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SYSTEMS AND METHODS FOR REFORMING A HEAVY AROMATIC STREAM

CROSS-REFERENCE TO RELATED APPLICATIONS
{0081}  This application claims priority to U.S. Provisional Application No. 63/255,817, filed

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

BACKGROUND

{8602  Aromatic hydrocarbons, notably benzene, toluene, and xylenes are important industrial
commodities used to produce numerous chemicals, fibers, plastics, and polymers, including
styrene, phenol, aniline, polyester, and nvlon  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.

{86063]  Bioreforming processes can produce aromatic hydrocarbons from biomass feedstocks
such as cellulose, hemicellulose and lignin. For instance, cellulose and hemicellulose can be used
as feedstock for various bioreforming processes, including aqueous phase reforming (APR) and
hydrodeoxvgenation (HDQO)—catalytic reforming processes that, when integrated with
hydrogenation, can convert cellulose and hemicellulose into an array of products, including
hyvdrogen, hgud fuels, aromatics, kerosene, diesel fuel, lubricants, and fuel oils, among others.
APR and HDO methods and techniques are described in U.S. Pat. Nos. 6,699,457, 6,964,757,
6,964,758, and 7,618,612 {all to Cortright et al, entitled “Low-Termperature Hydrogen Production
from Oxygenated Hydrocarbons™), U.S. Pat. No. 6,953,873 (to Cortright et al., entitled “Low-
Temperature Hydrocarbon Production from Oxygenated Hydrocarbons™);, and US. Pat. Nos.
7,767,867 and 7,989,664 and U.S. Application No. 2011/0306804 (all to Cortright, entitled
“Methods and Systems for Generating Polyols™). Various APR and HDO methods and techniques
are described in UK. Pat Nos. &,053,615; 8,017,818 and 7,977,517 and UK. patent application
Ser. Nos. 13/163,439; 13/171,715; 13/163,142 and 13/157,247 (all to Cortright and Blommel,
entitled “Synthesis of Ligquid Fuels and Chemicals from Oxygenated Hydrocarbons™}, 1U1.S. Patent
Apphication No. 2009/0211942 (to Cortright, and entitled “Catalysts and Methods for Reforming
Oxygenated Compounds™); U.S. Patent Application No. 2010/0076233 (to Cortright et al., entitled
“Synthesis  of Ligwd Fuels from Biomass™), International Patent Appheation No.

/

PCT/AUR2008/056330 (1o Cortright and Blommel, entitled “Syuthesis of Liquid Fuels and
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Chemicals from Oxvgenated Hydrocarbons™), and commonly owned co-pending International
Patent Application No. PCT/US2006/048030 (1o Cortright et al | entitied “Catalyst and Methods
for Reforming Oxygenated Compounds™), all of which are incorporated herein by reference.

{8604]  In some instances, light ends {e.g., Us. compounds) and heavy hydrocarbon products
{e.g2., Cii+} represent a significant fraction of the condensate product stream produced by the
bioreforming process. However, the product value of these sireams is typically lower when
compared to other products, such as aromatics {&.g., benzene, toluene, xylenes). Currently, there

is a need in the art to reform the light ends and heavy hydrocarbon product streams to increase the

product value of the respective stream.

SUMMARY OF THE INVENTION

{8005}  In one aspect, the present disclosure provides a process for producing and separating
aromatic hydrocarbons from a hydrocarbon feed stream.  The hydrocarbon feed stream may
comprise a plurality of non-aromatic hydrocarbons and aromatic hydrocarbons. The non-aromatic
hydrocarbons may include a paraffin, an olefin, a naphthene, or combinations thereof, and the
aromatic hydrocarbons may include an aryi, a fused aryl, a polyeylic compound, or combinations
thereof. The process may include fractionating, using a series of distillation columns, the
hyvdrocarbon feed stream to separate an aromatics product stream and a heavy hydrocarbon stream
from the hyvdrocarbon feed stream. The aromatics product stream may comprise a Cs aromatic, a
U7 aromatic, a Ce aromatic, or a combmation thereof The heavy hydrocarbon stream may
comprise Cui+ compounds. The process may further 1oclude contacting the heavy hydrocarbon
stream with a hydrogenation catalyst mn the presence of hydrogen to produce a hydrogenated Cii-
stream, and contacting the hydrogenated Cii+ stream with at least one conversion catalyst 1o
dealkylate at least a portion of the Cii+ compounds to generate a reformate stream. The process
may further wnchude feeding the reformate stream to the series of distillation columus.

[8086] In some embodiments, the fractionating step of the present process include
fractionating, using a first distillation column, the hydrocarbon feed stream to separate a Cs. stream
and a Ce+ stream from the hydrocarbon feed stream; fractionating, using a second distiflation
column, the Ces stream into the aromatic produact stream and a o+ stream, wherein the aromatic
product stream comprises Cas compounds; and fractionating, using a third distillation colomn, the
Cy+ stream into a Co.1o stream and the heavy hydrocarbon stream. In the embodiments, the present

process further comprises recycling the Us. stream to the at least one conversion catalyst,

b2
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18067} In some embodiments, the fractionating step of the present process include
fractionating, using a first distiflation colomn, the hydrocarbon feed siream to separate a Ur. stream
and a Cz+ stream from the hyvdrocarbon feed stream; fractionating, using a second distitlation
column, the Cs+ stream into the aromatic product stream and a Cy- stream, wherein the aromatic
product stream comprises (s compounds; and fractionating, using a third distillation column, the
Cor stream into a Coo stream and the heavy hydrocarbon stream. In the embodiments, the present
process further comprises recyching the Cr. stream to the at least one conversion catalyst In the
embodiments, the present process further comprises recycling the Co.io stream to the at least one
conversion catalyst to dealkylate at least a portion of (o0 compounds in the Coo stream.

{8008]  In some embodiments, the heavy hydrocarbon stream in the present process comprises
at least one polynuclear aromatic (PNA). The conversion of the PNA during hydrogenation can
be, for example, at least 70%. In some embodiments, the hydrogenated Cii+ stream of the present
process comprises less than S wit% polynuclear aromatic compounds, based on the total weight of
the hydrogenated Ci- stream.

{8009} In some emboduvents, the hydrogenated Ci+ stream comprises tetralins.  The
hydrogenated Cii+ stream may comprise a weight fraction of tetralins that 1s at least 10 wi%o greater
relative to the weight fraction of tetralins in the heavy hydrocarbon stream comprising Cn+
compounds, based on the total weight of the respective streams.

{8018] In some embodiments, the hydrogenated Ciiv stream comprises decalins.  The
hydrogenated Cii+ stream may comprise a weight fraction of decalins that 15 at least 10 wt% greater
relative to the weight fraction of decalins 1n the heavy hydrocarbon stream comprising Cri-
compounds, based on the total weight of the respective streams.

{8011}  In some embodiments, the present process further comprises, prior to the fractionating
step, catalyiically reacting a feedstock stream comprising water and oxygenated hydrocarbons in
the presence of hydrogen with a deoxygenation catalyst to produce a deoxygenated product stream;
and catalytically reacting the deoxygenated product stream with the at least one conversion catalyst
to produce the hydrocarbon feed stream.

10012} Inanother aspect, the present disclosure provides a process, which includes catalytically
reacting a feedstock stream comprising water and oxygenated hydrocarbons in the presence of
hydrogen with a deoxygenation catalyst to produce a deoxygenated product stream. The process

may further include catalytically reacting the deoxygenated product stream with at least one
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conversion catalyst to produce a condensation product stream comprising non-aromatic
hydrocarbons and aromatic hvdrocarbons, wherein the non-aromatic hydrocarbons comprise a
paraffin, an olefin, a napthene, or combinations thereof, and wherein the aromatic compounds
comprise an aryl, a fused aryl, a polycylic compound, or combinations thereof. The process may

further inclode fractionating, using a series of distillation colomns, the condensation product

g,
stream to separate an aromatics product stream and a heavy hydrocarbon stream from the
condensation product stream, wherein the aromatics product stream comprises a Cs aromatic, a C7
aromatic, a (s aromatic, or a combination thereof, and wherein the heavy hydrocarbon stream
comprises Cu- compounds. The process may further include recycling at least a portion of the
heavy hydrocarbon stream to the deoxygenation catalyst.

{0013} In some embodiments, the oxvgenated hydrocarbons comprise a2 monosaccharide, a
disaccharide, an oligosaccharide, a polysaccharide, a sugar alcohol, a sugar degradation product,
a cellulosic derivative, a henucellulosic dertvative, a lignin deritvative, a lingnocellulosic
derivative, or a combination thereof.

[0014] In some embodimuents, the fractionating step comprises: fractionating, using a furst
distitlation column, the condensation product stream to separate a Cs. stream and a Co-+ stream from
the condensation product streamy; fractionating, using a second distillation column, the Cor stream
into the aromatic product stream and a Cor stream, wherein the aromatic product stream comprises
Usx compounds; and fractionating, using a thud distilation column, the Cor strearn nto a Co.po
stream and the heavy hydrocarbon stream.  In some embodiments, the process may further
comprise contacting the Cs. stream with the at least one conversion catalyst to convert at least a
portion of Cs. compounds in the Cs- siream mto Car compounds via condensation reactions.
{8015]  In some embodiments, the fractionating step further comprises; fractionating, using a
first distiilation column, the condensation stream to separate a {7 stream and a Ce+ stream from
the condensation stream; fractionating, using a second distillation column, the Cs+ stream nto the
aromatic product stream and a Cu+ stream, wherein the aromatic product stream comprises Cs
compounds; and fractionating, using a third distillation column, the Co- stream into a Coo siream
and the heavy hydrocarbon stream. In some embodiments, the process may further comprise
contacting the C7. stream with the at least one conversion catalyst to convert at feast a portion of

Cr. compounds 1n the O stream inte Ca+ compounds vie condensation reactions. In some
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embodiments, the process may further comprise contacting the Co.1o stream with the at least one
conversion catalyst to dealkylate at least a portion of Cs.i0 compounds n the Coo stream.

{0016} In some embodiments, the hvdrogenation catalyst used in the present disclosure
comprises at least one support and at least one metal. The metal may be, for example, Fe, Ru, Co,
P, Pd, Ni, Re, Cu, alloys thereof, and a combination thereof The support may comprise, for
example, carbon, silica, alumuna, zirconia, titama, vanadia, ceria, silica-aluminate, zeolite,
kieselguhr, hydroxyapatite, zinc oxide, chromia, or a combination thereof.

{8017} In some embodiments, the deoxygenation catalyst used in the present disclosure
comprises at least one support and at least one metal. For example, the metal of the deoxygenation
catalyst can comprise Pd, W, Mo, Ni, Pt, Ry, Sn, or a combination thereof. For example, the
SUpPpPOrt Can comprise Zirconia.

{8018]  In some embodiments, the conversion catalyst used in the present disclosure comprises
carbide, nitride, zirconia, alumina, silica, aluminosilicate, phosphate, zeolite, titanium oxide, zinc
oxide, vanadium oxide, lanthanum oxide, ytirnum oxide, scandium oxide, magnesium oxide,
certum oxide, barum oxude, calcium oxide, hydroxide, heteropolyacid, morganic acid, acd
modified resin, base modified resin, or a combination theresof For example, the conversion

catalyst can comprise a zeolite.

BRIEF DESCRIPTION OF DRAWINGS

[8018] FIG. 1 1s an exemplary process for reforming a hydrocarbon feed stream o a Ces
product stream and a Co.1o product stream in accordance with some embodiments of the present
disclosure.

[0028] TIG 2 18 an exemplary process for reforming a hydrocarbon feed stream nto a Cs
product stream 1n accordance with some emboduments of the present disclosure.

{0621}  TIG 3 18 an exemplary process for reforming a hydrocarbon feed stream nto a Cs
product stream and a Co.1o product stream in accordance with some embodiments of the present
disclosure.

{80221 FIG. 4 1s an exemplary process for converting oxygenated hydrocarbons to oxygenated

compounds
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DETAILED DESCRIPTION OF THE INVENRTION
{8623]  In order for the present disclosure to be more readily understood, certain terms are first
defined below. Additional defimtions for the following terms and other terms are set forth
throughout the specification.
{0024}  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 undersiood 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 permit standard vanation {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
oF steps.
{8625  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 icorporated by reference, and/or ordmnary
meanings of the defined terms.
{0026} Systems and methods that convert biomass or fossil fuel derived oxygenates to
hydrocarbons typically produce a distribution of products of varying value. For example, the
conversion of oxygenates to aromatics typically results in products including gases, light naphtha,
BTX (benzene, toluene, xylene), mid range aromatics {typically Co and Cio), and heavier Cii+
aromatics and hydrocarbons. The value of the liguid products such as gasoline and Cii+ aromatics
may be higher than the gaseous products. In turn, the value of the BTX components 15 generally
higher than the light gases, the md range, and the heavy aromatics. Depending oun the commercial
scenario, the value of a xylene product will be higher vet than a mixed BTX product. Accordingly,
it 15 desirable to be able to shift an oxygenate conversion system product profile and overall vield
structure from the less valuable to the more valuable products which may be desired for a given

SCenario,
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{0027}  The present disclosure provides systems and methods for shifting the yield structure of
hydrocarbon feeds from non-aromatic compounds {(e.g., paraffins, olefins, napthenes), to Ceo
aromatic compounds. In some embodiments, the present disclosure provides systems and methods

for upgrading light hvdrocarbon streams {e.g

&0

(5.} and heavy hydrocarbon streams {e.g., Cii+}
within the hydrocarbon feed to increase the yield of aromatic compounds (e.g., Us.10), particularly
benzene, toluene, para-xylene, ortho-xylene, and meta-xylene.

