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WO 2004/ 083196 PCT/ US2004/ 006529 PURI FI CATI ON OF
PROPYLENE OXI DE RESULTI NG FROM EPOXI DATI ON OF .

WORRDRMBENE W TH HYDROGEN PEROXI DE Cross Ref erpenoes201/006529
Rel ated Application 5 This application clains the

benef i f s i j ' '

60/ 455&8@@@%&%@%@8@6@% RERE AN FroM

| nverEPORIDATIONTE PROPVIHENE 1T HYDROGBNEPER OKIDE

recovering propylene oxide in purified form 10 from

an epoxi dation reaction product, preferably, a

reaction pr ct .obt.ained fromthe epoxidation of
(h°%§§%?Fgﬁ%gdﬁgﬁ?%§ﬁ?gﬁﬁwnperoxide in the presence of a

Ui Y APE AN 1 AhR0he BARKL hEUS T i¥ishal ARG S=rRX Nele

finds utility as a starting material 1 n the

- 60/436 2fafided Wiaradf 13, 3803:pr opyl ene pol yet her pol yol s, which

find utility in the manufacture of pol yurethane 15
pol yners. Propyl ene oxi de used for such purposes is
Back@8td 80nt-entiaet strict purity specifications, so as
to avoi d di sadvant ageous effects in downstream
polThis wvbatien partsehscioss proEgssyif detovenngp ppskse oxide in purified form
n of l ene with hydro %

conpri si the reacti ro
frony ZACGRONIAAMPR, TERRSIOR RIQHH o PECTER o i TSARHOBNPTRAHS

n
amed from the

' epo;iélﬁé)chdnt &f ?&g?ﬂd@ Rﬁﬂﬂﬁﬁlr&%&ﬂ%ﬂﬁdé ﬁ?th@rﬁr@seﬁt?el of a titanjum-containing

| Tustrate for exanple, in international. patent
zeolpalohtalyat i on WO Al - 02/ 14298 (Eni chem S. P. A.) Such 20

prqcesses are, typicall.y conducted.in the.presepnce of a..
P e AEORASReS st RS, G oy 8 BT Parighh i h e o REFparation of

pol%@oﬂ%éﬁ@%(ﬁyé’th&hpﬁ%@l YichA il Vitllity 3R Ghs SheflAchirk Yof polyurethane

uch processes produce water as a co-product and

polymerer Bropulens wiidglugedlifer syéhy puiposeshés sequircdt tal thehiy digict purity
acet : yale] | dehyd by - ts,

spedSHBRE s P BB LB B RHSk s rocuces

ObtRpoREHEtibh @roceskel c PN sia thedBadtod GF PEES/ 1R Wil Rgdrbgen peroxide
. addition to the propylene oxide 25 substanti al o
in thfBESSICE @©F tianivmpeniayHng seelén catalystsiasakngwinit hermt, as illustrated,
d wat.er.. . as_ .well L RM - 9 ol s
ror S0P BBt IR Rk goks iRt s ) sucn

prodesdes fateciybically odndubd s teeprpsea sy bR agiontR RIS Priférably, methanol,
known to be difficult. It is especially difficult to

whigls tepd e iR NIZE fatalisk adivity [ d scledivity hiSyieh @eagesses pioduce water
efficl e o | a ¢ Len

o ELE IRk pDRYEEAT 55 o SOBTREL LSS RO RS,

propibidldeyde aist By-priducts.| | Aodordipgly) an&hdapedpylone @fi@abiduct stream

than 100 ppni water; and no greater than 30 ppm
obtaanqgieﬁ)oab§uch.|epmpdaqon| procpsses cpntpins|in| addifign [t the jpropylene oxide
sub§t;1r|1tial E%Iaqﬁxjtgng reaction solvent, typically methanol, and water, as well as impurity
amounts of glycols, acetaldehyde, acetone, and propionaldehyde.
The purification of the crude propylene oxide product is known to be difficult. It is
especially difficult to remove methanol and acetaldehyde to a high degree of efficiency.

Nevertheless, commercial grade propylene oxide requires that the product contains no

greater than 10 parts per million (ppm) methanol; no greater than 100 ppm water; and no
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greater than 30 ppm aldehydes.
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111111 1 1 -*000002* WO 2004/ 083196
Wd%@;ﬂ,,;,@gg%/ 006529 The purification of pr opyI e}rter/ﬁﬁ(z'ogﬁoocnzs»

has been conS|dered in the prior art. Certa

di s¢] osures,. represented by US 4,140, 588, teach t he

ext r At PPV cadﬁoetqﬂ prapylepe 9¥ld9ﬂ1é§))bﬁ@neonsdﬁi@r@tblmvtherpmtm Certain
dlscf,1$§ureshq aﬂgf&gﬁ%ﬁgbny§ Z}’d g@y ol l%nat Ian qglspb%tgonegf propylene

