatic ennched stream 401, are
separated using EB separation unit 400, being fed with all or a portion of impure
cthvibenzene-containing feed 2. 'That 1s, the process according to this embodiment may
comprise separating etbylbenzene-rich product 402 from all of mmpure ethylbenzene-
containing teed 2, or otherwise porfion ZA of this feed, i which case portion 20 bypassing
EB separation unit 18 fed to xylene column 108, In either case, at least a portion of
cthyibenzenc-depleted feed 2B may be combmed with g aromatic hvdrocarbon stream 4,
separated as a low-boumg fraction (e.g. overhead fraction) from Xylene column 104, o
provide combined, ethylbenzene-depleted feed/Cy aromatic hydrocarbon stream 43. At least
a portion of this stream 43 may then be fed to xylene separation zone 200, such that this
streamy 43, in combination with g aromatic hydrocarbon stream 4, para-xviene-depleted
effiuent 6, and xviene-equilibrated 1somerate 8, may form a para-xvlene process flow loop as
described above with respect to the embodiments depicted mn Fls, 1-3. The embodiment
depicted 1 Fis. 4, however, differs in that ethylbenzene 1s separated upstream of {(prior {0)
this loop. Therefore, whereas parameters such as the overall vield of para-xvyiene, the overall
conversion of ethylbenzene, and the overall aromatic ring 1oss may be within the ranges as
described above, these parameters may be determined on the basis of the total xvlenes,
cthvibenzene, and aromatic hyvdrocarbons input to the process in umpure cthylbenzene-
containing teed {(e.z., 1 portion ZA to EB separation umt 400 and portion 20 bypassing this
unit), upstream of the para-xylene process tlow loop. In addition, other parameters associated

24}
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with this loop, such as the concentration of cthylbenzene, may be as described above, for
example with respect to the embodiments depicted m FIGS. 1-3.

According to the embodiment depicted in FIG. 4, EB separation unit 400, for example
comprising extrachive distillation, may further provide, m addifion to ethylbenzene-rich
product 402, Co™ hydrocarbon-enriched heavy fraction 47. Thas fraction 47 may be combined

with (o™ hydrocarbon stream 12, separated from xyiene column 100,

in controliing the extent of accumulation of ethylbenzene m the para-xviene process flow
ioop, the portions 4A, 6A, 8A of respective (g aromatic hydrocarbon stream 4, para-xvlene-
depleted effluent 6, and/or xylene-equilibrated isomerate 8 that are diverted from this loop for
cthyibenzenc separation, or othcrwise portion 2A of impure cthylbenzene-contaimng feed
(embodiment of FIG. 4), can be vaned. By increasing portions ZA, 4A, 6A, BA, the
concentration of ethyibenzene 1n the loop 18 dwectionally decreased, and process
requirernents {e.g., equipment and utilities) associated with streams making up the loop, such
as para-xviene separation zone 20 and isomerization zone 30U, are also decreased.
However, processing requirements of EB separation umt 400 ave mcreased. Conversely, by
decreasing portions Z2A, 4A, 6A, BA, the concentraton of ethylbenzene im the loop 1s
directionally increased, and process requirements {(e.g., equipment and utilities}) associated
with streams making up the loop, such as para-xylene separation zone 200 and isomenzation
zone 30U, are also mcreased. However, processing requurerments of BB separvation umt 4{40)
are decreased. 'Those having skill in the art, with knowledge of the present specification, will
appreciate that a given, miegrated para-xXylene production/extractive distillation process can

be operated with consideration of these tradeoiis.

For purposes of characterizing the tradeofis between portion 4A, 6A, 8A withdrawn from the
para-xylene process tlow loop, or otherwise portion 2A of impure ethylbenzenc-containing
feed (embodunent of Fli. 4), and ethyibenzene concentration in this loop, the para-xviene-
depleted effluent 6 and xylene-equilibrated 1somerate 8 can serve as converient references.
These streams are both downstream of the para-xvyiene separation zone 200 and in general
can have the same or approximately the same mass tlow rate. According to representative
embodiments, (1) the umpure ethyibenzene-contavung feed 2 or portion Z2A thereof, (11) the
portion 4A of (g aromatic hydrocarbon stream 4, (1) the portion 6A of the para-xyiene-

depleted eftluent 6, or (1v) the portion s A of the Xyiene-equilibrated 1somerate 3, that is fed (o
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EB separation unit 400 {or from which ethylbenzene-rich product 402 is separated) can
represent generally from about | wt-% to about 95 wt-% of para-xviene-depleted eftiuent 6 or
xylene-equilibrated 1somerate 8. More typically, however, such portion 2A, 4A, 6A, BA, or
all of 1mpure ethvibenzene-containing feed 2, represents from about 3 wit-% to about 5O wt-
%, and often represents from about 3 wt-% to about 15 wi-%, of para-xviene-depleted
ettluent 6 or xylene-equibibrated isomerate 8, each normally having a comparable tlow rate.
According to further representative embodiments, (1) the unpure ethylbenzene-contaming
feed 2 or portion 2A thereot, (11) the portion 4A of (g aromatic hydrocarbon stream 4, (111) the
portion 0A of the para-xviene-depleted eifivent 6, or (1v} the portion 2A of the xviene-
equilibrated 1somerate 8, that 18 fed to EB separation unit 400 (or from which ethylbenzene-
rich product 402 1s separated), can generally comprise from about 3 wt-% to about 50 wi-%
of ethylbenzene. More typically, however, such portion 2A, 4A, 6A, 8A, or all of tmpure
cthyibenzene-contaming feed 2, comprises from about 10 wt-9% to about 40 wi-%, and otten

comprises from about 15 wit-% to about 25 wit-%, of ethylbenzene.

According to more particular embodiments that are directed to desirable tradeoffs between
portion 44, 6A, 8A withdrawn from the para-xviene process flow loop, or otherwise portion
2A of impure ethylbenzene-contaiming feed {(embodiment of Fl. 4), and ethylbenzene
concentration in this loop, and preferably between (1) portion 2A, 4A, 6A, BA, determined on
the basis of the para-xviene-depleted effluent & or xviene-cquilibrated isomerate 8 (e.g., the
percentage flow rate of portion 2A, based on the flow rate of the para-xylene-depleted
ettluent 6 or xyiene-equulibrated 1somerate 8; the percentage flow rate of portion 4A, based
on the tlow rate of the para-xylene-depleted effluent 6 or xylene-equilibrated isomerate §; the
percentage flow rate of portion 6A, based on the flow rate of the para-xvicne-depleted
effivent 6; or the percentage flow rate of portion 8A, based on the flow rate of the xyiene-
equiltbrated 1somerate 3), and (i) the concentration of ethylbenzene n the para-xyiene-
depleted etfiuent 6 or xviene-equilibrated isomerate 8, the value of (1} may be from about 3
wi-% to about 15 wt-% and the value of (1) may be from about 15 wi-% to about 25 wt-%.
For example, the value of (1) may be from about 7 wi-% to about 11 wt-% and the value of
(11} may be from about 16 wit-% to about 20 wt-%. Otherwise, with a lower portion
withdrawn from the para-xylene process flow loop, or otherwise a lower porfion 2A fed to

EB separation umt 400 {(embodiment of Fl{. 4}, and higher concentration of ethyilbenzene m
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this loop, the value of (1) may be from about 4 wi-% to about 8 wt-% and the vahie of (1)

may be from about 23 wi-% to about 27 wi-%.

