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BACKGROUND OF THE I NVENTION 5 FIELD OF THE | NVENTI ON The present invention
rel ates twotld@2mepar ati on of propyl ene oxi de and met hanolpClmyusaz/27215
liquid/liquid extraction process. PRI OR ART DESCRI PTI ON The separation or
renmoval of j déqa,?p from propyl ene oxide by 10 conventional distillation
processes | S cult by reason of the low relative volatility of

propyl ene oxide with res 6F centrations such as
concentrati ons above 95 0 6 Tas—opeen devel oped for the
production of pro Iene | dat es which include the
use of a net halrcl)ol IOgol vent %gﬁﬂﬁﬁu?@ 8% -lL%é '@Q&f\ﬁﬂ&\leact ion. Illustrative
of patents relating to this technology are USP 4,824,976, 4,833, 260,
5,252,798 and the |ike. Reackjgm @P‘?H@Iﬂ\ﬂ%ﬁﬁl‘éﬁ@d by this technol ogy
conprise the product propyl enée oxide and e methanol solvent and it is
i mportant that fline presentynesrdiooxetides tuthessdpanatiorbef repyleacexidesand

conveni ent | nd = 20 anpm cal | S _possi bl e. BRI EF DESCRI PTI ON I n
"accor dancﬁ%&ﬁ?ﬂou%aﬁ ‘éa@HF'qa‘??qé‘F?PBer%e% opyl ene oxi de and net hanol
solution is subjected to a | pgydO ARFUWESERIPRINON using water and a
hydr ocar bon such as n-octane in order to separate the propyl ene oxide and

25 met hanol . DEJORI Eepamtior aHrEeDRAEZY KNG nlrathaa@beﬁr@ﬁargmngleneggmdelbwow des

h
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practices of the invention. DETAI LED DESCRI PTION It has now been found that
propyl ene §%PH@SMC%WW akaoys Hwt.% or so.

Technology has been developed for the production of propylene oxide

by oxidative procedures which include the use of a methanol solvent during
15  the oxidation reaction. lllustrative of patents relating to this technology are
USP 4,824,976, 4,833,260, 5,252,758 and the like.

Reaction mixtures produced by this technology comprise the product
propylene oxide and the methanol solvent and it is important that the
propylene oxide and methanol be separated as conveniently and

20 economically as possible.
BRIEF DESCRIPTION

In accordance with the present invention, a propylene oxide and
methanol solution is subjected to a liquid/liquid extraction using water and a
hydrocarbon such as n-octane in order to separate the propylene oxide and

25 methanol.
DESCRIPTION OF THE DRAWING

The accompanying Figure 1 provides a schematic illustration of a
practice of the invention. Figure 2 provides a schematic illustration of a
comparative process not according to the invention. Figure 3 and 4 show

30 schematic illustrations of preferred practices of the invention.
DETAILED DESCRIPTION
It has now been found that propylene oxide and methanol can be

separated by a relatively straightforward liquid/liquid extraction procedure



separated by a relatively straightforward liquid/liquid extraction
procedure WO 03/027088 PCT/ US02/ 27215 wusing as extractive sol vents water
and a hydwoaanbmss such as n-octane. In an especially prefrerresd/pnazti ce of
the invention, as shown in Figure 1, a liquid stream conprised of

propyl ene oxide a ' | ORIJRdHRU'S
extracti ong%'ggtﬁ%%rﬁgg%%ﬁ}g rﬁ?"\{ﬂg%eéﬁ%g W@%ﬁ% %@? bvae% Igtgicvent' |lns fed to
the col ummagptedpeeidlipnarefetred practicensf e muvention, pedshownbionFiguoh 1asa n- oct ane

is fed to the colum at the [ower end via lLine 4. In the.extraction
col urm, waligyidf slseRMyeARRESeY yOle PTORMENS PXjde RN m?@?ﬁaﬁdﬁ Xflégn Qithed in

the eed dN&,dhEhar2ohtfo ! xtichbi olliifds liaClfe APWaUSlY adirarioh the

colum carrying wt propyl ene oxi de. us, from 10 the col um an upper
| i qui d 5st r extmactiver salverdriededi to theneolBmroapthes sgper endevia Hipgr dcandch sol vent