aceto pic
oxidemithi whteg) féi be Ri2pdse &Qeﬁh@{/ﬁg %nﬂinﬂﬁ%hﬁnguﬁﬁhgse ofNfethanol and
5 smal |l .quantities of water, nethanol acetone iIs
acefqrg- t bypicallywa rcruq@ofqefl Somptisiag %emr%?ctq 92 pextest proppienonxide and
sméli3 g& tl\ﬁa& 6f \’Ja’?er L%Qt %% F{tﬁ# gae??rbeﬁ é t%g éit)‘gftee,reﬁo%bgn gf an extractive

e ex-tractive

tki)l(lﬁtioﬁlmn& ewpedrat fydeat radﬁ@ieﬂ ?oiﬁf Wﬁl&ﬂl 100 @16 Mractive distillation
overhead distillate is ai ned conpri si ng

is opgrgiadAitei b&lfqoylsrt@meerpmqowneme from §8°C Whl(DQ-E?Ca ﬂuoovamad distillate is

0bt£1ﬁ§4] h§m0 Oe? f,s% Stan lsc 119 rrgﬁ)lég rlgréeedoﬁ'ta Mﬂ% Sfraction is

obté;ﬁe@éorﬁﬁr@s@ﬂé ﬁxﬁﬂoﬁiﬂaﬁiﬂv ﬂ{b@laﬂbp M'tffi‘né’cegjnﬁcﬁld dla_éﬂﬂb&%éoﬁs amounts
the di scl osed process suffers a oss of

of preBPgRe ARids and erepidene &‘Y@leéﬁyercaﬁhathEﬂlmscé rpurocasajsmfﬁers a yield

s8R o6 Rirg D Ao B SRR BB

sepethat i 01 Afproesey| BNeUSXE ¥49,938 eirid %ﬁimiﬁl oo@nﬂa discloses the
met hangl by extractive distill ‘ation usi ng water or

sepgiabpRy o8 RECRylepe gixides aé%tﬂlda]@*)tdﬁo%ndsmeﬂ@nol biT hetrativel istillation using

tur ont ai 5 from 2
B OABERL LTS S N B IOTRS oLk O e, cpntaning
froth@ ﬁﬂl@pé&ai’ctprwﬁﬁéﬂe omdé‘ K005 parclhtm@ksidl tehyse p@éent water,
is introduced into an internedi ate section of

andy 91@9 t@1i0s Aeataidehyde tbeﬁ?lghtA ipinodrecd: imtg en antermeediato section of the

dISt%?a ﬁgéﬁno%épo ‘§’ac|)t{r¥)gﬁcdSn {:eg{r?t R nggl}rgpt@&%%oﬁ?sel%’%mg’ﬂﬂ?d such that a

botfouistsreamax bbaitled \contaitivemethagdldwater, P%ﬂﬁgrleﬁfra@%tsb%nt and a
of the acet al dehyde. A purified pro ene oxide is

subgigntial neaytion, Rf B enciudRide. agéonlsm@e Prawylenacends as jobteined; but
ohf e

dls‘ﬁ“/aﬁgéé&ﬁlghtﬂaec% e%‘?’gﬁﬁehfdgﬁlqetgir{%?% ?1{11 Buc}xﬁe%en%ropﬁgne oxide remains

hlglhdrrthmyaxrceplhbke foeheise agdRatinsn CMoﬁddé@ﬂt‘e fef@encis @b Got address the

0SS &I‘sppro pyl ene oxide in the extractive distillation
y‘elﬂrIB%Se TABYeRG 0%idg db teaettiashie distillgiospptossss dugitelsidsirenctions of

progﬁsneearszé%?g@é\rf]}t?ee aﬁ%@i%@%"%ﬂn ddigef eed. Qrher

~ V\O-Gihed Bit5 T€HirBsenttids by BFRA14102, 228 wet RVOPADD187010, discloses the
poxi dati on, pr.oduct, stream cont ai ni ng propyl ene,

WO% FRAI B FROBKRHN PIASUFIATSID coBAMRIREPIOPYERS. Preslangide, methanol,
4SHC CQNRY rati

o e B P vt AR e B2 S TRS e 8 product

stre2f iaredpBeevaporatntsuc tHan demmon 20 2 6o F@k&brﬁ of Sk ¥@B#nt of organic
and re than 95 percent of the propylene oxide fed is
solyeg ofG than PRepessedt pbthg propylene oxide fed is removed with the overhead

product. The residue of the organic solvent and over 90 percent of the water fed is
contained in the bottom product. Thereafter, the propylene remaining in the overhead is
stripped in a C3 stripper. The recovered product mixture is thereafter subjected to extractive

distillation using a polar solvent, such as water, so as to obtain a purified propylene oxide in
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product. The residue of the organic solvent and over

