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SYSTEMS AND METHODS FOR PRODUCING HIGH PURITY AROMATICS FROM
A MIKED AROMATIC FEED STREAM

CROSS-REFERENCE TO RELATED APPLICATIONS
{0081}  This application claims priority to U.S. Provisional Application No. 63/255,812, filed

October 14, 2021, the content of which is hereby incorporated by reference in 1S entirety.

BACKGROUND
{0002}  Aromatic hydrocarbons, notably benzene, toluene, and xylenes are important industrial
commaodities used to produce numerocus chemicals, fibers, plastics, and polymers, mcluding
styrene, phenol, aniline, polvester, and nylon.  Typically, such aromatic hydrocarbons are
produced from petroleum feedstocks using well-established refining or chemical processes. More
recently, there is a growing interest in providing aromatic hydrocarbons from alternative resources,

such as biomass, synthesis gases and natural gas.

SUMMARY OF THE INVENTION

{8663]  In one aspect, the present disclose provides a method for separating an aromatic
compound from a mixed aromatic feed stream. The method may comprise {1} contacting a mixed
aromatic feed stream comprising C7.10 aromatics with an aromatics processing catalyst to produce
a product stream, wherein the aromatics processing catalyst comprises a transalkylation catalyst,
a dealkylation catalyst, a hydrocracking catalyst, or a combination thereof. The nixed aromatic
feed may comprise greater than 1 wit®s of non-aromatic components based oo the total weight of
the mixed aromatic feed stream. The muxed aromatic feed may be substantially free of Cios
aromatics. The method may further includes (1) fractionating the product stream 1o separate an
aromatic compound from the product stream.

{8084]  In some embodiments, based on the total weight of the mixed aromatic feed stream, the
mixed aromatic feed stream may comprise: from 0.1 wi%s to 45 wit%s olefing; from G.1 wit%6 to 25
wt¥s naphthenes; from 0.1 wi% to 40 wit% naphtheno-olefing; phenols i an amount from 10 ppm

to 10 wi%e; and/or oxygenates 1n an amount from 10 ppm to 10 wit%. In some embodiments, the
mixed aromatic feed stream has a bromune number of at least 1 mg Bra/g of the mixed aromatic
feed to less than 100 mg Bro/g of the muxed aromatic feed. In some embodiments, the mixed

aromaiic feed steam is substantially free of co-boiling contaminants for benzene, tolueng, and a
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combination thereof. In some embodiments, the mixed aromatic feed stream comprises Co-10
aromatics

{0085}  In some embodiments, step {11} of the present method comprises feeding the product
stream comprising s aromatics to a first distillation column that fractionates the product siream
to separate a (7. stream from a Us+ stream. The 1. stream may be fed to a second distillation
column that fractionaies the Cr- stream inio a Cs- siream and a 7 stream. In some embodiments,
at feast a portion of the {7 stream 18 recycled and combined with the mixed aromatic feed stream.
{8006]  In some embodiments, step (1) further comprises feeding the Cs+ stream to a third
distillation column that fractionates the Cs+ stream into a Cs stream and a Co+ stream. The Cs
stream may comprise the Cs aromatics. The Co+ stream may be fed to a fourth distillation column
that fractionates the Co+ stream into a Coao stream and a Cyy- stream. The Co.io stream may be
recycled and combined with the mixed aromatic feed stream.

{0087}  1n some embodiments, the present method may further comprise: (111} subjecting at least
a portion of the Cy stream to an isomer-recovery process unit to produce a xylene isomer stream
and a ratfivate stream comprising non-recovered Cs compounds; and (iv) contacting the raffinate
stream with an isomerization catalyst to produce an isomerization product stream.  The
somerization product streamn may comprise at least one xylene isomer. At least a portion of the
isomerization product stream may be combined with the product stream produced from the
aromatics processing catalyst 1n step (1),

[0008] Insome embodiments, at least a portion of the 1somerization product stream s combined
with the Cs stream entering the isomer-recovery process unit,

[0068]  Insome embodiments, at least a portion of the Cs+ stream 15 combined with the Cs stream
entering the 1ISOMer-recovery process unit,

[0018] In some embodiments, step (11} of the present method comprises fractionating the
product stream to separate a C7 stream, a Cs stream, and a Cs.1o stream, wherein the Cs stream 15
fed to the somer-recovery process unit, the C7 stream 18 recycled and combined with the mixed
aromaiic feed stream, and the Co.1o stream 18 recycled and combined with the mixed aromatic feed
stream.

{8611}  In some embodiments, step (1) comprises fractionating the product stream to separate 3

J7 stream, a Cg stream, and a Co+ stream, wherein the Cs stream 15 fed to the 1somer-recovery
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process unit, the C7 stream 1s recycled and combined with the mixed aromatic feed stream, and the
o+ stream 18 recovered as a product.

18012} In some embodiments, the isomer-recovery process unit comprises an adsorption unit
or a crystallization unit.

{0013}  The aromatics processing catalyst of the present method may comprise an acid catalyst.
The acid catalyst may comprises aluminosilicates, tungsiated aluminosilicates, silica-alumina
phosphates, aluminum phosphates, amorphous silica alumina, zirconia, sulfated zircomia,
tungstated zircoma, tungsten carbide, molybdenum carbide, titania, acidic alumina, phosphated
alumina, tungstated alumina, phosphated silica, tungstated silica, tungstated titamia, tungstated
phosphate, niohia, sulfated carbons, phosphated carbons, acidic resins, heteropolyacids, tungstated
heteropolyacid, morganic acids, or a combination thereof The acid catalyst may also comprise a
metal, which comprises Cu, Ag, Au, Pt, Ni, Fe, Co, Ru, Rh, Zn, Ga, In, Pd, Ir, Re, Mn, Cr, Mo,
W, 8n, Os, alloys, or a combination thereof.

{8614] Insome embodiments, step (1} of the present method occurs at a temperature from 200°C
to 600°C. In some embodiments, step (1) of the present method occurs at a pressure from 100 psig
to 1500 psig. In some embodiments, step (1) of the present method occurs at a weight hourly space
velocity (WHSV) from 0.1 to 10 mass feed/mass catalyst/hour. Tn some embodiments, step (1) of
the present method comprises feeding hydrogen in an amount of at feast 0.1 mol of hydrogen per
mol of mixed aromatic feed, such as at least | mol of hyvdrogen per mol of mixed aromatic feed.
[0015]  In other aspects, the present disclosure provides a method for producing and separating
an aromatic compound from a mixed aromatic feed stream. The method may include (1) contacting
an aqueous hydrocarbon feedstock comprising water and one or more oxygenate with a
condensation catalyst to produce a condensation product stream comprising Cs+ compounds. The
Ca+ compounds may comprise, for example, a Cy alcohol, a Cas ketone, a Car alkane, a Ca+ alkene,
a Cs+ cycloalkane, a Us+ cveloalkene, an aryl, or a fused aryl. The method may further include (1)
fractionating the condensation product stream to generate a hight stream and a heavy stream. In
some embodiments, the hight stream comprises co-boiling non-aromatic contaminants for benzene
or toluene, and the heavy stream is substantially free of co-botling non-aromatic contaminants for
benzene or toluene. The method may further include (1) recycling the light stream to the
condensation catalyst and {1v} fractionating the heavy stream into a mixed aromatic feed

comprising Cr+ aromatics. The method may further include (v} contacting the mixed aromatic
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feed stream with an aromatics processing catalyst to produce a product stream. The aromatics
processing catalyst may comprise a transalkylation catalyst, a dealkyvlation catalyst, a
hydrocracking catalyst, or a combination thereof,

{8616]  In some embodiments, step (1v) further comprises fractionating the mixed aromatic feed
comprising Cr+ aromatics into a8 Craostream and a Cii+ stream.  In some embodiments, step (iv)
further comprises fractionating the mixed aromatic feed comprising {7+ aromatics into a Coto
stream and a Cu+ siream. The Uraostream or the Coao stream may be contacted with the aromatics
processing catalyst.

{8017} In some embodiments, step (1v) occurs at a temperature from 200°C to 600°C and a
pressure from 100 psig to 1500 psig and at a weight hourly space velocity (WHSV) from 0.1 to 10
mass feed/mass catalyst/hour.

{6018]  Inanocther aspect, the present disclosure provides a method for producing and separating
a xvlene 1isomer. The method may comprise (1) contacting a mixed aromatic feed stream
comprising {7+ aromatics with an aromatics processing catalyst to produce a product stream
comprising an mcreased concentration of Cs aromatics relative to the mixed aromatic feed stream,
wherein the aromatics processing catalyst comprises a transalkylation catalyst, a dealkylation
catalyst, a hvdrocracking catalyst, or a combination thereof. The method may further include (311}
fractionating, using a distitlation column, the product stream into a Cr- stream and a Cg+ stream,
and (in) fractionating, using a distillation column, the Cs+ stream into a Cs stream and a Co- stream.
The method may further include (1v) subjecting at least a portion of the Cs stream 1o an 1somer-
recovery process unit to produce a xylene 1somer stream and a raffinate stream comprising non-
recovered Us compounds, and (v} contacting the raffinate stream with an isomerization catalyst to
produce an 1somerization product stream, wheremn the isomerization product stream comprises at
ieast one xylene 1somer. In some embodiments, at least a portion of the Car stream bypasses the
distilation column m step (111} and 1s combined with the Cx stream prior 1o entering the somer-
rECOVery process unit

{8619]  In yet another aspect, the present disclosure provides a method for producing and
separating a xviene isomer. The method may include (i) contacting a mixed aromatic feed stream
comprising {7+ aromatics with an aromatics processing catalyst to produce a product siream
comprising an mncreased concentration of Cs aromatics relative to the mixed aromatic feed stream,

wherein the catalyst comprises a transalkylation catalyst, a dealkviation catalyst, a hydrocracking
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catalyst, or a combination thereof The method may further include {1} fractionating, using a
distiilation column, the product stream info a {7 stream and a Cs- stream, and (111} fractionating,
using a distillation column, the Ca+ stream into 8 (s stream and a o+ stream. The method may
further include (1v) subjecting at least a portion of the Cy stream to an isomer-recovery process
unit t¢ produce a xylene 1somer stream and a raffinate stream comprising non-recovered Ca
compounds, and {v) contacting the raffinate stream with an tsomerization catalyst to produce an
isomerization product stream, wherein the isomerization product stream comprises at least one
xylene isomer. In some embodiments, at least a portion of the isomerization product stream s
combimed with the Cs stream prior to entering the isomer-recovery process unit.
{0026]  The xylene 1somer stream may comprise, for example, para-xvlene, ortho-xylene, or
meta-xylene.
{8021} In some embodiments, at least a portion of the Ca+ stream bypasses the distillation
column m step (1) and 15 combined with the (s stream prior to entering the isomer-recovery
Process unit.
[0022]  In some embodiments, prior to step (1) the method comprises:

contacting an agueous hydrocarbon feedstock comprising water and one or more
oxygenate with a condensation catalyst to produce a condensation product stream comprising Cax
compounds, wherem the Ca+ compounds comprise a Ca+ alcohol, a Cs+ ketone, a Cas alkane, a
Cis+ alkene, a Cs+ eycloalkane, a Cs+ cycloalkene, an arvl, or a fused arvi;

fractionating the condensation product stream to separate a Ce- stream from a Cor+ stream;

recycling the Ce. stream to the condensation catalyst;

fractionating the Cr+ strearn into a {7-10 stream and a Cir- stream, wherein the (7.0
strearn forms the mixed aromatic feed stream; and

wherein at least a portion of the Cs+ stream bypasses the distillation column n step (1u)

and 1s combined with the Cs stream prior to entering the isomer-recovery process unit.

BRIEF DESCRIPTION OF DRAWINGS
{0023} FIG 1 is a schematic iHustration of an aromatics purification system in accordance with

some embodiments of the present disclosure.
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10024} FIG. 2 15 a schematic ilustration of a process configured to convert oxygenated
hydrocarbons to form a mixed aromatic feed stream in accordance with some embodiments of the

present disclosure.

DETAILED DESCRIPTION OF THE INVENTION
{8625]  In order for the present disclosure to be more readily understood, certain terms are first
defined below. Additional definitions for the following terms and other terms are set forth
throughout the specification.
{0026}  In this application, unless otherwise clear from context, the term "a" may be understood
to mean "at least one." As used in this application, the term "or" may be understood to mean
"and/or." In this application, the terms "comprising” and "including” may be understood to
encompass itemized components or steps whether presented by themselves or together with one
or more additional components or steps. Unless otherwise stated, the terms "about" and
"approximately” may be understood to permut standard variation {e.g., + 10%) as would be
understood by those of ordinary skill in the art. Where ranges are provided herein, the endpoints
are included. As used in this application, the term "comprise” and variations of the term, such as
"comprising” and "comprises,” are not intended to exclude other additives, components, integers
or steps.
{8627]  Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. All defirutions, as defined and used herein, should be understood to control over
dictionary definitions, definitions in documents icorporated by reference, and/or ordmnary
meanings of the defined terms.
[0028] The present disclosure provides systems and methods for producing aromatic
hydrocarbons at high yield and purity. Exemplary aromatic hydrocarbons mclude, but are not
Iimited to, benzene, toluene, ethyl benzene, para-xylene, meta-xylene, ortho-xvilene, dimethyl
benzene, and naphthalene. The provided systems and methods may produce aromatics with hugh
purity, e.g., at least 98 5%, or at least 99%, or at least 99 5%, or at least 99.9%.
[0029]  The provided systems and methods offer various advantages. For example, processing
of mixed aromatic feed streams typically requires separation steps, such as extraction, to produce

high purity aromatics. Insome embodiments, the provided systems and methods obtam high purity
P o Ed o fat)
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aromatics without implementing extraction techniques to remove impusities from the feed stream.
Removing extraction from the separation scheme reduces energy requirements, as well as capital
costs. Some aromatic products are more difficult to separate compared to others. For example, in
some embodiments of the present disclosure, xylene isomers {e.g., para-xyiene} can be purified
using an isomer-recovery process umit {e.g., adsorption or crystallization) coupled with an
isomerization stage and distiliation rystallization and adsorption processes require a
considerable amount of energy in the form of heat and electricity 1o separate out xylene isomers
from mtermediate producis. In one aspect of the present disclosure, systems and methods are
provided for reducing the energy burden of the separations by allowing a portion of an intermediate
stream 1o pass directly mto an isomer-recovery process unit without distillation, or bypassing a
portion of the distillation units, thereby eliminating the energy associated with the bypassed
distillation. This reduces the overall system energy burden, and surprisingly maintains acceptable
product purity despite bypassing purification stages.

{8036]  In another aspect of the present disclosure, systems and methods are provided for
producing a mixed aromatic feed stream that s free of or substantially free of co-boiling
nonaromatic contamuinants for benzene, toluene, and a combination thereof. As used herein, the
term "substantially free” refers to less than 1% {(w/w) of the specified compound or mixture of
compounds n the specified stream. In some embodiments, the mixed aromatic feed stream
comprises less than 1% {(w/w), or less than 0.53% (w/w), or less than 0.1% (w/w) co-boiling
nonaromatic contaminants for benzene, toluene, and a combination thereof. By feeding the mixed
aromatic feed stream over a transalkylation and/or a dealkylation catalyst where co-botling
nonaromatic contaminants are absent, or substantially absent, aromatic products having higher
purity and yield are obtamed when compared to a mixed aromatic stream comprising nonargmatic
contammants.

{8031}  As used herein, the term "co-boitling non-aromatic contaminant” refers to non-aromatic
species that cannot be separated from, or only separated from with great difficulty, the deswed
products by distitiation. The co-boiling non-aromatics are different for each desired product and
may include hydrocarbons, oxygenates, sulfur containing species, and nitrogen containing species.
The benzene co-botling range is defined here as all components (including benzene} with normal
boiling pomts equal to or greater than methyleyclopentane {normal boiling point 71.83°C) and less

than or equal to that of 1, 3 dimethylevclopentane, cis (normal boiling point 91°C) Exemplary
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co-botling  non-aromatic contaminants for benzene nclude, but are not himited to,
methylcyclopentane, cyclohexane, methylcyclopentenes, (7 paratfins, and U7 olefins.

