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PROCESS FOR THE SEPARATION OF ETHYLBENZENE
FROM OTHER Cs AROMATIC COMPOUNDS

CROMS-REFERENCE TO RELATED APPLICATION

I

i31] This application claims priority to US Provisional Patent Application No. 62/701,059
filed on July 20, 201%, whose contents are expressly mcorporated herein by reference in s

entirety.

FIELD OF THE INVENTION

i02] The present mvention relates to an extractive distillation process for separation of
ethyibenzene from a hgqnd mikture comprising ethyvibenzene and at least one further (g
aromatic compound, such as a xvlene isomer, using an extractive agent o improve the

separation.

BACKGROUND OF THE INVENTION

03]  Separation of compounds having close botling points usvally requires a morve
complicated process, relative to conventional distiliation methods. Extractive disullavcon 13
one technique developed for this purpose, which has been applied commercially and is
beconung mcreasingly umportant as a separation method, particularty i the refining and
petrochemical industries. A common characteristic of extracuve distillation methods 1s the
use of a heavy solvent, re., a high botling point, extractive agent that is added to the mixture
of the compounds 0 be separated. This exiractive agent funcfions to mcrcase the relative
volatuity of these compounds. Relative volatility provides an mdication of the degree of thewr
separabihity {ease of separation) by distillation from a hquid nuxture of these compounds. in
addition to altering the relative volatility, an effective extractive agent should also itseli be
casily separated from the distilation products. Thus, a stgmificant difference mn bothing pomt
between the extractive agent and the compounds to be separated 18 desirable. The extractive
agent plavs an umportant role in the design of extractive distillation processes. Therefore, the
sefection of a suitable extractive agent 18 essential to ensuring the effective and econonucal
design of an extractive distiliafion process.

{04] Ethylbenzene 15 a hydrocarbon compound with high commercial utilization and value.
A major use 1s for the production of styrene, which 1n turn serves as an mntermediate in the

manuiacture of polystyrene. Ethylbenzene can be synthesized from the reaction of benzene
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and ethylene, or alternatively it can be recovered from an unpure hydrocarbon muxture. For
exampie, unpure mixtures confaiming ethyibenzene are commonly produced as by-products
of vartous petrochemical processes. fmpure hvdrocarbon nuxiures contaning ethylbenzene
normally also contain other hydrocarbons, most notably other g aromatic hydrocarbons

(e.g., Xyienes) having botling points close to that of ethyibenzene.

{05] Examples of mmpure cthylbenzene-containing mixtures are obtained from naphtha
cracker eftluents, 1n which pyrolysis gasoline streams are generated. It 18 desirable to extract
valuable aromatic compounds, and mixitures of compounds, mcluding benzene, toluene,
cthylbenzene, and Xylene from pyrolysis gasoline for further utlization. Benrzene and toluene
can be conventently separated with known techmigues, leaving a mixed g hydrocarbon
stream, comprising ethvibenzene in combination with xylenes.  Such muxiures typically
contain more than 60 wi-% ethylbenzene (Thigh ethyibenzene™), with most or all of the
remainder bemg mixed xvlenes that co-boil with each other and with ethyibenzene, rendering

these components difticult to separate by conventional distiliation.

i06] Other impure ethylbenzene-containing mixtures are those used m processes for the
production of para-xviene, i which a mixed (g hvdrocarbon stream is separated from such
mixfure, for example a reformate stream that is a feed to a Xylene column. This mixed g
hydrocarbon stream 1s then hurther separated, for exarople using known simulated moving
bed processes employing a suitable adsorbent, into a para-xylene nch stream (e.g., recovered
as a para-xyviene rich product) and a para-xviene lean strcam (or para-xylene depleted
ctiiuent). The para-xviene lean stream generally comprises meta-xylene, ortho-xvlene, and
minor amount of ethylbenzene, generally not exceeding 20 wt-% (“low ethylbenzene™). In
grder to increase the vield of para-xylene, the para-xvlene lean stream 18 subseguently
processed in a catalytic conversion step to dealkviate ethylbenzene. The dealkylated products
are separated from the effluent obtained from this step, and the remaming stream,
substantially comprising meta-xyiene and ortho-xylene, 18 isomerized to increase the overall
yield of the desired para-xviene isomer. This para-xviene enriched i1somerate {or Xvicne-
equilibrated 1somerate, to the exient that para-xXviene concenifration is icreased m the
direction of its equilibrium concentration with the other xvylene isomers) 1s then generally

recyeled (o the xviene columin.

i07] Various attempts have been made to facilitate the separation of hydrocarbons from
tmpure mixtures. Examples of these are described m GB 1,198,592, US 3,105,017, US
3,397,441, US 4,299,668, WO 2016/036 326, WO 2016/036 388; and WO 2016/036392,

Z
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which disclose the use of various operating conditions and/or extractive agents for this
purpose. However, the proposed solufions generally involve one or more of high energy
consuwnption, compiex process flow schemes, the use of toxic agents, and/or other parameters
that are generally undesirable. Accordingly, there remains a need in the art for exiractive
distillation processes that overcome various drawbacks associated with conventional

fechniques.

SUMMARY

{J8] Aspects of the invention are associated with the discovery of improved processes for
the separation of cthylbenzene from a hydrocarbon component comprising ethylbenzene and
at ieast one other (g aromatic compound. To pertorm extractive distulation, the hydrocarbon
component may be combined with one or more extractive agent compound(s} as described
herein, to provide a liquid mixture. The extractive agent compound effectively contributes to
the desired separation, by mcreasing the relative volatility of ethylbenzene to the g aromatic
compound. Moreover, the eXtractive agent compound i1s itself easidy separated from a
distillate (e. 2., recovered as a bottoms fraction of the extractive distidlation) that is enriched in
both the Cg aromatic compound and the exiractive agent compound, relative to the starfing
mmxture. This allows for the convenient reuse {recycle) of the extractive agent compound, for

example 1 a confinuous extractive distillation process.

{081 Other aspects are associated with the surprising discovery of a class of extractive
agent compounds that are particularly usetul and provide important advantages i extractive
distillation, especially in the separation of ethylbenzene trom a further (or other) Cg aromatic
compound. Represenfative extractive agent compounds include a carbocyclic or heterocyclic
ring structure, the ring structure being substituted with at least one NRRP-group radical and
at least two halo radicals. R? and R® are independently selected from the group consisting of
an oxvgen radical, a hyvdrogen radical, and a hydrocarbvyl radical having trom about 1 {o

abhout 20 carbon atoms.

{10] Accordingly, embodiments of the imvention are directed to extractive distillation
processes, comprising distilling a hguid mixtore comprising ethylbenzene, a further g
aromatic cormnpound, and an extractive agent compound as described heremn. Advantageously,
the extractive agent contribuies to umproved etfficiency, or separability of ethvlbenzene from
the Turther (s aromatic compound. lmproved separability may be quantitied 1n terms of

mncreasing relative volatility of ethyibenzene to the further s aromatic compound, for
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example compared to a reference distillation performed with all parameters {e.g.,
femnperature, pressure, and normahized composiion that discounts the extractive agent
compound(s)) bemg the same except tor the absence of the exfractive agent compound.
Improved separability may alternatively be guantitied i terms of a competitive factor, D,
which 1s associated with the differing affuuties of the extractive agent compound for the
difterent compounds o be separated, as described and defined herein, of greater than 1. In
thas regard, those skilled 1 the art will appreciate, 1n view of the present disclosure, that even
sraall increascs 1n the relafive volatdity of ethyibenzene and/or the competitive factor provide
substantial reductions 1 capiial and/or energy requirements to achieve a given separation by
distillation. These capital requurements are associated with the column height and separation
stage requirements, and these energy requirements are associated with column reboiler and

condenser duties.

{11] Further advantages associated with extractive distillation processes described herein
may include the ease of separation of the extractive agent compound, downstream of the
extractive distillation, allowing for its continuous or mtermittent recovery and/or reuse {(e.g.,
recycie back to the extractive distillation), thereby reducing raw material consumption. Yet
aother advantages may be associated with the flexibility of extractive agent compounds
described herein, for use with umproved eificiency over a wide range of ethylbenzene
concentrations in hguid muxtures that are subjected to extractive distulation. For example,
representative  hydrocarbon components of such higuid mixtures mclude both “hagh
cthylbenzene” streams and “low ethyibenzene” streams as described hercin. According to a
particular embodiment, an extractive distilation process as described hervein may provide an
attractive alternative to performing catalytic conversion (e.g.. dealkylation) to remove
ethylbenzene from a reformate stream, a mixed {{g hydrocarbon stream, or other stream,
obtained from a para-xyiene production process described herein. That s, such stream may
provide a hydrocarbon component for an extractive distillation process as described herein.
Stil further advantages may be associated with neghgible toxicity of extractive agent

compounds described heremn, or at least reduced foxicity relative to conventional agents.

i14] Other embodiments of the invention are directed to higuid mixtures comprising
ethvibenzene, a further g aromatc compound, and an extractive agent compound as
described heremn, wheremn the extractive agent compound 18 present i an amount effective to

provide mmproved efficiency or separabuity, which may be quantified m terms of increasing
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relative volatiity of ethylbenzene to the turther Cg aromatic compound, of may alternatively

be quantified 1 terms of a competitive factor, 13, as described herein, of greater than 1.

{13] Yet other embodiments are directed to a continuous extractive distillation process
compirising a number of integrated steps, mcluding (a) recovering, as a bottoms fraction from
an upstream distibation of an unpure feed stream (e.g., an unpure ethylbenzene-confaimng
mxture as described herein, such as an impure ethylbenzene-contaiming feed to a xyiene
columi}, a purtiied feed steam comprising ethvibenzene and a further Cy aromatic compound,
wherein the puritfied feed stream is depleted m non-aromatic hyvdrocarbons {and optionally
enriched 1 Cg aromatc compounds), relative to the impure feed stream; (b) distilling a hguid
mixture of the purtfied feed stream and an extractive agent compound to provide (1) an
overhead fraction enriched in ethyilbenzene {(and optionally depleted in both the further g
aromatic compound and the extractive agent), refative to the hqguid mixture, and (11} a bottoms
fraction that, relative to the higud nuxture, is enriched i both the further g aromatic
compound and the extractive agent compound {and optionally depleted i ethylbenzene); (¢}
distilling the bottoms {raction to provide (1) a second bottoms fraction emniched in the
extractive agent compound {(and optionally depleted in the further (g aromatic compound},
relative to the bottoms fraction, and (1) a second overhead fraction enriched n the further €
aromatic compound (and optionally depleted in the extractive agent compound), relative to
the bottoms fraction; and (d) recycling at least a portion of the second bottoms fraction {6

provide at least a portion of the extractive agent compound in the hqguid maxture 1n step (b).