90 percent of the water fed is 30 contained in.the
‘wdodotsag3ipy oduct . Thereafter, the propyl ene rengbpie8olbuesoe

the overhead is stripped in a C3 stripper. ?ﬂ% 16329

recover.ed aroduc m xture i s thereafter subjected to

the sqYerhigad; producti anq ethangh angj pelan spheal ins dhe diottoms yprioduct.  The

e o sisB0 0 o8 ol B b B R RTaliing me quatie
of irifibd propyihe maidvashodingt) dnd tHeafield Ws¥ @A propHlehb Bxiaet t oms
product. The references are silent wth respect to

var PHISE ardsaepentest by BR-Rix 1003783 erd HS<G34,340, disclosdsahe separation

ual ity otAMER L4 ropyjene oxide obt.ai ned and the

of {ibahdnend Qb @MEbyd SR OMAE B HEAS 1308 PReClertied of 2 to

10 Ipyrckft- fbploR3 3200 103 56pddeeht GAéhardl ST @58S Jeli@nt water, 0.01 to
separation .5 of nethanol and acet al dehyde froma

0.1 petrgat apigldetzds: end PdAde Odrprppyients by susiebit.i Bdsitapght2o fractionate the

oD B5EHER, AR SESRPH £ RS RgRE LRt E A5 o301

to elsteinah dotiyme, stdid SorPrisiy thelthapbDPyAteNand i 188} It perbdnt of the
is taught to fractionate the crude epoxidation

acetaldehy e gud foaffain an overhead surandcemptising prapatene oxide, propylene, and
e 0Onl 10.30-1  to obtaip,a,battao .

s SIS o LA L 059% et SRR P o

to feRicse rofiedenfrodOthacelethede ydem @and sédn@RtidiIRtidBR. Thereafter, the
overhead stream conprising propyl ene oxide, propylene,

resylfing Prapyleas QKidestusamaieyold of Psemydang s faaghttochs\aubigciodl to extractive

: d . [ h i sclosed .. to

cisEhh Bt o6 ERLCRIVER, ohln, i3 RURURH LIRF 8RRuc B botoms

temphesuiturk |oditronm 80T ed @ 20%CRr Fronhehe &:@Rdlivd AGtiRARRY bhHdGoms stream is |
oxi de stream devoid of propylene is taught to be )
obtaingd ceptaming,the @piraeiiye, o lvent.goethengl; waten sindgotherpmparities; while a
\ : _ ene, , t .
P eisl PRRde B ORI el o ERE Geactulll, e ich botioms
tempretatae tof Viee ebitsdctive distitlatioramiglittoanse wiacapabls yielblosd BEPropylene-
_.go t ai nj ng t he iext ractive solvent, nethanol, water, _
oxide, que i Ry-Pradpely fopmadon. wiioreovar, thesqneenitation synathanol illustrated in
the S6tided | hixad ; : A nt ageously, the
i G E R R
di stlnlchatejuencaiofite aEnyvsea nerlonsyd fvlimpydveh@ntsds sheodeparation and

opyl ene oxide due to hy-product formation. )
purltsABiR e PrORElcRS, ARl FRCHOh P (RARBIADIY (thiser ohteiged rfrom the
epokiiatiBe B pkdpyBcheP RARY IHHES o0 15%?0}5 et OQnNighiLQr algﬁ) Yost-effective
applications.” I'n consequence ‘of the above, a nee
sepevatiot scifeore thaprodere comwiercislipradeqpepdtreaskidtheeting required purity
rification.af propylene oxide reactjion products, )
Stﬂg‘ﬁé‘#se%@ﬁ;beﬁﬂééﬁ d5BraR e 0uf o fe Heh beilisgiRoanti of preffylene glycol, it

woRIORY hipRe aWifaBlehHho g8 ﬁ’tﬁfrpﬁweixﬁ)g dﬁ‘ﬁ el&%{ %«%c@%%nﬁﬁsa&qnponem as an

cost-effective separation sc ces
extotioe solveht. gltadeulr bpydvemenaxi disiratdetif g sg@uttio@0method did not
urity 25 dards. woul d be highly desirable. Due to
profiee VIAGFRPIS 1ORF S0 PRI sy IUe i bYPYRASet Sqrimatilo pith methanol

or 8P EsofRats AR Eifie %R)@u&epar ation method did not
require this conponen as an




extraction solvent. It would be even nore. desirable

if the separation nethod did not produce unacceptable
wd peses10f propyl ene oxi de due to by-product feEfBEiopNooss20

wi th nmethanol or extractive solvents in the crude

product. 30 3 WO 2004/ 083196 PCT/ US2004/ 006529

=Te ) i\l | nvention This invention provides for a

novel process of..separating a puri.fied propyl ene oxide .

o R PaER e SRR B e Rl o i e PG b e oxide
front 8 BRIpyRnb 9kide dactibh bRstuel, Bt proé@acbhpisiRgoduct

conprising fromabout 65 to SS percent propyl ene

oxi de, f(@omiradesing 20reaeiioBsprpduat exempmsingafiom, about] 65 ég $3 percent

than 0. erceng ter, wei ght . into bat.t 0 i
S ecPIORHeET KR elP PR A0 g o TRt BITAABRE SR <3 Than 0.5 percent

| Nt GARH QNG ¥R! Bito h BbAoRAR-MRREIT B Rxira&REldifNa8bn S6hd

extractive distillation zone; (c) renoving from said

ext r act i(beinttpduding wateynnte @anapperdeslt stiction of aaifl gntradtiye distillation
conditions a bottons stream conprising propyl ene
oxi“48% wat er, and met hanol, (d) renoving from said

