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BY-PRODUCT STREAM UPGRADING IN A PROPYLENE
OXIDE/STYRENE COPRODUCTION PROCESS

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This application is filed under the Patent Cooperation Treaty, which claims the benefit
of priority to U.S. Provisional Application No. 62/492,619 filed on May 1, 2017, which is
mcorporated here by reference m s entivety.

FIELD OF THE INVENTION

0002} This disclosure relates to by-product stream upgrading; more specifically, this disclosure
relates to systems and methods for upgrading organic, oxygenate-containing streams obtaingd dunng
propylene oxide production; still more specifically, this disclosure relates to svstems and methods
for treating, via hvdrotreatment, oxvgenate-containing process streams, formed in the production of
propylene oxide or the co-production of propvlene oxide and styrene monomer.

BACKGROUND OF THE INVENTION

{0003} The co-production of propvlene oxide and styrene monomer, also referred to as the
‘POSM’ process, involves the oxidation of ethvlbenzeng to form ethylbenzene hyvdroperoxade,
followed by the catalytic reaction of the hydroperoxide with propylene to form propylene oxade (PO
and 1-phenyl cthanol, and the dehydration of the 1-pheny! cthanol to produce styrenc nmonomer. In
the POSM process, various distillation steps are emploved m order to separate unreacted reagents,
as well as vanious product streams, and one or more washing steps may be emploved i order o
purify various streams. In the POSM process, and other such processes directed to the production
of propviene oxide or other chemicals, a large volume of by-product streams comprising
oxygenate(s) are generated. Without further treatment, these by-product stream(s} are a low value
prochuct stream that may be useful as a low grade fuel.

[0004] Accordingly, an ongoing need cxists for systems and methods for upgrading low value
organic, oxvgenate-containing stream(s) produced m a vanety of processes, such as, without
limitation, PO or POSM production processes.

SUMMARY OF THE INVENTION

[0D65] Herein disclosed 13 a method comprising: (4} subjecting an organic stream comprising
at lecast onc oxvgenate to bhydrotreatment, whereby a hydrotreatment product comprising

cthvibenzenc is produced, wherein the organic stream is a product of a process for the production of
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propylene oxide; and (b} separating an ethylbenzene product stream from the hydrotreatment
product, to vield a residual stream.

[00G6] Also disclosed herein 1s a method comprising:  (a) providing a contanunated organic
stream comprising at least one oxygenate and sodium contamination, wherein the organic stream is
a product of a process for the production of propylene oxide; (b) reducing the level of sodivm in the
contaminated organic stream, to provide a pretreated organic stream; {¢) subjecting the pretreated
organic stream to hydrotreatment whereby a hvdrotreatment product comprising ethvibenzene is
produced; and {d) separating an cthylbenzene product stream from the hydrotreatment product, to
provide a residual strean.

{0067} Also disclosed herein is a method comprising:  {(a) subjecting an  organic stream
comprising at least one oxygenate to hydrotreatment, whereby a hydrotreatment product comprising
ethylbenzene is produced, wherein the organic stream is a product of a process for the co-production
of propviene oxide and styrene monomer; (b} separating an cthvlbenzene product stream trom the
hydrotreatment product, to vield a residual stream; and (¢} reusing the separated cthylbenzene
product as a feed in the process for the co-production of propylene oxide and styrene monomer.
10068] While multiple embodiments are disclosed, still other embodiments will become
apparent to those skilled in the art from the followmg detailed description.  As will be apparent,
certain embodiments, as disclosed heremn, are capable of modifications m various aspects without
departing from the spint and scope of the claims as presented herein.  Accordingly, the detailed
description hereinbelow is to be regarded as llustrative in nature and not resirictive.

BRIEF DESCRIPTION OF THE DRAWINGS

O809] The following figures illustrate embodiments of the subject matier disclosed herein. The
claimed subject matter may be understood by reference to the following description taken in
conjunction with the accompanying figures, in which like reference numerals identify like elements,
and in which:

0010} FIG. 1A 15 a schematic of a svstem for upgrading an organic stream according to an
embodiment of this disclosure;

10011} FiG. 1B 1s a schematic of a system for producing and upgrading an organic stream
according to an embodiment of this disclosure;

[0012] FI(G. 2 15 a schematic of a system for upgrading an organic stream according to an another
embodiment of this disclosure; and

{0013} FIG. 3 15 a schomatic of a system for producing and upgrading an organic stream

according to an embodiment of this disclosure.
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DETAILED DESCRIPTION OF THE INVENTION

001 4] Herein disclosed are systems and methods for upgrading organic oxygenate-contaimng
streams, such as those generated in a propyvlene oxide production process. In embodiments, the
organic streams are by-product streams generated in a POSM process. As noted hercinabove, large
volumes of by-product streams which may be contaminated by ash (primanly sodmm salis}, and
useful primarily as a low quality fuel, are produced during processes, such as the POSM process.
The organic stream comprising oxygenate(s) may comprise a viscous/heavy residue generated ina
POSM process.
01 5] Furthermore, although description of the herein-disclosed method and system are
provided with reference to upgrading of a PO or POSM by-product stream, the herein-disclosed
system and method may alsc be utilizable for upgrading of organic streams produced in other
processes.  Such organic streams produced in other processes mclude aromatic organic streams
comprising oxvgenates that can be converied mto ethvibenzene via hydrodeoxygenation. As the
organic stream may compnse a by-product from a PO or POSM process, and may be referred to
herein as such, the organic stream is not intended to be linited to heavy residue or by-product from
PO or POSM, but can be any organic stream comprising oxvgenates which can be converted {o
product, such as ethylbenzene (EB), via hydrotreatment.
(031 6} Herein disclosed are a system and method for upgrading an organic stream comprising
oxygenate(s} that can be converted mto ethylbenzene via hydrotreatment. Such an organic stream
may be a by-product stream produced during the production of PO or the co-production of propyiene
oxide and styrene monomer.
Hydrotreaitment
081 7] A system according to this disclosure comprises hydrotreatment unit operable to convert
at least one oxygenate m the organic stream into cthylbenzene via hvdrotreatment (including
hydrodeoxygenation and/or hydrocracking}, and a3 separation system or distilation apparatus
operable to separate a light product comprisimg ethylbenzene from a heavy product residual stream.
The hvdrotreatment apparatus may also be referred to herein as a hydrodeoxvgenation or
hydrotreatment apparatus or a hvdrodeoxygenation anit; although sometimes referred to as HBO or
hydrodeoxygenation process {e. g, occurring in a hydrodeoxygenation unit or apparatus), it should

¢ understood that hvdrocracking may also be occurring. The system may further comprise organic
stream production apparatus (also referred to herein as an ‘organic stream production unit’) operable
to produse the organic stream, and pretreatment apparatus {also referred to herein as a ‘pretreatment

unit’) operable to prepare the organic stream for hvdrotreatment.

(8]
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1001 8] A gystem and method for upgrading such an organic stream will now be desenbed with
reference to Figure 1A, which is a schematic of a systemn 100 for upgrading an organic stream
according to an embodiment of this disclosure. Svstem 100 of Figure 1A comprises hydrotreatment
unit 40, separation system or distillation apparatus 50, and pretreatment apparatus 15,

10019} According to embodiments of this disclosure, an organic stream comprising at least ong
oxvgenate is subjected to hydrotreatment {e.g., selective hydrodeoxygenation (HDO) and/or
hvdrocracking) in the hydrotreatment umit, whereby a hydrotreatment product comprising
cthvlbenzene 1s produced. For example, an organic stream can be infroduced directly mio
hydrotreatment unit 40 via organic stream inlet line 17B; contaminated orgamic stream can be
utroduced via contaminated organic strearn inlet line 17A into pretreatment apparatus 15, wherein
it is treated for the removal of contaminant as described further hereinbelow, and a pretreated organic
stream introduced into hydrotreatment unit 40 via pretreated organic stream line 25, Within
hvdrotreatment unit 40, the organic feed is converted mto a hvdrotreatment product comprising
cthylbenzene, which may be removed from hydrotreatment unit 40 via hydrotreatment product line
45,

10020} In embodiments, hydrotreatment is carried out in the presence of a heterogencous
hydrotreatment catalyst comprising molybdenum. In cmbodiments, the hvdrotreatment catalyst
further comprises nickel, cobalt, or a combination thercof. Tn embodiments, the hydrotreatment
catalyst is a sulfided catalyst. In embodiments, the hydrotreatment catalyst comprises NiMo, CoMo,
or a combination thereof In embodiments, the hydrotreatment catalyst is not a copper-based
catalyst. The hydrotreatment catalvst may be any commercially available NiMo or NiCo type
catalysts, for example, CRI KL8233 or KL8234 Kataleuna catalyvst available from Criterion
Catalysts and Technologies of Shell Global Solutions, The Netherlands: bifunctional catalysts as
described in Apphed Catalysis A: General 238 (2003} 141-148; hydrogenolysis catalyst as described
m U.S. Patent App. No. 5,773,677, or another hydrotreatment catalyst emploved by those of skill in
the art.