Isomierization Zone Conditions

In the operation of such para-xylene process flow loop, being integrated with an EB
separation unit, such as an extractive distiliation zone to prevent excess cthylbenzene
accumuliation in this loop, advantages reside in the reduced severity of operation of
isomeration  zone 30U, such as associated with a reduced ethylbenzene conversion
requarement, and corresponding reduced aromatic ring  1oss, as  described  above.
Accordingly, 1n representative processes, a conversion of ethyibenzene mitroduced mto the
para-xylene process fiow ioop {e.g., during steady-state operation) i1s less than about 20%. In
other rvepresentative processes, a i0ss of aromafic rings introduced mto the para-xyiene

process tiow loop (e.g., during steady-state operation) 1s less than about 5%.

The 1somerization zoic may comprise one or more imdividual isomerization reactors,
contaiming a suitable 1somenzation catalyst in vartous catalyst bed configurations (e.g., fixed
bed or moving bed) and flow configuratnions {e.g.., axial flow or radial flow). Often, one
reactor is used. In an isomerization reactor, typical isomerization conditions include a
temperature from about 1530°C (302°F) to about 5300°C (832°F), and preferably from about
200°C (3927F) o about 300°C (372°F), as well as an absolute pressure from about 1.5 MPa
(218 ps1) to about 5 MPa (725 psi), and preferably from about 2.5 MPa (363 psi) to about 4.5
MPa (653 psi1). [somernzation conditions may Turther include a weight hourly space velocity
(WHSV ), based on the weight tlow of the para-xylenc-depleted effluent and/or any other
nydrocarbon-contarning streams mput (o the 1somerizatnon reactor {e.g.. ethylbenzene-, para-
xyiene-depleted effluent 6B as described above), from about 0.5 hr! to about 20 hr, and
preferably from about 1 hr! to about 10 hr!s As is understood in the art, the WHSYV is the
weilght tlow of the feed to a reactor, divided by the weight of the catalyst in the reactor and
represents the equivalent catalyst bed weights of the feed stream processed every hour. The

WHSYV is related to the (mverse of the reactor residence time,

Hvdrogen may be mitroduced to an isomernzation rveactor, generally i1 a gaseous maxiure
(e.g.. contaimng recycle hydrogen gas) at varving purity levels. A hydrogen-to-hydrocarbon
molar ratio, based on the molar tlow of the para-xvlene-depleted eifivent and/or any other

hydrocarbon-containing streams input to the 1somerization reactor (e.g., ethylbenzene-, para-
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xyiene-depleted etfluent 68 as described above) may be generally from about 0.5:1 o about
i5:1, and typrcally from about 0.5:1 to about 10:1. Advantageously, however, in view of the
reduced severity isomerization conditions that are possible with respect O processes as
described herein, an isomerization reactor of isomerization zone 300 may be operated under
hquid phase condifions and in the absence of added hydrogen. 'That is, the isomerization

rone 300 may comprise an somenzatnon reactor, through which para-xylene-depleted

ettluent 6 or at least portion 60 thereot s passed i the hquid phase.

A reactor m somertzation reaction zone 3UU generally comprises a catalyst, which may be
tunctional for carrying out the desired 1somenzation of ortho-xylene and meta-xylene to para-
xylene, but lack functionality for conversion of ethyibenzene, for example by isomerization
or dealkyviation (cracking). In this manner, catalyst formulations used in an isomerization
reactor may advantageously be sumplified, i view of the mtegration with extractive
distillation zone 400 for ethyibenzene separation, relative to those formulated with the
conventional requuement for ethyvibenzene conversion. For example, the acidity of the
isomerization catalyst support may be reduced and thereby promote a lower degree of
ethyibenzene dealkylation and consequently a lower production of hight hydrocarbons and

other byproducts that cause a loss i vield of the deswred para-xylene.

Representative somerizafion catalysts used 1 an 1somernzagon reaction zone comprise a
metal component and a molecular sieve component that may be zeohtic or non-zeoiilic, and
optionally an inorganic oxide component. Representative zeolitic aluminosilicate molecular
sieves include pentasil zeolites, such as those having the structure types of MEL MEL, MTW,
MES, MTEF and FER JUPAC Commission on Feohite Nomenclature), MWW, beta zeolite, or
mordenite. Representative non-zeohtic molecular sieves melude those having one or more of
the AEL framework types, for example SAPO-11, or one or more of the ATO framework
types, for example MAPSO-31 (see “Atlas of Zeolite Structure Types,” Butterworth-
Heinernan, Boston, MA, 3™ ed., 1992). Representative metal components of isormerization
catalysts include at least one nople metal and optionally at {east one base metal modifier o
addition to, or i place of, the at least one noble metal. Noble metals include platinum group
metals selected from the group consisting of platmum, palladim, rhodium, ruthenninm,
osmuum, widium, and maxtures thereot. Base metals may be selected from the group
consisting of rhemum, i, germanium, ead, won, cobalt, nickel, mdum, galliom, zing,

uraniuim, dysprosium, thallium, and muxXtures thercoif. The metal component may also
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comprise combinations of one or more base metals and/or one or more noble metals. The
total content of metal(s) in the 1somerization catalyst 1s generally from about 0.01% to about
10% by weight, and typically trom about .01% to about 3% by weight. The total content of
the molecular sieve m the 1somerization catalyst 18 generally from about 1% to about 999% by
werght, typrecally from about 10% to about Y0% by weight, and often from about 25% (o
about /3% by weight. Additional components of the somenization catalyst may include an
morganic oxide component, such as bmnder matenal (e g, alumina), A representative
isomerization catalyst for use 1n an 1somerization reactor comprises platinunm in an amount as
described above with respect to total metals content, on a zeolitic alumunosilicate molecular

sieve.

Extractive Distiliation Zone

As described herem, extractive distliation or other separation of ethyibenzene 1s performed
in EB separation unit 4400, on (1) the impure ethvibenzene-contaming feed 2 or portion ZA
thereot, (11} the portion 4A of {{s aromatic hydrocarbon stream 4, (ui) the portion 6A of the
para-xviene-depleted effluent 6, or (1v) the portion A of the xvlene-equilibrated 1somerate &,
that 1s fed to this umt. For the sake of conciseness, this stream may generally be referred o
as the portion 2A/MA/GA/SA fed to the EB separation unit {which portion 2A may represent
all of impure ethyibenzene-contavung feed 2), all or a fraction of which may be combined
with one or more extractive agent compound(s) as described herein, to provide a hqud
nuxture. The extractive agent compound eftectively contributes to the desired separation of
ethyvibenzene-tich product 402, by increasing the relative volatiity of ethyvibenzene to the
other (g aromafic compounds {(e.g.. ortho-xylene, meta-xylene, and/or para-xviene).
Moreover, the extractive agent compound 18 isell easily separated from a distillate (e.2.,
recovered as a bottoms fraction of the extractive distillation) that s enriched 1n the other Cg
aromatic compound{s} as well as the extractive agent compound, relative (o portion
2AMAIGAMBA ted to the EB separation umi, or otherwise a fraction of these respective
streamns.  This allows for the convenient reuse (recycie) of the exiractive agent compound, for

example 11 a confinuous extractive distillation process.

Fepresentafive extractive distiliation processes comprise distitling a hgqud  maxiure
comprising portion 2A/4A/GA/SA ted to the EB separation wmt {(which portion 2A may

represent all of impure ethyvibenzene-contaming teed 2}, or otherwise a fraction thereot, and
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an extractive agent compound as described hereinn.  The portion ZA/MA/GA/SA or fraction
thereot may be considered a hydrocarbon component comprising ethyibenzene and one or
more of the other g aromatic compound(s). Accordingly, partcular processes comprise
distilling a bowmd mixture comprising ethvibenzene, other g aromatfic compounds (e.g.,

ortho-xylene, meta-xviene, and/or para-xylene), and an extfractive agent compound.