extract i(¥e reinsink| &loh®Nsa?D NS tdbEkRy dddtilatibh abdi2N under distillation
condi tions, an overhead or side-cut stream conprising
{0 a enditionsia petégmyd Sireannsdmiuisingsprepyleng ¢x3idelevedérdand methanol,

met hanol,.and water;. the extractijve disti.llation T
cond 11 AL EEPRGE. BT e teb it fyedlaon "G amf isillation
of RLEPVYHLENS SerERANr i@Ssutt HRAMAESHbriIng aMirfied JRopylene oxide
percent. For the purposes of this i nvention, the term _
" yiegsetinlhys devolid pf mpthaneleandxvater; the dxtragteveedistiltationeconditions being

nol e per cent age of pr | ene. oxide | ost. in,the
xR o G aPiaR Yo o aBtbiigne, Phie 8 1653 dhep ahut 0.3 mole
15 pr%yéeﬁ{]e gl ycol and glycol heavies (e.g., glycol
ethers), based on the total noles of propylene oxide
For ftleeipurposes of §)s myention the torm) "vield knss oppropjflege paidgt sl refer to the
aspect.of this jnvens.i.on,  t 0 asl.de-
molf BB g6 P RS ss ) Gy HEHRRAE BEUBER, Bibbess o giyools,

sucloBé ppalehy glyeolsandj ydod Hedviesiet, i diycal ebBrsy,bat&T 6y B tatal moles of
purified propyl ene oxide product neeting conmercial

propyleneopdy fed yo Giepitrastiig ditH@tiaBvel process of this
20 I nvent {'egar%eﬂ e&eofqﬂ%eifnbgﬂtﬁhl ﬁleemkhoe\ég %r tsf%ieg’c%P@{n?aSl? oBtained from
ion produc

purified propylene. oxide Troma reac

stepPpdahaethabs@nmady optsidiiyt boRubeas@3s, disttiphefoefaablet, a purified
wherei n propyl ene 1's epoxidized with hydrogen peroxide
propylenchexigs podwetanesting commergiglgradsuithstapdardsl i ti c

cat ’ﬁlﬁty Iﬁéirf]el ?gﬁcraeg%/ égetﬁfésfn%ntfolﬁem% %céel?e?leﬁgiaﬁ?ieﬁlployed to separate a

i nven
purified propylene oxide from a reaction product obtained from an epoxidation process,

25  preferably, wherein propylene is epoxidized with hydrogen peroxide in the presence of a
titanium-containing zeolitic catalyst. Advantageously, the process of this invention achieves
a high efficiency of separation yielding a purified propylene oxide that is essentially devoid
of methanol and water. In a preferred embodiment of the invention, the purified propylene
oxide may be distilled to remove any residual aldehydes that may be present. resulting in a
30  purified propylene oxide that meets commercial grade purity standards. More
advantageously, the process of this invention accomplishes this efficient separation without

undue loss of propylene oxide through side-reactions to propylene glycol or propylene

4



a high efficiency of separation yielding a purified
propyl ene oxide that is essentially devoid of.

wigiiagabs and water. In a preferred embodi nent paf, (B8, 406520
i nvention, the purified propyl ene oxide may ge )

'ldi Ebl |l ed.to rat%]rmve ang1 rglsi dual al dehydes that may be
elysiob beavies. Mesh advaragsously sthe IOVEF progess o6 ik érventon den be integrated
intbNAtegiBRloR MRAMPERIfch S ' tandards. Mre . :
mladvaeht ageous| ;‘iE[ﬁ t gﬁép))r_} gp}geglge ’ 21# E‘#L"l\ég_ﬁ}eﬁe\} ‘ﬁ{ef’otﬁat results in a purified
premybaoeplidshprodudticf hedif qudleynbeing padovticanioth bhoute egdRtABon reaction
| pss of propyl ene oxide through side-reactions to
Pf‘b‘ﬁ*&ﬁw ene glycol or propylene 4 WD 2004/083196
PCT/ AJS208 A 080529 | DRSS MRS Hos for an i
advant ageousl y, St%ﬁ%ncﬂ%ségﬁ’ b@%@ejglg&’& PIoRides for B tegrated process of

obtaaminge purifiedpapgline bxide fivns & pAIIa thOAdAIh BAKhIpESHIcE Romprising:
scheme, described hereinafter, that results in a =
purified (3%pflb°‘b‘ mgnd Y EPpEidetian rection gnodpeticotmprising propylene
bei d m e, epoxi dation reaction .
pr o(%\gc(l:e{ %g%%\g@b rvféd:t %@agf’tg{dﬁ deg eaélgn'émS% ot prony tﬁﬂg under conditions

| nvefificient for obtaites firor batonN bR LBEhpPRERE S Pofon of the methanol.
obtai ning,a purified propylene oxide froma crude ’

epo¥itah N AcTtaldeidsnans 3 ¥ PVeragifhstteginepmprisalg propylene oxide and

di Stdbdol ' ' i eact i gn._product
T N T
acet al delfy)dsybjemitig Lthe dastt ebripapeamerndeep (NI dik@Sion under

