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| NVENTI ON This invention provides a nethod of recovering
propyl ene 5 oxide in purified formfroman epoxidation reaction m xture
whi ch additionally contai ns nethanol. Such m xtures may be forned by
epoxi di zi ng propyl ene wi t h hydrogen peroxide using a
titaniumcontaining zeolite as a catal yst and net hanol as a reaction

sol vent. A hydroxy grou;ﬁE:BARATrl%QE&@T%NMND PROPYLENESs water or
propyl ene glycol is used as OXIDH FROMA REACTIONIMIXTURE distillation

columm so as to enhance the diff e Jval at il et ween

propyl ene oxi de and net hanol, th r'girg) QWQ‘Wgé'ﬁ'ml ene oxide to be

wi thdrawn as an overhead STRi§FRVERRON (PrEviBeSs WinethBE 6 Fdctiviering propylene
distillation nmay al so be operated to trF{zduce the level of ot hergugdepsyi rabl e

i mpuri ti es Ssuch cxidenixpurifieddoms fom ar epaxidation reagtioopyixture whichiadditiongily
BACKGROUND OF THE. | o

NVENT]I . Ln recent ars. the production
of propyl ene. ox BRI HeaNgh Seh mixtures ey, bEGhest B7 epoxikind bEGHEne
oxi dant and a tiighydiogenipdrexitd usiyy a titaniim-containing Z&lif 4§ dwaalyBeaRd
proposed. Methanol is a particularly preferred reaction sol vent for

such purposes, d¥ethandl@ga feagliopaniventi ¢hhydiaxy\groupsoniainingapelapsolvent

selectivity. Epoxi ' e f i I | fQr | e,
‘n U.S  Pat. Ngsgu‘g?égcl‘nﬁ%%ﬁ@gile%@o&Qﬁg%%a%‘gagSQ'E}%w?%ﬁ‘% clventn'8

4,824, 976,10=P Pudiktilidtion SalRAH? o adido @rivance e differdnceCit doyatilisy bedwedh9-
167 (1991), the teachings of which are incorporated herein by reference in

their entirety. PRPYIRNEAXEgANGMptBagek thereby RRIMIKINg: propyiang AYidesto be

exceptional ly hi tAvi | de de ' :

or oduct FtBRAF e oBrRRE XxfRafy HOMPInG SRIGHHLC TS Sifegve
wei ght percent distillatiorppmayyasodeoppdmted tth retdacsd thetowe! nficthepundesirablet | y
nmet hanol . However

" ropyl ene oxid nd net hanol nornmal |y, have
simlar boiling 'B?)‘?Wft?saﬁﬂfr{)ﬁjg)éter an a%i%lgsgv%? i1 theupropy "?e?;épﬁt e
guantitatively, especially where nmethanol is 30 present in | arge excess.
M nor quantities of certain by-products such as
SUBSTI TUTEYSHEET (RULE 26) BACKGROUND OF THE INVENTION

In recent years, the production of propylene oxide from propylene
using hydrogen peroxide as an oxidant and a titanium-containing zeolite as
a catalyst has been proposed. Methanol is a particularly preferred reaction
solvent for such purposes, as it tends to promote high catalyst activity and
20 selectivity. Epoxidation processes of this type are described, for example,
in U.S. Pat. Nos. 5,591,875, 4,833,260, 5,621,122, 5,646,314, and
4,824,976, EP Publ. No. 0732327, and Clerici et al. J, Catalysis 729, 159-
167 (1991), the teachings of which are incorporated herein by reference in
their entirety. Although such processes are capable of providing
25 exceptionally high selectivity to propylene oxide, the crude reaction product
thereby obtained typically contains only about 2 to 10 weight percent
propylene oxide with the balance being predominantly methanol. However,
propylene oxide and methanci normally have similar boiling points and thus
can be difficult to separate quantitatively, especially where methanol is
30 present in large excess. Minor quantities of certain by-products such as
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2 acet-al dehyde are inevitably formed during epoxidation and
subsequent g g9/116900CeSSi Ng. Since a satisfactory propyl ene Ggrerds@sazo

commerci al purposes shoul d contain | ess than 100 ppm and preferably
| ess than 20 ppm acet al dehyde, the devel opnent of mnethods for
reducing the level of 5 acet al dehyde by-product in such reaction

m xtures i s necessary. In addition, epoxi dation processes of this
type formwater as a co-product, mnth t he vater bei ng derived from
t he hydrogen peroxi de oxi dant. Dependi ng upon the met hod used to

generate the hyacetpédermﬁimﬁreiene\oabé/ feweaed during epoxndaﬂ@'p@ﬂdjaubmueﬁtt er
may al so be present in t feed to.the react

b scesses cat al PRRPSSYS | SIORF SraL GTAPR POPYIED Pade JpecommeTBRf bhBlodk, |
tolerant of wat@houid cohtdinles$araasPI0 dpth, BRA! pIerIEigds than 20 Wmoses
to obtain propylene oxide in substantially anh drous form Thus,

i s apparent t harcetaldehyde,athecgevelppmeent of methadscfen seduaing ohe i%lfﬁb@fe

Froma orufe LpasoriydERyARRe i h BICARFRRUR K RBoRtaatk: FERRN, °

at a relatively dpmwidamwmés‘semf this type form water as a co-product, withShAdatr OF

THE | NVENTI ON have now found that ia crude epgxidation
reaction productbeing de”"@@rfmé@@l Wﬂr%%ppmdmwrampmmﬁnawmt%
purified by the 2 e d t

product is int ro'ﬁuce |dr%tg8 g’n gen%'ié’t% ﬁet@bﬁrgglégt sec |g§ b a%&ié‘)c(ihg{% I ve

ﬂi Zt il a]E i on zoruplowdntimdalbaigr rrlmyraﬂocbmgrehsenﬁ in thﬁ fped 4o tlwlramtbr hWhm a
ydroxy functionalit an a boilin er t
met hanol iMto arﬁp,%%? 1Yk RICGRSTHRS ‘F% tY F’ai’g \tléaravgt-?wtamm igﬁges are

Propyl ene oxi de fgi4ltkably dtcrapy SrhRakr! oM AﬁBgdgﬁéﬁ 'faﬂen% t Ebhidreial

zone, 25 with a bottons stream conprise and t e pol ar
sol vent wrpnse%imobfatmpl@plymoméeum substantially sokydroviarfotrs. dipeisat ed

such that the t. n_of.the ac I el" d
present in the Cpﬁdappg\%ﬁ‘ihaqggg% §f d?%&%t"?lﬂ? B?%%P"JP%@’% ac aeiﬂe
into the pol ar sef efficlentipdemoving métﬁﬁﬁdledvatér BRE duetadehydé rsﬁﬁilmtaneously

SUBSTI TUTE, SHEET ( RULE 26)
16 from a crude epoxidation reaction product when propylene oxide is present

at a relatively low concentration.

