1 6 SEP 2005 -01- 2581A PROPYLENE OXI DE PURI FI CATI ON BACKGROUND OF THE

| NVENTION 5 FIELD OF THE | NVENTI ON The present invention rel a't §s gp zﬂ@ﬁ
separ ati on of propyl ene oxide and nethanol by a liquid/liquid’e t§ t
process. PRI OR ART DESCRI PTI ON The separation or renoval of nethanol from

propyl ene oxi0le2681A1G conventional distillation processes is c"mmlmlmmmmm
{

reason of the lowrelative volatility of propylene oxide wth

“methane at hi gher concent r gyReysy| ENEDORDE B¢ &FIGNS above 95 g 3e0r

so. Technol ogy has been dev propyl ene oxide by

P .
oxi dative procedures which g - | solvent during 15
‘the oxidation reaction. 1] I%@@%@y@ %T@E@@ﬁmg to this technol ogy
are USP 4,824,976, 4,833,260, 5,252,758 and the |ike. Reaction m xtures

produced ®Hy this technol ogy compelpOt THPINVENTIOR! opy! ene oxi de and the
net hanol .- solvent and it is inportant that the propylene 'oxi de and

net hanol be separ akheiprgsertidnventiamtelstes to theseparationdt prapylene pxideidnide.

BRI EF DESCRI P ' | the present invention, a propyl ene
oxi de and ne"g%@#gwg@?ﬁﬁ?@ﬂﬂﬁﬁd %&%‘g@e@%?%s% liquid/liquid extraction
using water. and a hydrocar boPRIORWART DESORIPTFION order to separate the
propyl ene oxide and 25 nmethanol. DESCRI PTI ON OF THE DRAW NG The

acconpanyi ng Fi gurldel SepaFatiaesor regwyahaf cmethanst feam opropylene pxider ibye of
the in e} ; | e, il ' : .

conparat e SonToRtEita idiatbf BrodesseRCR ol by reai BFIRS 1l relptivRou, 30
schemati c i | Molatility ofprepylene oaider withl respext it esethéing bEhighee ebheentrddioha! LED

Semarat ed by Seh e ARERGRRrsA e S5 RSP S s T qura-extraction o C
procedure 1 6 SERedffiblod{has/beenlitleRipdd 1P Me protfuction of propylene oxide
by oxidative procedures which include the use of a methanol solvent during
15  the oxidation reaction. lllustrative of patents r_eléfing 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. o |
' BRIEF DESCRIPTION
N 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

R
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using as extractive solvents water and a hydrocarbon such as n-dcbaieP? 2085
an especially preferred practice of the invention, as shown in Figure 1, a
liquid strWeBSeeMs#i sed of propyl ene oxi de and net hanol is PEHUB®/23215 °
conventional continuous extraction colum | via line 2. Water as an

- extractive éghg% ekifadtve dolvdrits vk BRd & hydecHRRRN sifdifa¥irdottane. 3n and a
hydr ocarbon suCh as n-octane is fed to the colum at the |lower end via line

4. In the eamrespeciallycueferred wsacticer pbite imniiandag shawmdn ifigurei 1hai ¢
nmet hanol copt ained in the f.eed. The hydrocar.qon n_t he other .hand, flows
upwar dl y th‘l?q}ﬂghs BRMc SPTRASESr (/iprﬁap%'ﬁl‘% &ngr%@@ﬁ@‘%}ﬂ'd'& felcﬁ[}g, % rom 10

the col um goneiRIal if,gfd'tiHUéﬁg liaciohC6OMAEd i lineN®. 5 WRAg iasednof the
hydr ocar bon sol vent and the extracted propyl ene oxide substanti all

reduced5i n extractivel solvent is fledota thee coliimmmt dhe tuppet @ndriviaainedu a

stream conprised . of the extr ' [ SOl : ' l, I.s «renoved
Ui 21 he o, ParEeAdth eabhy 85 MEREbheTe 180 B 1S, ATtheTBlRP RRg i b8
conventional, mMaANge eRractiAY SolUME, WIﬂQWSSdOWhW&rdI?hexW@Hr@C&ﬁ@\Oﬁt
extractive solvent and propyl ene oxi de stream can be fractionated to