suffigient tg obtain a first bottons stream conprising
a 1tigRs 1AL Rt TREQYE  substantighly synreagtd propylene and to obtain a

o e, B ol B o2l U B pOByiene oxide,

balfaereaboit kthe abeuhah percenahethanddsebeh abslg oy ercétwater, from
su?’tb(e)ctgnq tge f'gst overhead streamfromstep (a) to

di APPHY U 'R AP ey PercERicfcetairbydeand dess dhant abop Anpeesent unreacted
sublﬁg,%qgﬂea[,ym,e%&;eact ed propyl ene and to obtain a

second boftons stream conprising from about 65 to 88

per cent I()‘F)(fﬁ?ldi% Ehel(mb@lﬂ ?}Cﬂtﬁmﬁs{) Sﬁmﬁg@%ﬁl sl (bptodhe Wottdm section of
per_cent t han .l esg than about 0.5 percent water, =

f r 6t e’%‘ﬁgﬁ‘{e %Sﬁh%tb"na%‘g}i‘i‘m&né Sb’gle&%?ﬁ theceteamdiorgrdractiym distillation
| esith Bater abaHlexBadiBe S8 NMenkt! U i ’ iti ;
‘wei ght ; .((r:) f eeéi %g t he sgéongé}gég??%tﬁ‘%r@wggigmgfwggﬁmm sufficient
st &p obtsin @ ¢hirdbotisns simasecdrnnising proppleax bxide, water, and methanol; a
di ill\a}t'on colugn a{;%rsubiectlngthe. treamto o
extPEL OV FH] €3 PGB QR SNG4 BRrified prApylene oxide containing
extred@ldl Ve cEdengad bud NESntaNY F §khi L Sthidch aty

condi ti ons esuf f ?g:i er111t to nobt %’;\i %id}lﬁf(ri{&%ﬁ"%’o%%& rag%rﬁmreacted
cormpepeney apdoppticsally oxitate stremb ecommisihgnpidpslent; tie vield loss of
t hi rrd zver head or a@s({)de-cut stream conpri_si n% a

purf PF% epci)‘é%y? H (GkPYRE Biintaingd Aigessithan aheyt 0.3 mole percent;
acet al de toHAILE $&SBlin At HE ¥ ol ! istillati
wat er, an Cl%)nlr eac}fe%%’ oropyl éne?%ﬁggg%ét%ﬁgﬁl Jflepa(ct) Ly distillation
st r8@m@®@onpri sing propyl ene; the yield | oss of

(e) optionally, recycling the top stream from step (c) to distillation step (b);
and
(f) optionally, distilling the third overhead or side-cut stream from step (¢) to

recover a purified propylene oxide meeting commercial grade purity standards.
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25 propyl ene oxi de of step (c) being maintai ned at
| ess than about 0.3 nole percent; (d) optionally,

wO RENEE{939 the third bottonms stream from step €& 4804006529
distillation step (a) (e) optionally, recycling ?1 )

to to distill tlon st e b
anghﬁéﬁ%’ﬁgp et pti oﬁgﬁ g?lg‘coﬂlt Fhgm ePEOHVIFBe g@&eh@aﬁlon product
employ&d ﬁﬁtlﬁﬁb@&-ﬁ@@ﬁb@d @?aﬁﬁtﬁﬁl LR plufficdiDh Pk es&s $ js obtained from a

purified propyl ene oxi neetlng conmer ci‘a

Progessi Qcynmtsargj apYiectily WO od/ WRE 19arSEh/ p&aﬁaé/lﬂ%mald phase in
%ot her ect of this inventi on,. t he crude

me%lag F%lﬁ?éntoﬁ‘\l &0r Bigc PTESFRGSr Bt SPOHS PHpidre datplyst tader epoxidation

nARDHS sUEFGENc 8 & e | esses. . ..
s Obt ai ned tf r gprf‘%@ g?%rgge;sﬁgggc}%ﬁlé roflie C%P ﬁt’ %%gpr pylene oxide,
Wa‘ﬁhopﬁﬂmel \M‘Wawdrm@meper gkicde dnd zgl#don UitherDNase hdbtaldehyde,
UniL "t‘? cﬁ sol vent. .and QF presence of an epoxidation

CAT S 5é 10%%%‘?”%‘689}38 %Odnﬁ PEeSEBh; thy siestigupodestent to

Pr ePid Bfoferérda @ﬁ’&té !

