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WASTE STREAM UPGRADING IN A PROPYLENE
OXIDE/STYRENE COPRODUCTION PROCESS

CROSS-REFERENCE TO RELATED APPLICATIONS

10061} This application is filed under the Patent Cooperation Treaty, which claims the benefit
of priority to U.S. Provisional Application No. 62/454.542 filed on February 3, 2017, which 1is
incorporated herein by veference n ifs entirety.

TECHNICAL FIELD

[00G2] This disclosure relates to waste stream upgrading; more specifically, this disclosure
relates to systems and methods for upgrading waste streams obtained during propylene oxide
production; still more specifically, this disclosure relates to systems and methods for freating heavy
residual process streams formed in the coproduction of propyvlene oxide and styrene monomer via
contact of the residual process streams with carbon dioxide.

BACKGROUND OF THE INVENTION

{ELIR]! The co-production of propviene oxide and styrene monomer, also known as the “POSM’
process, mvolves the oxidation of ethyl benzene to form ethyl benzene hydroperoxide, the catalytic
reaction of the hydroperoxide with propylene to form propyiene oxide and 1-phenyl cthanol, and the
dehvdration of the 1-phenyl ethanol to produce styrene monomer. In the POSM process, various
distillation steps are employed in order to separate unreacted reagents, as well as various product
streams, and one or more caustic treatment steps may be employed in order to reduce the acidic
characteristics of various streams. In the process, a heavy residuc stream containing relatively ugh
levels of sodivm compounds is formed. Without further treatment, the heavy residue stream s a low
vahlie product stream that may be useful only as a low grade fuel.

{0064} The low value product stream is conventionally treated with agucous acid to form a
muxture, and then phase separation of the resuling mixture provides an agueous phase contaming
most of the sodium previgusly associated with the low value stream, and an organic phase having a
educed sodium content which can be used as higher grade fuel.

[B005] In conventional phase separation processes, it is often found that large volumes of a rag
fayer tend to form in the separator vessels. The rag layver is an emulsion of water in the heavy organic
layer that does not separate nto either an organic or an aqueous phase. The rag laver prevents
complete separation of the aqueocus and organic phases, and reduces the efficiency of the separation

Process.
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10006} Accordingly, an ongomg need exists for systems and methods for upgrading low value
heavy residue(s) produced in the POSM process.

SUMMARY OF THE INVENTION

{6007 Herein disclosed s a method comprising: (a} contacting an organic stream with water
and carbon dioxide, whereby sodium is extracted from the organic stream; and (b) separating an
aguecons sodium salt-contaming slarry phase from an organic phase comprising a reduced sodium
content relative to the organic stream. In embodiments, the organic stream 18 a heavy residue formed
in the co-production of propylene oxide and styrene. In embodiments, the contacting in (a)
comprises combining the carbon digxide with the water to form a COz-saturated water stream, and
contacting the COqz-saturated water stream with the organic stream. In embodiments, the contacting
i {a) is performed co~currently, counter-currently, or a combination thereof In embodiments, the
method further comprises controlling the concentration of carbon dioxide in the COr-saturated water
stream by controlling the temperature, the pressure, or both. In embodiments, the pressure is in the
range of from about atmospheric pressure to about 500 psi, from about atmospheric pressure to about
100 pst, from about 10 psi to about 50 psi, or from about 20 psi to about 40 psi. In cmbodiments,
the temperature is in the range of from about 5°C 1o about 90°C, from about 15°C to about 70°C, or
from about 20°C to about 60°C. In cmbodiments, the temperature is ambient feroperature. o
embodiments, the temperature 1s room temperature.

[0008] In embodiments, the contacting in {a} comprises combining the organic stream and the
water to form a muxture, and injecting the carbon dioxide as a gas thereinto. In embodiments,
mjecting the carbon dioxide gas further comprises bubbling or sparging the carbon dioxide gas into
the muxture. In embodiments, the carbon dioxide gas 1s injected at a flow rate in the range of from
about T wi% to about 90 wt% of the combined mass of the organic and aqueous phases, from about
10 w19 to about 40 wi% of the combined mass of the organic and agueous phases, or from about 10
wt% to about 25 wt% of the combined mass of the organic and agueous phases. In embodiments,
the contacting in {a) 1s performed at a pressure of greater than or equal to about atmospheric pressure.
In embodiments, the separating in {b) further compnses separating a gas comprising carbon dioxide,
a carrier gas, or both. In embodiments, the method further comprises recycling at least a portion of
the separated gas to the contacting of (a). In embodiments, (a) and {b) are performed in a single
apparatus.

10069] In embodiments, the method further comprises: repeating (a) and (b} one or more times
on the organic phase; subjecting the organic phase to 1on exchange; or both, to obtain an organic
phase having a further reduced sodium content. In embodiments, the method comprises subjecting
the organic phase to ion exchange, wherein the ton exchange comprises cation exchange. In
cmbodiments, the method comprises subjecting the organic phase to ion exchange, and the on
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exchange is effected with an ion exchange resin comprising sulfounic acid groups. In embodiments,
the method comprises subjecting the organic phase to ion exchange, and the ton exchange is etfected
with an ion exchange media that is natural or synthetic. In embodiments, the ion exchange is effected
with an 1on exchange resin selected from the group consisting of polymer resins, zeclites, clays, and
combinations thereof.

0010} In embodiments, the further reduced sodium content comprises a sodium content of less
than about 100, 530, or 10 ppm sodium. In embodiments, the reduced sodium content comprises a
sodium content of less than about 250, 150, or 100 ppm sodium. In embodiments, the organic stream
and the water are present at a volumetric ratio m the range of from about 1:1 to about 10:1, from
about 1:1 to about 8:1, or from about 1:1 to about 3:1. In embodiments, the contacting of (a}, the
separating of (b), or both are performed continuously. In embodiments, the separating of (b} 18
performed at a temperature in the range of from about 15°C to about 85°C, from about 20°C to about
70°C, or from about 30°C to about 60°C.