10021} In embodiments, the catalyst exhibits low selectivity to one or more byproducts and/or
fow ring hydrogenation of aromatics. For exarople, in crobodiments, the hydrotreatment provides a
hydrotreatment product comprising less than orequalto 0.2,0.3, 1,3, 5, 10, 15, or 20 weight percent
cthylcyvclohexane byproduct.  The hydrotreatment catalyst may promote hydrogenolysis of
oxygenates to EB, with little hvdrogenation thercof to ethylcvelohexane.

[0022] One or more lines 26 may be utilized to introduce other components into hyvdrotreatment
unit 40, or such component(s) may be combined with the organic stream to be hydrotreated prior to

mtroduction thereof mto hydrotreatment wnit 40, For example, hydrogen may be introduced into
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hydrotreatment unit 40 via a line 26, Hydrogen may be introduced at a level to complete the process
while avoiding a significant molar excess to avoid excessive recyching of the gas streams. 1o
embodiments, hydrogen is combined with the hguid organic stream comprnising oxvgenate to be
hydrotreated at a molar ratio to hydrotreatable components in the range of from about 2 to about 20,
from about 3 to about 15, or from bout 4 to about 10 In embodiments, the
hvdrotreatment/hydrodeoxygenation may be performed continuously.

[0623] In some embodiments, the system comprises more than one hvdrotreater, hyvdrotreatment
reactor, or hvdrotreatment step in series. In embodiments, the hydrotreatment unit comprises more
than one hydrotreater or hydrotreatment reactor or hydrotreatment step in parallel. In embodiments,

subjecting the organic stream comprising at least one oxy

JE3
thy

cnate to hydrotreatment comprises
mntroducing the organic stream to more than one hvdrotreatment reactor i series, or introducing the
organic stream to more than one hydrotreatment reactor in parallel  In embodiments, the
hvdrotreatment is operated at a reduced extent of feed conversion and the hyvdrotreatment product is
recyeled to the hydrotreatment unit, and/or a diluent as described hereinbelow is employed. Such
methods may be utilized to control the temperature of the exothermic hydrotreatment. In
embodiments, therefore, at least a portion of the hydrotreatment product s subjected to further
hvdrotreatmient.  In embodiments, a method of this disclosure comprises conirolling the
exothermicity of the hydrotreatment by operating the hvdrotreatment at a reduced extent of reaction
and recyeling the hvdrotreatment product to the hydrotreatment unit, adjusting the amount of a
diluent combined with the organic stream, operating a plurality of hvdrotreatment reactors in serics,
or a combination thereof. In embodiments, hvdrotreatment is carried out adiabaticaily.

[0024] In embodiments, as noted above, the hyvdrotreatment is carried out in the presence of a
diluent. As hvdrodeoxvgenation is exothermie, the use of a dituent may help control the temperature
of the hydrotreatment.  In cmbodiments, the diluent comprises cthylbenzene, which may be
introduced into hvdrotreatment unit 40 via a line 26, may be miroduced into hydrotreatment wnit 40
along with the organie strcam 178, and/or may be introduced during the pretreatment, for example
mtroduced into contaminated {e.g., sodium-containing} organic stream inlet ing 17A. The diluent
may be troduced into hyvdrotreatment unit 40 along with the organic stream to be treated via organic
ling 17B, pretreated organic stream hne 25 (described further hereinbelow), or both, In
embodiments, the orgamic stream to be hydrotreated is combined {within and/or upstream of
hydrotreatment unit 40) with a diluent at a mass ratio of organic stream to diluent that is in the range
of from 1.0.1 to 1:10, from [:0.5t0 1.5 from 1:1to 1.3, orequalto 1:1.5, 1:2, or 1:2.5.

[0025] As described further herembelow with reference to the embodiment of Figure 2, at least

a portion of the heavies in separation system residual stream outlet line 60 separated from a light or

(¥,
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cthylbenzene product stream in separation system 50 may be recycled to hydrotreatment vt 40, and
utroduced thereto, for example, via a hvdrotreatraent unit inlet ling 26, at least a portion of the
hvdrotreatment product in hydrotreatment product line 45 can be recycled to hydrotreatment unit 40
via a line 26, at least a portion of the ethyvlbenzene product in separation system light outlet {or ‘EB
outlet’} ine 55 can be recycled to hydrotreatment unit 40 via a line 26, or a combination thereof,
0026} The hydrotreatment unit may comprise a high temperature, high pressure hydrotreater.
In embodiments, the hvdrotreatment unit comprises a high femperature, high pressure hydrotreater
comprising a fixed bed catalytic reactor. In embodiments, hvdrotreatment 15 carried owt at an inlet
temperature in the range of from 150-300 °C, from 180-280 °C, or from 200-250 °C. Ia
embodiments, the hydrotreatment is carried out at an outlet fomperature of greater than or equal to
300 °C, 350 °C, 400 °C or 450 °C. Hydrotreatment may be carnied out with an outlet temperature of
greater than 300 °C, 350 °C, 400 °C, or 450 °C afier an initial catalyst break-in time. Higher
temperatures may promote hydrocracking of components {e.g, diphenvibutanes) to EB. In
embodiments, hydrotreatment 1s carried out at a pressure n the range of from 300-2000 psig, from
500-1500 psig, or from 800-1200 psig. In embodiments, hydrotreatment 1s carried out at a hquid
hourly space velocity (LHSV) in the range of from 0.1-10 bl from 0.53-5 b, or from 0.8-2 bl
0027 In emboduments, the ethyibenzene recovery, defined as the weight percent of the organic
stream ntroduced mnto hydrotreatment unit 40 that 1s converted to ethvlbenzene, is greater than 20,
30, 40, 50 or 60 wt%. In embodiments, the conversion of at least one oxygenate to ethylbenzene is
greater than or equal to 90, 93, or 95 wit%,
Separation
[0028] In embodiments, the method further comprises separating the hydrotreatment product
nto an ethylbenzene product stream and a residual stream . Separation may comprise distillation. In
embodiments, separation comprises vacuum distillation. Vacuum distillation may be carried out at
a pressure of less than or equal to 150 mim Hg, 100 mmm Hg, or 50 mm Hg.  In embodiments,
distillation  comprises subjecting the hydrotreatment product to distillation to separate the
hydrotreatment product into a light stream comprising cthylbenzene, and a heavy stream comprising
the residual stream. In embodiments, distillation comprises subjecting the hydrotreatment product
to distillation to separate the hvdrotreatment product into a light stream compnsing primarily
cthyibenzene, and a heavy stream comprising the residual stream. Thus, according to embodiments,
the bvdrotreatment product is mtroduced mio separation system 50 via hvdrotreatment product line
45, and a light or ethylbenzene product stream removed therefrom via ethyvlbenzene product outlet
line 55, and a heavy or residual stream removed from separation system 50 via separation system
residual stream outlet line 60, In embodiments, the light stream, the heavy stream, or both are
)
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subjected to further distillation to provide one or more further distilled streams.  Thus, i
embodiments, separation system 30 comprises one, two, or more distillation columms in series or in
parallel. The heavy boiling compounds (also referred to as ‘heavies’) in separation system residual
stream cutlet line 60 may be put to use as a fuel, such as bunker fuel, heating o1l or finther upgraded
for use as a source of chemicals.

[0029] In embodiments, separation systern 50 comprises a first distillation column operable to
provide a light stream comprising ethvibenzene, from a heavy stream comprising the residual stream.
In embodiments, the light stream comprising ethylbenzene 1s mtroduced into a second distdlation
column operable to separate a first stream comprising ethyvibenzene from a second stream comprising
ethvicyclohexane.

HEIRL] As discussed further hereinbelow with reference to the embodiment of Figure 2, in
embodiments, the light stream, the heavy stream, a further distilied stream, or a combination thereof
is recycled to the hydrotreatment unit. In emabodiments, at least a portion of the ethytbenzene product
stream in separation system ethylbenzene outlet line 55, at least a portion of the residual stream in
separation system residual stream outlet line 60, or both, are recyeled to hydrotreatment unit 40 for
further hydrotreatment.

{0031} Separating the cthvlbenzene product stream from the hydrotreatment product (thereby
yielding a residual stream in separation system residual stream bine outlet line 60) may comprse
recovering at least 20, 25, 30, 40, 50, or 60 weight percent of the ethylbenzens in the hydrotreatment
product. The residual stream may comprise greater than or cqual to 5, 10, 20, 50, or 70 weight
percent diphenvibutane isomers.  In embodiments, the residual stream comprises primanly
diphenylbutane isomers. In embodiments, the residual stream comprises greater than or equal to 5,
16, 20, or 30 weight percent 2,3-diphenvibutane. in embodiments, scparating the cthylbenzene
product stream from the hydrotreatment product (thereby vielding a residual stream in separation
svstem residual stream hine outlet line 60) comprises recovering at least 50 weight percent of the
cthylbenzene in the hydrotreatment product, and the residual stream is enriched 1n diphenylbutane
isomers as major components. In embodiments, the residual stream comprises greater than or equal
to 10, 11, 12, 13, or 14 weight percent of the meso form of 2,3-diphenyibutane. The method may
firther comprise orystallizing the meso form of the cthylbenzene dimer, 2,3-diphenylbutane, and
separating it from the residual stream.