propyl ene oxi de, t% [?rg%eﬁggg%g ulﬁn?éeﬂgé?egﬁgts the separation and
purgicepgn ehe cmglwpomd@tm rghgtmnl predine cempaBidg pesgiyiing @RMEbtained in

d | b h
Meom I e R
purffica6 65 ?‘pr&fes§ Wfst}ﬂsnifﬁfgﬁﬁ&{‘ Fcfvﬁdgzgt ﬁ>rtz{] @?@ d:%ﬁrﬁ nﬁ&ﬁg’?ide meeting

purification of a crude epoxidation
con@gwpraﬂ sirade muopylseméardxu ddabt aivaﬂtdtgecruslyl Otht he@paration-purification

t d
prof0 By B tiamipn HrRRRGCE T0sk i drovplart O Extioie oscmodust through

sidé-FeabtidndWaR methalélVt B sciive rsoﬁeﬂtut()'fghﬁ dg@g@ Q}{%gﬁ)%r pxl AL
S. re

meeting comercial grade purity stand
Draxdngnt ageously, the separation-puri f| cati on process

of t.hi n entlon produces | oss of -
pr 0%7 %n!e 1\c()l;(l PR Aol elnefi ?‘Bt’i‘bchmegf aH’t"F”éﬂff’é1 Whergin a crude

propytiRaideOieRtbh AFrbiY®, DBlanRAt floth ftﬁé
ot her heavies. 15 Draw ng = gure 1 il ﬁ%‘%@?é@ ogngrOpylene with

hydgpeen aeraxides ip putifiehin @ penakitionipwidicsiion umi ecwprisiag éouidistillation

| tow@{sogyég r?be%n%etgflglgfﬁ“%ge product, obtained fromthe

Twi t h hydrogen peroxide, is
@gdmegaﬁpn@h af ;e P@Featib®N- puri fication unit conpri sing
four distillation towers, as described in detail
her Eienpiek procogs @@Plﬁmlne@laEﬁste ra pethod off sepdvatingna potified propylene
onr ates to.a nethod of
omcy;ﬁglﬁlla ?io&?%%%%%? fg)é& Ipé C 89818%31?3 Brppylene oxide, methanol,

watg, (Hayﬂam&hydbgl g ﬁﬂ@&té@tpl@ﬂylﬁfe()dqqfe PRSI Bdrd 01a11y achieves this
propyl ene oxi de, methanol, water, acetal dehyde, ﬁ

desh‘?f*r gealt witho gppreapiabler Fassesr ofc popylsan ekids @l pryopaleim elsesl, glycol
ethdrd! hitd other glycol heavies. These byproducts can arise during epoxidation to prepare

propylene oxide as well as during the process of separating the propylene oxide from the

epoxidation reaction product. The process of this invention is concerned with maintaining

- low yield losses of propylene oxide to glycols during the separation of the propylene oxide

from the epoxidation reaction mixture. In its broadest concept, the novel process comprises:
(a) introducing a propylene oxide reaction product comprising from about 65

to 88 percent propylene oxide, from about 10 to about 35 percent methanol, and less
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desired goal w thout unacceptable | osses of propyl ene

oxi de t.o propyl ene glycol, glycol 25 ethers and ot her
w@bkoygoksieavi es. These byproducts can ari se dupet9s2004/006529
_epoxidation to prepare propylene oxide as well as

duri r rati. t he opyl ene . oxi de
1 othh, ity BLSERENEREDRE B, G DO Frudh ol sor extractive

t hi lidtilugntions; i s concerned with maintaining |ow
yield | osses of propylene oxide to glycols during the
separ at i 69 1BFOqusing Paisy intp an oppetenalf seotion hesaid extractive distillation
epoxi.dation reaction mxture. In its broadest concept,
t he novel process conprises: 30 (a) introducing a

- Propyl eng:)oxdmlevingagiond Nsaf OS@kivOMRE IBRE LA 8RO ey tractive
65 to 88 percent propylene oxide, fromabout 10 to
abodistifatigretandiitonse betints steeath domygising MEMAMIANARB1AE propylens

PCT/OQ%%OO4/ 006529 than about 0.5 percent water, by
wei gh‘f,’ into a bottom section of an extractive

di stillafd)oreraovigg (o i ald OSuaEmne: Véﬁétgfatiioﬂt Qo under extractive
upper-hal f section of said extractive distillation

zondistifatiqn) cpaditions arf raymbsad dbrexideaat i steeanti $binpkisink 08 purified
zon Xt T RY distillation conditions a
vor HESE ok BB o RO SO ShL bt istaion

pr opyhditiens WeiiglQifficht temamiag afhamIsRi & Subiasd b
distillation zone under extract i}?/e di st |Ilﬁl6g}f ?%Inb ife of less than

con@b@utdhd mele pRresHead or side-cut stream conprising a

T R R L S——
metignd] fin @RsoRehét@ Stisidecdue rﬂistﬂlﬁte”ﬁ%éhﬁk@mﬁriyé.se{lcg g3} than about
of propyl ene oxide of less than about 0.3 nole

S0 party ger milifere (MR aBsthagek eraferablyy nel gueatat thin aldut 30gipm, and more

e n,that the cqgncentr.ation, of " .
03l BF QK800 5T D3 LERRBIBTHER PTeS b appontay
devidpf waees" shallgiecakert td fizan @0 te cohBerRfAtiBAIJf Swdd&'in the overhead or
preferably, no greater than-

L m I'o%%iﬁ m net hanol ,
sidgygydist % GRMPRES NP gt Hisnyl 00 ppmgwvatar, by wehght.

