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ALKYLENE OXIDE SEPARATION 5YSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

13001 | This application 1s filed under the Patent Cooperation Treaty, which claims the benefit of
prionty to U.S. Provisional Patent Apphication No. 62/626,338 tiled on February 5, 2018, whach is

incorporated herein by reference inits entarety .
TECHBNICAL FIELD

13002] This disclosure relates to a systemn and process for the purithication and recovery of propviene
oxtde which s tormed via the epoxadation of propvlene with hvdroperoxades dertved from oxadation
of 1sobutane, cthyl benzene, cvelohexane, aikvlates or cumene. More particularly, this disclosure
relates to a system and method that provide for reduced amounts of propviene oxide i purge streams,
and/or that tacibtate the separation of wmpurities, such as the separation of hght impurities 1 a first
extractive distillation column, thereby improving propylence oxade vields, improving purity. or both.
still more particularty, this disclosure relates to a svstem and method for the punfication and
recovery of propviene oxide via a configuration which first removes select heavy mmpuntics {(a

‘heavies-first” configuration).
BACKGROUND

HB0G3] Approxamately 143 bidbon pounds of propvienc oxide (PO} arc produced per vear.
Propviene oxide has many uses. Between 60 and 70% of the propyiene oxide 1s converted 1o
polvether polyols tor the production of polvurcthane plastics. About 209 of propviene oxade 1s
hvdrolyzed inio propylene giycol, via a process which 1s accelerated either by thermal reaction or by
acid or base catalysis. Other major products are polyvpropylene glyeol, propviene glyvcols cthers, and
propviene carbonate. To produce these end products, propviene oxide substantially free of
impuritics 1s needed.

13334} Mcthods of producing alkviene oxides including propviene oxade mvolve hvdrochlornation,
direct oxidation and epoxidation of its corresponding olefins by peroxide or hvdroperoxide. The
oxidates used m the epoxidation processes are dertved from secondary or tertiary hydrocarbons by
direct oxadation with molecular oxvgen. hence, the oxadates contamn oxygenate mmpurifics and
precursors. Additional oxygenate impurities are also gencrated wn the step of cpoxidation of olefins.
Crude alkviene oxades, such as propviene oxade, particularty those produced via epoxadation with
hydrocarbon oxadates, contamn amounts of oxygenated impuritics that are dithcult to separate from

alkviene oxides. The impuritics may include water, acids. aleohols, aldehydes, alkanes, ketones and
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esters. A necd exasts tor confinged tmprovement of systems and methods for separatimg alkviene
oxide from these impurity constituents of crude alkviene oxide streams.

HO005] Although the punity of crude propyiene oxide, for example from a propylene oxide and
tertiary butyl alcohol (PO/TBA) process, can be as high as 98.3%, the crude propylene oxide
gencrally contains close-bothing impurttics mcluding, without limitation, one or more of water,
methanol, methyl formate, tormaldehvde, acetaldchyde, acetone, propionaldehvde, 1sobutviene
oxide, aldehyde dernvatives and Cs-Cr hvdrocarbons. To meet conmmercial grade product propyvlene
oxtde specification, the tmpuntics are removed from the crude propylene oxide. Duc to close-boilimg
pomts, these impurtties are difficult to separate from the propviene oxude without using an ¢laborate
propviene oxide refining or punification scheme that involves extractive distillation technigues.
[3006] Traditonal propviene oxade purnfication includes the production of purge streams
comprising propyvicne oxude (also referred to as “slop propvlence oxide cuts’) that may equal from 18
to 22 weight percent of the propvience oxude entering the refining section n the crude propviene
oxide. Such purge streams comprsing propviene oxide are conventionally utilized to make
propviene glveol (PG) to capture added value with reduced equupment and ¢ncrey costs i the
propviene oxide refinmng/puriiication section. Keduction of PO 10sses in purge stream can provide
for greater overall recovery of product PO, which may be deswrable relative to making PG,

[O007] It remains a challenge to recover a purthied propylene oxude product contannmng low levels of
impuritics, such as aldehvdes and alcohols, particularly for propylene oxade produced from a free-
radical oxidation process, mchiding for example tert-butvl bydroperoxide processes. Accordingly,
unproved systems and methods are needed tor recovering propylene oxade, from effiuent streams of
vanous crude propylene oxide production methods, i a high state of purity without excessive 10ss

of propviene oxide product.
SUMMARY

{B008] Herem disclosed 1s a propyiene oxade separation system comprismg: a heavies distillation
column configured to receive a crude propyiene oxade stream and discharge a heavies purge botioms
comprising at feast onc mmpurity sclected from acetone, methanol, aldechydes, aldehyde denvatives,
water, 1sobutylene oxide, heavy hydrocarbons comprising s+, or combinations thercof, and
discharge a hecavies distillation column overhead stream comprising a majority of the propvicne
oxide entering with the crude propviene oxade stream: and a first extractive distillation column
configured to recerve the heavies distillation column overhead stream and an extraction solvent
stream comprising a hydrocarbon solvent, and discharge a lights purge overhead comprising at least

one mmpurity selected from aldchydes, methyl formate, methanol, water, s hydrocarbons, (4
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hydrocarbons, or combmations thercot, and discharge a rich solvent botioms stream comprising a
majority of the propylenc oxide entering via the heavics distiiiation column overhead stream.
0009] Also disclosed heren 15 a method comprising: (1) subjecting a crude propylene oxide stream
to non-solvent distillation i a heavies distillation column (o produce a heavies purge bottoms
comprising at least onc impurity seiccted from acctone, methanol, aldehydes, aldehyde dertvatives,
water, 1sobutylene oxude, heavy hydrocarbons compnising s+, or combinations thereof, and a
heavies distillation column overhead stream compnsing a majority of the propvlene oxade entering
i the crude propyiene oxide stream; {1t} introducing the heavies distillation column overhead stream
and an extractive distillation solvent stream compnsmg a hydrocarbon solvent mio a first extractive
distiiation column o produce a hghts purge overhead compnsing at least one impurnity selected from
aldechydes, methyl formate, methanol, water, s hydrocarbons, Cs hydrocarbons, or combinations
thereot, and a nich solvent bottoms stream comprising a majority of the propvlene oxide entering via
the heavies distillation column overhead stream: (111} removing a side draw trom the first extractive
distillation column mto a decanter apparatus, and therein allowing the formation of an aqueous phase
purge compnsing watcer and methanol, one or more glycols, or a combination thercotf, and an organic
phase strean comprising propyviene oxide and the hydrocarbon solvent; and (v} introducing the rich
solvent bottoms stream from the tirst extractive distiflation column nfo a first solvent stripper to
produce a first solvent stripper overhead comprising a majority of the propviene oxide enicring the
first solvent stripper via the nich solvent bottoms strecam and a first solvent stripper bottoms
comprising lcan hvdrocarbon solvent.

13010] Also disclosed herem 1s a method comprising: (1) subjecting a crude propyiene oxade stream
io non-solvent distillation m a heavies distillation column to produce a heavies purge botioms

comprising at fcast one mmpurity sclected from acetone, methanol, aldchydes. aldehvde dernvatives.,

water, 1sobutylene oxide, heavy hvdrocarbons comprsing Cs+, or combinations thercof, and a
heavies distillation columm overhead stream comprising a2 majonty of the propylene oxide entenng
i the crude propylene oxade stream; {11} introducing the beavies distillation column overhead stream
and a tirst cxtractive distiliation solvent stream comprising a hydrocarbon solvent mto g first
extractive distillation colummn (o produce a lights purge overhead comprising at least one impunty
selected from aldchydes, methyl formate, methanol, water, 3 hydrocarbons, C4 hydrocarbons, or
combinations thercof, and a rich solvent bottoms stream comprising a majority of the propvlene
oxide entermge via the heavies distillation column overhead stream; (in) infroducing at lcast a portion
of the lights purge overhead from the first extractive distillation column into a decanting apparatus,
and therein allowing the formation of an agueous phase purge comprising water and methanol. one
or more giveols, or a combmation thereof, and an organic phase stream comprismg propylene oxide

and the hvdrocarbon solvent; and (v} mtroducing the nich solvent bottoms stream from the first

(a
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extractive distulation column mto a first solvent stnpper to produce a first solvent stripper overhead
comprising a majority ot the propvicne oxide entening the furst solvent stnipper via the rich solvent
bottoms stream and a first solvent stripper bottors comprising lean hydrocarbon solvent.

13011] While multiple embodiments are disclosed, still other embodiments will become apparent 10
those skilled m the art trom the following detailed description. As will be apparent, certain
ermbodiments, as disclosed herein, are capable of moditications in vanous aspects without departing
from the spirtt and scope of the claims as presented herein. Accordingly, the detalled description

herem below s to be regarded as illustrative 1 nature and not restnctive.
BRIEF DESCRIPTION OF THE DRAWING

13012] The followmng figure illustrates an embodiment of the subject matter disclosed herein. The
claimed subject matter may be understood by reference to the following description taken 1o
conjunction with the accompanying figure, i which:

10013] FIG. 1 15 a schematic of a propyiene oxide separation system 100 according {6 an
cmibodiment of thus disclosure;

10014 F1G. 2 15 a schematic of a propviene oxade separation systern 100A according 1o an
embodiment of this disclosure;

13015] Fls. 3 15 a schematic of a propviene oxide separation system 100B accordmg o an
embodiment of this disclosure:

13016] FIG. 4 15 a schematic of a propvlene oxade separation system 100C accordmg 1o an
embodiment of this disclosure; and

10017] FiG. 5 15 a schematic of a propyiene oxade separation system 100D according to an

embodiment of thus disclosure.
DETAILED DESCRIPTION

{verview

13018] The present dasclosure may be understood more readily by reference to the following detasled
description of various embodiments as well as to the examples mciuded thercin. As used herein, a
‘majority’ refers to greater than 30 weight percent.

B019] This disclosure relates to a system and method for removing impurities from a crude
pvropviene oxade strecam. Propvlene oxade (PO} s also known as epoxypropane, propyiene epoxide,
i.2-propviene oxude, methvl oxirane, 1.2-cpoxvpropane, propene oxide, methyl cthvlene oxade, and
methylethylene oxade. PO mayv be produced m a PO/TBA process, m which PO and tert-butanol
(TBA, also known as Z-methyl-2-propanol and tert-butanol} are formed. In such a PO/TBA process,
isobutane (1B}, also known as 2-methylpropane, can first be reacted with oxvgen to form tert-butyi

hydroperoxide (T BHP), also known as 2-methyipropane-2-peroxol. Subscquently, propviene {also

4
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known as propene} can be reacted with TBHP 1n the presence of a catalyst to form PO and TBA.
Since this method produces both PO and TBA it 1s referred to herein as a PO/TBA process.

13020] The crude propylene oxade punified via the heremn-disclosed system and method may be
produced via any process known m the art. In embodiments, a crude PO stream purthied via the
hercin disclosed system and method 1s formed m a PO/TBA process. Production of a crude PO
stream, for example trom a PO/TBA process, 1s known 1o those skilled m the art.

100211 The POYTBA process can also yicld a vancty of unwanted side products or close-boiling
unpurities, which remain m the crude PO, Withouot wishing to be bound by theory, non-selective
reactions can fake place o produce the mmpurntics. Such tmpunties can mclude, without hmitation.,
acetone, alcohol(s) such as, without hmitation, methanol, formaldechyde, propionaldehvde, water,
tormiuc acid, methyl formate, acetaldehyde, hyvdrocarbons, aldehydes, 1scbutviene oxade and the hke.
By way of exampie such non-selective reactions can include, without linmitation, the production of
acetone and methanol from TBHP; the production, m the presence of oxygen, of formaldehyde and
water from methanol; the production, m the presence of oxygen, of formic acid from formaldehyde;
the production of methyl formate and water from formic acid and methancl; the production of
acctaldchvde and methanol from PU and water, or the ke, Other reactions and mmpurnitics are
possibie.

13022} The concentrations of these mmpunties that end ap in a crude PO stream from a PO/TBA
process can vary, and removal thercof 1s effected to provide a punfied PO product. Herein disclosed
arc a system and method for removing umpuntics from such a crude PO streami. B has been
unexpectedly discovered that removing a heavies cut upstream of extractive distillation enhances the
ctiectiveness of the downstrecam extractive distillation. Without wishing (o be limited by theory, the
removal of aldchydes and/or aldehyde denvatives {e.g., formaldchyde and/or methviene glveol
and/or dimethoxvmethane} as a heavy (heavies) m the bottoms of an upstream heavies distitlation
column as disclosed herem prevents or mamimizes the aldehydes and/or aldehyde denvatives from
travelling downstream where the potential exists for decomposition of the heavies at higher
temperatures to torm close-bouling impuritics {e.g.. methanol, watcer, formaldehyde) that may end up
i the puntied PO product. Such aldehyde denvatives (e g, formaldehvde denvatives) can form
rapidly, but be unstable, making quantification thercot difficult.