[0032] In embodiments, the residual stream in separation system residual stream outlet fine 60
has a higher fuel value than the orgamic stream 17A/17B subjected to hydrotreatment in
hyvdrotreatment unit 40, In embodiments, the residual stream has a higher caloric value than the

organi¢ stream. In embodiments, the residual stream has a density that is at least 3, 5, or 10 percent

~
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less than the density of the organic stream. In embodiments, the residual stream has a density of less
than or equal t0 0.97, 0.95, or 0.91 g/mL.

0033} In embodiments, the residual stream comprises an oxygen content that is 20-100%, 30-
90%, or 40-90% less than the oxygen content of the organic stream introduced into hydrotreatment
unit 40. In embodiments, the residual streant has an oxygen content that is at least 70%, 80%, 90%,
or 100% less than the oxygen content of the organic stream introduced into hydrotreatment uaoit 40,
In embodiments, the residual stream has an oxygen content of less than orequal 10 10,5, 2, 1, or 0.1
wi Y.

10034] In embodiments, the residual stream has a viscosity of less than or equal to 20 ¢P, 10 P,
or 5 ¢cP at 40°C.

Organic Stream (o be Hydrotreated

1B035] Ag noted hereinabove, the organic stream comprising oxveenate(s) to be converted into
cthvlbenzene via hydrotreatment mayv be any organic stream comywising oxvgenate(s) which can be
converted nto cthylbenzene via hydrotreatment. fn embodiments, the organic stream comprises a
product of a process for the prodaction of propylene oxide (PO). In embodiments, the organic stream
comprises a product of a process for the production of propylene oxide and styrene monomer
(POSM).

[0036] A method according to this disclosure can further comprise producing the organic stream.
For example, the organic stream to be hydrotreated may be produced in an organic stream generation
process, such as via organic stream production unit 10 of the embodiment of Figure 1B, which is a
schematic of a system 100 for producing and upgrading an organic stream according (o an
cmbodiment of this disclosare.  System 100 of Figure 1B comprises hydrotreatment unit 40,
separation system or distillation apparatus 50, organic stream production unit 10, and pretreatment
unit 15, which 1n the embodiment of Figure 1B comprises wash apparatus 20 and guard bed 30,
[0037] In embodiments, organic stream production unit 10 comprises a PO production svstem.
In embodiments, organic stream production onit 10 comprises a POSM production system. In
embodiments, organic stream production unit 10 converts a feed comprising cthylbenzene and
mtroduced thereto via ethylbenzene mict line 5 and/or cthvlbenzene product line 55 mto one or more
products 15, In embodiments, organic stream production system [0 comprises a PO production
system. In such embodiments, a product outlet Hne 14A is configured for the removal of PO from
PO production system 10. In embodiments, organic stream production unit 106 comprises a POSM
production svstem. n such embodiments, a product outlet line 14A may be configured for removal
of PO from POSM system 10, and a second product outlet ine 14B may be configured for the

removal of a styrene product therefrom. One or more lines 16 may be configured for the removal of
8
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waste not to be upgraded via hydrotreatment of this disclosure. Such material may be utilized 1o
boilers or furnaces or sold as bunker fuel, for example.

[B038] In embodiments, the method further comprises generating, via a POSM process, a POSM
by-product stream to be upgraded/hyvdrodesxygenated according to the herem-disclosed svstem and
method. Various POSM processes are commercialized, and an organic stream treated via the system
and method of this disclosure can be produced via any such POSM process. For example, POSM
processes and/or heavy residue streams therefrom are desernibed in US. Patents No. 3,351,635;
3,439,001, 4,066,706, 4262 143, and 5,210,334, the disclosure of gach of which is hereby
incorporated herein by reference i it entivety for all purposes not countrary to this disclosure.
{3039) In embodiments of the POSM process via which a POSM organic stream to be
hydrotreated is gencrated, ethylbenzene is reacted with molecular oxygen at clevated temperature to
form ethylbenzene hydroperoxide. A small amount of alkali may be incorporated in the oxidation
mixture in order to improve oxidation rate and sclectivity.  In embodiments, the cthylbenzene
hvdroperoxide is subsequently reacted with propvlene {c.g., in the presence of an epoxidation
catalyst, such as a molybdenum catalyst} to form propylene oxide and 1-phenyl ethanol (also referred
to herein as methyibenzyl alechol or MBA)Y The epoxidation reaction mixture may be caustic
washed and subjected to a series of distillations i order to scparate matenials contained thercin. In
embodiments, the reaction mixture s distilled to separate unreacted propviene overhead from
heavier components. The separated propvlene may be recycled to the epoxidation step. In
embodiments, the heavier components are further distilled, optionally after caustic wash, in a serics
of distilations 1o separate product propvilene oxide, product i-phenyl ethanol, and unreacted
cthvlbenzene, which can be recycled, optionally after a caustic wash. The 1-phenyt ethanol or MBA
stream can be dehydrated to product styrene monomer, or subjected to hydrotreatment, as discussed
further hereinbelow. In crbodiments, a heavy organic low value product stream resulting from one
or more step of such separations in a POSM process, or the like, 1s utilized as the organic stream to
be hydrotreated and upgraded as described heremn.

{0040] In embodiments, an organic heavy residue stream from a propylene oxide/styrene
monomer process, subjocted to hydrotreatment accordmg to this disclosure, comprises primarily
oxveenated arvl compounds, which may have, without limitation, molecular weights greater than or
equal to 90 g/mol, 94 g/mol, 200 g/mol, 215 g/mol. or 225 g/mol. fn embodiments, the heavy organic
residue stream from the propylene oxide/styrene monomer process comprises oxygenated aryl
compounds. In embodiments, the heavy organic residue stream from the propylene oxide/styrene

monomer process comprises primanty oxvgenated aryt compounds.  In embodiments, the heavy
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organic residue stream from the propylene oxide/styrens monomer process comprises at least 20, 36,
40, or 50 weight percent oxygenated aryl compounds.

{0041} In embodiments, organic stream production unit 10 produces MBA and byproduct
acetophenons (ACP). According to embodiments of this disclosure, rather than converting the ACP
to MBA in a hvdrogenation unit, and the MBA to styrene via dehydration, an ACP/MBA stream
comprsing ACP and MBA s hydrotreated as described herein to provide additional EB. In
embodiments, the orgamic stream to be hydrotreated thus comprises an ACP/MBA stream from a
POSM system. Utilization of the MBA and/or ACP as the organic stream may alter the styrene
monomer 1o cthylbenzene {(SM:EB) ratio provided in the POSM process. In embodiments, the
production of SM may be reduced at constant PO production by converting a slipstream of
MBA/ACP o EB as described hereimn.

10042} In embodiments, organic stream production unit 10 comprises a wiped film evaporation
(WFE) that produces a volatile overhead fraction. In embodiments, the organic strcam comprising
oxyvgenate to be converted to EB comprises a portion of such an overhead fraction. Such a WFE
overhead may comprise a high level of 2-phenylethanol along with MBA and ACP.

10043] In embodiments, the at least one oxygenate in the organic stream comprises MBA, 2-
phenvicthanol {phenviethyl alcohol or PEA), ethers, ACP, cthers of MBA and PEA, propvlene oxide
ring opening compounds, oligomers {e.g., oligomers of styrene, including dimers and trimers
thereof), or a combination thereof. In embodiments, the ethers of MBA comprise 1-20 wt% of the
oxvgenate in the organic stream. In embodiments, the ethers of PEA comprise 1-20% wt% of the
oxvgenate n the organic stream. In embodiments, the PO ring opening compounds or isomers
comprise 1-20 wt% of the oxygenate in the organic stream.

[0044] In embodiments, the organic stream 18 a POSM co-product stream that has not been
treated to remove heavies therefrom. For example, in embodiments, the organic stream is a heavy
residue that has not been subjected to flash distilation or the hike to remove heavies therefrom. In
embodiments, flash distillation 15 avoided, as it may generate distilation bottoms that are difficult to
handie and dispose.