[0011] The method may be carried out utilizing a two phase system or a three phase system. In
embodiments, the carbon dioxide 1s provided by a gas selected from the group consisting of pure
carbon dioxide, other gases compnsing greater than about 50 volume percent carbon dioxide, and
combinations thercof. In embodiments, the gas comprising greater than about 56 volume percent
carbon dioxide is a flue gas. In embodiments, the flue gas comprises greater than about 70 volume
percent carbon dioxide. In erabodiments, at least a portion of the contacting of (a) occurs n a liguid-
Higmd contactor. In embodiments, the liguid-liquid contactor 1s selected from the group consisting
of mixer-decanters, liquid-liquid extractors, mixer-separator devices, and combinations thereof.
10012} Also disclosed herein is a method comprising: {a) contacting a mixture comprising an
organic stream and water with carbon dioxide gas, and (b) separating an agueous sodium salt-
contamning phase from an organic phase comprising a reduced sodium content relative to the organic
stream, wherein the grganic stream i3 a heavy residug formed in the co-production of propylene
oxide and styrene.

01 3] Also disclosed herein 1s a method comprising: {a) comtacting an orgame stream with a
COq-saturated water stream, and (b} separating an aguecus sodium salt-containing phase from an
organic phase comprising a reduced sodium content relative 1o the organic stream, wherein the
organic stream is a heavy residue formed in the co~production of propylene oxide and stvrene.
0014} Also disclosed herein is a system comprising: (a) a muxing device configured for
contacting an organic stream with water and carbon dioxide, whereby sodium is extracted from the
organic stream, wherein the organic stream is a heavy residue formed in the co-production of
propviene oxide and stvrene; (b) a separation device configured for separating an agueous sodium

salt-containing phase from an organic phase comprising a reduced sodium content relative to the
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organic stream; and (¢} a POSM system configured to produce polypropylene and styrene monomer,
and from which the organic stream is generated.

01 5] Also disclosed herein is a method compnising: (a) recovering a heavy organic stream
comprising sodium from a propylene oxide and styrene monomer ¢o-production (POSM) process;
(b} contacting the organic stream with water and carbon dioxide, whercby sodium is the organic
stream; and (¢} separating an agueous sodium salt-containing slurry phase from an organic phase
comprising a reduced sodium content relative fo the organic stream, wherein the POSM process
comprises oxidation of ethyl benzene to form ethyl benzene hydroperoxide, catalytic reaction of the
hvdroperoxide with propylene to form propylene oxide and 1-phenyl ethanol, and debvdration of the
I-phenyi ethanol {o produce styrene monomer. In embodiments, the heavy organic stream
comprising sodium is a waste or by-product stream comprising ash recovered from a POSM process.
In embodiments, the waste or by-product strcam comprising ash is recovered from one or more
distillation and/or caustic treatment steps i a POSM process.

{001 6] While multiple embodiments are disclosed, still other embodiments will become
apparent 1o those skilled 1n the art from the following detailed description.  As will be apparent,
certain embodiments, as disclosed herein, are capable of modifications in various obvious aspects,
all without departing from the spint and scope of the claims as presented herein.  Accordingly, the
detailed descniption hereinbelow is to be regarded as tllustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWING

10017} The following figure illustrates an embodiment of the subject matter disclosed heroin,
The claimed subject matter may be understood by reference to the following description taken
conjunction with the accompanying figure, in which like reference numerals identify hike clements,
and in which:

1001 5] FiG 1 is a schematic of a system for carryving out upgrading of a POSM waste stream
according to an embodiment of this disclosure.

DETAILED DESCRIPTION

[0019] Herein disclosed are systems and methods for upgrading waste streams generated in a
propylene oxide/styrene process.  As noted hereinabove, large volumes of waste streams
contaminated by ash {primarily sodium), and useful only as a low quality fuel. are produced during
processes, such as the POSM process. Die-ashing (e.g., removal of at least a portion of the sodum
content thereof) can be effected to mcrease the fuel guality of such waste streams. It has been
unexpoctedly discovered that de-ashing of a waste stream generated in a propvlene oxide/styrens
process can be effected via the herein-disclosed treatment system and method, to provide a stable,

low sodium, and neutral organic phase. Treatment is effected via the utilization of carbon dioxide
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as the de-ashing agent. The resulting de-ashed organic phase can be utilized as a higher guality,
stable fucl, and/or can be further upgraded to capture the chemical value thereof

[0620] Although referred to as a ‘waste’ stream, 1t 1s to be understood that a POSM ‘waste’
stream de-ashed via the present disclosure may be utilizable as a fuel, and the torm *waste” indicates
that the stream is not a main value product of a POSM process, but a by-product thercof.
Furthermore, although description of the herem-disclosed method and system are provided with
reference to de-ashing of a POSM waste stream, the herein-disclosed system and method may be
suitable for de-ashing of organic streams produced in processes other than POSM processes.

{0021} As noted hercinabove, conventional processes for removing sodium from waste streams
produced in POSM processes often utilize one or more caustic freatment steps. Some processes
mvolve mixing of the propviene oxide/styrene waste stream with a hydrocarbon and an aqueous
acid, and subsequent separation of the mixture indo an agueous sodivm salt-containing slurry phase
and an organic phase reduced in sodium, which may be utilized for fuel applications. While such
processes may be efficient in reducing the sodium contamination in the waste streamds), they can
undesirably gencrate a large volume of acidic waste sircam(s), and can result in a fuel product that
is acidic, potentially resulting in corrosion and susceptibility to undesired decomposition/fouling.
jo022] According to this disclosure, carbon dioxide, rather than or in addition to a mmmeral acid
such as sulfuric acid, is utilized as a convenient agent to treat an ‘organic stream’ (which may, in
embodiments, be a POSM waste stream. or a POSM waste stream diluted as desenbed further
hercinbelow). Without imitation, the carbon dioxide can be combined in an agueous phase prior to
contacting with the orgamic waste stream, or the carbon dioxide can be combined with a mixture of
the organic waste stream and water. In embodiments, the herein-disclosed carbon dioxide treatment
replaces conventional mineral acid treatment. In other embodiments, carbon dioxide treatment
according to this disclosure is utilized in combination with {e. g, subseqguent to) conventional mineral
acid treatment.