130231 A propvlence oxade separation system and method {(also referred to herein as a PO separation
system or method or a propviene oxide purtfication system or method) will now be described with
reference to Figure 1, which 1s a schematic of a PO separation system 100 {also reterred to as a PO
purtfication system ) according to an cmbodiment of this disclosure. For the sake of clanty, the
respective reboiler and overhead condenser (including any reflux svstem) for cach column {other

than the condenser and associated reflux for first extractive distillation column 120} are not shown

(P
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mn Figure 1. A system and method of this disclosure provide for separation of heavies from a crude
PO stream via (non-solvent) distitiation prior 10 {e. 2., upstrcam of} further separation of mmpuritics,
such as, without limitation, extractive distillation to remove a hights purge stream, solvent stnipping
to provide a lean solvent for recycle, separation of a PO product via extractive distillation, separation
ot a hydrocarbon purge from a lean solvent stream which may be recveled, and the like. Forexampie,
PO separation system 100 comprises heavies distillation column 110 configured to separate heavies
from a crude PO stream introduced thereto, thus providing a heavies purge bottoms and a heavies
distitiation column overhead stream comprising PO, said heavies distillation column 110 bemg
iocated upstrean from: an extractive distullation column {(also referred to herein as a “first extractive
distitlation column as systems may further compnse a second extractive distillation column
downstream therefrom) 120 configured for distillation of the heavies distillation columm overhead
stream, thus providing a hights purge overhead and a first extractive distillation cohumn bottoms
comprismg PU; a solvent stripper 130 {also referred to herein as a “first” sobvent stripper as a second
solvent stripper may be utilized downstream therefrom) contigured to separate the first extractive
distitiation column bottoms comprising PO mto a first solvent stripper bottoms comprising lean
soivent and a first solvent stripper overhead comprising PO:; a second extractive distiliation column
140 configured to separate from the tfirst solvent stripper overhead compnsing PO an overhead PO
product from a second extrachive distillation column bottoms comprising rich solvent; and a second
solvent stripper 130 configured o separate a hydrocarbon purge overhead from the second extractive
distillation column bottoms comprising rich solvent to provide a second solvent stripper bottoms
compnising lean solvent,

13024] A crude PO stream 1s mntroduced into heavies distillation column 110 via crude PO inlet hing
101, Asnoted heremabove, n embodiments, the crude PO stream may be the product of the catalytic
cpoxidation of propvienc with an organic hvdroperoxide, for example the crude PO stream may be
a PO/TBA process effluent stream. The PO/TBA process effhuent stream may not have undergone
any separation or distillation step to remove mmpurtties prior to beimng fed to heavies distidlation
column 110, In embodunents, the crude PO stream can be the product of a PUO/TBA process, as
described heremabove. The crude PO sticam comprises pnmardy PO, and further comprises at least
one tmpurity to be removed via the herein disclosed system and method. 'The crude PO stream may
comprise a propyvlene oxade punty of less than or equal to 96, 97, 98, or 99 weight percent propviene
oxide.

[3025] The crude PO stream 101 can include, but 1s not hnited to, any combination of the mmpuntics
mentioned heremabove along with the desired product, propviene oxide. As noted hercinabove, the
unpurity can comprise onc or more impurities selected from methyi formate, acctone, alcohols

(includimg, without hnutation, methanol), 1sobutviene oxade, aldehydes and aldehvde denvatives
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such as methviene ghveol (CAS 463-57-03 and/or methoxymethanol {({CAS 4461-52-3}. water, hight
hydrocarbons (e.g., hvdrocarbons comprsing three or more carbon atoms ((s+). hydrocarbons
comprising three carbon atoms (C3), hvdrocarbons comprising four carbon atoms (i), or a
combation thereot), heavy hydrocarbons {(e.g., hydrocarbons comprising five or morg carbon
atoms {{s+}, hvdrocarbons comprising six or more carbon atoms {(Cet), hvdrocarbons conprising
five carbon atoms {{Us), hvdrocarbons compnising six carbon atoms (Cs}, or a combination thercot),
and the hke. In embodiments, the mmpurity compnses at least ong selected {rom acctone, water,
formaldchyde, methanol, formuc acid, methyl formate. acetaldehvde. propionaldehyde, 1sobutyiene
oxide, formaldchyde denvatives, {3~y hydrocarbons (which may comprise primardy Cs propylenc
dimers), and the hike. Aldehydes can mnclude formaldehyde, acetaldehvde, or the hke., Aldehyde
dertvatives, such as formaldchyde denvatives, mclude heavier reaction products of the
corresponding aldehyde. Such formaldehvde dertvatives may mclude, without linutation. one or
nore hemiacetals, such as without hmitation methviene giveol {CAS 463-57-0), henuacetals (such
as without limitation, methoxymethanol (CAS 4461-52-3), propviene glycol hemiformal, or the
like). acetals (such as. without himdtation, dimethoxymethane), paratormaldehyde, or combinations
thercof,

1{3026] Methy! formate can be present i the crude PO stream m an amount within a range having a
lower hmat and/or an upper himit, cach expressed as a weight percentage of the total composition of
the crude PO stream. The range can mnclude or exclude the lower limit and/or the upper hmut. The
methyl formate lower it and/or upper lunit can be sclected from 0, 0.01, 0.02, 0.03, 0.04, 0.05,
006, 0.07 008,009, 0.1, 011,012, 0,13, 0.14, 0,15, 0.16, 0.17, 0.18, 0.19, 0.2, 021, 0.22, 0.23,
0.24, 025,026,027 028, 029, 03,031, 032, 033 034, 035 036,037, 038,039 04, 041,
042,043,044, 045,046, 047,048,049, 05,051,0.52, 053,034, 0.55, 056,057,058, 0.39,
0.6, 0.61, 0.62, 063,064, 0.65, 0.66, 3,67, 068,069, 0.7, 071,072, 073,074, 075,076, 0.77,
0.78, 0.79, 0.8, 0.81, 0.82, 0.83, 0.84, 085, 0.86, 0.87, 0.88, 0.89, 0.9, 491,092 0.93, 0.94, .95,
0.96, .97, 098, 0.99, 1, 2, 3, 4, 5, and 10 weight percent. For example, methyl formate can be
present i an amount of greater than 0.02, 0.04, or .06 weight percent of the total composition of
the crude PO stream.

13027F One or more alcohols, such as, without hntation, methanol can be present m the crude PO
stream 1 an amount within a range having a lower imut and/or an upper himit, cach expressed as a
weight percentage of the total composition of the crude PU stream. 'The range can include or exclude
the lower limat and/or the apper limat. The one or more alcohols (e g., methanol} lower it and/or
upper limit can be selected from O, 0.001, 0.002, 0.003, 0.0031, 0.0032, (.0033, 0.0034, 0.0035,
0.0036, 0.0037, 0.0038, 0.0039, 0.0139, 0.0239, 0.0339, 0.0439, 0.0539, .0639, 0.0739, 0.0839,
(0.09309, 0.1039, 0.1049, 1039, 01069, 0.1079, 0.1059, 01099, 0.1109, 0.1119, 0.1129, 0.1139,
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(3.1149. 0.1159. 0116, 01161, 0.1162, 01163, 01164, 0. 1165, 01166, 0.1167. 0.1168, 0.1169.
0117, 00171, 0. 1172, 01173, 00174, O 0175, 00176, 01177, 02177, 03177, 04177, 05177,
0.6177, 07177, 08177, 09177, 1, 2, 3,4, 3, and 10 weight percent. For example, methanol can be
present in an amount greater than (.003, 0.03, 0.1172, or 0.3 weight percent of the total composition
ot the crude PO stream.

3028] Acctaldehvde can be present i the crude PO stream i an amount withan a range having a
lower it and/or an upper hmt, cach expressed as a weight percentage of the total composition of
the crade PO stream. The range can include or exclude the lower it and/or the upper limit. The
acctaldchvde lower linut and/or upper limit can be selected from €, 0.01, .02, 0.03, 0.04, 0.05, 0.06,
0.07, 6.08, 009, 0.1, 011,012, 0.13, 014, 0.15, 0.16, 0.17, 018, 019, 0.2, 021, 0.22, 0.23, .24,
0.25, 026, 027 028,029, 03,031, 032,033,034, 035,036, 337 038,039, 04,041, 042,
043,044, 045,046,047, 048,049, 05,051,052, 0353, 054, 055,056, 037, .38, 0.59, 0.6,
0.61, 0.62,0.63, 064,065, 066,067,068 069 07, 071,072, 073,074, 075,076,077, 078,
(079, 0.8, 0.81, 0.82, 0.83, 0.84, 085, 0.86, 0.87, .88, .89, 0.9, 09), 0.92, 0.93, 094, 0935, (.96,
.97,098.099, 1.2, 3.4, 5. and 10 weight percent. For example. acetaldehvde can be present in an
amount of greater than 0.03, 0.01, or §.005 weight percent of the total composition of the crude PO
stroam.

13029 Formaldehvyde can be present m the crude PO stream m an amount within a range having a
lower it and/or an upper limit, cach expressed as a weight percentage of the total composifion of
the crude PO stream. The range can mclude or exclude the lower inut and/or the upper himit. The
tormaldehvde lower limut and/or upper hinut can be sclected from O, 0.001, 6.002, 0.003, 0.004,
0.005. 0.006, 0.007, 0.008,0.009_ 0.01, 0.02.0.03,0.04,0.05,0.06,0.07, 008,009 0.1,0.11, 0.12.
0.13,0.14, 0.15, 0.16, 0.17, 0.18, 0.19. 0.2, 021, 0.22, (.23, 024, 0.25. 026, 0.27, 0.2%, 4.29, 0.3,
0.31,032,033,034,035, 036,037, 038,039, 04 041,042,043, 044,045, 046,047,048,
0.49, 0.5, 051, 052,053, 0.34, 0.55, 056, 057, 038, 3.39, 0.6, 0.61, 8.62, 0.63, 0.64, 0.65, (.66,
0.67. 0.68, 0.69, 0.7 071,072,073, 074,075, 0.76. 077,078, .79, 0.8, 0.81, 0.82. 0.83, (.84,
0.85, 086, 0.87, 088,089, 09 091 092, 093,094,005, 096,097,004, 099 1,72, 3 4,35, and
FO weight percent. For example, formaldehyde can be present in an amount of greater than 0,003,
(0.003, 0.01, or .02 weight pereent of the total composition of the crude PO stream,

HBO30] Water can be present in the crude PO stream 1mn an amount within a range havimg a lower
iunit and/or an upper himit, cach expressed as a weight percentage of the total composttion of the
crude PO stream. The range can mclude or exclude the lower homt and/or the upper hnnt., The water
lower limit and/or upper himit can be selected from 0, .01, 0.02, 0.03. 0.04, 0.05, 0.06, 0.07, 0.03,
0.09 0.1, 011,012, 013,014, 0.15, 0.16, 017, 0.18, .19, 0.2, 021, 0.22, 0.23, 0.24, 025, (.26,
(027 028,020 03,031, 032,033,034 035 036,037 038,039 04, 041,042 043, 044,
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045, 046,047 048,049 05,051,032, 053,054, 055,036, 0537038, 059, 0.6, 061, .62,
0.63,0.64, 065,066,067 068 069 07 071, 072,073,074, 075 076,077, 078,079,038,
0.81, .82, 0.83, 0.84, 085, 0.86, 0.87, 088, 0.89, 0.9, 091, 0.92, 093, 094, 095,096, 0.97, (9§,
0.99 1,2, 3,4, 5, and 10 weight percent. For example, water can be present in an amount of greater
than U.16, (.2, 0.3, or 0.8 weight percent of the total compostion of the crude PO stream.

13031] By way of examiple, the crude PO stream may comprnise {each expressed as an average weight
percentage of the total composition of the ¢rude PO stream): trom 0.03 to 1.5, from 0.02 t0 1.0, or
from 8.01 to .07 weight percent methvl formate (Melb), from 0.05 to 1.5, from O.1 to 1.0, or from
0.2 1o 0.8 weight percent methanol (MceUH), from 0.001 to 0.03, from 0.003 to (.02, or from (.004
to 0.04 weight percent aldehydes and/or aldehyde denvatives, from 0.001 to 0.05, from 0.003 o
0.03, or from 0.006 to 0.04 weight percent acetaldehvde (AA), from 0.001 to 0.04, from 0.002 {o
0.03, or from 0.003 to 0.02 weight percent formaldehvde (FA), rom 0.05t0 1.3, from 0.1 10 1.0, or
from U2 to 0.8 weight percent water, from G.001 1o 4.5, from §.002 t0 0.4, or from 4.01 to 0.3 weight
percent hvdrocarbons, from .01 to 0.1, from 0.02 to .08, or from (.03 to .06 weight percent hght
hydrocarbons {Cs+ hvdrocarbons, s hvdrocarbons, {4 hydrocarbons, or a combination thercof).

from .01 10 0.2, from .02 to 0.15, or from (.03 to 0.1 weight percent heavy hvdrocarbons {(Cs+.

Ceot, (s, Ce, or a combmation thereot), or a combmnation thercof.