{0028]  Referring to FIG. 1, a process 100 for upgrading a hydrocarbon feed stream 102 15
illustrated 1in accordance to some aspects of the present disclosure. In some embodiments, the
hydrocarbon feed stream comprises non-aromatic compounds and aromatic compounds, which
may be derived from a varniety of original sources including, without limitation, biomass derived
oxygenates and condensation products, petroleum refining, thermal or catalytic cracking of
hydrocarbons, coking of coal, petrochemical conversions, and combinations thereof

{0029}  In some embodiments, the hydrocarbon feed stream 102 comprises from 0.1 wt% to 45
wi%s non-aromatic hydrocarbons, e g., paraffins, olefins, naphthenes, or combinations thereof In
some embodiments, the hydrocarbon feed stream comprises at least 0.1 wi% non-aromatic
hydrocarbons, or at least 1 wt%, or at feast 2 wi% or at least 3 wi%, or at least 4 wi%s, or at least 5
wit%s, or at least 10 wi%, or at least 15 wit%, or at least 20 wit%, to less than 25 wi®s, less than 30
wibe, or less than 35 wibo, or less than 40 wit%, or less than 45 wi%. In some embodiments, the
hydrocarbon feed stream comprises Cs.30 paratfins, Cs.30 olefins, Cs.so naphthenes, or combinations
thereof.

{8038]  As used heren, the term "paraffin” or "alkane” refers to a (Us-30 saturated straight-chain
or branch-chain hydrocarbons. In some embodiments, the paraffins have a general formula of
Culone, 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.

{8031}  As used herem, the term "olefin" or "alkene” refers to a (U530 unsaturated straight-cham
or branch-chain hydrocarbon having at least one carbon-carbon double bond.  In some
embodiments, the olefins have a general formula of ChHan, where n may range from 3 to 30, from
310 25, from 3 t0 20, from 3 to 15, from 3 10 10, or from 3 to 6.

{8632  Examples of various paraffins and olefins include, without limitation, propane, propene,
butane, butene, pentane, pentene, 2-methylbutane, hexane, hexene, 2Z-methylpentane, 3-

methylpentane, 2 2-dimethyibutane, 2, 3-dimethylbutane, heptane, heptene, octane, octene, 2,2,4,-
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trimethyipentane, 2 3-dimethy] hexane, 2,3, 4-trimethylpentane, 2,3-dimethylpentane, nonane,
nonene, decane, decene, undecane, undecene, dodecans, dodecene, iridecane, iridecene,
tetradecane, tetradecene, pentadecane, pentadecene, hexadecane, hexadecene, heptvidecans,
heptvidecens, octyldecane, octyldecens, nonvldecane, nonyldecene, eicosane, eicosene,
uneicosane, uneicosene, doeicosane, doeicosene, irieicosane, {rieicosene, letraeicosane,
tetracicosene, and isomers thereof.

{0033}  As used herein, the term "naphthenes” or "cycloalkane" refers to a saturated cychi,
bicyclic, or bridged cyclic hydrocarbon group. The saturated cyclic, bicyclic, or bridged cychic
{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 Ci.i2 alkyl a straight-chain or branched-chain Cs.iz alkylene, a straight-
chain or branched-chain Ci4 alkyl, a straight-chain or branched-chain Cs4 alkylene. The
naphthene may be mono-substituted or multi-substituted. In some emboduments, the naphthenes
have a general formula of CpHue, where n may range from 5 to 30, from 5 to 25, from 5 10 20, from
5to 1S, from 3 to 10, or from 5 1o 6.

[0034] Dxamples of naphthenes mclude, without hmitation, cyclopentane, cyclopentene,
cyclohexane, cyclohexene, methyl-cyclopentane, methyl-cyclopentene, ethyl-cyclopentane, ethyl-
cyclopentene, ethvl-cyclohexane, ethyl-cyclohexene, propyl-cyclohexane, butyl-cyclopentane,
butyl-cyclohexane, pentyl-cyclopentane, pentyl-cyclohexane, hexyl-cyclopentane, hexyl-
cyclohexane, decalin, ethyl-decalin, pentyl-decalin, hexyl-decalin, and isomers thereof The term
“decaling” as used herein includes decalin, substituted decalin compounds {such as ethyl-decalin,
pentyl-decalin, or hexyl-decalin}, 1somers thereof, and any combmations thereof. For example,
“decaling” may refer to pure decalin, a pure substituted decalhin compound, a mixture of decalin
and at least one substituted decalin compound, or a muxture of two or more substituted decalin
compounds.

[0035]  In some embodiments, the hydrocarbon feed stream comprises from 10 wit to 80 wi%%
aromaiic hydrocarbons, e g, aryls, fused aryls, polycychic compounds, or combinations thereof,
In some embodiments, the hydrocarbon feed stream comprises at least 10 wi% aromatic
hydrocarbons, or at least 10 wi%, or at least 15 wit% or at least 20 wi%, or at least 25 wit%, or at
ieast 30 wit%, or at least 35 wts, or at least 40 wi%, or at least 45 wit%, to less than 50 wit%, less

than 55 wit%, or less than 60 wt%, or less than 65 wi%, or less than 75 wt%, or less than 80 wi%
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aromatics. Insome embodiments, the hydrocarbon feed stream comprises a plurality of Cea0 aryls,
Craofused aryls, T polyeylic compounds, or combinations thereof

{0036]  As used herein, the term "aryls” refers to an aromatic hydrocarbon in an unsubstituted
{e.g., phenyl}, mono-substituted, or multi-substituted form. In the case of mono-substituted and
multi-substituted compounds, the substituent group may include a branched Cs+ alkyl, a straight-
chain Ci+ alkyl, a branched-chain Cs+ alkylene, a straight chain Cor alkyiene, or a combination
thereot. By way of example, at least one of the substituent groups include a branched-chain Cs+
alkyi, a straight-chain Ci.12 alkyl, a branched-chain Cs.1z alkylene, a straight-chain Cr.12 alkviene,
or a combination thereof By way of further example, at least one of the substituent groups include
a branched Cs4 alkyl, a straight chain Cis alkyl, a branched Csa alkyiene, straight chain Coa
alkylene, or a combmation thereof Examples of various aryls include, without lmutation,
benzene, toluene, xylene (dimethvibenzene), ethyl benzene, para-xvlene, meta-xylene, ortho-
xylene, o+ aromatics, butyl benzene, pentyl benzene, hexyl benzene, heptyl benzene, oxtyl
benzene, nonyl benzene, decyl benzene, undecyl benzene, and isomers thereof.

[8037]  As used herein, the term "fused aryl” or "polynuclear aromatic (PNA)" refers to bicychic
and polycyelic aromatic hydrocarbons, in either an unsubstituted, mono-substituted, or mult-
substituted form. Inthe case of mono-substituted and multi-substituted compounds, the substituent
group may include a branched-cham Cs.2 alkyl, a straight-chain Cr.12 alkyl, a branched-chain Cs.
12 alkylene, a straight-chain (212 alkylene, a branched-~chain Csa alkyl, a straight-chain Ciqalkyl,
a branched-chain Csgalkyiene, straight-cham Caa alkylene, or a combination thereof. Examples
of vartous fused arvis include, without imitation, naphthalene, anthracene, and isomers thergof
{0038]  As used herein, the term "polyeyclic compounds” refers to bicyelic and polyeyclic
hydrocarbons having at least one saturated or partially saturated ring, in etther an unsubstituted,
mono-substituted, or multi-substituted form. In the case of mono-substituted and multi-substituted
compounds, the substituent group may include a branched-chain Us.iz alkyl, a strarght-chamn Cr2
alkyl, a branched-chain Cs.iz alkylene, a straight-chain (.12 alkvlene, a branched-cham Csq alkyl,
a straight-chain Ci4 alkyl, a branched-chain (54 alkylene, straight-cham Caa alkylens, or a
combmation thereof. Examples of varigus polyeyclic compounds include, without imitation,
tetralin (namely, tetrahydronaphthalene}, ethyl-tetralin, pentyl-tetralin, hexvl-tetralin, and isomers
thereof The term “tetraling” as used herein mcludes tetralin, substituted tetralin compounds (such

as ethyi-tetralin, pentyi-tetralin, or hexyl-tetralin}, isomers thereof, and any combinations thereof.
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For example, “tetraling” may refer to pure fetralin, a pure substituted tetralin compound, a mixture
of tetralin and at least one substituted tetralin compound, or a mixture of two or more substituted
tetralin compounds.

{8639]  The hydrocarbon feed stream 102 may be produced in a variety of ways. In some
embodiments, the hydrocarbon feed stream 102 1s produced from biomass. The methods,
processes, and techniques of converting mto a miuxture of oxygenated hydrocarbons and
condensation products have been well described in UK Pat Nos. 6699457, 6,964,757,
6,964,758, and 7,618,612 {all to Cortright et al, and entitled “Low-Temperature Hydrogen
Production from Oxygenated Hydrocarbons™);, U.S. Pat Na. 6,953,873 (1o Cortright et al,, and
entitled “Low-Temperature Hydrocarbon Production from Oxygenated Hydrocarbons™); US. Pat.
Nos. 7,767,867, 7,989,664, 8198486, 8492 595, and US. Patent Application Pub. No.
2013/0289302 (all to Cortright, and entitled “Methods and Systems for Generating Polyols™); U.S.
Pat. Nos. 8,053,615, 8017 818, 7977517, 8,362,307, 8,367 882; 8455705 and U.S. Patent
Application Pub. Nos. 2011/0245542 and 2013/0185992 (all to Cortright and Blommel, and
entitled “Synthesis of Liquid Fuels and Chenucals from Oxygenated Hydrocarbons”™), UK. Pat.
No. 8,231,857 (1o Cortright, and entitled “Catalysts and Methods for Refornmung Oxygenated
Compounds”); U.S. Pat. No. 8,350,108 (to Cortright et al , and entitled “Synthesis of Liquid Fuels
from Biomass”);, U.S. Patent Application Ser. No. 2011/0160482 (to Nagaki et al., and entitled
“Troproved Catalysts for Hydrodeoxygenation of Polyols™), UK. Patent Apphcation Ser. No.
2011/0009614 (1o Blommel et al., and entitled “Processes and Reactor Systems for Converting
Sugars to Sugar Alcohols™); International Patent Apphication No. PCT/AIS2008/056330 (to
Cortright and Blommel, and entitled “Synthesis of Liquid Foels and Chemicals from Oxygenated
Hydrocarbons™), commonly owned U.S. Pat. No. 8,231,857 (to Cortright et al, and entitied
“Catalyst and Methods for Reforming Oxygenated Compounds™); and ULS. patent application Ser.
No. 13/586,499 (io Blank et al, and entitled “Improved Catalysts for Hydrodeoxygenation of
Oxygenated Hydrocarbong™), U.S. Pat. No. 16,005,700 {to Beck et al., and entitled "Production of
Aromatics from Di- and Polyoxygenates"}, all of which are incorporated herein by reference.
Hydrocarbon product streams described in the above-mentioned applications and patents may be
suitable for use as a hvdrocarbon feed stream 102 in accordance with the present application.
{0048} Additionally or alternatively, the hvdrocarbon feed stream 102 may be derived from

petroleum refining, thermal or catalvtic cracking of hydrocarbons, coking of coal, or petrochemical
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conversions. For example, the hydrocarbon feed stream 102 may be derived from appropriate
fractions from various petroleum-refinery streams, e.g., as individual components or as certain
boiling-range fractions obtained by the selective fractionation and distillation of catalytically
cracked or reformed hydrocarbons.

10041}  Heavy Aromatics Upgrading (HAT).

{8642] Referring back to FIG. 1, a process 100 (and corresponding system) 1s llusirated for
reforming a hydrocarbon feed stream 102 to produce an aromatics product stream 104 comprising
Cs.s aromatics and hydrocarbons, e g., benzene, toluene, para-xylene, ortho-xylene, meta-xylene.
In some embodiments, the process 100 includes fractionating the hydrocarbon feed stream 102
along with recycled reformate stream 134 m distilation column 106 to separate a Cs. stream 108
and a Ce+ stream 110, As used herein, the term "Co." refers to a hydrocarbon compound having n
carbons or fewer in the compound {e.g., 5 or less than 5 carbon atoms), and the term "Co " refers
to a hydrocarbon compound having n carbons or greater in the compound (e.g, at least 6 carbons).
The Ce- stream 110 15 fractionated in a second distillation column 112 to separate the Ce+ stream
110 1nto a Co+ stream 114 and the aromatics product stream 104 comprising Ces compounds. The
Co+ strearn 114 1s fractionated in a third distillation column 116 to separate the Co+ stream 114 into
a Coostream 118 and a Cri+ stream 120, As described herein, the (i1 stream also may be referred
to as a heavy hydrocarbon stream, which comprises Cii+- compounds.