{0032}  The co-boiling range for toluene is defined here as all components (including toluene)
with retention times greater than, and including 1,3 dimethylcyclopentane, ¢is { botling point 91°C)
and less than, and including trans 1,2-dimethyi-cyclohexane (boiling point 123°C).

{8633] Refernng to FIG. 1, an aromatics purification system 10 s iflustrated in accordance to
some aspects of the present disclosure. For clanty and simplicity, equipment for controlling
temperature and flows within aromatics purification systemn 10 have been omutted from the
drawings. However, it is to be appreciated that the aromatics purification system 10 can include
various equipment for controlling temperature {e.g, heat exchangers, fired heater, coolers,
electrical heaters, or combinations thereof for heating or cooling process streams), even though 1t
has been onutted from the drawings. The aromatics purification system 10 can include equipment
for controlling flow rate of fluid including, but not linuted to, pumps, valves, compressors,
blowers, or combinations thereof for regulating the flow of tluid throughout the system 10, even
though 1t has been onutied from the drawings.

[8034]  In some aspects, the aromatics purification system 10 mcludes an aromatics processing
reactor 12 having an 1nlet that places the aromatics processing reactor 12 1n fluid communication
with a muxed aromatic feed stream 14, A purmp may be configured n the mixed aromatic feed
stream 14 to transport the mixed aromatic feed stream 14 from a mixed aromatic feed source 16,
such as a reservowr or upstream process umit, to the aromatics processing reactor 12, In some
embodiments, the mixed aromatic feed stream 14 15 optionally combined with a {7 stream 36 and
a Co-10 siream 46, which are further defined below.

{8035  In some embodiments, the mixed aromatic feed stream 14 or combined nuxed aromatic
feed stream 15 comprises non-aromatic compounds and aromatic compounds, which may be
derived from a variety of onigmal sources mcluding, without liutation, biomass derived
oxygenates and condensation products, petroleum refining, thermal or catalytic cracking of
hydrocarbons, coking of coal, petrochemical conversions, or combinations thereof.

{8036]  In some embodiments, the mixed aromatic feed stream 14 or combined mixed aromatic
feed stream 15 comprises from 0.1 wi% to 45 wi% non-aromatic hydrocarbons, e.g., paraffins,
olefins, naphthenes, naphtheno-olefins, or combinations thereof In some embodiments, the

hydrocarbon feed stream comprises at least 0.1 wit% non-aromatic hydrocarbons, or at least 1 wi%,
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or at least 2 wit% or at least 3 wi%%, or at least 4 wi%, or at least 5 wi%o, or at least 10 wi%, or at
least 15 wi%, or at least 20 wi%, io less than 25 wit%, less than 30 wt%., or less than 35 wi%, or
less than 40 wt%e, or less than 45 wi%. In some embodiments, the hydrocarbon feed stream
comprises {s.ao paratting, Csso olefins, Ussonaphthenes, or combinations thereof

{0837}  As used herein, the term "paratfin or "alkane" refers to a Cs30 saturated straight-chain
or branch-chain hydrocarbons. In some embodiments, the paraffins have a general formula of
CaHane, where n may range from 3 to 30, from 3 to 25, from 3 to 20, from 3 to 15, from 3 to 10,
or from 3 to 6.

{0038]  As used herein, the term "olefin” or "alkene" refers to a Cs.30 unsaturated straight-chain
or branch-chain hydrocarbon having at least one carbon-carbon double bond. In some
emmbodiments, the olefins have a general formula of CelHas, where n may range from 3 to 30, from
3t0 25, from 310 20, from 3 t0 15, from 3 1o 10, or from 3 {0 6.

{0039]  Examples of various paraftins and olefins include, without limutation, propane, propene,
butane, butene, pentane, pentene, 2-methylbutane, hexane, hexene, Z-methvipentane, 3-
methylpeniane, 2, 2-dimethylbutane, 2,3-dimethylbutane, heptane, heptene, octane, octene, 2.2.4,-
trimethyipentane, 2.3-dimethyl hexane, 2,3 4-trimethyipentane, 2.3-dimethyipentane, nonane,
nonene, decane, decene, undecane, undecens, dodecans, dodecene, tridecane, tridecene,
tetradecane, tetradecene, pentadecane, pentadecene, hexadecane, hexadecene, heptyldecane,
heptyldecene, octyldecane, octyldecene, nooyldecane, nonvidecene, eicosane, eicosene,
unetcosane,  uneicosene, doeicosane, doeicosens, frieicosane, trieicosens, tetraeicosans,
tetraeicosene, and isomers thereof.

[0048] In some embodiments, the mixed aromatic feed stream 14 or the combined mixed

aromaiic feed stream 15 comprises at least 0.1 wit% olefins, or at least 1 wit%, or at least 2 wi% or

at Teast 3 wi%, or at feast 4 wi%, or at least 5 wis, or at feast 10 wi9o, or at least 15 wi%, or at
feast 20 wiSo, to less than 25 wi%, less than 30 wit%, or tess than 35 wi%, or less than 40 wi%s, or
fess than 45 wi% olefins.

{8641]  As used herein, the term "naphthene" or "cycloalkane”" refers to a saturated cyclic,
bicyclic, or bridged cvclic hydrocarbon group. The saturated cvclic, bicyclic, or bridged cyclic
{e.g., adamantane} hydrocarbon group may be substituted with one or more straight-chain or
branched-chain alkyl group or alkylene group, e g, the substituted group{s} may include a straight-

chain or branched-chain Uiz alkyl a straight-chain or branched-chain Cs.iz alkylene, a straight-
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chain or branched-chain Cia alkyl, a straight-chain or branched-chain (Cz4 alkylene  The
naphthene may be mono-substituted or multi-substituted. In some embodiments, the naphthene
have a general formuda of Colas, where n may range from 5 to 30, from 5 to 25, from 5 to 20, from
Sto 15, from 510 10, or from 5 to O,

{0042} Examples of naphthenes mmclude, without hmitation, cvclopentane, cyclopentene,
cyclohexane, cyclohexene, methyvi-cyclopentane, methyl-cyclopentene, ethyl-cyclopentane, ethyl-
cyclopentene, ethyl-cyclohexane, ethyl-cyclohexene, propvi-cyclohexane, butyl-cyclopentane,
butyl-cyclohexane, pentyl-cyclopentane, pentyl-cyclohexane, hexyl-cyclopentane, hexyl-
cyclohexane, decalin, ethyi-decalin, pentyl-decalin, hexyl-decalin, and isomers thereof

{8043] In some embodiments, the mixed aromatic feed stream 14 or the combined mixed
aromatic feed stream 15 comprises at least 0.1 wt% naphthene, or at least 1 wi%, or at least 2 wt®s

e d
i
i

or at least 3 wi%, or at least 4 wi%, or at least S wit, or at least 6 wi%, or at least 7 wt%, or at
least 8 wt, or at least 9 wi%, or at least 10 wi%s, to less than 11 wi%s, or less than 12 wi%, or less
than 13 wi%, or less than 14 wit%6, or less than 15 wi% or less than 16 wi%, or less than 17 wi%e,
or less than 18 wi%e, or less than 19 wt%, or less than 20 w9, or less than 21 wit, or less than 22
wie, or less than 23 wi, or less than 24 wi%, or less than 25 wi%e naphthene.

[0044]  As used herein, the terro "naphtheno-olefin® refers to a saturated cyclic, bicyclic, or
bridged cyclic hydrocarbon group having a mono-substituted olefin or a multi~substituted olefin
on the hydrocarbon group. In some embodiments, the mixed aromatic feed stream 14 or the
combimed mixed aromatic feed stream 15 comprises at least 0.1 wit% naphtheno-olefing, or at feast
1 wi%e, or at feast 2 wi%s or at least 3 wi%%, or at least 4 wi%s, or at least 5 wi9o, or at Jeast 10 wi%,
or at Jeast 15 wit%, or at teast 20 wi%, to Tess than 25 wit%, less than 30 wi%, or less than 35 wi¥,
or less than 40 wi% naphtheno-olefins.

[0045]  In some embodiments, the muixed aromatic feed stream 14 or the combined mixed
aromatic feed stream 15 comprises from 10 wi% to 80 wi% aromatic hydrocarbons, e.g., arvls,
fused aryls, polycyche compounds, or combinations thereof  In some embodiments, the
hydrocarbon feed stream comprises at least 10 wit% aromatic hydrocarbons, or at least 10 wi%, or
at least 15 wi%s or at least 20 wi%, or at least 25 wi%, or at least 30 wt%, or at least 35 wit%, or at
least 40 wi%, or at least 45 wi%, io less than 50 wit%, less than 55 wt%, or less than 60 wi%, or

iess than 65 wi%, or less than 75 wi%, or less than 80 wi% aromatics. In some embodiments, the
k3 k3
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hydrocarbon feed stream comprises a plurality of Coao aryls, Cizao fused arvis, Cao polyeylic
compounds, or combinations thereof.

{0046]  As used herein, the term "arvis" and "aromatics” refers to an aromatic hydrocarbon in
an unsubstituted {phenvi}, mono-substituted, or multi-substituted form. In the case of mono-
substituted and multi-substituted compounds, the substituted group may include a branched Cs+
alkvl, a straight-chain Ci+ alkyl, a branched-chain Cs+ alkylene, a straight chain Ci+ alkylene, ora
combmation thereof By way of example, at least one of the substituted groups include a branched-
chain Cs+ alkyl, a straight-chain Ci.p alkyl, a branched-chain Cs.z alkylene, a straight-chain Co.z
alkylene, or a combination thereof. By way of further example, at least one of the substituted
eroups include a branched Cs.4 alkyl, a straight chain T alkyl, a branched 5.4 alkylene, straight
chain Cr4 alkyiene, or a combination thereof. Examples of various arvis include, without
finutation, benzene, toluene, xylene (dimethyibenzene), ethyl benzene, para-xvlene, meta-xylene,
ortho-xvlene, Cyo- aromatics, butyl benzene, pentyl benzene, hexyl benzene, hepty! benzene, octyl
benzene, nonyl benzene, decyl benzene, undecyl benzene, and isomers thereof.

{8047} In some embodiments, the mixed aromatic feed stream 14 or the combined mixed
aromatic feed stream 15 comprises phenols 11 an amount of at least 10 ppm 1o less than 10 wi%,
based on the total weight of the feed strearn. In some embodiments, the mixed aromatic feed
stream 14 or the combined mixed aromatic feed stream 15 comprises at least 10 ppm phenols, or
at least 50 ppm, or at least 100 ppm, or at least 200 ppm, or at least 300 ppm, or at least 400 ppro,
or at least 500 ppm, or at least 600 ppm, or at least 700 ppm or at least 300 ppm, or at least 900
ppm, or at feast 0.1 wit%, or at least T wi%e, or at least 2 wi%o, or at least 3 wi%, or at least 4 wid%,
to less than 5 wi%%, or fess than 6 wi%o, or less than 7 wi%e, or less than 8 wi%, or less than 9 wi%s,
or fess than 10 wi%s phenols, based on the total weight of the feed stream.

[0048]  As used herein, the term "fused arvl” or "polynuclear aromatic (PNA)Y refers to bieyclic
and polyeyclic aromatic hydrocarbons, i either an unsubstituted, mono-substituted, or mult-
substituted form. Inthe case of mono-substituted and multi-substituted compounds, the substituted
eroup may include a branched-chain Cs.z alkyl, a straight-chain Tz alkyl, 3 branched-chain Cs.
12 alkviene, a straight-chain Ca-12 alkylene, a branched-chain Us4 alkovl, a straight-chain Cra alkyvl,
a branched-chain Csu alkylene, straight-chaim Co.s alkylene, or a combination thereof. Examples

of various fused aryls include, without limitation, naphthalene, anthracene, and 1somers thereof.
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10049}  As used herein, the termy "polycyclic compounds” refers to bicyclic and polyeyclic
hydrocarbons having at least one saturated or partially saturated ring, in either an unsubstituted,
mong-subsittuted, or multi-substituted form. In the case of mono-substituted and multi-substituted
compounds, the substituted group may include a branched-chain Cs.12 alkyl a straight-chain Ci.2
alkyl, a branched-cham Cs.1z alkylene, a straight-chain Co.1 alkylene, a branched-chain {54 alkyl,
a straight-chain Cia alkyl, a branched-chain (54 alkylene, straight-chain Cia alkylensg, or a
combmation thereof. Examples of varigus polyeyclic compounds include, without imitation,
tetralin (1e., tetrahydronaphthalene), ethyi-tetralin, pentyl-tetralin, hexyi-tetralin, and isomers
thereof.

{8056]  In some embodiments, the nixed aromatic feed stream 14 or combined mixed aromatic
feed stream 15 has a bromine number of at least 1 mg Bry/g feed to less than 100 Bry/g feed. In
some embodiments, , the mixed aromatic feed siream 14 or combined mixed aromatic feed stream
15 has a bromine number greater than 1 mg Bry/o, or at least 5 mg Bro/g, or at least 10 myg Bry/g,
or at least 15 myg Bry/g, or at least 20 myg Bry/g, or at least 25 myg Bro/g, or at least 30 mg Br/g, or
at least 40 mg Bro/g, or at least 30 myg Bra/g, or less than 60 myg Bry/g, or less than 70 mg Bro/g, or
less than 80 mg Bro/g, or less than 90 mg Bro/g, or less than 100 mg Bry/g. The bromine number
15 a measure of aliphatic unsaturation in the feed. The bronune nuraber may be deternined using
known methods, such as ASTM D1159.

[8051]  In some embodiments, the mixed aromatic feed stream 14 or combined muxed aromatic
feed stream 15 comprises oxygenates m an amount from 10 ppm to less than 10 wt%, based on the
total weight of the feed stream. In some embodiments, the mixed aromatic feed stream 14 or the
combimed mixed aromatic feed stream 15 comprises at least 10 ppm oxygenates, or at least 50
ppm, or at feast 100 ppm, or at least 200 ppm, or at least 300 ppm, or at least 400 ppm, or at least
S00 ppm, or at least 600 ppm, or at least 700 ppm or at least 800 ppm, or at least 900 ppm, or at
feast 0.1 wit, or at least T wi%s, or at least 2 wi%s, or at least 3 wit%s, or at least 4 wi%, to less than
5 wits, or less than 6 wi%, or less than 7 wi%e, or less than 8 wi%, or less than 9 wi%, or less than
10 witYs oxygenates, based on the total weight of the feed stream.

{0052}  As used herein, the term "Co" refers to a hvdrocarbon compound having n carbons or
greater in the compound {e.g., at least 7 carbons), and the term "Uyn." refers to a hydrocarbon

compound having n carbons or fewer in the compound {e.g., less than 7 carbon atoms). In some

embodiments, the mixed aromatic feed stream 14 or the combined mixed aromatic feed stream 15
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comprises Cr+ aromatic hydrocarbons. In some embodiments, the mixed aromatic feed stream 14
or the combined mixed aromatic feed siream 15 is composed of Cr.a0 aromatics, Csao aromatics,
or Co.1o aromatics. In some embodiments, the mixed aromatic feed siream 14 or the combined
mixed aromatic feed stream 15 1s free of or substantially free of heavy aromatics, such as Cii+
compounds, In some embodiments, the mixed aromatic feed siream 14 or the combined mixed
aromatic feed stream 15 13 free of or substantially free of co-boiling contaminants for benzene,
toluene, or a combination thereof

{80531 As will be described in greater detat] with reference to FIG. 2, the mixed aromatic feed
stream 14 may be produced from water-soluble sugars derived from biomass. Additionally or
alternatively, the mixed aromatic feed stream 14 may be derived from a variety of original sources
mncluding, but not limuted to, petroleum refining, thermal or catalytic cracking of hydrocarbons,
coking of coal, or petrochemical conversions,

{0054]  Referring back to FIG 1, the aromatics processing reactor 12 may optionally include a
hydrogen inlet that places the aromatics processing reactor 12 in fluid communication with a
hydrogen streamn 18 A gas transport device may be configured 1n the hydrogen stream 18 to
transport hydrogen from a hydrogen source 20, such as a reservorr or upstream process unit, to the
aromatics processing reactor 12.