The pertormance of the extractive agent mayv be characterized according to its abuity to
mcrease relative volatiity between ethyvibenzene and at least one other (g aromatic
comapound to be separated (e. g., at feast one of, at least two of, or all of, ortho-Xviene, meta-
xylene, and para-xyleneg), thereby increasing separation efficiency at each stage of vapor-
biquid  equibibrivm. According to  representative embodiments, the eXtractive agent
compound(s) may bec present in the Liqud muxiure 1n an amouni such that the relative
volatdity (o) of ethylbenzene to at least one other {g aromatic compound 1s at {east about
1.14, preferably at least about 1.16, more preferably at least about 1.20, and even more

preferably at least about 1.22 at a given pressure, such as 200 mulltbar absolute pressure.

The performance of the extractive agent m extractive distiliation processes described beremn
may alternatively be characterized by its competitive factor, with respect to ethylbenzene and
the other (g aromatic compound{s} {e.g., ortho-xvlene, meta-xylene, and/or para-xylene) o

be separated from ethyibenzene. The competiive factor (D) can be quantified by the

CXPLCESIon
WEILGRT YRTIY STRYISENSERNE FoiRgr Ug IFouialic oNTIRCNNG Wik Sty eoiding QEent Somaeournd )

wEi gkt ratie oI yiboursens Sodbor O, aranialic oompon g (uiEboud exfractive gaentd sovaponed’ ‘
The numerator of D 18 a vapor phase weight ratio of ethvibenzene to a given one of the other
{s aromatic compound, at s0°C (176%F) and atmospheric pressure, i equilibrium with a
bguid mixture of (1) I part by weight of 60 wt-% cthyvilbenzene and 40 wi-% ot the other (g
aromafic compound and (1) 5 parts by weight of the extractive agent compound (or mixture
of two or more extractive agent compounds). The denomunator of D 18 a reference vapor
phase weight ratio of the same compounds at SUC (176°F) and atmospheric pressure, in
equilibrivm with the liquid composition of (1) only. Accordingly, values of D that exceed
umity mndicate an mmprovement 1n the ease of separability of ethylbenzene mto the vapor
phase, resulting from the presence of the extractive agent compound. This competifive factor
may theretore be measured according to a standard protocol, for example as described herein.

Advantageously, according to representative extractive distillation processes, the competitive
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factor may be generally at least about 1.10, typically at least about 1.18, and often at least
about 1.20. Otherwise, an extractive agent may provide a competinve factor (1) that 1s less
than umty, for example generally at most about .95, typically at most about 0.90, and otten
at most about .85, meaning that the extractive agent mdicates an unprovement in the ease of
separabiity of the less volatile, further Cg aromatic compound {e.g., meta-xylene or para-

xylene) mnto the higuid phase.

In some cmbodunents, alternative to, or in combination with, having a competitive factor,
with respect to ethylbenzene and the other {Ug aromatic compound(s) as described above, a
represenfative extractive agent compound or muxture of extractive agent compounds may
have a competitive factor with respect to one or more non-aromatic hydrocarbons and
cthyibenzene, which 1s greater than or less than unity. Advantageously, the extractive
agent(s) can thereby facilitate the separation of such non-aromatic hydrocarbons from
ethylbenzene and the other Cg aromatc compound(s), tor example by ennching such non-
aromatic hydrocarbons in a low-boiling fraction or overhead removal fraction, as discussed in
greater detail below 1n the case of non-aromatic removal column 445 (FiG. 5), upstream of
extractive distitlation column 453 (F{. 3). According to some embodunents, representative
exiractive agent compound(s) may have a competitive factor D, determined m an analogous
manner as described above but with the relevant weight ratios in the numerator and
denomunator being the weight ratio of a given non-aromatic compound to ethylbenzene,
exceeding unity.  According to particular emnbodiments, the extractive agent compound(s)
may have a competitive factor D, (1) with respect to n-octane and ethvibenzene of generally at
least about 2.0, typically at least about 2.3, and often at least about 2.6, {11} with respect to
cthvicyelohexane and ethylbenzene of generally at least about 1.7, typically at least about 1.9,
and often at least about 2.1, and/or (1) with respect o cyciooctane and ethylbenzene of

generally at least about 1.6, typically at least about 1.7, and often at least about 1.3,

In representative embodiments, the deswred relative volatuuy (o), competifive factor (),
and/or other favorable extractuive distillation operating characteristics are obtained upon
distilling the Liquid mixture at sub-atmospheric pressure, for example at an absolute pressure
of generally less than about 300 mulitbar, typically less than about 408 millibar, and oiten less
than about 300 muallibar, with an exemplary pressure ranges being from about 50 nullibar to
about s00 mullibar, from about 100 mullibar to about 400 mudlibar, and from about 150 to

about 300 millibar.
27
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A tlowscheme comresponding to a representative extractive distillanion zone 400 (as EB
separation unit 400} 18 illustrated m FIG. 50 According to this embodiment, porfion
2AMAAIGAISA fed to extractive distitlation zone 400 (which portion 2ZA may represent all of
impure cthyvibenzenc-containing teed 2) and comprising both ethylbenzene and other (g
aromatic compound{s} (e.g., ortho-xviene, meta-xviene, and/or para-xviene), in addition o
one of more non-aromatic compounds {(e.g., non-aromatic hydrocarbons such as 1somers of
trimethyleyelohexane and/or n-octane), 18 subjected to upstream distillation in non-aromatic
removal column 442, A non-aromatic extractive agent {selective for extractive distillation of
non-aromatic compounds, such as non-aromatic hydrocarbons) stream 410 may be combined
with portion ZA/4AA/BA/SA, either prior to or within non-aromatic removal column 445, o
tacihitate the deswred removal of at least one of the non-aromatic compounds {(e.g., non-
aromatic hydrocarbons). As shown, an optional non-aromatic extractive agent compound
make-up stream 412A may also be miroduced, continuously or intermittently, to non-
aromatic removal column 445, to replace any munor guantittes of the non-aromatic extractive
agent compound that are not recovered i recycle stream 422, An overhead removal fraction,
as non-aromatic compound-enriched stream 401, enriched in the at least one non-aromatic
commpound and depleted 1 at least one g aromaftic compound, relative to porfion
2AMAIGAISA, 18 withdrawn from non-aromatic removal column 445. This results i the
removal of the at least one non-aromatic compound, which may have a boiling pomt
comparable to, such as within 15°C (+/-15°C or +/- 27°F), within 10°C (+/-10°C or +/-18°F),
or posstbly within 5°C (+/-53°C or +/-97F) of, the other Cy aromatic compound(s) {(e.g., ortho-
xylene, meta-xylene, and/or para-xylene}, present in portion 2AMA/BA/MA. Non-aromatic
removal column 445 may also serve to remove water from portion ZA/MABAISA, Tor
cxample {0 achieve a desirably low water content in prefreated bottoms fraction 414 and/or
bguid maxture (LM).  Alternatnvely, portion 2A/4A/GAIRA may be subjected (o a separate,
optional water removal step, upstream of non-aromatc removal column 445, The removal of
water may be economically advantageous, insofar as the total material being subjected to
extractive distillation 1s reduced, and consequently the associated energy requircments. Other

advantages may also result, 1 terms of separation performance.