[0043]  Applicant has found that the Cs. stream 108, the Coi0 stream 118, and a majority of the
Ci1- stream 120 can be directly reformed over a conversion catalyst 130 to form additional Css
aromatics via condensation reactions of the Cs. stream 108 and dealkyiation of the Cso siream
118 and Cii+ stream 120, However, 1t was also found that some PNA compounds 1 the T
stream 120, such as naphthalene, are mumimally to entirely unreactive over the conversion catalyst
130, 1t 15 desirable to convert PNAs mio Ces or CUoao products to maximize yvield of the process
100, Applicant further found that polyeyche hydrocarbons {e.g., tetralin} and cycloalkanes
{decalin) are reactive across the converston catalyst 130, and can be converted mio the desired Cs.
s or Co1p products. Aspects of the present disclosure provide methods for converting the PNA
compounds {e.g., naphthalene} into reactive polycvclic hvdrocarbons (eg., tetralin} and
cycloalkanes (decalin) that can be subsequently reformed over the conversion catalyst 130 to

produce an increased concentration of the Ce aromatics and Coao compounds.
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10044}  In some embodiments, the Cii+ siream 120 is contacted with a hydrogenation catalyst
122 1n the presence of hydrogen to produce a hydrogenated Ciiv stream 128 In some
embodiments, the hydrogenation catalyst 122 s disposed in a hydrogenation reactor 124
Hydrogenation reactions can be carried out in any reactor of suitable design, including continuous-
flow, batch, semi-batch or multi-system reactors, without limitation as to design, size, geometry,
flow rates, etc. The hydrogen reactor 124 can also use a fluidized catalytic bed system, a swing
bed system, a fixed bed system, a moving bed system, or a combination of the above. Reactions
of the present disclosure are typically practiced using a continuous flow system at steady-state
equilibrium. Hydrogen may be provided to the hydrogenation reactor 124 via a hydrogen source
126, which may be a reservoir {e.g., pressurized tank) that contains hydrogen, a recycle stream
containing hydrogen from an upstream or downstream process unit, or a combination thereof. The
hydrogenation reaction may occur at a temperature from 5 °C to 700 °C, from 10 °C to 500 °C |
from 100 °C to 450 °C, or from 200 °C to 400 °C. In some embodiments, the hydrogenation
reaction may occur at a pressure from 0 psig to 5000 psig, from 500 psig to 3000 psig, from 750
psig to 2000 psig, or from 800 psig to 1400 psig,

[0045]  Tn some embodiments, suitable hyvdrogenation catalysts 122 for the reactor system for
the process 100 ncludes hydrogenation catalysts 122 having ove or more active metal and one or
more support {e.g., in the hydrogenation reactor 124 as shown m FIG. 1}, Suutable active metals
include, but are not lunuted to, Fe, Ru, Co, Pt, Pd, Ny, Re, Cu, alloys thereof, and a combination
thereof, either alone or with promoters such as Ag, Au, Cr, Zn, Mn, Mg, Ca, Cr, Sn, Bi, Mo, W,
B, P, and alloys or combmations thereof In some embodiments, the metal of the hydrogenation
catalyst 18 Fe, Ry, Co, Pt, Pd, Ni, Re, Cu, an alloy thereof, or a combination thereof In some
embodiments, the hyvdrogenation catalyst further comprises at least one promoter. For example,
the promoter can be Ag, Ag, Cr, Zn, Mn, Mg, Ca, Cr, 8n, By, Mo, W, B, P, an alloy thereof, or a
combination thergof

{0046]  The hydrogenation catalyst may also inchude any one of several supports, depending on
the desired functionality of the catalyst. Exemplary supports include transition metal oxides, an
oxide formed from one or more metalloid, and reactive nonmetals (e g., carbon). Non-limiting
examples of supports include, but are not himited to, carbon, silica, alumina, zirconia, titama,
vanadia, ceria, silica-aluminate, zeolite, kieselguhr, hydroxyapatite, zinc oxide, chromia, and

mixtures thereof
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{0047}  In some embodiments, the hydrogenated Cii+ stream 128 comprises less than 10 wt%
PNA compounds, based on the total weight of the hydrogenated Cii+ stream 128, In some
embodiments, the hydrogenated Cii+ stream 128 comprises less than 5 wi%, or less than 4 wi%,
or less than 3 wi%e, or less than 2 wi%, or less than 1T wi%, or less than .5 wit% of PNA compounds,
based on the toial weight of the hydrogenated Cu+ stream 128,
{8048]  In some embodiments, the conversion of the PNA (e.g., naphthalene} compounds in the
hydrogenated Cui- stream 128 1s at least 50%, or at least 55%, or at least 60%, or at least 70%, or
at least 75%, or at least 80%, or at least 83%, or at least 90%, or at least 95%. As used heremn,
conversion of a specific reactant may be calculated by:

n; (f)
o (z’: = ()

0049 where Xi is conversion and n:i 1s the number of moles of the specific reactant {e.g.,
&

‘Xi =

naphthalene).

[0056]  Tn some embodiments, the weight fraction of tetralins i the hydrogenated Cii+ stream
128 15 at least 10% greater relative to the weight fraction of tetraling n the Cii+ stream 120, based
on the total weight of the respective streams. Insome embodiments, the weight fraction of tetraling
m the hydrogenated Cii- stream 128 1s at least 15% greater, or at least 20% greater, or at feast 25%
greater, or at least 30% greater, or at least 35% greater, to less than 40% greater, or less than 45%
greater, or less than 50% greater, relative to the weight fraction of tetraling m the Ciiv stream 120,
based on the total weight of the respective streams.

{8051]  In some embodiments, the weight fraction of decalins n the hydrogenated Cri+ stream
128 15 at least 10% greater relative to the weight fraction of decaling in the Cui- stream 120, based
on the total weight of the respective streams. In some embodiments, the weight fraction of decalins
in the hvdrogenated Cii+ stream 128 15 at least 15% greater, or at least 20% greater, or at least 25%
greater, or at least 30% greater, or at least 35% greater, to less than 40% greater, or less than 45%
greater, or less than 50% greater, relative to the weight fraction of decalins in the Cii+ stream 120,
based on the total weight of the respective streams.

{0052} In some embodiments, the process 100 includes contacting the hydrogenated Cus
stream 128 and the Cs. stream 108 with a conversion catalyst 130 at a temperature, pressure, and
weight hour space velocity effective to induce condensation and dealkylation reactions that

produce a reformate stream 134, In particular, the Ci1+ compounds may be dealkylated over the
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converston catalyst 130 to produce Cw- compounds, and the Cs. compounds are converted into Car
compounds via condensation reactions. In this way, the Cs. stream 108 and the Cii+ stream 120
can be reformed to increase the vield of Ces compounds in the aromatics product stream 104
{8653]  Without being limited to any specific theories, it is believed that the conversion catalyst
130 promotes reactions in accordance with the present disclosure that generally comprise a series
of steps involving: {a) the dehydration of any oxygenates to alkenes; (b} oligomerization of the
alkenes; {(c} cracking reactions {e.g., dealkylation), {d} cyclization of larger alkenes to form
aromatics; (e} alkane isomerization; (f} hydrogen-transfer reactions to form alkanes. The reactions
may also comprise a series of steps involving: (1) aldol condensation to form a B-hydroxvketone
or B-hydroxvaldehyde; (2) dehydration of the B-hydroxyketone or B-hydroxyaldehyde to forma
comjugated enone; (3) hydrogenation of the conjugated enone to form a ketone or aldehyde, which
may participate in further condensation reactions or conversion to an alcohol or hydrocarbon; and
(4} hydrogenation of carbonyls to alcohols, or vice-versa. Other condensation reactions may occur
m parallel, including aldol condensation, prins reactions, ketonization of acids, and Diels-Alder
condensation,

[0054]  The conversion catalyst 130 will generally be a catalyst capable of forming longer cham
compounds by linking two olefins or oxygen containing species, through a new carbou-carbon
bond, and converting the resulting compound to a hydrocarbon, alcohol or ketone. The conversion
catalyst 130 will also generally be capable of dealkvating heavy Cri+ aromatics and hydrocarbons.
The conversion catalyst may nclude, without hmiutation, carbides, mitndes, zirconia, alumina,
silica, alunminosilicates, phosphates, zeolites, titanium oxides, zine oxades, vanadium oxides,
fanthanum oxides, yitrium oxides, scandium oxides, magnesium oxides, cerium oxides, bariom
oxides, calcium oxides, hydroxides, heteropolyvacids, inorganic acids, acid modified resms, base
modified resins, and combinations thereof. The conversion catalyst may nclude the above alone
or in combination with a modifier, suchas Ce, La, Y, S¢, P, B, By, L1, Na, K, Rb, Cs, Mg, Ca, Sr,
Ba, and combinations thereof. The conversion catalyst may also include a metal, such as Cu, Ag,
Au, Pt, Ni, Fe, Co, Ry, Zn, Cd, Ga, In, Rh, Pd, Ir, Re, Mn, Cr, Mo, W, Sn, Os, alioys and
combimations thereof, to provide a metal functionality. In some embodiments, the conversion
catalyst comprises a metal, which is Cu, Ag, Au, Pt, Ni, Fe, Co, Ru, Zn, Cd, Ga, In, Rh, Pd, Ir, Re,
Mn, Cr, Mo, W, Sn, Os, an alloy thereof, or a combination thereof. In some embodiments, the

conversion catalyst comprises at least one metal. For example, the conversion catalyst can
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comprise af feast Ni. In some embodiments, the conversion catalyst comprises a modifier, which
isCe La, Y, 8¢, P, B, By, L1, Na, K, Rb, (s, Mg, Ca, 8r, Ba, or a combination thereof

{0055] In certain embodiments the conversion catalyst may inchude, without limtation,
carbides, nitrides, zirconia, alumina, silica, aluminosilicates, phosphates, zeolites (e g., Z8M-5,
ZSM-11, ZSM-12, Z8M-22, Z8M-23, Z8M-35 and ZSM-48), titaniom oxides, zinc oxides,
vanadium oxides, lanthanum oxades, yitrium oxides, scandiom oxides, magnesium oxides, cerium
oxides, bartum oxides, calcium oxides, hydroxides, heteropolyacids, morganic acids, acid
modified resins, base modified resins, and combinations thereof The conversion 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.

{0086} The conversion catalyst 130 may be seif-supporting {i.e., the catalyst does not need
another material to serve as a support), or may require a separate support suttable for suspending
the catalyst in the reactant stream. In certain embodiments the support 1s selected from the group
consisting of alumina, silica, and zirconia. In other embodiments, particularly when the conversion
catalyst 15 a powder, the catalyst system may include a binder to assist in forming the catalyst into
a desirable catalyst shape. Apphicable formng processes nclude exirusion, pelletization, ol
dropping, or other known processes. Zine oxide, alumina, and a peptizing agent may also be mixed
together and extruded to produce a formed material  After drying, this matenial s calcined at a
temperature appropriate for formation of the catalyvtically active phase, which usually requires
temperatures 1n excess of 350° . Gther catalyst supports may mclude those described 1o further
detail below.

{0057}  In some embodiments, the conversion catalyst comprises a zeolite. The conversion
catalyst may include one or more zeolite structures comprising cage-hike structures of silica-
alomina,  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 concentration of the active sites can be tadored for particular applications.
Examples of suitable zecolites for condensing secondary alcohols and alkanes may comprise
alumingsilicates, optionally modified with cations, such as Ga, In, Zn, Mo, and mixtures of such
cations, as described, for example, i UK. Pat. No. 3,702, 886, which is incorporated hergin by
reference. As recognized in the art, the structure of the particular zeolite or zeolites may be altered

to provide different amounis of various hyvdrocarbon species in the product mixture. Depending

3
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on the structure of the zeolite catalyst, the product mixture may contamn various amounts of
aromaiic and cyciic hydrocarbons.

{0058} 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 U.S. Pat No. 3,702,886; Re. 29,948 (highly silicecus ZSM-5};, U.S. Pat. Nos.
4,100,262 and 4,139,600, all incorporated herein by reference.  Zeohie Z85M-11, and the
conventional preparation thereof, 13 descrnibed in U8, Pat No. 3,709,979, which 15 also
meorporated herein by reference. Zeolite ZSM-12, and the conventional preparation thereof] is
described in U.S. Pat. No. 3,832 449, incorporated 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. Feolite ZSM-35, and the conventional preparation thereof, is described in U.S. Pat. No.
4,016,245, incorporated herein by reference. Another preparation of ZSM-35 is described in U.S.
Pat. No. 4,107,195, the disclosure of which is incorporated herein by reference. Z5M-48, and the
conventional preparation thereof, is taught by U.S. 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 incorporated heremn by reference. An exemplary conversion catalyst is a
FAM-S zeolite moditied with Cu, Pd, Ag, Pt, Ru, Re, Ny, Sn, or combinations thereof.

[0059]  As described m ULS. Pat. No. 7,022,888, the conversion catalyst may be a bifunctional
pentasil zeolite catalyst mncluding at least one metallic element from the group of Cu, Ag, Au, 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
pentasi zeolte may have ZSM-5, Z8M-8 or Z8M-11 type crystal structure consisting of a large
number of S-membered oxygen-rings (1.e., pentasil rings). In one embodiment the zeolite will
have a Z8M-5 type structure.

{8666]  Alternatively, solid acid catalysts such as alumina moditied with phosphates, chloride,
silica, and other acidic oxides may be used in the process. Also, sulfated zirconia, phosphated
zirconia, titania zirconia, of tungsiated zirconia may provide the necessary acidity. Re and Pt/Re

catalysts are also useful for promoting condensation reactions. The Re 1s sufficiently acidic to
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promote acid-catalyzed condensation. In certain embodiments, acidity may also be added to
activated carbon by the addition of either sulfates or phosphates.

10061}  The condensation reactions may occur in a condensation reactor 132, The condensation
reactor 132 may have any reactor of suitable design, including continuous-flow, batch, semi-batch
or multi-system reactors, without imitation as to design, size, geometry, flow rates, etc. The
reactor 132 can also use a fluidized catalytic bed system, a swing bed system, a fixed bed system,
a moving bed system, or a combination of the above. Reactions of the present disclosure are
typically practiced using a continuous flow system at steady-state equilibrium. Hydrogen may be
provided to 132, although this is not depicted i FIG. 1.

{8062]  The spectfic Cs+ compounds (such as Ces aromatic compounds) and Cio. compounds
{such as Cs.10 compounds} produced will depend on various factors, including, without limitation,
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, GHSV {gas hourly space velocity), LHSY (hquid hourly space velocity), and WHSVY
{weight hourly space velocity). In certain embodiments, the reactant strearn 15 contacted with the
conversion catalyst at a WHSY that 1s appropriate to produce the deswred hydrocarbon products.
In one embodiment the WHSV 1s at least 0.1 grams of reactant per gram catalyst per hour. In
another embodiment the WHSVY 18 between 0.1 to 10.0 g/g hr, mcluding a WHSV of 1, 2,3, 4, 5,
6,7, 8,9, 10 g/g br, and 1increments between.

[0063] In certamn embodiments, the condensation reaction 1s carried in a condensation reactor
132 at a temperature and pressure at which the thermodynamics of the proposed reaction are
favorable. The condensation temperature will vary depending upon the specific composition of
the oxygenated compounds. The condensation temperature will generally be greater than 80° C,
or 100°C, or 125° C, or 130° C, or 175° C, or 200° C, or 225° C, or 250° €, and less than 500° |
or 450° C, o1 425° C, or 375° C, or 325° C, or 275° C. For example, the condensation temperature
may be between 80° € to 500° C, or between 1257 C. 10 4507 C., or between 250° C to 425° .
The condensation pressure will generally be greater than © 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
pstg, or 1200 psig, or 1100 psig, or 1000 psig, or 900 psig, or 700 psig For example, the

o or between O and

&0

condensation pressure may be greater than 0.1 psig, or between 0 and 1500 pss

1200 psig.