and the exiracte ropyl ene oxi de.subst anti al | I ' h |, while
fromthe bé)l%(?ﬁ?g?c})nc ﬂg‘%&ﬁ Uhq\é%'ﬁe éfqt%gz@g‘thesqqhﬁﬁpnat g@%&g%rjegmgﬁa[ ﬂgé’

extracti vegwatigrihgokygadtionndolilit afater fowendvi@svardlya dxtraetify Witle it emoved
streans can be suitably processed in a 15 conventional manner to recover

the conponetkandtnestaines imihe teesk bbe hystacatan, ensioeher Baed plpy| ene
oxi de streﬁglw%gﬂggﬁrq‘uhﬁﬁhéo%ﬁq6 Wiﬁ&;@?ﬁhﬁ&ﬁﬁme'ng{ r B MRloplh can be

conveni ent extraction e separ at ed propyl ene oxide
can bel(f ur teeolomin hagpey ligainstesdrnds abcomsrbddia lime &r cemptisedbf de a

itably high purit dyct. 20 i de. In pr. where high
uri vy pr opySERa Nt Ak bri SHERORA: orairat: PYBST PR IAA G e
hydrocar bofe fyddcit InfétndiRblY Sitfile FoPAAE Shdtlin R thedosiun@etdry abgesud ract ive

distillation, nmaking this invention particularly convenient for renoval of
net hanol astreamucomprisied wf dha exixactive wWater saivasd @hdsmedanol ihremeve@am can

be treated by conventiognal distillati tg 25 s e | ..and water.
Met hanol céﬂ?yd@eccfﬁve igntr?gpoyéburq‘ﬁéé%oC%Hegepf%g%@gngp%%%ggaf (')rfmgng
reactifm washgentioral MeanristaasedoveeithectorposantyelMhus, dnal hydtasarban be
recycled to the extraction. In carrying out the presi{%gi nventjon, no

speci al cofdiracioms sgfvent e%%r%@ﬁy@n@r oxides sifeam @ agtionated §?Jpcessf ul
separationsgf .30 HLRYFOEBEh GG Lif BBt diRhienneedtddy HPIRKI Ng

t enper at ur €s B
extraction step. The separated propylene oxide can be further purified by

| conventional methods in order to obtain a suitably high purity product
20 propylene oxide. In processes where high purity propylene oxide is
accomplished with extractive distillation, the hydrocarbon extractive solvent
stream 5 can be fed directly to extractive distillation, making this invention
particularly convenient for removal of methanol as shown in Figure 4. As to
the aqueous stream, this stream can be treated by conventional distillation to
25  separate methanol and water. Methanol can be conveniently returned to the
propylene oxide forming reaction where it functions as an effective solvent,

and water can be recycled to the extraction.
In carrying out the present invention, no special conditions of
temperature or pressure are necessary for successful separation of
30 propylene oxide and the methanol. Generally speaking temperatures
ranging from about 60 to 150°F are suitable and pressures close to normal

can be employed.



rangi ng from about 60 to 150F are suitable and pressures close to nornmnal
can be enployed. 2 WD 03/027088 PCT/ US02/ 27215 The feed streans, which are
treated iwoacmgrdance with the present invention, are conpCrasd2/of21s

propyl ene oxi de and nethanol, preferably froma catalyzed hydrogen

per oxi de oxi dat4,.0on . of e e it It ect the
feed first to aﬂ&r’f ;??q %%)%'% R@ C&S%l%af ?g & 'graeé%ggﬁ%r%oﬁ'ﬂ@ r{ﬂ en(t%'”r?ﬂat I ons
are high, ihfe®ticieraré @ohfpiiege olﬁpfdswl@rhe bﬂfﬂerwdemteﬂmbl qunefeTbiﬁy fferec to t he
extraction process generally wl!l caonpri se(gb gf}é( about 2"to 10%

net hanol #atalyzed h&@@@ﬁﬂepe&%t?)ﬂ §orp i de>Chea %xFrE’ctlve
hydr ocar bo%yvgé’%ﬁég?% sﬁﬂ?élc ‘?ﬁ’étqb%g'dYstFlthlérli‘eesp@E:%ﬂ?Whér@‘r‘@é’chbﬂal is a