[0055]  The aromatics processing reactor 12 comprises an aromatic processing catalyst 22 that
is configured to reform the muxed aromatic feed stream 14 to produce a product stream having an
mereased concentration of Cs aromatics relative to the aromatic feed stream 14 or the combined
aromaiic feed stream 15 Suitable aromatic processing catalysts 22 mclude, but are not limited to,
a transalkyiation catalyst, a dealkyvlation catalyst, a hydrocracking catalyst, or combinations
thereof. In some embodiments, the aromatic processing catalyst 22 may be composed of a -
functional acidic, metal containing catalyst. The aromatic processing catalyst 22 may include,
without hmitation, carbides, nitrides, zircoma, alumina, sihica, aluminosilicates, phosphates,
zeolites {e.g., ZSM-5, Z8M-11, ZSM-12, Z8M-22, ZSM-23, Z8M-35 and Z8M-48), ttanmum
oxides, zinc oxides, vanadium oxides, lanthanum oxides, yttrium oxides, scandium oxides,
magnesium oxides, cerium oxides, barium oxides, calcium oxides, hyvdroxides, heteropolvacids,
morganic acids, acid modified resing, base modified resing, and combinations thereof

10056}  Insome embodiments, the aromatics processing catalyst 22 may include the above alone

or in combination with a modifier, suchas Ce, La, Y, 8¢, P, B, Bi, Li, Na, K, Rb, Cs, Mg, Ca, Sr,
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Ba, or cominations thereof. The aromatics processing catalyst 22 may also include a metal, such
as Cu, Ag, Au, Pt Ni, Fe, Co, Ru, Zn, Cd, Ga, In, Rh, Pd, Ir, Re, Mn, Cr, Mo, W, Sn, Os, alloys
or combinations thereof, to provide a metal functionality.

{80571 In some embodiments, the aromatics processing reactor 12 is operated as a gas phase
reactor in which the optional hydrogen and the aromatic feed stream 14 are introduced into the
aromatics processing reactor 12 and allowed to flow downward over a fixed bed of the aromatics
processing catalyst 22, Alternatively, the aromatics processing reactor 12 operates as a radial flow
or upflow reactor. In other embodiments, the reactor 12 1s operated as a fixed, trickle bed reactor
in which the optional hydrogen and combined aromatic feed stream are introduced into the reactor
12 and allowed to flow downward over a fixed bed of the catalyst 22, Although the hydrogen
conduit 18 and the combined aromatic stream 14 are depicted in a co-current direction in FIG. 1,
it is to be appreciated that a countercurrent orientation could be implemented.

{0088} In some embodiments, the aromatics processing reactor 12 operates at a temperature
from 200°C to 600°C, 250°C to SS0°C, or from 300°C to 500°C. In some embodiments, the
pressure of the aroroatics processing reactor 12 ranges from atroospheric pressure to 1300 psig. In
some embodiments, the reactor 12 operates at a weight hourly space velocity (WHSV) from 0.1 1o
10 mass feed/mass catalyst/hour, or from 0.5 to 8 WHSVY.

{B05¢]  The product stream 24 exits the aromatics processing reactor 12 through a reactor outlet
that 1s cooled to condense the aromatics, and 1s transported to a separator 25 that removes unreacted
hydrogen and non~condensable compounds from the product stream 24, Cooling of reactor outlet
stream 24 may be accomplished using one or more heat exchangers. A portion of the unreacted
hydrogen may be optionally recyeled and combined with the hydrogen stream 18 via a gas outlet
29. Recvcle of the unreacted hydrogen can be achieved through the use of a gas transport device,
such as a compressor or blower. The hquid product stream 27 from the separator 25 1s then subject
to distillation to recover various product fractions. The order in which the fractions are recovered
may differ depending on implementation specifics.

{8666]  In one embodiment, the hquid product stream 27 from the separator 25 1s directed to a
first distitlation column 26. A pump may be configured in the liguid product stream 27 to facilitate
transport of the liqud product stream 27, and a heat exchanger may be configured m the hquid
product stream 27 to conirol the temperature of the hiquid product siream entering the first

distiilation column 26, A valve may be positioned in the product stream 27 to regulate the flow.
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The first distillation column 26 fractionates the liguid product stream 27 into a Cr- stream 28 and
a Csr stream 30, Although FIG. 1 depicts the first distillation column 26 as a single column, it &8
to be appreciated that fractionating the liquid product stream 27 into the (7. stream 28 and the s+
stream 30 could occur over multiple distillation columns.

{0061} In some embodiments, the C7- stream 28 1s fed to a second distillation column 32 that
fractionates the Cr. stream 28 into a Cs- stream 34 and a Cr stream 36. In some embodiments, the
Cs- stream 34 1s collected or discarded from the process. The Ce- stream 34 may be optionally
further processed in an aromatics purification unit to isolate a product from the Ce. stream 34. For
example, the Ce. stream 34 may be subjected to further distillation, crystallization, or adsorption
to isolate benzene from the Ce. stream 34, In some embodiments, at least a portion of the Co.
streaim 34 1s recycled to an upstream process unit, such as an acid condensation catalyst, to produce
more (s aromatics or other desired aromatics.

{0062} 1n some embodiments, at least a portion of the Cr stream 36 s recycled and combined
with the mixed aromatic feed stream 14 to form the combined mixed aromatic feed stream 15 such
that the U7 strearo 36 can be further reacted over the aromatics processing catalyst 22, Additionally
or alternatively, at least a portion of the {7 stream 36 may collected or discarded from the process.
The collected or discarded portion of the C7 stream 36 may be optionally further processed i an
aromatics purification untt to 1solate a product from the C7 stream 36, For example, the Cr stream
36 may be subjected to further distillation, crystallization, or adsorption 1o isolate toluene from the

*7 stream 36,

{8063]  In some embodiments, the Cs+ stream 30 exsting the first distdlation column 26 1s fed to
a thurd disttllation column 38, The third distitiation column 38 fractionates the Cs+ stream 30 into
a Cs stream 40 and a Co+ stream 42, In some embodiments, at least a portion of the Cs+ stream 30
optionally bypasses the third distiHation column 38 such that the portion of the Cs+ stream 30 1
combined with the Cx stream 40 exating the third distillation column 38, The bypass stream offers
various advantages. First, bypassing the third distilation column 38 reduces the overall system
energy burden by lowering the flux of material passing through the distillation column 38, thereby
lowering operation costs. Further, Applicant has surprisingly and unexpectedly found that
mcorporating the bypass stream lowers operation costs while still maintaining acceptable product

purity, despite bypassing the distillation column 38
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{0064}  In some embodiments, the Co- stream 42 1s fed to a fourth distillation column 44. The
fourth distillation column fractionates the Co+ stream 42 o a Co.1o stream 46 and a Cii- stream
48. In some embodiments, at ieast a portion of the Co.jo stream 46 1s recycled and combined with
the mixed aromatic feed stream 14 to form the combined mixed aromatic feed stream 15 such that
the Co-10 stream 46 can be further reacted over the aromatics processing catalyst 22, Additionally
or alternatively, at least a portion of the Cs.jo stream 46 may collected or discarded from the
process. The collected or discarded portion of the Cono stream 46 may be optionally further
processed in an aromatics purification unit to isolate a product from the Co.o stream 46, For
example, the Co.jo stream 46 may be subjected to further distillation, crystallization, or adsorption
to isolate naphthalene from the Co.10 stream 46, In some embodiments, the Ciy+ stream 48 is
discarded from the system, or further processed in downstream process units. For example, the
Cui- stream be collected or further separated for diesel fuel use or as lubricants or fuel otls.
Additionally or alternatively, the Cri- stream may be cracked, separated, and recycled to either the
mixed aromatic feed stream or an acid condensation catalyst for further processing.

[8063] In some embodiments, the Cs stream 40 1s fed to an somer-recovery process unit 50,
The 1somer-recovery process unit 50 1s configured to produce a xylene somer stream 52 and a
raffinate stream 54 comprising vou-recovered Cs compounds.  Exeroplary somer-recovery
process umits 30 mclude, but are not limued to, crystallization units, adsorption umits, or a
combination thereof, that are configured to selectively purify a xylene 1somer from the Cs stream
40, The isomer-recovery process unit 50 may be configured to purify para-xylene, ortho-xylene,
or meta-xylene from the Cx stream 40,

[8066]  Insome embodiments, the raffinate stream 54 comprising non-recovered Cs compounds
15 fed to an 1somerization reactor 56, A pump and valve may be configured m the raffinate stream
54 to regulate the flow of raffinate to the 1somerization reactor 56, The isomerization reactor 56
comprises an somerization catalyst 58 that 15 configured to produce an somenization product
stream comprising an increased concentration of the desired xviene isomer {e.g., para-xylene,
ortho-xyleng, or meta-xylene} with munimal conversion to highter and heavier products. The
isomerization reactor 56 may optionally include a hydrogen inlet that places the 1somerization
reactor 536 m fluid communication with a hydrogen stream 59, A gas transport device may be

configured in the hydrogen stream 59 to transport hydrogen from a hydrogen source 57, suchas a
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TESEIVOIr Of upstream process unit, to the isomerizaiion reactor 56. In some embodiments, the
hydrogen sources 28, 57 are derived from the same reservoir or upsiream process unit.

{8067} In some embodiments, the isomerization catalyst 58 15 composed of alumina, silica,
aluminosilicates, zeohites {e.g., ZSM-5, Z8M-11, Z8M-12, Z8M-22, Z8M-23, ZSM-35 and ZSM-
483, and combinations thereof. In some embodiments, the isomerization catalyst 58 includes the
above alone or in combination with a modifier, suchas Ce, La, Y, S¢, B, B, Bi, Li, Na, K, Rb, (s,
Mg, Ca, Sr, Ba, and combinations thereof The isomerization catalyst 58 may also mclude a metal,
such as Cu, Ag, Au, Pt, Ni, Fe, Co, Ru, Zn, Cd, Ga, In, Rh, Pd, Ir, Re, Mn, Cr, Mo, W, Sn, Os,
alloys and combinations thereof, to provide a metal functionality. The somerization reactor 56
may be operated as a fixed, trickle bed reactor or as a slurry reactor. In some embodiments, the
isomerization reactor 56 is operated at a temperature from 100°C to 5300°C, at a pressure from
atmospheric pressure to 1500 psig, and at 3 WHSV from 0.1 to 10 mass feed/mass catalyst/hour.
{0068] In some embodiments, at least a portion of the isomerization product stream 60 exiis
through a reactor outlet that is cooled to condense the products, and is transported to a separator
61 that removes unreacted hydrogen and non-condensable compounds from the isomerization
product stream 60, Cooling of the isomerization product stream 60 may be accomplished using
one or more heat exchangers. A portion or all of the unreacted hydrogen may be optionally
recyeled and combined with the hydrogen stream 59 via a gas outlet 63, Recyele of the unreacted
hyvdrogen can be achieved through the use of a gas transport device, such as a compressor or
blower. The hquid product stream 65 from the separator 61 1s the transported to the first distillation
colhumn 26 for fractionation. In some embodiments, the hquid prodact stream 65 from the
separator 61 18 optionally recycled and combined with the higud product stream 27 from the
separator 25 prior to being transported to the first distitlation column 26.

[0068]  In some embodiments, at least a portion of the isomerization product 60 18 optionally
recycled and combined with the Ce stream 40 exating the third distillation cohumn 38, For example,
a portion of the hquid product stream 65 may be split into stream 62, which 1s then transported and
combined with the Cs stream 40. The bypass siream 62 offers various advantages. As discussed
above, bypassing the distillation columns 26, 32, 38 reduces the overall sysiem energy burden by
iowering the flux of material passing through the distillation columns, thereby lowering operation
costs. Further, Applicant has surprisingly and unexpectedly found that mcorporating the bypass

stream 62 lowers operation costs while still maintaining acceptable product purity, despite
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bypassing the distillation columns 26, 32, and 38. For example, a product purity of at least 98.5%,
or at least 99%, or at least 99.5% can be obtained in the xylene stream 52 when operating with one
or both of the bypass streams 30 and 60,

{867¢f  In some embodiments, the mixed aromatic feed stream 14 may be produced from
biomass-derived oxygenated hydrocarbons. An exemplary system 100 for producing the mixed
aromatic feed stream 14 from biomass-derived oxygenated hydrocarbons is depicted in FIG. 2. In
some embodiments, the svstem 100 mcludes a hydrodeoxygenation (HDO) reactor 102 mn fluid
communication with a feedstock solution source 104 and a hydrogen source 106.

{0071}  1n some embodiments, the feedstock solution source 104 includes a feedstock solution
mcluding water-soluble sugars derived from biomass. As used herein, the term “biomass” refers
to, without hmitation, organic materials produced by plants {such as leaves, roots, seeds and
stalks}, and microbial and animal metabolic wastes. Common biomass sources include: (1)
agricultural wastes, such as corn stalks, straw, seed hulls, sugarcane leavings, bagasse, nuishells,
and manure from cattle, poultry, and hogs; (2) wood materials, such as wood or bark, sawdust,
timber slash, and mull scrap; (3) municipal waste, such as waste paper and yard chippings; and (4)
energy crops, such as poplars, willows, swiich grass, alfalfa, praine bluestream, corn, sovbean,
and the like.

{00721  Various sugar processing methods are well known in the art and commercially practiced
at large scale for producing a sugar solution from biomass. For example, in processes using sugar
cane, the sugar cane 1s generally washed, crushed or diffused, and lime clarified to 1solate and
provide an agueous bromass-derived mntermediate feedstock stream rich in sucrose, fructose, and
glucose. In processes using sugar beets, the sugar beets are ikewise washed, shiced, extracted, and
clarified to wisolate and provide an aqueous biomass-derived intermediate feedstock stream mn
sucrose, fructose, and glucose. For processes imnvolving cereal grams, the cereal grain 15 cleaned
and then processed to provide wet milled starches {comn} or dry milled/ground starches {(corn,
wheat, barley, sorghum grain}). The 1solated sugar solution may be adjusted to obtain 3 desired
sugar concentration, e.g., can be concentrated or diluted with water to provide the feedstock
solution 104, Generally, a suitable concentration s 1n the range of about 5% to about 70%, with a
range of about 40% to 70% more common in industrial applications.

{0873}  For a raw feedstock of lignocellulosic biomass, the biomass feed may be deconstructed

from complex biopolymers into sugars and soluble oxygenates to form the feedstock solution 104,
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In one embodiment the raw lignocellulosic feedstock (such as corn stover) undergoes
deconstruction by dilute acid thermochemical pretreatment, pH adjustment by base such as
ammontum hydroxide, lime, sodium hydroxide or potassium hydroxide and enzymatic hydrolysis
to form soluble sugars. Optional preconversion methods include fractionation n the harvesting of

the feedstock, fractionation by sieving, chemical preprocessing to leach out undesired components,

g,
fermentative preprocessing such as freatment by white rot fungi, mechanical methods such as
steam explosion, torrefaction, or pelleting.  Alternate means of deconstruction include
thermochemical pretreatment by autohvydrolysis (hot water only), alkali (for example, ammona,
sodium hydroxide, potassium hydroxide), oxidation {for example, peroxide, oxvgen, air),
organosoly (for example, ethanol, acetic acid, catalytically-derived solvents), and tonic liginds.
The processing step of lignocellulosic biomass may also include additional processing to provide
biomass that has been chopped, shredded, pressed, ground or processed to a size amenable for
COnversion.

{8074]  In some embodiments, the feedstock solution 104 may be formed using one or more of
the aforementioned processes, and may be derived from one or more of the aforementioned
biomass sources. The feedstock solution can be fabricated from biomass by any means now known
or developed in the future, or can be siroply byproducts of other processes.