L
[y
~1

1



WO 2023/064565 PCT/US2022/046721

{0064] The condensation reactions of the present disclosure can be used in the production of
Cas0 non-aromatic hydrocarbons and Ceae aromatic hydrocarbons, eg., straight-chain or
branched-chain Cs30 alkanes, straight-chain or branched-chain Ca30 alkenes, Csso cycloalkanes
having optional straight-chain or branched-chain alkvl groups, Cs.a0 cycloalkenes having optional
straight-chain or branched-chain alkene groups, Ceso aryls having optional straight-chain or
branched-chain alkanes or alkenes, Cizae fused aryls having optional straight-chan or branched-
chain alkanes or alkenes, T polyevelic compounds having optional straight-chain or branched-
chain alkanes or alkenes, straight-chain or branched-chain Caso alcohols, straight-chain or
branched-chain Caa0 ketones, straight-chain or branched-chain Cs30 furans and mixtures thereof,
with an advantagecusly high proportion of aryls and a low proportion of alkanes.

{0065}  In some embodiments, the reformate stream 134 produced by the conversion catalyst
130 15 recycled to the distillation column 106, The reformate stream 134 may optionally be
combined with the hydrocarbon feed stream 102 prior to feeding mto the distiliation column 106,
{8066] By feeding the Cs. stream 108 and the hydrogenated Ciy+ stream 128 to the conversion
catalyst 130, the process 100 provides advastages of producing a high concentration of Ce.po
aromatics, with a low concentration of Ca+ paraffins and PNA compounds. In particular, the use
of the above described process 100 results in a Ce.10 arvl vield greater than or equal to 50% carbon
fraction (CF) of the hydrocarbon feed stream 102, a PNA yield less than or equal to 5% CF of the
hydrocarbon feed strearn 102, and a Cy- alkane vield less than or equal to 25% CF of the agueous
feedstock carbon. In certain embodiments, the Cs.o aryls yield can be greater than or equal to 55
wt %6, greater than or equal to 60% CF, or greater than or equal 10 65% CF of the hydrocarbon feed

stream 102, In certain embodiments, the PNA vield 1s less than 5% CF, or less than 4% CF, or
>

20

less than 3% CF, or less than 2% CF, or less than 1% CF of the hydrocarbon feed stream 102, In
certarn embodiments, the Cas alkane yield 1s less than or equal to 25% CF, less than or equal to
20% CF, less than or equal to 15% CF, or less than 160% CF of the hydrocarbon feed stream 102
{0067} As used heremn, the terms "carbon fraction" and "CF)" which may be used
mterchangeably, can be calculated by dividing the mass of carbon of the component {e.g. mass of
carbon in the aryis} by the mass of carbon in the feed and multiplying by 100, Alternatively, the
% CF may be reporied as percentage of feed carbon, percentage of carbon in, or gther similar
nomenclature.

{8068]  Nothing But Xvienes (NBX):
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{006%9]  Referring to FIG. 2, a process 200 1s illustrated for reforming a hydrocarbon feed stream
102 to produce an aromatics product stream 204 comprising Cs aromatics and hydrocarbons, e.g.,
para-xylene, ortho-xylene and meta-xvlene, as well as a Co.io product stream 218, Hydrocarbons
and aromatics in the (.10 range have applications beyond making other aromatics, such as use in
solvents, paints, resins, pesticides, and petroleum drilling. The Co.ao product stream 218 may
iclude or be processed to produce products, such as Aromatic 100 solvents {ARO1060} or
Aromatic 150 solvents {ARG150).

{8076]  In some embodiments, the process 200 includes fractionating the hydrocarbon feed
stream 102 along with recycled reformate stream 234 m distillation column 2006 to separate a Or.
stream 208 and a Cs+ stream 210, The Cs+ stream 210 1s fractionated i a second distillation
column 212 to separate the Cs+ stream 210 into a Co+ stream 214 and the aromatics product stream
204 comprising Cs compounds. The Co+ stream 214 1s fractionated 1n a third distillation column
216 to separate a Co.yo stream 218 and a Cus stream 220,

{8071}  In some embodiments, the Cus stream 220 1s contacted with a hydrogenation catalyst
122 m the presence of hydrogen to produce a hydrogenated Cii+ stream 228 The hydrogenation
catalysts 122, hydrogenation reactor 124, and operating conditions described mn process 100 are
suttable for use in process 200 for generating the hydrogenated Cri+ stream 228,

{06721 In some embodiments, the hydrogenated Cri+ stream 228 comprises less than 10 wi%
PNA compounds, based on the total weight of the hydrogenated Cui+ stream 228 In some
embodiments, the hydrogenated Cii- stream 228 comprises less than 5 wi%, or less than 4 wi%,
or less than 3 wi%e, or less than 2 wi%, or less than T wi%, or less than .5 wi% of PNA compounds,
based on the total weight of the hydrogenated Cui+ stream 228,

{8073}  Insome embodiments, the conversion of the PNA (e.g., naphthalene} compounds in the
hydmgenated Ui+ stream 228 1s at least 50%, or at least 55%, or at least 60%, or at least 70%, or
at least 75%, or at least 80%;,, or at least 5%, or at least 90%, or at least 95%.

[0074]  In some embodiments, the weight fraction of tetraling in the hydrogenated Cii+ stream
228 is at least 10% greater relative to the weight fraction of tetralins in the Ciy+ stream 220, based
on the total weight of the respective streams. Insome embodiments, the weight fraction of tetraling
i the hydrogenated Cii- stream 228 is at least 15% greater, or at least 20% greater, or at feast 25%

greater, of at least 35% greater, to less than 40% greater, or less than 45%

&

greater, or at least 30%
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greater, or less than 50% greater, relative to the weight fraction of tetralins in the Cii+ stream 220,
based on the total weight of the respective streams.

{8075}  In some embodiments, the weight fraction of decalins in the hydrogenated Cii+ stream
228 is at least 10% greater relative to the weight fraction of decalins 1n the Cii- stream 220, based
on the total weight of the respective sireams. In some embodiments, the weight fraction of decalins
i the hydrogenated Cii- stream 228 is at least 15% greater, or at least 20% greater, or at feast 2
greater, or at least 30% greater, or at least 35% greater, to less than 40% greater, or less than 45%
oreater, or less than 50% greater, relative to the weight fraction of decalins in the Cui+ stream 220,
based on the total weight of the respective streams.

{8076] In some embodiments, the process 200 mcludes contacting the hydrogenated Cii+
stream 228, the (7. stream 208, and the Co.jo stream 218 with a conversion catalyst 130 at a
temperature, pressure, and weight hour space velocity effective to induce condensation and
dealkylation reactions that produce a reformate stream 134, In particular, the Cus and Coupo
compounds may be dealkylated over the conversion catalyst 130 to produce Cio- compounds, and
the C7. compounds are converted into Ca+ compounds via condensation reactions. In this way, the
C7. stream 208, the Co.1o stream 218, and the Cii+ stream 220 can be reformed to increase the yield
of Cscompounds o the aromatics product stream 204, The conversion catalysts 130, condensation
reactor 132, and operating conditions descnibed 1o process 100 are sutable for use in process 200
for generating the reformate stream 234,

{0077}  In some embodiments, the reformate stream 234 produced by the conversion catalyst
130 1s recycled to the distilfation column 206, The reformaie stream 234 may optionally be
combined with the hydrocarbon feed stream 102 prior to feeding mto the distilation column 206
{8078] By feeding the hydrogenated Cii+ stream 228, the (7. stream 208, and the Co.10 stream
218 to the conversion catalyst 130, the process 200 provides advantages of producmg a high
concentration of Cs aromatics, with a low concentration of Cy+ paraffing and PNA compounds. In
particular, the use of the above described process 200 results ina Cs aryl yield greater than or equal
to 35% carbon fraction {CF) of the hydrocarbon feed siream 102, a PNA yield less than or equal
to 5% CF of the hydrocarbon feed stream 102, and a Ca+ alkane yield less than or equal to 35% CF
of the agueous feedstock carbon. In certain embodiments, the Cs arvis yield can be greater than or
equal to 40 wt %, greater than or equal to 45% CF, to greater than or equal to 56% CF, or greater

than or equal to 60% CF of the hydrocarbon feed siream 102, In certain embodiments, the PNA
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vield 15 less than 5% CF, or less than 4% CF, or less than 3% CF, or less than 2% CF, or less than
1% CF of the hydrocarbon feed stream 102, In certain embodiments, the Car alkane vield is less
than or equal to 30% CF, less than or equal to 25% CF, or less than or equal to 20% CF of the
hydrocarbon feed stream 102,

18079)  Xylenes-Synthetic Aromatics Kerosene (Xylenes-SAK):

{008G]  Referring to FIG 3, a process 300 18 dhustrated for reforming a hydrocarbon feed stream
102 to produce an aromatics product stream 304 comprising Cs aromatics and hydrocarbons, e g,
para-xylene, ortho-xylene, and meta-xylene, as well as a Co.1o product stream 318,

{0081} In some embodiments, the process 300 includes fractionating the hydrocarbon feed
stream 102 along with recycled reformate stream 334 in distillation column 306 to separate a Cr-
stream 308 and a Cs+ stream 310, The Cs+ stream 310 15 fractionated in a second distillation
column 312 to separate the Cs+ stream 310 into a Co- stream 314 and the aromatics product stream
304 comprising Cs compounds. Co+ stream 314 1s fractionated in a third distillation column 316
to separate a Coao stream 318 and a Cii+ stream 320, The Co.po stream is collected as a product
stream 318

[0682]  In some embodiments, the Cii- stream 320 is contacted wath a hydrogenation catalyst
122 1n the presence of hydrogen to produce a hydrogenated Cii+ stream 328 The hydrogenation
catalysts 122, hydrogenation reactor 124, and operating conditions described mn process 100 are
suttable for use 10 process 300 for generating the hydrogenated Cii+ stream 328

[0083] In some embodiments, the hydrogenated Cii+ stream 328 comprises less than 10 wi%
PNA compounds, based on the total weight of the hydrogenated Cii+ stream 328 In some
embodiments, the hydrogenated Cii+ stream 328 comprises less than 5 wi%, or less than 4 wi%,
or fess than 3 wi%, or less than 2 wi%, or less than 1 wi%, or less than 6.5 wi% of PNA compounds,
based on the total weight of the hvdrogenated Cui+ stream 328,

{8084]  In some embodiments, the conversion of the PNA (e.g., naphthalene} compounds in the
hydrogenated Cri+ streamn 328 15 at least 50%, or at least 55%, or at least 60%, or at least 70%, or
at least 75%., or at least 80%, or at least 85%, or at least 90%, or at least 95%.

{0085}  In some embodiments, the weight fraction of tetraling in the hydrogenated Cii+ stream
328 1s at least 10% greater relative to the weight fraction of tetralins in the Cii+ stream 320, based
on the total weight of the respective streams. Insome embodiments, the weight fraction of tetraling

i the hydrogenated Cii- stream 328 is at least 15% greater, or at least 20% greater, or at feast 25%
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greater, or at least 30% greater, or at least 35% greater, to less than 40% greater, or less than 45%
greater, or less than 50% greater, relative to the weight fraction of tetralins n the Ciis stream 320,
based on the toial weight of the respective streams.

{0686]  In some embodiments, the weight fraction of decalins in the hydrogenated Cii+ stream
328 is at least 10% greater relative to the weight fraction of decalins in the Cui+ stream 320, based
on the total weight of the respective streams. In some embodiments, the weight fraction of decalins
in the hvdrogenated Cii+ stream 328 15 at least 15% greater, or at least 20% greater, or at least 25%
oreater, or at least 30% greater, or at least 35% greater, to less than 40% greater, or less than 45%
greater, or less than 50% greater, relative to the weight fraction of decalins in the Cyy+ stream 320,
based on the total weight of the respective streams.

{0087} In some embodiments, the process 300 mcludes contacting the hydrogenated Cus
stream 328 and the Cr. stream 308 with a conversion catalyst 130 at a teraperature, pressure, and
weight hour space velocity effective to induce condensation and dealkylation reactions that
produce a reformate stream 334, In particular, the Cii+ compounds may be dealkylated over the
conversion catalyst 130 to produce Cro- comapounds, and the Cr. compounds are converted into Cys
compounds via condensation reactions, In this way, the Cr. stream 308 and the Cii+ stream 320
can be reformed to merease the yvield of Cs compounds in the aromatics product stream 304, The
conversion catalysts 130, condensation reactor 132, and operating conditions described i process
100 are suitable for use i process 300 for generating the reformate stream 334,

[0088] In some embodiments, the reformate stream 334 produced by the conversion catalyst
130 1s recycled to the distilfation column 306, The reformaie stream 334 may optionally be
combined with the hydrocarbon feed stream 102 prior to feeding mto the distilation column 106
{8089] By feeding the hydrogenated Cii+ stream 328 and the Cr- stream 308 to the conversion
catalyst 130, the process 300 provides advantages of producing a high concentration of CUsao
aromatics, with a low concentration of T+ paraffing and PNA compounds. In particular, the use
of the above described process 300 results 1 a CUs-io aryl yvield greater than or equal to 35% carbon
fraction {CF} of the hydrocarbon feed stream 102, a PNA vyield less than or equal to 5% (F of the
hydrocarbon feed stream 102, and a Cs- alkane yield less than or equal to 25% CF of the aqueous
feedstock carbon. In ceriain embodiments, the Ceo aryls yield can be greater than or equal to 40
wt %, greater than or equal to 45% CF, to greater than or equal to 50% CF, or greater than or equal

to 60% CF of the hydrocarbon feed stream 102, In certain embodiments, the PNA yield s less
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than 5% CF, or less than 4% CF, or less than 3% CF, or less than 2% CF, or less than 1% CF of
the hydrocarbon feed stream 102, In certam embodiments, the Cs+ alkane yield 15 less than or
equal to 25% CF, less than or equal to 20% CF, or less than or equal to 15% CF of the hydrocarbon
feed stream 102.