sat ur at ed - saturated " 10 paraffin
hydr oc&r bafonc@mtrahens arephlghem @mﬂeloé@ e&meve metbamjtbemfeyeﬂracéﬂﬂecﬁha/e

extraction s Ive t f.requent | op

pr ocedur ese® [aé:tlgp&rg gﬁn%f%h\éﬂb F{]R?Eegﬁ'sﬁ'gq a%é)%ﬁ‘]]lt%:ereby
trace '”pum%'rﬁéth%rn%l WitR IR RSmATHEIBY BESEHtiaf Brépyiléies okiber sat ur at ed

hydr ocar bons whi ch are wuseful include n-heptane and n-nonane as well as

branched sat ur allé eXtﬁaQﬁlyGrbY;@D@@H@nh&@i\&%\t 7erOPlONEB oACATINglY Har Bifyh

practice of r t han
propyl ene %)?sgﬁt[% %gﬁ%:c% P\ yégé@cgwféﬁ% E’ egreg% gr g‘%ﬂ%@éﬁg‘r opyl ene
oxi de 1@ t hpasireaydioearont aﬂbaedengtplrefemeddaﬁuaaseat |s mob ogly arpeﬁfecintea of the

I nvention can range from about 99 to 99 995 ally 99.9
to 99.95 \A@Xt%c'ﬂ@l”l sQlvertfut; f Fﬁl}&ﬁthrﬂn Rropylsag; %Pgﬂf?%ﬁ'bpf%eg’@ﬁ?%ngt i on

with pr oceg Bhd %remgf&%cﬁ’?rﬂ&ﬁ %gﬁ%ﬁ/éjalsﬁl'léii&‘ﬂ PREreBY hrde\Whpahtiésued ve the

oxi dati on o propyl en rogen peroxide carried out in the liquid
phase usi ngeraovest rﬂmmlpromdm@lqmdﬂg ﬁmémafumt@ hysiiogrexnswhich are

oxi de. and HeRHLBHOS. DpPiane 2pAopyTokengr dbel o siebies Sefedrs, =
gener o5 cmgf@jdsyhm Tabd8bphedyhene oxi de has a puri ty in excess of
99. 95% Oxygenat ed hydrocarbons such as acetal dehyde
Through practice of the present invention, the separation of methanol
from propylene oxide is effectively accomplished. Purities of product
propylene oxide with respect to contained methanol achieved through
practice of the invention can range from about 99.8 to 99.995 wt.% purity
20 usually 99.9 to 99.95 wt.% purity.
The invention is especially suitable in conjunction with procedures for
the manufacture of propylene oxide which involve the oxidation of propylene
with hydrogen peroxide carried out in the liquid phase using a methanol
containing solvent. The mixtures, which are resolved in accordance with the
25 invention can be mixtures of propylene oxide and methanol as well as
propylene oxide and methanol plus water.
In general, commercially available propylene oxide has a purity in
excess of 99.95%. Oxygenated hydrocarbons such as acetaldehyde,
methanol, and methyl formate are key impurities, along with water and
30 hydrocarbons such as hexenes and hexanes. Several refining schemes are
possible to provide propylene oxide at these low impurity levels, including

extractive distillation with heavy hydrocarbons such as octanes.



met hanol , and nethyl formate are key inpurities, along with water and 30
hydr ocar bons such as hexenes and hexanes. Several refining schenes are
possi bl e wo opioonsgle propyl ene oxide at these | ow inpurityPicaashy2721hHcl udi ng
extractive distillation with heavy hydrocarbons such as octanes. 3 WO

03/ 027088 PCT/ / O e ' I ki : arative
pur poses a si mpt & FADPR K9S E Safetes Yoh Edmparatit Rk rabecs it

met hanol coR@RitiorAté Whtaint sideaprapyldrieosgidenwith ninethethdl redrventratidng o a
commerci al propyl ene oxide refi ?I%Tgsegger%t I on. The propyl ene oxi de