Pretreated bottoms fraction 414 1s recovered from non-aromatic removal column 445 (i.e.,
.m A | ’h J"I«_. . . ..li.. 1 H. 5 'L { ’.T:' | -'1 4, :-— i.. ._ - | | tv-’ - . . L H.L_. -.F.. ; " r- .T -h
from this upstream distillation), as a purthied teed stream to the extractive distillation. This
purihied teed stream 8 enriched, relative to portion 2A/MA/GA/SA, in both ethylbenzene and
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the other g aromatic compound(s}, as well as optionally enriched i a non-aromatic
exiractive agent compound that 1s miroduced o non-aromafc removal column 445 with non-
aromatic extractive agent stream 410, Pretreated bottoms fraction 414 1s hkewise depleted,
relative to portion 2ZAMA/NASA, 1n one or more of the non-aromatic compounds present 1n
this stream. Pretreated botioms fraction 414 1s then introduced mto extraciive distillation
column 4355 with a recycle portion 4228 of recycle stream (or second bottoms fraction) 422
comprising an ethylbenzene extractive agent, or namely an extractive agent compound as
described herein.  Prefreated bottoms fraction 414 and recvele portion 422B may be
combined either prior to or within extractive distillation column 435335, Recycle portion 4228
therefore can provide some or all (at least a portion) of the extractive agent compound fed to
extractive distillation column 455, As shown, an optional extractive agent compound make-
up stream 41268 may also be introduced, continuously or mtermitiently, to extractive
distilation columnn 433 to replace any minor quantitics of the extractive agent compound that

are not recovered m recycle stream 422,

In extractive distillation column 4535, theretore, higuid nuxture (LM) comprising pretreated
bottoms fraction 414, and the extractive agent compound present in recycle portion 4228 and
optional make-up stream 412B, 13 distdled. This extractive distillation provides
ethvibenzene-rich product 442 that, relative to pretreated bottoms fraction 414 and also
relative to hwgud nuxture (LM), 1s enriched m ethyibenzene and depleted in both the
extractive agent compound and at least one of the other (g aromatic compounds (e.g., one or
more 1somers of xylene) present i pretreated bottoms fraction 414. Extracuve distidlation
column 433 also provides bottoms fraction 418 that, relative to pretreated bottoms fraction
414 and also relative to the Liguid nuxture (M), 18 enriched m both the at least one of the
other s aromatc compounds and the exfractive agent compound, and depleted m
ethyibenzene. To purily and recover the extractive agent compound, bottoms fraction 418 18
then introduced to, and distilled in, extractive agent recovery column 465 to provide second
bottoms fraction 422 that, relative to bottoms fraction 418, 18 enriched in the extractive agent
compound and optionally also enriched in the non-aromatic extractive agent compound.
Second bottoms fraction 422, relative to bottoms fraction 418, 18 also depleted m the at least
one of the other Cx aromatic compounds. In this manner, at least a portion of second bottoms
fraction 422 may then be recovered and recycled, as vecycle portion 4228, to exfractive
distillation column 435, to advantageously conserve material resources, by providing at least

PAY
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a portion of the extractive agent compound n bquid mixture (LM). Optionally, at least a
second portion of second bottoms fraction 422 may also be recyeled, as non-aromatc
extractive agent stream 422, to non-aromatic removal column 445, According to some
embodiments, sccond bottoms fraction 422, recvcele portion 4228, and/or non-aromatic
extractive agent strcam 422 may be further purified {e.g., using a further distiliaton,
adsorbent separation, extraction etc.) o remove confanunants from these extractive agent-
contanng streams, prior to mtroduction to thew respective columns.  Optionally, second
bottoms iraction bieed stream 422A may be used to prevent an excessive accumuiation of
unwanted mmpurities i the recycle of extractive agents.  According to the embodiment
depicted 1n FIG. 4, all or a portion of second bottoms fraction bleed stream 422A (FIG. 3)
may correspond to Co' hydrocarbon-enriched heavy fraction 47, all or a portion of which may
be combined with Cy" hydrocarbon stream, exiimg xviene column 100 as a low-boiling

fraction (2. g., bottoms fraction).

Dustiliing of bottoms fraction 418 in extractive agent recovery column 463 further provides
(1} ethyibenzene-depleted teed 2B, (11} ethyibenzene-depleted (g aromatic hydrocarbon
stream 48, (1) ethylbenzene-, para-xviene-depleted effluent 6B, or (1v) ethylbenzene-
depleted, xylene-equilibrated 1somerate 8B, that 1s fed to the para-xXylene process tlow loop in
the case of (1) and returned to the para-xviene process ilow loop (e.g., combined with
respective portions bypassing the extractive distiliation, as described above) in the case of
(11}, (1), and (av). For the sake of conciseness, this stream may generaily be referred to as
ethyibenzene-depleted stream 2B/4B/6B/s8B, fed to or returned to the para-xylene process
flow loop, tollowing exiractive distdlation. This stream 2B/4B/6B/sB, relative to bottoms
fraction 418, 1s enriched in the at least one other g aromatic compound(s) {e.g., ortho-
xylene, meta-xviene, and/or para-xylene) and depleted 1 1 the exfractive agenf cormpound
and optionally also depleted 1 the non-aromatic extractive agent compound. The overall,
extractive distillation zone 400 thereby advantageously provides ethylbenzene-rich product
432 that 18 purified in ethyvibenzene, non-aromatic compound-enriched stream 401 that is
purified 1n non-arormatic compounds, as well as ethyibenzene-depleted stream 2B/4B/6B/sB,
as a further overhead fraction, that 18 enriched i the at least one other s aromatic
compound(s). Extractive distillation zone 400 thereby advantageously resolves these purified

products while also providing recycle of the extractive agent compound. One or both of these
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purified products may be further purified (e.g., using a turther distudlation, adsorbent

separation, extraction efc. ) to achieve a higher purity level 1f desired.

According to the embodiment tHustrated m FlG. 3, the extractive agent compound used in the
upsiream non-aromatic removal column 445, as well as in the extractive distiliation column
455 {(and 1 each case separated from the second bottoms fraction 422) may be the same
compound. Alternatively, different exiractive agent compounds may be used for these
diferent purposes, i which case an optional separation {e.g., distilation) may be used o
obtain the non-aromatic extractive agent stream 4220 and the recycle portion 4228 that are
miroduced to these respective columns.  An exemplary non-aromatic extractive agent 1s
acetonitrile. Preferably, however, the same compound may be used for both extractive
distillations, leading to further advantages 1n ferms of process simplification {e.g., fewer
separafion requirements) and associated cost reductions. As further tHhustrated i FiG. 3, total
non-aromatic extractive agent input 410 to non-aromatc removal column 445 may be a
combined amount of non-aromatic extractive agent compound make-up stream 412A and
non-aromatic extraciive agent stream 422{. Also, otal ethylbenzene extractive agent mput

416 to extractive distillation column 455 may be a combined amount of make-up stream

4128 and recycle portion 4.228.

Extractive Agent Compounds

For extractive agent compounds used 1n the processes described herein, and particularly in
the extractive distillation zone 400 (as EB separation unit 40(), the binding encrgy between
such an extractive agent compound and cthylbenzene advantageously difters from the
pinding energy between the extractive agent compound and the at least one of the other (e.g.,
non-ethyvlbenzene} g aromatic compounds, such as ortho-xviene, meta-xylene, or para-
xviene. Binding energy is determiined by a combination of several factors associated with the
respective mteracting compounds, mcluding thew polarity and steric effects. it now has been
surprisingly discovered that extractive agent compounds having a carbocyche (e.g., and also
aromatic} or heterocyclic ring structure bemng substituted at substitiitable ring positions with
(1) at least one NRARP radical (i.e., -NR?R® substituent), whercin R? and R® are independently
selected from the group consisting of an oxygen radical, a hydrogen radical, and a
nydrocarbyl radical having from about 1 to about 20 carbon atoms, and (1) at least two halo

radicals {i.e., halo substituents derived irom their respective halogen atoms) are effective
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cxiractive agents tor extractive distillation, such as for use i the separation of cthylbenzene
trom the at least one of the other {y aromatc compound aromatc compound{s} (e.g., ortho-
xylene, meta-xviene, and/or para-xylene). While not being bound by theory, it i1s believed
that the presence of both nitrogen and halogen atoms, together with the cyclic {e.g. aromatic)
ring structure provide appropriate polarity, whereas the cvclic (e.g., aromatic) base structure
itselt provides umportant steric etfects. As a result, extractive agent compounds comprising
these features 1 combmation can attractively mteract with non-ethylbenzene g aromatic
compounds, but can repulsively nteract with ethylbenzene, thereby Tacilitating the distillative
separation of non-ethvibenzene (g aromatic compounds, particularly xylenes, and the

extractive agent compound{s) in a bottoms fraction and ethyibenzene i an overhead fracton.