{0098}  Biomass Feedsiock:

{8691} Referring to FIG. 4, a process 400 1s illustrated for producing a hydrocarbon feed stream
102 that s derived from biomass. The process 400 further includes steps for reforming the
hydrocarbon feed stream 102 into an aromatic product stream 404,

{0092]  As used herein, the term “biomass” refers to, without himitation, 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, nutshells, and manure from cattle, poultry, and hogs; (2) wood
materials, such as wood or bark, sawdust, imber slash, and mill scrap; (3} municipal waste, such
as waste paper and yard chippings; and (4} energy crops, such as poplars, willows, switch grass,
alfalfa, prairie bluestream, corn, sovbean, and the like.

[0093]  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 is generally washed, crushed or diffused, and hime clanfied to 1solate and
provide an agueous biomass-derived mntermediate feedstock stream rich 1n 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 dilnted with water to provide the feedstock
solution 10, Generally, a suttable concentration 15 1 the range of about 3% to about 70%, with a
range of about 40% to 70% more common in industrial applications.

{0094}  For a raw feedstock of lignocellulosic biomass, the biomass feed may be deconstructed
from complex biopolymers mto sugars and soluble oxygenates to form the feedstock solution 10,
In one embodiment the raw lignocellulosic feedstock (such as corn stover) undergoes

deconstruction by dilute acid thermochemical pretreatment, pH adjustment by base such as



WO 2023/064565 PCT/US2022/046721

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 autohydrolysis (hot water only), alkali {for example, ammonia,
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.

{8095]  In some embodiments, the feedstock solution 10 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 i the future, or can be sumply byproducts of other processes. The feedstock solution
also may be referred to as a feedstock stream tor the processes as described heremn.

[8096] In some embodiments, the feedstock solution comprises one or more oxvgenated
hydrocarbon. The term "oxygenated hydrocarbon” refers to a water-soluble hydrocarbon
contaming three or more carbon atorns and two or more oxygen atoms, such as carbohvdrates (e g,
monosaccharides, disaccharides, oligosaccharides, polysacchanides, and starches), sugars {e.g.,
glucose, sucrose, xylose, etc.), sugar alcohols {eg, diols, triols, and polyols), and sugar
degradation products {e.g., hydroxymethyl furfural (HMF), levalime acid, formic aad, and
furfural), each of which 13 represented herein as Us+Oz+. 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, Cx+O1+); the term “monooxygenates” refers to a hydrocarbon molecule
contaimng two or more carbon atoms and one oxygen atom (Le., Cz-01); the term “dioxygenates”
refers to a hydrocarbon molecule contaiming two or more carbon atoms and two oxygen atoms
(i.e, C2+On); and the term “polvoxygenates” refers to a hydrocarbon molecule containing two or
more carbon atoms and three or more oxygen atoms {1.e., C2-0s+}.

{8097}  In addition to the oxygenated hydrocarbons, the feedstock may also include hignin, one

of more extractives, one or more ash components, or one of more organic species {e.g., lignin
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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, stitbenoids, ete. In some embodimenis,
the feedstock stream as described herein comprises oxygenated hydrocarbons, and the oxygenated
hydrocarbons comprise a monosaccharide, a disaccharide, an oligosaccharide, a polysaccharide, a
sugar alcohol, a sugar degradation product, a cellulosic derivative, a hemicellulosic dertvative, a
lignin derivative, a lingnocellulosic derivative, or a combination thereof.

{0098]  Referring back to FIG 4, the feedstock solution 10 is contacted with the deoxygenation
catalyst 12 in the presence of hydrogen to produce a deoxygenation product stream 18 comprising
a mixture of one or more oxygenate. The hydrogen may be provided from a hvdrogen source 14,
which could be a reservoir comprising hydrogen (e g, pressurized tank} or an upstream process
unit that produces hydrogen. In some embodiments, the deoxygenation catalyst 12 is disposed in
a deoxygenation reactor 16,

{809¢]  The deoxygenation product stream 18 may comprise a H:Cesr ratio greater than or equal
1005 and lessthan 2, or from G.8 10 L.§, orfrom 1 to 1.6, or from 1.2 10 1.6, In some embodiments,
the H:Cerr ratio 1s at least 0.5, or at least 0.6, or at least 0.7, or at feast 0.8, or at least 0.9, or at least
1, oratleast 1.1, or atleast 1.2, to less than 1.3, or less than 1.4, or less than 1.5, or less than 1.6,
or less than 1.8, or less than 1.9, or less than 2.0.

{801068]  As used herein, the term " H.Cerr ratio” 15 based on the amount of carbon, oxygen and

H~20

hydrogen i the feed, and 1s calculated as follows: H: Cppp = where H represents the number

of hydrogen atoms, O represents the number of oxygen atoms, and C represents the number of
carbon atoms. Water and molecular hydrogen {diatomic hydrogen, Ho) are exchided from the
calculation. The H:Cerrratic applies both to individual components and to mixtures of components,
but s not valid for components which contain atoms other than carbon, hvdrogen, and oxygen.
For muxtures, the C, H, and O are summed over ali components exclusive of water and molecular
hydrogen. The term “hydrogen” refers to any hydrogen atom, while the term “molecular
hydrogen” is limited to diatomic hydrogen, H2. In some embodiments, the H:Cesrratio 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).

3
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{00181} In some embodiments, the deoxygenation product 18 stream includes Ci+Ors
hydrocarbons, which are compounds having 1 or more carbon atoms and between | and 3 oxygen
atoms, such as alcohols, ketones, aldehydes, furans, hydroxy carboxviic acids, carboxyiic acids,
diols, and triols. In some embodiments, the C1+01.s hydrocarbons have from 1 to 6 carbon atoms,
or from 2 to 6 carbon atoms, or from 3 to 6 carbon atoms. In addition to C1+043 hydrocarbons,
the deoxygenation product stream 18 may include hydrocarbons having no oxygen elements.
{00162] Exemplary alcohols in the deoxygenation product stream 18 may include, without
limitation, primary, secondary, linear, branched or cyclic Ci+ alcohols, such as methanol, ethanol,
n-propyl alcohol, isopropyl alcohol, butyl alcohol, isobutyl alcohol, butanol, pentanocl,
cyclopentanol, hexanol, cyclohexanol, 2-methyl-cyclopentanonol, heptanol, octanol, nonanol,
decanol, undecanol, dodecanol, and 1somers thereof.

{80103} Exemplary ketones may include, without linutation, hydroxyketones, cyclic ketones,
diketones, acetone, propanone, Z-oxopropanal, butanone, butane-2,3-dione, 3-hydroxybutan-2-
one, pentanone,  cyclopentanone,  pentane-23-dione,  pentane-2 4-dione,  hexanone,
cyclohexanone, 2-methyl-cyclopentanone, heptanone, octanone, nonanone, decanone,
undecanone, dodecanone, methylglyoxal, butanedione, pentanedione, diketohexane, and isormers
thereof

[001064] Dxemplary aldehydes may include, without imutation, hyvdroxyaldehydes, acetaldehyde,
propwnaldehyvde, butyraldehvde, pentanal, hexanal, heptanal, octanal, nonal, decanal, undecanal,
dodecanal, and isomers thersof

{80165] Exemplary carboxyhic acids may inchide, without limitation, formic acid, acetic acid,
propiomic acid, butanoic acid, pentanoic acid, hexanoic acid, heptanoic acid, somers and
derivatives thereof, including hydroxylated derivatives, such as 2-hydroxybutanoic acid and lactie
acid.

{80106] Exemplary diols may include, without hmtation, ethylene glyceol, propylene glyeol, 1,3-
propanediol, butanediol, pentanediol, hexanediol, heptanediol, octanediol, nonanediol, decanediol,
undecanediol, dodecanediol, and 1somers thereotf.

{00187} Exemplary triols may include, without limutation, glycerol, 1,1,1 tristhydroxymethyl)-
ethane {trimethylolethane), trimethviolpropane, hexanetriol, and isomers thereof. Exemplary
furans and furfurals include, without hmitation, furan, tetrahydrofuran, dihydrofuran, 2-furan

5

methanol, Z-methyl-tetrabydrofuran, 2 S-dimethyl-tetrahydrofuran, 2-methyl furan, 2-ethyl-
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tetrahydrofuran, 2-ethyvl furan, hydroxyimethylfurfural, 3-hydroxytetrahydrofuran, tetrahydro-3-
furanol, 2, 5-dimethyi furan, S-hydroxymethyl-2(5H}-furanone, dihydro-5-(hydroxymethyl}-
2{(3H)-furanone,  tetrahydro-2-furoic  acid,  dihvdro-S-(hydroxymethyl}-2(3H)-furanone,
tetrahydrofurfuryl alcohol, 1-(2-furyljethanol, hydroxymethyltetrahydrofurfural, and isomers
thereot.

{86168]  In some embodiments, the deoxygenation catalyst 12 15 composed of a heterogeneous
catalyst having one or more materials capable of catalyzing a reaction between hydrogen and a
feedstock solution 10 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 12 is
composed of one or more metal adhered to a support and may include, without limitation, Cu, Re,
Fe, Ru, Ir, Co, Rh, Pt, Pd, Ni, W, Os, Mo, Ag, Au, alloys and combinations thereof The
deoxygenation catalyst may include these elemenis alone or in combination with one or more
promoters, such as Mn, Cr, Mo, W, V, Nb, Ta, T1, Zr, Y, La, 8¢, Zn, Cd, Ag, Au, Sn, Ge, P, Al
Ga, In, Tl and combinations thereof. In one embodiment, the deoxygenation catalyst includes Pt,
Ru, Cu, Re, Co, Fe, Ni, W or Mo, In yet another embodiment, the deoxygenation catalyst mcludes
Fe or Re and at least one transition metal selected from Iy, Ni, Pd, P, Rh, and Ru.  In another
ernbodiment, the catalyst includes Fe, Re and at least Cu or one Group VHIB transition metal, In
some embodiments, the metal of the deoxygenation catalyst comprises Pd, W, Mo, Ny, Pt, Ry, or
a combination thereof. In sorme embodiments, the deoxygenation catalyst comprises a promoter,
As an example, the promoter of the deoxygenation catalyst can comprise Sn, W, or a combination
thereof. The support may be any one of the supports described herein, including a nitride, carbon,
stlica, alumina, zirconia, tiama, vanadia, cerna, zine oxide, chromia, boron nitnde,
heteropolyacids, kieselguhr, hydroxyapatite, and muxtures thereof In some embodiments, the
SUPPOrt COMPrises zircoma.

OGN The deoxygenation temperature may range from 80° € to 3060° € In some
embodiments, the reaction temperature 15 between about 120° € and 6007 C, or between about
200° C and 280° C, or between about 220° C and 260° C. 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 from

600 o 650 psig.
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{00118] In some embodiments, the WHSY for the deoxygenation reaction ranges from 0.1 gram
of oxvgenated 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, at least 1.0, at least 1.1, at least
1.2, at least 1.3, at least 1.4, at least 1.5, ai 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
,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
3.0, atleast 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 least 4.7, at least 4.8, at least 4.9, at least 5.0, to less than 6, less
than 7, less than 8, less than 9, less than 10, less than 11, ess than 12, less than 13, less than 14,
less than 15, less than 20, less than 25, less than 30, less than 35, or less than 40 g/e hr.
{00111} In some embodiments, the amount of hydrogen fed to the deoxygenation reactor 16
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%, 300-
2400%, 400-2400%, S00-2400%, 600-2400%, 700-2400%, 800-2400%, 900-2400%, 1000-
2400%, 1100-2400%, or 1130-2400%, or 1200-2400%, or 1300-2400%, or 1400-2400%, or 1 500-
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) m the feedstock, mncluding all intervals between. The hydrogen may
be external hydrogen or recycled hydrogen. The term “external Ho” refers to hydrogen that does
not origmate from the feedstock solution, but 13 added to the reactor system from an external
source. The term “recycled Ho” refers to unconsumed hydrogen, which is collected and then
recycled back into the reactor systermn for further use.
{80112] In some embodiments, the product stream 18 15 passed through a three-phase separator
20 to separate the product stream 18 imnto a non-condensed gas stream 22, an organic products
stream 24, and an aqueocus products stream 26, The non-condensed gas stream 22 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 {0 a separation system where hvdrogen can be recovered for
recycling back to the hydrogen stream 14. The aqueous products stream 26, containing partially

deoxygenated hydrocarbons, may be recycled back to the mlet of the deoxygenation reactor 16.
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An aqueous purge stream 28, including some monooxygenates {e.g., alcohols), can be used to
prevent a build-up of water in the reactor system. The aqueous purge stream 28 can be combined
with the organic products stream 24 or discarded from the process.

{86113} In some embodiments, the organic products stream 24 comprising oxvgenates is
contacted with a conversion catalyst 130 at a temperature, pressure, and weight hour space velocity
effective to induce condensation reactions that convert the oxygenates into a condensate product
stream 30 comprising (4 compounds. The Car compounds may be comprise one or more of Ca.
30 non-aromatic hydrocarbons and Ce.so aromatic hydrocarbons, e g, straight-chain or branched-
chain C4s0 alkanes, straight-chain or branched-chain Csa0 alkenes, Csso cycloalkanes having
optional straight-chain or branched-chain alkyl groups, Csse cycloalkenes having optional
straight-chain or branched-chain alkene groups, Ceso aryls having optional straight-chain or
branched-chan alkanes or alkenes, Ciz.0 fused aryls having optional straight-chain or branched-
chain alkanes or alkenes, Ciz.30 polycyelic compounds having optional straight-chain or branched-
chain alkanes or alkenes, straight-chain or branched-chain Caso alcohols, straight-chain or
branched-chain Cs.30 ketones, straight-chamn or branched-chain Cs0 furans and nuxtures thereof
{80114] TIn some embodiments, the condensation product stream 30 may be passed through a
three~-phase separator 32 to separate the condensation product stream 30 into an acid condensation
gas stream 34, an organic stream 102, and an aqueous stream 38 The organic stream 102 and
aqueous stream 38 are separated by density difference, while the acid condensation gas strearmn 34
comprising uncondensed gases 18 recycled to the condensation reactor 132 to generate additional
Ca+ compounds. In some embodiments, the agqueous stream 38 15 discarded from the process, or
further processed m downstream process units,

{80115] In some embodiments, the organic stream 102 may form or be similar m composition to
the hydrocarbon feed stream 102 described 1n processes 100-300. In some embodiments, the
process 400 mcludes fractionating the organic stream 102 m a first distillation column 406 to
separate the organic stream 102 into a first distillate stream 408 and a first bottoms stream 410, In
some embodiments the first distillate stream 408 comprises {7. compounds or Cs. compounds, and
the first bottoms stream 410 comprises Cs+ compounds or Cer+ compounds.