13032] Distillation of the crude PO stream within heavies distillation column 110 produces a heavies
purec bottoms which 1s removed from heavies distiliation column 110 via heavies distiliation column
bottoms lne 102 and a heavies distillation cohumn overhead stream which 1s removed from heavies
distillation column 110 via heavies distillation column overhead bine 103, The heavies distillation
column overhead stream comprises a majonty of the PU introduced imto heavies distillation column
110 via crude PO indet hine 101,

13033] Heavies distillation column 110 can be a non-solvent distillation column, and can be made
of any suitable material, mcluding but not imated to carbon steeld, stamless steel, fiberglass remtorced
polvmer {FRP). mickel allovs, and so on. Heavies distiliation column 110 can include any suitable
nwnber of theoretical stages or trays, for exampice, about 30, 60, or 100 theorctical stages. In
ernbodiments, the crude PO stream can be mitroduced to heavies distillation column 110 at least 15,
20, or 25% up from the bottom. In embodiment, the crude PO stream can be miroduced mio the
heavies distiliation columm 110 at or between any stage 5 to 20, mclusive, counting from the bottom
thereof. A packmg matenal can be emploved m the heavies distillation column to enhance vapor-
hgnd contact.  Packing materials can be made from any suitable matenal mcluding, without
limutation, glass. metal, plastic. or ceramic. The packimg can be structured or random. Trays such

as sieve travs, bubble cap trays or valve travs can also be used.
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13034] In cmbodiments, heavies distdlation columan 110 may be operated at temperatures i the
range of from 30 to 130 degrees Celstus (7C), from 35°C to 125°C or from 40°C to 100°C. In
embodiments, heavies distillation column 110 may be operated at pressures mn the range of from O
psig to 60 psig (from O kPa gauge to 414 kPa gauge), from 0 psig to 45 psig (from O kPa gauge (o
311 kPa gauge). or trom O psig to 25 psig {(from O kPa gauge to 138 kPa gauge).

{3035] Without wishing to be bound by theory, a PO separation svstem and method of thas disclosure
comprising upfront heavies removal via heavies distillation colummn 110 may provide for enhanced
removal of at least one aldehvde and/or methanol because of the removal effected via the heavies
removal of hemiacetals and/or acetals.  An aldebhyde (having formula RiCHO), such as
formaldchvde, can react with an alcohol (having tormula RoOH), such as, without hmitation,
methanol, to form a hemiacetal (having formula RiIHC(OHYOR:, where Ry and Rz can be, for
example, hvdrogen, or a Uito Ciealkvl, Examples of hemiacetals are methylene ghveol (CAS463-
37-0) and methoxy methanol (CAS 4461-52-3) or other compounds produced via aldchvde/alcochol
combinahion. Formation of an acetal can occur when the hydroxy! group of a hemiacetal becomes
protonated and 1s lost as water. In solvent systems. both formaldehvde and methanol would be lights
by themsclves, but hemiacetals and acetals formed therefrom can be heavy. Subsequently, if not
removed via the heavies purge bottoms from heavies distilation column |10 or the bights purge from
first extractive distillation column 120, these addition products can travel downstream {with the PO
i the rich solvent bottoms stream n first extractive distillation bottoms line 122 discussed herein
beliow) where temperatures may mcerease and the reaction reverse. When the reaction reverses, such
aldehvdes and/or alcohols can become undesirably tracked with the PO product.

13036] As a ligher amount of methanol and/or water i the crude PO stream mayv provide for
cohanced remwoval of aldchydes and/or aldebyde dertvabives {(such as. without hmuitation.
formaldehvde denvatives) via heavies distillation column 110, and a purer product PO stream {(e.g.,
in an overhead PO product stream exdracted from second extractive distillation column 140 via
second extractive distillation column overbead line 143, discussed further hereinbelow), a hine 104A
may be configured for the introduction of methanol into the crude PO stream, a line 1048 may be
configured tor the mtroduction of water into the crude PO stream, or both. In embodiments, water
and methanol are present m the feed to heavies distillation column 110 at the levels provided
heremabove. Water, methanol, or both may be added to the crude PO stream from a PO/TBA
process to provide a desired level of methanol and/or water within heavies distiliation column 110,
In embodments, an amount of methanol and/or water m the crude PO stream miroduced mito heavies
distillation column 110 may be adjusted {(via methano! addition via line 104 A and/or water addition
via ime 104B) to a desired level based on a total aldehvde concentration m the heavies distiliation

column overhead removed via heavies distillation column overhead line 103, In embodiments, the
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destred level of methanol in the feed to heavies distillation column 110 {7 e., the amount of methanol
i the crude PO stream or the amount of methano! m the crude PO stream combined with the amount
of methanol mtroduced via miet hine 104A) compnises from 0.05t0 0.7, tfrom 0.1 10 0.5, or from 0.2
to 0.4 weight percent methanol. In embodiments, the desired level of water i the feed to heavies
distulation column 110 ¢ e., the amount of water i the crude PO stream or the amount of water 1n
the crude PO stream combined with the amount of water mitroduced via mlet hne 104B) comprises
from 0.1 to 1.0, from 0.2 to 0.8, or from (.3 to (.6 weight percent water. Although methanol 1s
specifically noted herein, other alcohol{(s) may be emploved in an aicohol imniet line 104 A and/or may
be present n the crude PO stream miroduced via crude PO inlet hne 101, or elsewhere methanol s
mentioned heremn.

[3037] The heavies purge bottoms removed via heavies purge bottoms hine 102 may comprise one
or more heavies impurties selecied from acetone, methanol, aldehvdes and aldehyde dertvatives,
water, heavy hvdrocarbons (e, s+, {Cet, s, s or a combination thercof), acrolein,
propionaldehvde (PA). isobutviene oxide (IBQO), tormic acid, or combinations thercof.  In
cmbodiments, the heavies purge bottoms comprise at least one selected from acetone, methanol,
aldchvdes and aldchyde denvatives, water, heavy hydrocarbons, or combinations thercof.  1The
aldchvdes and aldehyde denvatives may comprise formaldehvde and/or formaldehvde derivatives.
In cmbodiments, the heavies purge bottoms removed from heavies distiliation cohumn 110 via
heavies purge bottoms line 102 comprises af least 10, 15, 20, 25, or 30 weight percent of the methanol
introduced with the crude PO stream via crude PO ndet hine 101, In embodiments, the heavies purge
bottoms removed trom heavies distillation column |10 viaheavies purge bottoms hine 102 comprises
at least 40, 45, 50, 35, or 60 weight percent of the water introduced with the crude PO stream via
crude PO indet hne 101,

{3U38] The heavies distillation column overhead stream removed via heavies distillation column
overhead hne 103 comprnises a majority of the PO mitroduced mto heavies distitlation cohumn 110
with the crude PO stream, and mav further compnse {cach expressed as an average weight
percentage of the total composition of the heavies distitiation column overhead streamy): from .02
to 0.08, from 0.03 to 0.07, or from .04 to (.06 weight percent methvl tormate (Mek}, from 0.1 {o
(.5, from 0.2 (o 0.4, or from 0.25 to 0.35 weight percent methanol (MeOH), from .005 to .05, from
(.01 10 0.04, or trom 0.015 to 0.03 weight percent aldehydes and/or aldehyde denvatives, from 0.002
to .04, from 0.003 to 0.03, or trom .004 to .02 weight percent acetaldehvde (AA), from 0.0 to
0.01, from 0.0 t0 0.005, or from 0.0 to 0.0001 weight percent tormaldehyde (FA), from .05 to 0.5,
from .03 to 0.4, or from 0.01 to 0.3 weight percent water, from 0.01 to 0.2, from 0.03 to 0.3, or
from 0.05 to 0.8 weight percent hyvdrocarbons, from (.005 to .08, from 0.015 10 0.1, or from 0.02

to 0.3 weight percent hight hvdrocarbons ({s+ hvdrocarbons, Us hydrocarbons, (4 hvdrocarbons, or
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a combination thercof}, from 0.001 t0 0.02, from {.002 t0 .01, or from 0.003 to G.008 weight percent
heavy hydrocarbons (Cs+ hyvdrocarbons, Cet+ hvdrocarbons, Cshvdrocarbons, (s hydrocarbons, ora
combination thercot), or a combnation thereot.

13039] The heavies distillation colummn overhead stream 1s mtroduced via heavies distillation column
overhead hine 103 mio an extractive distiliation column 120 (which, as noted hercinabove, mav be
referred to as a “hirst” extractive distitlation column in systems further comprising a second extractive
distiliation column downstream therefrom) configured for the removal of a first extractive distiliation
column overhead comprisimg a majority of the smpurities (for example, methanol) infroduced thereto
and a first extractive distillation column botioms comprising a majonty ot the PO miroduced nto
first extractive distillation column 120

13040] Furst extractive distillation column 120 15 operable to separate, via distillation with an
extraction solvent mntroduced thercto via first extractive distillation column exiraction solvent mlet
une 129, a tirst extractive distillation column overhead or “lights purge comprising at cast one
unpunty from a stream compnsmg a majonty of the PO mfroduced mto the first extractive
distiliation column via heavies distillation column overhead hne 103, In embodiments. the lean
cxtraction solvent mtroduced via first extractive distillation column extraction solvent mict bine 129,
as well as the lean extraction solvent mtroduced mto second extractive distitlation column 140 via
second extractive distillation columm extraction solvent milet line 131 {described herembelow), the
rich solvent, and the lean solvent referred to hercinbelow comprise a hvdrocarbon solvent comprising
one of more {s~L20 paratim, or one or more {s-Co paraftin.  For example, n embodiments, the
hvdrocarbon solvent comprises prunanly octane.

13041 ] Farst extractive distillation column 120 can be made of any suitable matenal, inchuding but
not limuted to carbon steel, stamiess steel, fiberglass reinforced polvmer (FRP), nickel alloys, and so
on. First extractive distillation column 120 can mclude anv switable number of trays or theoretical
stages, for example, about 25, 30, 335, 40 or 45 theoretical stages. In cmbodiments, the heavies
distiflation colummn overhead stream from heavies distillation column 110 may be mtroduced mto
first extractive distitiation column 120 vaa heavies distillation column overbead tine 103 at a position
from 45 to 83, from about 50 to 80, from 35 to 75, or at least 43, 50, or 55% of the way up from the
bottom of first extractive distillation column 120, A packing material can be employed m the first
extractive distillation column to enhance vapor-fiquid contact. Packing matertals can be made from
anv suifable maternal known to those of skill in the art mcluding, without limitation. glass, metal,
plastic, or ceramic. The packing can be structured or random. Travs such as sigve trays, bubble cap
trays or valve travs can also be used.

{3042} In embodiments, tirst extractive distillation colummn 120 can be operated at temperatures

the range of from 30 to 150 degrees Celsius (FO), from 40°C to 175°C, or from 30°C to 200°C. In
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embodiments, first extractive distiliation column 120 can be operated at pressures mn the range of
from 0 psig to 60 psig (from 0 kPa gauge to 414 kPa gauge), from 10 psig to 30 psig (from 69 kPa
gauge to 350 kPa gauge), or from 15 psig to 45 psig (from 104 kPa gauge to 311 kPa gauge). In
embodiments, first extractive distillation cohumn 120 can be an extractive distillation column as
described mn ULS. Patent No. 9,593,090, the disclosure of which 1s herchy mcorporated herem bv
reference m s entirety for purposes not contrary to thus disclosure. However, as described further
herembelow, utilization of heavies distillation upstream of first extractive distillation column 120
may ¢nable operation of first extractive distiliation column 120 at lower operating conditions than
those descnibed 1 U.S. Patent No, 9,593,080,

13043] The tirst extractive distillation column overhead or “hights purge includes at least one
mmpurity and 1s removed from first extractive distillation column 120 via a first extractive distillation
column overhead line 123, A cooler 124 mav be utiized to reduce the temperature of the first
extractive distillation column overhead miroduced thereto from first extractive distillation column
overhead e 123, In embodiments, cooler 124 15 operated to reduce the temperature of the first
extractive distilation column overhead {rom a temperature 1n the range of from 30°C to 65°C, from
70°C 10 B0°C, or from 357 to S0°( to a temperature n the range of from 40°C to 307, from 457C
to 70°C, or from 23 to 35°C.

[3344] Knock out (K/0) 121 may be utthized to separate a gas comprising uncondensed
component{(s} from a liguid comprising condensed component(s). An uncondensed component or
vapor purge outlet hne 125A may be operable to remove the gas comprising uncondensed
component(s) trom K/0 121, and a condensed component outlet line 126 may be operable to remove
a higud compnsing condensed componeni(s} from K/O 121, Components i the overhead stream m
first extractive distillation column overhead hoe 123 entering K/O 121 that are not condensed can
be purged from PO separation svstem 100 via vapor purge lme 125A. 'These non-condensed
components mn vapor purge line 123A may be sent to another process, discharged as waste, and the
like. It desired, the non-condensed components i vapor purge line 125A mayv be subjected to turther
local processing, such as 1 an additional condenser operating at lower temperature than that of K/O
j21, and so forth. In embodiments, the non~condensed components i vapor purge hine 125A may
inchide acetaldehyde, methyvl formate, and/or other undesired impunbies.