According to representative embodiments, the extractive agent compound i1s a compound

according to Formula (1):

wherein R? and RY are each bonded to the nitrogen atom illustrated in this formula and are
mdependently selected from the group consisting of an oxygen radical, a hydrogen radical,
and a hydrocarbyl radical having from about 1 to about 20 carbon atoms. R? and R are each
bonded to the nitrogen atom shown in Formula (§) above via a single covalent bond, a double
covalent bond, or a resonance stabilized covalent bond.

In the case of both R* and R® being an oxygen radical, the radical group -NR?RP represents
nitro (~-N{Uh ), as a substituent of the benzene ring thlustrated Formula (1), with nitro having a
structure that can be represented as

N ~ N7
; ;
’ ’
; ;
; ;
: :

, or alternatively represented with resonance stabilization as
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In the case of both R® and R® being hydrogen, the radical group ~NR?RP represents a primary

ammino group (-NHz).

Otherwise, R? and R, together with the nitrogen atorn shown in Formoula (D) above to which
they are commonly bonded, may form a > to 8-membered ring, wherein one or more ring
members {e.g., carbon atom ring members) may be substituted. Suitable substituents of the
ring members are those substituents wdentified below as substituents (1) or (Z2) of one or more
carbon atoms of a hydrocarbyl radical. According to exemplary ermnbodiments, NR*R® may
torm a d-membered ring substituent, such as pyrrolvl, dihvdropyrrolyl, tetrahvdropyrroivl, or
pyrrolidinyl, or alternatively may torm a 6-membered ring substituent, such as pyridinyl,

dihydropyridinyl, tetrahydropyridinyl, or piperidinyl

In formula (I) above, R?-R°® are substituenis of the benzene ring tllustrated in this formula
(other than the substituent, NR*RY) and are independently selected from the group consisting
ot halo, a hydrogen radical, and a hydrocarbyl radical having from about 1 to about 24U carbon
atoms. Preferably, at least two of R?-R® are halo, as in the case of such at least two of R*-R°
being chloro. For example, R° and R* may both be halo, such as chloro. Alternatively, R-

and R* may both be halo, such as chloro.

In the case of one or more of R?, RP, R°, R°, R*, R”, or R® being a hydrocarbyl radical having
from about 1 to about 20 carbon atoms, such a hydrocarbyl radical refers namely 0 a
saturated or partially unsaturated straight cham, branched, or cyclic radical of a hydrocarbon,
in which one or more carbon atoms in such hydrocarbyl radical are optionally substituted
and/or replaced, for example substituted according to (1) and/or (Z2) below, or replaced
according to (3) below. In particular, in representative hydrocarbyi radicals having from

about 1 to about 20 carbon atoms,

(1) one or more carbon atoms having onc or more bound hvdrogen atoms {i.e., hyvdrogen
racdicals) are optionally substituted with a monovalent radical independently selected from
alkvl, alkenyl, alkynvl, cycloalkyl, heterocvycloalkyl, arvi, heteroaryl, -OH, -SH, -50H,
-S{OHH, -SOsH, -NH», -NO,, -C{»pH, -CONH», -CN, -F, -(Cl, -Br, and -1, wherein the
monovalent heteroatomuc radicals -OH, -SH, -SOH, -NOH, -S{xH, -NH,, -CO0oH, -CONH>

optionally have one or more bound hvdrogen atoms independently replaced by alkyl, alkenvyl,

o
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alkynvl, cycloalkyl, heterocvycloalkyl, arvi, heteroarvl, -OH, -SH, -SOH, -SOxH, -50sH,

+F

-NH,, -N{k, -{COH, -CONH», -CN, -F, -], -Br, or -I;

(2} one or more carbon atoms having two or more bound hydrogen atoms are opfionally
substituted with a divalent radical mdependently selected from =0, =5, =NH, =NUOH, and
=NNH2, wherein the divalent heteroatonuc radicals =MNH, =NUH, and =NNH» optionally
have one or more bound hydrogen atoms {i.e., hydrogen radicals) independently replaced by
atkvi, alkenvi, alkynyl, cycloalkyl, heterocvcloalkyi, arvi, heteroarvl, ~-OH, -5H, -S0H,
-S{hH, -SOsH, -NHy, -NOy, -COH, -CONH,, -CN, -F, -1, -Br, or -I; and

(3) one or more methviene carbon atoms (-CHb»-) are optionally replaced by a divalent radical
independently selected trom alkyl, alkenvi, alkynvl, cvcloalkyl, heterocycloalkvl, arvi,
heteroaryl, -0, -5-, -NH-, -0OC0-, -COq-, -CONH-, ~-OCONH-, and -CO;NH-, wherem the
divalent heteroatomic radicals -NH-, -CONH-, -OCONH-, and -CO;NH- optionally have one
or more hydrogen radicals mndependently replaced by alkyl, alkenyl, alkynvyl, cvcloalkyi,
heterocycloalkyl, arvl, heteroaryl, -OH, -5SH, -SOH, -SOxH, -50:H, -NH., -NG», -COH,
-(CONH,, -ON, -F, -1, -Br, or -1,

According to other embodiments, one or both of R* and RP, and/or one or more of R, R°, R,
R>, or R® (e.g., those substituents R?, R°, R*, R’, or R® that are not halo) may otherwise be
mdependently selected from, i addition to a hydrogen radical or hydrocarbyl radical having
from about 1 to about 2{ carbon atoms as defined above, a monovalent heteroatomic radical
such as -OH, -SH, -SOH, -SOxH, -SOsH, -NH., -NOG»y, -COnH, -CONH->, and -UCN, whercin
the monovalent heteroatomic radicals -OH, -SH, -SOH, -SOhH, -SOsH, -NH», -COnH, and
SCONH2 optionally have one or more hydrogen radicals independently replaced by alkyl,
alkenyl, alkvnyl, cyclealkyl, heterocycloalkyl, arvl, hetercarvi, -OH, -SH, -50H, -S50H,
-aUH, -NH2, -NQO-, -COnH, -CONH,, -ON, -F, -, -Br, or -L

A representative hydrocarbyl radical having from about 1 1o about 20 carbon atoms may be a
saturated or partially unsaturated straight chain, branched, or ¢cyclic radical of a hydrocarbon,
optionally in which no carbon atom 18 substituted according to (1) above, or in which no
carbon atom 18 substituted according to () above, or m which no carbon atom 1s replaced
according to (3) above. In the case of a saturated cychic radical of a hydrocarbon, a

representative hyvdrocarbyl radical may be cycloalkyl (e.g., cyclopentyl or cyclohexyl). In the
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asc of a partially unsaturated cyclic radical of a hvdrocarbon, a representative hvdrocarbyi

radical may be aryl {e.g., cyclopentadienyl or phenyi).