SUMMARY OF THE INVENTION

We have now found that a crude epoxidation reaction product

comprised of propylene oxide and methanol may be purified by the foliowing

20 process. The crude epoxidation reaction product is introduced into an
intermediate section of an extractive distillation zone, while also introducing

a polar solvent having a hydroxy functionality and a boiling point higher than

that of methanol into an upper section of the extraé.tive distiliation zone.
Propylene oxide is distilled overhead from said extractive distillation zone,

25 with a bottoms stream comprised of methanol and the polar solvent
withdrawn from a lower section. The process can be operated such that the

water and at least a portion of the acetaldehyde present in the crude

epoxidation reaction product are extracted into the polar soivent and
removed in the bottoms stream.
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3 DESCRI PTI ON OF THE DRAW NG Fi gure,

lto be expka opesgn nore detail hereafter, illustrates in pcr/EPSSAEIRd i C
form an enbodi nent of the invention. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON 5 The crude epoxidation reaction
product treated in accordance with the process of this invention is
typically obtai ned by epoxidizing propylene with hydr ogen per oxi de
or ‘an equi val ent thereof in a reaction nedidim where met hanol is used
as a solvent. Any unreacted propyl ene which may be present may be

first largely or entirely rentEEBQ@lPﬂ'dﬁNe@Fl'ﬂgEtDBAWlNﬁ 10 epoxi dati on
reaction product to init separ tion.or fractiongtion.usi .
conventional distill ?}QUW n*ﬁﬂ g@ EQdﬂpmfetéféanlﬁWP@ﬁ'é lﬂﬂ§tr5’@s n
renoved over hea%dﬁ%h%lcﬁfofﬁ\%ﬂblﬂbﬁmrﬁénﬂéﬁhé'lﬁ\%nt-g?\e epoxi dation catal yst,

whi ch may be, for exanple, a titaniumcontaining zeolite such as titanium
silicalite, is preferably also separated by filtration or other such neans

from15 the crude epoxi j i N essing in
accor dance with th@ﬁ&ggﬁeﬁﬁmﬂw&% PHEqN\}éNﬂC@pendi ng upon
the epoxi dagion condi ThesrdedpoRidefion fadtivh prstiadireated in actorddmde/vith ¢the
renoval in the initial separation step, the crude epoxidation

reaction productprogpseaf this iventiomisdypicaliyrpbtained by epeidiziea Rsepylese with
following 20 GofRBRAWetoxidB SHE5N ee%np%e%fh%%of in a reaction medium where

propyl ene oxi de

50- 85 methanol is usedtad deduivent. !i\By é}grggcted propylene which fhaylbé. 1
wat er
propyl ene gl ycol Present may be first largely or eptirelygemoved by subjecting the csude

gl ycol s angl heavéﬁé),dS?Lﬁ%r.' {eactB'n]product to an_liﬂiéiallo?(e)%rla(taiﬁécﬁg%‘fb%égﬁ)r%%/noﬁsing

propane
concentration racgrvesttional aisiMatiomahethesist hEor examplep tive iropylenef mayebe

i nventi on wherein propylen l,ycol tilized as
n"the oxtract i vEETPeRY prarper Usharn Bah drufia oS ke TR sobKidation el et.
in the bottons swmnﬂ:g bé\GorBkaple, S aRMIFhesbritAiiRiRg PEolit8 'shrRs ffanimt ©
SUBSTI TUTE SHEET ﬂRULE
silicalite, is preferably also separated by filtration or other such means from
15 the crude epoxidation reaction product prior to processing in accordance
with the present invention.
Depending upon the epoxidation conditions employed and the extent
of propylene removal in the initial separation step, the crude epoxidation

reaction product typically will have a composition comprised of the following

20 components, in percent by weight:
propylene oxide 2-10
methanol 50-85
acetaldehyde 0.01-0.1
water 10-30

25 propylene glycol 0.1-20
other glycols and heavies 0-1
propylene and/or propane 0.01-0.1

The propylene glycol concentration range shown above includes the

embodiment of the invention wherein propylene glycol is utilized as the polar

30 solvent in the extractive distillation step and the propylene glycol recovered
in the bottoms stream is incompletely separated from the methanol prior to
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4 recycling the nethanol for use in epoxidation. Typically, the
anount of  wqegn1gsPPY! ene glycol actually generated as a by-gpEpEpsdioseto
epoxi dation wil| represent less than 1 weight % of the crude

epoxi dati on reaction product. If a glycol other than propyl ene

gl ycol or another heavy conponent is utilized 5 as the polar solvent in
t he af oredescri bed enbodi nent, then the concentration of said polar
solvent in the crude epoxidation reaction fir oduct wi || be higher
than the range shown in the above table. The extractive
distillation isrexyclingithe saethasdl for user lraepowatnem ehypically, thedarount f i on

colum or tower_a riate . for the distillatio yeneo Q
and et hanol . ropp&é@f rg&‘iﬂ'tasd ?'E{ %Q?r[aé%é ia5el %p"qpc{ ‘g éa@‘ﬁ%sh’
contain at 'eaSFeep}eséﬁﬂérsgtthsﬁH wé@h?% aflfhé)ér%éaépdﬁdamdd ré‘am‘ow;sroagcto 60
t heoretical plat he maxi mum nunber of theoretical plates is limted

only by Kagiyen! othentbanprepylenasglygolsr agothetineavy camponendisustiized
tower is uguall or, ecq

mil 1 pl o dbstil P8 5 poBhmEeEt' ihyin€CaBRENGas AR SnnBttinth HRD dhe
excl uded. concentratlonTcﬁf%aiithélbr selvERNH the cAfiesepdlidatibr redctionprodaett | ve
distillation zone is a conpound contai ni ng one or nore hydroxy