{14] The distdling of the haquid muxture in step (b) may be performed in one or more {e.g..
a series) of distllavon columns, to which some or all of the second bottoms fraction is
recycled m step (d). Optionally, a fresh or make-up stream comprising the extractive agent
compound may be added to provide at least a sccond porfion of the eXtractive agent

compound m the hguid mixtore 1n step {(b).

(1o]  Still other embodiments of the present invention are directed to the use of one or more
extractive agent compound{s) as described berein, in an extractive distidlation process for
separating ethyibenzene from a hydrocarbon component as described herem. In any of the
aforementioned embodiments, a fraction entiched n ethylbenzene may be recovered as an

ethyibenzene rich product.

{16] These and other aspects, embodiments, and associated advantages will become

apparent from the following Detatled Description.
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BRIEF DEMCRIPTION OF THE DRAWINGS

i17] FIG. 1 illustrates a representative flow scheme according to one embodiment of an
extractive distillation, including a pretreatment that i1s namely an upstream distillation o
FEMOVEe non-aromatic compounds trom an unpure feed stream, which non-aromatic
compounds may have boiling pownts sinmlar to ethyibenzene and/or the turther {Ug aromatic

compound present in the impure teed stream.

(18] FIG. 2 further illustrates another flow scheme of an extractive distillation process, in
which the prefreatment includes a further upstream distillation to remove heavy (o)

hydrocarbon components.

(18] FIG. 3 graphically illustrates the results of relative volatlity measmrements for
cthylbenzene and para-xyiene, in different hiquid mixtures with 1,2-dichloro-4-nitrobenzene
3

and 1.2, 4-trichlorobenzene as an extractive agent compound, used in Examples 2-3, to

demonstrate certam advantages of the present mvenfion.

(20]  FIG. 4 graphically illustrates the competitive factor of ethylbenzene with respect to
para-xylene, meta-xylene, and ortho-xviene, obtained for muxtures of two exfractive agent

compounds, namely 1,Z2-dichloro-4-nitrobenzene and 3.4 dichloroamline.

i21] FiG. 5 graphically illustrates the competitive factor of the non-aromatic hydrocarbons,
n-octane, ethyleyvelohexane, and cyclooctane, with respect to ethyibenzene, obtained for
mixtures of two extractive agent compounds, namely 1,2-dichloro-4-nitrobenzene and 3.4

dichiorcanihine.

i22] The flow schemes of FIGS. 1 and 2 are to be understood to present an ilustration of
the mvention and/or principles mvolved., Details including pumps, compressors, heaters,
chillers, rebotlers, condensers, liquid and vapor reflux loops, mstrumentation and controd
toops, and other items not essential to the understanding of the mvention are not shown. As
i1s readily apparent to one of skill in the art having knowledge of the present disclosure,
extractive distillation methods, according to various other embodiments of the mvention, will

have configurations and components determined, 1n part, by thewr specific use.
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DETAILED DESCRIPTION OF EMBODIMENTS

General Terms

(23] The term “extractive agent compound” refers to a compound that 1nteracts with two
other compounds to facilitate their separation by distillation.  These interactions, in the
environment of a liguid muxture comprising the extractive agent compound and such two
other compounds (e.g. ethyibenzene and a turther (g aromatic hydrocarbon} may eftectively
decrease the boithing poumt of the one other compound having the lower normal bolthing pomt
(e.g., ethylbenzene)} and/or effectively increase the boithing pomt of the second other
compound having the higher normal boiling pomi (e.g., para-xviene}. therefore, in the
environment of the hquid muxture, the difference n the effective botling pomts of two
closely-boiling compounds may be increased, compared to the difference i the normal
boiling powmis of these compounds. According to representative embodiments, wo
commpounds to be separated using extractive distilation processes described herem (e.g., one
other compound, enriched i an overhead fraction, and a second other compound, enriched
a bottoms fraction) have normal boiling points that generally differ by generally less than
about 15°C (27°F), typically by less than about 10°C (18°F), and often by less than about 5°C
(9°F), such that these compounds are not easily separable using convenunonal distillation (i.e.,
i the absence of an extractive agent compound), without significant capital expenditures
(associated with a large number of vapor-higuid equilibrium separation stages within a
colunu) and/or signiicant energy expenditure (associated with bigh hgud and vapor reflux

tlows and high reboder and condenser duties}.

i24] The term “extractive distiliation process” refers to a distillation process using an
extractive agent compound {e.g., present m a liquid nuxture that 1s subjected to heating and
multiple stages of vapor-hguid equibbrium separation). In representative embodunents, {wo

Or more extractive agent compounds as described herein may be used.

i23] In other representative embodiments, one or more extractive agent compounds as
described herein may be used, in combination with one or more conventional extractive agent
compounds, and/or one or more further constituents {e 2., one or more solvents) of an overall
extractive agent solufion. OUne or more extractive agent compounds as described herein may
be present i such extractive agent solution, in a combined amount of such extractive agent
compounds of generally at least about 10 wi-%, typically at least about 60 wi-%, and oiten at

feast about 80 wt-%, with the balance comprising, Tor exampie, one or more conventional
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extractive agent compounds and/or one or more solvents, According to any embodiment
described hevein, therefore, the term “exfractive agent compound” may be replaced wiath
“extractive agent solution,” wherem the latter mdicates the possibility of constituents other

than extractive agent compound(s) according to the present invention.

28] The term “mixture” refers to any combination of more than one compound. A
representative hiquid mixture, which 18 used in an extractive distillation process, comprises
one or more extractive agent compound(s) according to the present invention, i combination
with a hydrocarbon component comprising at least two different hydrocarbon compounds,

such as ethylbenzene and a turther Cg aromanc compound that s other than ethylbenzene.

i27] The term “cyclic ring structure” denotes a structure of, or included in, a compound or
molecule, which structure mcludes three or more atoms {(e.g., from three (o ten atoms, from
five to eight atoms, or from six {0 seven atoms) arranged or bonded i a rmg. The term
“eychic ring structure” encompasses both “carbocyclic ring structure,” in the case of the ring
being tormed soiely by carbon atoms, and “heferocyciic ring structure,” 1 the case of the ring
being formed by carbon atoms and at least one atom that 18 not carbon {(e.g., oxygen,
nitrogen, or sulfur). An aromatic compound, as is understood i the art, 18 a compound or
molecuie comprising an aromatic ring structure, which 1s known as a planar (flat) structure,
formed by carbon atoms, and optionally heteroatoms, m a ring of resonance bonds that
exhibits more stability, compared to other geometric or connective arrangements with the
same nurmber of carbon atoms. I all ring members of an aromatic ring structure are carbon
atoms, then this ring structure 18 both “carbocyclic” and “aromatic” (i.e., some “aromatic’
ring structures can tall within “carbocyclic” ring structures).  Aromatic compounds are
preferably benzene derivatives, ie., compounds comprising a benzene ring that 18 substituted
at onc or more carbon atoms forming the ring. The term “Cg aromatic compound” reters to

an aromatic compound with eight carbon atoms.

(28] Extractive distllation processes can comprise distilling a mixture comprising a
hydrocarbon component and, advantageously, an extractive agent compound as described
herein.  tThe hydrocarbon component may comprise both aromatic and non-aromatic
hydrocarbons, and in representative embodiments it comprises aromatic hydrocarbons 1 a
combined amount of generally at least about 50% by weight (wt-%), typically at least about

82% wt-9%, and often at least about 3% wt-%. In each case, the balance mav be all or
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substantially all non-aromatic (e.g., paratimic, cycloparatfinic, and/or naphthenic)
bydrocarbons. For example, the hydrocarbon component may comprise non-aromatic
bydrocarbons 1 a combined amount of generaily less than about 50% wit-%, typically less
than about 15% wt-%, and often less than about 3% wt-%. These weight percentages as
described with respect to combined amounts of aromatic hvdrocarbons, or combined amounts
of non-aromatic hydrocarbons, present m the hvdrocarbon component, may be weight
percentages generally of Cs-Cy aromatic hydrocarbons or Cs-Cy non-aromatc hydrocarbons
present, buf more typically are weight percentages of (s-{g aromatic hydrocarbons or Ce-{g
non-aromatic hydrocarbons present, and often weight percentages of (s aromafic
hydrocarbons or (g non-aromatc hvdrocarbons present.

129] According to some cmbodiments, the hydrocarbon component may be obtained as a
purtfied feed stream, tollowing one or more upstream distillanons of an mmpure feed, to
remove non-aromatic hvdrocarbons and/or other species that could tmpact the efficiency with
which the extractive distillation i1s performed. Particular types of non-aromatic hydrocarbons
that may be removed inciude (g paraifinic hydrocarbons {(e.g., n-octane and 1somers of 180-
octane), Cr-Ug cycloparathnic hydrocarbons {e.g., ethylcyclohexane and cyclooctane), Co
naphthenic hvdrocarbons {e.g., 1somers of trmethylcyclohexane) and others. For example,
upstream distillation of an impure feed stream may be performed (o provide a hydrocarbon
component comprising ethyibenzene and a further (g aromatic compound, depleted 1 non-
aromatic hydrocarbons, relative to the tunpure feed stream.  In this case, the hydrocarbon
component may be recovered as a bottoms fraction from this upstream distiliation.
Alternatively, two upstream distillations (. g., a first and a second upstream distiliation) may
be performed to recover tirst an miermediate punty hydrocarbon component, depleted in
heavy hydrocarbons (e.g., {Uo+ hvdrocarbons), relative to the impure teed {(e.g., a heavy
hydrocarbon-contamunated feed), and o recover second the hydrocarbon component,
depleted 1n non-aromatic hydrocarbons, relative to the intermediate punty hydrocarbon
component. In this case, the intermediate purity hydrocarbon component may be recovered
as an overhead fraction from the hrst upstream distillation, and the hvdrocarbon product may
be recovered as a bottoms {raction from the second upstream distitiation. According to other
embodiments, the order with which various fractions are recovered and/or removed 10 {wo or
more upstream distillations may be varied, depending on the types and amounts of species to
be removed, to umprove overall operating eifficiency m obtaming the hydrocarbon