[0045] In embodiments, the organic strcam comprising oxyvgenate to be converted mto
cthvlbenzene also comprises a contaminant. The contaminant may be sodium, which may, for
example, onginate from caustic washes utilized in the POSM process.  In embodiments, the
contamination comprises greater than or equal to 97%, 98%, or 99% sodium salts.  The
contamination may further comprise minor amounts of other metals, such as, without limitation, Fe,
Mg, Ca, and K. In embodiments, the contaminant comprises sodivim, potassium, or both, In

embodiments, the organic stream comprises greater than or equal to 0.01 wt% (100 ppm), 0.1 wit%
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(1,000 ppm}, 0.25 wt% {2,500 ppm), 0.3 wi% (3,000 ppm), 0.4 wit% (4,000 ppm), 0.5 wi% (5,000
ppray, 0.75 wi% (7,500 ppm), 1.0 wi% (10,000 ppm), 2.5 wt% (235,000 ppm), or 5 wt% (50,000 ppm}
sodium and/or potassium. In embodiments, the organic stream comprises from 0.01 wt % (100 ppm)
10 5 wit% (50,000 ppm}, from 0.01 wi% (100 ppm) to 2.5 wi% (25,000 ppm}, or from 0.01 wi%% (100
ppmy to 1 wi% (10,000 ppm) sodium and/or potassium. In embodiments, the organic stream
comprising oxygenate to be converted mto ethylbenzene comprises less than 500, 250, 100, 50, 10,
or 1 ppm sodium and/or potassium, and s wiroduced directly mnto hvdrotreatment unit 40, for
example via organic stream mlet line 178,
Pretreatment
{0046} In embodiments, the organic stream comprising the oxygenate to be converted mto
cthytbenzene is a sodium and/or potassium contaminated organic stream that is treated for removal
of at least a portion of the contaminant to provide a pretreated organic stream, prior to subjecting the
pretreated organic stream t0 hydrotreatment.  Tn embodiments, the pretreated organic stream in
pretreated organic stream line 25 comprises less than 500, 230, 100, 50, 10, or 1 ppm of sodinm
and/or potassium. Removing at least a portion of the contaminant prior to hydrotreatment can
comprise subjecting the contaminated organic stream to an acid wash and subsequent neutralization
to provide a pretreated organic stroam; contacting the organic stream with water and carbon dioxide,
whercby sodium is extracted from the organic stream, and separating an agueous sodium-contaming
slurry phase from a pretreated organic stream comprising a reduced sodium content relative to the
contaminated organic stream; passing the contaminated organic stream over a catalyst guard bed to
provide the pretreated organic stream prior to hydrotreatment; or a combination thereof
[0047] In embodiments, a contaminated organic stream 1s introduced via contaminated organic
lime 17A into pretreatment unit 15, wherein contaminant is removed to provide a pretreated organic
stream in pretreated organic stream line 25, Pretreatment unit 15 may comprise a wash 20/220 as
depicted 1n the embodiments of Figure 1B and Figure 2 (which 1s described further hereinbelow), a
COn treatment, as depicted in the embodiment of Figure 3 (which is desenibed further herembelow),
and/or a guard bed, as depicied 1n the embodiments of Figures 1B and 3 {which is described further
hereimnbelow).
[0048] With reference to Figure 1B, in embodiments, a contaminated organic stream s
wtroduced via contaminated organic stream line 17A into wash apparatus 20 and/or guard bed 30
prior to introduction into hydrotreatment unit 40. In embodiments, a contaminated organic stream
is mtroduced via one or more contaminated orgamic stream lines 17A into wash apparatus 20,
Washed organic stream removed from wash apparatus 20 via washed or pretreated orgamic stream
line 25" may be introduced directly into hydrotreatment unit 40, or may be introduced mto a guard
it
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bad 30 operable 1o further reduce the level of contaminant therein. Alternatively, the contaminated
organic stream in hine 17A can be introduced directly into guard bed 30,

{03049} As discussed further with reference to Figure 2 hereimbelow, make-up fresh ethyibenzene
and/or recveled EB comprising a portion of the cthylbenzene in separation system ethylbenzene
outlet line 55 may be mtroduced mto pretreatment apparatus 15, and/or heavies from separation
system 50 may be recycled to pretreatment apparatus 15,

[0050] The contanunated organic stream may be treated in pretreatment 15 to provide a
pretreated organic stream comprising less than 500, 250, 100, 50, 10, or | ppm sodium and/or
potassium, which may be introduced into hydrotreatment vnit 40 via pretreated organic stream line
25 or line 25'. In embodiments, the feed to hydrotreatment unit 40 is close to neutral.

Card Bed

10051 Ag noted above, removing at least a portion of the contaminant prior to hydrotreatment
can comprise passing the contaminated organic stream over a catalyst guard bed to provide the
pretreated stream prior to hydrotreatment. In the embodiment of Figure 1B, contanminated organic
phase is washed in wash system 20, and the washed organic phase in pretreated organic stream line
25" 1s ntroduced wto guard bed 30, wherein trace sodium is removed therefrom. A pretreated
organic stream comprising reduced contaminant is introduced into hydrotreatment unit 40 via
pretreated organic stream hine 25, Guard bed 30 may comprise a solid material capable of efficiently
retaining metal ions. Examples of these materials inclade, without hmitation, 1on exchangers such
as zeolites, clays and 1on resing i H-form.

jO052] Within guard bed 30, the organic stream can be subjected to one or more 1on exchange
‘polishing” steps to further reduce the sodium content thereof. Subjecting the organic stream to ion
exchange, may comprise subjecting the organic stream to cation exchange. Ion exchange may be
effected via any ion exchange used by those of skill 1n the art. For example, in embodiments, ion
exchange 1s effected with an ion exchange resin comprising sulfonic acid groups. The ion exchange
may be carried out utthzing an ion exchange media that 1s natural or synthetic. In embodiments, the
ion exchange 1s effected with an 1n exchange resin selected from the group consisting of polymer
resins, zeolites, clays, and combmations thereof. For example, the acidic form of zeolites and/or
layered matenials, such as clays, may provide effective 1on exchange media, in embodiments.

Wash

{0053) In embodiments, as noted hereimabove, removing at least a portion of the contaminant
prior to hyvdrotreatment comprises subjecting the organic stream to an acid wash and subsequent
neutralization to provide a pretreated organic stream. The organic stream may be water washed
subsequent to acid wash, neutralization, or both. In embodiments, subjecting the organic stream to
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acid wash and subsequent newutralization to provide a pretreated organic stream is performed as
described in U.S. Patent No. 8,142,661, or 8,815,084, the disclosure of cach of which is hercby
mcorporated heremn in its entirety for purposes not contrary to this disclosure.

[0054] Wash apparatus, such as wash apparatus 20 of Figure 1B, will now be further desenbed
hereinbelow with reference to the embodiment of Figure 2, which is a schematic of a system for
upgrading an organic stream according to an another embodiment of this disclosure. In the
embodiment of Figure 2, a system 200 for upgrading an organic stream according to an embodiment
of this disclosure comprises wash apparatus 229 including acid wash unit 220A, water wash onit
2208, carbonate or bicarbonate wash {e.g., sodium, potassium and/or ammoniam carbonate) or
neutralization unit 220C, and water wash unit 220D, An organic stream comprising oxygenaie to be
converted into cthylbenzene (e.g, contaninated organic stream inlet hine 17A of Figure 1A) i
mtroduced vie contaminated organic stream inket line 217A into acid wash unit 220A. Make-up
fresh ethyibenzene may be introduced into acid wash unit 220A via make-up EB line 203, recycled
EB (e.g., a portion of separation system light outlet line 35 of Figure 1A) may be mtroduced nto
acid wash unit 220A via EB recyele line 2558, and/or recycled heavics {e.g., a portion of scparation
system residual stream outlet line 60 of Figure 1A) may be introduced mto acid wash unit 220A via
separation system residual stream recycle line 2608

[B0S5] Before and/or within acid wash unit 2204, the organic stream is contacted with an acid
solution (in acid hine 221A) to provide an acid-washed organic stream. Acid, such as, without
fimntation, sulfuric acid solution or hydrochloric acid solution, can be mtroduced via acid inlet bine
22 1A wto acid wash unit 220A.

[0056] Waste ling 222 A compnising at least a portion of the removed contaminant {¢.g., sodium)
is removed from acid wash unit 220A via waste line 222A . In embodiments, an acid washed organic
stream is introduced via acid washed organic stream hine 22354 into a water wash unit 220B. The
acid washed organic stream m line 225A may compnse less than 200, 100, 10 or | ppm sodiuom. In
alternative embodiments, the acid washed organic stream 1s introduced directly into neutralization
unit 220C. Water can be wtroduced into water wash vait 2208 via water indet line 221B. A water-
washed organic strcam can be introduced via water-washed orgamic stream line 2238 into
neutralization unit 220C, and waste water removed from water wash unit 220B via water wash outlet
line 2228, Water in water wash outlet line 2228 can be recvcled and mixed with acid in acid line
221 A and/or water in water inlet hine 221B. The acid and water washed organic stream in line 2258
may comprise less than 100, 10, or 1 ppm sodium.