A representative hydrocarbyl radical having from about 1 to about 20 carbon atoms may be a
saturated strarght chain, branched, or cyvehic radical of an aliphatic hydrocarbon, optionally n
which no carbon atom 1s substituted according to (1) above, or in which no carbon atom 18
substituted according to {Z2) above, or 1 which no carbon atom 18 replaced accordmg to (3)

above,

A representfative hydrocarbyl radical having trom about 1 to about 20 carbon atoms may be
selected from the group consisting of alkyl, alkenvl, alkynvi, cycloalkyl, heterocycloalkvl,
arvi, heteroaryl, (cycloalkyihalkyl, (heterocycloalkyhalkvl, aralkvi, heteroaralkyl, hydroxy,
alkoxy, cycloalkoxy, arvioxy, hydroxycarbonyl, hydroxycarbonvialkyl, atlkanovl.
alkanovioxy, alkoxycarbonyl, thiol, alkyithiol, amino, hale, haloalkyl, amudo, alkylanudo,

{cycloalkyliamido, (heterocveloalkyiyamido, aryviamido, and (heteroaryl jamido.

A representative bydrocarbyl radical baving from about 1 to about 20 carbon atoms may be

alkvi, such as C1-Cq alkyl {e.g., methyl, ethyl, propyi, and butyl).

According to other embodiments, one or both of R* and R®, and/or one or more of R, R, R,
R>, or R® {e.¢., those substituents R%, R, R* R>, or R® that are not balo), for example both of

“and RP, and/or all of R?, RY, R%, R°, or R® that are not halo, are hydrogen radicals.

According to specific emboduments, the aromatic compound of the cxiractive agent may be
an isomer of dichloronitrobenzene, for example a compound in which NR*R® represents nitro
(NO»), two of the substituents R, R, R* R>, and R® represent chloro, and the remaining
substituents B2, R’, R%, R, and R® represent hydrogen. In the particular case in which NRRP
represents nitro (NO»); RS and R* represent chioro; and R?, R°, and R® represent hvdrogen,
the aromatic compound of the extractive agent 1s 1,2-dichloro-4-mtrobenzene. In the
particular case in which NR*RP® represents nitro (NO:); R and R’ represent chloro; and R°,
R, and R® represent hydrogen, the aromatic compound of the extractive agent is 1,2-

dichloro-3-nitrobenzene.  The compounds i,Z2-dichloro-4-mitrobenrzene and 1.2-dichioro-3-

nitrobenzene have the followmyg structures:

o
o
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Lo
and
“C
1. 2-dichlore-3-nitrobenzene }.2-dichloro-4-nitrobenzene

According to other specitic embodiments, the aromatic compound of the extractive agent
may be an isomer of dichloroaniline, for example a compound in which NR*RP represents
amnino (NHz), two of the substituents RY, RY, R*, R°, and R® represent chiovo, and the
remaining substituents R?, R°, R, R”, and R® represent hydrogen. In the particular case in
which NR*R® represents amino (NH:2); R’ and R* represent chioro; and R°, R, and R®

represent hydrogen, the aromatic compound of the extractive agent 18 3 4-dichloroambine.

This compound has the following structure:

HLN

3.4 dichiorpoaniline

Maxtures of any two or more extractive agent compounds, such as two or more compounds
according to Formula (1) above, may also be used, for example in a hquid puxture {(L.M) of an
extractive distillation process described above. According to particular embodiments, a
mixture of an isomer of dichloroambine and an somer of dichloronitrobenzene, such as a
mmixture of (1) 3.4-dichloroamline and (1) 1.2-dichloro-4-nitrobenzene or 1,Z2-dichioro-3-
nitrobenzene, at any nuxang ratio (e.g., /95 wiw of (1):{a}, 23/75 wiw of (1)), SU/30 wiw

of (1):(1), 73/25 wiw of (1):(11), or B5/5 wiw of (1):(11)) may be used.

For purposes of the present invention, and consistent with accepted chemical nomenclature

tor radicals such as substituent groups,

“Halo,” alone or m combination, represents a halogen radical selected trom tluoro, chioro,
bromo, and 1odo {(i.e., -F, -Ci, -Br, and -1, respectively). According to preferred

embodiments, “halo” represents thioro or chioro, and more preferably represents chioro.
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“Alkyl,” as used alone or in combination with other radicals (i.e., alone or m combination),
represents a straight or branched chain saturated hydrocarbon radical, which may be bonded
at one end of the cham (e.g., as 1 a methyl group, -CHg3) or at two ends of the c¢hain {¢.g., as
in a methvlene group -CHaz-). Unless otherwise mdicated, alkvl contains from 1 to 10 carbon
atoms.  “Alkenyh” alone or i combination, represents alkyl that contams one or more
carbon-to-carbon double bonds. “Alkynyl,” alone or in combination, represents alkyl that

contains one or more carbon-to-carbon triple bonds.

“Cycloalkyl,” alone or m combination, represents a roonocychic, bridged monocyclic,
bicychic, tricvelic or spro nng saturated hvdrocarbon radical, which may be bonded to a
parent molecule at one or more {¢.g., one or two) bonding sites, wherein each ring contams
from 3 to 8 carbon atoms. “Heterocycloalkyl,” alone or in combination, represents cycloalkyl
having one or more carbon atoms replaced by an oxygen, mifrogen, or suifur (including
sulfoxide and sulfone), or otherwise replaced by a divalent radical having such heteroatom,
such as =NH, =NOH, =NNH), =50 and =502, “Arvl,” alone or m combination, represents
an unsaturated or partially unsaturated monocyclic, bridged monocyclic, bicvelic, tricychic or
spiro ring hydrocarbon radical, which may be bonded to a parent molecule at one or more
(e.g.. one or two) bonding sites, wherein each ring contams from 3 to 8 carbon atoms.
“Heteroaryl,” alone or in combination, represents aryl having one or more carbon atoms
replaced by an oxygen, nitrogen, or sulfur heteroatom, or otherwise replaced by a divalent
radical having such heteroatom, such as =NH, =NUH, =NNH;, =50, and =850». Unless
otherwise indicated or apparent from the name of a specitic cveloalkyl, heterocycloalkyl,
aryl, or heteroaryl radical, these cyclic radicals may be bonded in the molecules described

herein at anv ring positions avatlablie tor bonding {(i.e., at any subsititutable ring position).

“Aralkyl,” alone or in combination, represents alkyl i which a hydrogen atom 1s replaced by
arvl. “Aralkenvl,” alone or in combination, represents alkenyl in which a hvdrogen atom is
replaced by aryl. “Aralkynvl,” alone or 1 combimation, vepresents alkynyl m which a
hydrogen atom 18 replaced by  aryl “Heteroaralkyl,” “hetercaralkenvi,” and
“heteroaralkynyl,” alone or in combination, represent alkyl, alkenyl, and alkynyl,
respectively, in which a hydrogen atom 1s replaced by heteroarvi.

n

“Hydroxy,” alone or in combination, represents the radical -OH. “Alkoxy,” "alkenoxy,” and

“alkynvioxy,” alone or in combination, represent alkyl, alkenyl, and alkynvi, respectively,
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that are bonded to a molecule through an ~0- linkage. For examgple, alkoxy, alone or m
combination, represents the radical alkyi-O-. “Cycloalkoxy,” “heterocycloalkoxy,”
“arvioxy,” and “heteroarvyloxy.,” alone or in  combmnation, represent cycloalkyl,
heterocycioalkyl, arvl, and heteroarvi, respectively, that are bonded to a molecule through an

-{J- linkage.

“Carbonyl,” alone or in combination, represents the radical -({C=0)-. ""Thiocarbonvi,” alone
or i combination, represents the radical ~(C=85)-. “Hvdroxycarbonvl,” alone or in
corobination, vepresents a radical of formic acid, -(C=0)-0OH. “Alkanovyl,” “alkenovl,”
“atkynovl,” alone or in combination, represent alkyl, alkenyl, and alkynyl, respectively, that
are bonded to a molecule through a carbonyl lmkage. For example, alkanovl, alone or in
conmbination, represents the radical alkyl-(U=0)-. “Cycloalkanovl,” “heterocycloalkanoyl,”
“aroyl, and Thetercaroyl,” alone or in combination, represent cycloalkyl, heterocycioaikyl,

aryl, and heterocaryl, respectively, that are bonded to a molecule through a carbonyi linkage.