13045] A portion of the condensate from K/O 121 mayv be retumned as reflux to first extractive
distitlation column 120 via first extractive distillation column overhead reflux bine 126A. and a
portion of the condensate from K/O 121 may be removed from the system as a hiqud hights purge
via higuid hights purge hine 1268,

1{3346] The hghis purge removed via first extractive distitlation columm overhead hne 123, vapor

ghts purge 125A, and/or bquid lights purge hine 126B may comprise ong or more impurifics
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selected from aldchvdes (for example, acetaldchyde {AA). formaldehvde. etc.), methyl formatc
(ME)}, methanol (McUR), watcer, € (ie, hvdrocarbons comprising three carbons), s (ie..
hydrocarbons comprising four carbons), or a combmation thercot,

13047] In embodiments, first extractive distillation columm 120 15 further contigured to discharge a
side draw. For example, m the embodiment of Figure |, first extractive distillation column 120 1s
configured with a side draw lme 127, whereby a hqud side draw can be removed trom first extractive
distillation column 120, The hiqguid side draw m lime 127 from first extractive distillation column
120 can compnse PO, water, methanol, acetaldehyde. glveols, and/or other tmpurities and can be
mmtroduced to a decanter 115, Decanter 115 can facuitate the removal of water, glycol(s) and other
water-soluble mmpuntties from tirst extractive distitlation column 120 via an aqueous phase purge.
For example, the hguid side draw removed via hiquid side draw hine 127 can be combined with water
i water miet hine 128 and with solvent {e. 2., lean solvent), for example via decanter lean solvent
une 118 {(which may be fhudly connected with first solvent stripper 130, second solvent stripper 150,
or both, as described m more detail herembelow), and mitroduced via decanter feed hine 114 mto
decanter 113,

1{3048] Decanter 115 15 configured tor separation of an aqucous phase from an organic phase.
Although referred to as a “decanter’, m embodunents, decanter 115 comprnses one or more of a
mixer, a coalescer and a decanter. The mixer may comprise an ortfice muxer, a static mixer, or the
ike. Decanter 115 may comprise a decanter and/or water wash system as described 1o U S, Patent
No. 9,593,090, or anv other suttabic water wash and decantmg svstem, and may be referred to as a
‘water wash decanter’. An aqueous phase purge with a high concentration of wmpunties can be
purged from decanter 115 via aqueous phase purge outlet lime 116, The aqueous purge may
comprise, for example, water, methanol, onc or more glveols, methyvi formate, aldchydes {(tor
exampie, acctaldchvde, tormaldehyde, etc. ). aldehvde denvatives, other agueous phase impurnitics,
or a combmation thercot. 'The aqueous phase purge may comprise a majority weight percent of the
methanol and the water fed to decanter 113 1in decanter feed line 114, As noted heremnabove, and
without wishung to be himuted by theory, a source of giveol impuntics i PO separation system 100
may be vanous solvents therein that deteniorate over time 1 the presence of water and propviene
oxade, for mstance, to torm glycols. By removing the mmpuntics {(for example, water and propvlene
olyvool), the hydrocarbon solvent performance m PO separation system 100 may be mamtamned. In
cmbodiments, the agueous phase purge comprises trom 10 to 50, from 15 1o 45, or from 20 10 40
werght percent methanol, In embodiments, the aqueocus phase purge comprises from 0.1 f0 3.0, from

210 2.3, or from 0.3 to 1.0 weight percent of one or more glycols.
{30491 The organic phase can be removed trom decanter 115 via organic phase outiet line 117, The

organic phase may comprse, tor example, extraction solvent, propviene oxide, or a combmation
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thereof. In embodiments, the organic phase comprises from 50 to 935, from 60 to 90, or from 70 to
90 weight percent extraction soivent. In embodiments, the organic phase comprises from 5 10 30,
from 7 1o 25, or from 10 to 20 weight percent propylene oxade. The organic phase in orgamc phase
outlet line 117 and/or first extractive distillation column solvent milet lime 129 can include an amount
ot agucous phase within a range having a lower hhmit and/or an upper linut, cach expressed as weight
percentages. The range can mclude or exclude the lower himt and/or the upper imit. The lower
limat and/or upper it for the amount of the agucous phase m the organic phase can be selected
from 0, 0.01,0.02, 003,004 005, 0.1,02,03,04,05,07.1,2,3.4,5,6.7, 8.9, and 10 weight
percent.  For exampile, ess than (.17 of the aqueous phase can be present 1o the orgamic phase
cttluent of the wash or less than 10% of the aqueous phase can be present m the organic phase
ctihient of the wash,

H3050] The water wash in decanter 115 can be carnied out by combining the hiquid side draw n side
draw iine 127 {comprising propviene oxide and impuritics ) with water and solvent {e. 2., hvdrocarbon
solvent), The water supplied via water miet hine 128 can be used to remove impunties from
propvlene oxade. The water mtroduced via water mnlet ine 128 can comprise tap water, treated water.
demuneralized water, deiomized walcr, recovered process water, or a combination thercot. The
solvent supphied via decanter lean solvent hine 118 can be used to reduce propviene oxade loss nto
the water phase. Adequate muxing can promote mmpurify removal. Adeguate coalescing, and enough
residence tune 1 decanter 113 can also help reduce entramment of the agqueous phase m the organic
phase eftluent. 1t 15 noted that other configurations of first extractive distitiation colwn 120 and
decanter 115 are contemplated to form and discharge the agucous phase purge. For exampie, other
configurations are taught in U5, Patent No. 9,593,090

13051 Farst oxtractive distillation column extraction solvent miet line 129 1s configured to miroduce
extraction solvent mto first extractive distillation column 120 at a point m the range of from 65 o
935, from 65 to 90, from 70 to 90, or at least 60, 63, or 70% up from the botiom of first extractive
distidlation column 120, In embodiments, solvents recovered from decanter 115 1n the organic phase
can be recveled to first extractive distillation columin 120, such that PO and/or hyvdrocarbon solvent
theremn can be recovered or reused.

10052] The removal of hghts and aqueous purges via first extractive distillation column 120 and
decanter 115 15 effective m removing various hght mmpunitics. such as, without Iimutation, methyl
formate, formaldchyde, acctaldehvde, aldehvde denvatives, water, and methanol. This can help
keep hemiacetal and/or acetal formation low n first extractive distiliation column 120, As noted
herein heremabove, hemiacetal and acctal could undesirably enter mto the nich solvent bottoms 1n
first extractive distillation column bottoms line 122 and later breakdown in downstream columns

mto aldehydes and alcohols to contamnate the propylene oxade product, and removal of hemiacetals,
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acetals, and/or precursors thercof via heavies distiliation column 110, first extractive distillation
column 120, and/or decanter |15 may nununize the presence of umpurtties in the punified PO product
{e.g., the overhead PO product stream removed from second extractive distillation column 140 via
sceond extractive distillation column overhead hine 143},

053] Impurities removed via first extractive distillation coiumn 120 can include methvi formate,
tormaldehyvde, acetaldehvde, methanol, water, or combinations thereof. A majornity of the impurnitics
in the hghts purge overhead removed from first extractive distitiation column 120 via first extractive
distillation column overhead lime 123 can be removed through a combination of the vapor purge gas
in uncondensed component outlet line 1235A, the hguid hghts purge m hiquid hights puree line 1268,
and the agqueous purge m agqueous phase purge outlet ime 116 from decanter 115,

13054 A solvent stripper 130 {which may be reterred to herein as a “first” solvent stripper when a
second solvent stmpper 150 18 utilized dowastream thercirom) mayv be utilized to separate
hvdrocarbon solvent from the rich solvent bottoms stream removed from first extractive distiliation
column 120 and mtroduced mito first solvent stripper 130 via first extractive distillation column
bottoms ling 122

HB055] First solvent stnipper 130 may comprnise a traved stripper or a stripper contauung packang.
First solvent stnipper 130 can be made of any suitable matenal, includimg but not hmited o stamless
stecl, carbon stcel, fiberglass remforced polymer (FRP), nickel allovs, and so on.  First solvent
stripper 130 can include any suitable number of trays or theoretical stages, for example, about 0, 3,
10, or 13 theoretical stages. The nich solvent bottoms 1 first extractive distiliation column bottoms
tne 122 can be mtroduced mito tirst solvent stripper 130 at the top of the tray section or the packing
section. A packing matenal can be emploved m first solvent stripper 130 (o enhance vapor-ligaid
contact. Packing materials can be made from any suitable matenal. mcluding, without hmitation.
glass, metal, plastic, and ceramic. Hpacking s used, it can be structured or random, and the like. If
trays are used, the travs can be sieve travs, bubble cap trays or valve trays, and so on.

13356] [n embodiments, first solvent stripper 130 can be operated at temperatures m the range of
trom 80 to 200 degrees Celsius (7C), from 90°C to 1807C, or from 100°C 1o 1753°C. In cmbodiments,
first solvent stripper 130 can be operated at pressures m the range of from 0 psig to 40 psig (from 0
kPa cauge to 276 kPa gauge), trom 10 psig to 40 psig (from 6Y kPa gauge to 276 kPa gauge), from
13 psig to 30 psig (from 104 kPa gauge to 210 kPa gauge), or from 17 psig to 35 psig {from 118 kPa
ogauge to 244 kPa gauge).

13037] A first solvent stnipper overhead hine 133 1s configured for removal of a first solvent stripper
overhead comprising a majority of the propvlene oxide entering with the rich solvent bottoms stream,
and a first solvent stripper bottoms line 132 1s configured for removal of a first solvent stripper

bottoms comprsmg lean solvent. First solvent stnipper 130 may be thadly connected wath first

-
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extractive distiliation column 120 {for example via first solvent stripper bottoms line 132 and first
cxtractive distiiation column extraction soivent indet Une 129}, such that at icast a portion of the lean
solvent separated from the nich solvent bottoms stream in first solvent stripper 1340 can be mitroduced
into first extractive distillation column 120 as extraction solvent. Alternatively, or additionally, first
soivent stripper 130 may be fludly connected with decanter 115 {for example via a combination of
frst solvent stripper bottoms bne 132, fivst extractive distillation column extraction solvent inlet hing
129, and/or decanter lean solvent mnlet lime 113), such that at least a portion of the lcan solvent
separated from the nich solvent bottoms stream m farst solvent stripper 130 ¢an be miroduced into
decanter 115,

HB058] A second extractive distillation column 140 may be configured to separate the first solvent
stnipper overhead mnto a second extractive distidlation column overhead comprismg a PO product
stream comprising a majorty of the PO mtroduced 1nto second extractive distillation column 140
via the first solvent stripper overhead and a second extractive distitiation column bottoms comprising
rich solvent. Second extractive distillation column 140 15 operable to separate, via distillation with
an cxtraction solvent, a second extractive disttllation column or PO product” overhead comprismg
a majorty of the PO introduced mio second extractive distillation column 140 via first solvent
stripper overhead hine 133 from a second extractive distillation column bottoms comprising rich
solvent. The second extractive distillation colomn overhead compnsing PO product 1s removed from
second extractive distillation column 140 via a second extractive distiliation colurmm overhead line
f43. A sccond extractive distiliation column bottoms hne 142 can be configured to remove the
second extractive distillation cohumn bottoms compnsing nich solvent from second extractive
distillation colummn 140, Extraction solvent can be introduced mto second extractive distiliation
column 140 via a second extractive distiliation column extraction solvent miet line 131, which may
be thudly connected with a sccond solvent stripper 150, as described further herembelow. The
extraction solvent may be mtroduced mto second extractive distillation column 140 at a pomnt 30 o
0%, 60-90%, or 50 1o 85% up from the bottom.

3059 Sccond extractive distillation column 144 can be made of any suitable matenal, including
but not linuted to carbon steel, stamless steel, fiberglass remtorced polymer (FRP), nickel alloys,
and so on. Second extractive distillation column 140 can mclude any suitable number of trays or
theoretical stages. for example. about 50, 40, or 30 theoretical stages. In embodiments, the first
soivent stripper overhead 1 first solvent stripper overhead line 133 from first solvent stripper 130
may be mntroduced mto second extractive distitlation column 140 at a pomt a munmmum of 15, 20, or
25% up from the bottom thereof. A packimg matenal can be emploved in second extractive

distiliation column 140 to enhance vapor-hguid contact. Packmg matenals can be made from any
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stirtable material including, without himitation, glass, metal, plastic, or ceramic. The packing can be
structurcd or random. frays such as sicve trays, bubble cap travs or valve trays can also be used.
3060] In emboduments, second extractive distillation colummn 140 can be operated at temperatures
in the range of from 30 {o 250 degrees Celsius (U}, from 4070 to 20070, or from 45°C to 175°C.
In embodments, sccond extractive distillation column 140 can be operated at pressures in the range
of from 0 psig to 60 psig (from 0 kPa gauge to 414 kPa gauge). from 3 psig to 50 psig (from 35 kPa
cavge to 350 kPa gauge}, or from 10 psig to 40 psig (from 69 kPa gauge to 276 kPa gauge).