[8675]  In some embodiments, the feedstock solution comprises one or more oxygenated
hydrocarbon.  The term "oxygenated hydrocarbon® refers to a water-soluble hydrocarbon
contaimng three or more carbon atoms and two or more oxygen atoms, such as carbohydrates (e.g.,
monosaccharides, disaccharides, oligosacchandes, polysaccharides, and starches), sugars {eg.,
glucose, sucrose, xylose, etc), sugar alcohols {eg., diols, triols, and polyols), and sugar
degradation products {e.g, hydroxymethyl furfural (HMF), levulinic aad, formic acid, and
furfural), each of which 1s represented herein as Cs+O2+. As used herein, the term “oxygenated
compound” or “oxygenate” refers to a molecule having two or more carbon atoms and one or more
oxygen atoms {1e, T2014); the term “monooxygenates” refers to a hydrocarbon molecule
containing two or more carbon atoms and one oxygen atom (Le., £2:01}; the term “dioxygenates”
refers to a hydrocarbon molecule containing two or more carbon atoms and two oxygen atoms
{1.e, C2+0n); and the term “polyoxygenates” refers to a hydrocarbon molecule contamming two or

more carbon atoms and three or more oxygen atoms (1.e., C2+0Os3+).
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{8076}  In addition to the oxygenated hydrocarbons, the feedstock may also include hignin, one
or more extractives, one or more ash components, or one of more organic spectes {e.g., hgnn
dertvatives). Extractives include terpenocids, stilbenes, flavonoids, phenolics, aliphatics, lignans,
alkanes, proteinaceous materials, anmino acids, and other norganic products.  Ash components
mclude Al Ba, Ca, Fe, K, Mg, Mn P, S, 81, Zn, etc. Other organic species include 4-ethyi phenol,
4-ethyi-Z-methoxy phenol, 2-methoxy-4-propyl phenol, vanillin, 4-propyl syringol, vitamin E,
steroids, long chain hydrocarbons, long chain fatty acids, stilbenoids, etc.

{6077}  In some embodiments, the feedstock solution 104 15 optionally hydrogenated prior to
converston in the hydrodeoxygenation reactor 102, For example, the feedstock solution may be
contacted with a hydrogenation catalyst in a reactor {now shown} at a hydrogenation temperature
and a hydrogenation pressure to produce a hydrogenation product stream. Various processes are
known for hydrogenating carboxylic acids. The hydrogenation catalyst generally includes Fe, Ru,
Co, Pt, Pd, Ni, Re, Cy, and alloys or combinations thereof, either alone or with promoters such as
Ag, Ay, Cr, Zn, Mn, Mg, Ca, Cr, Sn, By, Mo, W, B, P, and alloys or combinations thereof. The
hyvdrogenation catalyst may also mnclude any one of several supports, depending on the desired
functionality of the catalvst. Such supports may melude carbon, sihica, alumina, zircoma, titania,
vanadia, ceria, silica-aluminate, zeohite, kieselguhr, hydroxyapatite, zinc oxide, magnesium oxide,
chromia, and mixtures thereof.

[0078]  In general, the hydrogenation reaction 15 carried out at hydrogenation temperatures of
between about 80° U to 3507 C, and hydrogenation pressures in the range of about 530 psig to 5000
psig.  The hydrogen used n the reaction may mclude in sity hydrogen generated from other
reactions occurring n series or parallel within the reactor, external Hz, recyeled Hz, or a
combination thereof

{00781  Insome embodiments, the feedstock solution 104 includes carboxvlic acids that may be
hydrogenated. The extent to which the carboxyhc acid feedstock stream 1s hydrogenated can be
measured by the amount of molecular hydrogen consumed during hyvdrogenation and may range
from 0.05 to 2.0 moles of molecular hydrogen consumed per mole of carboxylic acid groups in the
feed. In general, the reaction should be conducted under conditions where the residence time of
the carboxylic acid feedstock over the catalyst 1s appropriate to generate the desired oxygenates.
For example, the residence time may be established at a weight hourly space velocity (WHSV} of

between 0.01 and 30, or between 0.05 and 10, or between 0.1 and 5.
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10088} Referring back to FIG. 2, the feedstock solution 104 1s contacted with the deoxygenation
catalyst 108 in the presence of hydrogen to produce a deoxygenation product stream 110
comprising a mixture of one or more oxygenate. The deoxygenation product stream 110 may
comprise a H:Cerr ratio greater than or equal t0 0.5 and less than 2, or from 0.8 to 1.8, or from 1 to
1.6, or from 1.2 to0 1.6. In some embodiments, the H:Cerr ratio is at feast 0.5, or at least 0.6, or at
least 0.7, or at least 0.8, or at least 0.9, or at least 1, or at least 1.1, or at least 1.2, to less than 1.3,
or less than 1.4, or less than 1.5, or fess than 1.6, or less than 1.8, or less than 1.9, or less than 2.0.

{0081]  As used herein, the term " H: Cer ratio” is based on the amount of carbon, oxygen and

H-20

hydrogen in the feed, and is calculated as follows: H: Cgpp = , where H represents the number

of hydrogen atoms, O represents the number of oxygen atoms, and C represents the number of
carbon atorms. Water and molecular hydrogen (diatornic hydrogen, Ha) are excluded from the
calculation. The H:Cerrratio applies both to individual components and to mixtures of components,
but 15 not vahid for components which contain atoms other than carbon, hydrogen, and oxygen.
For nuxtures, the C, H, and O are sumomed over all components exclusive of water and molecular
hydrogen. The term “hydrogen” refers to any hydrogen atom, while the term “molecular
hydrogen™ 18 himited to diatomic hydrogen, Ha. In some embodiments, the H:Cerratio may be
controlled or modulated by varying the hydrogenation and hydrodeoxygenation catalyst and
operating conditions (e.g., temperature, pressure, WHSY, feed source selection and concentration).
{0082] In some embodiments, the deoxygenation product stream 110 mcludes CiriOis
hydrocarbons, which are compounds having T or more carbon atoms and between T and 3 oxygen
atoms, such as alcohols, ketones, aldehydes, furans, hydroxy carboxviic acids, carboxyiic acids,
diols and triols. In some embodiments, the Ci-Oh3 hydrocarbons have from 1 to 6 carbon atoms,
or 2 io 6 carbon atoms, or 3 to © carbon atoms. In addition to Ci+h3 hydrocarbons, the
deoxygenation product stream 110 may inclode hydrocarbons having no oxygen elements.

{0083} Exemplary alcohols in the deoxygenation product siream 110 may include, without
fimitation, primary, secondary, linear, branched or cyclic Ci+ alcohols, such as methanol, ethanol,
n-propyl alcohol, sopropyl alcohol, butyl alcohol, isobutyl alcohol, butancl, pentancl
cyclopentansl, hexanol, cyclohexanol, 2Z-methyl-cyclopentanonol, heptanol, octanol, nonanol,
decanol, undecanol, dodecanol, and isomers thereof. Exemplary ketones may include, without
himitation, hydroxyketones, cychic ketones, diketones, acetone, propanone, Z-oxopropanal,

butanone, butane-2 3-dione, 3-hydroxybutan-2-one, pentanone, cyclopentanone, pentane-23-
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dione, pentane-2 4-dione, hexanone, cyclohexanone, 2-methyl-cyclopentanone, heptanone,
octanone, nonanone, decanone, undecanone, dodecanone, methylglyoxal, butanedione,
pentanedione, diketohexane, and isomers thereof. Exemplary aldehydes may include, without
fimitation, hydroxyaldehvdes, acetaldehyde, propionaldehyde, butyraldehyde, pentanal, hexanal,
heptanal, octanal, nonal, decanal, undecanal, dodecanal, and isomers thereof  Exemplary
carboxyiic acids may include, without limitation, formic acid, acetic acid, propionic acid, butansic
acid, pentanoic acid, hexanoic acid, heptanoic acid, isomers and derivatives thereof, including
hydroxylated dertvatives, such as 2-hydroxybutanoic acid and lactic acid. Exemplary diols may
nclude, without himitation, ethylene glvcol, propylene glycol, 1 3-propanediol, butanediol,
pentanediol, hexanediol, heptanediol, octanediol, nonanediol, decanediol, undecanediol,
dodecanediol, and 1somers thereof. Exemplary tricls may include, without himitation, glycerol,
1,1,1 tristhydroxymethyl)-ethane (trimethylolethane), trimethvlolpropane, hexanetriol, and
isomers  thereof Exemplary furans and furfurals include, without hmutation, furan,
tetrahydrofuran, dihvdrofuran, 2-furan methanol, 2-methyi-tetrahydrofuran, 2,5-dimethyl-
tetrahydrofuran, Z-methy! furan, 2-ethyl-tetrahydrofuran, 2-ethyl furan, hydroxylmethyifurfural,
3-hydroxytetrahydrofuran, tetrahydro-3-furanol, 2,5-dimethyl furan, S-hydroxymethyl-2{5H)-
furanone, dihydro-S-(thvdroxyroethyl)-2(3H)-furanone, tetrahydro-2-furcic acid, dihydro-5-
{(hydroxymethyl}-2(3H)-furanone, tetrabydrofurfuryl alcohol, 1~(2-furyl)ethanol,
hydroxymethyltetrahydrofurfural, and isomers thereof.

[0084] In some embodiments, the deoxygenation catalyst 108 is composed of a heterogengous
catalyst having one or more materials capable of catalyzing a reaction between hydrogen and a
feedstock solution 104 to remove one or more of the oxygen atoms from the feedstock solution to
produce one or more oxygenate. In some embodiments, the deoxygenation catalyst 108 13
composed of one or more metal adhered to a support and may mclude, without lumitation, Cu, Re,
Fe, Ru, Ir, Co, Rh, Pt, Pd, N1, W, Os, Mo, Ag, Ay, alloyvs and combinations thereof. The
deoxygenation catalyst may include these elements alone or in combination with one or more of
Mn, {r, Mo, W, V, Nb, Ta, T1, Zr, Y, La, Sc, Zn, {d, Ag, Au, Sn, Ge, P, Al, Ga, In, T, and
combmations thereof. In one embodiment, the deoxygenation catalyst mncludes Pt, Ru, Cy, Re,
Co, Fe, Ni, W or Mo. In yet another embodiment, the deoxygenation catalyst includes Fe or Re
and at least one transition meial selecied from Ir, N1, Pd, P, Rh, or Ru. In another embodiment,

the catalyst includes Fe, Re and at least ("u or one Group VIHDB transition metal. The support may
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be any one of the supports further described below, including a nitride, carbon, stlica, alumina,
zircomia, titania, vanadia, ceria, zinc oxide, chromia, boron nitride, heteropolyacids, kieselguhr,
hydroxyapatite, and mixtures thereof.

{B088) The deoxygenation temperatwre may range from &0° C to 3060° €. In some
embodiments, the reaction temperature s between about 120° C and 600° {, or between about
200° C and 280° C, or between about 226° C and 260° €. The deoxygenation pressure may range
from 72 psig to 1300 psig. In some embodiments, the deoxygenation pressure ranges from 72 to
1200 psig, or from 145 to 1200 psig, or from 200 to 725 psig, or from 3635 to 700 psig, or between
from 600 to 650 psig.

{8086]  In some embodiments, the WHSYV for the deoxygenation reaction ranges from 0.1 gram
of oxygenated hydrocarbon per gram of catalyst per hour {g/g-hr} to 40 g/g-hr.  In some
embodiments, the WHSV is at least 0.25, at least 0.5, at least 0.75, atleast 1.0, atleast 1.1, at least
1.2, at least 1.3, at least 1.4, at least 1.5, at least 1.6, at least 1.7, at least 1.8, at least 1.9, at least
2.0, at least 2.1, at least 2.2, at least 2.3, at least 2.4, at least 2.5, at least 2.6, at least 2.7, at least
2.8, at least 2.9, at least 3.0, at least 3.1, at least 3.2, at least 3.3, at least 3.4, at least 3.5, at least
3.6, at least 3.7, at least 3.8, at least 3.9, at least 4.0, at least 4.1, at least 4.2, at least 4.3, at least
4.4, at least 4.5, at least 4.6, at teast 4.7, at least 4.8, at least 4.9, at least 5.0, to less than 6, less
than 7, less than &, less than 9, less than 10, less than 11, less than 12, less than 13, less than 14,
less than 15, less than 20, less than 23, less than 30, less than 35, or less than 40 g/g hr.

[0087]  In some embodiments, the amount of hydrogen fed to the deoxygenation reactor 102
ranges from 0-2400%, 5-2400%, 10-2400%, 15-2400%, 20-2400%, 25-2400%, 30-2400%, 35-
2400%, 40-2400%, 45-2400%, 50-2400%, 55-2400%, 60-2400%, 65-2400%, 70-2400%, 75-
2400%, 80-2400%, 85-2400%, 90-2400%, 95-2400%, 98-2400%, 100-2400%, 200-2400%, 360-
2400%, 400-2400%, 500-2400%, 600-2400%, 700-2400%, 300-2400%, 900-2400%, 1000-
2400%, 1100-2400%, or 1150-2400%, or 1200-2400%, or 1306-2400%, or 1400-2400%, or 1500-
2400%, or 1600-2400%, or 1700-2400%, or 1800-2400%, or 1900-2400%, or 2000-2400%, or
2100-2400%, or 2200-2400%, or 2300-2400%, based on the total number of moles of the
oxygenated hydrocarbon(s} in the feedstock, including all intervals between. The hvdrogen may
be external hydrogen or recveled hydrogen. The term “external Ho” refers to hydrogen that does

not originate from the feedstock solution, but 1s added to the reactor system from an external
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source. The term “recycled Hy” refers to unconsumed hydrogen, which s collected and then
recycled back mto the reactor system for further use.

{0088]  In some embodiments, the product stream 110 1s passed through a three-phase separator
111 to separate the product stream 110 into a non-condensed gas stream 112, an organic products
stream 114, and an aqueous products stream 116, The non-condensed gas stream 112 may be
composed of hydrogen, carbon dioxide, methane, ethane and propane. The non-condensed gasses
may be removed and either combusted to create process heat (1.e., heat for driving the reaction in
the deoxygenation reactor), or sent to a separation system where hydrogen can be recovered for
recycling back to the hydrogen stream 106, The aqueous products stream 116, containing partially
deoxygenated hydrocarbons, may be recycled back to the nlet of the deoxygenation reactor 102,
An aqueous purge stream 118, including some monooxygenates {e.g., alcohols), can be used to
prevent a butld-up of water in the reactor system. The agueous purge stream 118 can be combined
with the organic products stream 114 or discarded from the process.

{8089]  Insome embodiments, the organic products stream 114 comprising oxygenates is passed
through a condensation reactor 120 comprising a condensation catalyst 122, The oxygenates are
converted 1nto a condensation product stream 124 comprnising Ca+ compounds by condensation
reactions catalvzed by the condensation catalyst 122, Without being himited to any specific
theories, it 15 believed that the condensation reactions generally consist of a series of steps
mvolving: {a} the dehydration of oxygenates to alkenes; (b} oligomerization of the alkenes; (¢}
cracking reactions; {d} cyclization of larger alkenes to form aromatics; (¢} alkane 1somenzation;
{f) hydrogen-transfer reactions to form alkanes. The reactions may also consist of a sertes of steps
mvolving: (1) aldol condensation to form a B-hydroxyvketone or P-hydroxyaldehvde; (2)
dehydration of the B-bydroxyketone or B-hydroxyaldehvde to form a conjugated enone; (3)
hydrogenation of the conjugated enone to form a ketone or aldehyde, which may participate
further condensation reactions or converston to an alcohol or hydrocarbon; and (4} hydrogenation
of carbonyls to alcohols, or vice-versa. Other condensation reactions may occur m parallel,
mcluding aldol condensation, prins reactions, ketonization of acids, and Diels-Alder condensation.
{0096} The condensation catalyst 122 will generally be a catalyst capable of forming longer
chain compounds by linking two oxygen containing species, or other functionalized compounds
{(e.g., olefins}, through a new carbon-carbon bond, and converting the resulting compound to a

hydrocarbon, alcohol or ketone. The condensation catalyst may include, without hmitation,
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carbides, nitrides, zirconia, alumina, silica, alununosilicates, phosphates, zeolites, titanium oxides,
zinc oxides, vanadium oxides, lanthanum oades, yitrium oxides, scandium oxides, magnesium
oxides, cerium oxides, barium oxides, calcium oxides, hydroxides, heteropolyacids, mnorganic
acids, acid modified resins, base modified resins, and combinations thereof. The condensation
catalyst may include the above alone or in combination with a modifier, suchas Ce, La, Y, 8¢, P,
B, By, L1, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, and combinations thereof The condensation catalyst
may also include a metal, such as Cu, Ag, Au, Pt, Ny, Fe, Co, Ry, Zn, Cd, Ga, In, Rh, Pd, Ir, Re,
Mn, Cr, Mo, W, Sn, Os, alloys and combinations thereof, to provide a metal functionality.