“LCarbonyioxy,” alone or i combination, represent carbonyi that 1s bonded to a molecule
through an -0O- hinkage. “Alkanovioxy,” “alkenoyioxy,” “alkynovioxy,” “cycloalkanoyioxy,”

?

“heterocycloalkanoyloxy,” “Tarovioxy,” and “heteroarovioxy,” alone or in combination,
represent alkanoyl, alkenoyl, alkynoyl, cvcloalkanoyl, heterocycloalkanovi, arovi, and
heteroarovl, respectively, that are bonded to a molecule through an -()- linkage. For exampie,

alkanovioxy represents the radical alkyl-C(=0}-0-.

“Thiol,” alone or in combination, represents an -5- or -SH hinkage. “Alkylthiol”
“alkenyithiol,” and “alkyanyithiol,” alone or m combination, represent alkvi, alkenvi, and
alkynvl, respectively, that are bonded to a molecule through an -5- linkage. bor example,
alkvithiol represents the radical alkyl-S-. “Thiolalkyl,” “thiolalkenyl,” and “thiolalkynyi,”
alone or in combination, represent radicals of the formula HbS-alkyl-, HS-alkenvi-, and

Hy-atkynyl-, respectively.

“Amimo,” alone or in combination, embraces radicals of both primary {(-NHp) and secondary
(-NH-} amines. Unless otherwise indicated, both primary amino and secondary amino
racdicals roay be substituied at a hydrogen, or at both hyvdrogens in the case of primary amino,
with one or two radicals mdependently selected from the group consisting of alkyl, alkenyl,
alkvnyl, cycloalkvl, arvl, and heterparyl. “Alkyviamino,” “alkenvlamuno,” and

“alkynylamino,” alone or i combination, represent alkyl, alkenvl, and alkynvl, respectively,
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that are bonded to a molecule through a secondary amino (-NH-) linkage. “Amido,” alone or
i combimation, represent a  carbonylammo radical  -(C=0)-NH- “Alkylanmdo,”
“alkenviamido,” and “alkynviamido,” alone or in combination, represent alkvl, alkenyl, and
alkvnyl, respectively, that are bonded to a molecule through an amido linkage. For example,
alkviamido refers to the radical alkvi-(C=0)-NH-.  “lmino,” alone or in combination,
represents the radical -(C=NH)-, wheremn, unless otherwise indicated, mmning may be

substituted at a hydrogen with a radical as defined above with respect to aming.

“Heteroatom(s),” “heterocatornic group(s),” and “hetervatomic radical(s) represent atoms of
oxXygen, nitrogen, and sulfur, as well as groups and radicals having these heteroatoms, such as

=}, =S, =NH, =NOH, and =NNH;.

The following examples are set forth as representative of the present mvention. These
examples are not o be construed as hmiting the scope of the mvention as other equivalent

embodiunents will be apparent 1n view of the present disclosure and appended claumns.
EXAMPLE |

Using process simudation, the economics of para-xXylene production in a conventional
aromatics complex were compared o those utilizing integration with exiractive distiliation,
and 1n particular uttizing distillation with an extractive agent compound as described above,
for separation of ethylbenzene trom the process tlow loop. The comparison was based on
this separation occurring between the para-xylene separation zone and xviene isomerization
zone, as itostrated m FIG. 2. In addition to accounting for the upstream reformate splitter
operation, the steps of xvlene column distillation, para-xvlene separation, and isomenzation,
as described above, were sumudated. 1o improve the applicability of the simulations to
conumnercial processes, the operation of a (7 {(tolucne /Uy transalkylation (disproportionation)
unit was also mchided 1 the modeling. Para-xylene separation mn each case was based on

crystatlization.

tThree separate cases were idenfified and analyzed.  The fust case, identified as
“Conventional,” did not utihize extractive distitiation, but mmstead was modeled on the basis of
using a conventional somenzation catalyst, having ethylbenzene dealkylation activity, for
imiting the accumulation of ethylbenzene in the process flow loop. The second case,
identified as “"EB-X 189%,” was modceled on the basis of the para-xviene-depleted eifiuent
from the para-xylene separation zone, and consequently the feed to the extractive distillation
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column, contaming 18 wi-% ethylbenzene. The third case, identitied as "EB-X 259%.” was
modeled on the basis of these streams contanng 25 wi-% ethylbenzene., Because of the
higher concentration of ethvlbenzene m the process flow loop, only &6 wi-% of the para-
xyiene-depleted effluent was needed for exiractive distillation in the third case, compared to 9
wi-% in the second case. The sumilation therefore iliustrated an expected tradeoft that would
be realized between the concentration of ethyibenzene being recycled and the proportion of
the recycle loop bemng ted to the extractive distillation. In both cases EB-X 18% and EB-X
25%, the requirement for cthylbenzene conversion over the isomerization catalyst was
removed and corresponding, milder operating conditions were used in the somerizaiion
reactor sunulation, mcluding liquid phase operation without the addition of hydrogen.

Based on the process sumlation studies, the estimated investment costs for the
“Conventional,” “EB-X 18%,” and "EB-X 25%" cases were comparable. Whereas the latter
two cases required additional capital associated with implementing extractive distillation, it
was Tound that this could be offset by reductions in expenditure due to decreased capacity of
other process operations, most notably an approxumnately 50% reduction in expenditure for

ISOIMEerization.

In considering total operating costs {ncluding utilities), with respect to the cases maodeled
based on an extractive distillation step, an unportant savings resulted from the calculated
hydrogen consumption bemg only about 40% of that tor the “"Traditional™ case, due to the
absence of hydrogen added to the isomerization zone. Moreover, i terims of product vields
and associated product stream values, simulation of the isomerization reaction OCCUITing in
fhe hugnd phase, according to the second and third cases, resulted m a significantly lower,
estimated aromatic ring loss, compared to vapor phase 1somernization 1in the “{raditional”
case. Uther advantages, according to the process models, of operating with extractive
distilation according to the EB-X 18% and EB-X 23% cases, mncluded an mcrease i the total
fiquid product for the aromatics compiex of >2% and a decrease m the off gas make of >15%.
Moreover, about 6.5 wi-% of the total hiquid product in the EB-X 183% and EB-X 25% cases
was recovered as high purity ethylbenzene, suitable for styrene monomer production. No
such revenue-generating steam was associated with the “Traditional” case, consistent with

current comumnercial para-xvlene production facuities.
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For the cases of the modeled complexes generating approximately 309,000 kg/hr (2.6 mullion
meflric tons/year) of para-xylene, the operational benehits (added product credit minus added
gperating costs) of adding the extracthive distillation of ethyibenzene, accordimg to the EB-X
12% and EB-X 25% cases, were determined to be 70-80 nulhon dollars/vear, relative to the

“Traditional” case, assuming a crude oil price of approximately $50/barrel.

{Overall aspects of the mvention relate to processes ior producing para-xylene, utilizing the
steps of distillation 1o separate a s aromafic hvdrocarbon stream, tollowed by separating a
para-xvylene rich product from this steam and somenzing the residual para-xyiene-depleted
effluent to generate additional amount of para-xyiene. By formung a recvele loop, back to the
distilation and/or downstreaimn separation of the para-xylene rich product, such additional
amount can also be recovered. Advantageously, the use of extractive distillation or other
separafion to remove etbhyibenzene and optionally other co-boiling compounds (2.2., {y non-
aromatic hydrocarbons) can umprove process economucs msofar as the conventional
requirements for ethyvibenzene conversion in the isomerization zone can be mitigated and a

purified ethylbenzene product can be generated.