13061 ] The PO product removed from seccond extractive distiliation column 140 via second
cxtractive distillation column overhead Ime 143 may comprise less than 0,014, 0.005, 0.004, 0.003,
0.002 or 0.001 weight percent {less than 100, 50, 40, 30, 20 or 10 ppm) methanol, less than 0.010,
0.005, 0.004, 0.003, 0.002, 0.001 or 0.0005 weight percent (less than 100, 30, 40, 30, 20, 10 or 5
ppm} methvl formate, less than 0.025, 6.010. or 6.005 weight percent {less than 230, 100, or 30 ppm}
water, less than 0.005, 0.002, or 0.001 weight percent (less than 50, 20, or 10 ppm) acetaldchyde,
lgss than 0.001, 0.0005, or 0.0001 weight percent (Jess than 10, 5, or | ppm) tormaldehvde and/or
aldchvde dernvatives, or a combination thereot. The propylene oxude purity of the overhead PO
product i sccond cxtractive distillation column overhead line 143 (7e, the distiliate of second
extractive distiflation column 140) may be greater than or equal to Y9.0, 99.9, Y9 U8, or Y9 .YY weight
percent propviene oxide. Such a purificd PO {e.g., having a PO punty of greater than or equal to
99.0, 99.9, 99 98, or Y999 weight percent propviene oxide) may be referred to herem as a “pure PO,
A PO separation system 100 and method of thus disclosure comprising upfront heavies removal may
oive a relatively high vield of greater than or equal to Y0, 93, or 98 weight percent PO recovery from
the crude PO stream 1n the crude PO nlet lme 101 nto the PO product mn the condensed second
extractive distiliation column overhead wn second extractive distillation column overhead line 143
sent as distillate product.

[3062] Scoond extractive distillation cohumn bottoms lime 142 can be configured to mircduce the
second extractive distillation column bottoms comprising rich solvent into a second solvent stripper
150, Second solvent stripper 150 may comprise a distilation colummn. Second solvent stripper 130
can be made of any suitable matenal, including but not himted to stamless steel, carbon steel,
fiberglass remforced polvmer (FRP), nickel alloys, and so on. Second solvent stripper 150 can
mclude any suutable number of theoretical stages. for example, about 30, 23, 20, 15, or 10 theoretical
stages.  1he sccond extractive distiliation column bottoms comprising rich solvent m second
extractive distillation column bottoms line 142 can be miroduced mto second solvent stripper 150 at
a point 6G% to 93%., 65% to 90%. or 70% to 83% up from the bottom thereot. A packing matenal
can be emploved in sccond solvent stripper 150 to enhance vapor-hiquid contact. Packing matenals

can be made from anv surtable matenal, mcludmg, without himtation, glass, metal, plastic, and

o
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ceramue. If packing is used, 1f can be struchired or random, and the hke. H trays arc used, the trays
can be sieve travs, bubble cap trays or valve trays, and so on.

1303631 In ecmbodiments, second solvent stripper 130 can be operated at temperatures i the range of
from 40 to 200 degrees Celsius (PC), from 45°C to 1907, or from 45°C to 130°C. In embodiments,
sccond solvent stripper 150 can be operated at pressures in the range of from 3 psig to 43 psig (from
35 kPa gauge to 311 kPa gauge), from 5 psig to 30 psig (from 35 kPa gauge to 207 kPa gauge), or
from 13 psig to 45 psig {(from 104 kPa gauge to 311 kPa gauge).

13064] A sccond solvent stripper overbead hine 153 can be configured for the removal of a hight
hydrocarbon purge strcam comprsing hvdrocarbon impuritics, such as, but not himuied to, Cs, Ce
and/or {7 hydrocarbons. In embodiments, the Light hvdrocarbon purge m second solvent stnipper
overhead hine 133 comprises primanly Cs, primartly 7, or a combmation thereot. For example,
such hvdrocarbon mpurities iclude, without limutation, Z-methvl pentane, propviene glycol methyi
cther and varous s+ hydrocarbons. {Although referred to as a light hydrocarbon purge, the
hvdrocarbons m the hight hydrocarbon purge may be considered “heavy’ hydrocarbons relative {o
the hvdrocarbons (primandy Cs and C4) removed via iquud lights purge line 126B.) A second solvent
stripper bottoms line 132 can be contfigured for the removal ot a second solvent stnpper botioms
comprising lean solvent (e.g., primarnily Cs~Cze hvdrocarbon(s), for exanmple, primaniy octane). In
cmbodinent, at lcast a portion of the lean solvent 1n the sccond solvent stripper bottoms can be
mtroduced via second extractive distillation column extraction solvent mlet line 151 into second
extractive distiliation column 140, as discussed hercinabove. In embodmments, at fcast a portion of
the lean solvent mn the second solvent stripper bottoms can be mtroduced via second solvent stnipper
bottoms hne 152 mio first extractive distillation column 120 via first extractive distillation colummn
cxtraction solvent mlet ine 129, In embodunents. af least a portion of the lean solvent in the second
solvent stnipper bottoms can be miroduced via second solvent stripper bottoms line 152 mto decanter
15 via first extractive distiliation colummn extraction solvent miet line 129, waltcer wash decanter lean
solvent hine 118 and/or decanter feed hine 114,

{3065] Fisure 2 1s a schematic of a propyvlene oxide separation svstem 100A accordmg to another
ermbodiment ot thas disclosure. In the embodiment of Figure 2, side draw bine 127 ot the embodiment
shown m Figure 1 15 replaced by ine 1260, Line 126( can be configured such that a portion of the
condensate from K/ 121 can be combined with decanter lean solvent hine 118 1n combined ling
FISA. Addiionally, 1in the embodunent of Figure 2, organic phase in orgamic phase outlet hine 117
from decanter 115 can be directed to furst extractive distillation column 120, In some
implementations, organic phase m orgamic phase outlet line 117 can be combined with first extractive
distillation column solvent n first extractive distilation coluran solvent miet line 12Y before entering

first extractive distillation column 120,
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13066 Figure 3 15 a schematic of a propylene oxide separation svstem 100B according to anocther
cmbodiment of this disclosure. In the embodmment ot Figure 3, side draw lme 127 1s sinularly
replaced by hine 126C, whereby a portion of the condensate trom K/O 121 can be combined with
decanter lcan solvent mn decanter lean solvent ling 118 m combined hine 118A. In contrast to the
cmbodiment of Figure 2, i propviene oxide separation svstem 1008 of Figure 3, organic phase in
organic phase outict line 117 trom decanter 115 can be directed to second solvent stripper 150, In
embodiments, such as shown in Figure 3, organic phase in organic phase outlet ine 117 can be
combined with second extractive distitiation column botioms n second extractive distillation column
bottoms line 142 betore entering second solvent stripper 150,

0067} Figure 4 18 a schematic of a propviene oxide separation svstem: 100C according to another
cmbodiment of this disclosure. In the embodiment of Figure 4, liquid hghts purge n liguad hights
purge hne 126B can be fed to decanter 115, In embodiments, liquid lights purge line 126B may be
combined mto decanter feed hine 114 before bemng mtroduced to decanter 115, Additionally, n the
cernbodmment of Figure 4, organic phase m orgamc phase outlet line 117 from decanter 115 can be
directed to first extractive distillation column 120, In embodiments, as shown i Figure 4, organic
phase 1 organic phasc outict hine 117 can be combined with first extractive distilation column
solvent mnto first extractive distitlation column solvent milet iine 129 before entering fivst extractive
distittation column 120,

13368} Figure 5 1s a schematic of a propvlene oxade separation system 100D according to another
cmbodiment of this disclosure. In the embodiment of Figure 5, liguid hights purge in hquud lights
purge line 1268 can be fed to decanter 113, In emboduments, hguwid bights purge hine in iguad hights
purge line 126B mav be combined into decanter feed line 114 before bemg introdaced to decanter
115, Addiionally, m the embodiment of Figure 5, organic phase m organic phase outlet ing 117
from decanter 15 can be directed to second solvent stopper 150, In embodiments, such as that in
Figure 3, organic phase m organic phase outlet hne 117 can be combined with second extractive
distiflation column bottoms m second extractive distiliation column bottoms hing 142 before entenng
sccond solvent stripper 150,

Features/Potential Benefils

13069] The svstem and method of this disclosure provide for heavies removal from a crude PO
stream as an upstream step 1 a PO punfication process. In embodmments, heavies removal 15 the
first step i a PO punfication process according to this disclosure. In embodiments, heavies removal
via non-solvent distillation 1s the sole distillation step upstream of (a first) extractive distillationin a
PO punfication process according to this disclosure. In embodiments, a svstem of this disclosure
comprises no non-soivent distiliation columm upstream of a first extractive distillation colunmmn other

than the heavies distillation column. In embodiments, a method according to this disclosure
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comprises no non-soivent distillation upstream of the first extractive distillation. other than the
heavics distiliation colummn.  in embodiments, downstream scparations {e.g., a first exiractive
distilation column, a sccond extractive distillation column, or both) may be cftected at lower
temperatures than corresponding separations/units of a similar system absent the upstream heavies
removal of this disclosure. In cmbodiments, a system of this disclosure comprises no caustic mixer
and/or backwash column as desertbed 1 US. Patent No. 6,593 090,

13070] In embodiments, the total PO purge, which 1s the total PO 1 the combmed Hlows of (a} the
heavies purge bottoms extracted from heavies distillation column 110 via heavies purge bottoms ling
102, (b} the hights purge extracted from first extractive distillation column 120 via first extractive
distitlation column overhead vapor purge hine 123A and hguid hghts purge ine 1268, (¢) the hight
hydrocarbon purge stream extracted from sccond solvent stnpper 150 via second solvent stripper
overhead line 153, and (d} the agueous phase purge extracted from decanter 115 via agueous phase
purec outlet line 116, comprise less than orequal to 18, 17, 16, 15, 14, 13, 12, 11, 10,9, %, 7, 6, 5,
4, 3,2, 1, 8.5, or 0.3 weight percent of the total PO in the crude PO stream fed to heavies distillation
column 110 {i e, the total PO m the crade PO fed to heavies distiliation colums 110 via crude PO
iniet ine 101}, In cmbodiments, the system or method of this disclosure i1s considered reduced siop
PO, and the total PO purge is lessthan orequal to 18, 17.5, 17, 165, 16, 155, 15, 14.5, or 14 weight
percent of the total PO mn the crude PO stream.  In cmbodiments, the system or method of this
disclosure 15 considered lower slop PO, and the total PO purge 1s less than orequal t0 8, 7, 6, 5, 4. 3,
2.1, 0.5, 03, or 0.1 weight percent of the total PO i the crude PO stream.

13071] By posittioning a non-solvent heavies distillation colunm at the front of the PO punfication
and removing a heavies cut from the botiom thereot, a purer PO stream can be introduced mito the
subseqguent cxtractive distillation column {e.g. first extractive distillation column 120).
Unexpectedly, removal of a heavies cut (which may remove aldchvdes and/or aldehvde denvatives
such as, but not limited to, formaldehyde and formaldehvde denvatives) with the botioms of the
uptront heavies distillation column 110 can. in embodiments, resukt m more efficient hghts removal
{e.2.. via lights puree overhead 1 first extractive distillation column overhead vapor puree lme 125A
and hauid bghts purge bine 126B) mn an extractive distillation colunm downstream from the heavies
distillation columm {e.g2., 1 first extractive distillation columm 120}, Ths may provide for faciltation
of production of a purttied PO product having a desired punty. In embodiments, the herem-disclosed
system and method provide tor removal of the purificd PO product as an overhead/distillate cut from
a downstream extractive distillation column {e.g., as overhead PO product sircam m second
extractive distillation column overhead line 143 from sccond extractive distillation column 140).
{3072] The herem-disclosed svstem and method comprising upstream heavics removal may provide

tor a decreased solvent tlow 1o a front loop compnising first extractive distillation column 120 and
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first solvent stnpper 130 relative to a conventional PO puntfication absent heavies removal upstream
of {a first) extractive distitiafion to remove a hights purge. dSuch a decreased solvent flow may, n
cmbodiments, comprise a reduction of at least 30, 40, or 50% m the volumetnc flow rate of first
solvent stripper bottoms line 132, for example.

30731 Upstream heavies removal as per this disclosure mav cnable introduction of crude PO
streams having relatively high amounts of water and methanol, for example, divectly to the PO
purthication system 100 (e g, directly to heavies distillation column 110},

13074] The tollowing cxamples merely tiustrate the system and method of this disclosure. Those
skilled 1 the art will recognize many vanations that are within the spirit of this disclosure and the

scope of the claims.
EXAMPLES

0075] Example 1. Referrmg to Figure 1, 3 Io/hr of crude PO was fed to heavies distillation column
110 at a point 15 10 25% up from the bottom thercot. Heavies distiliation column 110 was bult from
Z2-inch schedule 40 stamless stecl pipe, and contamed therein 195 mches of PRO-PAKR .24
stainless steel packing. The heavies distillation column pressure was mamtamned to a pressure of
approxamately 25 psig. Heat was applied to a reboiler at the bottom of heavies distillation column
110 10 order to take approxamately 90 to 95% of the feed overhead. The bottoms flow from heavies
distitlation column 110 was G.195 Ib/hr. The overhead vapors were condensed., and 4.5 tb/hr of the
condensed higuid was returned to the top of heavies distilation column 110 as reflux.