10023} Herein disclosed is a system for upgrading a waste stream produced during the co-
production of propviene oxide and styrenc monomer. A system for upgrading a waste stream
produced dunng a POSM process will now be described with reference to Figure 1, which 15 a
schematic of a svstem 1 for carrving out upgrading of a POSM waste stream according (o an
embodiment of this disclosure. System [ comprises a source of a stream having an ash {e.g., sodium}
content to be reduced 3, one or more mixing devices 25, and one or more separation devices 35,
Although depicted as separate devices in the embodiment of Figure 1, mixing device 25 and
separation device 35 may be provided in a single mixer/separator device, in some embodiments. A
tine 10 may fluidly connect {or comprise} the source of the stream having the ash content to be

reduced 5 with the one or more nuxing devices 25. One or more hines 20 may be configured to
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mtroduce carbon dioxide gas from a carbon diowade gas source into line 10, Alternatively or
additionally, a line 20 may be configured to mtroduce carbon dioxide gas from a carbon dioxide gas
source directly mto miximg device 25, One or more lines 15 may be configured to introduce
carbonated water from a carbonated water source into organic phase mlet line 10, Ahematively or
additionally, a hine 15 may be configured to introduce carbonated water from a carbonated water
source directly mto mixing device 25. A line 14 may be configured for the introduction of water
{*aqueous phase’”) into organic phase mlet line 10, whereby a mixture of water and organic phase
can be inroduced into mixing device 25 via combined miuxer inlet line 12, Alternatively or
additionally, a water inlet fine 14 may be configured to introduce water directly into mixing device
25,

[0024] A line 30 may fhadly connect mixing device 25 with separation device 35, whereby a
mixture produced via the combimation of the organic wasie stream, water, and carbon dioxide in
npuxing deviee 23 can be introduced into separation device 35. A gas outlet line 45 may be fluidly
connected with separation device(s) 35, and configured for the removal of gas {e.g.. carbon dioxide)
from separation device{s) 35, Gas outlet line 45 may fhudly connect separation device 35 with a gas
treatment and recycle unit configured to treat and/or recvele a gas, for example carbon dioxide, to
mixing device(s} 23. In embodiments, the svstem may comprise a compressor configured to
compress the carbon dioxide and/or other recycled gas for introduction into mixing device 25. An
organic phase outlet line 40 may be flaidly connected with separation device(s) 33, and configured
for the removal from separation device(s) 35 of atreated organic stream having a reduced ash content
in comparison to the ash content of the source stream 5. An aqueous phase outlet line 30 may be
fhdly connected with separation device(s) 35, and configured for the removal of an ash-cnriched
agueous phase therefrom. Aqueous phase outlet line 50 may fluidly connect separation device(s) 35
with a waste water treatment and/or recyele unit configured to treat and/or recycle water, for
example, to mixing device(s) 25.

10025] System | may be operable as a two phase system or a three phase systern. In

embodiments, the svstem is operable with an organic phase and an aqueous phase. In embodiments,

there is also a gas phase.

{6026} Also disclosed herein 8 a method of reducing ash {e.g., sodium} content in a heavy
residue, such as that formed i a POSM process for the co~-production of propylene oxide and stviene.
The method comprises: {a) contacting an organic stream with water and carbon dioxide, wherehy
sodium is extracted from the organic stream; and (b} separating an aqueous sodium salt-containing
shurry phase from an organmic phase comprising a reduced sodium content relative to the organic
stream. fn cmbodiments, the organic stream i1s a heavy residue formed in the co-production of

propylene oxide and styrene. Such a method will now be described with reference to Figure 1, whic
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is a schematic of a system for carrving out upgrading of a POSM waste stream according o an
cmbodiment of this disclosure. A POSM waste stream to be treated is introduced from POSM waste
stream source 5 into nuxing device 25 via organic phase inlet line 10, The POSM waste stream can
be produced via any POSM process known to those of skill i the art to provide an ash-containing
(c.g.. sodium-containing} waste stream.

0627 The organic stream with “hugh’ ash content to be de-ashed can comprse from about 500
ppm to about 10,000 ppm ash, fiom about 700 ppm to about 10,000 ppm ash, or from about 1000
ppm to about 5000 ppm ash. In embodiments, the ash comprises greater than or equal io about 97%,
98%, or 99% sodiurn. The ash may further comprise minor amounts of other metals, such as, without
fimitation, Fe, Mg, Ca, and K. The organic stream with “high™ ash content to be de-ashed can
comprise from about 500 ppm to about 10,600 ppm sodium, from about 700 ppm to about 10,000
ppm sodium, or from about 1000 ppm to about 5000 ppm sodivm. {n embodiments, the organic
stream 1o be de~ashed comprises greater than or equal to about 500, 750, 1000, 2500, 3000, 4000,
3600, 6600, 7000, 8000, 9000, or 10,000 ppm sodum,

10025] In embodiments, the organic stream is modified with a different organic material or a
mixture of organic materials to achieve a desirable viscosity and/or density, to enhance the separation
between the organic phase and the agueous phase. In embodiments, the viscosity of the organic
phase 1s leas than 20 ¢P, less than 10 ¢P, or less than 2 cP. In embodiments, the density of the organic
phase is legs than 1.0 g/cc, less than 0.975 g/ec, or less than 6.95 g/cc.

{0029) In embodiments, the heavies residuc of a POSM process is diluted via combination with
one or more other organic chemicals, such as, without limitation, those comprising aliphatic or
aromatic groups, to form the organic stream prior to contact with carbon dioxide. In embodiments,
the one or more other organic chemicals comprise ethyl benzene, toluene, cumene, xyleng, hexane,
heptane, octane, nonane, decane, ¢tc., or a combination thereof. In embodiments, the heavies residue
is combined with ethyl benzene prior to contact of the organic stream with catbon dioxide. In
embodiments, the weight ratio between the heavies residue and the one or more other organic
chemicals {e.g., ethyvl benzene) 1s in the range of from about 1:10 wi/wt ratio to about 2:1 wi/wt ratio,
from about 1: 10 wt/wt ratio to about 1: 1 wt/wt ratio, or from about 1:8 wt/wt ratio to about 2: 1 wt/wt
ratio.

10030 According to the herein-disclosed method, the organic stream is contacted with carbon
dioxide. fn embodiments, the organic phase to be de-ashed 1s thoroughly mixed with the carbon
diosade and water (and/or carbonated water) prior to the separation step. The carbon dioxide and
water may be added simultancously {e.g., as carbonated water), or can be added separately to the
organic phase. The order of addition of the carbon dioxide and water may not be critical. In

embodiments, the contacting is accomphished at relatively mild conditions. Contacting conditions
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can comprise a temperature in the range of from 20°C to 100°C, from 40°C 10 90°C, from 5°C to
90°C, from 15°C to 70°C, or from 20°C o 60°C. The contacung of the organic waste stream with
carbon dioxide may be performed at ambient or above ambient pressure. While the contacting may
be effective at ambient temperature, efficiency of sodium removal may be maintained or even
mcreased at temperatures above or below ambient temperature.  In embodiments, contacting and
separation are performed in a single vessel, and the carbon dioxide, water, and/or carbonated water
1s added directly into the separation vessel along with the organic phase to be de-ashed.