! 5
reaction niyRiGH ©fihpss engpupisre %r?saecﬁ@m%!a%pﬁ?ﬁ%ﬂ‘%r@“%% de, 5

wt . % wat er 90 net hanol and i iti i i ntrod d int
t. % .ré?f?ﬁjn éé\‘a et . npurities is introduced into
distillation C(ﬂau%'n E?ﬁ via line 202 andfractionalli;pdistilledto recover

over hedd vi a | i ke 20Gpydene opigeaaactinon tixtere which dypicayompy sipymise 1®xi de

which is suitable as f tp a4 i al | i de .refini 0
oper at | on. VRPN P RS Wk B el aeetyt eameR el s BbE % e
204. A di spfivantadenteidistination clunah 20t ik hité RbREindrfravtiopaliytistiled that a

| arge distillation colum having many theoretical stages 1s required al ong
wi th hi gh reesivergvedsadsia hn@r?@&atmoeﬁﬁm%@éld@rfér%bmgﬁgﬁ%@r%@aﬁfﬁ%tion. 15
It is possibl . @CanoMm I u | Skl ' f | ene

oxi de rea_c??'g% Wﬁ@'u@e&mg Z%t?sét %(nétd?g %yg@gﬂdcezﬁ?'r Efééd@%%f fec{]égré(;fi(rﬁ and in
an esfeci apkpatiody aMhagretimnpt antli wateofbdttvens streami isnseparhted viuhe
distillatign is performed prior to the liquid/liquid extraction according
to the invéRfion. Such a procedure is illustrated in Figure 3. 20 Wth

reference to Fi gqug; i iSiaatil & &8s ha |
descri bed aboveg\l ﬂ'gﬁg‘m%ﬁ gﬁg\[}ﬁ]% %i é%?edl%ﬁi gb?%trr oécﬁjdged ?géidi glglel ation

col urm 301 distilatiomeolsom kandng manyi thebredical siages s wasirer|aleng withdigher an
ot opyl ene. SN AiPEin PEsbieEcris Ve IR AEBIPTL SERRNPY 65w 9 pr opyl ene 25
%I:a fﬂe fd 5 W . 4 igidsRmm t@rEohomiddllyidsa eagh whstitiatios of ¢hevedpyleael i ne
" oxide reaction mixture to substantially concentrate propylene oxide and in an
especially advantageous practice of the invention such a rough distillation is
performed prior to the liquid/liquid extraction according to the invention.
Such a procedure is illustrated in Figure 3.
20 With reference to Figure 3, a propylene oxide reaction mixture such
as described above in connection with Figure 2 is introduced to distillation
column 301 via line 302 and therein fractionally distilled to recover an
overhead rough crude propylene oxide which is greatly concentrated in
propylene oxide with respect to the feed, for example 95 wt.% propylene
25 oxide and 5 wt.% methanol and impurities, and which is removed via line
303.
Far fewer theoretical stages and lower reflux ratios can be employed
in column 301 as compared to those needed for the separation in column
201 previously described.
30 The rough crude propyiene oxide stream passes via line 303 to
liquid/liquid extractor 304 to which is introduced water extractant via line 305
and octane extractant via line 306. The liquid/liquid extraction is carried out

as described in connection with Figure 1, the octane and propylene oxide



Far fewer theoretical stages and lower reflux ratios can be enployed in
colum 301 as conpared to those needed for the separation in colum 201
previ ouslwodasezrsbed. 30 The rough crude propyl ene oxi de FCTdm0Y/pRISES Vi a
line 303 to liquid/liquid extractor 304 to which is introduced water

o b PP o M AL ISRl e

l'iquid/liqul lon 1s carrie u scribed in connectlo%vm'th
Figure 1, tédmoved aizdiren80%r opyl ene oxi de 4 WD 03/027088 PCT/ US02/ 27215

stream bei ng renoved vig l.jne 307 and the t.er met hanol str.eam bein
ot vl 01 | meonanienby ha ler ond meeEne S A AR GOk 1 SR Ses
back to cobgqnyia3fie %08 hé ModrCand FOAEoIARE 50PN GobtHERCRAAD avaRYhanol

and water 5 streamis recovered via line 309. By the distillation and
ext r act® on stregoeisgecevered Vianling glPe 3 it is possible to obtain a propyl ene

oxi de stream vi | i,ne ,3 whi ch i r o) . ai ne i-a |line
203 of Figure Z%Vnh? H{?S'ﬁa%} @ngcgﬁtg%@ﬁﬁi@ppgl%ﬁ% t'gﬁlag%oge'\sfslgs,
propyl ene oxiseipld ® disthin'@Prépylenaoxiteisakhsn viad line GOTpvhichds pumparatse by
extractive distillation using an _extractive sol vent such .as octane. See,