13076] The distillate from heavics distillation column 110 was fed to extractive distillation column
120 at a pomnt at least 60% up from a bottom thereof. First extractive distiliation column 120 was
made of 27 schedule 40 stamnless steel pipe, and contaimned therein 149 inches of PRO-PAK® (247
stanless stech packmg.  First extractive distillation column 120 was mamtamned at a pressure of
between 25 and 30 psig.  First extractive distiliation column 120 bad a hgwd side draw from a hat
tray, located approximately 80 to 85% of the way up the column from the bottom thercof. A pump
was used to control the side draw at 0.45 Ib/hr.

13077] Side draw higuid was muxed with 2.2 Ib/hr of lean solvent from the bottom of first solvent
splitter 130 usmg a static muxer and mtroduced into a decanter 115, Decanter 115 was constructed
of 2 mner diameter (11} glass pipe. An amount of .07 Ib/hr of agueous phase was coliected from
the base of decanter 115 and discarded. The upper laver from decanter 115 was mixed with 10 ib/hr
of lcan solvent from the bottom of first solvent sinpper 130 plus 1.3 ib/br of lean solvent from the
bottom of second solvent stripper 150 and pumped back mio first extractive distillation column 12
at a point between 73% to 85% up from the bottom thereof. Vapor from the top of first extractive

distillation columm 120 was condensed. An amount of 0,15 Ib/hr of the higuid condensate was taken
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as distillate. An amount of 0.57 Ib/hr of liguid condensate was returned o the top of first extractive
distitiation columm 120 as retlux. Sufficient heat was apphied (o the bottom of the first extractive
distitlation column 120 to generate enough vapor that the reflux drum level was held constant.
[3078] The bottoms from tirst extractive distillation column 120 was sent as feed 1o first solvent
stripper 130 at the top thereof. First solvent stripper 130, which was made of 27 schedule 40 pipe,
contamed 21 inches of packing of the same type as heavies distillation column 110 and first
extractive dustillation column 120, Sufficient heat was apphied to first solvent sinpper 130 to take
approximately 3.5 10 4.0 Ib/hr of distillate. "The bottoms of first solvent stripper 130 was used as
lcan solvent for first extractive distillation column 120 and decanter 113, as descnbed heremmabove.
{3U79] The overhead distillate from first solvent stopper 130 was condensed and pumped mto
second extractive distillation cohummn 140 at a pomnt 15 to 20% up from the bottom thercof. Second
extractive distidlation column 140 was made of 27 schedule 40 stainless sieel pipe. and contained
therem 116 mches of PRO-PAK® (.247 stainless steel packing. Second extractive distillation
column 140 was held at a pressure of approxamately 20 to 25 psig. Second extractive distillation
column 140 was also fed with 6.5 b/br of lean solvent from the bottom of second solvent stripper
130, This solvent was fed to second extractive distitiation colunn 140 at a pomnt 60 to 80% up from
the bottom thercot. The vapor from the top of second extractive distillation column 140 was
condensed, and 2.8 Ib/hr of this liguad was fed (o the top of second extractive distillation column 140
as reflux. The remamnder of the condensed higuid was recovered as punfied PO product.

{3080 The bottoms of second extractive distitiation column 140 was ted o second solvent stripper
§50 at a point 60 to 90% up from the bottom thereof. Second solvent strnpper 150 was made of 27
schedule 40 stanless steel pipe, and contained therem 190 mches of PRO-PAK® 0247 stamless
steel packing. Second solvent stripper 150 was operated at a pressure of approxamately 19 to 21
psig. The bottoms {lean solvent) from sccond solvent stripper 150 was divided between 1.3 ib/hr
sent to first extractive distliation column 120 and 6.5 Ib/hr sent to second extractive distillation
column 140. The overhead vapor trom second solvent stripper 130 was condensed. An amount of
i.2 Ib/br of condensed hiquid was fed to the top ot second solvent stripper 150 as retlux. An amount
of 0.032 Ib/hr of the condensed Liquid was taken as distillate. The compositions and flow rates of
the crude PO feed, the product PO, and the four purge or “tmpurity” streams for thus Example 1 are

shown 1 Table | below.
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Table 1. Data and Results from Example |
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{081} This example shows the recovery of about 97% of the propylence oxade m the crude PO feed
as substantially pure propvlenc oxade product.

13082] Example 2. Referring to Figure 1, 3 Ib/hr of crude PO was fed to heavies distidlation column
P10 at a pomt 15 to 25% up trom the bottom thercof. Heavies distulation column |10 was built from
2-inch schedule 40 stamless steel pipe, and contamed therein 195 mches of PRO-PAK® (.24~
staxnless steel packing. The heavies distillation column pressure was mamtamned at a pressure of
approximately 23 psig. Heat was applied to a reboiler at the bottom of heavies distillation column
P10 order to take approxamately Y3 to 99% of the feed overhead. The bottoms tlow from heavies
distitlation column 110 was (.093 Ib/hr. The overhead vapors from heavies distillation column 110
were condensed. and 4.3 tb/hr of the condensed Liguid was retumed to the top of heavies distillation

column 110 as reflux
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HB0B3] An amount of 2.9 Hwhr of distiliate from heavies distillation column 110 was ted to first
cxtractive distillation colummn 120 at a pomt at icast 60% up from the bottom thercof. Second
distitlation column 120 was made of 27 schedule 40 stainless steel pipe, and contained therein 149
inches of PRO-PAK® 0247 stamless steel packing. Second distitlation colomn 120 was mamtamed
at a pressure of between 25 and 30 psig. Sccond distilation column 120 had a liquud side draw from
a hat tray, located approximately 80 to 85% of the way up the column from the bottom thereot. A
pump was used to control the side draw at $.45 ib/hr.

13084 ] Side draw higuid was maxed with 2.2 Ib/hr of lean solvent from the bottom of first solvent
stripper 130 using a static nuxer and then mto a decanter 115, Decanter 115 was constructed of 27
1D glass pipe, mounted vertically. An amount of 0.02 Ib/hr of aguecous phase was collected from the
basc of decanter 113 and discarded. The upper layer from decanter 115 was mixed with 10 Ib/hr of
lean solvent from the bottom of first solvent stripper 130 plus 1.4 1b/br of lcan solvent from the
bottom of second solvent stripper 1530 and pumped back mito furst extractive distulation colunm 120
at a pomt between 75 and 83% up from the bottom thereot. Vapor from the top of first extractive
distitiation column 120 was condensed. An amount of .012 Ib/hr of the hguid condensate was taken
as distitlatc. An amount of .57 Ib/hr of hquid condensate was returned to the top of first extractive
distitlation colummn 120 as retlux. Sufhcient heat was apphied to the bottom of the first extractive
distillation column 120 to generate enough vapor that the reflux drmum level was held constant.
[3085] The bottoms trom first extractive distiliation column 120 was sent as feed to first solvent
stripper 130 at the top thereof. First solvent stripper 130, which was made of 27 schedule 40 pipe,
contamed 21 inches of packing of the same tvpe as heavies distillation column 110 and hirst
extractive distillation column 120, Sufficient heat was apphied to first solvent sinpper 130 to take
approximately 4.0 to 4.5 H/hr of overhead. 'The bottoms of first solvent stripper 130 was used as
lean solvent for first extractive distillation column 120 and decaunter 115, as described hercinabove.
‘the overhead vapor from first solvent stripper 130 was condensed and pumped mto second
extractive distillation column 140 at a point 15 1o 20% up from the bottom thereot. Second extractive
distillation cotumn 140 was made of 27 schedule 40 stamnless steel pipe, and contamed thercin 116
mches of PRO-PAK® 0.247 stamnless steel packing. Second extractive distillation column 140 was
held at a pressure of approxamately 20 to 23 psig. Second extractive distillation column 140 was
also fed with 6.5 1b/br of ican solvent from the bottom of second solvent stripper 150, This solvent
was fod to sccond extractive distillation colummn 1440 at a point 64 to 90% up from the bottom thereof.
‘the vapor from the top of sccond extractive distiliation column 140 was condensed, and 2.7 Ib/hr of
this hquid was fed to the top of sccond extractive distillation cohwmnn 140 as retlux. The remainder

ot the condensate (2.9 ib/hr) was recovered as purnified PO product.
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H3086] The bottoms of second extractive distdlation column 140 was {ed fo second solvent stripper
130 at a point 60 to 90% up from the bottom thereof. Second solvent strpper 150 was made of 27
schedule 40 stamlcss stecl pipe, and contammed therem 190 imches of PRO-PAK® (.247 stamnless
steel packing. decond solvent strpper 150 was operated at a pressure of approxamately 19 to 21
psig. 'The bottoms {ican solvent) from sccond solvent stripper 150 was divided between 1.4 b/br
sent to first extractive distilation column 120 and 6.5 Ib/br sent to second extractive distllation
colummn 140. The overhead vapor from sccond solvent stripper 150 was condensed.  An amount of
.2 Ib/hr of condensate was ted to the top of second solvent stripper 150 as retlux. An amount of
0.010 Ib/hr of the condensate was taken as distiliate. The compositions and flow rates of the crude

PO feed, the product PO, and the four purge or ‘immpunty’ streams for this Example 2 are shown mn

Table 2.

Table 2: Data and Kesults trom Example 2
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HB087] This example shows the recovery of about 97% of the propylene oxade m the crude as pure
propvicne oxade product.

ADDITIONAL DISCLOSURE

3088 'The particular embodiments disclosed above are dlustrative only, as the present disclosure
may be moditied and practiced m different but equivalent manners apparent to those skilled m the
art having the benefit of the teachmgs herem. Furthermore, no hntations are imntended to the details
of construction or design hereimn shown, other than as described m the clams below. It s therefore
cvident that the particular ihustrative embodiments disclosed above may be altered or modified and
such vanations are considered withan the scope and spirit of the present disclosure.  Altemative
cmbodiments that result from combimng, mtegrating, and/or omuthng features of the embodiment{s}
are also within the scope of the disclosure. While compositions and methods are described m broader
terms of "having , “comprnsing.” "comtaming,” or "mciludmg” various components or steps, the
composiiions and methods can also "consist essentially of ™ or "consist of 7 the various components
and steps. Use of the term “optionally™ with respect to any clement of a claim means that the element
1s required, or alfernatively, the clement 15 not required, both altemnatives being within the scope of
the clamm.

[3089] Numbers and ranges disclosed above may vary by some amount. Whenever a nomencal
range with a lower lumit and an upper limit 1s disclosed, any number and any included range falling
within the range s spectfically 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, "trom
approxamately a-b") disclosed herem 1s to be understood to set forth every number and range
cncompassed withun the broader range of valucs. Also, the terms 1 the claims have their plain.,
ordinary meamng unless otherwise exphicitly and clearly defined by the patentee. Moreover, the
indefintie articles "a" or "an”, as used m the clamms, are defined herem to mean one or more than one
of the element that 1t mtroduces. If there s any contlict in the ugsages of a word or term m this
specification and one or more patent or other documents, the definrtions that are consistent with this
specification should be adopted.

13090] Embodiments disclosed herem include:

3091 A: A propviene oxide separation system comprising:  a heavies distiliation column
configured to receive a crude propylene oxide stream and discharge a heavies purge bottoms
comprising at least one impurity selected from acetone, methanol, aldehydes, aldehvde dervatives,
water, heavy hvdrocarbons comprising s+, or combmations thercof, and discharge a heavies
distiliation column overhead stream comprisimg a majority of the propyienc oxide entermg with the
crude propylene oxade stream; and a first extractive distulation column configured {o recerve the

heavies distillation column overhead stream and a first extraction solvent stream comprising a
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hyvdrocarbon solvent, and discharge a lights purge overhead comprising at {east one tmpurnity selected
from aldehvdes (tor cxample, acetaldehyde, formaldehyde, ctc.), methyl formate, methanol, water,
(s hvdrocarbons, €4 hydrocarbons or combinations thereof, and discharge a nich solvent bottoms
stream comprising a majortty of the propylene oxide entering wvia the heavies distillation cohimn
overhead stream.