(0031} In embodiments, contacting comprises corbining the carbon dioxide with water to form
a COz-saturated water stream, and contacting the COo-saturated water stream with the organic
strearn.  For example, i embodiments, carbonated water is formed via contacting carbon dioxide
gas with water to produce a carbonated water source or stream, which is combined with the POSM
waste stream in line 10 via mntroduction thercto via carbonated water ine 15, In emboduments,
carbonated water in carbonated water fine 15 and POSM waste miroduced via organic phase mlet
line 10 can be introduced into mixing device 25 via combined mixer inlet line 12 In alternative
embodiments, organic phase to be de-ashed and carbonated water are introduced separately, via
organic phase mlet Iime 10 and carbonated water inlet line 15 into muxing deviee 25,

[0032] In embodiments, the organic phase comprising POSM waste to be de-ashed and water
are present within mixing device 25 at a volumetric ratio i the range of from about 1.1 to about
10:1, from about 1:1 to about #:1, or frony about 1:1 to about 5: 1.

0833] In embodiments, the carbonated water stream introduced mto mixing device 25 via
carbonated water mlet line 15 comprises a carbon-dioxide saturated water stream. The concentration
of carbon dioxide m the COs-saturated water stream can be controlled, in embodiments, by
controtiing the tomperature, the pressure, or both. The pressure can be in the range of from about
atmospheric pressure to about 500 psi, from about atmosphernic to about 100 ps1, from about 10 psi
{0 about 30 psi, or from about 20 pst to about 40 psi. The temperature can be in the range of from
about 3°C to about 90°C. from about 15°C to about 70°C, or from about 20°C to about 60°C. In
embodiments, the temperature is ambient temperature. In embodiments, the temperature is room
temperature. fo embodiments, a temperature below room temperature, a higher pressure, or both, is
utilized to increase the amount of carbon dioxide in the COhr-saturated water stream. The contacting
of the carbonated water stream and the organic phase can be performed co-currently or counter-
currently.

(0034} Mixing device 25 can comprise a hqud-liquid contactor, in which carbonated water
{mtroduced via carbonated water inlet line 15 and mixing device inlet line 12, or introduced directly
mto mixing device 25) is contacted with the organic phase (introduced thereto via organic phase inlet

fine 10 and mixing device inlet line 12, or introduced directly into mixing device 25}, Liguid-higuid
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contactors include, without Lmutation, mixer-decanters, liguid-liguid extractors, mixer-separator
cvices, and combinations thereof.
[O35] In embodiments, the method comprises combining the organic stream and water (or
‘aqueous phase ™) to form a mixtore, and ijecting the carbon dioxide as a gas thereinto. For example,
m embodiments the organic phase is combined with water, and carbon dioxide gas is introduced
thercinto, for example via carbon dioxide inlet line 20. In embodiments, water 1s combined, for
example via water inlet line 14, with the organic phase in orgamic phase inlet line 10 to provide a
muxture of the orgemic phase and water which is introduced nto mixing device 25 via mixing device
mict ling 12, In embodiments, water 1s introduced into mixing deviee inlet line 12 via a water inlet
line 14, In embodiments, water is introduced directly into mixing device 23,
[0036] 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 about 50 volume percent carbon dioxide.
In embodiments, the gas comprising greater than about 50 volume percent carbon dioxide 1s a flue
gas.  The flue gas can comprise greater than about 70 volume percent carbon dioxide. In
embodiments, the carbon dioxide is provided by a gas comprising greater than 80, 83, 90, 95,96, 97,
9%, or 99 volume percent carbon dioxide.
[0837] The carbon dioxide gas can be bubbled, sparged, or otherwise introduced into a nmuxture
comprising the organie phase and water. For example, mixing device 25 may comprise a sparger,
through which carbon dioxide gas bubbles are introduced into a mixture of the organic and aqueous
phases. fn embodiments, the carbon dioxide gas is injected at a flow rate that provides from about
I wi% to about 90 wit% of the combined mass of the organic and agueous phases, from about 10
wi% to about 40 wi% of the combined mass of the organic and aqueous phases, or from about 10
wi% to about 25 wi% of the combined mass of the organic and aqueous phases. The carbon dioxide
gas may be contacted with the organic and agqueous phases at a pressure of greater than or equal to
about atrnospheric pressure.
{0338} Following contacting of the organic phase with carbon dioxide as described heremabove,
the resulting nuxture is separated into immiscible phascs, via separation device 35, Sodivm salts
and ash may be solubilized in the agueous phase. Specificallv, separation provides an aqueous
sodium-containing phase and an organic phase having reduced sodinm content relative to the organic
stream, wherein the reduced sodium content is below that expected from water addition or dilution
alone. In embodiments such as shown o Figure 1, after contacting of the organic phase with water
and carbon dioxide (either via contact of the organic phase with carbonated water, via contacting of
carbon dioxide gas with a nuxture of the organic phase and water, or both) 1 mixing device 25, the
puxture 1s introduced into one or more separation devices 35, As indicated in Figure 1, a mixture

outlet ine 30 may introduce the mixture resulting from the contacting into separation device 35, As
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noted hereinabove, in embodiments, separation device 35 may be a separation zone within mixing
device 25, or mav be the same vessel. That is, contacting/mixing of the carbon dioxide with the
organic phase, and separation of the organic phase from an aqueous phase may occur within a single
apparatus or device, in embodiments. The separation 18 operated under conditions that provide an
unmiscible agueous sodium-containmg phase and an organic phase having reduced sodium content.
[0039] Separation device 33 is operable to separate an organic phase having reduced sodium
content {i.e., a de-ashed organic phase) from an agucous phase containing extracted ash {e.g,
sodim}. A treated organic stream having a lower/reduced ash content may be extracted from
separation device 35 via upgraded or “treated” POSM waste line 40. An agucous phase comprising
mcreased ash 1s extracted from separation device 35 via agueous phase outlet line 50, The agueous
phase can be sent for waste water treatment, recyeled, or the like, as known to those of skill in the
art. The phase separation temperature can vary depending on operating conditions such as the
pressure. In cotbodiments, scparation may be performed at a temperature in the range of from about
153°C to about 85°C, from about 20°C to about 85°C, from about 20°C to about 70°C, from about
25°C to about 70°C, or from about 30°C to about 60°C.  In cmbodiments, the phase scparation is
performed at a higher temperature than the contacting/mixing. Utilization of a higher phase
separation temperature may enhance the separation of carbon dioxide gas from the organic and
agueous phases, in embodiments.