{0091} In certain embodiments the condensation catalyst may include, without hmatation,
carbides, nitrides, zircorna, alumina, silica, aluminosilicates, phosphates, zeolites (e g, ZSM-5,
ZSM-11, Z8M-12, ZSM-22, Z8M-23, Z8M-35 and Z8SM-48), titanium oxudes, zinc oxides,
vanadium oxides, lanthanum oxides, yitrium oxides, scandium oxides, magnesium oxides, cerum
oxides, bartum oxides, calcium oxides, hydroxides, heteropolyacids, imorganic acids, acid
modified resins, base modified resins, and combinations thereof The condensation catalyst may
also nclude a wetal, such as Cu, Ag, Au, Pt, Ny, Fe, Co, Ry, Zn, Td, Ga, In, Rh, Pd, Ir, Re, Mn,
Cr, Mo, W, Sn, Os, alloys and combinations thereof, to provide a metal functionality.

[8092]  The condensation catalyst 122 may be self-supporting {1.e, the catalyst does not need
another material to serve as a support), or may require a separate support suitable for suspending
the catalyst in the reactant stream. In certain embodiments the support s selected from alumina,
sthica, or mirconia. In other embodiments, particularly when the condensation catalyst s a powder,
the catalyst system may include a binder to assist i forming the catalyst into a desirable catalyst
shape. Apphcable forming processes inchide extruston, pelletization, oif dropping, or other known
processes. Zinc oxide, alumina, and a peptizing agent may also be mixed together and extruded
to produce a formed material. After drying, this material 1s calcimed at a temperature appropriate
for formation of the catalytically active phase, which usually requures teraperatures in excess of
3507 C. Other catalyst supports may nclude those described mn further detail below.

{8693] The condensation catalyst may include one or more zeolite structures comprising cage-
like structures of silica-alumina. Zeolites are crystalline microporous matenials with well-defined
pore structures. Zeolites contain active sites, usually acid sites, which can be generated in the
zeolite framework. The strength and conceniration of the active sites can be tailored for particular

apphications. Examples of suitable zeolites for condensing secondary alcohols and alkanes may
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comprise aluminosilicates, optionally modified with cations, such as Ga, In, Zn, Mo, and mixtures
of such cations, as described, for example, in U.S. Pat. No. 3,702,886, which is incorporated herein
by reference. As recognized in the art, the structure of the particular zeolite or zeolites may be
altered to provide different amounts of various hydrocarbon species in the product muxture.
Depending on the structure of the zeolite catalyst, the product mixture may contain various
amounts of aromatic and cyelic hydrocarbons.

{0094} Examples of suitable zeolite catalysts include ZSM-5, Z8M-11, ZSM-12, ZSM-22,
ZSM-23, Z8M-35 and Z8M-48. Zeolite Z8M-5, and the conventional preparation thereof, is
described in U8, Pat No. 3,702,886, Re 29,948 (highly siliceous Z8M-5}; U S, Pat Nos.
4,100,262 and 4,139,600, all incorporated herein by reference. Feolite ZSM-11, and the
conventional preparation thereof, 15 described in US. Pat No. 3,709,979, which s also
meorporated herein by reference. Zeolite ZSM-12, and the conventional preparation thereof] is
described in U.S. Pat. No. 3,832,449, mcorporated herein by reference. Zeolite ZSM-23, and the
conventional preparation thereof, is described in U.S. Pat. No. 4,076,842, mcorporated herein by
reference. Zeolite ZSM-35, and the conventional preparation thereof, 1s described in U.S. Pat. No.
4,016,245, mcorporated herein by reference. Another preparation of Z8M-35 s described in U5,
Pat. No. 4,107,195, the disclosure of which s incorporated herein by reference. ZSM-48, and the
conventional preparation thereof, 15 taught by US. Pat. No. 4,375,573, incorporated herein by
reference. Other examples of zeolite catalysts are described in U.S. Pat. No. 5,019,663 and U S
Pat. No. 7,022,888, also mncorporated herein by reference. An exemplary condensation catalyst is
a ZSM-5 zeolite modified with Cu, Pd, Ag, Pt, Ru, Re, N1, Sn, or combinations thereof.

[0095]  Asdescrnibed in US. Pat. No. 7,022 888, the condensation catalyst may be a bifunctional
pentasil zeolite catalyst including at least one metallic element from the group of Cu, Ag, Ay, P,
Ni, Fe, Co, Ry, Zn, Cd, In, Rh, Pd, Ir, Re, Min, Cr, Mo, W, Sn, s, alloys and combinations thereof,
or a modifier from the group of In, Zn, Fe, Mo, Au, Ag, Y, 8¢, Ni, B, Ta, lanthamdes, and
combmations thereof. The zeolite may have strong acidic sites, and may be used with reactant
streams containing an oxygenated hydrocarbon at a temperature of below 580° . The bifunctional
pentasil zeolite may have ZSM-5, ZSM-8 or Z8M-11 type crystal structure consisting of a large
number of 5-membered oxygen-rings (1.e., pentasil rings). In one embodiment the zeolite will

have a ZSM-35 type siructure.
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{0096]  Alternatively, solid acid catalysts such as alumina modified with phosphates, chloride,
silica, and other acidic oxides may be used in the process. Alse, sulfated zircoma, phosphated
zirconia, titania zircoma, or tungstated zircoma may provide the necessary acidity. Re and Pt/Re
catalysts are also useful for promoting condensation of oxygenates to Cs+ hydrocarbons and/or Cs+
mone-oxygenates. The Re is sufficiently acidic to promote acid-catalyzed condensation. In
certain embodiments, acidity may also be added to activated carbon by the addition of etther
sulfates or phosphates.

{80971  The specific Cs+ compounds produced will depend on various factors, including,
without himitation, the type of oxygenated compounds in the reactant stream, condensation
temperature, condensation pressure, the reactivity of the catalyst, and the flow rate of the reactant
stream as it affects the space velocity, GHSY, LHSV, and WHSY. In certain embodiments, the
reactant stream 1s contacted with the condensation catalyst at a WHSYVY that 1s appropriate 1o
produce the destred hydrocarbon products. In one emnbodiment the WHSV 1s at least 0.1 grams of
volatile {C2+015) oxygenates in the reactant stream per gram catalyst per hour In another
erobodiment the WHSYV 18 between 0.1 to 10.0 /g hr, mcluding a WHSV of 1,2, 3.4, 5,6, 7, 8,
9, 10 g/g by, and mcrements between,

[0098] In certain embodiments the condensation reaction 15 carried out at a temperature and
pressure at which the thermodynamics of the proposed reaction are favorable. For volatile C2:01-
5 oxygenates the reaction may be carried outf at a temperature where the vapor pressure of the
volatile oxvgenates is at least 0.1 atm {and preferably a good deal higher). The condensation
temperature will vary depending upon the specific composition of the oxygenated compounds.
The condensation temperature will generally be greater than 86° €, or 100° C, or 1257 C, or 1507
C,or 1757 C, or 200° €, 0r 225° C, or 250° C, and less than 300° C, or 4507 C, ¢r 425° C, 08 375°
C, or 325° C, or 275° C. For example, the condensation temperature may be between 80° C 1o
300° O, or between 1257 C. 104507 C., or between 250° €. t0 425° €. The condensation pressure
will generally be greater than O psig, or 10 psig, or 100 psig, or 200 psig, and less than 2000 psig,
or 1800 psig or, or 1600 psig, or 1500 psig, or 1400 psig, or 1300 psig, or 1200 psig, or 1100 psig,
or 1000 psig, or 900 psig, or 700 psig. For example, the condensation pressure may be greater

g, of between 0 and 1200 psig.

&0

than 0.1 atm, or between 0 and 1500 pss
{0098}  The condensation reactions of the present disclosure can be used in the production of

4+ alkanes, Cs+ alkenes, Us+ cycloalkanes, Cs+ cycloalkenes, aryls, fused aryls, polveychic
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compounds, Ca+ alcohols, Cas ketones, Car furans and mixtores thereof, with an advantageously
high proportion of arvls and a low proportion of alkanes. In particular, the use of the above
described mixture of oxygenates results in an aryl vield greater than or equal to 50% carbon
fraction {CF} of the agqueous feedstock carbon and a Car alkane yield less than or equal to 20% CF
of the aqueous feedstock carbon. In certain embodiments, the aryls yield can be greater than or
equal to 55 wt %, greater than or equal to 60% CF, or greater than or equal to 65% CF of the
aqueous feedstock carbon. In certain embodiments, the Car alkane yigld is less than or equal to
15% CF, less than or equal to 10% CF, or less than or equal to 5% CF of the aqueous feedstock
carbon. In certain other embodiments, the product may further comprise Ci.5 alkanes with the total
1+ alkane vield less than or equal to 20% CF, less than or equal to 15% CF, less than or equal to
10% CF, or less than or equal to 5% CF of the aqueous feedstock carbon.

{00166} As used herein, the term "carbon fraction" and "CF" which may be used
interchangeably, can be calculated by dividing the mass of carbon of the component (e g., mass of
carbon in the arvis) by the mass of carbon in the feed and multiplying by 100. Alternatively, the
% CF may be reported as percentage of feed carbon, percentage of carbon in, or other sinilar
nomenclature.

{80181} In certamn embodiments, the aryis vield 1s greater than or equal to 53% CF of the aqueous
feedstock carbon and the Cy+ alkane yield 15 less than or equal to 15% CF of the aqueous feedstock
carbon. In another embodiment the aryls vield 1s greater than or equal to 60% CF of the aqueous
feedstock carbon and the Cyr alkane yield 15 less than or equal to 10% CF of the aqueous feedstock
carbon. In further embodiments, the aryls vield s greater than or equal 0 53% CF of the aqueous
feedstock carbon and the Ci+ alkane yield 15 less than or equal to 15% CF of the aqueous feedstock
carbon. Invyet other embodiments, the aryls yield is greater than or equal to 60% CF of the aqueous
feedstock carbon and the Ci+ alkane yield 15 less than or equal to 10% CF of the aqueous feedstock
carbon.

{00182] The Cs+ alkanes and T4+ alkenes have from 4 to 30 carbon atoms {Cu+ alkanes and Cs-
alkenes) and may be branched or straight chaned alkanes or alkenes. The Cs+ alkanes and Car
alkenes may also inchude fractions of Caw, Cr1s, Crr-24 alkanes and alkenes, respectively, with the
(a9 fraction directed to gasoline, the Crae fraction directed to jet fuels, and the Ciia4 fraction
directed to diesel fuel and other industrial applications, such as chemicals. Examples of various

Cs+ alkanes and Cs+ alkenes include, without limitation, butane, butene, pentane, pentene, 2-
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methylbutane, hexane, hexene, Z-methylpentane, 3-methylpentane, 2,2-dimethylbutane, 2.3-
dimethylbutane, heptane, heptene, octane, ociene, 2,2.4 ~trimethyipentane, 2 3-dimethyl hexane,
2.3, 4-tnimethvipentane, 2,3-dimethylpentane, nonane, nonene, decane, decene, undecane,
undecene, dodecane, dodecene, tridecane, tridecene, tetradecane, tetradecene, pentadecane,
pentadecene, hexadecane, hexadecene, heptyldecane, heptvidecens, octyldecane, octyldecene,
nonyldecane, nonyldecene, icosane, eicosene, uneicosane, uneicosene, doeicosane, doeicosene,
trieicosane, trisicosene, fetraeicosane, tetraeicosene, and 1somers thereof

{86163} The Cs+ cycloalkanes and Cs+ cycloalkenes have from 5 to 30 carbon atoms and may be
unsubstituted, mono-substituted or multi-substituted. In the case of mono-substituted and multi-
substituted compounds, the substituted group may include a branched Cs+ alkyl, a straight chain
Ci+alkyl, a branched Cy+ alkylene, a straight chain Co+ alkylene, a pheny! or a combination thereof,
By way of example, at least one of the substituted groups include a branched Cs.p alkyl, a straight
chain Cy.12 atkyl, a branched Cs.u alkylene, a straight chain Ci.i2 alkylene, a straight chain Copn
alkyiene, a phenvl or a combination thereof By way of further example, at least one of the
substituted groups nclude a branched Csag alkyl, a straight chain Cig alkyl, a branched Cig
alkyiene, straight chain Ci4 alkylene, straight chain Caa alkviene, a phenyl or a combination
thereof. Examples of desirable Cav cycloalkanes and Cs+ cycloalkenes include, without hotation,
cyclopentane, cyclopentene, cyclohexane, cyclohexene, methyl-cyclopentane, wmethyl-
cyclopentene, ethvi-cyclopentane, ethyl-cyclopentene, ethyl-cyclohexane, ethyl-cyclohexene,
propyl-cyclohexane, butyl-cyclopentang, butyl-cyclohexane, pentyl-cyclopentane, pentyl-
cyclohexane, hexyl-cyclopentane, hexyl-cyclohexane, and isomers thereof.

[00184] Arvls will generally consist of an aromatic hydrocarbon 1n either an unsubstituted
{phenyl), mono-sebstitiited or malti-substitoted form. In the case of mono-substituted and malti-
substituted compounds, the substituted group may mcluade a branched Cs+ alkyl, a straight chain
Civalkyl, a branched Ca- alkylene, a straight chain (o+ alkylene, a phenyl or a combination thereof,
By way of example, at least one of the substituted groups mclude a branched Ca+ alkyl, a straight
chain Cig2 alkyl a branched (a2 alkylene, a straight chain 2.1z alkylene, a pheny! or a
combmation thereof. By way of further example, at least one of the substituted groups mclude a
branched (s4 alkvl, a straight chain Ciq alkyl, a branched (5.4 alkylene, straight chain Cig
alkyleng, a phenyi or a combination thereof. Examples of various aryls include, without limutation,

benzene, toluene, xylene (dimethylbenzene), ethyl benzene, para xylene, meta xylene, ortho
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xyiene, s+ aromatics, butyl benzene, pentyl benzene, hexyl benzene, heptyl benrzene, octyl
benzene, nonyl benzene, decyl benzene, undecyl benzene, and isomers thereof.

{00185] Fused arvis will generally consist of bicyclic and polycyclic aromatic hydrocarbons, in
either an unsubstituted, mono-substituted, or multi-substituted form. In the case of mono-
substituted and multi-substituted compounds, the substituted group may include a branched Cs+
alkvl a straight chain Ci+ alkyl a branched Cs+ alkylene, a straight chain {2+ alkylene, a phenyl
or a combination thereof By way of example, at least one of the substituted groups include a
branched (4 alkyl, a straight chain Ci4 alkyl, a branched Cs.4 alkylene, straight chain Cig
alkylene, a phenyl or a combination thereof. Examples of various fused arvls include, without
fimitation, naphthalene, anthracene, and somers thereof.