0092] B A method comprising: (1) subjecting a crude propyvlene oxade strcam o non-solvent
distillation 1n a heavies distillation column to produce a heavies purge bottoms comprising at least
onc mmpunty selected from acctone, methanol, aldehvdes, aldchvde denvatives, water, heavy
hydrocarbons comprsing s+, or combinations thereof, and a heavies distiliation column overhead
stream comprising a majority of the propviene oxde entening m the crude propylene oxide stream:
(11} introducing the heavies distllation column overhead stream and a first extractive distillation
solvent stream comprismg a hydrocarbon solvent into a first extractive distillation column to produce
a hghts purge overhead comprising at least one impurity selected fromt aldchvdes {(tor exampie,
acetaldehvde, formaldehvde, ¢tc), methyl formate, methanol, water, C: hydrocarbons, (4
hyvdrocarbons. or combinations thereof, and a nich solvent bottoms stream comprising a majority of
the propvlene oxide entering via the heavies distillation column overhead stream; (11} mntroducing
a side draw from the first extractive distilation column mnto a decanting apparatus, and therein
allowing the formation of an agucous phase purge comprising water and methanol, aldehvdes (for
example. acetaldehvde, formaldchvde, ¢tc.}, one or more glvcols, or a combination thercof, and an
organic phase stream comprsing propviene oxide and the hydrocarbon solvent; and (1v} miroducing
the nich solvent bottoms strcam from the hirst extractive distiliation column mto a first solvent
stripper o produce a first solvent stripper overhead comprising a majority of the propylene oxide
catering the first solvent stripper via the rich solvent bottoms stream and a first solvent stripper
bottoms compnsing lean hvdrocarbon solvent.

130393] €. A mcthod comprising: (i} subjecting a crude propyvlene oxide stream to non-solvent
distidlation 1n a heavies distulation column to produce a heavies purge bottoms comprisimg at feast
onc umpurity sclected from acetone, methanol, aldchydes, aldehvde denvatives, water, heavvy
hvdrocarbons compnsing Cst, or combmations thereot, and a heavies distiiation column overhead
stream comprising a majornty of the propylene oxade entering in the ¢rude propyvlene oxade stream;
(11} wtroducing the beavies distiliation colums overhead stream and a first extractive distitiation
saivent stream comprising a hydrocarbon solvent into a first extractive distillation colwmn to produce
a hights purge overhead comprising at least one mmpurity selected from aldehvdes {for example,
acetaldehyvde, formaldehvde, etc.), methyl formate. methanol, water, 3 hydrocarbons, (4
hvdrocarbons, or combmations thercof, and a rich solvent bottoms stream comprismg a majority of

the propylene oxade enterimg via the heavies distillation column overhead stream; (i) mtroducing at
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icast a portion of the lights purge overhead from the first extractive distiliation column mto a
decanting apparatus, and thercin allowing the tormation of an agqueous phase purge comprising water
and methanol, one or more glycols, or a combmation thercot, and an organic phase stream
comprising propylene oxude and the hydrocarbon solvent: and (v} mitroducing the nch solvent
bottoms stream from the first extractive distillation column into a first solvent stripper to produce a
first solvent stnipper overhead comprising a majority of the propviene oxade entering the first solvent
stripper via the rich solvent bottoms stream and a first solvent stripper bottoms comprising lean
hydrocarbon solvent.

13094] Each ofemboduments A, B and { may have one or more of the followmng additional elements:
{0095] Element 1. further compnsing one or more feed hines configured to mitroduce methanol,
watcer, or both mnto the crude propvicne oxude stream based on a total aldehvde concentration m the
heavies distuliation column overhead stream. Element 2. wheremn the first extractive distillation
column 18 further configured to discharee a side draw, and wherein the propviene oxade separation
system further comprises a decanter configured to recerve the side draw, a lean hvdrocarbon solvent
stream compnsing the hydrocarbon soivent, and optionally water, allow formation of an agucous
phase and an organic phase, discharge an agueous pbase purge comprising water and methanol,
aldchvdes (for example, acctaldehvde, formaldehvde, etc ), one or more glyeols, or a combination
thereof, and discharge an organic phase stream comprismg propviene oxide and the hydrocarbon
solvent. Element 3. wherewn the decanter s fhudly connected with the first extractive distillation
column, whereby the organic phase from the decanter can be miroduced mio the first extractive
distillation colunmm. Element 4: further comprising a first solvent stripper configured to receive the
rich solvent bottoms stream from the first extractive distillation column, discharge a first solvent
stripper overhead comprising a majonty of the propyiene oxide entering with the rich solvent
bottoms stream, and discharge a first solvent stopper bottoms comprising lean hvdrocarbon solvent,
Element 5 wherein the first extractive distillation column s fluidly connected with the first solvent
stripper, whereby at least a portion of the lean hydrocarbon solvent from the first solvent stripper
bottoms can be mtroduced into the first extractive distillation colwmn via the first extraction solvent
stream. Element 6: further comprising a second extractive distiliabion column configured to receive
the first solvent stripper overhead and a second extraction solvent stream comprismg the
hydrocarbon solvent, discharee an overhead propyvlene oxade product stream comprising a majornty
of the propvlene oxide from the first solvent stripper overhead, and discharge a second extractive
distillation column bottoms comprising rich hydrocarbon solvent; and a second solvent stripper
configured to receive the second extractive distiliation column botioms, discharge a hydrocarbon
purge overhead stream, and discharge a second solvent stripper bottoms comprising ican

hyvdrocarbon solvent, Element 7 wherein the second solvent stnipper 15 thudly connected with the
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first extractive distiliation column, the decanter, or both, whereby a portion of the lcan hydrocarbon
saivent from the second solvent stripper bottoms can be wndroduced into the first exiractive
distitlation column, the decanter, or both. Element 8: wherem the sccond solvent stripper 1s fluidly
connected with the second extractive distillation column, whereby at least a portion of the lcan
hvdrocarbon soivent from the second solvent stripper bottoms can be introduced mto the second
extractive dishillation column via the second extraction solvent stream. Element 9. operable to
provide an overhead propviene oxade product stream comprising less than 0.010 wi% methanol, less
than 0.010 wit% methvl formate, less than 0.025 wits water, or a combunation thereof, from a crude
propviene oxide stream comprsing from G.05 t0 1.5 witYe methanol, from 0.05 to 1.5 wit¥ mcthyi
formate, from 0.03 to 1.5 witVe waler, or a combination thereof, respectively. Element 10 wheremn
the hydrocarbon solvent comprises one or more Cs-Czo parathins. Element 11: wheremn the first
extractive distillation column, the second extractive distiliation column, or a combination thereot, 1s
operable at a lower temperature than a corresponding propvicne oxide separation svsiem that does
not compnse a heavies distillation column as the first column which receives the crude propylene
oxtde stream, that docs not comprise a heavies distillation column as the sole non-solvent distiliation
column which recerves the crude propvicne oxide stream upstream of the first extractive distillation
column, or both. Element 12: operable {o produce an overhead propviene oxide product stream
having a propylene oxade purity of greater than or equal to 99.0, 999, or 99.99 wt.% propylene
oxide. Element 13. wherein an amount of propviene oxide in the combined tlows of: (3} the heavices
purge bottoms from the heavies distillation column; (b} the lights purge overhead from the first
extractive distillation column, {¢) the hydrocarbon purge overhead stream from the second solvent
stripper; and {d} the agqucous phase purge from the decanter comprises Iess than 18 weight percent
of the total propyvlene oxide m the crude propylene oxide stream fed to the heavies distillation
column. Element 14 wheremm an amount of propviene oxide in the combined flows of: {a) the
heavies parge bottoms from the heavies dishillation cohumn; (b) the hights purge overhead from the
first extractive distillation column: {¢} the hydrocarbon purge overhead stream from the second
solvent stripper; and {d} the agucous phase puree from the decanter comprises kess than 3 weight
percent of the total propviene oxide in the crude propviene oxade stream fed to the heavies distillation
column. Element 15: comprising no non-solvent distillation column apstream of the first extractive
distillation column other than the heavies distillation column. Element 16: wherem the crude
propviene oxide stream is from a propviene oxade/tert-butanol (PO/TBA) process. Element 17
wherein the aldchvde comprises or 1s formaldehvde. Element 18 further comprismg: a decanter
configured to receive at least a portion of the lights purge overhead, a lean hvdrocarbon solvent
stream comprising the hydrocarbon solvent, and optionallv water, allow formation of an aqueous

phase and an organic phase, and discharges an agueous phase purge comprising water and methanol,
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onc or more giycols, or a combination thereot, and discharge an organic phase stream Comprising
propvicne oxide and the hydrocarbon solvent back to the first extractive distitiation colunm. Element
1Y further comprising:  a decanter contigured to receive at least a portion of the lights purge
overhead, a lean hvdrocarbon solvent stream comprising the hyvdrocarbon solvent, and optionally
watcr, allow formation ot an agueous phase and an organic phase, discharge an aqueous phase purge
compnising water and methanol, one or more glveols, or a combination thereof, and discharge an
organic phasc stream comprising propvlene oxide and the hvdrocarbon solvent. and a solvent
stripper configured to receive the organic phase stream from the decanter, discharge a hydrocarbon
purge overhead stream compnsing at least a portion of the propviene oxide from the organic phase
stream, and discharge a solvent stripper bottoms comprising lean hyvdrocarbon solvent. Element 20
further comprising feeding a portion of the first solvent stnipper bottoms comprising lean
hvdrocarbon solvent o the first extractive distillation cohimn and ancther portion of the first
solvent stripper bottoms comprising lcan hyvdrocarbon solvent to the decanting apparatus. Eloment
21 wherem the heavies purge bottoms comprises at least 10 9% of an amount of methanol mtroduced
with the crude propyiene oxade stream, at least 40 % of an amount of water mtroduced with the crude
propviene oxide stream, or both. Element 22: turther compnismg miroducing the organic phase
stream from the decanting apparatus to the first extractive distitlation columon. Element 23; further
comprising: {v})subjecting the first solvent stripper overhead o extractive distillation by miroducmng
the first solvent stripper overhead and a second extractive distillation solvent stream comprising the
hvdrocarbon solvent into a second extractive distiliation columm, thus producing a purtfied propviene
oxide product as an overhead stream and a second extractive distillation column bottoms comprising
rich hydrocarbon solvent; (vi) infroducing the second extractive distillation column botioms
comprising rich hydrocarbon solvent mto a sccond solvent stripper to produce a light hvdrocarbon
overhead purge stream and a second solvent stnpper bottoms comprising lean hvdrocarbon solvent;
and {(vin) mtroducig at least a portion of the second solvent stripper botioms into the second
extractive distillation column, the first extractive distiliation column, the decanfing apparatus, or a
combination thercof., Element 24: wherein an amount of propvicne oxide m the combined flows of
(a) the heavies purge bottoms trom the heavies distillation column; (b) the hghts purge overhead
from the first extractive distiliation column; (¢} the hight hvdrocarbon overhead purge stream from
the second solvent stripper; and {(d) the agueous phase puree from the decanting apparatus comprises
icss than 18 weight percent of the total propylene oxide in the crude propvicne oxide stream.
Element 25 wherein an amount of propvlene oxade in the combined tlows of: (a) the heavies purge
bottoms from the heavies distillation column; (b) the hghts purge overhead from the first extractive
distillation column; (¢} the hght hydrocarbon overhcad purge stream from the second solvent

stripper; and {d) the aqueous phase purge from the decanting apparatus comprises less than 3 weight
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percent of the total propyiene oxide m the crude propviene oxide stream. Element 26; wherein the
purified propvicne oxide product has a propyiene oxide purity of greater than or equal to 99.0, Y9 9,
or 99,99 wt.% propviene oxade. Element 27. wherem the second extractive distillation colummn 1s
operated at a pressurc i the range of from 0 to 60 psig (0 to 414 kPa gange), at a temperature m the
range of from 30 to 200 degrees Celsius, or both. Element 28 wherem the second extractive
distillation column 1s operated at a pressure 1n the range of from 10 to 30 psig (6% to 207 kPa gauge).
Element 29 wherem the second extractive distillation column 15 operated at a temperature m the
range of from 40 to 185 degrees Celstus. Element 30: wheren the heavies distillation column s
operated at a prossure 1n the range of from 0 to 60 psig (0 to 414 kPa cauge), at a temperature i the
range of from 340 to 150 degrees Celswus, or both; wherem the first extractive distillation column 1s
operaled at a pressure m a range of 0 to 60 psig (0 to 414 kPa gauge), at a temperature m the range
ot 30 to 200 degrees Celsius, or both: or a combination thereof. Element 31: wherein the heavies
distiliation column 1s operated at a pressure 1 the range of from 10 to 30 psig (69 to 207 kPa gauge).
Element 32: wherein the first extractive distillation column 1s operated at a pressure n the range of
from 10 to 30 psig (69 to 207 kPa gauge). Element 33. wherein the heavies distillation column 1s

operated at a temperature in the range of from 20 to 100 degrees Celsius. Element 34: wherein the

()

first extractive distilation column 1s operated at a temperature m the range of from S0 to 115 degrees
Celsius. Element 33: wherem the crode propylene oxade stream 15 an effluent stream from a
propviene oxade/tert-butanol (PU/TBA) process. Element 36; wherein the heavies distillation
column 15 operated at a pressure 1o the range of from 0 to 60 psig (0 to 414 kPa gauge), at a
temperature m the range of from 30 to 150 degrees Celsius, or both; wherein the tirst extractive
distillation column 1s operated at a pressure 1n a range of O to 60 psig (O to 414 kPa gauge), at a
temperature 1 the range of 30 to 200 degrees Celsius, or both: wherem the second extractive
distitlation column 1s operated at a pressure n the range of from U to 60 psig (0 to 414 kPa gauge).
at a temperatare m the range of from 30 to 200 degrees Celsius, or both; or a combination thereot.
Element 37 wherein the first extractive distillation column receives at least a portion of the organic
phase stream from the decantimg apparatus. Element 38: wherem a solvent stripper recerves at least
a portion of the organic phase from the decanting apparatus. BElement 29: wherein an amount of
propylene oxide in the combined flows of: {a} the heavies purge botioms from the heavies distiliation
column; {b) the lights purse overhead from the fiurst extractive distillation column; {¢} the
hydrocarbon purge overhead stream from the second solvent stripper; and (d) the agqueous phase
purge from the decanter comprises from 1 to 18 weight percent of the total propvlene oxade m the
crude propylene oxide stream fed to the heavies distillation column.