0040 The treated, ‘reduced ash” organic phase can comprise a sodium content of less than
about 250, 150, or 100 ppm sodium. In embodiments, the “reduced” sodium content comprises a
sodiam content that is at least 50, 60, or 75% less than the sodium content expected from simply
contacting the organic phase to be de-ashed with an equivalent amount of water (.., via the same
method absent the carbon dioxide). In embodiments, the de-ashed organic phase comprises a sodium
content that is less than 90, 925, or 95% that of the organic phase prior to treatment. The treated,
‘reduced ash’ oreanic phase can comprise an ash content of less than about 250, 150, or 100 ppm
ash. In emboduments, the ‘reduced’ ash content comprises an ash content that 1s at feast 50, 60, or
75% less than the ash content expecied from simply contacting the organic phase to be de-ashed with
an equivalent amount of water {le., via the same method absent the carbon dioxide). In
embodiments, the de-ashed organic phase compriscs an ash content that is less than 90, 92.5, o1 93%
that of the organic phase prior o treatment.

{0041} In embodiments, the separation is effected via different gravity-driven methods, such as,
without limitation, gravity separation via decantation, or via forced methods of enhancing separation,
such as, without limitation, via centrifugation, or via combination thercof, such as, without
Iimitation, via a coalescer. In embodiments, certain chemicals, such as de-emulsifiers, which can

enhance the separation, arc employed in conjunction with the separation operations.
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10042} In embodiments, the separation is performed by gravity-driven phase separation, such ag
decamtation. In decantation, the mixed agqueous/carbon dioxide/residue strean in mixture outlet line
36 can be mtroduced mto a decanter unit separation device 50, where phase separation takes place.
In embodiments, gravity driven phase separation can provide an agueous sodium salt-containing
phase and an organic phase having reduced sodium content.  For decantation, the volume of the
decanter should provide a residence time adequate tor phase separation to occur at a specified flow
rate.

10043] In embodiments, a combined mixing/separation vessel is periodically mixed or agitated,
and then agitation is ceased, and the phases allowed to separate for a time. For example, a nuxture
ofthe agueous and organic phases may be periodically sparged with carbon dioxide gas, or a mixture
of carbonated water and organic phase can be periodically agitated (example, via a stirrer, via
circulation around a circulation loop, or other means). The phases may then be allowed to separate
for a time period of, for example, 1, 2, 3, or 4 hours, or more, up to | or 2 days or more, until phase
separation s effected. Unce separation s effected, the aqueous laver can be drained, leaving a neutral
organic phase, which has been de-ashed.  Aliernatively, the uvpgraded organic phase {(top layer
reduced in sodium) can be extracted or decanted from the top of the vessel, lcaving the sodium-
enhanced agueous {bottom) layer.

0844} In embodiments, the method further comprises separating a gas comprising carbon
dioxide, a carrier gas {e.g., an 10ert gas such as nitrogen), or both, For example, a gas outlet line 45
may be operable to extract a gas from separation device 35, Scparated gas may be treated and/or
recveled. For example, carbon dioxide gas extracted from separation device 33 can, m embodiments,
be recyeled to mixing device 25.

10045] The method can further comprise repeating the contacting of the organic phase with
carbon dioxide, the separation of the aqueous phase from the organic phase, or both the contacting
and the separating steps one or more fimes to obtain an organic phase having a further reduced ash
and/or scdiom content. For example, treated organic phase extracted from separation device 35 via
upgraded POSM waste stream outlet hine 40 may be recyeled to mixing device 23, for example, via
organic phase mlet Iine 10,

[0046] In embodiments, the method further comprises subiecting the organic phase to one or
more ion exchange ‘polishing’ steps to further reduce the ash and/or sodivm content of the organic
phase. Subjecting the organic phase to 1on exchange, mayv comprise subjecting the organic phase to
cation exchange. Ion exchange may be effected via any ion exchange known to those of skill i the
art. For example, in embodiments, ion exchange is effected with an ion exchange resin comprising
sulfonic acid groups. The ion exchange may be carried out uilizing an ion cxchange media that is

natural or synthetic.  In embodiments, the ion exchange 1s effected with an 1on exchange resin
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selected from the group consisting of polymer resins, zeolites, clays, and combinations thereof. For
example, the acidic form of zeolites and/or layered materials, such as clavs, may provide effective
ion exchange media, in embodiments.

[0047] The organic phase having a “firther reduced” ash content can comprise an ash content of
less than about 100, 530, or 10 ppm ash. In embodiments, the “further reduced” ash content comprises
an ash content that 15 at feast 30, 60, or 75% less than the ash content expected from simply contacting
the organic phase to be de-ashed with an cquivalent amount of water. In embodiments, the further
de-ashed organic phase comprises an ash content that is less than 95, 975, or 99.0% that of the
organic phase prior to treatment. In emboduuents, the organic phase having a “further reduced’
sodinm content can comprise a sodinm content of less than about 100, 50, 10, or | ppm sodium. In
embodiments, the “further redaced’ sodium content comprises a sodium content that is at least at
least 30, 60, or 75% less than the sodium content expected from simply contacting the organic phase
to be de-ashed with an equivalent amount of water. In embodiments, the “further reduced’ sodium
content comprises a sodium content that s less than 95, 975, or 99.0% that of the organic phase
prior to {freatment.

048] In crabodiments, the method is performed contimuously. o embodiments, the contacting
of the organic stream to be treated/de-ashed, the separating of the reduced ash orgamic phase from
the increased ash aqueous phase, or both 1s performed continucusly.

[0049] In embodiments, the de-ashed organic phase having reduced ash content (and comprising
heavy organic components formed in the POSM process) is utilized as an upgraded fuel stream
without further processing. In embodiments, the organic phase having reduced sodium content s
further processed.