{00106} Polyevelic compounds will generally consist of bicyclic and polycyelic hydrocarbons,
m either an unsubstituted, mono-substituted, or multi-substituted form.  Although polycychic
compounds generally mclude fused aryls, as used herein the polycyclic compounds generally have
at least one saturated or partially saturated ring. In the case of mono-substituted and muli-
substituted compounds, the substituted group may mclude a branched Cs+ alkyl, a straight chamn
Ciralkyl, a branched Cs+ alkylene, a straight chain Cz+ alkylene, a phenyl or a combination thereof.
By way of example, at least one of the substituted groups include a branched Ciq alkyl, a straight
chain Ci.4 alkyl, a branched Cs4 alkylene, straight chain Co4 alkylene, a phenyl or a combination
thereof. Examples of various fused aryls include, without mutation, tetrahydronaphthalene and
decahydronaphthalene, and isomers thergof

{80187} The C4- alcohols may also be cyclic, branched or straight chamed, and have from 4 to
30 carbon atoms. In general, the Ca- alcohols may be a compound according to the formula R
OH, wherein R! is a mermber selected from a branched Cur alkyl, straight chain Cs- alkyl, a
branched Cs+ alkylene, a straight chamm Cs+ alkvlens, a substituted s+ cycloalkane, an
unsubstituted Cs+ cycloalkane, a substituted Cs+ cycloalkene, an ansubstituted Cs+ cycloalkene, an
aryl, a phenvl or combinations thereof. Examples of desirable Car alcobols mclude, without
fimitation, butanol, pentanol, hexanol, heptanol, octanol, nonanol, decanol, undecanol, dodecanol,
tridecanol, tetradecanc!, pentadecancl, hexadecanol, heptyidecansl, octyldecanol, nonvidecansl,
eicosanol, uneicosanol, doeicosanol, irieicosanol, tetracicosanol, or isomers thereof.

{00188} The Cs+ ketones may also be cyclic, branched or straight chained, and have from 4 to 30

carbon atoms. In general, the Cs+ ketone may be a compound according to the formula
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Rj
j00109] wherein R and R* are independently a member selected from a branched (s+ alkyl, a
straight chain Cir alkyl, a branched (st alkviene, a straight chain Cr- alkylene, a substituted Cs+
cycloalkane, an unsubstituted Cs+ cycloalkane, a substituted Cs+ cycloalkene, an unsubstituted Cs+
cycloalkene, an aryl, a phenyl or a combination thereof Examples of desirable Cs+ ketones
mclude, without himitation, butanone, pentanone, hexanone, heptanone, octanone, nonanone,
decanone, undecanone, dodecanone, tridecanone, tetradecanone, pentadecanone, hexadecanone,
heptyldecanone, octyldecanone, nonyldecanone, eicosanone, uneicosanone, doeicosanone,
trieicosanone, tetragicosanone, or isomers thereof.
{00118} 1n some embodiments, the condensation product stream 124 comprising Ca+ compounds
can be fractionated into various product streams, such as gasoline, jet fuel (kerosene), diesel fuel,
and aromatics. The condensation product stream 124 may be passed through a three-phase
separator 126 to separate the condensation product stream 124 into an acid condensation gas
stream 128, an organic stream 130, and an agueous stream 132, The organic stream 130 and
aqueous stream 132 are separated by density ditference, while the acid condensation gas stream
128 comprising uncondensed gases 1s recycled to the acid condensation reactor 120 to generate
addiional Cs+ compounds. Tn some embodiments, a gas transport device, such as a blower or
compressor, 18 configured in the acid condensation gas strearn 128 to control the recycle pressure,
In some ermvbodiments, an optional purge stream 134 may also be used to conirol the pressure of
the recycle loop m the acid condensation gas stream 128 In some embodiments, the aqueous
stream 132 13 discarded from the process, or further processed i downstream process units.
{80111] In some embodiments, the organics stream 130 13 fractionated m a distilation column
136 to separate the organic stream 130 nto a bight product stream 138 and 3 heavy product stream
140, In some embodiments, the distilation unit 136 15 configuwred to remove co-boiling
contarminants for benzene, tolueng, or a combmation thereof. As described, removing co-botling
contaminants for benzene and/or toluene prior to processing over a transalkylation and/or
dealkylation catalyst 22 offers various surprising and unexpecied advantages, such as a higher
purity and vield of desired aromatic products.

{00112} In some embodmments, the distillation column 136 is configured to generate a heavy
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stream 140 that s free or substantially free of co-boiling non-aromatic contanunants for benzene.
The distillation column 136 may remove co-boiling nonaromatic contaminants for benzene by
fractionating the orgamic stream 130 into a Ce stream comprising benzene, co-boiling non-
aromaiic contaminants for benzene, and lighter products through the light product stream 138, The
distitlation column 136 may further fractionate the organic stream 130 into a heavy product stream
140 comprising Cr+ compounds.

{00113} In some embodmments, the distillation column 136 s configured to generate a heavy
stream 140 that 1s free or substantially free of co-boiling nonaromatic contaminants for toluene.
The distillation column 136 may remove co-botling nonaromatic contaminants for toluene by
fractionating the organic stream 130 mto a Cr or (s. stream comprising toluene, co-boiling
nonaromatic contanminants for toluene, and lighter products through the hight product stream 138,
The distillation column 136 may further fractionate the organic stream 130 into a heavy product
stream 140 comprising Cg+ or Co+ compounds.

{86114} In some embodiments, the heavy product stream 140 is fractionated 1n a distillation
column 142 to separate the heavy product strearn 140 comprising Cr+ compounds, Cs+ compounds,
or Co+ compounds mto the mixed aromatic feed stream 16 and a heavy product stream 146, In
some embodiments, the distdlation column 142 15 configured to fractionate the heavy product
stream 140 mto a mixed aromatic teed strearn 16 comprising Cr+ compounds and a heavy product
feed stream 144 comprising Cu+ compounds.  In some embodiments, the muxed aromatic feed
stream 16 comprises Uy compounds, or Cs- compounds, or Cst compounds, or U710 compounds,
or Ca-1o compounds, or Coo compounds. The mixed aromatic feed stream 16 may be utilized as
the mlet feed for the process described m FIG. 1.

{80113] In some embodiments, the heavy stream 144 may be further separated for use as
kerosene {e.g., Cii14 as jet fuel use), diesel fuel use {e.g., Ci2-24}, and lubricants or fuel oils {e.g.,
(2s+). Alternatively, the heavy stream 144 may be cracked to produce addition fractions for use
m gasoline, kerosene, aromatics, and/or diesel fractions.

{06116] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Al defimtions, as defined and used herein, should be understood to control over
dictionary definitions, definitions in documents incorporated by reference, and/or ordinary

meanings of the defined terms.
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{00117} The present invention has been described in terms of one or more preferred
embodiments, and 1t should be appreciated that many equivalents, alternatives, varnations, and

modifications, aside from those expressly stated, are possible and within the scope of the invention.

Examples
{06118} The following examples will enable one of skill in the art to more readily understand
the principles of the present disclosure. The following examples are presented by way of

illustration and are not meant to be limiting 10 any way.

Inventive Example 1: Production of high purity aromatics from a mixed aromatic feed

{00119} A mixed aromatic feed stream (MAF) containing Cr-Ciro aromatics, and lacking
substantial benzene co-boiling non-aromatic comtaminants, was processed across a nickel
containing ZSM-S catalyst at 3753°C, 100 psig, with a hydrogen to hydrocarbon ratio of
approximately 4, and at a weight hourly space velocity of 1. While the feed contained less than
0.1% of benzene, the product contained 7.04 wit®s benzene, based on the total weight of the product
stream. The potential purity of the benzene 15 estimated by dividing the amount of benzene by the
total of the benzene co-botling matenals (including benzene) and multiplying by 100. The benzene
co~-boiling range is defined here as all components (including benzene) with retention times greater
than, and mecluding methylcyclopentane (normal bothng point 71.8°C) and less than, and including
1,3 dimethylcyclopentane, cis (botling pomt 91°C) as measured by gas chromatograph (GC). The
estimated benzene purity n the product was 99.8 wi%. Because the feed did not contamn substantial

benzene, the purity of the benzene m the feed could not be estimated.

Comparative Ixample [ Production of benzene from a mixed aromatic feed containing co-boiling
contaminants

[00126] A MAF contavng Ce-Cro aromatics, and contaming substantial benzene co-boiling
non-agromatic contaminants was processed under the same conditions as Example 1. The estimated
benzene purity in the product was 28%. While this s substantially higher than the estimated
benzene purity of the feed, 31%, there are still approximately 10X the benzene co-boiling
contaminants present in the Example 2 product compared to the Example 1 product, llustrating

the advantage of eliminating the co-boiling contaminants in the feed.
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inveniive Fxample 2: Production of high purity aromatics from a mixed aromatic feed stream
{00121] A MAF contaming Co-Cio aromatics, and lacking substantial benzene or toluene co-
boiling non-aromatic contaminants was processed under the same conditions as Example 1 with
the exception that the pressure was increased from 200 to 250 psig and a transalkylation catalyst
was used. The estimated benzene purity in the product was 99.87%. Using a method sinular to
that defined for determining benzene purity m example 1, the co-boiling range for toluene is
defined here as all components (including toluene) with retention times greater than, and
mncluding 1,3 dimethyleyvelopentane, ¢is { boiling point 91°C) and less than, and mcluding wans
1, 2~-dimethyl-cyclohexane {(boiling point 123°C) as measured by gas chromatograph (GC). No
detectable components other than toluene were found in this botling point range using this

analysis, indicating a toluene estimated purity of nearly 100%,.

Comparative Example 2: Production of aromatics from a mixed aromatic feed stream containing
co-boiling contaminanis

[00122] A MAF was produced. The raw hydrocarbon product of the production process was
subjected to a distitlation step to rernove heavy cormpouents, generally contamning eleven or more
carbon atoms. The resulting C-Cro MAF generated lower yields of aromatics 15 not suttable for

use with this mvention

Inventive Fxample 3: Production of high purity avomatics from a mixed aromatic feed stream

[001233] A MAF was produced  The raw hydrocarbon product of the production process was
subjected to two distillation steps. In the first step, the raw hydrocarbons were distiled to produce
an overhead product containing components primartly containing six or fewer carbon atoms,
meluding benzene. The overhead product was recycled to the aromatization section. Surprisingly,
by recyching the light product to the reaction section, the total vield of aromatics increased. The
dehexanized aromatics were then distilled to remove heavy components, generally containing
eleven or more carbon atoms. The resulting C7-Cio MAF is suitable for use with this invention to

produce pure benzene.

inveniive Fxample 4: Production of MAF from an aqueous hyvdrocarbon stream
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{00124] An aqueous mixture of oxygenates was processed across a nickel containing Z8M-5
condensation catafyst at 375°C, 150 psig, and at a weight hourly space velocity of 0.5 The
resultant condensation product was fractionated into a light stream and heavy siream, where the
fight stream was composed of U3-Ce components that were recycled back to the condensation
catalyst. The heavy stream was fractionated to produce a MAF of primanly C7-Cro aromatics. A

representative MAF product 1s shown in Table 1.

Table 1
Component wiYe
Benzene 1.21
Toluene 16.35
Ethyl benzene 2.21
m-Xylene 16.94
p-Xylene
o-Xylene 52
{9 Aromatics 40.38
10 Aromatics 11.97
C11+ Aromatics 2.15
Total Aromatics 96.41%
Laght products 0.57
non aromatics B-T 1.42
non aromatics T-E 27
non aromatics E-9 0.34
Total non-aromatics 36

Inventive fixample 5: Production of mixed xylenes from a mixed aromatic feed

{80125] The MAF from Example 4 contammmng substantial xylene co-boiling non-aromatic
contammants was processed across a transalkylation catalyst at 344°C, 430 psig, with a hydrogen
to hydrocarbon ratio of approximately 3.8, and at a weight hourly space velocity of 3.3, The
product was fractionated into benzene rich, toluene rich, xylene rich, Co aromatic rich, and Cio+
aromaiic rich streams, as shown in Table 2. The toluene and Cs aromatic streams were recycled
back to the translkylation catalyst to maximize xylenes production. The xylene rich stream was
sent 1o an isomer-recovery process unit o produce a para-xylene isomer stream and a raffinate
stream comprising non-recovered Cs compounds. The raffinate stream was processed across an
isomerization catalyst at 340°C, 150 psig, with a hydrogen to hvdrocarbon ratio of approximately

1.5, and at a weight hourly space velocity of 3.3. An 1somerization product stream was produced,
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which was then combined with the xvlene stream and sent back again to the isomer-recovery
process umt. This continued operation led o a production rate of >99.7% para-xylene from the

isomer-recovery process unit of 457 kilograms per month.

Table 2

[

Stream MAF Benzerne | Toluene Co 10+ Xylenes | Xylene | [somerization
Raffinate Product
Flow rale 26.9 37 9.2 14.5 1.2 1G3.5 86.9 86.9
{g/min)
Benzene (wi%) 123 81.08 g 0.08 1.34
Toluene (wi%e) 16.35 0.08 99.09 4.05 1.46 .
Ethyl benzene 2.21 003 0.02 4.13 3.56 4.
{wite)
m-Xylene 16.94 0.16 134 4723 57.38 3003
{wite)
p-Xvlene 20.79 12.37 21.87
{wi%e)
o-Xylene 52 G 494 19.47 2412 20.98
{(wi%)
C% Aromatics 40.38 74.33 37 0.84 (.45
{(wi%)
C10 Aromatics 11.97 1934 46.26 .51 .04 0.26
{(wi%)
Ciit 213 53.73
Aromatics
{wi%e)
Total 96.41 81.13 99 28 9997 49 .99 949 88
Aromatics
{(wi%)
Light Prodocts 0.57 17.74 0.01 .01 G.01
{wi%e)
non aromatics 1.42 1.14 0.19
B-T (wi%) !
non aromatics 1.27 0.52
T-E (wi%)
BOnD arcraatics 0.34 0.0}
E-9 (wi%)
Tetal non- 3.6 18.88 0,72 ¢.02 0.01 0.12 0,15 (.31
aromatics
(Wi}

N
D
o
n

4864

* Non-aromatic components that boil between benzene and toluene (B-T), between toluene
and ethyl benzene (T-E}, and between ethyl benzene and Co aromatic (E-9}.

Inventive Example 6: Production of benzene from a mixed aromatic jeed
{80126] A benzene rich stream produced in the same manner as Exarmple 4 was further processed

over a transalkylation catalyst at 375°C, 40 psig, with a hydrogen to hydrocarbon ratio of
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approximately 0.4, and at a weight hourly space velocity of 1. The product stream was fractionated
to recover a purified benzene stream of >99.9% purity with the product composition shown in
Table 3.

Table 3

Component Result {wi%o)

Benzene Purtty | 99.93

Toluene .07

{8+ Aromatics <(3.01

1,4-Dioxane <0.01

Non-Aromatics | <0.01

inveniive Fxample 7: Production of toluene from a mixed aromatic feed

{00127} A toluene rich stream was produced in the same manner as Example 4 with more
optimized fractionation conditions to achieve 99.8% toluene purity. Rather than being recycled
back to transalkylation to maximize xylene production, the toluene rich stream was recovered as a

product with the composition as shown in Table 4.

Table 4
Component Result (wi%)
Toluene 99 80
Benzene 0.00

Ethylbenzene 0.01

Xylenes .16

Non-Aromatics | .03

Inventive Fxample 8: Production of high purity para-xviene from a mixed aromatic feed
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{00128] A MAF containing {s-Cio aromatics, and containing substantial xylene co-boiling non-
aromatic contaminants, was fractioned to remove {s-Us compounds. The resulting MAF
containing {7-Cho aromatics was processed across a transalkylation catalyst at 360°C, 430 psig,

with a hydrogen to hydrocarbon ratio of approximately 3.6, and at a weight hourly space velocity

ey
I
7

of 2.7. Production of para-xylene was increased by bypassing a portion of the isomerization
product stream around the fractionation and combiming it with the U8 stream prior to entering the
isomer-recovery process umit. 150 grams per nunute was bypassed, and 20 grams per minute was
put through the fractionation. The resulting para-xylene production increased from 457 kilograms
per month to 830 kilograms per month. The composition of a representative para-xylene product

is shown in Table 5, and the results from different processes are shown 1n Table 6.