C(Jﬁlp(}n@ﬂt.
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3] The hydrocarbon components of hiquid mixtures for use in extractive distillation
processes described herein, may generaily be obtained from a refinery operafion, such as
naphtha refornung to produce gasoline bouling-range hydrocarbons. The bydrocarbon
components may also be obtained ifrom naphtha cracking., Representative hydrocarbon
componenis, such as ethylbenzene-contauung hydrocarbon components, nclude “high
ethyibenzene” strearps, for example, streams generaily contaming at least 50% wit-%,
typically at least 60 wit-%. and often at least 75 wit-%, of ethylbenzene, such as streams
obtained irom naphtha cracker processes, with exemplary streams being recovered from
pyvrodysis gasoline that 1s generated m these processes, as described above. Other
sthylbenzene-contaiming hydrocarbon components mclude “low ethylbenzene” streams, for
example, streams generally containing less than 40% wt-%, typically less than 20% wit-%,
and often less than 10 wi-%) of cthylbenzene, such as streams obtained from the production
of para-xylene, i which a mixed (g hydrocarbon stream is separated from a reformate stream
that 18 a feed to a xylene column.

i31] The ethylbenzene-containing hydrocarbon component may generally comprise (g
aromatic compounds in a combined arnount of at least about 70 wt-% (e.g., as the combined
amount of ethylbenzene and the xvlene 1somers, ortho-xylene, meta-xylene, and para-xylene),
of this component, and will fypically comprise g aromatic compounds i a combined
amount of at least about 85 wt-%, and often at least about 93 wit-%. Representative
ethylbenzene-containing hydrocarbon components comprise one or more further Cg aromatic
bvdrocarbons, other than ethylbenzene, with these further Cx aromatic hydrocarbons being
present in the hydrocarbon component i any amount, for example m an amount irom about
10 wit-9 to about 90 wt-%. from about 15 wit-% to about 80 wi-%, or from about 35 wt-9% to
about 75 wit-%. With respect to the further s aromatic hydrocarbon portion only, this
portion may comprise all or substantially all {(e.g., greater than 95 wt-9%) of (1) ortho-xviene,
meta-xylene, and para-xviene in combmaton, (1} meta-xyvlene and para-xviene 1in

combination, or (1i1) para-xylene.

i32]  Licud miuxtures, which are subjected to extractive distitlation, may be formed by
combinming a hydrocarbon component, such as an ethvibenzene-contaming hydrocarbon
component, with one or more extractive agent compounds. {n exemplary processes described
herein, this combining may be periormed batchwise, but it 18 preferably performed
continuously. This combimng may be performed prior to the extractive distillation, such as

in the case of continuously combining streams of the hydrocarbon component and the

10
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extractive agent compound{s} upstream of a distiliation column used to perform the exiractive
distillaton. This combuung may alternatively be performed within the extractive distillation
isell, such as m the case of continuously feeding the hydrocarbon component and the
extractive agent compound{s), as separate teed streams to a distillation column used to
perform the extractive distiblation. For example, these separate feed sireams may be

infroduced to the distdlation column at the same axial (vertical) height or ditferent heights.

t33] Representative liguud mixtures comprise a hvdrocarbon component and one or more
exiractive agent compound(s) as described above. KRepresentative weight ratios of the
hydrocarbon component to the extractive agent compounds may range generally from about
1:10 to about 501, typically from about 1:% to about 20:1, and often from about 1:6 to about
i:1. The hguid mixture may comprise all or substantially all hvdrocarbon component and
extractive agent compound(s), with no or substantially no additives.  In representative
embodiments, the liguid mixture may comprise the hydrocarbon component and extraciive
agent compound(s) generally in a combined amount of at least about 70 wt-%, typically at
teast about 85% wt-%, and often at least about 95 wt-%, of the liqund mixture. According {o
other embodiments, water may be included n the hgud muxture, for example i an amount

generally from about 0.005 wt-% to about 235 wi-%.

i34] In some cases, a low water content of the hguid maxture may be desirable. For
example, the liqud muxture may have a water content of generally less than about 3 wit-%,
typically less than about 1 wt-%, and often less than about 0.1 wt-% or even less than about
.01 wt-%. I a low water confent 1s desired, this may be aclieved by drying (dehydrating)
the hydrocarbon component, the extractive agent compound(s), or both {e.g., drying both of
these in combination or drying each of these separately). Drying mav be performed using,
for example, distillation, aqueous-organic phase extraction, adsorption, or other techniques
and even combmations of such techniques, generally prior to distiliing the hquid mixture.
According to a specific example, the hyvdrocarbon component may be dried by contact with a
suttable molecular sieve (e.g., an aluminosilicate molecular sieve such as type 3A available
from Sigma-Aldrich). The representative water contents described above with respect to the
tigwnd muxture are also applicable to the hydrocarbon component and/or the extractive agent

compound(s) mdividually.

i35]  More generally, the ligmd muxomre may be characterized, 1in some embodiments, as
having ondy limited amounts of low-boiling and/or high-boding tmpurities, whereby a low-

bollmg impurity may generally have boiling point of less than about 130°C (266°F) and a
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high bothing pomt may generally have a boiding pomt of greater than about 150°C (302°F).
For example, the hquid maxture may nclude a low-boiling fraction (i.e., total contribution of
all species having a normal boding point of less than about 130°C or 266°F) and/or a high-
bouing fraction (i.e., total contribution of all species having a normal boiling point of greater
than about 150°C or 302°F) represcenting less generally less than about 10 wi-%, typically
fess than about 5 wt-%, and often less than about 2 wit-%, based on total weight of the higud
mmxture. The boithng range of species present 1n the hiquid muxture may be suitably narrowed
by fractionation to remove low-boitling mmpurities (e.g., non-aromatic compounds and/or
water) and/or high-boiling impurities (e.g., o hydrocarbons), prior o distiliing the hguid

mixture, for example as discussed in greater detail below.

Fxtractive Aoent Compoinds

{a6] For exiractive agent compounds used in the processes described herein, the binding
energy between such an extractive agent compound and ethvibenzene advantageously difiers
from the bmding energy between the exiractive agent compound and the hurther {e.g., non-
sthylbenzene) (g aromatic compound, such as para-xylene. Binding energy s determined by
a combination of several factors associated with the respective interacting compounds,
including their polariiy and steric effects. It now has been surprisingly discovered that
extractive agent compounds having a carbocychic (e.g., and also aromatc) or heterocychic
ring structure being substituted at substitutable ring positions with (i) at least one NR2R"
radical (i.e., -NR?RP substituent), wherein R? and R® are independently selected from the
group consisting of an oxygen radical, a hydrogen radical, and a hydrocarbyl radical having
from about 1 to about 28 carbon atoms, and {(11) at least two halo radicals {i.e., halo
substituents derived from their respective halogen atoms} are effective extractive agents for
extractive distitiation, such as for use m the separation of ethylbenzene trom one or more
further (g aromatic compounds, preferably xylenes {e.g., one or both of meta-xylene and
para-xvlene}. While not being bound by theory, it is believed that the presence of both
nitrogen and halogen atoms, together with the cychic (e.g. aromatic) ring structure provide
appropriate polarity, whereas the cyclic {(e.g., aromatic} base structure itself provides
important stenc effects. As a result, extractive agent compounds comprising these features in
combination can atfractively mteract with non-ethvibenzene g aromatic compounds, but can
repulsively mteract with etbylbenzene, thereby facilitating the distillative separation of non-
ethyibenzene Cx aromatic compounds and the extractive agent compound(s) in a bottoms

fraction and ethyibenzene in an overhead fraction.
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t3/] According to representative embodiments, the extractive agent compound is a

compound according to Formula (1)

wherein R* and R" are each bonded to the nitrogen atom illustrated in this formula and are
independently selected from the group consisting of an oxXvgen radical, a hydrogen radical,
and a bydrocarbyl radical having from about 1 to about 20 carbon atoms. R®* and R® are each
ponded to the nitrogen atom shown in Formula (1) above via a single covalent bond, a double
covalent bond, or a resonance stabilized covalent bond.

[38] In the case of both R* and R" being an oxvgen radical, the radical group -NRZRP
represents miro (-NOz), as a substituent of the benzene ning illustrated Formula (1), with nitro

having a stucture that can be represented as

O Qﬁ!“ & ﬂ}ﬁ.O

%N'ﬂ'
3
:
$
3
$

N-i-
:
3
H
3
3

, or alternatively represented with resonance stabilization as

in the case of both R® and R® being hydrogen, the radical group —-NR*R® represents a primary

amino group {-NHz}.

[38] Otherwise, R* and RY, together with the nitrogen atom shown in Formula (I) above to
which they are commonly bonded, may form a 5- to 3-membered ring, wherein one or more
ring members {(e.g2., carbon atom ring members) may be substituted. Suitable substituents of
the ring members are those substituents identified below as substituents (1) or {2} of one or
more carbon atoms of a hydrocarbyl radical. According to exemplary embodiments, NR3RP
may torm  a  S-membered ring  subsfituent, such as  pyrrolvl, dihyvdropyrrolvi,
tetrahvdropvrrolvi, or pyirolidinyd, or alternatively may form a 6-membered ring substituent,

such as pyridinyl, dihydropyridinyl, tetrahydropyrnidinyl, or pipendinyl.
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[40] In formula (I) above, R*-R® are substituents of the benzene ring illustrated in this
formula (other than the substituent, NR*R®) and are independently selected from the group
consisting of halo, a hydrogen radical, and a hydrocarbyl radical having from about 1 fo
about 20 carbon atoms. Preferably, at least two of R*-R® are halo, as in the case of such at
feast two of R%-R® being chioro. For example, R? and B* may both be halo, such as chloro.

Alternatively, R” and R* may both be halo, such as chioro.