{0057} Within neutralization wnit 2200, the acid-washed organic stream is neutralized.

Neutralization can comprise contacting the acid and/or water washed organic stream with a
i3



WO 2018/204132 PCT/US2018/029195

neotralization agent.  The neutralization agent can comprise carbonate, crushed marble, or a
combination thereof, The carbonate can comprise ammonium carbonate, sodium carbonate, or both,
Neutralization agent can be mtrodaced info neutralization unit 220C via neutralization agent inlet
line 221C, or may be {e.g., marble} contained within umt 220C. Waste matertal may be removed
from newtralization anit 2200 via waste line 222C. Newtralized organic stream i neutralized organic
stream line 225C may comprise less than 100, 10 or 1 ppm sodinn.

[OUS8] In embodiments, the neutralized orgamic stream m line 225C is water washed. In
embodiments, the neutralized organic stream is introduced via neutralization unit outlet line 2235C
urto water wash unit 220D, Water is introduced into water wash unit 220D via water inlet line 221D,
and removed therefrom via water wash outlet ine 2225, Water in water wash outlet line 2221 can
be recycled and mixed with acid in acid line 221A and/or water in water inlet line 221B. Pretreated
organic stream can be removed from water wash unit 220D via washed organic stream line 225D,
which, fike washed organic stream in washed organic stream line 23' of Figure 1B can he fed directly
mto hydrotreatment unit 240 or via guard bed 230, which may be operable as described with
reference to guard bed 30 of Figure 1B. As noted hereinabove, the pretreated organic stream m line
2255 can comprise less than 100, 10, or 1 ppm sodium, in embodiments.

[0059] The pretreated organic phase/stream in washed organic stream line 2250 exiting wash
apparatus 220 or pretreated organic stream hine 225E exiting guard bed 230 15 introduced into
hyvdrotreatment  reactor 240, Recycled hydrotrcatment product can be mtroduced into
hyvdrotreatment reactor 240 via hydrotreatment product recycle line 245A. Recycled heavies can be
mtroduced nto hydrotreatment reactor 240 via separation systerm residual stream recycle line 2608,
Within hydrotreatment reactor 240, hydrodeoxygenation of oxvgenate(s} in the organic stream
proceeds via combination with hydrogen, introduced imto hydrotreatment reactor 240 via
hydrotreatment unit inlet hine 226, Hvdrotreatment may be carried out as described hereinabove
with reference to hydrotreatment unit 40 of Figure 1A Hydrotreatment product is removed from
hydrotreatment reactor or system 240 via hydrotreatment product line 245, A portion of the
hydrotreatment product can be recycled to hydrotreatment reactor 240, via hydrotreatment product
recyele line 2435A. Such recyele may be utilized when hydrotreatment reactor 240 is operated at a
lower extent of reaction, for example, to control temperature.

10060} As noted above with reference to the embodiment of Figure 1A, the ethylbenzene
recovery, defined as the weight percent of the organic stream introduced into hvdrotreatment systern

240 that 1s converted to cthyibenzene, can be greater than 20, 30, 40, 50 or 60 wi%, in embodiments.
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In embodiments, the conversion of the at least one oxyeenate to ethylbenzene is greater than or equal
10 90, 93, or 95 wit%.

{0061} Hyvdrotreatment product can be introduced into separation systern 250, which can
comprise one or more distillation colamps, via hydrotreatment product line 245, Separation system
250 ¢an be operated as described hercinabove with reference to separation system 50 of the
cmbodiment of Figure 1A, Within separation svstem 250, a light stream comprising ethylbenzene
can be separated from a heavy or residual stream. The hght stream comprising ethyibenzene can be
removed from separation system 250 via separation system hght or EB outlet line 255, and the heavy
or residual stream removed from separation system 250 via separation system residual stream outlet
tine 260. The light stream may comprise greater than 90, 935 or 97 percent EB. In embodiments, the
light stream comprises primarily EB.  Scparating the cthylbenzene produet stream from the
hydrotreatment product may comprise recovering af least 20, 30, 40, 50, or 60 weight percent of the
cthylbenzene in the hydrotreatment product of hydrotreatment product fine 245,

[0862] The heavy or residual stream can be removed from separation system 250 via separation
system residual stream outlet line 260, As noted above, the residual stream may comprise greater
than or equal 1o 3, 10, 20, 50, or 70 weight percent diphenylbutane isomers. In embodiments, the
heavy or residual stream comprises prmarily diphenylbutanes. In embodiments, the residual stream
comprises greater than or equal to 3, 10, 20, or 30 weight percent 2,3-diphenyvibutane. The method
may further comprise crvstallizing the meso form of the 2, 3-diphenylbutane, and separating it from
the residual stream.

[0063] At least a portion of the light stream can be remtroduced mto hvdrotreatment reactor or
hydrotreatment system 240, for example via combination with contaminated orgamic stream in
contaminated organic stream line 217A via recycle EB line 2558 or via combination with pretreated
organic stream in line 225D (not shown in the embodiment of Figure 2y, At least a portion of the
heavy stream can be remtroduced mto hydrotreatment reactor 240, for example via combmation with
contaminated organic stream in contaminated orgamic stream line 217A via separation system
recycled residual stream hine 2608’ or via combination with pretreated organic stream line 225E via
separation system recycled residual stream line 2608,

[0064] The unrecycled residual stream 1n separation system unrecycled residoal stream line
260A can be utilized as bunker fuel, further treated for use as a fuel, or used as a chemical precursor
as noted hereinabove with reference to hine 60 of the embodiment of Figure 1A, The recovered EB
can be utilized m a downstream orgamic stream production apparatus, such as organic stream
production umit 10 described hereinabove with reference to the embodiment of Figure 1B, For

example, the recovered EB in recovered EB line 255A can be utilized in a PO or POSM
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process/system. fn erabodiments, the recovered EB is introduced into an oxidizer of a POSM process
configured for autooxidation of EB to form cthylbenzene hydroperoxide.

Carbon Dioxide Pretreatment

[0065] As noted hereinabove, in embodiments, pretreatment to remove at least a portion of the
contaminant prior to hydrotreatment comprises carbon dioxide treatment. Figure 3 is a schematic of
a svstem for producing and upgrading an organic stream according to another cmbodiment of this
disclosure. System 100 of Figure 3 is consistent with svstem 100 of Figure 1B, with pretreatment
15 of the embodiment of Figure 3 comprising carbon dioxide treatment 20" rather than wash 20.
10066] Carbon dioxide treatment 20" may comprise contacting the organic stream with water and
carbon dioxide, whereby sodium is extracted from the organic stream, and separating an agueous
sodivm-containing slurry phase from a pretreated organic phase or stream comprising a reduced
sodium content relative to the contaminated organic stream. In embodiments, such carbos dioxide
removal of contaminant is performed as described m U.S. Patent Application No. 62/454,542, filed
February 3, 2017, the disclosure of which 1s hereby incorporated herein in its entivety for purposes
not contrary to this disclosare.

10067] Without hmitation, the carbon dioxide can be combined in an agueous phase prior to
contacting with the organic stream, or the carbon dioxide can be combined with a mixture of the
organic stream and water. In embodments, the carbon dioxide treatment replaces conventional
mineral acid treatment. In other embodiments, carbon dioxide treatment is utihized in combination
with {e.g.. subsequent to) conventional mineral acid treatment.

[0868] In embodiments, contacting the contanunated organic stream with water and carbon
dioade comprises combining the carbon dioxide with the water to form a COq-saturated water
stream, and contacting the COz-saturated water stream with the contaminated organic stream. In
embodiments, contacting the contaminated organic stream with water and carbon dioxide comprises
combining the contaminated organic stream and the water to form a nuxture, and injecting the carbon
dioxide as a gas thereinto.

13069] In embodiments, the contacting of the contanunated organic stream with water and
carbon dioxide, the scparating of the agqueous sodium-containing shurry phase from the pretreated
organtc phase comprising a redaced sodium content relative to the contaminated organic stream, or
both, are repeated to provide a pretreated organic phase or stream having a further reduced sodiim
content. fn embodiments, the organic stream is subjected fo ion exchange to provide a pretreated

organic stream having a further reduced sodivm content. In embodiments, the contanunated organic
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stream and the water are present during the contacting of the oreanic stream with water and carbon
dioxide at a volumetric ratio in the range of from 11110 20:1, 1:1to 5:1, or L'l 10 2:1.

{0070} In embodiments, the organic stream 1s diluted via combination with one or more other
organic chemicals, such as, without limitation, those comprising aliphatic or aromatic groups, prior
{0 contact with carbon dioxide. In embodiments, the one or more other organic chemicals comprise
cthylbenzene, toluene, cumene, xviene, hexane, heptane, octane, nonane, decane, eic., or a
combination thercof. In embodiments, the contammated orgamic stream is combined with
cthvlbenzene prior to contact of the contaminated organic stream with carbon dioxide. In
embodiments, the weight ratio between the contaminated organic stream and the one or more other
organic chemicals (e.g., ethvibenzene) is in the range of from 1:10 wt/wt ratio to 2:1 wi/wt ratio,
from 1:10 wi/wi ratio to 11 wi/wi ratio, or from 1:8 wt/wi ratio to 2:1 wit/wt ratio.