Table S
Component Result {wt%)
para-Xylene 9993
Toluene 0.02
o-Xylene 0.01
m-Xylene 0.03
Ethylbenzene <0.01
Non-Aromatics | <0.01
Table 6
Bypass Used | >99.7% para-Xylene
{kg/month)
Example 5 No 457
Example 8 Yes 830

{06129]  Although the invention has been described in considerable detail with reference lo certain
cmbodiments, one skilled in the art will appreciaie that the present invention can be ased in alternative

cmbodiments to those described, which have been presenied for purposes of illustration and not of
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fimitation. Therefore, the scope of the appended claims should not be himited to the description of the
embodiments contained herein,
{00130] Tor reasons of completeness, various aspects of the wvention are set out it the following
numbered clauses:
{06131} Clause 1. A method for separating an aromatic corapound from a mixed aromatic feed
stream, the method coroprising:

(1) contacting a mixed aromatic feed stream comprising {710 aromatic hydrocarbons with
an aromatics processing catalyst to produce a product stream,

wherein the aromatics processing catalyst comprises a transalkylation catalyst, a
dealkylation catalyst, a hydrocracking catalyst, or a combination thereof,

wherein the mixed aromatic feed stream comprises greater than 1 wit% of non-aromatic
components based on the total weight of the mixed aromatic feed stream, and wherein the mixed
aromatic feed stream 13 substantially free of Ciz+ aromatics; and

{11} fractionating the product stream to separate an aromatic compound from the product
stream.
{86132] Clause 2. The method of clause 1, wherein the mixed aromatic feed stream comprises
from 0.1 wit% to 45 wt% olefins, based on the total weight of the mixed aromatic feed stream.
{86133} Clause 3. The method of clause 1, wherein the mixed aromatic feed stream comprises
from 0.1 wit% to 25 wt% napthenes, based on the total weight of the mixed aromatic feed stream.
{86134} Clause 4. The method of clause 1, wherein the mixed aromatic feed stream comprises
from 0.1 wt% to 40 wi% naptheno-olefins, based on the total weight of the mixed aromatic feed
stream.
{00135} Clause S. The method of clause 1, wherein the mixed aromatic feed stream has a bromine
number of at least | mg Bro/g of the mixed aromatic feed to less than 100 mg Bry/g of the mixed
aromatic feed.
{86136} Clause 6. The method of clause 1, wherein the mixed aromatic feed stream comprises
phenols in an amount from 10 ppm to 10 wt%, based on the total weight of the mixed aromatic
feed stream.
{00137} Clause 7. The method of clause 1, wherem the mixed aromatic feed comprises
oxygenates m an amount from 10 ppm to 10 wits ppmy, based on the total weight of the mixed

aromatic feed streanm.
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{00138} Clause & The method of clause 1, wherein the Cr.1o aromatic hydrocarbon comprises
benzene, toluene, a xvlene, a trimethyl benzene, a tetramethyl benzene, naphthalene, or
combinations thereof.
{86139] (Clause 9. The meathod of clause 1, wherein step (1) further includes fractionating the
product stream to separate a Us stream from the product stream of step {(1); and

the method further comprises

(111} subjecting at least a portion of the Us stream t¢ an 1somer-recovery process unit {0
produce a xylene isomer stream and a raffinate stream comprising non-recovered Cz compounds;
and

(iv) contacting the raffinate stream with an 1somerization catalyst to produce an
isomerization product stream, wherein the 1somerization product stream comprises at least one
xyliene isomer, and wherein at least a portion of the 1somerization product stream 1s combined
with the product stream produced from the aromatics processing catalyst in step (1)
{86140] Clause 10. The method of clause 1, wherein the mixed aromatic feed stream comprises
Co.10 aromatics.
{06141} Clause 11. The method of clause 9, wherein at least a portion of the isomerization
product stream 1s recycled and combined with the Cs stream entering the isomer-recovery process
urut,
[00142] Clause 12, The method of clause 1, wherein the mixed aromatic feed steam 1s free of
co~-botling contamimants for benzene, toluene, and a combination thereof
{80143] Clause 13, The method of clause 1, wherein step {11} further comprises feeding the
product stream comprising the Cs aromatics to a first distillation colurmn that fractionates the
product stream to separate a Cr- stream from a Us+ stream.
[00144] Clause 14 The method of clause 13, wherein the Uy siream 15 fed to a second distiliation
cohurnn that fractionates the Cr- stream into a Us- stream and a C7 stream.
[00145] Clause 15, The method of clause 14, wherem at least a portion of the Cr stream 1s
recycled and combined with the mixed aromatic feed stream.
{00146] Clause 16, The method of clause 9, wherein at least a portion of the Us+ siream 1s

recycled and combined with the Cs aromatics entering the isomer-recovery process unit.
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{00147} Clause 17. The method of clause 13, wherein step (1) further comprises feeding the Cs+
stream to a third distillation column that fractionates the Cs- stream into a Us stream and a Co+
stream, wherein the Cz stream comprises the Cs aromatics.

{06148] (lause 18. The method of clause 17, wherein the Co+ stream 1s fed to a fourth distillation
column that fractionates the Co+ stream into a Co.io stream and a (- stream, wherein the Cooo
stream is recycled and combined with the mixed aromatic feed stream.

{00149] Clause 19. The method of clause 9, wherein step (1) further comprises fractionating the
product stream to separate a Cr stream, a Cs stream, and a Co.jo stream, wherein the Cs stream is
fed to the isomer-recovery process unit, the (7 stream 15 recycled and combined with the mixed
aromatic feed stream, and the Co.io stream 1s recyeled and combined with the mixed aromatic feed
stream.

{86156]  Clause 20. The method of clause 9, wherein step (11) further comprises fractionating the
product stream to separate a {7 stream, a Cs stream, and a Co+ stream, wherein the Cs stream 1s fed
to the isomer-recovery process umt, the (7 stream is recycled and combined with the mixed
aromatic feed stream, and the Cs+ stream 1s recovered as a product.

[80151] Clause 21. The method of clause 9, wherein the somer-recovery process unit comprises
an adsorption unit.

[B0152] Clause 22 The method of clause 9, wherein the isomer-recovery process unit comprises
a crystallization unit.

{80153} Clause 23. The method of clause 1, wherem the aromatics processing catalyst comprises
an acid catalyst.

[001584] Clause 24. The method of clause 23, wherein the acid catalyst is selected from
alummnosilicates, tungstated aluminosilicates, sihica-alumina phosphates, alominum phosphates,
amorphous silica alununa, zircoma, sulfated =zircomia, tungstated zircoma, tungsten carbide,
molvbdenum carbide, titanda, acidic alumina, phosphated alumuna, tungstated alumina, phosphated
silica, fungstated sihica, tungstated titania, tungstated phosphate, niobia, sulfated carbons,
phosphated carbons, acidic resins, heteropolvacids, tungstated heteropolyacid, morganic acids or
combimations thereof.

{86155] (lause 25. The method of clause 23, wherein the acid catalyst includes a metal selected
from Cu, Ag, Au, Pt, N, Fe, Co, Ry, Rh, Zn, Ga, In, Pd, Ir, Re, Mn, Cr, Mo, W, Sn, Os, alloys or

combinations thereof
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{00156] Clause 26. The method of clause 1, wherein step {1} occurs at a temperature from 200°C
to 600°C.

{00157} Clause 27. The method of clause 1, wherem step {1} occurs at a pressure from 100 psig
to 1500 psig.

{00158} Clause 28 The method of clause 1, wherein step (1} occurs at a weight hourly space
velocity {(WHSV) from 0.1 to 10 mass feed/mass catalyst/hour.

{00159} Clause 29. The method of clause 1, wherein step (1) includes feeding hydrogen m an
amount of at least 0.1 mol of hydrogen per mol of mixed aromatic feed.

{00168} Clause 30. The method of clause 1, wherein step (1} includes feeding hvdrogen i an
amount of at least | mol of hydrogen per mol of mixed aromatic feed.

{00161} Clause 31. A method for producing and separating an aromatic compound from a mixed
aromatic feed stream, the method comprising:

(1} contacting an aqueous hydrocarbon feedstock comprising water and one or more
oxygenate with a condensation catalyst to produce a condensation product stream comprising Ca+
compounds, wherein the C4 compounds comprises a Cy+ alcohol, a Cu+ ketove, a Cy- alkane, a
Cat alkene, a Cs+ cycloalkane, a Cs+ cycloalkene, an aryl, or a fused aryl;

{u) fractionating the condensation product stream to generate a light stream and a heavy
stream, wherein the hight stream comprises co~-boting non-aromatic contanunants for benzene or
toluene, and the heavy stream is substantially free of co-boilling non-arcmatic contanminants for
benzene or toloene;

{11} recyching the hight stream to the condensation catalyst;

(1v} fractionating the heavy stream mnto a mixed aromatic feed comprising Cr+ aromatics;
and

(v} contacting the mixed aromatic feed stream with an aromatics processing catalyst to
produce a product stream, wherein the aromatics processing catalyst comprises a transalkylation
catalyst, a dealkylation catalyst, a hydrocracking catalyst, or a combmation thereof.

{86162] (lause 32. The method of clause 31 further comprising:

fractionating the product stream to separate a (s stream from the product stream;

subjecting at least a portion of the Cs stream to an isomer-recovery process vt to

produce a xylene isomer stream and a raffinate stream comprising non-recovered Cs compounds.
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contacting the raffinate stream with an isomerization catalyst to produce an 1somerization
product stream, wherein the 1somerization product stream comprises at least one xylene isomer,
wherein at least a portion of the isomerization product siream 1s combined with the product
stream produced from the aromatics processing catalyst
{00163} Clause 33. The method of clause 31 further including fractionating the U+ stream from
step {1v} into a Cro stream and a Cne stream, wherein the Crao stream 1s contacted with the
aromatics processing catalyst.
{80164] Clause 34. The method of clause 31 further including fractionating the C9+ stream from
step {1v) into a Coag stream and a Cii+ stream, wherein the Co.o stream s contacted with the
catalyst.
{00165} Clause 35 The method of clause 32, wherein at least a portion of the isomerization
product stream 15 recycled and combined with the Cs stream entering the isomer-recovery process
unit,
{80166] Clause 36. The method of clause 31 further comprising fractionating the product stream
from step (v} to generate a benzene stream, a toluene stream, or a naphthalene stream.
{06167} Clause 37. The method of clause 32 further comprising feeding the product stream to a
first distillation column that fractionates the product stream nto a Cr. stream from a Cs- stream.
[80168] Clause 38. The method of clause 37, further comprising feeding the C7. stream o a
second distillation column that fractionates the 7. stream nto a Ce- stream and a C7 stream.
[00169] Clause 39 The method of clause 38, wherem at least a portion of the Cr stream 1s
recycled and combined with the O+ stream.
{00176] Clause 40. The method of clause 37, wheremn at least a portion of the Cs+ stream 1s
recveled and combimed with the Cs aromatics entering the 1somer-recovery process unit.
{80171} Clause 41. The method of clause 37 further comprising feeding the Ce- stream to a third
distillation column that fractionates the Cg+ stream mnto a Cs stream and a Cos stream, wheremn the
Cs stream comprises the (s aromatics.
(061721 (Clause 42, The method of clause 41, wherein the Co+ stream 1s fed to a fourth distillation
column that fractionates the Co+ stream into a Co.io stream and a (- stream, wherein the Cooo
stream is recycled and combined with the mixed aromatic feed stream.
100173} Clause 43. The method of clause 32 further comprising fractionating the product stream

to separate a O7 stream, a s stream, and a Co10 stream, wheremn the Cs stream s fed to the isomer-
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recovery process uni, the U7 stream is recveled and combined with Co+ stream, and the Coao stream
is recycled and combined with the Co+ stream.

{00174] Clause 44. The method of clause 32, wherein the isomer-recovery process unit
comprises an adsorption unit.

{00175} Clause 45 The method of clause 32, wherein the isomer-recovery process unit
comprises a crystallization unit

{00176] Clause 46. The method of clause 31, wherein the aromatics processing catalyst
comprises an acid catalyst.

{00177} Clause 47. The method of clause 31, wherein the acid catalyst 15 selected from
alumunosilicates, tungstated aluminosilicates, silica-alumina phosphates, aluminum phosphates,
amorphous silica alumina, zircoma, sulfated zirconia, tungstated zircomia, tungsten carbide,
molybdenum carbide, titania, acidic alumina, phosphated alumina, tungstated alumina, phosphated
silica, tungstated silica, tungstated titarnia, tungstated phosphate, niobia, sulfated carbons,
phosphated carbons, acidic resins, heteropolyacids, tungstated heteropolyacid, inorganic acids and
combinations thereof

[00178] Clause 48. The method of clause 47, wherein the acid catalyst includes a metal selected
from Cu, Ag, Au, Pt, Ny, Fe, Co, Ru, Rhy, Zo, Ga, In, Pd, Ir, Re, Mn, Cr, Mo, W, Sn, Os, alloys and
combinations thereof

{80179} Clause 49 The method of clause 31 wherein step {iv) occurs at a temperature from
200°C 1o 600°C and a pressure from 100 psig 1o 1500 psig and at a weight hourly space velocity
{WHSV} from 0.1 to 10 mass feed/mass catalyst/bour.

{00186] Clause 50, A wmethod for producing and separating a xylene isomer, the method
comprising;

(1) contacting a mmuxed aromatic feed stream comprising Cr+ aromatics with an aromatics
processing catalyst to produce a product stream comprising an increased concentration of Cs
aromatics relative to the mixed aromatic feed stream, wherein the aromatics processing catalyst
comprises a transalkylation catalyst, a dealkvlation catalyst, a hydrocracking catalyst ora
combination thereot’

(11} fractionating, using a distillation column, the product stream into a {7 stream and a

&0

Co+ stream;
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(111} fractionating, using a distitlation column, the CUs+ stream into a Us stream and a Co+
strear;

{(iv} subjecting at least a portion of the (s stream to an isomer-recovery process unit to
produce a xylene isomer stream and a raffinate stream comprising non-recovered Cz compounds;
and

(v} contacting the raffinate stream with an isomerization catalyst to produce an
isomerization product stream, wherein the isomerization product stream comprises at least one
xylene isomer,

wherein at least a portion of the Cs+ stream bypasses the distiliation column in step (1)
and 1s combined with the Cz stream prior {0 entering the isomer-recovery process unit,

{00181} Clause 51. The method of clause 50, wherem the xylene isomer is selected from
paraxylene, orthoxylene, or metaxylene.

{00182} Clause 52. The method of clause 50, wherein at least a portion of the isomerization
product stream is combined with the product stream produced from the catalyst in step (i)
{00183] Clause S3. The method of clause SO, wherein the mixed aromatic feed steam is
substantially free of co-boding contaminants for benzene, toluene, and a combination thereof.
[00184] Clause 54 The method of clause 50, wherein the Cr. stream 15 fed to a distillation
column that fractionates the Cr. stream mnto a Cs. stream and a C7 stream.

[00185] Clause 55 The method of clause 54, wherein at least a portion of the O7 stream 15
recycled and combmed with the mixed aromatic feed stream.

[80186] (lause 56, The method of clause 50, wherein the Co+ stream 15 fed to a distillation
colomn that fractionates the Co+ strearn o a Us.io stream and a Cui+ stream, wherein the Coao
stream is recycled and combined with the mixed aromatic feed stream.

{00187] Clause 57. The method of clause 50, wherein the 1somer-recovery process unit
comprises an adsorption unit,

{60188] Clause 58, The method of clause 50, whergin the isomer-recovery process unit
comprises a crystallization unit

10018%] Clause 59. The method of clause 40, wherein the aromatics processing catalyst
comprises an acid catalyst.