(-OH) functi onawiljbekigherthan the rangeyghewg inthabovg tallent hi gher t han t hat
of methanol. In addi t'l'h%”e&f?a%ﬁ{eeﬂrsplla& qnis Sllﬂ’bltﬁ Q:la?n%A %l?‘?r? a?r& coI‘PéT ent

solvents include, but daré no

E;I ycol s cont ai mdisg:liéﬁmmﬁlgnm 6r tbwdm@pp&bpﬂme ﬁmdhﬂdns;ﬂiaﬁm of pr%pylene baideof
e.g., triners and t ners) are genera e for us

Il ustrat %e gl PO8l ‘§‘ h@ﬂ%‘de?}&{ %rf@slj\tfyvc e eb"r’%%ﬁ)/{eeﬁ f@?{}%ﬂmﬂ éﬁﬁy‘dene
glycol, dipr Opylc%ﬂ CI@ES%(%O‘E?\EHF{#@%P‘ tes %nﬂ%ﬁrﬂarh %lwr&ﬁ?ﬁﬁ%@&@ 60 -
neopentyl gl ycol the e an |go rs there l'ustrative gl ycol

et hers 25 i ndlhemreticalqaim{eer ﬂ]hechaxmjumlnlumbeetolﬁmepreﬁcqltpdaigs wmgeglmly
et hyl ene gl ycol

ners t hereof. h as , di dtr| ro ene
ool ond 4" saanomin senfideRtonsS A BRoR Al dng S igpsr 'E LRI«
(e.g., aqueous HreRyicoretwidinic A8bAs abHGhe use of mORiplE HistiE&lon Ibmrmmunt
of poI ar solvent supplied to the ext ractive distillation zone

shoul d be ®uf f i dp@pcompligbiihe semenesydtds notieyelyded. of separation of 30
gafsg'?'ln'cl)'luTEn gHEtE{I]'eE RIU% E&)la@%ow 18 btk $0YHE e Blstiliafish LBRe is
a compound containing one or more hydroxy (-OH) functional groups and
having a boiling point higher than that of methanol. In addition to water,
suitable classes of polar solvents include, but are not limited to, glycols and
20 glycol ethers. Glycols containing from 2 to 6 carbon atoms and oligomers
thereof (e.g., dimers, trimers and tetramers) are generally suitable for use.
lustrative glycols include ethylene glycol, propylene glycol, diethylene
glycol, dipropylene glycol, 1,4-butanediol, 2-methyl-1,3-propanediol,
neopentyl glycol and the like and oligomers thereof. lllustrative glycol ethers
25 include the C,-C; alkyl ethers of propylene glycol, ethylene glycol and
oligomers thereof such as di- and tripropylene glycol and di- and triethylene
glycol. Mixtures of polar solvents (e.g., agueous propylene glycol) could also
- be utilized. The amount of polar solvent supplied to the extractive distillation
zone should be sufficient to achieve the desired degree of separation of
30 methanol and other impurities such as acetaldehyde and water from the
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5 . propyl ene oxi de Thi s anmount wi |l vary, of course, depending
upon a er_of 1@ huding the identity of dherprl@ize
sol vent, bu}[.vo99/1'ik§§b (Hee e at | east about 5% based gér?({ghe
wei ght of the crude reaction product. Typically, the
pol ar solvent is fed to tractive distillation zone at a rate

(on a wei ght basis) which |s from5 to 35 percent of the feed rate
of “the crude epoxidation reaction product.5 Wher e propyl ene gl ycol
is used as the extractive solvent, the anount of propyl ene gl ycol

introduced is ppripylers oxide.t dTtgs ambmrttvm varyt,mf cmmmte dependingpapotagi on
reacti on product. Theé}% t| mal

t d

propyl ene gl ycoNUBhR& %@F%Hnaoan etwgr'ﬁﬁ%thﬁggen o %‘r?o“’em buy&@ﬁ@ﬁ%!n
|

product (e.g., (1 § eFéPI@é's?%ﬁoB{E bééédtﬁﬁtﬁégfégﬂfof)ﬂﬂ?%need Pbxgﬂatlon

general ly nean t ess addi tronal’ propylene
i ntroduced and véaeilomlpsaductThé" ypicatly pthertpolan solvenpds dedstd \!batextmmlve 15

poi nt. At i on CHRIBUH FERE S BIFEo AN TENHEEH LM Tty 45 percent
wi thdrawn from hhePtdeitatd gghe'c?&aé[é Xi@ati fé%cuoﬁgiréda&t' WheldproBylene

m ni mi ze contam nati on ropyl ehe OXI pol ar sol vent
Preferably, theghualris susledeas ﬂns extractives setvend, Meeamqun&cnfmrepwesva glyeol on

20 zone at a.po thap .2 ..heareti.c | at es bel aw.t he over head
stream wi t hdra ?fgf‘i‘?po's préterabiy 10 t5 3bﬂ‘l@g§é /"h‘t?# tQE %ﬁppﬁﬁagﬁsﬁagactlon
epoxi dation rea(ﬁrb@@ctpmﬁléétlméi amount will ¥ HegeRgent @p&ﬂtHéWﬁﬁipMeaéﬁy

section of the extractive distillation zone, preferably from about
40% to 70%Mf t lengestratiea, in' the ecWeofepzzldatlonheeﬁ@tqrba:rogu@tt ée g.f rfoara he

A suitable rof | (IPAYEDETaBEb! BEths Terkhan BrBULE il aanersil Hoan, gy less
optimum resul t s Ridiiganprepylgne\glycohillineetite beangredoéed andw:elvérsa).S ‘llhe

The pressure under which_ the extractive d|s |II tion is operated is
suitably around "&efdRqiRkefardh gm&i&m@ver&t sjwu ﬁawﬁﬁn theperu e(%axmt}on

up to about 50 H%h%t:&ﬁ‘b’?oﬁﬁ’ét) feelBoiRPBh" e SGRP at Shict THE YvaThSd Yrdam

16 comprising propylene oxide is withdrawn from the extractive distillation zone.
This will help to minimize contamination of the propylene oxide by the polar
soivent. Preferably, the polar solvent is introduced to the extractive
distillation zone at a point not iess than 2 theoretical plates below the
overhead stream withdrawal point.