for exanpl & thadpbiaigad viegine 793 of BioMre 2N PHER S8 HEONAMIG MALEr r ed
practice of theny i|i1 Oy?ro‘@@é§&, BW@ exiden % Irfited/ {ol @Bhfnéreidiget i on

with extractive distillafion usin ane solvent. 15 Referring to Figure
4, the10ct aineepiatlepporidsehby eatradivesdistibatianousing aneextrasdive exofanbrauekt r act or

304 via line 307 to_extractive disSLLl | colum 310 wherei n nethanol,
wat er and Iasg‘Pfga'i‘?rp§P?t&é?@@%e@é?%%&iigg& over head vapor along with sone

octane via line e A MAshuRE e cially prerAtigREctide sRdansaitionlwhisnd passed
to decanter 313 along with liquid 20  octane. via |line 314. An agueous purge

wi t h net hanotegeates Ithefiguiddiswid extraciien withrytractive digdillptige using ockengne i s
returned as_reflux via line 316 to colum 310. From colum 310 a bottons
oct ane and S&“’(ﬁ%l ene oxide streamis

15 Referring to Figure 4, the octane and propylene oxide extraction

stream passes from extractor 304 via line 307 to extractive distillation
column 310 wherein methanol, water and light impurities are separated as
overhead vapor along with some octane via line 311. The overhead is
condensed in condenser 312 and passed to decanter 313 along with liquid
20 octane via line 314. An aqueous purge with methanol and light impurities is
separated via line 315. Octane is returned as reflux via line 316 to column
310.
From column 310 a bottoms octane and propylene oxide stream is
removed via line 317 to column 321 wherein refined propylene oxide of high
25  purity is recovered via line 322. Octane is passed via line 314 to decanter
313 with a portion passing via line 306 to extractor 304.
It is worth noting that if the rough crude propylene oxide from column
301 is passed to extractive distillation without the liquid/liquid extraction step,
the methanol and light impurities can be removed in an aqueous stream from
30 the overhead decanter. However, the methanol cannot be conveniently be
recycled since there is no outlet for the light impurities.
As above described, the process of the invention is especially useful

in separating propylene oxide and methanol such are present in the reaction



renmoved via line 317 to columm 321 wherein refined propyl ene oxide of high
25 purity is recovered via line 322. Cctane is passed via |line 314 to
decant er web3/wioshh a portion passing via line 306 to extr&crarso392151t is
worth noting that if the rough crude propyl ene oxide fromcolum 301 is

passed to ragt| ISkl ' ' L YHgdhlaider Bk | on
st ep, theﬁ'ﬁé\’%gn't)el\éﬁgﬁlg frpé‘{]?ﬁ ‘% %ﬂﬁ%ggﬁm@é %lelqnnbgdcjiﬂ%én aﬁ agueous
st ream f r oigig® atrhethawner selaantdecant er. However, the net hanol cannot be
conveniently be recycled since there is no outlet for the |ight

i npuri ti esEXa@Phove described, the process of the invention is especially

useful in sep I ird§ctimiBlRanem Sechatalyicheas®n in the
reaction 5 ma%%éég%%%?ggo@lég?ﬁS rrrr]ilxt ures resul ti r%/‘gE fromthe

reacti dn obf pydrpgerperaxide landr peppylaner ioxnathangk salyert tefaraheroryangent .
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propyl ene gxindehdrdl BAE propylbhaexridakes glagti |Arabieread| aratie Bedpyidrer ei n a

crude separation of nethanol and propyl ene gxide takes. place. ver head
crude prop9Xidaestregm iferenpertnang Rassss e InQ wgs@e%ﬁﬁcz'oﬁi q@u%@h@

extraction 04 ... TR ET ' 0 b G/ Lk e
1ot | onoFRHTR, B0t i R b i pecbidid e
convent( onglveatdn.act or adapted to provide intimate contact of the various