100196} Clause 60. The method of clause 59, wherein the acid catalyst is selected from

aluminosilicates, tungstated aluminosilicates, silica-alumina phosphates, aluminum phosphates,

3
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amorphous silica alumina, zircomia, sulfated zirconia, tungstated zircomia, tungsten carbide,

molybdenum carbide, titania, acidic alumina, phosphated alumina, tungstated alumina, phosphated

silica, tungstated sifica, tungstated titania, tungstated phosphate, niobia, sulfated carbons,

phosphated carbons, acidic resins, heteropolvacids, tungstated heteropolyacid, morganic acids or

combinations thereof.

{86191} (lause 61. The method of clause 59, wherein the acid catalyst includes a metal selected

from Cu, Ag, Au, Pt, N, Fe, Co, Ry, Rh, Zn, Ga, In, Pd, Ir, Re, Mn, Cr, Mo, W, Sn, Os, alloys or

combinations thereof.

{00192} Clause 62. The method of clause 50, wherein step (1) occurs at a temaperature from 200°C

to &O0°C.

{00193} Clause 63. The method of clause 50, wherein step (1) occurs at a pressure from 100 psig

to 1500 psig.

{00194} Clause 64. The method of clause 50, wherein step (1} occurs at a weight hourly space

velocity (WHSV) from 0.1 to 10 mass feed/mass catalyst/hour.

[80185] Clause 65 The method of clause 50, wherein prior to step (1) the method mcludes:
contacting an agueous hydrocarbon feedstock comprising water and one or more

oxygenate with a condensation catalyst to produce a condensation product stream comprising Car

compounds, wherem the Ca+ compounds comprises a Car alcobol, a Cas ketone, a Cu- alkane, a

Cis+ alkene, a Cs+ eycloalkane, a Cs+ cycloalkene, an arvl, or a fused arvi;

fractionating the condensation product stream to separate a Ce- stream from a Cor+ stream;

recycling the Ce. stream to the condensation catalyst;

fractionating the Cr+ strearn into a {7-10 stream and a Cir- stream, wherein the (7.0
stream forms the mixed aromatic feed stream.

[00196] Clause 66. A wmethod for producing and separating a xylene isomer, the method
comprising;

(1) contacting a mmuxed aromatic feed stream comprising Cr+ aromatics with an aromatics
processing catalyst to produce a product stream comprising an increased concentration of Ca
aromatics relative to the mixed aromatic feed stream, wherein the aromatics processing catalyst
comprises a transalkylation catalyst, a dealkvlation catalyst, a hydrocracking catalyst ora

combination thereof]
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{11) fractionating, using a distillation column, the product stream into a Cr- stream and a
s+ stream;

{111} fractionating, using a distillation column, the Us+ stream into a (s stream and a Co+
strear;

{(iv} subjecting at least a portion of the (s stream to an isomer-recovery process unit to
produce a xylene isomer stream and a raffinate stream comprising non-recovered Cz compounds;
and

(v} contacting the raffinate streamn with an isomerization catalyst to produce an
isomerization product stream, wherein the 1somerization product stream comprises at least one
xylene isomer,

wherein at least a portion of the isomerization product stream 1s combined with the Cs
stream prior o entering the (somer-recovery process unit.

{00197} Clause 67. The method of clause 66, wherein the xylene isomer comprises paraxylene,
orthoxylene, or metaxylene.

[80198] Clause 68 The method of clause 66, wherein at least a portion of the Cs+ strearm bypasses
the distillation column in step (u1) and 1s combined with the Cs stream prior to entering the isomer-
FECOVETY Process umit,

[00199] Clause 69 The method of clause 66, wherein the nuxed aromatic feed stearn is
substantially free of co-boiling contaminants for benzene, toluene, and a combination thereof
[00266] Clause 70. The method of clause 66, wherein the U7 stream s fed to a distillation
cohurnn that fractionates the Cr- stream into a Us- stream and a C7 stream.

{00281] Clause 71. The method of clause 70, wherem at least a portion of the C7 stream 1s
recycled and combined with the mixed aromatic feed stream.

[00262] Clause 72. The method of clause 66, wherein the Cor stream 13 fed to a distillation
column that fractionates the Cos stream into a Coae stream and a Cii+ siream, wherein the Coao
stream 18 recycled and combined with the mixed aromatic feed stream.

{06263] Clause 73. The method of clause 66, wherein the isomer-recovery process unit
comprises an adsorption unit.

{062064] Clause 74. The method of clause 66, wherein the isomer-recovery process unit

comprises a crystatlization unit.

L]
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{00285} Clause 75 The method of clause 66, wherein the aromatics processing catalyst
comprises an acid catalyst.
{002086] Clause 76. The method of clause 75, wherein the acid catalyst is selected from
aluminosilicates, tungstated aluminosilicates, silica-alumina phosphates, aluminum phosphates,
amorphous silica alumina, zircomia, sulfated zirconia, tungstated zircomia, tungsten carbide,
molybdenum carbide, titania, acidic alumina, phosphated alumina, tungstated alumina, phosphated
silica, tungstated sifica, tungstated titania, tungstated phosphate, niobia, sulfated carbons,
phosphated carbons, acidic resins, heteropolyacids, tungstated heteropolyacid, inorganic acids or
combinations thereof.
10802671 Clause 77. The method of clause 75, wherein the acid catalyst includes a metal selected
from Cu, Ag, Au, Pt, N1, Fe, Co, Ru, Rh, Zn, Ga, In, Pd, Ir, Re, Mn, Cr, Mo, W, Sn, Os, alloys or
combinations thereof.
{00208} Clause 78 The method of clause 66, wherein step (1) occurs at a temaperature from 200°C
to &O0°C.
[80209] Clause 79. The method of clause 66, wherein step (i) ocours at a pressure from 100 psig
to 1500 psig.
[002108] Clause 80, The method of clause 66, wherein step (1} occurs at a weight hourly space
veloeity (WHSV) from 0.1 to 10 mass feed/mass catalyst/hour.
[80211] Clause 81, The method of clause 66, wherein prior to step (1) the method mcludes:
contacting an aquecus hydrocarbon feedstock comprising water and one or more
oxygenate with a condensation catalyst to produce a condensation product siream comprising Ca
compounds, wherem the Ca+ compounds comprises a Car alcohol, a Cas ketone, a Ca- alkane, a
Ca+ alkene, a Us+ cycloalkane, a Us+ cycloalkene, an arvl, or a fused arvi;
fractionating the condensation product stream to separate a Ce- stream from a Cor+ stream;
recycling the Ce. stream to the condensation catalyst;
fractionating the Cr+ strearn into a {7-10 stream and a Cir- stream, wherein the (7.0
stream forms the mixed aromatic feed stream; and
wherein at least a portion of the Cs+ stream bypasses the distiliation column in step (111}

and 1s combined with the Cs stream prior to entering the isomer-recovery process unit.
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CLAIMS

1. A method for separating an aromatic compound from a mixed aromatic feed stream, the
method comprising:

(1) contacting a mixed aromatic feed stream comprising {710 aromatic hydrocarbons with
an aromatics processing catalyst to produce a product stream,

wherein the aromatics processing catalyst comprises a transalkylation catalyst, a
dealkvlation catalyst, a hydrocracking catalyst, or a combination thereof,

wherein the mixed aromatic feed stream comprises greater than 1 wi% of non-aromatic
components based on the total weight of the mixed aromatic feed stream, and wherein the mixed
aromatic feed stream is substantially free of Cyz+ aromatics; and

{11} fractionating the product stream to separate an aromatic compound from the product

stream.

The method of ¢claim |

S

wherein, based on the total weight of the nuxed aromatic feed stream, the mixed aromatic

feed stream comprises:

from 0.1 wi% to 45 wit% olefins;

from 0.1 wt®s to 25 wie naphthenes;

from ¢.1 wi% to 40 wit% naphtheno-olefins;

phenols in an amount from 10 ppm to 10 wt%s; and/or

oxygenates in an amount from 10 ppm to 16 wt%.
3 The method of claim 1, wherein the mixed aromatic feed siream has a bromine number of
at least 1 mg Bro/g of the mixed aromatic feed to less than 100 mg Brz/g of the mixed aromatic

feed.
4. The method of claim 1, wherein the mixed aromatic feed steam is substantially free of co-

boiling contaminanis for benzene, toluene, and a combination thereof, or wherein the mixed

aromatic feed stream comprises Co.ro aromatics.
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5. The method of claim 1, wherein step (11} comprises feeding the product stream
comprising (s aromatics to a first distiliation column that fractionates the product stream to

separate a {7. stream from a Cs+ stream.

6. The method of ¢laim 5, wherein the Cr. stream is fed to a second distillation column that

fractionates the Cr. stream into a Cs- stream and a €7 stream.

7. The method of claim 6, wherein at least a portion of the (7 stream 1s recycled and

combined with the mixed aromatic feed stream.

8. The method of claim 5, wherein step (i1} further comprises feeding the Cs+ streami to a
third distillation column that fractionates the Cs+ stream into a Cs stream and a Co-+ stream,

wherein the Cs stream comprises the (s aromatics.

9. The method of claim 8, wherein the Co-+ stream 15 fed to a fourth distillation column that
fractionates the Cor stream into & Cooro stream and a Cri+ stream, wherein the Co.io stream 1s

recycled and combined with the mixed aromatic feed stream.

10, The method of claim 8, wherein the rmethod further comprises

(111} subjecting at least a portion of the Cs stream to an 1somer-recovery process untt to
produce a xylene 1somer stream and a raffinate stream comprising non-recovered Cs compounds;
and

{1v) contacting the raffinate stream with an 1somerization catalyst to produce an
isomerization product stream, wherein the 1somerization product stream comprises at least one
xylene 1somer, and wheretn at least a portion of the 1somerization product stream 1s combined

with the product stream produced from the aromatics processing catalyst 1o step (1)

11 The method of claim 10, wherein at least a portion of the isomernization product stream 18

combined with the Cs stream entering the isomer-recovery process unit.
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12. The method of claim 10, wherein at least a portion of the Ca+ stream 1s combined with the

(s stream entering the isomer-recovery process unit.

13. The method of claim 10, wherein step {11) comprises fractionating the product stream to
separate a {7 stream, a (s stream, and a Cy.1o stream, wherein the Cs stream 15 fed to the isomer-
recovery process unit, the (7 stream 1s recycled and combined with the mixed aromatic feed

stream, and the {o.jo stream 1s recycled and combined with the mixed aromatic feed stream.

14, The method of claim 10, wherem step (11) comprises fractionating the product stream to
separate a Cy stream, a Cg stream, and a Co+ stream, wherein the Cs stream 1s fed to the isomer-
recovery process unit, the Cr stream is recycled and combined with the mixed aromatic feed

stream, and the Co+ siream 1s recovered as a product.

is. The method of claim 10, wherein the (somer-recovery process unit COmprises an

adsorption untt or a crystatlization unit.

16, The method of claim 1, wherein the aromatics processing catalyst comprises an acid
catalyst, which comprises alununosilicates, tungstated alunminosilicates, silica-alumina
phosphates, aluminum phosphates, amorphous silica alumina, zirconia, sulfated zircoma,
tungstated zircoma, tungsten carbide, molvbdenum carbide, titania, acidic aluming, phosphated
alumina, tungstated alummna, phosphated sihica, tungstated silica, tungstated titama, tungstated
phosphate, niobia, sulfated carbons, phosphated carbons, acidic resins, heteropolvacids,
tungstated heteropolvacid, morganic acids, or a combination thereof, and wheremn the acid
catalyst comprises a metal, which comprises Cu, Ag, Ag, Pt, N1, Fe, Co, Ru, Rh, Zn, Ga, In, Pd,

Ir, Re, Mn, Cr, Mo, W, 8n, Os, alloys, or a combination thereof.

17. The method of claim 1, wherein step {1} cccurs at a temperature from 200°C 1o 600°C, a
pressure from 100 psig to 1500 psig, or a weight hourly space velocity (WHSV) from 0.1 to 10

mass feed/mass catalyst/hour, or wheren step {1} comprises feeding hydrogen in an amount of at

least ¢.1 mol of hydrogen per mol of mixed aromatic feed.

i
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18 A method for producing and separating an aromatic compound from a mixed aromatic
feed stream, the method comprising:

(1) contacting an aqueous hydrocarbon feedstock comprising water and one or more
oxygenate with a condensation catalvst to produce a condensation product siream comprising Ca+
compounds, wherein the Ca- compounds comprise a Us+ alcohol, a Ca+ ketone, a Ca+ alkane, a
Cs+ atkene, a Us+ cycloalkane, a Us+ cycloalkene, an arvl, or a fused aryl;

(11} fractionating the condensation product stream to generate a light stream and a heavy
stream, wherein the light stream comprises co-boiling non-aromatic contanmunants for benzene or
toluene, and the heavy stream is substantially free of co-boiling non-aromatic contaninants for
benzene or toluene;

(11} recycling the light stream to the condensation catalyst;

(iv}) fractionating the heavy stream into a mixed aromatic feed comprising C7+ aromatics;
and

(v} contacting the nmixed aromatic feed stream with an aromatics processing catalyst to
produce a product stream, wherein the aromatics processing catalyst comprises a transalkylation

catalyst, a dealkylation catalyst, a hydrocracking catalyst, or a combmnation thereof.

19 The method of claum 18, wherein step (1v) further comprises fractionating the mixed
aromatic feed comprising Cr+ aromatics 1oto (A} a Craostream and a Cus stream or (B a Co.to
stream and a Cii+ stream, wherein the Croio stream or the Cooro stream is contacted with the

aromatics processing catalyst.

20, The method of claim 18 wherein step (iv) occurs at a temperature from 200°C to 600°C
and a pressure from 100 psig to 1500 psig and at a weight hourly space velocity (WHSV}) from

0.1 to 10 mass feed/mass catalyst’hour,

21 A method for producing and separating a xylene isomer, the method comprising:
{1} contacting a mixed aromatic feed stream comprising U7+ aromatics with an aromatics
processing catalyst to produce a product stream comprising an increased concentration of Ca

aromatics relative to the mixed aromatic feed stream, wherein the aromatics processing catalyst
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comprises a transalkylation catalyst, a dealkylation catalyst, a hydrocracking catalystor a
combination thereof,

{11) fractionating, using a distillation column, the product stream into a Cr- stream and a
s+ stream;

{111} fractionating, using a distillation column, the Us+ stream into a (s stream and a Co+
strear;

{(iv} subjecting at least a portion of the (s stream to an isomer-recovery process unit to
produce a xylene isomer stream and a raffinate stream comprising non-recovered Cz compounds;
and

(v} contacting the raffinate streamn with an isomerization catalyst to produce an
isomerization product stream, wherein the 1somerization product stream comprises at least one
xylene isomer,

wherein at least a portion of the isomerization product stream 1s combined with the Cs

stream prior to entering the isomer-recovery process unit.

22. The method of claum 21, wherein the xylene 1somer stream comprises para-xylene, ortho-

xylene, or meta-xylene.

23, The method of claim 21, wherem at least a portion of the Cs+ strearm bypasses the
distilation column n step (111} and s combined with the Cs stream prior to entering the 1somer-

FECOVETY Process unit,

24, The method of claim 21, wherein prior to step (1) the method comprises:

contacting an agueous hydrocarbon feedstock comprising water and one or more
oxygenate with a condensation catalyst to produce a condensation product stream comprising Car
compounds, wheremn the Ca+ compounds comprise a Ce+ alcohol, a Cis ketone, a Ca+ alkane, a
Cs+ atkene, a Us+ cycloalkane, a Us+ cycloalkene, an arvl, or a fused aryl;

fractionating the condensation product stream to separate a Ce- stream from a Cr+ stream;

recycling the Ce- stream to the condensation catalyst;

fractionating the Cr+ stream mto a {710 stream and a Cii+ stream, wherein the Crwo

stream forms the mixed aromatic feed stream; and
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wherein at least a portion of the Cs+ stream bypasses the distiliation column in step (111}

and 1s combined with the Cs stream prior to entering the isomer-recovery process unit.
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