20 The point at which the crude epoxidation reaction product is
introduced is an intermediate section of the extractive distillation zone,
preferably from about 40% to 70% of the distance, in terms of theoretical
plates, from the bottom to the top of the extractive distillation zone.

A suitable reflux/distillate ratio (molar) is important in achieving

25 optimum results and generally will be in the range of from 5:1 to 15:1. The
pressure under which the extractive distillation is operated is suitably around
atmospheric pressure, e.g., from about 8 up to about 50 psia. The bottoms
(reboiler) temperature will, of course, vary with the pressure but will typically
be within the range of 90°C to 120°C.

30 The extractive distillation conditions are selected so as to provide an

THIS SHEET HAS BEEN
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5a of course, vary with the pressure but will typically be within the

range w(%g/pllgg to 120C The extractive di stpdtpbosAitaro
conditions are selected so as to provide 5 an

6

overhead stream comprised predominately of propylene oxide. In a

preferred embodiment, at least 95 weight % {more preferably at least 98

weight %) of the overhead stream is propylene oxide. The overhead stream

will preferably contain less than 0.5 weight percent water (more preferably

5 less than 0.05 weight percent water) and less than 1 weight percent
methanol {more preferably, less than 0.2 weight percent methanol). The
bottoms stream withdrawn from the extractive distillation will contain ali or
essentially all (i.e., 99+%) of the polar solvent (including any water present

in the crude epoxidation reaction product) and a preponderance of the

10 methanol (e.g., 99+%) originally present in the crude epoxidation reaction
product. Depending upon the extractive distillation conditions selected,
varying amounts of the acetaldehyde will be removed in the bottoms stream

(e.g., 50 to 98%) while still achieving the desiréd separation of propylene

oxide from methanol. For example, adjustments in reflux ratio, number of
16  :‘theoretical trays, overhead cut point and extractive solvent flow will change
-the acetaldehyde distribution.

In the accompanying drawing (Figure 1) there is illustrated
diagrammatically a representative system for carrying out the extractive
distillation process of this invention. Thus, referring to the drawing, the
reference numeral 1 designates the line for feeding the crude epoxidation
reaction product to be treated to an extractive distillation zone 2. Heat may
be supplied to the column or tower comprising the extractive distillation zone
by means of a reboiler. A polar solvent is supplied as the extractive
distillation solvent through line 3. The bottoms stream comprising methanol
and other substances which are less volatile than propylene oxide under the
extractive distillation conditions such as water and at least a portion of the
acetaldehyde is withdrawn through line 4. The purified propylene oxide is
removed in vapor form as an overhead stream via line 5. Further purification
of the overhead stream may be performed. For example, if the overhead
stream still contains unacceptably high levels of propane, propylene,

20

25

30
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AMENDED SHEET 6

over head st 1§653pri sed predom nately of propyl ene oxide. |pr1EP98/05470
preferred enbodinment, at |east 95 weight % (nore preferably at |east 98

wei ght % of the overhead streamis propyl ene oxide. The overhead stream
will preferably contain | ess than 0.5 weight percent water (nore preferably
5 | ess than 0.05 wei ght percent water) and |l ess than 1 wei ght percent
met hanol (nore preferably, |ess than 0.2 wéi ght percent nethanol). The
bottoms streamw thdrawn fromthe extractive distillation will contain all

or essenacetaldehgtie o(iotker re@€ivély light intpuritiesait nsayl be intrqduceldidtagnany
wat er present the crude epoxidatio act i roduct) .and a

pr eponder ance oF‘thﬁledl% e sectjgn Rgﬁﬁf’ IQnatgr € 39545%% e t?ig{ %Cg%?ee@'éﬁﬁa#qv ‘t he
crude epoxi dati qfg ﬁFﬁﬁﬂﬂ‘tlegtaé%wstﬂﬂ%tove'a%‘fd‘ﬁ'lrﬂ Hﬁﬁé’ 7t W?HGH b8gbimge

distillation COI’]QI tﬁons se varyl ng arm
acet al dehyde wi ktrebm ofemmﬂd' edrprobylenet oxide is twittedrawn by wa()eoghnefm tAn98%

hothanol | For _oRaMEREge Jr‘wféﬁéﬁé%ﬁg%?q%ae%%‘% Bt acdtbRBias i gavde sigrncanty O
theoreti cal ”a Sducd¥ah A tﬂaﬁé?bﬂé ﬁg%oﬁﬁﬁdré&%ﬂﬁeﬁﬂ&iﬁﬁ{ﬁtorf\lvﬁlﬁh%bbld

change e acet al de |str| ution.
acconpanyi ng dr bei rgglﬂlléctjﬁr@\elyeadmeneml)durd weast directly subjected to fractlonal

di i cal | f he '
Gi o011 ati on- pr SiSURtE! FRARLPah B i) Salve abEhoR, & sheR 2BRERGR 5 e
20 ref er ence tRatTRickionaticte sf &%cﬁﬁalb@ﬁygﬁé BRd pP6p d}léﬁ‘@ loRfd f3eacdorfilished

epOX|dat|on reaction roduct to treated to an extractive
distillatil®n zomauch meset eaﬁ»y in the absepeesefppiethandiothenprasent mioeess s

conprising the r
A pol ar sol vent %éﬁtg?épspﬁ&ﬁgglegé é%‘%‘é cfg%ppgggﬁ%al by P’°‘)P‘}I'6¢T§ﬂr}f"|eg'{‘?%‘%%§§?b4ent
through line 3. wiieh iwtssurtialiy fireaadfongtiansl.ng met hanol 25 and ot her
substances which are | ess volatile than propyl ene oxi de under_the

extractive distill atiWPIENENt toHe mrpevalofwatatie &ﬁﬂ‘p&t“epgagtﬁ'ﬁcﬁlﬁiﬁtpbﬁ of
the acettﬁé%ﬁéﬁﬁ%né%ﬂﬂé ngﬂﬁ% ta@é’ﬁ@?toHs”&réamWSgPﬁrsofd@é’ired be .