about 10 ' The phrase

Moosent o Pyprohea o et S verlit BRVERS for 5 pyglprocess of
sepafwingt hepuriffede prapyldnen ogide WBbEI ai Propiien® Vil agoRidation product,

side-cut. distillate streamconprises no greater than
COmBBSIBHM wat er, by weight. In a preferred enbodi ment,

this i nvent i 2Rq4R&aY 1 9eSad: ovel rocess.og: 20 -
separat i ﬁg a%gyr?lgge%?p?}%%{ﬂag%rg %r_)%h_l (YRR, 05 ahaut 65 to
OXi @& peoenti tapylede . priddyfibm al®aiOitsi3Fgpertat methanol, and less than

I ntroducing an epoxi dation product conprising from
ab Oa@o%@.%@rcem water, by weight, to an extractive distillation zone at about the first

to fifth theoretical stage measured from the bottom of the extractive distillation Zone;

(b) introducing water to the upper-half section of the extractive distillation
zone;

(c) maintaining the extraction distillation zone at a bottoms temperature of
about 55°C to 75°C, so as to remove from said extractive distillation zone under
extractive distillation conditions a bottoms stream comprising from about 20 to
40 percent propylene oxide, from about 10 to 25 percent water, and from about 40 to

60 percent methanol, by weight, and;
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SS percent propyl ene oxide, fromabout 10 to 35

percent methanol, and l'ess than about 0.5 percent
wowabers31dey wei ght, to an extractive distill atim@/g@i€ 006529

at about the first 25 to fifth theoretical stage

measured, fr he Dbottom of the exf.ractive i

distill a{dus 5%51%%1R%;§°T bgf{gl ?ﬁtPS'EYFcﬁﬁBﬁ%HPJeFOT%eoﬂt Ayerhead or side-cut

upp@fealtfbémpeihd erealr thite abotk '98CEdr¥dt Friyildeal i;qn

zone; (c) maintaining the extragx% iron %ﬁ‘t&}{%r}eat\lhgﬁ %o §ater than

at 2baydd PO ppy waiseramduregrshter dtanLHboEEED tppni/HEthanol, & weight; the

30 SRR HBMR PR BE solfaleater e G of Renfiun abour

CONPRirgélB PefdeRTpAlebly2Rsd fhatt QLHRT L BlolP hARYLE erably
oxi de, frg)m a%g]gt 10 to 25 Ser cent V\gioé'r?“éﬁlll’?r?do%me preferably,
abolgss then alput 00 Sprelegmtcentet hanol , by wei ght, and; WO
20 /083%}96 FiC'I_'/ US2004/ 006529 (d). renoving from sajd
ext PalPPUE dPatrf| PSREFo T 2 Bhe ItvnHORr Hia@VEthead g eide-cut stream

co rrsﬂﬁ%mwywnesd’me @sRatiflly [dBaNd Ao :

_ propyl ene oxide, no grelat3er t han ab(t)h%tgog%gs\g%ﬁelv\é?agwe further
distdlind tnaempeaterresidnal adehytdestbatppay beprean)] so fytowet@ht i propylene
~the extractive distillation maintaining a yield |oss )
oxid B, Tehne Sortimetsal) Gade Pyt Searts s etz e propylene oxide

ro@dt 8fpriséy @EAERHhY 99108Ssrdeha £ o | &nRGLC

P and rrg?g pr%fer ably , f’%és t ,g%?faégoggxdéa%g c%{)l%gﬂs I?J]é‘r'eaterthan

100ﬂm1t ; ¢ wiater ,hIlQ’gdl‘aitt@t ﬂl_émd 1¢ epl?tm?ham[hemﬂ nofgrédtersthim g€ pp?lmldehydes.

overhead or sjide-cut.stream co i sing propyl ene )

ox Te? SRSBA Tty M PSFRI 15 A8k WAFRCLREPRAT BF PHARyIBE 2 purified
propyledd\@fide gﬁlﬁﬁﬂigiﬂ,&ed to renmove any residual al dehydes

that nmay be present, so as to recover a propylene 10

oxi de pr(@ddutillinget ¢mde propyiene bsidegeantion puoduoy comprising propylene

standards, .sugh_that t ropyl ene oxid r oduct .

corgiis dBeBhS sl an1GHERY bl Gnfesniet imenc e qbtain  firs

an %&@Ms@ﬂ&&n%nﬁ)&@ﬁfg@%drﬁ&ﬂof thE CnRAROYAh REp, A aceteggehyde and a

greater than 10 ppm nethanol, and no greater than

ppritat @uerperd strgam gogwrising propdens okides unreaetetli opylene, and the
an 4 r cess of, preparing a purified

or o‘%@%@%é’?g‘%ﬁ‘ﬁggc&%‘aﬁ ey dt Sl 11 ing a crude

propyl en®) aistilieng ERCTiFs0dvEHEAlL StheadO BP step (1) 187 BRBVERGbstantially
oxi de, nethanol, water, acetal dehyde, and unreacted