liquid streans fed thereto. The water extraction .solvent is . col um
304 via line 30§°ﬂl§%’f' 304183 fnveRtenal £ ?B@Jaquapt%(itt?aocrh"gé |bﬁﬁ\?gegt is fed
via line 306.neaithg \a¥kIs QRdid SheavBtRY HHerstel I ad avateplexeattigmsses
downwar dl y tﬂrough the columm and is renoved together with extracted

met hanol vialveihis 3dgtoaerlumond@h visnting 3padwan thadiPPSh&RA, anh NetiaRth 301 for
oo e RhadlPC SRR S v BT B e ¥ D T el

nmet hanol s rom col umm VI a 09 and this stream
can be1sr eakgactioh soERNphsss dowanardlpithroeghvaeycafimPOand isaerobvedi ch can

be reused It(?getﬂ?eer \?lirtﬁpeyitr%rc]:?edr ?nae(}[ﬁé,%} \}ig IiL8r3r88D 588 yclo%(}gniently passed, as
shown, to column 301 for separation of minor amounts of n-octane contained
therein. An aqueous methanol stream is recovered from column 301 via line
309 and this stream can be treated by conventional means for recovery of
20 methanol which can be reused in the propylene reaction to form propylene
oxide.

The n-octane extraction solvent stream containing extracted
propylene oxide is recovered from column 304 via line 307 and passes to
distillation column 310 wherein light impurities are separated by exiractive

25 distillation. Overhead from column 310 passes via line 311 to condenser
312 and decanter 313 and n-octane is fed to decanter 313 via line 314. A
small purge stream is removed from decanter 313 via line 315. Reflux n-
octane passes via line 316 to column 310 and a bottoms stream is removed
therefrom via line 317 and passed tfo distillation column 321. A propylene

30 oxide product stream from which the great bulk of the methanol has been
separated is recovered overhead via line 322, and a bottoms n-octane

stream is recovered via line 314.



oxi de. The n-octane extraction solvent stream containing extracted

propyl ene oxide is recovered fromcolum 304 via |ine 307 and passes to

di still atwornsmetossm 310 wherein light inpurities are separraradolyr21s
extractive 25 distillation. Overhead fromcolumm 310 passes via line 311 to
condenser 312 . d;n-oct. LBiched; I 3 via
line 314. A sn@ﬁ? %ﬁ@@%‘?@%ﬁ??@ r'é; ?(?/\?a' rdgﬁ%cgeggﬁge?%?@%ir%%%i ne 315.
Ref | ux n- eeihpositioassasd eoaditibne a8 iife variaus points3iOthenprosebstdesotibent r eam i s
removed therefrogmvia line 317 and pass to distillation colum,321. A
propyl ene 8BOVki 3‘9 Cﬁf‘%@@%‘t&@ﬁrﬂr?? Qﬁﬂ@n'Q‘ﬁ’?Q 'SPe@PVE%ISke%%enlnﬁ%y met hanol
has' been ' C ' ' #6 irr8f etohBili® s
nooctane oD R e e e S Do sr) 2! 27215
The acc@npangicogveribhtpioseguisyi ded whi ch gives the flow rates,

conpositions, and conditions at the various points in the process described
above. It can be seen that practice of the invention provides essentially
conpl ete separation of nethanol fromthe propyl ene oxide in an economc 5
and conveni ent procedure. 7 WD 03/027088 PCT/US02/27215 6) NCD OLC 'Y
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0- 0 Q06 wy ? n- WO 03/027088 PCT/ US02/ 27215 | claim 1. A process for the
separatlon of a m xture of propylene oxide and nethanol by liquid/liquid
sol vent extract il pnAwirocéssciomtine sepa[abinnamftah nuxiuhe of QGprleﬂaDNide and h wat er

and C7 - car hon xtractlves nts. 5 2. The proc aim1l
wher ei n th@eﬁ%‘ﬂ?‘g B 'ﬂl"*da%ql}’%t §)§H}:§Wln Whighcqrapiises, Coneliﬁgt' 6@%55 of
claim | wheagi Rixeuel it RtdHMRY Ceneco hy@h@carbbn ExteHcHo8 sbRRNEL| vent is
subj ected to an extractive distill atl on.
5 2. The process of claim 1 wherein the hydrocarbon extractive solvent
is octane.
3. The process of claim 1 wherein extracted propylene oxide and

hydrocarbon solvent is subjected to an extractive distillation.
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