H3096] Wiale cortain embodunents have been shown and descnibed, modifications thercof can be

made by one skilled m the art without departing from the teachings of thas disclosure,
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13097 Numerous other modifications, cquivalents, and altcrnatives, will become apparent to those
skilled m the art once the above disclosure 1s tully appreciated. It is mtended that the following
claims be mterpreted to embrace such modifications, cquivalents, and altcmatives where applicable.
Accordingly, the scope of protection 1s not hnuted by the description set out above but s only himted

by the claims which follow, that scope imchuding cquivalents of the subject matter of the clamms.



WO 2019/152980 PCT/US2019/016631

CLAIMS
What 15 claimed 1s:
i, A propviene oxide separation sysiem comprising:
A) a heavies distillation columm configured (o recerve a crude propylene oxade stream

and discharge:
al} a heavies purge bottoms comprising at least one vnpunty selected from acetone,
methanol, aldehydes, aldehyde dernvatives, water, heavy hvdrocarbons comprising
{5+, or combinations thereof. and
al} a heavies distilation column overhcad stream comprising a majortdy of the
propvlene oxade enterimg with the crude propvlene oxade stream; and
B} a first extractive distillation column configured to recerve the heavies distillation
column overhead stream and a fust extraction solvent stream compnsing a hydrocarbon
solvent, and discharge:
b1y a lights purge overhead comprnsing at least one impunty sclected from
acetaldehyde, methyl formate, methanol, water, U3 hydrocarbons. 4 hyvdrocarbons,
or combinations thercof, and
b2} a nich solvent bottoms stream comprising a majority of the propylene oxade

entering via the heavies distillation column overhead stream.

F\J

The propylene oxide separation system of claim 1, wherewn the first extractive distiliation
columin 1s turther configured to discharge a side draw, and wherem the propyiene oxade
separation system further compnses a decanter configured to receive the side draw, a lean
hyvdrocarbon solvent stream comprising the hydrocarbon solvent, and optionally water,
allow formation of an aqucous phase and an organic phase, discharge an agucous phase
purge comprising water and methanol, one or more glyeols, or a combination thereof, and
discharge an organic phase stream comprismg propviene oxide and the hydrocarbon

solvent.

Y
F s

The propviene oxide separation system of claim 2 further comprising a first solvent stripper
configured to recerve the nch solvent bottoms stream from the first extractive distiliation
column, discharge a first solvent stripper overhead comprising a majority of the propyleng
oxide cntering with the rich solvent bottoms stream, and discharge a first solvent stripper
bottoms comprsing ican hydrocarbon solvent.

4. The propylene oxude separation system of claim 3, wheremn the first extractive distillation
column 1s Hluidly connected with the first solvent stripper, whercby at least a portion of the
ican hvdrocarbon solvent from the first solvent stripper bottoms can be introduced into the

first extractive distilation column via the fust extraction solvent stream.
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tThe propviene oxide separation system of claim 3 further comprising:

a second cxtractive distiliation column configured to receive the first solvent strpper
overhead and a second extrachion solvent stream comprising the hydrocarbon solvent,
discharge an overhead propylene oxade product stream comprising a majonty of the
propyiene oxide from the first solvent stripper overbead, and discharge a second extrachive
distiliation column bottoms comprismg rich hvdrocarbon seolvent; and

a second solvent strnipper configured to receive the sceond extractive distillation
colummn bottoms, discharge a hvdrocarbon purge overhead stream, and discharee a second
solvent stripper bottoms comprising fcan hydrocarbon solvent.

The propvlene oxide separation system of claim 5, wherem the second solvent stripper 18
fhdly connected with the first extractive distillation columm, the decanter or both, whereby
a portion of the lean hvdrocarbon solvent from the second solvent stripper bottoms can be
mtroduced mto the first extractive distillation column, the decanter, or both.

The propvlene oxide separation system of clamim 5, wherein the second solvent stopper 1s
flaidly connected with the second extractive distillation column, whereby at least a portion
ot the fcan hydrocarbon solvent from the second solvent stripper bottoms can be introduced
into the second extractive distilation column via the second extraction solvent stream.
The propviene oxude separation system of ¢laxm | comprising no non-solvent distillation
column upstream of the first extractive distillation column other than the heavies
distillation colunmm.

The propviene oxide separation system of claim 1 further compnising:

a decanter configured o receive at least a portion of the lights purge overhead, a lean
hydrocarbon solvent stream comprising the hvdrocarbon solvent, and optionally water, allow
formation of an agucous phase and an organic phase, and discharges an agueous phase purge
compnsing water and methanol, one or more glyeols, or a combination thereof, and discharge
an organic phase stream comprising propvlene oxide and the hydrocarbon solvent back to
the first extractive distiilation colunun.

The propviene oxide separation system of claim 1 further compnising:

a decanter configured o receive at least a portion of the lights purge overhead, a lean
hydrocarbon solvent stream comprising the hvdrocarbon solvent, and opticnally water, allow
formation of an agucous phase and an organic phase. discharge an agueous phase purge
compnrising water and methanol, one or more glyveols, or a combination thereof, and discharge
an orgamnic phase stream comprising propyviene oxide and the hyvdrocarbon solvent: and

a solvent stripper configured to receive the orgamc phase stream from the decanter,

discharee a hvdrocarbon purge overhead stream comprising at least a portion of the
o o ;
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propyiene oxade from the organic phase stream, and discharge a solvent stripper botioms
comprising lcan hvdrocarbon solvent.
A method compnsing:

{1} subjecting a crude propviene oxude stream (o non-solvent distillation 1n a heavies
distitiation column to produce a heavies purge bottoms comprising at least one impurity
selected from acctone, methanol, aldehydes, aldehvde denvatives, water, heavy
hydrocarbons comprising CUs+, or combinations thercof, and a heavies distiflation column
overhead stream comprising a majonty of the propylence oxide entenng i the crude
propyicne oxide streant;

{11} mtroducing the heavies distillation column overhead stream and a first extractive
distillation solvent stream comprising a hvdrocarbon solvent into a first extractive distillation
column to produce a lights puree overhead comprising at icast one mnpurity selected from
acctaldehvde, methy!l formate, methanol, water, €3 hydrocarbons, 4 hydrocarbons, or
combinations thereot, and a nich solvent bottoms stream comprsing a majonty of the
propylene oxude entering via the heavies distiflation column overhead stream;

(111) infroducing a side draw from the first exiractive distillation column into a
decantimg apparatus, and therein allowing the formation of an agueous phase purge
comprising water and methanol, one or more glycols, or a combination thercot, and an
organic phase stream comprising propviene oxide and the hvdrocarbon solvent; and

(1v) mtroducing the rich solvent bottoms stream from the tirst extractive distillation
column mto a first solvent stripper to produce a first solvent stopper overhead comprnising a
majornty of the propylene oxude entering the first solvent stripper via the rich solvent botioms
stream and a first solvent stripper bottoms comprnising lean hydrocarbon solvent.

The method of claim 11 further comprising feeding a portion of the first solvent stripper
botioms comprising lecan hydrocarbon solvent mio the first extractive distillation cohumn
and another portion of the first solvent stripper botioms comprising lean hvdrocarbon
solvent to the decantmg apparatus.

The method of claim 11, wheremn the heavies purge bottoms compnises at least 10 wit¥s of
an amount of methanol miroduced with the crude propylence oxude stream, at least 40 wit%
of an amount of water mtroduced with the crude propylene oxide stream, or both.

The method of claim 11 further comprising:

(v} subjecting the first solvent stripper overhead to extractive distillation by
mtroducing the first solvent stripper overhead and a second extractive distillation solvent

stream comprnsing the hvdrocarbon solvent mio a second extractive distillation column, thus
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producing a purtficd propylene oxade product as an overhead stream and a second extractive
distitlation column bottoms comprising rich hvdrocarbon solvent;

{v1) miroducing the second extractive distillation column bottoms comprising rich
hydrocarbon solvent mnto a second solvent sinpper to produce a hight hyvdrocarbon overhead
purge stream and a second solvent stripper bottoms comprising lean hvdrocarbon solvent;
and

{(vi1} mtroducing at least a portion of the scoond solvent stripper bottoms nto the
second extractive distitlation column, the first extractive distillation column, the decanting
apparatus, or a combination thereof,

The method of claim 14, wherein the heavies distillation colummn 15 operated at a pressure
in the range of from 0 to 60 psig (0 to 414 kPa gauge), at a temperature 1n the range of from
30 to 150 degrees (elsius, or both: whercin the first extractive distillation column is
operated at a pressure i a range of U to 60 psig (0 to 414 kPa gauge), at a temperature 1n
the range of 30 to 200 degrees Celsius, or both; wheremn the second extractive distillation
column 18 operated at a pressure 1 the range of from ( to 60 psig {0 to 414 kPa gauge), at
a temperature m the range of from 30 to 200 degrees Celsius, or both; or a combination
thercot,

A method compnising:

{1} subjecting a crude propyiene oxide stream to non-solvent distillation 1 a heavies
distitiation column to produce a heavies purge bottoms comprising at least one impuriy
selected from acctone, wmgethanol, aldchydes, aldehyde denvatives, water, heavy
hydrocarbons compnsing Cs+, or combmations thercof, and a heavies distillation column
overhead stream comprising a majority of the propvlene oxide entering in the crude
propylene oxide streany;

{11} mtroducing the heavies distillation column overhead stream and a first extractive
distillation solvent stream compnsing a hvdrocarbon solvent imto a first extractive distillation
column to produce a highis purge overhead comprising at least one wnpurity sclected from
acetaldehvde, methyl formate, methanol, water, 3 hvdrocarbons, {4 hydrocarbons, or
combmations thereot, and a nich solvent bottoms stream comprising a majonty of the
propylene oxide entering via the heavies distiflation column overhead stream;

(111} mtroducing at ieast a portion of the hights purge overhead from the first extractive
distitlation column into a decanting apparatus, and therein allowng the formation of an
aqueous phase purge comprising water and methanol, one or more ghveols, or a combination
thereof, and an organic phase stream comprismg propviene oxide and the hydrocarbon

sotvent; and

37



WO 2019/152980 PCT/US2019/016631

b7,

18,

1Y,

{(1v} mtroducmg the rich solvent botioms stream from the first extractive distiliation
column o a first solvent stripper to produce a first solvent stripper overbead comprising a
majority of the propviene oxade entening the first solvent stripper via the rich solvent bottoms
stream and a first solvent stripper botioms comprising lean hydrocarbon solvent
The method of claim 16 further compnsing feeding a portion of the first solvent stripper
bottoms comprising lean hyvdrocarbon solvent mmto the first extractive distitlation column
and another portion of the first solvent stripper bottoms comprising fean hydrocarbon
solvent to the decanting apparatus.

The method of claim 16, wherein the heavies purge bottoms comprises at ieast 10 wit of
an amount of methanol mtroduced with the crude propylene oxide stream, at least 40 wite
of an amount of water miroduced with the crude propylene oxide stream, or both.

The method of claum 16 further comprising:

{v} subjecting the first solvent stripper overhead to extractive distillation by
mtroducing the first solvent stiipper overhead and a second extractive distillation solvent
stream comprising the hyvdrocarbon solvent into a second extractive distillation column, thus
producing a purtiied propylene oxide product as an overhead stream and a second extractive
distitlation colummn bottoms comprising nch hvdrocarbon solvent;

{v1}) miroducing the sccond extractive distillation column bottoms comprising rich
hydrocarbon solvent into a second solvent stripper to produce a light hvdrocarbon overhead
purge stream and a second solvent stripper bottoms comprising lean hydrocarbon solvent;
and

(vt} mtroducing at least a portion of the sccond solvent stripper bottoms nto the
second extractive distitlation column, the first extractive distillation column, the decanting
apparatus, or a combnation thereof,

The method of clanm 19, wherein the heavies distllation cohumn is operated at a pressure
in the range of from 0 1o 60 psig (U to 414 kPa gauge), at a temperature in the range of trom
340 to 130 degrees (Celsius, or both; wherein the first extractive distillation column 1s
operated at a pressure 1 a range of U to 60 psig (0 to 414 kPa gauge), at a temperature o
the range of 30 to 200 degrees {clsius, or both; whercin the second extractive distillation
column is operated at a pressure 1n the range of from § to 60 psig (0 to 414 kPa gauge), at
a temperature n the range of from 30 to 200 degrees Celsius, or both; or a combination

thereot.
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