Those having skill 1n the art, with the knowledge gamned from the present disclosure, will
recoginize that various changes could be made in these processes without departing from the
scope of the present invention.  Mechanisms used to explain theoretical or observed
phenomena or resuits, shall be mterpreted as iliustrative only and not imiting i any way the

scope of the appended claims.
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Claims
The invention claimed is:

1. A process for producing para-xylene, the process comprising: separating, in a xylene
column, a Cg aromatic hydrocarbon stream and a Co" hydrocarbon stream, from at least a
portion of an impure ethylbenzene-containing feed; separating, in a xylene separation zone, a
para-xylene rich product from at least a portion of the Cg aromatic hydrocarbon stream, to
provide a para-xylene-depleted effluent; isomerizing, in an isomerization zone, at least a
portion of the para-xylene-depleted effluent, to provide a xylene-equilibrated isomerate;
recycling at least a portion of the xylene-equilibrated isomerate to the xylene column, and
separating, in an ethylbenzene (EB) separation unit, an ethylbenzene-rich product from (i) a
portion of the ethylbenzene-containing feed to provide an ethylbenzene-depleted feed, and
combining at least a portion of the ethylbenzene-depleted feed with all or a portion of the Cg
aromatic hydrocarbon stream, (ii) a portion of the Cg aromatic hydrocarbon stream to provide
an ethylbenzene-depleted Cg aromatic hydrocarbon stream, and combining at least a portion
of the ethylbenzene-depleted Cg aromatic hydrocarbon stream with a portion of the Cg
aromatic hydrocarbon stream bypassing the EB separation unit, (iii) a portion of the para-
xylene-depleted effluent to provide an ethylbenzene-, para-xylene-depleted effluent, and
combining at least a portion of the ethylbenzene-, para-xylene-depleted effluent with a
portion of the para-xylene-depleted effluent bypassing the EB separation unit, (iv) a portion
of the xylene-equilibrated isomerate to provide an ethylbenzene-depleted, xylene-equilibrated
isomerate, and combining at least a portion of the ethylbenzene-depleted, xylene-equilibrated
isomerate with a portion of the xylene-equilibrated isomerate bypassing the EB separation
unit, or a combination thereof.

2. The process of claim 1, wherein the ethylbenzene-rich product is separated from a
portion of the para-xylene-depleted effluent to provide the ethylbenzene, para-xylene-
depleted effluent.

3. The process of claim 1, wherein the ethylbenzene-containing feed comprises a
product of naphtha reforming, naphtha cracking, or transalkylation.

4. The process of claim 3, wherein the product of naphtha cracking is pyrolysis
gasoline.
5. The process of claim 1, wherein the xylene separation zone comprises adsorptive

separation or crystallization for the separating of the para-xylene rich product.

6. The process of claim 1, wherein the isomerization zone comprises an isomerization
reactor, through which the at least a portion of the para-xylene-depleted effluent is passed in
the liquid phase.

7. The process of claim 6, wherein the isomerization reactor is operated under
isomerization conditions including a temperature from about 200°C. (392° F.) to about 300°
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C. (572°F.) and an absolute pressure from about 2.5 MPa (363 psi) to about 4.5 MPa (653
psi).

8. The process of claim 1, wherein a para-xylene process flow loop is completed by said
recycling of said at least a portion of the xylene-equilibrated isomerate to the xylene column.

9. The process of claim 1, wherein the EB separation unit comprises extractive
distillation.

10. A process for producing para-xylene, the process comprising forming a para-xylene
process flow loop comprising: (i) a Cg aromatic hydrocarbon stream, separated as a low-
boiling fraction in a xylene column, (ii) a para-xylene-depleted effluent, separated in a xylene
separation zone from at least a portion of the Cg aromatic hydrocarbon stream, and (iii) a
xylene-equilibrated isomerate, provided from isomerization of at least a portion of the para-
xylene-depleted effluent, wherein the process flow loop is completed by recycling at least a
portion of the xylene-equilibrated isomerate to the xylene column, and wherein an overall
conversion of ethylbenzene introduced into the para-xylene process flow loop is less than
about 20 wt-%, or wherein an overall loss of aromatic rings introduced into the para-xylene
process flow loop is less than about 5 mol-%, the process further comprising removing an
ethylbenzene-rich product, comprising ethylbenzene in an amount of greater than about 90
wt-%, from the para-xylene-depleted effluent of the para-xylene process flow loop or from
the xylene-equilibrated isomerate of the para-xylene process flow loop, wherein the removing
of the ethylbenzene-rich product is performed by extractive distillation.

11.  The process of claim 10, wherein greater than about 80 wt-% of the ethylbenzene
introduced into the para-xylene process flow loop is present in an ethylbenzene-containing
feed to the xylene column and/or to an ethylbenzene (EB) separation unit.

12. The process of claim 10, wherein the isomerization of the at least a portion of the
para-xylene-depleted effluent is carried out with a per-pass aromatic ring loss of less than
about 2 mol-%.

13.  The process of claim 10, wherein each of (i), (ii), and (iii) of the process flow loop
comprises less than about 25 wt-% ethylbenzene.

14.  The process of claim 10, wherein the ethylbenzene-rich product comprises greater
than about 95 wt-% ethylbenzene.

15.  The process of claim 14, wherein the ethylbenzene-rich product comprises greater
than about 99.5 wt-% ethylbenzene.

16. A process for producing para-xylene, the process comprising: separating an
ethylbenzene-rich product from a portion of an ethylbenzene-containing feed to provide an
ethylbenzene-depleted feed; separating, in a xylene column, a Cg aromatic hydrocarbon
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stream as low-boiling fraction and a Co" hydrocarbon stream as a high-boiling fraction, from
a portion of the ethylbenzene -containing feed; combining at least a portion of the
ethylbenzene-depleted feed with a Cg aromatic hydrocarbon stream, to provide a combined,
ethylbenzene-depleted feed/Cg aromatic hydrocarbon stream; in a xylene separation zone,
separating a para-xylene rich product from at least a portion of the combined, ethylbenzene-
depleted feed/Cg aromatic hydrocarbon stream, to provide a para-xylene-depleted effluent; in
an isomerization zone, isomerizing at least a portion of the para-xylene-depleted effluent, to
provide a xylene-equilibrated isomerate; and recycling at least a portion of the xylene-
equilibrated isomerate to the xylene column, wherein a per-pass ethylbenzene conversion in
the isomerization zone is less than about 5 wt-%.

17.  The process of claim 16, wherein the separating of the ethylbenzene-rich product is
performed by extractive distillation.

18.  The process of claim 17, wherein the extractive distillation further provides a Co"
hydrocarbon-enriched heavy fraction, the process further comprising combining the Co*
hydrocarbon-enriched heavy fraction with the Co" hydrocarbon stream, separated from the
xylene column.

19.  The process of claim 1, wherein (i) the ethylbenzene-containing feed or portion
thereof, (i) the portion of the Cg aromatic hydrocarbon stream, (iii) the portion of the para-
xylene-depleted effluent, or (iv) the portion of the xylene-equilibrated isomerate, from which
the ethylbenzene-rich product is separated, represents from about 1 wt-% to about 95 wt-% of
the para-xylene-depleted effluent, or the xylene-equilibrated isomerate.

20.  The process of claim 1, wherein (i) the ethylbenzene-containing feed or portion
thereof, (ii) the portion of the Cg aromatic hydrocarbon stream, (iii) the portion of the para-
xylene-depleted effluent, or (iv) the portion of the xylene-equilibrated isomerate, from which
the ethylbenzene-rich product is separated, comprises from about 3 wt-% to about 50 wt-% of
ethylbenzene.
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