separ at e t hmetjanecantainedyin the faad. pdhe divdeesashen.on the etherhande flows

extraction t 0 | cle h rd.fied by
convent i onaiPHBIISAGERIELF B HirG Jth MnfRilen Rk PTOBSAOEY 20
propyl ege ottiedeolurin Bhappes diguithstrearn ghrepovered via dipgl B vemprisdd dfsthe
acconpl irshed wth extractive diségllation he hydrocarb n extractiyve

sol vent st !")é@"rﬂcérl?,%[h splvendty and: el EXtrgcied (Riep l@@‘?di% g | adbstantialivki ng
this invent +éHZAhSce@aH infethahdly ISR $dnt the! B5HERNBY e Yoll Bhéﬁoéq&g)l%ho"m (
. to th ed by -

in.Figure 4 e aqueous stream this streamcan be trea
convent i onastreast, icohgirised df dhe Extractive atatensolvaniohndimethanel is bidvaxdol can

Functi ons. sl g ot (1 JBTDURE. STRMIR, ety Mo BEON yopatra ong © '

ext r actgnn. chAvérftidngl Mamiér {d)eedd\eieiie boMPBhEAR, THussARE! Adreeagion ons. of

tenperature or pressure are necessary for successful separation of 30

propyl ene ogkaactivel sofuenteandnpiopytaficeraids, e ern teeplackianaéed riangi ng
L At I e
with the prestattion sBiepit The, seppateanpropytisheobxideamn beefutthier puefied st hanol ,
Do ity PO el saeledio L gugc lof oS s Hih, Tl SBAGES:,
ﬁ;gﬁ;;\g{d %epfgr;ﬁ ee%gsgg?.'onﬁngﬁg&%&éet WhBFe Afigh Npatty pRoffiese sRdserve
' 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 convehiently 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 preseht 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.



feed to the extraction process generally will conprise by weight about 2 to
10% net hanol with the renmi nder essentially propyl ene oxide. m eggp 2@%5 ve -
hydr ocar bon sol vent enpl oyed- accordingly to the present inve

saturated hydrocarbon, preferably a C7 -C9 saturated 10 paraffin

hydrocarbon. Cct afpe feell'stie@iise WHIBK S Qrddted Sn ra&oﬂmnbeamtﬁftﬁeegfréé%t
extraction sol vent. but frequentl in propylene oxide purificati

_procedures inveptiemecanescampi prepylenexaxide ahdanethanol, peaferablyfroneny

hydr ocar bons SiENERHS YFRE herb b b aRRRERAD L nafBuiene. ol vEIF as
branched satagvisasle tbsubjstt eenfded firshayh ndﬁsﬁﬂ:ﬂma éBﬁébnaﬂWhereTH{eﬂ%bl

practice of the present Invention, the separation of nethanol from
propyl en® ox¢eRrcanirationsare gk imederipiremaye methanokbefore sxtaction. Bhepyl ene

Chvent | on calt oot e eSRRUBLIRBARES WBARLARER FfioleK BY HeioBRRUCE 16 o0 s
to 99.95 wt. W%Jmetbanoﬂmthlthawhamﬁereseemlwxbr‘opyleheto&lﬂee i n conjunction
| ene oxi de which involve the

wi th procedures f t he ture of

oxi dation of pr opﬁ‘@n@"tr%’ Ve Byéﬁq?@&prp R&/eemﬂ'?y%’d asgerdingly nto 1thgui d
phase using

resolved in grccorggﬁiggt'\?\nﬁqﬂh%ﬂu%¢mée‘ﬁﬁa(r)?la-@?rgt)&éwe%%es % tgfag%% ene
oxi de ari@ mepaafiit hydrosarborasOctaneps|prefered becaurse: ifvist tatroslly pheffestiver . 1 n

eneral, co rc al | bl e l ene oxide has a ur cess of
95 0506 Oy geRrappaPERLe ot B BR CP el R et mepoediES oty
flonmate are h@ctaﬁ&)wemp@yedm an extattive\aistlatiiiwiBrebydrReainiiinties W8 as
hexenes and -hexanes. Several refining schemes are poSsible to provide

propyl ene oxieffeovgd frosm dropylenenaxide.y @@%IS@’(UT&@ lydregarkens adiigh are