1071} In embodiments, contacting the contaminated organic stream with water and carbon
dioxide comprises combining the carbon dioxide with water to form a COu-saturated water stroam,
and contacting the COxz-saturated water stream with the contanunated organic stream.

[0872] In embodiments, the contaminated orgamc stream and water (or ‘agueous phase’) are
combined to form a mixture, and carbon dioxide in injecied as a gas thereindo. The carbon dioxide
can be provided by a gas selected from the group consisting of pure carbon dioxide and/or other
gases comprising greater than 30 volume percent carbon dioxide. In embodiments, the gas
comprising greater than 50 volume percent carbon dioxide is a flue gas. The flue gas can comprise
greater than 70 volume percent carbon dioxide. In cmbodiments, the carbon dioxide is provided by
a gas comprising greater than 80, 853, 90, 95, 96, 97, 98, or 99 volume percent carbon dioxide,
[0873] The carbon dioxide gas can be bubbled, sparged, or otherwise introduced into a mixture
comprising the contaminated organic phase and water. For example, a mixing device comprising a
sparger, through which carbon dioxide gas bubbles can be introduced into a mixture of the organic
and aqueous phases, can be utilized.

{3874} Following contacting of the organic phase with carbon dioxide as described hereinabove,
the resulting mixture is separated into immiscible phases, via a separation unit. Sodnum salts are
solubilized o the aqueous phase. Specifically, separation provides an agueous sodium-containing
phase and a pretreated organic phase having reduced sodium content relative to the organie streant,
wheretn the reduced sodivm content is below that obtained via water addition or dilution alone. The
separation is operated under conditions that provide an immiscible agueous sodium-containing phase
and a pretreated organic phase having reduced sodium content.

[0075] The method can further compnse repeating the contacting of the organic phase with

carbon dioxide, the separation of the aqueocus phase from the oreanic phase, or both the contacting
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and the separating steps one or more times (o obtain an organic phase having a further reduced
sodium content.
0076} In embodiments, the method further comprises subjecting the organic phase 1o one or
more 1on exchange ‘polishing” steps, as descnbed hereinabove with reference to guard bed 30, to
further reduce the sodiim content of the organic phase.
Features
0877} The system and method of thus disclosure provide for upgrading of an orgamic stream,
such as a by-product formed in the co-production of propviene oxide and styrene. The process of
the disclosure comprises subjecting the organic stream to hydrodeoxygenation to convert at least a
portion of the oxygenate(s) to £EB, and subsequent separation of the EB from the hydrotreatment
product containing same. The organic stream can be pretrcated for the removal of contaminant
therefrom prior to hydrotreatment. Such pretreatment can comprise contacting with carbon dioxide
and water, and separating the resulting mixture into an aqueous sodium salt containing phasc and a
pretreated organic phase having reduced sodium content; acid wash and subsequent neutralization
to provide a pretreated organic stream; and/or passage through a geard bed to provide a pretreated
organic stream. The disclosed system and method ¢nable production of an upgraded residual stream,
which may be utilized for fuel or as a precursor to chemical(s), and EB from a low value PO or
POSM by-product stream.
6878} The following examples merely lustrate the system and method of this disclosure.
Those skilled in the art will recognize many variations that are within the spirit of this disclosure and
the scope of the claims.

EXAMPLES

Example I

[0879] Three (3) kg of a sodium contaminated by-prodoct stream generated during PO and
styrene coproduction in a POSM plant was dibuted 1n a 1.1 mass ratio with EB as dilugnt. The
resulting solution was washed with 1.2 kg of 10% sulfuric acid solution by recirculating the mixture
with a pump, and the mixiure was allowed to settle overnight before separating the agueous phase.
The procedure was repeated with water, 596 {(NH2COs solution in water, and again with water,
resufting in a neutral pretreated feed. The pretreated foed was then combined with 1.2 kg of
additional non-contaminated by-product streams generated during PO and styrene coproduction, and
5.4 kg additional EB, to provide an organic, oxygenate-containing feed containing 2 parts of EB to
I part of POSM co-products was used as a hydrotreatment feed consisting of a mixture of MBA (32

wit% according to GC), ACP (3.0 wt %), PEA, cthers of MBA and PEA (3 wit%), and ring opening
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products of PO {~1 wi%:;), along with smaller and GC-invisible components, as well as 12 ppm of
sodino.

Example 2

0080} The feed produced i Example 1 combined with 15 ppm dimethyldisulfite was
continuously sepplied at a rate of 40 mi/h, along with Ho gas at a rate of 170 scom nto a 1 inch
fixed bed reactor tube contaming 40 g of activated NiMo catalvst K1L.8234 (available from Criterion
Catalysts) having 500 hours on stream before the start of the experiment. The reactor was operated
in down flow mode at 1000 psig pressure, maintaining a temperatare gradient from 300°C at the top
of the bed to 360°C at the bottom of the bed via an external clam-shell furnace. A 1471 g portion of
the HDO product was separated from water and subjected to EB recovery using a vacuum rotational
evaporator (20 mumHg, 80°C), resulting in 1325 g of EB light fraction with 95% EB content and 133
g light vellow residual matenal contaiming ~9 wt% EB, 24 wt% of 2 3-diphenylbutane {~1:1
mesorac), ~14 wi% other diphenybutane isomers, ~1 wit% phenol. The residual material afier EB
recovery had low viscosity of 3 ¢P at 40°C, a density of 0.9224 g/mlL., an elemental composition of
89 .3 mole% C and 10.6 mole% H, and a caloric value of 18678 Btu/ib.

10081} The preparative EB recovery level calculated based on the EB content of the hight fraction
was 36 wt% (EB lefiover in residual material was not counted).

Example 3

[0082] Fifteen (13} kg of pretreated feed batch containing 10 kg of ethylbenzene diluent along
with a muxture of various by-product streams generated duning PO and stvrene coproduction in a
POSM plant (sodium contaminated and non~contanunated) were prepared similar to Example 1. The
matenal contamning 2 parts of EB to 1 part of POSM co-products was used as a hydrotreatment feed
consisting of a mixture of MBA {2.5 wi% according to GUy, ACP (<0.1 wt %), PEA (5.2%;, ethers
of MBA (3 wt%;), and ring opening products of PO (~1 wt%), along with smaller and GC-invisible
components, as well as 30 ppm of sodium.

Example 4

10083 The feed produced in Example 3 combined with 15 ppm dimethyidisulfite was
continuously supplied at a rate of 40 ml/h, along with Hz gas at a rate of 170 scem, into a 1 inch
fixed bed reactor tube containing 40 g of activated NiMo catalyst KL&234 {available from Criterion
Catalysts) having 1100 hours on stream before the start of the experiment. The reactor was operated
m down flow mode at 1000 psig pressure, maintaining a tomperature gradient from 280°C at the top
of the bed to 350°C at the bottom of the bed via an extemal clam-shell furnace. A 448 g portion of
the HDO product was separated from water and subjected to EB recovery using a vacuum rotational

evaporator (20 mmHg, 80°C), resulting in 380 g of EB light fraction with 97% EB content. and 4%
19



WO 2018/204132 PCT/US2018/029195

g dark amber residual material containing ~3 wt% EB, 2.8% PEA: 21.5 wt% of 2,3-diphenvibutane
{~1:1 meso:rac), ~14 wt% other diphenybuwtane isomers, ~1.5 wi% phenol.

The preparative EB recovery level calculated based on the EB content of the hight fraction was 55
wi%.

ADDITIONAL DISCLOSURE

0084} The particular embodiments disclosed above are illustrative only, as the present
disclosure may be modified and practiced in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein. Furthermore, no limitations are intended
to the details of construction or design herein shown, other than as described n the claims below. kt
is therefore evident that the particular illustrative embodiments disclosed above may be altered or
modified and such variations are considered within the scope and spirit of the present disclosure,
Alternative embodiments that result from combining, integrating, and/or omitting features of the
embodiment(s) are also within the scope of the disclosure. While compositions and methods are
described m broader terms of “having™, “comprising,” "containing"” or “including” various
components or steps, the compaositions and methods can also "consist essentiallv of " or "consist of”
the various components and steps. Use of the term “optionally”™ with respect to any element of a
claim means that the element s required, or alternatively, the clement is not requoired, both
altematives being within the scope of the claim.