[41] In the case of one or more of R% R" R-, R°, R% R”, or R® being a hydrocarbyl radical
having from about 1 to about 20 carbon atoms, such a hvdrocarbyi radical refers namely to a
saturated or partially unsaturated straight cham, branched, or cyche 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 (Z) below, or replaced
according to {3) below. In particular, m representative hydrocarbyl radicals having from

about 1 to about 20 carbon atoms,

i42] (1) one or more carbon atorns having one or more bound hydrogen atoms (ie.,
bydrogen radicals) are optionally substituted with a monovalent radical independentiy
selected  from  alkyl,  alkenyl, alkynvl, cycloalkyl,  heterocycloalkyl,  arvi,
heteroaryl, -OH, -SH, -SOH, -SOH, -SOsH, -NH), -NO», -COH, -CONH, -CN, -F, -C1, -Br,
and -1, wherein the monovalent hetergatomuc
radicals ~-OH, -SH, -SOH, -5S0O:H., -SOsH, -NH, -CO-H, -CONH» optionally have one or
mare bound hydrogen atoms independently replaced by alkvl, alkenvl, alkynvi, cycloalkvl,
heterocvcioalkyl, arvi,
heteroaryl, -OH. -SH, -SOH, -50:H, -SOsH, -NH», -NG», -COH, -CONH,, -CN, -F, -Cl, -Br,

Or -1

431 (2) one or more carbon atoms having two or morve bound hydrogen atoms are
optionally substituted with a divalent radical mdependently selected from =, =5, =NH,
=NOH, and =NNH>, whercin the divalent heteroatomic radicals =NH, =NOH, and =NNH»
optionally have one or more bound hydrogen atoms (i.e., hydrogen radicals) independently
replaced by alkyl,  alkenyl, alkynvl,  c¢yclealkyl,  heterocycloalkyl,  aryl
heteroaryl, -OH, -SH, -SOH, -SOxH, -SOsH, -NH», -NG», -CO:H, -CONH:, -CN, -F, -1, -Br,

or -1 and

i44] (3) one or more methylene carbon atoms (-CHs-) are optionally replaced by a divalent

radical mmdependently selected from alkvl, alkenvl, alkynvi, cycioalkvi, heterocycloalkyvi,

14
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arvl, heteroarvl, -O-, -5-, -NH-, -OC0O-, -COy-, -CONH-, -OCONH-, and -CO)NH-, wherein
the divalent hetercatomic radicals -NH-, -CONH-, -OCONH-, and ~-CO;NH- optionally have
one or roore hydrogen radicals independently replaced by alkyl, alkenvi, alkynvl, cycloalkyl,
heterocycloalkyl, arvi,
heteroaryl, ~OH, -SH, -SOH, -SOH, -SOsH, -NHy, -NO», -COH, -CONH-, -CN, -F, -1, -Br,

o1 ~1.

[45] According to other embodiments, one or both of R?* and R®, and/or one or more of R,
R3, R* R°, or R® {e.g., those substituents R-, RY, R* R> or R® that are not halo) may
otherwise be mdependently selected from, 1n addition to a hydrogen radical or hydrocarbyl
radical having from about 1 to about 20 carbon atoms as defined above, a monovalent
heteroatomuic radical such as -OH, -SH, -SOH, -SO:H, -SOsH, -NHy, -NG», -COnH, -CONH,,
and -{_N, wherein the mongovalent heteroatonuc
radicals ~OH, -5H, -SOH, -SOoH, -50:H, -NH., -CO:H, and -CONH:> optionally have one or
more hydrogen radicals independently replaced by alkvl, alkenyl, alkynvl, cycloalkyi,
beterocycioaikyl, arvi,
heteroaryl, -OH., -SH., -SOH, -50:H, -SOsH, -NH», -NG», -COH, -CONH,, -CN, -F, -(l, -Br,

O -1,

48] A representative hydrocarbyl radical baving from about 1 to about 20 carbon atoms
may be a saturated or partially unsaturated straight chain, branched, or cyclic radical of a
hydrocarbon, optionally 1n which no carbon atom is substifuted according to (1) above, or in
which no carbon atom 1s substituted according to (2} above, or i which no carbon atom is
replaced according to (3) above. In the case of a saturated ¢yclic radical of a hydrocarbon, a
representative hydrocarbyl radical may be cycloalkyl {e.g., cyclopentyl or cyclohexvi). in the
case of a partially unsaturated cyclic radical of a hvdrocarbon, a representative hvdrocarbyl

radical may be aryl {e.g., cyclopentadienyi or phenvi).

(47 A representative hydrocarbyl radical having from about 1 to about 20 carbon atoms
may be a saturated straight chain, branched, or cyclic radical of an aliphatic hydrocarbon,
optionally m which no carbon atom 1s substituted accordmg to (1} above, or i which no
carbon atom 18 substituted according to (Z) above, or 1in which no carbon atom is replaced

according to (3) above.

48] A representative hydrocarbyi radical having from about 1 to about 20 carbon atoms

may be selected from the group consisting of alkyl, alkenvl, alkynvi, cycloalkyl,
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heterocycloalkyl, arvl, hetercaryl, (cycloalkylalkyl, (heterocycloalkylyalkyl, aralkyl,
heteroaralkyi, hyvdroxy, alkoxy, cycloalkoxy, aryioxy, hydroxycarbonyi,
byvdroxycarbonvialkyl, alkanovl, alkanovioxy, alkoxycarbonyl, thiol, alkyithiol, amino, halo,
haloalkyl, amido, alkviamido, (cycloalkyllamido, (heterocycloalkylbjamido, arviamido, and

.

(heteroarylyamido.

(48] A representative hydrocarbyl radical having from about 1 to about 20 carbon atoms

may be alkyl, such as -4 alkyl {e.g., methyl, ethyl, propvyl, and butyl).

581 According to other embodiments, one or both of R? and RP, and/or one or more of R?.
&
R3, R4 R°, or R® (e.g., those substituents R*, R*, R* R”, or R® that are not halo). for example

both of R* and RP, and/or all of R?, R, R*, R°, or R® that are not halo, are hydrogen radicals.

(511 According to some embodiments, in which both R® and R in the extractive agent
compound according to Formula (I) are an oxygen radical and the radical group -NR2RP
represents nitro (-N{h), the extractive agent compound mav be a halo-substifuted
nitrobenzene, according to which one or more of {e.g., at least two of) R%-R® may be halo.
For example, both R? and R’, or both R® and R*, may be halo, and optionally the remaining
substituents may be hydrogen. According to specific embodiments, the aromatic compound
of the extractive agent may be an 1somer of dichloronirobenzene, for example a compound mn
which NRRP represents nitro (-NO»), two of the substituents R°, R°, R4, R, and R represent
chioro, and the remaining substituents R-, R°, R*, R°, and R® represent hydrogen. In the
particular case in which NRRP represents nitro (NO»); R° and R* represent chloro; and R,
R°, and R® represent hvdrogen, the aromatic compound of the extractive agent is 1,2-
dichloro-4-nitrobenzene. In the particular case in which NR*R® represents nitro (NO»); R?
and R° represent chloro; and R°, R°, and R® represent hydrogen, the aromatic compound of
the extractive agent is 1,Z2-dichloro-3-nitrobenzene. The compounds 1,2-dichloro-4-

nitrobenzene and 1,2-dichloro-3-nitrobenzene have the following stiuctures:

"

\Wﬁ'f}

and

G

. Z2=-dictiioro-3-nitrobenzene { 2-dichioro-4-nitrohenzene

:}_
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[52] According to other embodiments, in which both R? and R in the extractive agent
compound according to Formula (1) are a hydrogen radical and the radical group -NRRP
represents amuno (-NHz), the extractive agent compound may be a halo-substifuted
aminobenzene, according to which one or more of (e.g., at least two of) R*-R® may be halo.
For example, both R? and R”, or both B® and RY, may be halo, and optionally the remaining
substituents may be hydrogen. According to specific embodiments, the aromatic compound
of the extractive agent may be an isomer of dichioroantline, for example a compound in
which NR*R" represents amino (-NH»), two of the substituents R, R°, R* R>, and R°
represent chioro, and the remaining substituents RY, R, R, R°, and R® represent hydrogen.
In the particular case in which NR*R® represents amino (NH»); R’ and R?* represent chloro:
and R?, R”, and R represent hydrogen, the aromatic compound of the exiractive agent is 3,4-

dichioroanthine. This compound has the following structure:

e

3.4 dichloroaniline

53] Mixtures of any two or more extractive agent compounds, such as two or more
commpounds according to Formula (1) above, may also be used, for example i a hgwd
mixture (LM} of an extractive distillation process described above. According to particular
embodiments, a mixture of an  somer of dichloroaniline and an  isomer of
dichloronitrobenzene, such as a muxture of (1) 3,4-dichioroaniline and (1) 1,2-dichloro-4-
nitrobenzene or 1,2-dichloro-3-nitrobenzene, at any nuxing rato {(e.g., 5/95 w/w of (1):(1),
23073 wiw of (1):(u), SU/50 wiw of (1):{(u1), 75/25 wiw of {):(i1), or 95/3 of (1):(11)) may be
used.

i54] TFor purposes of the present invention, and consistent with accepted chernical
nomenciature for radicals such as substituent groups,

i55] “Halo,” alone or mn combination, represents a halogen radical selected from fluoro,
chioro, bromo, and i1o0do {ie., -F, -Cl, -Br, and -I, respectively). Accordimg to preferred
cmbodiments, “halo” represents thioro or chloro, and more preferably represents chioro.

i56] “Alkyl.” as used alone or in combination with other radicals {(ie, alone or m

combination), represents a straight or branched chain saturated hydrocarbon radical, which

may be bonded at one end of the cham (2.2., a8 1 a methyl group, -CHa) or at two ends of the
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chain {¢.2., as 1n a methviene group -CHy-). Unless otherwise indicated, alkyl contains from
i to 10 carbon atoms. “Alkenvl,” alone or in combmation, represents aikyi that contains one
or more carbon-to-carbon double bonds. “Alkynyl” alone or i combmation, represents

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

in7]  “Cycloalkyl,” alone or i combination, represents a monocyelic, bridged monocyclic,
bicyclic, tnicyche or spiro ring saturated hydrocarbon radical, which may be bonded to a
parent molecule at one or more {e.g., ong or two) bonding sites, wherein each ring contains
from 3 to 8 carbon atoms. “Heterocvcloalkyl,” alone or in combination, represents cycloalkyi
having one or more carbon atoms replaced by an oxygen, nitrogen, or sulfur (nciuding
sulioxide and sulfone), or otherwise replaced by a divalent radical having such heterpatom,
such as =NH, =NOH, =NNH>, =50 and =5{3. “Aryl,” alone or i combination, represents
an unsaturated or partially ansaturated monocychic, bridged monocycelic, bweychie, tricyciic or
spirg ring hydrocarbon radical, which may be bonded to a parent molecule at one or more
(¢.g., one or two) bonding sites, whereind each ring contains from 3 to & carbon atoms.
“Heteroaryl,” alone or i combination, represents aryi having one or more carbon atoms
replaced by an oxygen, mtrogen, or suliur heteroatom, or otherwise replaced by a divalent
radical having such hetercatom, such as =NH, =NOH, =NNH;, =S50, and =8{(». Unless
otherwise indicated or apparent from the name of a specific cycloalkvl, heterocvcloalkyl,
arvl, or heteroary! radical, these ¢yclic radicals may be bonded 1n the molecules described

herein at any ring posiions available for bonding (i.e., at any substitutable ring position).