propyl ene oxi de vapor formas an ov ead streadmvia
line 5. Furg her s,uhjedtedato cs’nll further puﬂﬁd:drtmm\eskepmad Forr exampis, fer many
performed. For ex .ne.over head 30 nt ain

unaccept abl y hi ngman\?gflgl app 'B?'ﬂﬁﬂ?ﬂ@e %ﬁp}rg‘ﬁ%ns oﬁmpun 1e|s|suc 2 methanol,

water and other low molecular weight oxygenates should be reduced to very

low levels. This can be accomplished by any of the conventional methods

known in the art such as, for instance, the extractive distillation procedures
20 described in U.S. Pat. No. 5,000,825 (Shih et al).

The methanol in the bottoms stream may advantageously be recycled
for use as the reaction solvent in an olefin epoxidation process, preferably
after at least partial separation from the polar solvent by distillative means
or the like. The separated polar solvent may likewise be recycled for further

25 use in the present extractive distillation process. For example, the bottoms
stream may be fed through line 4 to an intermediate section of fractionator
9 and subjected to fractional distillation. Methanol and other components of
the bottoms stream which are more volatile than the polar solvent are
removed overhead from fractionator 9 via line 10. The polar solvent
30 recovered in the bottoms stream is returned to extractive distillation zone 2
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7 acet al dehyde or other relatively light inpurities, it may be

I nt roduced | wo®9AD639 i ntermedi ate section of fractionator

subj ected to fractional distillation. The light inpuri ?FE@PQF@S”O
wi t hdrawn overhead through line 7, while a bottons st ream of
repurified propylene oxide is withdrawn by way of line 8. An 5 advant age

of the present process is that fractionator 6 may be significantly

reduced in size (and thus cost) as conpared to the fractionator which would
be required if the reaction mxture was di Bectly subj ected to fractional
distillation rather than an_initial extractive distillation. A further

advantage is through Hae F.r Abeiexiactiv distillatien E&-ﬁﬂﬂsdﬁﬁ%@eﬁﬂﬂ aprlisptiene

oxi de is acconp much e PV ﬁl% I
the present pr ogéss hus g@?lﬁﬁg\ﬁésﬁdoﬁﬁ'f‘% ac%&%ega gﬁ”rag%val
by providing anzmeEA)‘lemdyslbe aamzed to rembvehatl keast sergortioh yoff aag rdsidual

nmet hanol . z_ equent t renoval of volatile éﬁég)onfnt s in
fractionator 6,acetaldehyde,irom dh ?I‘Eﬁ 3(5‘9 PEOR Pt dBUSR 1B SRR Sy 88m

may, if sogdesi ygdiedpe 15 subjected to still further purification steps.
For exanple, for nany commerci al applications the concentrations of
i mpurities such as n¥vhiknibis possible to cmarlpdate&radapat&terthémmam@wmmommhght
oxygenates shoul d duced t.0 ow | ev i s _can  be,
acconpl i shed by"éﬁ*B ﬁ%yh@ @@h’\?@ Mé%aﬁemmm'ca ad\( epHs ¢ distill
such as, for | NghiNaPorfiblf of tid BERONS sHieBfm Livilh k8 rétnaR Ny pBRicHbeing fed
descrlbedlnusﬁp% ° 25 s‘é‘hlh(kat al). f peM em}?e

met hanol in the dllrectlsoheclstq%@mpqua@maaaaMMBwebergse@thsmay thereby beor

e a th react ent a o dat,i on C ef er.abl
arter at Mha ettt Yaptesilk g o8 Gl fn B8RRI uBHR &R i ST RO
nmeans Ohwifl e rédsroled e therapatigstisty réactep |tygathefwith ithe Wneehdifol.
recycled for further 25 use in the present extractive distillation

process. For exd&Mslinarily,Hzoweyerothis will not sigsificaatly mifipchthe epoxidation esyltee 4

to an internedi Ebfq‘?alflgﬁtsﬁr&%eﬂ aﬁél??&blggﬁ{s%seful in the g??gé}q ﬁ”ﬁcﬁﬁ&ﬁ%rﬁé’ess

fractional disti I on her  conp S of
bott ons stream whillche ssubstanttallyoinett hﬁdéhaypltﬁleepokldatlenlccmdltlmse it will,

eoveron T b GRBE AN S befistbif fon e Waia Tt melSANSId6i BHlas one
2 solvent in the epoxidation tSHBZtId45E: PHsle PR )at least 3:1.
EXAMPLES
Example 1
This example illustrates an embodiment of the process claimed
20 herein wherein a crude epoxidation reaction product which has been

subjected to an initial flash distillation to remove most of the unreacted
propylene and which has the following composition is subjected to extractive
distillation using propylene glycol as the polar solvent:

Component W%
25 Propylene Oxide 6.8
' Methanol 61.3
Water 24.2
Acetaldehyde 0.038
Propylene Glycol 6.7
30 Propylene & Propane 0.055
Other Heavy Components 0.906
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8 - through line 3. The extractive distillation process described in
application wo 99/1165€" - filed August 15, 199FctAPrdmesaey’ s
Docket No. - m %4 i zed to renove at |east a portion of

any resi dual acet the nethanol prior to its reuse in
epoxidation if so 5 VWhile it is possible to
conpletely separate the polar soI vent fromi{he nmet hanol by
distillation, it will often be econonmi callyYadvantageous to distill

only a portion of the_bottons stream (w th the remaini n% portion bei ng fed
directly back to the ERBxFHEE] eaoxléa&%rr)eagt'%eprédypbys 6§ttp Py eXHack¥e be

sol vent - SRR fody dorfeinidif S0 BRAEF ke ABEhotetdiBrRthd"
the nmethanol.  feed pcﬁmobeing ngsstagwmrthe tdp efmeltbweot Pmmﬂerﬁe glyebl ig fed

af fect the epoxidation resu ai ned since the polar solvents
useful in the pr&%ﬁt B§Fng fé%mltﬁﬂtﬁﬂ 6@5@510‘”” ata figm rﬁt%\ﬁ’?'%hﬁt"%ﬁ%aﬂ’lt?e

i nert under gt ypi Eﬂ%f@ﬁ?‘*léé@%e%m%ﬁg tﬂrba étﬂé\%l rife %n aj\ﬁellggt Bg%%}’eﬁ\ purified

general |y be desira anol

sol vent in the epmpylere oxideproduettis taieri ag ah, ovmheaqbld@td!atd)l Yhatpropylehe
3. 1.

. . , ] EXAMPLES : | 1.
This exanple ill Eytcphteéya&“veeﬁﬁb’&nﬁéﬁtw'g?dr?}ﬁ’@wgf)ﬁ'bé@% t@t@rﬁgggg (?ebw}grb, n
wherein a crude Rﬂ_j@ihgﬁﬁtgtﬁ%llr %?ﬁb‘aﬂ i B mdth&RolNid R&Rer as well as other

subjected to an initial flash distl Iaflon to renove nost of the unreacted
propyl ene and vmrdatl\mi}s heaw tainponents. cdveptosveriimoperatad at acefiok tatio (reflux-

Séf \r/gﬁt 'V€10 to-dlst"ﬁa{e) oe%td o?%lum ngﬁﬁrreolgﬁl'\gnc%lﬂlnxcc%n e%step i ﬁ%}l é}g%psia
Propyl ene Oxi de and the column oﬁeﬁ’ated with a pressure drop of d\@bbﬁﬁé’ﬂ tray, resulting

61.3 Wat e
Acet al dehyde in a bottom pressure of aiyout 40 psia. The bottoms (rebqﬂaﬁbgﬁrep@ramgmm

6.7 30 is 104°C aﬁacm%k@ggcc?hdoern%@m%mperature is g‘lgé.S

O her Heavy Conponents
Under these conditions, 99.8% of the propylene oxide in the crude

15 epoxidation reaction product fed to the tower is recovered in the overhead
distillate product and 99.995% of the methanol, 97.9% of the acetaldehyde,
and all of the water are recovered in the bottom stream. The compositions
of the product streams are as follows:

Component Distillate (wt.%) Bottors (wt.%)
20 . Propylene Oxide 99.6 0.014
Methanol 0.03 57.6
Water 0 22.7
Acetaldehyde 0.012 0.036
Propylene Glycol 0 18.8
25 Propane & Propylene 0.9 0
Other Heavy Components 0 0.85
Example 2

This example illustrates an alternative embodiment of the claimed
process. A crude epoxidation reaction product which has been subjected to
30 an initial flash distillation to remove most of the unreacted propylene and
which has the following composition is subjected to extractive distillation
using propylene glycol as the extractive soivent:
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SUBSTI TUTE SHEET (RULE 26) The crude epoxi dation

reaction pr@glb?{%lgﬁ fed to an extractive di still ati opctrmpeses470
cont ai ni ng eofetical stages (including reboiler), the feed
poi nt being 19 stages fromthe top of the tower. Propylene glycol 5 S

fed to the 4th stage fromthe top of the tower at a flowrate which is

1 3.4% of the crude epoxidation reaction product flow rate on a wei ght
basis. A purified propyl ene oxide product 19 taken as an overhead
distillate. The propyl ene glycol extractive solvent is withdrawn fromthe
bottom stage (reboiler), tégm@a&nhith all, or nearWL%I |, of the nethanol
10 and water as well asgother r I vel y heavy c nents. The tower is
operated at a reflux ratioP gqufx-@@{edi stillate) o ;g The pressure in the
col um condenser is set at a (207 kPa) and th | unm oper at ed

with a pressure drop of O. 9;5% 1 kPa) per tray, r §u|ting in a bottom

pressure ofSabout 40 psia 62%5 € The bottons (r@bQﬂqsar) tenperature 15
is 104[err]C and the top (PowpdenefBlyectnperature is18[err]C
Under these conditions, 99P8Spyéne BePmpamel ene oxi d@.0578 he crude

epoxi dation reaction produQthérldesvwy Compgonemtsis re@8é2ed in the
overhead distillate product and 99.995% of the nethanol, 97.9% of the

acet al dehyde, and al | gk Eh@!e“@béiidﬁ[i&nr%%ﬁ%e&obﬁcf he feat i rars iex@idtivé0
The conpositions of the product streans are as follows: ] Conponent
Di stillate1Qw . %listiliation towerBcentaining B5. #iporetical stagasofipeludimgorehmniler), the

8902 feed point being 4 _Ii%tggléls from t{}@g@'\%% {F\%qg\luer. Propylene glycol is fed
22.7 25 Acet atgltHey#ad stage from the top at a flewPrete which is 28% of the flow rate. ¢f36
Propyl ene d ycol 0 1

8.8
Propane & Propyl $tecrude epgxidation reaction product feed on a weight basis. A qusidied
Heavy Conponents : : Dbt
Thie exanpie 111 RLOWENS oxide productis aken a5 s Qusiheds fytllats, ThEREBIEe
process. A1 ude ghmotiedatactive rsohasritas withdranin fiont hthé dsottoer rstage (reboiler),
subjected to an initial flash distill atifpn to rem)vengﬁt of the unreacted

propyl ene and white@ethgs witheak or near pllehihesveatesand aneliag well as other
extractive disti 'z:'o%ﬁd?{érﬂé.i ng propyl ene glycol as the extractive sol vent:

The tower is operated at a refiux ratio (reflux-to-distillate) of 8. The
pressure in the column condenser is set at 30 psia and the column operated
20 with a pressure drop of 0.2 psi per tray such that the bottom pressure is
approximately 37 psia. Thus results in a bottoms (reboiler) temperature of
105°C and a top (condenser) temperature of 51°C.
Under these conditions, 99.5% of the propylene oxide in the crude
epoxidation reaction product fed to the column is recovered in the overhead
25 distillate product and 99.98% of the methanol, 100% of the water and 89.5%
of the acetaldehyde is recovered in the bottoms stream. The compositions.

of the product streams are as follows:
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10 . Conponent W. %

E(r)f)gyl gne %ggwu%t o 7.14 Zg/m hanol PCT/EP98/05470
Acet al dehyde 0. 0406 Propyl ene d ycol

15.1 Propyl ene & Propane 0. 0576 O her
Heavy Conponents 0.862 10 The crude epoxidation reaction
product is fed to an extractive di syil I ati on tower containing 25

t heoretical stages (including reboiler), the feed point being 1 3
stages fromthe Gompénetite t ower. Propyl ppg ,"g{é/gg 6) is fﬁﬂ [h &;
third stage from heto t a flowrate IC % of the

rate of the crud rg 'gﬁ reaction produ28.84ced on a weight 1 @03
basis. A purified 6B9 ene oxi de product isOngken as an overhead 4
distillate. The MValefl ene gl ycol extractive golvent is withdrawn f the
bott om st ag® (relwetaldphydeget her with all ogogearly all of the wag and
nmet hanol as wel | PaeppleherGlyc@Iponents. The tower % ted
at a reflux rati @ropgehes Peophrsd i | | ate) of §9520 The pressurnj t he
col um condenser Otﬁeﬁﬁfea% ? qntézm kPa) ,and the colu oper at ed
with a pressure drop of 072 ps '? Pa) per Qray such that

bottom pressure is approximately 37 psia (255 kPa). Thus resul ts in
a bottons (reboiler) tenperature of 105C and a top (condenser)
tenperature of 51 [err]C. 25 - Under these conditions, 99.5% of
the propyl ene oxide in the crude epoxidation reaction product fed to
the columm is recovered in the -overhead distillate product and

99. 98% of the nethanol, 100% of the wat er and 89. 5% of the

acet al dehyde is recovered in the bottons stream The conpositions of
the product streans are as foll ows:

11
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Conmponent Distillate (m.% Bottonms (W%

Pr opyl ene 98. 84 0. 03 pEhsaaol
0 18 Qbob5n1639 42 Vet or PCT/E]

21.5 5 Acet al dehyde 0. 06 0 03
Propyl ene d ycol 0 This Sheet¥Pas Been Repl Opyl ene
& Propane 0.95 nponents
: 2 IR

W claim 1. A nethod of purifying a crude eactlon

product conpri saffecdlaimt o 10 wei ght percent of propyl ene oxide, 50 to 85
wei ght percent net hanol and 10 to 30 weight percent water, said nethod
conprising the steps bf: A method of prQfEIWQ amru@alﬁmxgiattm @agdien product
epoxi dation rea n

cotion of an exc%drﬂ@gn?éé’%‘f‘fﬁopylene oxide and mectihanél FQ d?@r?‘ttg%cﬁ'émr%ﬁﬁg the
(b) introduci ngsteppefar sol vent having a hydroxy

functionality and a boiling point higher than that qof

met hanol into an upper sec?q)on piroguringdhe caide ngmdatton reaction product into
distillation zone; &R) rapyk e d ad
from said ﬁrtg(t: rﬂ'{l/e;t}%fleS%IQ% r?ldgnéféoén’)gra&ﬁg ﬂls‘WSﬁ&?
(d) recovering a bottons streammernpri sed of net hanol

and the polar solvent from Iowpho ection of sai

extractive distillation zo using gL Polat hée“’@mclhé‘?’mgl BheMHRXY he
| | t | ected f
pol ar solvent is selected from tfugf'ctﬁhﬁh'ﬂ? 5@6‘% ﬁfi g@ngt)hﬁf?‘ngper ThHKthat of

gl ycol ethers and m xtures there claim1l
wherein the anount of the pol ar methapal intot andupper isection hef eaid axtiactive
distillation zone is at Ieast 5 %gﬁ gercent of the crude epoxidation
reaction i xture. C ThE JY48R€claim 1 wherein the crude

epoxi dation reaction produq&,) 'Sd@&ﬂin?lﬂaablbﬁe%&m&b@ﬁeﬁﬂfﬁﬁ@%ﬁiddé)hvﬂﬁwe

5. The nethod of claim4 wherein the anbunt of polar solvent is effective
to render the acetal dehyde | ess didfillation @opgaangr opyl ene oxi de and to cause

at least a portion of the qgptaldeiydfd 8 it RtBdn SoRiised of RfathEhdIO™

stream
and the polar solvent from a lower section of said

extractive distillation zone.

2. The method of claim 1 wherein the polar solvent is selected
from the group consisting of water, glycols, glycol ethers and mixtures
thereof.

3. The method of claim 1 wherein the amount of the polar solvent

introduced into the extractive distillation zone is at least 5 weight percent of
the crude epoxidation reaction mixture.

4, The method of claim 1 wherein the crude epoxidation reaction
product contains 2 to 10 weight percent propylene oxide and 50 to 85 weight
percent methanol.