{0085] Numbers and ranges disclosed above may vary by some amount. Whenever a numerical
range with a lower limit and an upper hmut is disclosed, any number and any mchuded range falling
within the range is specifically disclosed. In particular, every range of values (of the form, "from
about a to about b," or, equivalently, "from approximately a to b" or, equivalently, "from
approximately a~-b"} disclosed herein is to be understood to set forth every number and range
encompassed within the broader range of values. Also, the terms in the claims have their plam,
ordinary meaning unless otherwise explicitly and clearly defined by the patentee. Muoreover, the
mdefinite articles "a" or "an", as used in the claims, are defined herein to mean one or more than one
of the element that it mtroduces. If there is anv conflict in the usages of a word or term 1 this
specification and one or more patent or other documents, the definitions that are consistent with this
specification should be adopted.

[086] Embodiments disclosed herein include:

[0087] A: A method comprising: (a) subjecting an organic stream comprising at least one
oxygenate to hydrotreatment, whereby a hydrotreatment product comprising ethylbenzene is

produced, wherein the organic stream is a product of a process for the production of propylenc oxide;
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and (b} separating an ethylbenzene product stream from the hydrotreatment product, to yield a
residual stream.

[0088] B: A method comprising: (a) providing a contaminated organic stream comprising at
least one oxygenate and sodium contamination, wherein the organic stream is a product of a process
for the production of propviene oxide; (b) reducing the level of sodium in the contaninated organic
stream, to provide a pretreated organic stream; (¢} subjecting the pretreated organic stream to
hyvdrotreatment, whereby a hydrotreatment product comprising cthylbenzene 1s produced; and (d)
separating an ethvibenzene product stream from the hydrotreatment product, to provide a residual
stream.

{03089} C: A method comprising: {a) subjecting an organic stream comprising at ieast one
oxygenate to hydrotreatment, wherchy a hydrotreatment product comprising cthylbenzene is
produced, wherein the organic stream is a product of a process for the co-production of propylene
oxide and styrene monomer (POSM); and (b) separating an cthvibenzene product stream from the
hydrotreatment product, to vield a residual stream.

[0090] Fach of embodiments A, B, and C may have one or more of the following additional
clements:

{0091} Element 1. wherein the hydrotreatment is carried out i the presence of a hydrotreatment
catalyst comprising molybdenum. FElement 2:  wherein the hydrotreatment catalyst further
comprises nickel, cobalt, or a combination thercof. Element 3: wherein the hvdrotreatment catalyst
is a suffided catalyst. Element 4: wherein the bvdrotreatment catalyst comprises NiMo, CoMo, or
a combination thereof. Element 5: wherein the catalyst exhibits low selectivity to one or more
byproducts. Element 6; wherein the hyvdrotreatment prodact comprises less than or equal to 0.2,
0.5, 1, or 3 weight percent selectivity to ethyloyclohexane byproduct. Element 7. wherein the
organic stream is a product of a process for the co-production of propyiene oxide and styrene
monomer {POSM). Element 8. wherein the hvdrotreatment 1s camed out m the presence of a
difuent. Element 9. wherein the diluent comprises ethylbenzene. Element 10; wherein the organic
stream is combined with the diluent at a mass ratic in the range of from 1:0.1 t0 1:10, from 105t
15, from Ll to 13, orequalto 1:1.5, 1:2, or 1:2.5. Element 11; wherein the ethylbenzene recovery,
defined as the weight percent of the POSM organic stream before hyvdrotreatment that is converted
to ethylbenzene, is greater than 20, 30, 40, 50 or 60 wt%. Element 12: wherein the organic stream
comprises a contaminant selected from sodium, potassium, or both, and wherein the method further
comprises removing at least a portion of the contaminant to provide a pretreated organic stream,
prior to subjecting the pretreated organic stream to hyvdrotreatment. Element 130 wherein the

contaminant comprises sodium. Element 14 wherein the organic siream comprises greater than or
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equal to 100, 1000, 3000, or 10000 ppm sodium, and wherein the pretreated organic stream
compriscs less than 100, 10, or | ppm sodium. Element 15: wherein the organic stream is a product
of a process for the co-production of propviene oxide and styrene (POSM), and wherem removing
at least a portion of the contaminant prior to hydrotreatment comprises: (¢} contacting the organic
stream with water and carbon dioxide, whereby sodium is extracted from the organic stream; and
separating an agucous sodium-containing slurry phase from a pretreated organic phase comprising a
reduced sodium conient relative to the organic stream; (d) subjecting the organic stream to an acid
wash and subsequent neutralization to provide the pretreated organic stream; {¢) passing the organic
stream over a catalyst guard bed to provide a pretreated stream prior to hydrotreatment; or a
combination thereof. Element 16: wheremn (d) subiccting the organic stream to acid wash comprises
contacting the organic stream with sulfuric acid, to provide an acid washed orgamic stream. Element
17: wherein neutralization comprises contacting the acid washed organic stream with a carbonate,
with crushed marble, or a combination thereof. Element 18 wherein the carbonate comprises
ammonium carbonate, sodium carbonate, or both.  Element 19: further comprising washing with
water subsequent to acid wash, neutralization, or both. Element 20: whergin the contacting i {¢}
comprises combining the carbon dioxide with the water to form a COrz-saturated water stream, and
contacting the COz-saturated water strcam with the orgamic stream.  Element 210 wherein the
contacting in {¢} comprises combining the organic stream and the water to form a muxture, and
mjecting the carbon dioxide as a gas thereinto. Element 22 further comprising: repeating the
contacting, the separating, or both the contacting and the separating of (¢} one or more times on the
organic phase; subjecting the organic phase 1o ion exchange; or both, to obtain a pretreated organic
phase having a further reduced sodium content. Element 23 wherein the organic stream and the
water are present in {¢} at a volumetric ratio in the range of from 11t 201, Blto 51 or 1110 2:1.
Element 24: further comprising subjecting at least a portion of the hvdrotreatment product to further
hyvdrotreatment. Element 25 wherein (b) separating the ethvibenzene product stream from the
hyvdrotreatment product comprises distillation.  Element 26.  wherein distillation comprises
subjecting the hvdrotreatment product to a first distitlation {o separate the hydrotreatment product
mto a light strcam comprising primarily ethylbenzene, and a heavy stream comprising the residual
stream; subjecting the hight stream, the heavy stream, or both to further distillation to provide one or
more further distiled streams; recycling the hight stream, the beavy stream, a further distiled stream,
or a combination thereof to the hydrotreatment; or a combination thereof. Element 27 further
comprising recveling at least a portion of the ethyibenzene product stream, at least a portion of the
residual stream, or both, to the hydrotreatment in (a). Element 28. wherein separating the
ethylbenzene product stream from the hydrotreatment product comprises recovering at least 20, 30,
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40, or 50 weight percent of the cthylbenzene from the hvdrotreatment product, and whercin the
residual stream comprises greater than or equal to 5, 10, 20, 50, or 70 weight percent diphenylbutane
isomers. Element 29 wherein the residual stream comprises diphenvibutane isomers. Element 30:
wherein the residual stream comprises primarily diphenylbutane isomers. Element 31: wherein the
residual stream comprises greater than or equal 10 5, 10, 20, or 30 weight percent 2 3-diphenylbutane.
Flement 32: further comprising crystallizing the meso form of the 2,3-diphenvibutane, and
separating 1t from the residual stream. Element 33; wherein the residual stream has a higher fuel
vahie than the organic stream. Element 34 wherein the residual stream has a higher caloric value
than the organic stream. Element 35 wheretn the residual stream has a density that is at least 3, 5,
or 10 percent less than the density of the organic stream, wherein the residual stream comprises an
oxygen content that 1s 20-100, or at least 70, 90, or 100 percent less than the oxygen content of the
organi¢ stream, wherein the residual stream has a viscosity of less than or equal to 20 ¢P, 10 ¢P, or
5 ¢P at 40°C, or a combination thereof. Eloment 36. wherein the residual stream has a density of
less than or equal to 0.97, 0.95, or 0.91 g/ml., wherein the residual stream has an oxygen content of
less than or equal t0 5, 2, or 0 wt %, wherein the residual stream has a viscosity of less than or equal
1010 cP at40°C, or a combination thereof. Element 37; wherein the at least one oxygenate is selected
from methylbenzy! alcohol (MBA), 2-phenyl ethanol (PEA), cthers, acetophenone (ACP), cthers of
MBA and PEA, propylene oxide ring opening compounds, oligomers, or a combination thereof.
Flement 38: wherein the organic stream 1s a POSM by-product stream that has not been treated to
remove heavies therefrom. Element 39: wherein the organic stream is an ACP/MBA stream from
a POSM process. Element 40: wherein the conversion of the at least one oxygenate to ethylbenzene
is greater than or equal to 90, 93, or 95%. Element 41 whercin (a) subjecting the organic stream
comprising at least one oxygenate to hvdrotreatment comprises introducing the organic stream {o
more than one hydrotreatment reactor i series, infroducing the organic stream to more than one
hvdrotreatment reactor in parallel, operating the hydrotreatment at a reduced extent of reaction and
recycling the hydrotreatment product to the hydrotreatment, or a combination thereof. Element 42:
wherein the hydrotreatment is camied out at an inlet temperature in the range of from 150-300 °C,
from 180-280 °C, or from 200-250 °C; an outlet temperature of greater than or equal to 300 °C, 350
°C, or 400 °C; a pressure in the range of from 300-2000 psig, from 500-1500 psig, or from 800-1200
psig; a hiquid hourly space velocity (LHSV} in the range of from 0.1-10, from 0.5-5, or from 0.8-2;
or a combination thereof. Element 43: whercin the hydrotreatment is continuous. Element 44:
further comprising controliing the exothermicity of the hvdrotreatment by operating the
hydrotreatment at a reduced extent of reaction and recycling the hydrotreatment product to the