58]  “Aralkvl,” alone or in combination, vepresents alkyl in which a bydrogen atom is
replaced by aryl. “Aralkenvl” alone or in combination, represents alkenyl m which a
hydrogen atom is replaced by aryl. “Aralkynyl,” alone or i combination, represents alkynyi
in which a hydrogen atom 18 replaced by aryl. “Heterocaralkyl,” “heteroaralkenvyl,” and
“heteroaralkynyl,” alone or m combmation, represent alkyi, alkenyl, and alkynvi,
respectively, 1in which a hyvdrogen atom is replaced by heteroaryl.

58] “Hydroxy,” alone or in combination, represents the radical -OH. “Alkoxy,”

*

“alkenoxy,” and “alkynvioxy,” alone or m combination, represent alkyi, alkenyl, and alkynvi,

respectively, that are bonded to a molecule through an -{- linkage. For exampie, alkoxy,

?5

alone  or i combination, vepresents  the radical  alkyl-O-. “Cycloalkoxy,

N

“arvioxy,” and “heteroaryioxy,

e

“heterocycloalkoxy, ~alone or mn combination, represent
cycloalkyi, heterocycloalkyl, arvl, and heteroaryl, respectively, that are bonded to a molecule

through an -0- hinkage.
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(60] “Carbonvl,” alone or in combination, represents the radical -(C=0)-. “Thiocarbonyl,”
alone or i combination, represents the radical ~(U=5)-. "Hvdroxycarbonyl,” alone or
commbimaton, represents a radical of formuce acid, -(C=(0)-OH.  “Alkanoyl,” “alkenovi,”
“alkvnoyl,” alone or in combination, represent alkvi, alkenyl, and alkynvl, respectively, that
are bonded to a molecule through a carbonyl linkage. For exampie, alkanoyl, alone or in
combination, represents the rvadical alkyl-(C=0)-. “Cycloalkanovl,” “heterocycioalkanoyl,”
“aroyl,” and “heterparoyl,” alone or in combination, represent cycloalkyl, heterocycloalkyi,

arvl, and heteroaryl, respectively, that are bonded to a molecule through a carbonvi linkage.

i61] “Carbonvioxy,” alone or in combination, represent carbonyi that s bonded to a

molecule through an -0O- linkage.  “Alkanoyloxy,” “alkenoyloxy,” “alkynoyloxy,”

Y he, %

“cycloalkanoyioxy,” “heterocycloalkanovioxy,” “arovioxy,” and “heterocarovioxy,” alone or
in combination, represent alkanoyi, alkenovi, alkynoyl, cycloalkanoyl, heterocycloalkanoyi,
aroyl, and heteroaroyl, respectively, that are bonded to a molecule through an -OU- linkage.

For example, alkanoyloxy represents the radical alkyl-C{={)-0-

i62]  “Thiol” alone or in combination, represents an -S- or -SH linkage. “Alkylthiol”
“alkenvithiol,” and “alkynylthiol,” alone or in combmation, represent alkvl, alkenvi, and
alkynyl, respectively, that are bonded t© a molecule through an -5- linkage. For example,
alkyithiol represents the radical alkvi-S-. “Thaolalkyl,” “thiolalkenyl,” and “thiolalkynyi,”
alone or i combination, represent radicals of the formula HS-alkyl-, Hbs-alkenyl-, and

Hs-alkynyl-, respectively.

i63]  “Amino,” alone or mn combination, embraces radicals of both primary ((NH3) and
secondary (-NH-}) amines. Unless otherwise indicated, both primary amino and secondary
amino radicals may be substituted at a hvdrogen, or at both hydrogens 1 the case of primary
amine, with one or two radicals mdependently selected from the group consisting of alkvi,
alkenvl, alkvnvl, cycloalkyl, arvl, and hetercarvl. “Alkviamino,” “alkenviamino,” and
“alkynylamino,” alone or in combination, represent alkvl, alkenvl, and alkynyl, respectively,
that are bonded to a molecule through a secondary amino (-NH-) linkage. “Anudo,” alone or
i combinatton, represent a  carbonviamuine  radical  -{({U=0)-NH-. “Alkylamido,”
“alkenviamido,” and “alkynyilamido,” alone or in combination, represent alkyl, alkenvl, and
alkynvl, respectively, that are bounded to a molecule through an amido hnkage. For example,
atkviamido refers to the radical alkyi-(C=0)-NH-.  “Imino,” alone or in combination,
represents the radical -{(C=NH)-, wherein, unless otherwise indicated, mmino may be

substifuted at a hvdrogen with a radical as defined above with respect 0 amino.
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i64] “Heteroatom(s),” “heteroatomic group(s},” and “hetercatomic radical(s)’ represent
atoms of oxygen, nitrogen, and sudfur, as well as groups and radicals bhaving these

heteroatoms, such as =03, =5, =NH, =NOH, and =NNH>.

Representative Extractive Listiliation Processes

iG65] Representative extractive distilation processes comprise distilling a bguid maxture
comprising a hydrocarbon component and an extractive agent compound as described herein.
A representative hvdrocarbon component comprises ethylbenzene and at least one further (g
aromafic compound. Accordingly, particular processes comprise distilling a hquid muxture
comprising ethylbenzene, a further g aromatic compound, and an exiractive agent

compound.

i68] The performance of the extractive agent may be characterized according to its ability
to mcrease relative volatulity between ethylbenzene and the further (g aromatic compound (o
be separated, thereby increasing separation eifficiency at each stage of vapor-higud
cquilibrim. According to representative embodiments, the extractive agent compound may
be present 1n the ligqund muxoure in an amount such that the relative volatility (g) of
ethylbenzene to the further s aromatic compound i8 at least about 1.14, preferably at least
about 1.16, more preferably at feast about 1.20, and even more preferably at least about 1.22

at a given pressure, such as 200 millibar absolute pressure.

i6/7] The performance of the extractive agent in extractive distillation processes described
bherein may alternatively be characterized by ifs competitive factor, with respect {o
cthylbenzene and the at least one further (g aromatic compound {e.g., meta-xylene or para-
xylene) to be separated from ethylbenzene. The competitive factor (1) can be guantified by
the expression

1 welght ratio ethylbenzene /further Cg aromatic compound {(with extractive agent compound) The

weight ratic ethyibenzene /further Cg aromatic compound (without extractive agent compound )

numerator of 13 18 a vapor phase weight ratio of ethyibenzene to the further g aromatic
compotnd, at 8U°C (176°F) and atmospheric pressure, m equihibrivim with a higuid maxiure of
(1) 1 part by weight of 60 wt-% ethylbenzene and 40 wit-% of the further (g aromatic
compound and (11} 5 parts by weight of the extractive agent compound. The denominator of
1) 18 a reference a vapor phase weight ratio of the same compounds at 80°C (176°F) and
atmosphenc pressure, in equilibrium with the hiqud composition of (1) only.  Accordingly,

values of D that exceed unity indicate an umprovement in the ease of separability of

cthvibenzene into the vapor phase, resulting from the presence of the extractive agent
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compound. This competitive factor may theretore be measured according to a standard
protocol, tor example as described heremn.  Advantageously, according to representafive
extractive distillation processes, the competitive factor may be generally at least about 1.10,
typically at least about 1.13, and oiten at least about 1.20. Otherwise, an extractive agent
may provide a competitive factor (13) that 18 less than unity, for example gencerally at most
about (L9535, typically at most about .90, and often at most about (1.85, meaning that the
extractive agent indicates an improvement in the ease of separability of the less volatle,
further Cg aromatic compound (e.g., meta-xviene or para-xyiene) into the liguid phase.

i68] In somoe embodiments, alternative to, or in combination with, having a competitive
tactor, with respect to ethvibenzene and the other (g aromatic compound(s) as descrnbed
above, a representative extractive agent compound or mixture of extractive agent compounds
may have a competitive factor with respect {0 one or more non-aromatfic hyvdrocarbons and
ethylbenzene, winch 1s greater than or less than umty.  Advantageously, the extractive
agent(s) can thereby facihitate the separation of such non-aromatic hydrocarbons from
cthylbenzene and the other g aromatic compound{s). For example, i the case of a
cormpetifive factor with respect to a given non-aromatic hydrocarbon that 18 greater than
unity, the extractive agent can facilitate enriching the non-aromatic hydrocarbon i a low-
pouing traction or overhead removal fraction, as discussed i greater detail below in the case
of non-aromatic removal column UL (FG. 1), upstream of extractive dastillation coluron UZ
(F1G. 1), The competitive factor D for a given non-aromatic hydrocarbon with respect to
cthylbenzene mav be determined m an analogous manner as described above but with the
relevant weight ratios in the numerator and denominator being the weight ratio of a given
non-aromatic compound to ethylbenzene, exceeding wuty.  According to parficular
embodiments, the extractive agent compound{(s) may have a competitive factor D, (1) with
respect to n-octance and ethyibenzene of generally at least about 2.0, tvpically at least about
2.3, and offen at least about 2.6, (31} with respect to ethvicycichexane and ethyibenzene of
generally at least about 1.7, tvpically at least about 1.9, and often at least about 2.1, and/or
(111) with respect to cyclooctane and ethylbenzene of generally at least about 1.6, typically at

least about 1.7, and often at least about 1.8,

{691 In representative embodiments, the desired relative volatility (a), competitive factor
(13}, and/or other tavorable extractive distilation operating characteristics are obtained upon
distiling the hgnd mikture af sub-atimospberic pressure, for example at an absolute pressure

of generally less than about 800 mudbbar, typically less than about 400 mulhbar, and often less
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than about 300 mellibar, with an exemplary pressure ranges being ifrom about 380 mullibar to
about 800 mullibar, from about 100 mullibar to about 400 millibar, and from about 150 o

about 300 millibar.