{86116] The process 400 further includes fractionating the first bottoms stream 410 in a second
distitlation column 412 to separate the first bottoms stream 410 into a second distiliate siream 404

and a second bottoms stream 414, The second distillate stream 404 may be collected as a product
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stream and comprises either s compounds or Ces compounds. The second boitoms stream 414
comprises Cor compounds. The process 400 further includes fractionating the second botioms
stream 414 1n a third distillation column 416 to separate the second bottoms stream 414 into a third
distillate stream 418 comprising Co.io compounds and a third bottoms stream 420 comprising Cii+
compounds.

{86117} Rather than hyvdrogenating the Cni+ compounds over a hydrogenation catalvst, process
400 includes a step of recycling the third bottoms stream 420 to the deoxygenation catalyst 12,
Applicant has surprisingly found that the deoxygenation catalyst 12 can simultaneously dealkylate
the Cyy+ compounds from the third bottoms stream 420 and deoxygenate the water soluble sugars
and oxygenates in the feedstock solution 10, while maintaining an acceptable conversion.

{00118} In some embodiments, the process further includes contacting the first distillate stream
408 comprising 7. compounds or {s. compounds and the third distillate stream 418 comprising
Cy.io compounds with the conversion catalyst 130 at a temperature, pressure, and weight hour space
velocity effective to induce condensation and dealkylation reactions that produce a reformate
strearmn 134 at a temperature, pressure, and weight hour space velocity effective to induce
condensation and dealkvlation reactions that produce a reformate stream 134, In some
ernbodiments, the third distillate stream 418 comprising Co.10 compounds is collected as a product
stream, rather than being recycled back to the conversion catalyst 130,

[00119] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill 1 the art to which the mvention
pertamns. Al defimtions, as defined and used herein, should be undersicod to control over
dictionary defimtions, defimtions in documents mcorporated by reference, and/or ordinary
meanings of the defined terms.

{001268] The present wvention has been described mn terms of ome or more preferred
embodiments, and it should be appreciated that many equivalents, alternatives, variations, and

modifications, aside from those expressly stated, are possible and within the scope of the mvention.
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Examples
{86121} 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

ilfustration and are not meant to be limiting 11 any way.

Comparative Example 1. RBaseline Configuration with Sorbiiol Feed

100122] A feedstock solution composed of 50 wi% sorbitol in water was reacted over a Pd-Mgo-
Sn-W Zr(3; HDO catalyst to produce a nuxture of oxygenates. 140 grams of the HDO catalyst
was loaded into two 1" OD Inconel reactors connected in series. Before feed was introduced, the
HDG catalyst was reduced in-situ with hydrogen at 400°C and 1050 psig. The feedstock solution
was reacted over the HDO catalyst at 1800 psig and a weight hour space velocity (WHSV) of 0.8
erams of feedstock solution per gram of catalyst per hour. The first HDO reactor had an inlet
temperature of 232°C and an outlet temperature of 254°C. The second HDO reactor had an inlet
temperature of 264°C and an outlet temperature of 295°C. Hydrogen was co-fed to the HDO
reactors at a rate of 2550 ml/min. An agueous recycle of 7. 5g/mun from the product HDO product
stream was sent back to the HDO mnlet.

[80123] The nuxture of oxygenates produced from the HDO reactors was subsequently reacted
over a Ni-modified ZSM-5 conversion catalyst to produce a nuxed aromatic feed stream. 165
grams of the Ni-modified Z8M-S catalyst was loaded mto a 1" OD Inconel lead reactor, and 150
grams of Ni~-modified ZSM-5 catalyst was loaded into a 10D Inconel lag reactor. Regenerations
took place daily with reactors swung m the order of regeneration to lag to lead {swing forward).
Before feed was mtroduced, the conversion catalyst was reduced 1n-situ under nutrogen at 100 psig
and 400°C. The muxture of oxygenates were reacted over the conversion catalyst at 100 psig. The
iead and lag AC reactors had an inlet temperature of 410°C and an outlet temperature of 405°C.
Hydrogen from the HDO reactors was separated and sent co-fed to the AC reactor. An agueous
recycle of 1 to 3 g/min from the AC product stream was recycled back to the lead AC reactor. A
vapor recycle of 3000 mL/min from the AC product stream was recycled back to the AC reacior.

100124] The AC product stream was sent 0 a distillation column configured to separate the AC
product stream into 8 Ce- stream and a Cr+ stream. The Ce- stream was then recycled back to the
AC catalyst for further upgrading of the light end products to aromatics. The {7+ siream was

collected as a product.
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Table 1.

Sorbitol Baseline

{% of Feed Carbon)
C4- Paraffins 16.4%
C5+ Paraffins 2.5%
6, C7 Aromatics 15.0%
8 Aromatics 22.7%
9 Aromatics 15.1%
C10+ Aromatics 5. 7%
PNAs 7.7%
Olefins 1.2%
Naphthenes $6.7%
{Ixygenates 0.6%
Coke 1.2%
CO, Coz 6.8%

{80125]  Four weight checks were performed on all product streams to compile a net yield profile.

Table 1 summarizes the carbon yield profile, which 18 an average of the weight checks.

Inveative Fixample 1 HAU with Sovbitol Feed

[00126] A feedstock solution composed of 50 wi% sorbitol 1n water was reacted over a Pd-Mo-
Su-W Zr02 HDO catalyst and a Ni-modified ZSM-5 conversion catalyst using the same reaction
conditions outlined 1 Comparative Example 1.

801271 A first distillation column separated the acid condensation product stream into a Cs.
stream and a Ce- stream. The Cs. stream was recycled back to the AC catalyst for further upgrading
to produce an increased concentration of aromatics. A second distillation column separated the
Ce+ stream 1nto 8 Cegstream and a Cor stream. A third distitlation column separated the Co- stream
mto a Cs-ro stream and a Cui+ stream. The Cooro stream was collected as a product stream.

{00128] The Cii+ stream was contacted with a commercially available mickel oxide
hydrogenation catalyst (KL6560 available from CRI catalysts having 18% Ni} to produce a
hydrogenated Cu- stream. 10 grams of the hydrogenation catalyst was loaded into 1/2" GD
Inconei reactor. Before feed was introduced, the hydrogenation catalyst was reduced n-situ with
hydrogen at 400°C and 1050 psig. The Cii-+ steam was reacted over the hydrogenation catalyst at

600 psig. The hydrogenation reactor had an inlet temperature of 170°C and an outlet temperature

S30.
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of 100°C. Hydrogen was co-fed to the hydrogenation reactor at a rate of 150 mE/min.

hydrogenated Cii+ stream was recycled back to the AC catalyst for dealkvlation.

Table 2
Classification In {(wi%) Out (wito)
6 Aromatic 0 0
7 Aromatic 0 0
8 Aromatic 0.02 0
9 Aromatic 1.44 1.05
C10 Aromatic 12.60 %.80
C11+ Aromatic 882 9.01
PNA 13.02 4.11
Tetralins 2724 23.38
Decalins 32.59 46.60
Naphthenes 428 7.05
Paraffing G 0
(o O 0

The

[06129] Table 2 contains the composition of material entering the hydrogenation reactor and the

composition of the effluent. As discussed, PNAs (e g., naphthalene)} are mimimally reactive over

the conversion catalyst, while tetralins and decalins are readily dealkylated mto Cio. aromatics and

hydrocarbons. The hvdrogenation catalyst was effective at reducing the concentration of PNAs inthe Cu v

stream from 13.02% to 4.11%, based on a percentage of feed carbon.

Table 3.
Sorbitol HAU Sorbitol Baseline
(% of Feed Carbon) {% of Feed Carbon)
C4- Paraffing 17.0% 16.4%
{5+ Paraffus 3.6% 2.5%
o, C7 Aromatics 16.5% 15.0%
C8 Aromatics 24.2% 22.7%
(% Aromatics 19.0% 151%
C10+ Aromatics 1.8% 5.7%
PNAs 0.8% 7.7%
Olefins 1.5% 1.2%
Naphthenes 3.7% 0.7%
Uxygenates 0.9% 03.0%
Coke 1.2% 1.2%
CO, CO2 4.9% 6.8%
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{86138} Four weight checks were performed on all product streams to compile a net yield profile.
The net yield profile was an average of the weight checks. Table 3 summarizes the carbon yield
profile for the HAU configuration and compares the carbon vield profile o the baseline
configuration. Carbon that was once sequestered by Cior aromatics and PNAs {e.g., napthalenes)
was redistributed into high value products including saturated compounds like paraffing and

naphthenes, as well as unsaturated compounds like aromatics and olefins.

Comparative Example 2. Baseline Configuration with Conditioned Ethanol Feed

{60131] A feedstock solution composed of 41.2 wi% ethy! acetate, 27.7 wts deionized water,
and 31.1 wit% 190 proof ethanol was reacted over a Ni-modified ZSM-5 conversion catalyst to
produce a mixed aromatic feed stream. 165 grams of the Ni-modified ZSM-5 catalyst was loaded
imnto a 1" OD Inconel lead reactor, and 150 grams of Ni-modified Z8M-5 catalyst was loaded into
a 1"OD Inconel lag reactor. Regenerations took place daily with reactors swung in the order of
regeneration to lag to lead {(swing forward). Before feed was mitroduced, the conversion catalyst
was reduced 10-situ under nitrogen at 100 psig and 400°C. The nuxture of oxygenates were reacted
over the AC reactors 1n a lag to lead configuration. The pressure of reaction occurred at 200 psig,
and at a WHSV of 0.25 grams of feedstock solution per gram of catalyst per hour. The lag AC
reactor had an inlet temperature of 405°C and an outlet terperature of 435°C. The lead AC reactor
had an mlet and outlet temperature of 450°C. Hydrogen was not co-fed to the reactor. An agueous
recvele of approximately 1 g/min from the AC product siream was recyeled back to the lead AC
reactor. A vapor recycle of 2700 mL/mun from the AC product stream was recycled back to the
lag AC reactor.

[00132] The AC product stream was sent to a distillation column configured to separate the AC
product stream mio 8 Ce- stream and a Cr+ stream. The Ce- stream was then recycled back to the
AC catalyst for further upgrading of the hight end products to aromatics. The U7+ stream was

collected as a product.
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Table 4.
Ethanol Baseline
(% of Feed Carbon)
C4- Paraffins 14.4%
{5+ Paraffins 2.0%
6, C7 Aromatics 7.8%
{8 Aromatics 18.0%
9 Aromatics 23 5%
10+ Aromatics 13.8%
PNAs 6 2%
Olefing 4.3%;
Naphthenes 0.3%
{xygenates 0.8%
Coke 1.2%
CO, Co2 3.1%

[00133] Four weight checks were performed on all product streams to compile a net vield protile,

Table 4 summarizes the carbon vield profile, which 15 an average of the weight checks.
R > P pat)

Inventive foxample 2: HAU with Conditioned Fthanol Feed

[00134] 41 2 wt% ethyl acetate, 27.7 wi deionized water, and 31.1 wi% 190 proof ethano! was
reacted over a Ni-modified ZSM-3 conversion catalyst to produce a mixed aromatic feed stream
using the same reaction conditions outlined in Comparative Example 2.

100135] A first distillation column separated the acid condensation product stream nto a Us.
stream and a Ce- stream. The Cs. stream was recycled back to the AC catalyst for further upgrading
to produce an increased concentration of aromatics. A second distillation column separated the
Cs+ stream into a Ces stream and a Co+ stream. A third distilation column separated the Co- siream
into a Co-1o stream and a T+ stream. The Co.1o stream was collected as a product stream.

{86136] The i+ stream was contacted with a commercially available nickel oxide
hydrogenation catalyst (KLO560 available from CRI catalysts having 18% Ni) to produce a
hydrogenated Cyy- stream. 10 grams of the hydrogenation catalyst was loaded into 1/2" OD
Inconel reactor. Before feed was introduced, the hydrogenation catalyst was reduced in-sttu with
hydrogen at 400°C and 1050 psig. The Cui+ steam was reacted over the hydrogenation catalyst at

600 psig. The hydrogenation reactor had an inlet temperature of 130°C and an outlet temperature
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of 105°C. Hydrogen was co-fed to the hydrogenation reactor at a rate of 150 mi/min.

hydrogenated Cii+ stream was recycled back to the AC catalyst for dealkvlation.
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Table 5.

Classification In (wi%) Out {(wi%)
C6 Aromatic 0.00 0.00
C7 Aroroatic (.00 Q.00
& Aromatic 0.00 0.060
9 Aromatic (.05 0.12
10 Aromatic 9.11 8.08
{11+ Aromatic 11.25 11.38
PNA 35.59 3.89
Tetraling 31.72 45.06
Decaling 11.36 27.05
Naphthenes 0.92 4.41
Paratfins 0.00 0.00
Other Co6- 0.00 (.01

The

{86137} Table 5 contains the composition of material entering the hydrogenation reactor and the

composition of the effluent. The hydrogenation catalyst was effective at reducing the

concentration of PNAs m the Ciiv stream from 13.02% to 4.11%, based on a percentage of feed

carbon. The hydrogenation catalyst was also effective at increasing the concentration of tetraling

and decalins, which are readily dealkylated over the conversion catalyst.