distillat e 1027 16
SLip 05 - AETHE(AAGY SYERRAR AR0°noer® ETRICES valfhdd Rl ©
- conpar atliSve pydmocarsors lsaving B-9 chrbbn latemson to obt ain crude propyl ene oxide
“wi th nmet hanol trati | of th t the feed t
comerci al pr opy| SHEPHH igcioepl Mergrespet iveaRonGToIERG N SHEsanE
‘reaction m Xfrgie g&ﬁbﬂénéywu&é' sy e'ﬁ%ttu?@ﬁpéb&ﬁnéﬁéhe‘ﬁt ‘Vpnﬁf?éy'cffnﬁréaﬂc@e

wt. % water and 8 % met hanol and inpurities Is 1ntroduced
di stillati onPropylene xxide/with iresped2 tancontaned onethagoldiashieved dthrough

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 prdpylene’ oxide which involve the oxidaﬁon 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 propylehe oxide and methanol as well as
propylene oxide and methanol plus water. -

In general, commercially available propylene oxide ha_é a purity in
excess of 99.95%. Oxygenated.hydroc'arbons 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.




recover overhead via line 203 a propyl ene oxide stream of 99+% qupggpnmi
oxi de whi i LLable as feed to a comercial propyl ene oy fin.ng 10
~operati on?‘b?k@o?@? anol and water bottons streamis separ atééaﬂ@ﬁ@;v?{ye' -
204. A disadvantage of such a straight distillation procedure is that a

| arge distill atFonexampie; Figuieng illustratesidor eoimparatseaperposesragimpled al ong

with high reflux rati In order to,achieve the a opri ate. separation.
15 1 o podshibation & cRiabnpid brarydie siife Witk FRRAARE! ShfeeRBRRIEL, ene
oxi de reactjBialofttHb8e tehcbthtdrédtih ahb e noea tdorirfe RiiAPYIdpYRerX biiRieand in
an especially advantageous practice of the invention such a rough

di still ati orefining pperfationed prior to the liquid/liquid extraction according
to the i.nvention Such a procedure.is i.llustrated in.Figure 3. .20 Wth
ref erende. to Fi glPE PROPYSHT BBFRdHaCHST mixiutS hitspiceiny e Gamprigs 18
descri bed W?Pfd}gﬁ%eﬁabpa Wi %ol wied whel €5 We.% métﬁaﬂlele@hd tmglsidd lsat i on

col um 301 vi and therein fractionally distilled to recover an
over head r oinffodoced dntprdistillatina cokunoe 26 via ling 2§2cand fraciionallyt distilled fon

propyl ene oxi de with, respect. f ol.. £X I % propyl ene . 25

i o and SPROVEE RUPTERDIVia, Y9 2t nrpEden Hhode SRRerh O s op bR BN e

303. Far feykiletWRRAElS Swtabié agefestntb laovBmni@tialpropylens &xdade befiaimy oyed

in colum 301 as cor‘r?ared to those needed for the separation in _colum 201
d.

previ od9 y epe@tipped 'haomethancbapd wateldgitams istiganyis gepatated Niadiges vi a
line 303 to iquid/liquid extractor 304 to which is introduced water
extractant via line 305 and octane extractant via |ine 306. The
l'iquid/liquid exprdishdvemtage ofisdeil acsttaightsdistiiationprdcedurecisrthat adargsi t h (
Figure 1, the, octane and propyl ene oxide 1 6 SEP 2005, siream bei renoved
via | ine 300isHiHarheolEIREVIG M (epralicRl Bags is FRaHiRhApNg WiThBIB0s.
Conveni ent | Bthaval to colum 301 via

|l ine 308 as'xasf oaﬁﬂgng{ ?%@%Fﬁﬂgﬁ?@s@fﬁgﬁgﬁﬁgﬁgﬁ%t er 5 streamis
recoveri® vi a |i Hds3assibRy to lecoddmidallyado aenrcagh distillationi efrthecopopytemes hown
in Figure 3 it is 'ossi.)?l e {o ci%ttaitn l@é)roemge e oxiFIe st r.(gam \éi.a | i ne 307
which is co%'gfea{ﬁlﬁ"é on PFHER B AR Y N CePHES oBY eﬁeg?ff' € FNCHN @ uch
mor @ eCoNOoNg§pERANME hdvaritages s pradite G I6€ Savemtionsuehea wdgfledisﬁnét@&d Red to
commercially 10 acceptable purities by extractive distillation using an

extractive Berfownedspiigf toadhe dicyisdliquideextiagtioaxaagardinaudp theginyentien.
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 propylene 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