{7U] An exemplary flowscheme of an extractive distillation process is iHustrated in FIG. 1.
According to thas embodiment, an impure feed stream (S1), for example comprising g
aromatic compounds {(e.g., Cg aromatic hydrocarbons such as both ethylbenzene and a further
{g aromatic compound} but also one or more non-aromatic compounds {(e.g., non-aromatic
hydrocarbons such as n-octane and isomers of iso-octane, cthyleyciohexane, cyclooctane,
and/or 1somers of mmethvicvelohexane), 18 subjected to upstream distillation m non-aromatic
removal column (Ul). A non-aromatic extractive agent stream (S8) 18 combined with impure
teed streamt (5 1), etther prior {0 or within non-aromatic removal column (U1}, to facilitate the
desired removal of at least one of the non-aromatic compounds. As shown, an optional non-
aromatic extractive agent compound make-up stream {(d11) may also be introduced,
continuously or mtermittently, to non-aromatic removal colmn (U1l), to replace any minor
quantifies of the non-aromatic extractive agent compound that are not recovered m recycle
stream (SY). An overhead removal fraction (52}, enriched in the at least one non-aromatic
compound and depieted in at least one (g aromatic compound, relative to the mmpure feed
stream (3 1), 1s withdrawn from non-aromatic removal column (U 1), tor example withdrawn
48 a non-aromatic compound enriched stream. This results 1n the removal of the at least one
non-aromatic compound, which may have a botling point comparable to, such as within 157C
(+/-15°C or +/- 27°F), within 10°C (+/-10°C or +/-18"F), or possibly within 2°C (+/-3°C or
+/-9°F) of, a s aromatic compound in unpure teed stream (51) (e g., para-xylene, baving a
poilig pomt of 138°C or 2807F). As descnibed above, particular types of non-aromatic
hydrocarbons that may be removed include Cx parattinic hydrocarbons {e.g., n-octane and
isomers of 1so-octane), (C7-{g cycloparatiimic hydrocarbons (e.g., etbylcycliohexane and
cyclooctaneg ), Co naphthenic hydrocarbons {(e.g., 1somers of trimethyleyciohexane) and others.
Non-aromatic removal column (U1} may also serve to remove water from unpure feed stream
(S1), tor cxample to achieve a water content i prefreated bottorns fraction (53) and/or hquid
mixture (LM} as described above. Altematively, impure feed stream (S1) may be subjected
to a separate, optional water removal (WR) step, upstream of non-aromatic removal column,
according to any of the methods described above. The removal of water may be

economically advantageous, insofar as the total material being subjected to exiractive
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distillation is reduced, and consequently the associated energy requirements.  Other

advantages may also result, 1 terms of separation periormance.

{11 Pretreated bottoms fraction (83) s recovered from non-aromatic removal column
(U1) {(re., from this upstream distillation), as a puritied feed stream (o the extractive
distulation. Tias purnitied feed stream 1s enriched, refative (o the tnpure feed stream (S1), m
both ethyibenzene and the fturther g aromatic compound, as well as enriched m a non-
aromatic extractive agent compound that is introduced to non-aromatic removal column (U1}
with non-aromatic extractive agent strcam (53). Pretreated bottoms fraction (33) is likewise
depleted, relative to mmpure feed stream (81) 1n one or more of the non-aromatic compounds
present in this stream. Pretreated bottoms fraction {(53) 1s then introduced mnto extractive
distillation column (U2Z) with a recycle portion (37) of recvcle stream (SY) comprising an
ethyibenzene extractive agent, or namely an exfractive agent compound as described herein.
Pretreated bottoms fraction {53) and recyele portion (57} may be combined either prior (o or
within extractive distillation column {(U2). Recvycle portion (8§87} therefore can provide some
or all {(at least a portion) of the exiractive agent compound fed to extractive distillation
column {L2). As shown, an optional extractive agent compound make-up stream (S10) may
also be introduced, continucusly or imtermtttently, to extractive distillation column (U2} to
replace any minor quantitics of the extractive agent compound that are not recovered in

recycle stream (89).

i72] In extractive distillation column (U2}, therctore, liguid mixture (LM) comprising
pretreated bottoms fraction (53) and the extractive agent compound present in recycle portion
(87} and optional make-up stream (S$10) 18 distilled to provide overhead fraction (54} that,
relative to pretreated bottoms fraction ($3) and also relative to hiquid mixiure (LM), 1s
enriched m ethylbenzene and depleted in both the extractive agent compound and at least one
further (g aromatic compound (e.g., one or more somers of xylene, such as meta-xyiene
and/or para-xylene} present in this pretreated bottorms fraction. Extractive distiliation column
(1J2} also provides bottoms fraction (33) that, relafive to pretreated bottoms fraction (53) and
also relative to the hquid mixture, 18 enriched in both the at least one turther ¢ aromatic
compound and the extractive agent compound, and depleted m ethylbenzene. Therelore,
according to some ombodiments, exiractive distillation column (U2Z) can advantageously
serve {0 separate and recover overhead fraction (54) as an ethylbenzene-rich product, whach,
depending on is purity, may have value for various industrial uses (e.g., styrene-monomer

production). To purtiy and recover the extractive agent compound, bottoms traction {55} s
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then mntroduced to, and distilled in, extractive agent recovery column (U3) to provide second
bottoms traction (8Y) that, relative to bottoms fraction (53), 18 enriched 1n the extractive agent
commpound and optionally also enriched in the non-aromafic extractive agent compound.
»econd bottoms fraction (S9), relative to bottoms fraction (53), 18 also depleted in the at least
one further (g aromatic compound. In this manner, at least a portion of second bottoms
fraction (8Y) may then be recovered and recvcled, as recycle portion (87), to extractive
distillation column (U2Z), to advantageously conserve material resources, by providing at least
a portion of the extractive agent compound m Liguid mixture (LM}, Optionally, at least a
second portion of sccond bottoms fraction (§Y) may also be recyeled, as non-aromatic
extractive agent stream (58}, to non-aromatic removal column (Ul).  According to some
cmbodiments, second bottoms fraction (SY), recycle portion (87), and/or non-aromatic
extractive agent stream (58} may be further punitied {(e.g., usimng a further distdlation,
adsorbent separation, extraction efc.) o remove contamimants irom these extractive agent-
containing streams, prior to imtroduction to thewr respective columns.,  OUptionally, second
bottoms traction bieed stream (S512) may be used to prevent an excessive accumulation of

unwanted impurities 1 the recycle of extractive agents.

/3] Distilling of bottoms fraction (85) in extractive agent recovery column (U3) further
provides second overhead fraction (56) that, relative to bottoms fraction (35), 1s enriched the

b
A

at least one further (g aromatc compound and depleted 1n mn the extractive agent compound
and optionally also depleted 1n the non-aromatic extractive agent compound. The overall,
infcgrated process thereby advantageously provides overhead fraction (S54) and second
overhead fraction (86) that are purified, respectively, in ethylbenzene and the one or more
turther Cg aromatic compound{s) to advantageously resolve these purniiied products whle
also providing recycle of the extractive agent compound. One or both of these puridied
products may be further purtfied (e.g.., usmg a further distillation, adsorbent separation,

extraction efc.} to achneve a higher purity level if desired.

i74] According to the particular emabodiment dlustrated m FIG. 1, the extractive agent
compound used in the upstream non-aromatic removal column (U1), as well as m the
extractive distillavon column (U2Z) (and in each case separated ifrom the second bottoms
fraction (S§9)) may be the same compound. Alternatively, different extractive agent
compounds may be used tor these different purposes, i which case an optional separation
(e.g., distdlation) may be used to obtain the non-aromatic extractive agent stream (53} and

the recycle portion (§7) that are mtroduced to these respective columns. An exemplary non-
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aromatic extractive agent is acetonitrile. Preferably, however, the same compound may be
used for both extractive distillanons, leading to further advantages mn ferms of process

stmplification {e.g., fewer separation requuements) and associated cost reductions.

i/2] According to the alternative emnbodiment illustrated in FIG. 2, an additional upstream
distulation 1s performed, relative to the embodumnent 1lustrated m F1G. 1. In particular, heavy
hydrocarbon-contaminated feed stream (513) 18 mtroduced to heavy removal column (U4) to
recover impure feed stream (Sl), m this case as an intermediate purity hydrocarbon
component.  Impure fced stream (51} is depleted m heavy hydrocarbons (eg., (ot
hydrocarbons) and enriched in ethylbenzene, one or more of the non-aromatic compounds as
described above, and one or more of the further {{g aromatic compounds as described above,
relative to heavy hydrocarbon-contaminated feed stream (513). Heavy removal colunm (U4)
further provides hvdrocarbon mnpurities bottoms fraction (514), that 18 enniched 1n heavy
hydrocarbons and depleted in ethvibenzene, ong or more of the non-aromatic compounds as
described above, and one or more of the turther (g aromatic compounds as described above,

relative to heavy hydrocarbon-contamunated feed stream (513).

/8] The recovered mmpure feed stream (S1) may then be subjected to an extractive

distillation process as described above with respect to the embodiment tlustrated i FiG. 1.

i77] In the above description, references to the term “column™ mean a vessel in which
distillation is performed. Keferences to the term “distillation” mean a separation process that
may mvolve attaining a single stage of vapor-liguid separation (e.g., t0 achieve a stage of
vapor-liquid equilibrium, or (o achieve approximately such stage of equibbrium, as the case
may be} {0 resolve an overhead iraction and a bottoms fraction, as i the case of a ilash
separation.  Preferably, however, the distiblation may involve attamning mulfiple stages of
vapor-liquid separation to resolve these fractions, optionailly with the aid of suitable
contacting material or devices, such as trays or packing material (e.g., rings, saddies, eic. ),
disposed within the column. To enbance the desired separation, the distiliation may be
further mded with the mitroduction of a4 suitable flow gas stream (e.g., an upwardly-tlowing
gas stream, as i the case of a counter-current stripper column} or a suitable hquid flow
streamn {e.g., a downwardly-tlowing hguid stream, optionally including one or more
extractive agent compound(s) of the present imvenfion, as w the case of a counter-current
extraction column). Reterences to the terms “overhead fraction” and “bottoms fraction” may
mean fractions that are withdrawn trom the top and the bottom of a column, respectively.

However, these terms are not meant to be luniting in this respect. Rather an “overhead
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fraction” may otherwise be referred to as a “low-boiling fraction,” which 1s meant to more
broadly encompass any fraction having a higher volatihity (lower boiling pomnt range) and/or
a fower distitlation end pomt temperature, relative 1o a feed to, and/or relative 1o a4 “"bottoms
fraction’ from, the respective distillation columpn. Likewise, a “bottoms iraction” may
aotherwise be roterred o as a “high-boiling fraction,” which 18 meant to more broadly
encompass any fraction having a lower volatihity (higher botling point range) and/or a higher
initial boilimg point temperature, relative to a feed to, and/or relative to an overhead fraction
from, the respective distillation column, with the overhead fraction being as defined above.

fnitial boiling point and end point temperatures may be deternuned according to AN TM DS6.