Tahie 6.

Ethanol Baseline
{%e of Feed Carbon)

Ethanol HAU
{% of Feed Carbon}

C4- Parattins 14.4% 18.6%
C5+ Paraffins 2.0% 1.9%
Co6, (7 Aromatics 7.8% 8.5%
8 Aromatics 18.0% 21.8%
{9 Aromatics 23.5% 23.5%
{10+ Aromatics 13.8% 10.1%
PNAs 6.2% 0.7%
Olefins 4.3% 4.3%
Naphthenes {.3% 0.5%
Oxygenates 0.8% 0.7%
Coke 1.2% 1.7%
CO, COoz 3.1% 3 7%
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{00138] Four weight checks were performed on all product streams to compile a net vield profile.
The net vield profile was an average of the weight checks. Table 6 summarizes the carbon yield
profile for the HAU configuration and compares the carbon yield profile to the baseline
configuration. Carbon that was once sequestered by (o aromatics and PNAs {e.g., napthalenes)
was redistributed into higher value products including saturated compounds like paraffing and

naphthenes, as well as unsaturated compounds like aromatics and olefins.

Inventive Example 3: NBX with Conditioned Fihanol Feed

[00139] 41 2 wt% ethyl acetate, 27.7 wt% deionized water, and 31.1 wt% 190 proof ethanol was
reacted over a Ni-modified ZSM-5 conversion catalyst to produce a mixed aromatic feed stream
using the same reaction conditions outlined in Comparative Example 2.

{80140] A frst distillation column separated the acid condensation product stream mnto a Cr.
stream and a Cs- stream. The Cr. stream was then recveled back to the AC catalyst for further
upgrading to produce an mcreased concentration of aromatics. A second distillation column
separated the Cs- stream into a Cs stream and a Co- stream. A thud distillation coluron separated
the Co- stream into a Co.io stream and a Ciis stream. The Cooro stream was recycled back to the
AC catalyst for dealkylation

[06141] The Cui+ stream was coutacted with a commercially available mickel oxide
hydrogenation catalyst (KL6560 available from CRI catalysts having 18% Ni) to produce a
hydrogenated Cii+ stream. 10 grams of the hydrogenation catalyst was loaded into 1727 OB Inconel
reactor. Before feed was introduced, the hydrogenation catalyst was reduced in-site with hydrogen
at 400°C and 1050 psig. The Cii+ steam was reacted over the hydrogenation catalyst at 600 psig.
The hydrogenation reactor had an miet temperature of 130°C and an outlet temperature of 105°C.
Hydrogen was co-fed to the hydrogenation reactor at a rate of 150 mL/min. The hydrogenated
Ci1- stream was recycled back to the AC catalyst for dealkylation. The Cs stream comprising

xylenes 1s collected as the net product stream.
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Table 7.
Hydrotreating Tn | Hydrotreating Out

{wi%a} {wi%o)
{6 Aromatic .00 0.00
7 Aromatic (.00 0.00
{8 Aromatic 0.02 0.00
C9 Aromatic 1.20 .05
10 Aromatic 3.45 1.64
C11+ Aromatic 13.76 13.30
PNA 4437 7.40
Tetraling 34.02 69.35
Decalins 5.44 7.87
Naphthenes .72 0.38
Paraftins 0.00 0.00
Other 6- 0.01 0.01

[00142]

composition of the effluent
concentration of PNAs in the Cii-+ stream from 44.37% to 7.4%, based on a percentage of feed

carbon. The hydrogenation catalyst was also effective at increasing the concentration of tetralins

and decalins, which are readily dealkylated over the conversion catalyst.

Table 7 contains the composition of material entering the hydrogenation reactor and the

The hydrogenation catalyst was effective at reducing the

Table &
Ethanol Baseline Fthanol HAU Ethanol NBX
{% of Feed Carbon) | (% of Feed Carbon} | (% of Feed Carbon)
C4- Paraffins 14.4% 18.6% 30.0%
5+ Paraffing 2.0% 1.9% 1.2%
Co, C7 Aromatics 7.8% 8.5% 0.9%
(R Aromatics 18.0% 21.8% 47 2%
9 Aromatics 23.5% 23.5% 4.1%
10+ Aromatics 13.8% 10.1% 0.0%
PNAs 6.2% 0. 7% 0.0%
Oletins 4.3% 4.3% 5.1%
MNaphthenes 0.3% G.5% 0.1%
Oxygenates 0.8% 0.7% 0.7%
Coke 1.2% 1.7% 2.9%
CG, Co2 3.1% 3 7% 4.3%

[00143]

The net yield profile was an average of the weight checks. Table 8 summarizes the carbon yield

- 3% -

Four weight checks were performed on all product streams to compile a net vield profile.
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profile for the NBX configuration and compares the carbon yield profile to the HAU configuration
and the baseline configuration. Carbon that was once sequestered by Cio+ aromatics and PNAs
{(e.2., napthalenes} was redistributed into higher value products including saturated compounds

like paraffing and naphthenes, as well as unsaturated compounds like aromatics and olefins.

inveniive fxample 5: Xvienes-SAK with Conditioned Fihanol Feed

{00144] 41.2 witY% ethyl acetate, 27.7 wit% deionized water, and 31.1 wi% 190 proof ethanol was
reacted over a Ni-modified ZSM-5 conversion catalyst to produce a mixed aromatic feed stream
using the same reaction conditions outlined in Comparative Example 2.

[00145] A first distillation column separates the acid condensation product stream into a Cr.
stream and a Cs+ stream. The €. stream s then recyeled back to the AC catalyst for further
uperading. A second distillation column separates the Cs+ stream into a Cs stream and a Cos
stream. A third distillation column separates the Co stream into a Cooio stream and a Cris stream.
The Cs stream and the Co.10 stream are collected as net product streams.

[00146] The i+ strearn was contacted with a commercially available nickel oxide
hydrogenation catalyst (KL6560 available from CRI catalysts having 18% Ni) to produce a
hydrogenated Cu+ stream. 10 grams of the hydrogenation catalyst was loaded 1nto /2" OD
Inconel reactor. Before feed was introduced, the hvdrogenation catalyst was reduced m-situ with
hydrogen at 400°C and 1050 psig. The Cii+ steam was reacted over the hydrogenation catalyst at
600 psig. The hydrogenation reactor had an inlet temperature of 130°C and an outlet temperature
of 105°C. Hydrogen was co-fed to the hydrogenation reactor at a rate of 150 ml/mm. The

hydrogenated Ci1+ stream was recycled back to the AC catalyst for dealkylation.
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Table 9
Ethanol Baseline | Ethanol HAU Ethanol NBX | Ethanol Xylene-
(% of Feed (% of Feed {%e of Feed SAK
Carbon) Carbon) Carbon) %% of Feed
Carbon)

{4~ Paraffins 14.4% 18.6% 30.0% 23%
CS5+ Paraffins 2.0% 1.9% 1.2% 2%
Ceo, U7 Aromatics 7.8% 8.5% 0.9% 0.1%
C8 Aromatics 18.0% 21.8% 47.2% 17.5%
C9 Aromatics 23.5% 23 5% 4.1% 25%
C10+ Aromatics 13.8% 10.1% 0.0% 9.5%
PNAs 6.2% 0.7% 0.0% 1.5%
Olefins 4.3% 4.3% 5.1% 5%
Naphthenes 0.3% 0.5% 0.1% 0%
Oxvgenates 0.8% (.7% 0.7% 0.5%
Coke 1.2% 1.7% 2.9% 2.5%
CQ, CO2 3.1% 3.7% 4.3% S$%

[80147] Four weight checks were performed on all product streams to compile a net vield profile.
The net yield profile was an average of the weight checks. Table 9 summarizes the carbon yield
profile for the Xylenes-SAK configuration and compares the carbon yield profile to the HAU
configuration, NBX configuration, and the baseline configuration. Carbon that was once
sequestered by Cior aromatics and PNAs (e.g., napthalenes) was redistributed mto higher value
products including saturated compounds like paraffins and naphthenes, as well as unsaturated
compounds like aromatics and olefins.

{00148] Thus, the present disclosure provides systems and methods for shifting the vield
structure of hydrocarbon feeds from non-aromatic compounds {e.g., paratfins, napthenes to Ce-10
aromatic compounds}. In some embodiments, the present disclosure provides systems and
methods for upgrading bight hvdrocarbon streams (e.g., Cs-} and heavy hydrocarbon sireams (e.g.,
Cii+) within the hydrocarbon feed to increase the vield of aromatic compounds {(e.g., Ce0),
particularly benzene, toluene, para-xvlene, ortho-xylene, and meta-xylene.

{00149} Although the invention has been described in considerable detail with reference to
certain embodiments, one skilled in the art will appreciate that the present invention can be used

in alternative embodiments to those described, which have been presented for purposes of

- 40 -
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Hlustration and not of limitation. Therefore, the scope of the appended claims should not be limuted
to the description of the embodiments contained herein.

{00158] Forreasons of completeness, various aspects of the mvention are set cut in the following
numbered clauses:

{00151} Clause 1. A process for producing and separating aromatic hydrocarbons from a
hydrocarbon feed stream, the hydrocarbon feed stream comprising a plurality of non-aromatic
hydrocarbons and aromatic hydrocarbons, whergin the non-aromatic hydrocarbons comprise one
or more of a paraffin, an olefin, a napthene, or combinations thereof, and wherein the aromatic
compounds includes one or more of an aryl, a fused aryl, a polycylic compound, or combinations
thereof, the process comprising:

(1) fractionating, using a series of distillation columns, the hydrocarbon feed stream to
separate an aromatics product stream and a heavy hydrocarbon stream from the hydrocarbon
feed stream, wherein the aromatics product stream comprises at least one of a Cs aromatic, a O
aromatic, a Cs aromatic, or a combination thereof, and wherein the heavy hydrocarbon stream
comprises Cii+ compounds;

(11) contacting the heavy hydrocarbon stream with a hydrogenation catalyst 1o the
presence of hvdrogen to produce a hydrogenated Cii+ stream; and

(111} contacting the hydrogenated Cii+ stream with the least one conversion catalyst to
dealkylate at least a portion of the Cii+ compounds to generate a reformate stream, wherein the
reformate stream 1s fed to the series of distiliation columns of step (i),

{80152] Clause 2. The process of clause 1, wheremn step (i) further comprises:

fractionating, using a first distillation column, the hydrocarbon feed stream to separate a
Cs. stream and a Co+ stream from the hydrocarbon feed stream;

fractionating, using a second distillation column, the Cor stream into the aromatic product
stream and a Cs+ stream, wherein the aromatic product stream comprises CUs-s compounds; and

fractionating, using a third distillation columy, the Co+ stream into a Csoio stream and the
heavy hydrocarbon stream.

{00153} Clause 3. The process of clause 2 further comprising:

recycling the Cs. stream to the at least one conversion catalyst.

{00154] Clause 4. The process of clause 2, wherein the CUse stream comprises at least one of

benzene, toluene, xylenes, or a combination thereof,
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{00155} Clause 5. The process of clause 1, wherein step (1) further comprises

fractionating, using a first distillation column, the hydrocarbon feed stream to separate a
- stream and a Ca+ stream from the hydrocarbon feed stream;

fractionating, using a second distillation column, the Cs+ stream into the aromatic product
stream and a Co+ stream, wherein the aromatic product stream comprises (s compounds; and

fractionating, using a third distillation column, the Cos stream into a Co.ro stream and the
hydrocarbon stream.
{86156] Clause 6. The process of clause S further comprising:

recyching the Cr. stream to the at least one conversion catalyst.
{86157} Clause 7. The process of clause S further comprising:

recyching the Co.io stream to the at least one conversion catalyst to dealkylate at least a
portion of the Co10 compounds.
{00138} Clause 8. The process of clause 1, wherein the hyvdrogenation catalyst comprises at least
one support and at least one metal
[80139] Clause 9. The process of clause 8, wherem the at least one support corprises at least
one of carbon, silica, alununa, zirconia, titania, vanadia, cena, silica-alumnate, zeolite, kieselguhr,
hydroxyapatite, zine oxide, chromia, and corbinations thereof.
[001606] Clause 10. The process of clause 8, wherein the metal comprises at least one of Fe, Ru,
Co, Pt, Pd, Ni, Re, Cy, alloys thereof, and a combination thereof.
{00161] Clause 11, The process of clause 8, wheren the hydrogenation catalyst further
comprises at least one promoter.
[00162] Clause 12. The process of clause 11, wheremn the promoter comprises at least one of

Ag, Aug, Cr, £n, Mo, Mg, Ca, Cr, 8n, By, Mo, W, B, P, and alloys or combinations thereof.