5. The method of claim 1 wherein the crude epoxidation reaction
product is additionally comprised of acetaldehyde.

6. The method of claim 5 wherein the amount of polar solvent is
effective to render the acetaldehyde less volatile than propylene oxide and
to cause at least a portion of the acetaldehyde to be removed as part of the
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6. The net hod-of claim1 wherein the upper section of the

ext ract\ﬁég iﬁégl |l ation zone where the polar solvent is lpa;trmdgmsujol S
at | east 2 T cal pl ates bel ow the point at which propyl ene oxide is

withdrawn fromthe extractive distillation zone. . The net hod of
claim1l wherein the extractive dlstlllatlon zonengqpﬂg “ eml 29 to 60

t heoretical plates. 8. The net hod clal propylene
oxide distilled overhead contains | ess tha ter.

9. The net hod of. cl ai 1 wherein the bottons s t | east

99.9 percent of katlorms B1& B\- originally present in the crude epoxi dati on

O D om soaThe e Bfcilim Rihdréi enfei kA8 Beiciah it e

reaction product conprlsed ercent propyl ene oxide, 50

85 wei ght per cengxtractive digtillatioh 2dne whefemepﬁlarwvem's intedducedsisiat ieasthia d
conprising the s t [ oduci,ng t he crude epoxidation
reaction pr oductti"egret'cal plates below the Pﬁgnlf‘gafa‘ﬂﬁlichtpéﬁ"%ﬁﬁ%f’@d?éﬁW'@‘H %‘F’"JW

to

extractive the extractive d,sh“gt,?,t, bhat i on zone containing from20 to 60
t heoreti cal ates at a point which is from40 to 70% of
t he 8. di sﬂ'hamethodtolhelalmt’i wherein theeexiractive distilationzone

t he extr ct| distillation zone;
(b) introduci ngc%tﬁmsﬁo'gﬁpnéﬁg@%ﬁ 3\15‘351 t he group
consi sting of water, glycolrpe rﬂét)iﬁ@'of el ewhEfbin the crude epoxldatton Faactidhes

thereof into an upper section of said extractive

di stillation zonprodust m@dtbmuwmmpnmd of water. | east 5
percent by wei ght of e crude e

b oduct aBy CTHEGPERRY SRR 3 Mhrein the eropupRe St g, o
extractive distibigfhead éd?ﬂﬁins‘léﬁfh‘a’ﬁ a. B%Qbﬁpyél%éﬁt water. oxi de

so distilled contains | ess tha : i ght percent water
and | ess than 0.2 wei gt pa}l'ueemethod of claim 1 wherein the bottoms stream contains

at least 99.9 percent of the methanol originally present in the crude
epoxidation reaction product.

12. A method of purifying a crude epoxidation reaction product
comprised of 2 to 10 weight percent propylene oxide, 50 to 85 weight
percent methanol and 10 to 30 weight percent water, said method
comprising the steps of:

(a) introducing the crude epoxidation reaction product into
an intermediate section of an extractive distillation zone
containing from 20 to 60 theoretical plates at a point
which is from 40 to 70% of the distance in theoretical
plates from the bottom to the top of the extractive
distillation zone;

(b) introducing a polar solvent selected from the group
consisting of water, glycols, glycol ethers and mixtures
thereof into an upper section of said extractive
distillation zone, in an amount which is at least 5
percent by weight of the crude epoxidation reaction
product;
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14 met hanol ; and (d) recovering a bottons

stream conpiiosBf1f4b NMet hanol and the pol ar pgeIpRBbsdH OMm a
| ower section of said extractive distillation zone.

1 1. The method of claim 10 wherein the polar solvent is propylene glycol.
12. The nethod of claim 11 wherein the crude epoxidation reaction product
Is additionally conprised of acetal dehyde. 13. The nethod of claim
12 wherein from50 to 98 percent of the actfal dehyde in the crude

epoxi dation reaction odyct is,renoved art,of the ttons, strea
1épl. " The? met F\_od_ o:‘ cl glr m Zé @@%ﬁwépfpagﬁa .Qyide ?ng?éggm EaﬁeﬁFﬁvﬁ 1
to 15:1 is utilized. 15. didtiiRtiBRt geg?'ogvﬁé,@mntﬁg ﬁéﬁbtaﬁide so

extractive distillation zone is operate pressure from8 to 50 psia
(55 to 345 kPa) and a bottons tdistfiledacantainsfless tvare O[0E weiphtpereentwales.

16. The nethod of claim10 wherejn the battons stream,is subjected to
fractional distillation wherei r?'}da@ﬁﬁﬁ nﬁsi't" R%%?%éﬁaw?'t pol ar
solvent is recovered in a (@pcondcBéd Eéﬁﬂﬂg‘stream coi'\'gf:rise'ﬁ"éf rRthadopf
claim 16 wherein the nmethanhol taken overhead is recycled for use in an

ol efin epoxi dation process and antk theqolar solvepidramradowes sectipol ofi saisk

use in step (b). 18. The t hod pf.. b.ai m 10 wherein the crude
epoxi dati on reaction product i se’g?ﬁwa qﬁ%"‘% BRi“NGr ng propylene with

hydrogen peroxide usi1gl a Thd aidthel 6PElaRh N2 WheteRl the Poltlr sdIVERitde propyletie
met hanol as a reaction sol vent.
glycol. '

14. The method of -claim 12 wherein the crude epoxidation reaction
product is additionally comprised of acetaldehyde.

15. The method of claim 14 wherein from 50 to 98 percent of the
acetaldehyde in the crude epoxidation reaction product is removed as part
of the bottoms stream.

16. The method of claim 12 wherein a reflux:distillate ratio of from
5:1 to 15:1 is utilized.

17. The method of claim 12 wherein the extractive distillation zone
is operated at a pressure of from 8 to 50 psia and a bottoms temperature of
from 90°C to 120°C.

18. The method of claim 12 wherein the bottoms stream is
subjected to fractional distiliation wherein methanol is taken overhead and
the polar solvent is recovered in a second bottoms stream.

19. The method of claim 18 wherein the methanol taken overhead
is recycled for use in an olefin epoxidation process and the second bottoms
stream is recycled for use in step (b).

20. The method of claim 12 wherein the crude epoxidation reaction
product is formed by epoxidizing propylene with hydrogen peroxide using a
titanium-containing zeolite as a catalyst and methanol as a reaction solvent.
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