Optional Further Processing of De-Ashed Organic Phase

[0050] In embodiments, at least a portion of the de~-ashed organic phase having reduced sodium
content 1s further upgraded by cracking to produce styrene monomer. In such embodiments, a
compatible acid catalyst, such as, without limitation, p-toluene sulfonic acid can be added to the
organic phase, and the resulting mixture cracked at clevated temperature to form I-phenyl ethanol
and styrene monomer. In embodiments, the 1-phenyi ethanol and styrene monomer are separated
by distillation from remaining heavy materials. Conditions for the cracking arc known in the art,
and nchude, withowt limitation, temperatures i the range of from 70°C to 300°C, from 120°C 1o
220°C, or from 70°C to 220°C, and pressures below atmospheric, e.g., 100 mam Hg (1.9 psi) to 400
mm Hg (7.7 psi), which are appropriate for vaporization of light matenals.

10051 In embodiments, at least a portion of the de-ashed organic phase is subjected to a wiped
film cvaporation i order to scparate a portion of the stream as a volatile overhead fraction. In

embodiments, this overhead fraction is cracked at elevated temperatures (as described above) to
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produce styrene monomer. In embodiments, the volatile overhead stream is passed directly to the 1-
phenyl ethanol dehydration step emploved in the POSM process from which the POSM waste to be
de-ashed was gencrated, whereby components of the volatile overhead are converted to styrene
monomer at the conditions emploved for the 1-phenyl ethanol dehydration.

[0052] Product 1-phenyl ethanol and styrene monomer from the optional further processing of
the de-ashed organic phase can represent increased vields of desired products obtainable via an
overall POSM process.  Furthermore, the heavy materials from the optional upgrade/further
processing can be useful as an upgraded fuel by virtue of the low sodivum content thergof.
Producrion of POSM Wasre Stream to be De-Ashed

[OU53] In embodiments, the method further comprises generating, via a POSM process, a POSM
waste stream to be upgraded/de-ashed according to the herein-disclosed system and method. POSM
processes are well known in the art, and a waste stream treated via the system and method of this
disclosure can be produced via anv known POSM process. For example, POSM processes are
described in 1.8, Patents No. 3,351,635; 3,439,001 4,066,706, 4,262,143, and 5,210,354, the
disclosure of each of which is hereby incorporated herein i #ts entirety for all purposes not contrary
1o this disclosure.

[0054] In embodiments of the POSM process via which the POSM waste stream to be de~-ashed
is generated, ethyl benzene 1s reacted with molecular oxygen at elevated temperature, i accordance
with known techniques, to form ethyl benzene hydroperoxide. A small amount of altkali may be
meorporated in the oxidation muxiure in order to improve oxidation rate and selectivity. In
embodiments, the ethvl benzene hydroperoxide 1s subsequently reacted with propvlene to form
propylene oxide and I-phenyl ethancl. The epoxidation reaction mixiure may be caustic washed
and subjected to a series of distillations in order to s¢parate materials contained thercin, In
embodiments, the reaction mixture is distilled to separate unreacted propvlene overhead from
heavier components.  The separated propylens may be recycled to the epoxidation step. In
embodiments, the heavier components are further distitied, optionally after caustic wash, in a series
of distillations to scparate product propvlene oxide, product 1-phenyl ethanol, and unreacted ethyl
benzene, which can be recveled, optionally after a caustic wash. The I-phenyl ethanol stream can
be dehvdrated to product styrene monomer. In embodiments, a heavy organic sodium containing
low value product stream resulting from such separation processes, or the like, is utilized as the
POSM waste stream introduced into mixing device 235 via organic phase inlet line 10, whereby the
sodiam-containing heavy residac can be treated as deseribed heremabove in order to upgrade (e.g.,
de-ash) the stream.

{0035) In embodiments, the heavy organic residue stream from the propylene oxide/styrene

monomer process comprises prmarily oxygenated aryl compounds, which may have, without
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limitation, molecular weights greater than or equal to 90 g/mol, 94 g/mol, 200 g/mol, 215 g/mol, or
225 g/mol. In embodiments, the heavy organic residue stream from the propvlene oxide/styrene
monomer process comprises oxvgenated aryl compounds. In embodiments, the heavy orgamic
residue stream from the propylene oxade/styrene monomer process comprises primarily oxygenated
aryl compounds.  In embodiments, the heavy organic residue stream from the propviene
oxide/styrene monomer process comprises at least 20, 30, 40, or 50 weight percent oxyeenated aryi
compounds. In embodiments, the organic stream to be de-ashed comprises greater than or equal to
about 0.25 wt%% (2,500 ppm), 0.3 wt% (3,000 ppm), 0.4 wi% (4,000 ppm), 0.5 wt% (5,000 ppm),
0.75 wt% (7,500 ppm}, or 1.0 wt % (10,000 ppm) ash. The ash may comprise primarily sodium. In
embodiments, the organic stream to be de-ashed comprises greater than or equal to about 0.25 wt%
(2,500 ppm}, 0.3 wt% (3,000 ppm), 0.4 wi% (4,000 ppm}, 0.5 wi% {5,000 ppm), 0.75 wt% (7,500
ppmy, or 1.0 wt % (10,000 ppm) sodiam.
{0056} The system and method of this disclosure provide for removal of ash from a heavy
residue, such as that formed m the co-production of propylene oxide and styrene. The process of the
disclosure comprises contacting the heavy residue with carbon dioxide and water, and separating the
resulting muxture into an agueous sodium salt containing phasc and an organic phase having reduced
sodium content. The disclosed system and method enable enhanced removal of sodium from the
orgamic phase relative to systems and methods absent the carbon dioxade, and enable sodium removal
without or with a reduced usage of the conventional utitization of acid and/or added solvent to control
the properties of the organic stream.
(0857 The following examples merely illustrate 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 1: Single Treatment of Organic Waste Stream According to this Disclosure

[0058] Experiments were performed to study the effectiveness of waste water stream treatment
according to this disclosure. In this example, 2 liters of a basic propylene oxide/styrene process
waste strearmn containing about 4000 ppm of sodium was diluted with 2 liters of ethyl benzene
(resulting in about 2000 ppur sodium in the organic phasc), and combined with four itfers of water.
The process waste stream comprised a mixiure of methyl benzyl alcohol, 2-phenyt ethanol, and
ethers thereof, and included higher molecular weight components. The diluted puxture was
combined in a 5 gallon vessel equipped with a recirculation loop and a dip-tube for carbon dioxide
purging. The vessel was then purged with carbon dioxide, and pressunized up to 30 psi of carbon
dioxide pressure. The maxture was periodically (three times, at an mterval of one hour) mixed by
circulating the hiquid through the recircuiation loop for approximately one minute. After four hours,
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the mixture was allowed to separate for four hours, and the aqueous layer was drained from the
vessel, providing a neutral, organic phase contaming about 230 ppm of sodium. This Example
illustrates that a single treatment according to this disclosure can provide significant sodium
reduction, m this case from about 4000 ppm to about 250 ppm.