{80163] Clause 13, The process of clause 1, wheremn the conversion catalyst comprises at least
one of carinde, nitride, zirconia, alumuna, silica, aluminosiiicate, phosphate, zeolite, titaniom
oxide, zinc oxide, vanadium oxide, lanthanum oxide, yttrium oxide, scandium oxide, magnesium
oxide, certum oxide, barium oxide, calcium oxide, hydroxide, heteropolvacid, imnorganic acid, acid

modified resin, base modified resin, and combinations thereof

L40 .
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{00164] Clause 14. The process of clause 1, wherein the conversion catalyst comprises at least
one metal, wherein the metal comprises at least one of Cu, Ag, Au, Pt, Ni, Fe, Co, Ry, Zn, Cd, Ga,
In, Rh, Pd, Ir, Re, Mn, Cr, Mo, W, Sn, Os, alioys and combinations thereof.
{86165] Clause 15 The process of clause 1, wherein the conversion catalyst comprises at least
one modifier, wherein the modifier comprises at least one of (e, La, ¥, 8¢, P, B, By, Ly, Na, K,
Rb, Us, Mg, (Ca, 81, Ba, and combinations thereof.
{00166] Clause 16. The process of clause 1, wherein heavy hydrocarbon stream 1n step {it)
comprises at least one polynuclear aromatic {PNA}, and wherein the conversion of the PNA during
hydrogenation is at least 70%, or at least 75%, or at least 80%, or at least 85%, or at least 90%.
{86167} Clause 17. The process of clause 1, wherein the hydrogenated Cii+ stream comprises
less than 5 wt% polynuclear aromatic compounds, or less than 4 wit%, or less than 3 wt%, or less
than 2 wt%, or less than 1 wt%, based on the total weight of the hydrogenated Cui+ stream.
{00168} Clause 18. The process of clause 1, wherein the hvdrogenated Ciy+ stream comprises
tetralin, and wherein the hydrogenated Ci1+ stream comprises a weight fraction of tetralin that is
at least 10 wt% greater relative to the weight fraction of tetrahins in the Ciiv stream | or at least 20
wi% greater, or at least 30 wt%s greater, or at least 40 wi%e greater, or at least 50 wt% greater,
based on the total weight of the respective streams.
[00169] Clause 19, The process of clause 1, wherein the hydrogenated Cii+ stream comprises
decalin, and wherein the hydrogenated Ci1+ stream comprises a weight fraction of tetralin that is
at feast 10 wi% greater relative to the weight fraction of tetraling in the Cii+ stream | or at least 20
wit¥ greater, or at least 30 wit% greater, or at least 40 wi% greater, or at least 50 wi% greater,
based on the total weight of the respective streams.
{80178} Clause 20, The process of clause 1, wherein prior to step (1) the method further
COMPrises’

catalytically reacting a feedstock stream comprising water and oxygenated hydrocarbons
m the presence of hydrogen with a deoxygenation catalyst to produce a deoxygenated product
streant; and

catalytically reacting the deoxygenated product stream with the at least one conversion
catalyst to produce the hydrocarbon feed stream.

{00171} Clause 21. A process comprising:
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(1) catalytically reacting a feedstock stream comprising water and oxygenated
hydrocarbons in the presence of hydrogen with a deoxygenation catalyst to produce a
deoxygenated product stream;

(11} catalytically reacting the deoxygenated product stream with the at least one
conversion catalyst to produce a condensation product stream comprising non-aromatic
hydrocarbons and aromatic hydrocarbons, wherein the non-aromatic hydrocarbons comprise one
or more of a paraffin, an olefin, a napthene, or combimnations thereof, and wherein the aromatic
compounds includes one or more of an aryl, a fused aryl, a polycylic compound, or combinations
thereof;

(111} fractionating, using a series of distillation columns, the condensation product stream
to separate an aromatics product stream and a heavy hydrocarbon stream from the condensation
product stream, wherein the aromatics product strearm comprises at least one of a Cs aromatic, a
7 aromatic, a Cz aromatic, or a combination thereof, and wherein the heavy hydrocarbon stream
comprises Cri+ compounds; and

{(1v) recycling at least a portion of the heavy hydrocarbon stream to the deoxygenation
catalyst of step (1),

[00172] Clause 22. The process of clause 21, wherem the oxygenated hydrocarbons comprise
one or more of a monosaccharide, a disaccharide, a ohigosacchande, a polyvsacchande, a sugar
alcohol, a sugar degradation product, a cellulosic denvative, a hemcellulosic derivative, a lignin
dertvative, a hingnoceliulosic derivative, and a combination thereof.

{80173] Clause 23. The process of clause 21, wherein step (111} further comprises:

fractionating, using a first distillation column, the condensation stream to separate a Cs.
stream and a Cs+ stream from the condensation siream;

fractionating, using a second distillation column, the Cor stream into the aromatic product
stream and a Cs+ stream, wherein the aromatic product stream comprises CUs-s compounds; and

fractionating, using a third distillation columy, the Co+ stream into a Csoio stream and the
heavy hydrocarbon stream.

{00174] Clause 24. The process of clause 23 further comprising:
contacting the (s. stream with the at least one conversion catalyst to convert at least a

portion of Cs. compounds into Ca+ compounds via condensation reactions.
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{00175} Clause 25. The process of clause 23, wherein the Cos stream comprises at least one of
benzene, toluene, xylenes, or a combination thereof,
{00176] Clause 26. The process of clause 21, wherein step (11} further comprises

fractionating, using a first distillation column, the condensation stream to separate a Cr-
stream and a Cs+ stream from the condensation stream;

fractionating, using a second distillation column, the Cs+ stream into the aromatic product
stream and a Co+ stream, wherein the aromatic product stream comprises (s compounds; and

fractionating, using a third distillation column, the Cos stream into a Coo stream and the
heavy hydrocarbon stream.
1086177} Clause 27. The process of clause 26 further comprising:

contacting the Cr. stream with the at least one conversion catalyst to convert at least a
portton of Cr. compounds nto Cy- compounds via condensation reactions.
{00178} Clause 28. The process of clause 26 further comprising:

contacting the Co.jo stream with the at least one conversion catalyst to dealkylate at least
a portion of the Ce.10 compounds.
[80179] Clause 29. The process of clause 21, wherein the deoxygenation catalyst comprises at
least one support and at least one metal.
{00186} Clause 30. The process of clause 29, wherein the at least one support comprises zircoma.
[00181] Clause 31 The process of clause 29, wherein the at least one metal comprises Pd, W, or
a combination thereof,
{80182] Clause 32. The process of clause 29, wheremn the deoxygenation catalyst comprises a
promoter.
{80183] Clause 33, The process of clause 32, wherein the promoter comprises Sn, W, or a
combination thereof

[80184] Clause34. The process of clause 21, wherein the conversion catalyst comprises a zeolite,

{06185] Clause 35. The process of clause 21, wherein the conversion catalyst comprises at least
one metal.

{06186] Clause 36. The process of clause 35, wherein the metal 1s N1,

i

o
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CLAIMS:

1. A process for producing and separating aromatic hydrocarbons from a hydrocarbon feed
stream, the hydrocarbon feed stream comprising a plurality of non-aromatic hydrocarbons and
aromatic hydrocarbons, whereimn the non-aromatic hydrocarbons comprise a paraffin, an olefin, a
naphthene, or a combination thereof, and wherein the aromatic hydrocarbons comprise an arvi, a
fused aryl, a polycvlic compound, or a combination thereof, the process comprising:

(1) fractionating, using a series of distillation columns, the hydrocarbon feed stream to
separate an aromatics product stream and a heavy hydrocarbon stream from the hydrocarbon
feed stream, wherein the aromatics product stream comprises a U aromatic, a Cr aromatic, a Cg
aromatic, or a combination thereof, and wherein the heavy hydrocarbon stream comprises Cii-+
compounds;

(1) contacting the heavy hydrocarbon stream with a hydrogenation catalyst in the
presence of hydrogen to produce a hydrogenated Cui+ stream; and

{11} contacting the hyvdrogenated Cii+ strearo with at least one conversion catalyst to
dealkylate at least a portion of the Cii+ compounds to generate a reformate stream, wherein the

reformate stream 1s fed to the series of distillation columms of step (i)

S

The process of claim 1, wherein step (1) further comprises:
fractionating, using a first distillation column, the hydrocarbon feed stream to separate a
{s- stream and a Cs+ stream from the hydrocarbon feed stream;

fractionating, using a second distillation column, the Cor stream into the aromatic product
stream and a Cs+ stream, wherein the aromatic product stream comprises CUs-s compounds; and
fractionating, using a third distillation column, the Co- stream mto a Cs-10 stream and the

heavy hydrocarbon stream.

3. The process of claim 2 further comprising:

recyching the Cs. stream to the at least one conversion catalyst.

4 The process of claim 1, wherein step (1) further comprises
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fractionating, using a first distillation column, the hydrocarbon feed stream to separate a
7. stream and a Cs+ stream from the hydrocarbon feed stream;

fractionating, using a second distillation column, the Cs+ stream into the aromatic product
stream and a Co+ stream, wherein the aromatic product stream comprises {s compounds; and

fractionating, using a third distillation column, the Co+ stream into a Co.jo stream and the

heavy hydrocarbon stream.

5. The process of claim 4 further comprising:

recyching the Cr. stream to the at least one conversion catalyst.

6. The process of claim 4 further comprising:
recyching the Co.i0 stream to the at least one conversion catalyst to dealkylate at least a

portion of Coyo compounds in the (oo stream.

7. The process of claim 1, wherein the hydrogenation catalyst comprises at feast one support

and at least one metal

8 The process of claim 7, wherein the at least one support comprises at least one of carbon,
sthica, aluvina, zirconia, titama, vanadia, cena, stlica-aluminate, zeolite, kieselguhr,

hydroxyapatite, zinc oxide, chromia, and combinations thereof.

9, The process of claim 7, wherem the at least one metal comprises Fe, Ru, Co, Pt, Pd, N,

Re, Cu, alloys thereof, or a combination thergof

10, The process of claim 1, wherein the heavy hydrocarbon stream in step (11) comprises at
ieast one polynuciear aromatic (PNA}, and wherein the conversion of the PNA during

hydrogenation is at least 70%.

11 The process of claim 1, wherein the hydrogenated Ui+ stream comprises less than 5 wi%

polyvnuclear aromatic compounds, based on the total weight of the hydrogenated Cui+ stream.

L]
s
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12. The process of claim 1, wherein the hydrogenated Cii+ stream comprises tetralins, and
wherein the hydrogenated Cii+ stream comprises a weight fraction of tetraling that 1s at least 10
wit% greater relative to the weight fraction of tetralins in the heavy hydrocarbon stream

&

comprising Cu+ compounds, based on the total weight of the respective streams.

13, The process of claim 1, wherein the hydrogenated Ui+ stream comprises decalins, and
wherein the hydrogenated i+ stream comprises a weight fraction of decalins that is at least 10
wto greater relative to the weight fraction of decalins in the heavy hydrocarbon stream

comprising T+ corpounds, based on the total weight of the respective streams.

14, The process of claim 1, wherein prior to step (1} the method further comprises:
catalytically reacting a feedstock stream comprising water and oxvgenated hydrocarbons
in the presence of hydrogen with a deoxygenation catalyst to produce a deoxygenated product
stream; and
catalytically reacting the deoxygenated product stream with the at least one conversion

catalyst to produce the hydrocarbon feed stream.

15, A process comprising:

(1} catalytically reacting a feedstock stream comprising water and oxygenated
hydrocarbons in the presence of hydrogen with a deoxygenation catalyst to produce a
deoxygenated product stream,

(1) catalytically reacting the deoxygenated product stream with at least one conversion
catalyst to produce a condensation product stream comprising non-aromaiic hydrocarbons and
aromatic hydrocarbons, wheren the non-aromatic hydrocarbons comprise a parathin, an olefin, a
naphthene, or a combination thereof, and wheren the aromatic compounds comprise an arvi, a
fused aryl, a polycvhic compound, or a combination thereof]

(111} fractionating, using a series of distillation columns, the condensation product stream
to separate an aromatics product stream and a heavy hydrocarbon stream from the condensation
product stream, wherein the aromatics product stream comprises a Ce aromatic, a {7 aromatic, a
Cg aromatic, or a combination thereof, and wherein the heavy hydrocarbon stream comprises

- compounds; and
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{(iv} recvcling at least a portion of the heavy hydrocarbon stream to the deoxygenation

catalyst of step {1}.

16, The process of claim 15, wherein the oxygenated hydrocarbons comprise a
monosaccharide, a disaccharide, an oligosaccharide, a polysaccharide, a sugar alcohol, a sugar
degradation product, a cellulosic denvative, a hemicellulosic derivative, a hgnin derivative, a

lingnocellulosic derivative, or a combination thereof

17. The process of claim 15, wherem step (111} comprises:

fractionating, using a first distillation column, the condensation product stream to
separate a Cs. stream and a Cor stream from the condensation product stream;

fractionating, using a second distillation column, the Cor stream into the aromatic product
stream and a Co+ stream, wherein the aromatic product stream comprises Ce.s compounds; and

fractionating, using a third distillation column, the Cos stream into a Coo stream and the

heavy hydrocarbon stream.

18 The process of claim 17 further comprising:
contacting the Cs. stream with the at least one conversion catalyst to convert at least a

portion of Cs. compounds in the Cs. stream into Ca+ compounds via condensation reactions.

19, The process of claim 15, wheremn step (i) further comprises

fractionating, using a first distillation column, the condensation stream to separate a {7
stream and a Cs+ stream from the condensation siream;

fractionating, using a second distillation column, the Cs+ stream into the aromatic product
stream and a Cs+ stream, wherein the aromatic product stream comprises s compounds; and

fractionating, using a third distillation columy, the Co+ stream into a Csoio stream and the
heavy hydrocarbon stream.
20. The process of claim 19 further comprising:

contacting the Cr- stream with the at least one conversion catalyst to convert at least a

portion of Cr. compounds in the Cr- stream mto Car compounds via condensation reactions.
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5

21 The process of claim 19 further comprising:

contacting the Co.1o stream with the at least one conversion catalyst to dealkylate at least
a portion of Co.1o compounds in the Co.o stream.
22. The process of claim 15, wherein the deoxygenation catalyst comprises at least one

support and at feast one metal.

23. The process of claim 22, wherein the at least one support comprises zirconia.

24. The process of claim 22, wherein the at least one metal comprises Pd, W, Mo, Sn, ora

combination thereof

25, The process of any one of claims 1-24, wherein the conversion catalyst comprises
carbide, nitnide, zircomia, alumioa, sihica, aluminosilicate, phosphate, zeolite, titanium oxide, zing
oxide, vanadium oxide, lanthanum oxide, yitrium oxide, scandium oxide, magnesium oxide,
cerium oxide, bartum oxide, calciurn oxide, hydroxide, heteropolyacid, organic acid, acd

modified resin, base modified resin, or a combination thereof

26. The process of claim 25, wherein the conversion catalyst comprises a zeolite,
27. The process of any one of claims 1-26, wherein the conversion catalyst comprises at least

one metal, wherein the metal comprises Cu, Ag, Au, Pt, Ny, Fe, Co, Ru, Zn, Cd, Ga, In, Rh, Pd,

ir, Re, Mn, Cr, Mo, W, Sn, Os, alloys, or a combination thereof.
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