hydrotreatment, adjusting the amount of a diluent combined with the organic strcam, operating a
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plurality of hydrotreatment reactors 1t series, or a combination thergof. Element 45 wherein
reducing the fevel of sodium in the contaminated organic stream to provide the pretreated organic
stream comprises:  contacting the contanunated orgamic stream with water and carbon dioxide,
whereby sodium 1s extracted from the contammated organic stream; and separating an agueous
sodim-containing phase from an organic phase comprising a reduced sodivm content relative to the
contaminated organic stream; subjecting the contanunated organic stream to an acid wash and
subsequent neutralization to provide the pretreated organic stream; passing the contaminated organic
stream over a catalyst guard bed prior to h hydrotreatment; or a combination thereof. Element 46:
further comprising: reusing the separated ethylbenzene product as a feed mn the process for the co-
production of propviene oxide and styrene monomer.

[0092] While certain embodiments have been shown and described, modifications thergof can
be made by one skilled in the art without departing from the teachings of this disclosure.

{0093 Numercus other modifications, equivalents, and alternatives, will become apparent to
those skilled mn the art once the above disclosure 1s fully appreciated. 1t 1s intended that the followmng
claims be interpreted to embrace such modifications, equivalents, and alternatives where applicable.
Accordingly, the scope of protection is not limited by the description set out above but is only limited

by the claims which follow, that scope mcluding equivalents of the subject matter of the claims.



What is claimed is:
1. A method comprising:

(a) Subjecting ethylbenzene and oxygen to a propylene oxide (PO) production
process or a propylene oxide and styrene monomer (POSM) co-production process to
produce an effluent;

(b) Separating ethylbenzene and styrene from the effluent and recovering an
organic stream comprising at least one oxygenate;

(c) Subjecting the organic stream to a hydrotreatment in the presence of a
hydrotreatment catalyst comprising molybdenum to produce a hydrotreatment product
comprising ethylbenzene; and

(d) Separating an ethylbenzene product stream from the hydrotreatment product, to
yield a residual stream.

2. The method of claim 1, wherein the hydrotreatment catalyst further comprises nickel,

cobalt, or a combination thereof.

3. The method of claim 2, wherein the hydrotreatment catalyst is a sulfided catalyst.

4. The method of claim 1, further comprising recycling the ethylbenzene product stream to
the PO/POSM process.

5. The method of claim 1, wherein the hydrotreatment is carried out in the presence of a

diluent, wherein the diluent comprises ethylbenzene, recycled ethylbenzene, or a portion

of a bottoms from a distillation tower.

6. The method of claim 1, wherein the ethylbenzene recovery, defined as the weight percent
of the organic stream before hydrotreatment that is converted to ethylbenzene, is greater

than 20 wt%.

7. The method of claim 1, wherein the organic stream comprises a contaminant selected from
sodium, potassium, or both, and wherein the method further comprises removing at least a
portion of the contaminant to provide a pretreated organic stream, prior to subjecting the

pretreated organic stream to hydrotreatment.

8. The method of claim 7, wherein removing at least a portion of the contaminant prior to

hydrotreatment comprises:
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10.

11.

12.

13.

14.

(e) contacting the organic stream with water and carbon dioxide, whereby sodium
is extracted from the organic stream, and separating an aqueous sodium-containing slurry
phase from an organic phase comprising a reduced sodium content relative to the organic
stream; passing the organic stream over a catalyst guard bed prior to hydrotreatment; or
both contacting the organic stream with water and carbon dioxide, whereby sodium is
extracted from the organic stream, and separating an aqueous sodium-containing slurry
phase from an organic phase comprising a reduced sodium content relative to the organic
stream; and passing the organic stream over a catalyst guard bed prior to hydrotreatment;
or

(f) subjecting the organic stream to an acid wash and subsequent neutralization to
provide the pretreated organic stream; passing the organic stream over a catalyst guard bed
prior to hydrotreatment; or both subjecting the organic stream to an acid wash and
subsequent neutralization to provide the pretreated organic stream and passing the organic
stream over a catalyst guard bed prior to hydrotreatment.

The method of claim 8, wherein the contacting in (e) comprises combining the carbon
dioxide with the water to form a CO:z-saturated water stream, and contacting the CO»-
saturated water stream with the organic stream; combining the organic stream and the water

to form a mixture, and injecting the carbon dioxide as a gas thereinto; or both.

The method of claim 1 further comprising subjecting at least a portion of the

hydrotreatment product to further hydrotreatment.

The method of claim 1, wherein (d) separating the ethylbenzene product stream from the

hydrotreatment product comprises distillation.

The method of claim 1 further comprising recycling at least a portion of the ethylbenzene

product stream, at least a portion of the residual stream, or both, to the hydrotreatment in
(c).
The method of claim 1, wherein the residual stream comprises diphenylbutane isomers.

The method of claim 1, wherein the at least one oxygenate is selected from methylbenzyl
alcohol (MBA), 2-phenyl ethanol (PEA), ethers, acetophenone (ACP), ethers of MBA and

PEA, propylene oxide ring opening compounds, or a combination thereof.
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15.

16.

A method comprising:

(a) Subjecting ethylbenzene and oxygen to a propylene oxide (PO) production
process or a propylene oxide and styrene monomer (POSM) co-production process to
produce an effluent;

(b) Separating ethylbenzene and styrene from the effluent and recovering an
organic stream comprising at least one oxygenate and sodium contamination;

(c) Reducing the level of sodium in the contaminated organic stream, to provide
a pretreated organic stream;

(d) Subjecting the pretreated organic stream to a hydrotreatment in the presence of
a hydrotreatment catalyst comprising molybdenum to produce a hydrotreatment product
comprising ethylbenzene;

(e) Separating an ethylbenzene product stream from the hydrotreatment product, to
provide a residual stream.

The method of claim 15, wherein reducing the level of sodium in the contaminated organic

stream to provide the pretreated organic stream comprises:

(f) contacting the contaminated organic stream with water and carbon dioxide,
whereby sodium is extracted from the contaminated organic stream, and separating an
aqueous sodium-containing phase from an organic phase comprising a reduced sodium
content relative to the contaminated organic stream; passing the contaminated organic
stream over a catalyst guard bed prior to hydrotreatment; or both contacting the
contaminated organic stream with water and carbon dioxide, whereby sodium is extracted
from the contaminated organic stream, and separating an aqueous sodium-containing phase
from an organic phase comprising a reduced sodium content relative to the contaminated
organic stream; and passing the contaminated organic stream over a catalyst guard bed
prior to hydrotreatment; or

(g) subjecting the contaminated organic stream to an acid wash and subsequent
neutralization to provide the pretreated organic stream; passing the contaminated organic
stream over a catalyst guard bed prior to hydrotreatment; or both subjecting the
contaminated organic stream to an acid wash and subsequent neutralization to provide the
pretreated organic stream; and passing the contaminated organic stream over a catalyst

guard bed prior to hydrotreatment.
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17.

18.

19.

A method comprising:

(a) Subjecting ethylbenzene and oxygen to a propylene oxide (PO) production
process or a propylene oxide and styrene monomer (POSM) co-production process to
produce an effluent;’

(b) Separating ethylbenzene and styrene from the effluent and recovering an
organic stream comprising at least one oxygenate;

(c) Subjecting the organic stream to a hydrotreatment in the presence of a
hydrotreatment catalyst comprising molybdenum to produce a hydrotreatment product
comprising ethylbenzene;

(d) Separating an ethylbenzene product stream from the hydrotreatment product,
to yield a residual stream; and

(e) Reusing the separated ethylbenzene product as a feed in the propylene oxide
(PO) production process or the propylene oxide and styrene monomer (POSM) co-
production process.

The method of claim 17, wherein the organic stream comprises a contaminant selected
from sodium, potassium, or both, and wherein the method further comprises removing at
least a portion of the contaminant to provide a pretreated organic stream, prior to subjecting

the pretreated organic stream to hydrotreatment.

The method of claim 15, further comprising the step of recycling the ethylbenzene product
stream to the PO/POSM process.
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