Example 2: Dual Treatment of Organic Waste Stream According to this Disclosure

[B05Y] The organic phase resulting from Example 1, containing about 250 ppm of sodium, was
agaim treated according to this disclosure, by mixing with fresh water and carbon dioxade as per
Example 1. The treatment resulted in an organic phase containing less than about 10 ppm sodium.
This Example illustrates that a secondary treatment provided further reduction in sodium level, in
this case from about 230 ppm sodium to less than about 10 ppm sodium.

Example 3: Three Step Treatment of Organic Waste Stream According to this Disclosure

10060} The two liters of the organic phase from Example 1, contamning about 250 ppm of sodium
was treated via flow through a bed contaiing 4 grams of LEWATITR K2629 ion exchange resin
(available from LANXESS Chemical Company in Shanghai, China) at the rate of 0.25 mL/min. The
resulting effluent organic phase contained less than 1 ppm sodium. This Example illustrates that the
sodium was further reduced by passing the treated feed through an ion exchange resin m acidic form
o produce an organic phase with a sodium content of less than about 1 ppm.

ADDITIONAL DISCLOSURE

0861} The particular embodiments disclosed above are ilustrative only, as the present
disclosure may be modified and practiced m different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein. Furthermore, no Hmitations are intended
to the details of construction or design herein shown, other than as described in the claims below. It
1s therefore evident that the particular llustrative embodiments disclosed above may be altered or
modified and all such vanations are considered within the scope and spirit of the present disclosure.
Alternative embodiments that result from combining, infegrating, and/or onutting features of the
embodiment(s} arc also within the scope of the disclosure. While compositions and methods are
described i broader terms of "having”, “comprising,” "containing" or "including” vanous
components or steps, the compositions and methods can also "consist essentially of " or "consist of”
the various components and steps. Use of the term “optionally” with respect to any clement of a
claim means that the clement is required, or alternatively, the element is not reguired, both
alternatives being within the scope of the claim.

10062} NMNumbers and ranges disclosed above may vary by some amount. Whenever a mumerical
range with a lower limit and an upper limit is disclosed, any number and anv included range talling
within the range 1s 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, equvalently, "from
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approximately a-b"} disclosed herein is to be understocd to set forth every number and range
encompassed within the broader range of values. Also, the terms in the claims have their plain,
ordinary meaning unless otherwise exphicitly and clearly defined by the patentee. Moreover, the
indefintte articles "a" or "an”, as used i the claims, are defined herein to mean one or more than one
of the clement that it introduces. If there 1s anv conflict in the usages of a word or term in this
specification and one or more patent or other documents, the defimitions that are consistent with this
specification should be adopted.

10063] Embodiments disclosed herein mchide:

3064 A: A method comprising: {(a) contacting an organic stream with water and carbon
diosade, whereby sodium is extracted from the organic stream; and (b) separating an aqueous sodium
salt-containing sturry phase from an organic phase comprising a reduced sodium content relative to
the organic stream.

{0065] B: A method comprising: {(a) contacting a mixture comprising an organic stream and
water with carbon dioxide gas; and (b} separating an agueous sodium salt-contaming phase from an
organic phase comprising a reduced sodivm conient relative to the organic stream, wherein the
organic stream is a heavy residue formed in the co-production of propvlene oxide and styrene.
[0666] C: A method comprising: (a) contacting an organic stream with a COz-saturated water
stream; and (b) separating an aqueous sodium salt-containing phase from an organic phase
comprising a reduced sodiwm condent relative to the organic stream, wherein the organic stream is a
heavy residue formed m the co-production of propyiene oxide and styrene.

0067} D: A svstem comprising: {a)} a muxing device configured for contacting an organic
stream with water and carbon dioxide, whereby sodium is extracted from the organic stream, wherein
the organic stream 1s a heavy residue formed in the co-production of propylens oxide and styrene;
(b} a separavon device configured for separating an aqueous sodium salt-contaning phase from an
organic phase comprising a reduced sodium content relative to the organic stream; and {¢) a POSM
system configured to produce polypropyviene and styrene monomer, and from which the organic
stream 1s generated.

[0068] Each of embodiments A, B, C and D may have one or more of the following additional
clements: Element 11 wherein the organic stream is 8 heavy residue formed in the co-production of
propvlenc oxide and stvrene. Element 2: wherein the contacting in {a) comprises combining the
carbon dioxide with the water to form a COz-saturated water stream, and contacting the CUOu-
saturated water stream with the organic stream. Element 3: wherein the contacting 1n (a) 18
performed co~-currently, counter-currently, or a combination thereof. Element 4 further comprising
controtling the concentration of carbon dioxide in the COr-saturated water stream by controlling the