Figure 4 illustrates especially. preferred practice of the invention which
integrates the liquid/liquid extraction with extractive distillation using
octane solvent. 15 Referring to Figure 4, the octane and prowlﬁeﬁﬁpoﬁﬂﬂ&
extraction stream passes fromextractor 304 via line 307 to extractive

distillation str@ﬁhﬂﬁémglﬂamb@écﬁlvm iRé BOTO ind ViAe alateR dnéihahbl istrBbi bern@ are
separated as overhe vapor along with sone octane via line 311.

overhead is rewededydinend3@dndenser 312 and passed to decanter 313 aI ong

e | o 20o0” KMgtisholl B8 i o AEHERE P olebR RICE SRR,

via line 316304 vial ke 30818s shown @@ldufioms3 EBlumrd DY oFEmetHzMoe amadwatady| ene
oxide streamis renmpved via line 317 to colum 321 wherein refined

propy| ene? ox SHeamis regovaredyigline 809 s recovered via line 322. COctane is
passed via |ine 336%/ i d |ﬂ3ﬁ anﬁlﬁxl‘["éétp)naﬁ&%ér{c%nsﬂé’\ﬁ elﬂglﬁéibl??ld f€i306 to

extractor 304. S mnr rough cru éne Oxi de
from col um paemblestomhiamcb pnomofénaoxldeestmam vibllinki 30¥ whidhostcohiparable

~liquid/li te th d |i t b
renoved 11 alP B SBANSH vk 204 PSEE 2006 R THIBA0cBPM RS, t e
met hanol cannot bgy Cééﬁé%ﬁ“ ﬁﬂacbysesbe rdgeted @it ¢ Gelifld °td Softinetidi

t for
the light inpurities. As above descrl béd, the process of the inventi @n S
especi al 1§ useteptablenpurities by ent;apwq)giisaﬂailomwsieg andextradiveoioleanttsushe

Pecul ti ng 11 BmITA cSeToh SppIGIPE ABE AR, i ogen peroxide using a

ifethanol sol vent . F@mém musmerersp@mduy préfered ptractidicof adhiemtion whiehe from
. the catalyti¢c reaction of hy gen peroxi de.and prop %I ene in met hanol

sol vent to fmﬁgﬁﬂt%y?%ﬂﬁu'dﬂﬁuﬂkemaﬁw with %tfl?@t'%ﬂ'-‘-’tt atipR tYsingaPrigRecol um
301 wherein ﬁ’E gle separation of methanol and propyl ene oxide takes :
pl ace. An overhead crude propylene. oxide streamis renoved and passes via
i ne 303180 ext ra&efmmingotcurﬁigm@44 \Azhered:tanétarids prabyleneedxwe exXteaction
l'iquid/liquid extractlon n_accor

th th
is a convent PHREM @)??F%%t ?maﬁﬁtﬁ?‘é rt %ﬂv&l'ﬁ@el‘?’ﬂ% H?aq,‘%ﬂlﬂli'of‘he -
various |iquBiumin @30Bwheréin nesthaRol, Me%h@ﬂlgﬁﬂﬁﬁﬁﬁﬂné@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 Ilne 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 froml
30 the overhead decanter. However, the methano! cannot be convenlently 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



solvent is fed to colum 304 via line 305 near the upper end ‘prBdSEPowﬂ&ne
extraction solvent is fed via line 306 near the |lower end. The water 15
extracti on” 9PBPEMB8 passes downwardly through the col um and®§EUPRRINS:
together with extracted nethanol via |line 308 and conveniently passed, as
shown, to aelixtmes3fEsulting frepritie ireaction wf opyenenard dfydnegen pegoxidat ai ned
t herein. An aqueous nethanol streamis recovered fromcolum 301 via line
309 and t hiusing adpathane! salverkat ed by conventional means for recovery of 20
met hanol ' be reused in the propyl ene reaction to form propyl ene
“oxi.de. Th%e extraction solvent stream containing extracted _
propyl ene oxi de ReferdagteFglrer4ntheakaotiorsMhixture frlom the3 @atalytit mactes to