{/8] References to a first stream or fraction being “enriched in” a given species {¢.g., one
compound or 4 class of compounds), relative to a second stream or fraction, mean that the
species 18 present m a higher concentration {e. g., 1 wi-%) m the first stream compared (o that
in the second stream.  According to particular embodumnents, at least 75%, at least 85%, or at
feast 93%, of the given species, initially present in the second stream, may be recovered mio

‘n

the first strearn i which that species 18 “enriched.”  According to other particular
embodiments, the concentration of that species i the first stream may be at least 75 wt-%, at
ieast 85 wit-%, or at least 93 wi-%. Reterences as to a first stream or fraction being “depleted
in~ a given species (e. g., one compound or a class of compounds), relative to a second stream
or fraction, mean that the species 18 present in a lower concentration {e.g.. m wt-9%) 1n the
first stream compared (o that in the second stream.  According to particular embodiments, at
maost 23%, at most 15%, or at most 5%, of the given species, mnitially present i the second
stream, may be recovered mn the first stream 1 which that species 1s "depleted.” According to
other particular embodiments, the concentration of that species m the first stream may be at

most 23 wit-%, at most 15 wt-%, or at most 5 wt-%.

EXAMPLLES

{79l The following examples are set forth as representative of the present invention. These
examples are not to be construed as himiting the scope of the mnvention as these and other
equivalent embodiments will be apparent in view of the present disclosure and appended

claims.

Measurement methods

(801  Competitive factor (D)—For the determunation of the competitive factor, the weight

ratios of ethylbenzene to the (g aromatic compound to be separated are determiuned from the
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vapor phase, i equilibrium with hguid muxtures both with and without extractive agent
compound(s). Specifically, 1 part of a bydrocarbon composition contamung 60 wi-%
ethylbenzene and 40 wt-% of the (s aromatic compound 1s 10 one case mixed with 5 parts by
weight of the extractive agent compound(s) and in a second case not mixed. in both cases,
the respective compositions so obtamned are subsequently bheated to 80 °C (176°F). 'The
respective vapor phase compositions, obtained at normal (atmospheric) pressure are analyze
by Gas Chromatography (GO) and the competifive factor (D) 18 calculated according to the

cquation:

. weight rafio ethylvenzene /C, aromatic compound (with extractive agent)

wei ght ratio ethylbenzene /{y aromatic compound (without extractive agent )
(quation 1)

i81] Hence, competitive factors above a value of 1 show an improvement in the efficiency

of the separanion, mto the vapor phase, of ethyibenzene from the (g aromatic compound in

the mixture, which 1s attributed to the use of the extractive agent compound(s).{Competifive

tactors below a value of 1 show an umprovement in the eifficiency of separation, into the

fiquid phase, of the (s aromatic compound, which s attributed to the use of the exitractive

agent compound(s).

i82] Relative Volaulitv—Relative volatility compares the vapor pressures of two
corppounds 1 a binary quid mixture., Accordingly, it provides an mdication of bow easy or
difficult 1t 18 to separate the more volatile compound in the binary mixture from the less
volatile compound by distillation. For a hguid binary nuxture at a given temperature and a
given pressure, the relative volatdity o between compounds t and j 18 calculated according to

equation 2.

i (Fguation 2)

wherein o 1s the relative volatiity of the more volatile component 1 to the less volatue
component 1; yi is the vapor-liquid eguilibrium molar concentration of component 1 i the
vapor phase; x; 18 the vapor-liquid equiibrium molar concentration of component i in the
tigud phase; v 18 the vapor-ligind equiibrium molar concentration of component 7 i the
vapor phase; and x; 18 the vapor-liquid equbbrivm molar concentration of component j in the

fiquid phase.
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FExperimental

i83] A Inventive Example 1 and Comparative Examples 1-10

The competifive factor was determined for a variety of extractive agent compounds according

to the method described above. The results are shown in Table 1.

Table 1;

Extractive Agent {ompetitive Factor D

Comparative Examples (CE)

1 | 4-Methyloxyacetophenone 1.OLS
2 | Mcthylsalicylate 1.016
3 | Isophorone 1.030
4_| 4-Chiorophenol 1.034
5 | Nitrobenzol 1.038
o IPecanol LU
|-Chloro-2-Nitrobenzene 1,039

7
8 | 3-Chlorophenol

g | 2.4-Dichlorophenol
10 1 1.2.4-Trichlorobenzene

H :‘;ﬁi‘l | 4
g
0
-l

Inventive Example (IL)

1 1.2-Dichloro-4-nitrobenzene 1.231

Table |
As can be seen Irom these results, 1,2-dichloro-4-nitrobenzene has the highest competifive
tactor among all of the tested extractive agent compounds. 1,2,4-trichlorobenzene has the

highest competitive tactor of the Comparative Examples.
i64] B) Comparative and Inventive Examoples 2-3

The relative volatility was measured at pressures of 100 nullibar (mbar), 130 mbar, 200 mbar,
and 300 mbar, according to the procedure described above for various combinations of §,2-
dichloro-4-nitrobenzene and 1.2.4-inchlorobenzene as extracoive agent compounds. The
hydrocarbon mixture tested in each case contained 60 wt9% ethyvibenzene and 40 wi% para-
xylene, and the weight ratio of extractive agent to hydrocarbon nuxture (combined weight of
1. 2-dichioro-4-mitrobenzene and 1,2,4-trichlorobenzene to the weight of the hydrocarbon

auxture) was 3:1. For thus measurement the relative volatlhity was determined at various
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pressures  using  a  Fischer® vapor-liguid eguilibrium  apparatus of ILUDEST

Destitfationsaniagen GmbH (Waldbtttelbrunn, Germany). The vesults of these measurements

are shown i 1able 2 as well as Fi{s. 3.

Relative volatility
Extractive agent wit.-% | 100 150 2040 3
mbar | mbar | mbar | mbar
_ t,2-dichloro-4-
Example | U 3
, irobenzenc 1.162 | 1.15%
‘ 1.2.4-trichlorobenzene 130
1, 2-dichloro-4- ,
Example | 3 )
frobenzenc 1.167 | 1.156
) 1.2.4-trichlorobenzene 93
1.,2-dichloro-4- f
Example | . 3¢ - :
) nitrobenzene 1185 | 1.17%
1.2.4-trichlorgbenzenc 7
}- -------------------------------------------------------
1.2-dichloro-4- |
Example | . 1) | _ o
< | nifrobenzene 1.2673 1.224 1 1.216
.. 1.2.4-trichlorobenzene (}
Table 2

As can be seen from these results, increasing the amount of 1,2-dichloro-4-nitrobenzene, as
an extractive agent compound accordmyg to the present inpventon, directionally resulted in
increased relative volatility between ethyibenzene and para-xyiene. The best resulf,
indicative of the best separation performance between ethvibenzene and para-xyicne, was
achieved with pure 1, 2-dichloro-4-nitrobenzene as the exfractive agent compound.
Furthermore, decreasing the operating pressure resulted mn higher relative volatility and,
consequently, improved separation performance between ethylbenzene and para-xviene.
Theretore, there 1s no synergistic etftect between 1.2-dichioro-4-mitrobenzene and 1,2.4-

trichlorobenzene, 1n terms of separability.  Preferably, therefore, the exiractive agent
comprises all or substantially all 1,2-dichloro-4-nitrobenzene. Example 2, tn which no 1,2-

dichloro-4-nitrobenzene was used in the extractive agent, was for comparaiive purposes.

(851 ) Inventive Example 6
The relative volatihity was measured according to the procedure described above for a

combinations of 64U wi-% 12-dichloro-d-nitrobenzene and 44 wi-% 1,2-dichloro-3-
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nitrobenzene as extractive agent. 'The hvdrocarbon muxture tested in each case contained
60 wi% ethyvlbenzene and 40 wit% para-Xyiene, and the weight ratio of exiractive agent o
byvdrocarbon mixkture {(combined weight of i,Z2-dichloro-4-nitrobenzene and 1.2-dichloro-3-
nitrobenzene to the weight of the hydrocarbon nuxture) was 3:1. The relative volatility was

© vapor-liquid eguilibrium

deterpuned at 100 mbar absolute pressure using a Fischer
apparatus of H.UDEST Destilationsaniagen GmbH (Waldbiittelbrunn, Germany).  The

resulis are shown in able 3.

Relative Volaulty,

Extractive agent wit.-% |
130 mbar

I,2-dichioro-4-

H{}
Example | nitrobenzene
, | 1.221
s I.2-dichioro-3-
. 40
nitrobenzene

Table 3

As can be seen from Inventive Example 6, a mixiure of extractive agent compounds
according the present invention can provide the advantageous efiecis of a single extractive

agent compound.
i86] D) Inventive Examples 7-14

A hydrocarbon component was prepared for performance evaluation tn extractive distillation.
The hydrocarbon component was representative of a composition obtained 1 a para-xylene
process tlow loop of a commercial para-xyviene production process, with such process loop
formed from the following streams: (1) a Uy aromatic hydrocarbon stream (or portion thereot),
separated as a low-boiling fraction {(or overhead ifraction) in a xviene columu, {11) a para-
xylene-depleted efiluent (or portion thereol), separated 1 a xylene separation zone irom the
{_¢ aromatic hydrocarbon stream (or portion thereod), and (i11) a Xylene-equilibrated isomevate
(or portion thereot), provided irom isomerization of the para-xyiene-depleted eftiuent {(or
portion thereof} in 1somerization zone 300, The testing evaluated the ability of extractive
distillation to remove ethvlbenzene and/or non-aromatic hydrocarbons from such streams of

the process loop.
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i67/] The hydrocarbon component had the composition shown in Table 4.

PCT/US2019/042530

- Hydrecarbon | wi- % xylene-free basis MNon-aromatic-free |
Component, species DHasis
n-octanc 2 3.08
ethyicyclohexane 2 3.08
cyclooctane 2 3.08
cthylbenzene 34 G90.77 62.77
para-xXviene 11 11.70
meta-xylene 11 11.70
ortho-xylene 13 [3.83
Table 4

As extractive agents, muxtures of the extractive agent compounds (1) 3,4-dichloroambine
(34DCA, botling point = 263°C or 505°F) and (1) 1,2-dichioro-4-nmitrobenzene (DOUNB,

-l'fﬂ

boulmg pomnt = 273°C or 523°F) were prepared at mixing ratios of (A) 25/75 wiw (1):(a1), (B)
SU/50 wiw of (i), and (C) 7525 w/w of (1):(1). As further extractive agents, these
compounds were used 1n their pure form {(Le., (D), /100 w/w {(1):(u} for pure DCNB and (E)

T1OO/0 w/w (1):(an) for pure 34DCA).