temperature, the pressure, or both. Element 5; wherein the pressure is in the range of from about
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atmospheric pressure to about 500 pai, from about atmospheric pressure to about 100 pst, from about
10 psi 1o about 50 psi, or from about 20 psi to about 40 psi. Element 6; wherein the temperatore is
i the range of from about 3°C to about 90°C, from about 15°C to about 70°C, or from about 20°C
o about 60°C. EHlement 7: wherein the temperature 1s ambient temperature. Element 8 wherein
the teraperature is room temperature. Element 90 wherein the contacting i (a) comprises combining
the organic stream and the water to form a nuxture, and injecting the carbon dioxide as a gas
thereinto. Element 10 wherein injecting the carbon dioxide gas further compnses bubbling or
sparging the carbon dioxide gas info the nuxture. Element 11: wherein the carbon dioxide gas is
imjected at a flow rate that provides from about 1 wt% to about 90 wt% of the combined mass of the
organic and agueous phases, from about 10 wt% to about 40 wt%, of the combined mass of the
organic and aqueous phases or from about 10 wi% to about 25 wt% of the combined mass of the
organic and agucous phases. Element 12: wherein the contacting in {(a} is performed at a pressure
of greater than or equal to about atmospheric pressure. Element 13; wherein the separating in (b)
further comprises separating a gas comprising carbon dioxide, a carrier gas, or both, Flement 14
further comprising recycling at least a portion of the separated gas to the contacting of (a). Element
I5: wherein {a} and (b} are performed in a single apparatus. Element 16: further comprising:
repeating {a) and (b} one or more times on the orgamc phase; subjecting the organic phase o 1on
exchange; or both, to obtam an organic phase having a further reduced sodium content. Element 17;
comprising subjecting the organic phase to ion exchange, wherein the ion exchange comprises cation
exchange. Element 18 the ion exchange is effected with an ion exchange resin comprising sulfonic
acid groups. Element 19: wherein the ion exchange 1s effected with an 1on exchange media that s
natural or synthetic. Element 20: wherein the ton exchange is effected with an ion exchange resin
selected from the group coumsisting of polymer resins, zeolites, clays, and combinations thercof.
Element 21; wherein the further reduced sodium content comprises a sodium content of less than
about 100, 50, or 10 ppm sodium. Flement 22 wherein the reduced sodium condent comprises a
sodiam content of less than about 230, 130, or 100 ppm sodium. Element 23 wherein the organic
stream and the water are present at a volumetric ratio m the range of from about 111 to about 10:1,
from about 1:1 to about 8.1, or from about 1:1 to about 3:1. Element 24: wherein the contacting of
(a}, the separating of {b), or both are performed continuously. Element 25 wherein the separatiog
of (b} is performed at a tomperature in the range of from about 15°C to abowut 85°C, from about 20°C
to abowut 70°C, or from about 30°C to about 60°C. Element 26: comprising a two phase system or a
three phase system. Element 27 wherein the carbon dioxide is provided as a gas clected from the
group consisting of pure carbon dioxide, other gases comprnising greater than about 50 volume
pereent carbon dioxide, and combimations thercof. Eloment 28: whercin the gas comprising greater

than about 50 volume percent carbon dioxide is a fhue gas. Flement 29 wherein the flue gas
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comprises greater than about 70 vohume percent carbon dioxide. Element 30. wherein at least a
portion of the contacting of (a) occurs in a Hguid-fiquid countactor. Element 31 wherein the hquid-
higud contactor is selected from the group consisting of mixer-decanters, iquid-liquid extractors,
mixer-separator devices, and combinations thercof.

{03069] While preferred embodiments of the disclosure have been shown and descrbed,
modifications thereof can be made by one skilled n the art without departing from the teachings of
this disclosure. The embodiments described herein are exemplary only, and are not intended to be
limiting. Many varnations and modifications of the techanoclogy disclosed herein are pogsible and are
within the scope of the disclosure.

106070} Numerous other modifications, equivalents, and alternatives, will become apparent to
those skilled in the art once the above disclosure is fully appreciated. It is mtended that the following
claims be interpreted to embrace all such modifications, equivalents, and alternatives where
applicable. Accordingly, the scope of protection is not linuted by the description st out above but is
onlv imited by the claims which follow, that scope including all equivalents of the subject matter of
the claims. Each and every claim is mcorporated nto the specification as an embodiment of the
present disclosure. Thus, the claims are a further description and are an addition to the detailed
description of the present disclosure. The disclosures of all patents, patent applications, and

publications cited herein are hereby mncorporated by reference.
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CLAIMS
What isclaimed is:
1 A method comprising :

(a) contacting an organic stream with water and carbon dioxide, whereby sodium is extracted from
the organic stream; and

(b) separating an agueous sodium salt-containing slurry phase from an organic phase comprising a
reduced sodium content relative to the organic stream,

wherein the organic stream and the water are present at a volumetric ratio in the range of from 1:1 to
about 10:1 ; and wherein

the organic stream is a heavy residue formed in the co-production of propylene oxide and styrene.

2. The method of claim 1, wherein the contacting in (a) comprises combining the carbon dioxide with

the water to form a CO2-saturated water stream, and contacting the CO2-saturated water stream with the
organic stream.

3. The method of claim 2 further comprising controlling the concentration of carbon dioxide in the
CO2-saturated water stream by controlling the temperature, the pressure, or both.

4, The method of claim 3, wherein the pressure isin the range of from atmospheric pressure to 500 psi.
5. The method of claim 3, wherein the temperature isin the range of from 5°C to 90°C.

6. The method of claim 1 , wherein the contacting in (a) comprises combining the organic stream and
the water to form a mixture, and injecting the carbon dioxide as a gas thereinto.

7. The method of claim 6, wherein the carbon dioxide gasisinjected at aflow rate in the range of from
1 wt% to 90 wt % of the combined mass of the organic and agueous phases.

8. The method of claim 6, wherein the contacting in (a) is performed at a pressure of greater than or
equal to atmospheric pressure.

9. The method of claim 1, wherein the separating in (b) further comprises separating a gas comprising
carbon dioxide, a carrier gas, or both; recycling at least a portion of the separated gas to the contacting of
(a); or both.

10. Themethod of claim 1, wherein (a) and (b) are performed in a single apparatus.

11. The method of claim 1 further comprising:

repeating (&) and (b) one or more times on the organic phase; subjecting the organic phase to ion
exchange; or both, to obtain an organic phase having a further reduced sodium content.

12. The method of claim 11, wherein the further reduced sodium content comprises a sodium content of
less than 100 ppm sodium.
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13.  The method of claim 1, wherein the reduced sodium content comprises a sodium content of less than
250 ppm sodium,

14. The method of claim 1, wherein the contacting of (a), the separating of (b), or both are performed
continuougly.

15. The method of claim 1, wherein the separating of (b) is performed at a temperature in the range of
from 15°C to 85°C.

16. The method of claim 1, wherein the carbon dioxide is provided by a gas selected from the group
consisting of pure carbon dioxide, other gases comprising greater than 50 volume percent carbon dioxide,
and combinations thereof.

17. The method of claim 1, wherein at least a portion of the contacting of (@) occurs in a liquid-liquid
contactor.

18. A method comprising:
(a) contacting a mixture comprising an organic stream and water with carbon dioxide gas; and

(b) separating an agueous sodium salt-containing phase from an organic phase comprising a reduced
sodium, content relative to the organic stream,

wherein the organic stream is a heavy residue formed in the co-production of propylene oxide and styrene.
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