distillati I 310 ip light i .ties. ted. '
ext 1 act Bue OESITGORNIRRPURS ADFLPRAIPNE: BHEkIaTRh soverb 15 10T STOPHENe e 311
to. condenssfide &lfecVld B! 8/ disthiatiBn Loty 57 wietelrPd criidlespdrafibn 313 via -

line 314. A purge-streamis renoved from decanter 3 via |1 ne 315.
Ref | ux n-ofaattamoband gsopylané ioxiledtbBes placel uim o8éthemcdcradbqiropylengt r eam

i d theref ia |ine 317 and d 4 distillati | 321. A
or opyl ene. K98 SUBERbI (RTERVEL ADARARRGRNn o et Bateedin ROy diE O A

met hanol haghBRMR it BeRMjested tbStheaRpIEQEd ®1@aRaGH iV istdotdehcd2WithaRd a
bottons n-octane streamis recovered via line 314. 1 6 SEP 2005 The

acconpdfyi nigvealivre i s provi ded which gives the flow rates, conpositions,

oan ba seen t nat oIR8 RvVBhTold ieBsfl o daRed CHIVER e, o .
separati on gdntget BRAE Vdrust liGuilr Shyame cfedXititeio) daTheopaleni éxtraetiond ()

conveni ent procedure. 7 WO 03/027088 0)t ‘éOOc'ot CD0) M DC) O r | - ODVD
coOLONI qocosolyenivis(feride) erhimpRHriading 0o ey thenippeysbans n-octane

COMVC) T- 1 T OS{Maction solvent is fed via line 306 near the lower end. The water

156  extraction solvent passes downwardly through the coIUmn and is removed

—

together with extracted methanol via line 308 and conveniently passed, as
- shown, to column 301 for separétion of minor amounts of n-octane contained
therein. An aqueous méth'anol 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 extractiqn solvent sftream containing extracted
propylene oxide is recovered from column 304 via line 307 and passés to (
. distillation column 310 wherein light impurities are separated by extractive
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 to distillation column 321. A propylene
30 oxide product stream from. which the great bulk -of thé methanol has 'been
separated is recovered overhead via line 322, and a bottoms h-octane
stream is recovered via line 314.
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The accompanying table is provided which gives the flow rates,

compositions, and conditions at the various points in the process described
above. It can be seen that practice of the invention provides’eSsentially
complete separation of methanol from the propylene oxide in an economic

5 and convenient procedure.
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(ON.NQ).etTi (UOA-41~-OJ)r(D(D ONtohOOr OOO0O a)l a) LLcu - CV LL>%u
E=1U- LLCLL-.cE ECLU) cocuz >222 1 6 SEP 2005 | claim 1. A process for the
deparation of a mixture of propyl ene oxi de and nethanol by, I (ﬁuiS&PI 2096i d
'sol vent extraction which conprises contacting the said mxture with water
and C7 - C9 hydrocarbon extractive solvents and separately 5 recovering a
stream conprised of the aqueous extractive solvent and .nethanol and a

st ream conpri sed of the extractive. hydrocarbon sol vent and propyl ene

oxi de. 2. The pkelaimes of claim| wherein the hydrocarbon extractive sol vent

and Dydr ocar bon sol enp PRt 1of e SepaltenCLrt aCkixiare, OF dippREne ey aie
Enpf ansst ei t 15m8thanoYdly IEUidNiquiidEBNEnt extraction which comprises contacting the said
- mixture with water and C7 — Cs hydrocarbon extractive solvénts and separately
5 recovering a stream comprised of the aqueous-extractive solvent' and methanol
and a stream comprised of the extractive hydrocarbon solvent and propylene
oxide. B | |
' 2. The procesé of claim 1 wherein the hydrocarbon extractive solvent is
octane. ' _
10 3. The process of claim 1 wherein extracted propylene oxide and
_(" } - hydrocarbon solvent is subjected to an extractive distillation. '
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