(88 To determine the case of separability of the various species of the hydrocarbon
component, the compefitive factor was determined for the extractive agents, using the
procedure and calculation described above, except that the vapor-igud equibibrivim data were
obtained for (1) 1 part of the hydrocarbon component, mxed with 3 parts of the extractive
agent by weight, and (11} the hydrocarbon component alone. Also, these data were obtained
at a teraperature of 70°C (128°F), tollowing equilibration for 12 hours. 'The competitive
factors of ethvlbenzene with respect to para-xylene, meta-xylene, and ortho-xvylene,
determuned for certam extractive agents, as well as the standard deviation of the
measurements for cach deternunation, are shown i Table 5 as well as Fi(s. 4, 1n which the

given percentages are by weight.
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Extractive ethyibenzene/ ethylbenzene/ ethyibenzene/
- Agent para-xylene meta-xylene ortho-xylene
Competttive | Std. | Competitive | Std. ECompatitive Std.
Factor, iev. Factor, I3 Plev. Factor, {3 fJev.
Example | 100% 11330 |0.0085| 1.1270 00190 13085 |0.0191
7 PONB
Example | 25% 10910 | 00134 11347 002181 12515 | 0.0025
& 34DCA/
75%
DUNB
Example | 75% 1.0394 0.0133 10815 0.0167 1.2156 0.0127
9 34‘DC_I’X1’F
23%
POUNB
Example | 100% 1.0051 0.0136 {.0530 .0232 1.1730 0.0121
10 34DCA
Table 3

The competitive factors of the non-aromatic hydrocarbons n-octane, ethvicyeiohexane, and
cyclooctane with respect {o ethyibenzene, determuned for these extractive agents, as well as
the standard deviation of the measurements for cach determination, are shown in Table 6 as

well as Fi(s. 5, in which the given percentages are by weight.
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Extractive n-octane/ ethyvicyciochexane/ cyciooctane/
. Agent ethyibenzene ethyvibenzene ethyvibenzene
Competitive | Std. | Competitive | Std. Competitive | Sid.
Factor, D Dev. Factor, b Dev. | Factor, D Dev.
Example | 100% 21611 | 0.0542| 1.8680 | 0.0337| 1.6933 | 0.0418
11 | DCNB 5
Example | 25% 2.3059 0.0264 1.9539 0.0066 F.7198 0.0256
12 34DCA/
759
DONB
Example | 75% 26237 0.0377 24322 0.0132 |.8267 (.02440
13 34DCA/
25%
DUNB
Example | 100% 2.8305 0.0878 2.2441 0.0475 1.9232 §.0469
14 34DCA
Table 6

(8891 As shown in Tables 5 and 6, as well as in the cormresponding FIGS. 4 and 5, all of the
extractive agents tested had the ability to umnprove the efficiency of separation of both
ethyibenzene and non-aromatic hvdrocarbons mto a vapor phase, by distiliation of the

hydrocarbon component m hguid mixtures with these extractive agents.
1901 E) Inventive Examples 15-21

Yapor-hliguid equilibrium data at pressures of 100 mbar, 150 mbar, 200 mbar, and 300 mbar
were obtained for liquid mixtures using a flash separation model with Aspen Plus® simulation
software. The hiquid maxtures that were modeled were namely mixtures of (1) a hydrocarbon
component, having a composition of 60 wi-% ethylbenzene, 10 wt-% para-xvlene, 20 wt-%
meta-xviene, and 10 wt-% ortho-xviene, and (1} an extractive agent, with the weight ratio of
the extractive agent to hydrocarbon componeni being 3:1. The exiractive agents that were
modeled were muxtures of the extractive agent compounds (1) 3.4-dichloroamhine (341DCA)
and (1) 1, 2-dichioro-4-nmitrobenzene (DUNB) at mixang ratios of (A) /95 w/w (1):(11); 23/73

w/w (:(), (B) 30/50 wi/w of ():(0), () 75/25 wiw of (1):(11), and 95/5 w/w of (1):(11). As

1

¥

further extractive agents, these compounds were used in thewr pure form (e, (1), (Y100 w/w
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(1):(11} for pure DCNEB and (B} 10070 w/w (1):(11) for pure 34DCA). The raw, tlash vapor and

tigud equilibrium concentrations of the varous species of the hydrocarbon component were

used to calculate relative volatnlities between ethyibenzene m each of the xyiene 1so1ners.

These relative volatilities at each pressure simulated, and for each liquid muxiture formed

using the various extractive agents described above, are shown in Table 7.

Example
15

Example
17

Example
i&

Example

19

Example

Extractive Agents

0% DONB

% 34 DCA

50% DONB

759 34 DCA

253% DUNB

95% 34 DCA
3% DUNB

0% DCA

Pressure
{ibar)

Table 7

i91] TFrom thas data, 1t can be seen that favorable increases i relative volatility between

cthylbenzene and other g aromatic hydrocarbons can be obtained using extractive agent

compounds as described herein, and particularly those having Fornuula (1) as described above,

with dichiorcanime and dichloronitrobenzene and thewr nuxtures being exemplary extractive

ek gﬁﬂtS ﬁ
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(921  Overall, aspects of the invention are directed to tmproved processes for the separation
of ethvibenzene Irom a hvdrocarbon component comprising ethvibenzenc and at least one
other (s aromatic compound, using one or more distilation steps with the optional vecycle of
an extractive agent compound that 18 used to faculitate this separation. Those having skill in
the art, with the knowledge gained from the present disclosure, will recognize that various
changes can be made to the disclosed extractive distillation processes 1n attavung these and
other advantages, without departing from the scope of the present invention. Accordingly, 1t
should be understood that the features described hergin are susceptible to changes or
substitutions. The specitic embodiments 1llustrated and described herein are for ilustrative

purposes only, and not liniting of the mvention as set torth in the appended clanms.
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Claims
What is claimed is:

1. An extractive distillation process, the process comprising (a) distilling a liquid
mixture comprising ethylbenzene, at least one further Cg aromatic compound, and an
extractive agent compound, wherein the extractive agent compound includes a carbocyclic or
heterocyclic ring structure, said ring structure being substituted with at least one NR?R"-
group radical and at least two halo radicals, and wherein R? and R® are independently 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.

2. The process of claim 1, wherein the extractive agent compound includes a carbocyclic
ring structure that is an aromatic ring structure.

3. The process of claim 2, wherein the extractive agent compound is an aromatic
compound of Formula (I):

wherein R? and R® are as defined in claim 1, and wherein R*-R® are independently selected
from the group consisting of halo, a hydrogen radical, and a hydrocarbyl radical having from
about 1 to about 20 carbon atoms, and further wherein at least two of R*-R® are halo.

4. The process of claim 3, wherein, in Formula (1), said at least two of R?-R® are chloro.
5. The process of claim 3, wherein, in Formula (1), at least R* and R* are halo.
6. The process of claim 5, wherein, in Formula (1), R?, R®, and R°® are independently

selected from the group consisting of a hydrogen radical and a hydrocarbyl radical having
from about 1 to about 20 carbon atoms.

7. The process of claim 3, wherein, in Formula (1), R? and R® are halo.
8. The process of claim 7, wherein, in Formula (1), R*, R®, and R® are independently

selected from the group consisting of a hydrogen radical and a hydrocarbyl radical having
from about 1 to about 20 carbon atoms.
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9. The process of claim 1, wherein, in Formula (1), R* and R” are both oxygen radicals,
whereby the NR®R"-group radical is nitro.

10.  The process of claim 1, wherein the extractive agent compound is an isomer of
dichloronitrobenzene.

11.  The process of claim 1, wherein the extractive agent compound is 1,2-dichloro-3-
nitrobenzene or 1,2-dichloro-4-nitrobenzene.

12.  The process of claim 1, wherein the liquid mixture comprises both 1,2-dichloro-3-
nitrobenzene and 1,2-dichloro-4-nitrobenzene.

13.  The process of claim 1, wherein, in Formula (1), R* and R® are both hydrogen radicals,
whereby the NR?R"-group radical is amino.

14.  The process claim 1, wherein the extractive agent compound is an isomer of
dichloroaniline.

15.  The process of claim 1, wherein the extractive agent compound is 3,4-ichloroaniline.

16.  The process of claim 1, wherein the liquid mixture comprises both an isomer of
dichloronitrobenzene and an isomer of dichloroaniline.

17.  The process of claim 1, wherein the liquid mixture comprises (i) 3,4-dichloroaniline
and (ii) 1,2-dichloro-4-nitrobenzene or 1,2-dichloro-3-nitrobenzene.

18. A liquid mixture comprising ethylbenzene, at least one further Cg aromatic
compound, and an extractive agent compound, wherein the extractive agent compound is
present in the liquid mixture in an amount such that the relative volatility (a) between the
ethylbenzene and the at least one further Cg aromatic compound is at least about 1.14 at 200
millibar (mbar), wherein the extractive agent compound includes a carbocyclic or
heterocyclic ring structure, said ring structure being substituted with at least one NR?R"-
group radical and at least two halo radicals, and wherein R? and R® are independently 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.

19.  An extractive distillation process comprising: (a) distilling a liquid mixture of a
purified feed stream and an extractive agent compound to provide (i) an overhead fraction
enriched in ethylbenzene, relative to the liquid mixture, and (ii) a bottoms fraction that,
relative to the liquid mixture, is enriched in both the at least one further Cg aromatic
compound and the extractive agent compound, and is depleted in ethylbenzene; (b) distilling
the bottoms fraction to provide (i) a second bottoms fraction enriched in the extractive agent
compound, relative to the bottoms fraction, and (ii) a second overhead fraction enriched in
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the at least one further Cgaromatic compound, relative to the bottoms fraction; and (c)
recycling at least a portion of the second bottoms fraction to provide at least a portion of the
extractive agent compound in the liquid mixture in step (a), wherein the extractive agent
compound includes a carbocyclic or heterocyclic ring structure, said ring structure being
substituted with at least one NR*R®-group radical and at least two halo radicals, and wherein
R* and R” are independently 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.

20. The process of claim 19, further comprising, prior to step (a), recovering, as a
bottoms fraction from an upstream distillation of an impure feed stream, the purified feed
steam comprising ethylbenzene and at least one further Cg aromatic compound, wherein the
purified feed stream is depleted in non-aromatic hydrocarbons, relative to the impure feed
stream.
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