pr opyeasird propyBRaaha seqomd verhgesdt staeam end éanecouena issiond bottoms

anp i 0 . , ter, .and acet al.dehyde and ~
5 PltebdnUbnfishl O DA R g W bEleem SR 116 Himrabont 10 0 35
unr EacEne thetlizmpy, |1€93 ethard Bbbt fes B&%@ﬂﬁeﬁer@fﬁ-oﬁ?ﬁﬁ&ﬁ@.l to 0.5 percent
wat er, and acet al dehyde; 20 (b) distilling the first

ov erRidldehyde, andress then apoytal pereent anrpacted phoxtylane] by wyight;

unr eact e I as econd oveyhead stream and to

recover (g) gereegg% C[.ﬁgg ctogcrlr%o&oms stream of;tameg 1‘§om step (%T to tii'xe bottoms
section of an extractive distillation column and subjecting said stream to extractive

distillation with water as the extraction solvent under extractive distillation
conditions sufficient to obtain a third bottoms stream comprising propylene oxide,
water, and methanol; and a third overhead or side-cut strearn comprising a purified
propylene oxide containing residual acetaldehyde but essentially devoid of water,

methanol, and propylene; and optionally, a top stream comprising unreacted
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stream conprising fromabout 65 to 88 percent
propyl ene oxide, fromabout 10 to 35 percent

wﬁ%(nﬁ‘)@ﬁba | ess than about 0.5 percent water, <
about 0.1 to 0.5 percent acetal dehyde, and I%ggmtsﬁommo“y

~about 2 percent .unyeac pro ylene by wei ght; 25 (c)
f ee ARy e “Z}@E‘%ﬂ dﬁ%éﬁeﬁ‘ggﬁsg Sfrrapylens axidedn flhe gxisacsiye distillation
(b) & &8 18QUERE 3 nitfChOEt0f an extractive ,

di stil Iatlon col um and" su Jectlng said streamto

ext ract i (d) optisially ratyicting thetthxr%b@@mﬁsudahe&@ﬁtd%@ﬁ(fcb Wstep (a);
sol vent under ex]tt]r act i ve distillation conditions

suf fi ci erf® eRSioBBlwirACYsling hedop srsasnEony stane) tovier (b1 ang
ropyl engqo ; o Iy orand a.t
gvefzeadﬁor&lt g%mc\l??&ﬁ{inr‘etglgn Q}ggg?n%%ﬁéé or% c% cut f’g'%ad“ £fgm step (c) to

pr oppliain e poxifie presleat biidg of e@hﬁwa:hala:eeﬁiea}iuﬁ@ﬁyde but

essentl ally devoid of water, nethanol, and propylene;
In step (Bl ihe phEases 2 nertigshokibs msthanghyyratei angl asataldebyda a@d\m:e balance
ofztgg ZH&Q 33'511)96\1&/5@ / énﬁzg ﬂl@g Sfﬁg'g arepﬁﬁt%glé i)eecpx ?.}l]amﬁ?er\%lgl elow whereln the

0SS 0 ene o

codceﬂtnahbxaﬁmtgas oétrﬁahénb)l watel,easl hdeaddhyde 1R ItBe BRECSMoms and first
optionally, recycling the third bottons stream

O‘ﬂemﬁﬁ* §&r@aw( uy Sbeoé"ihep l(eal)‘:rm "tes)dughrdetpidahyge” shablyhel fakep to mean a

sl A0 A5 i) 358 B 0 gy 04 e

b)&\t/élghﬁn Inrsmép &b ethe (ph)asb JessertiallyrdegoidUs xﬁétﬁﬁuﬂ" SRl BOken to mean
oxj de of commerci al grade purity=. In ste a) the

z?} %g%entéatmqﬂr@ﬁ{hg}o ihibe puerhsaber siderpwrdistt h&: stream comprises no
o8 SIS A kD 068 o A LA s 0 e s

"ekBenmllybdflvom ofmvetee| Shalll’i&: takenemesimtia0 I':hef @ng&fralibon of water in the
t han wat er, and acet al dehyde in the first bottons
LIRS

F Side19it SUEMRQPRPFL AReZene har 100 Rpm. bohaveigh.mA purified

propyisiedy@ibe anek b iR Aercial pahde g?m?r altellatd Nedhsist essentially of
concentration of acetal dehyde ess than percent,

99t Sepeca loy grdates ©f tpheprylene auride) bdt pe preatet thanbiydOvying Mater, no greater

oA kSl 49 S R
conagnt kel REfeREd RRILBARRN: ithe ERECAVE Hﬁﬁﬁg{ i%gcﬁ if éﬁuducted ata

distillate 'stream conpri sés no greater Th

bottantsgepperatuird gieatar (tppmjaomtéﬁl’ﬁlandl lesbmanmibg\hms%:n Is bwfaher preferred
c)..th .h.sel enti al evqQi d of water” shall

ergfphitygs, Bl iEoantom &) 16 R beboncliang gt shpedcied at a reflux to
didthRxt ﬁﬁsnmaﬂmpm/ﬁl HBreGttf: %{e@é&%%m n

lt hane 100 ppm by vvell gre?* K pu§r| fie F?ngf// eér%lgg%gﬁg)%ferably’ less
thma@hqum@/bommr cial grade purity standards shall

con ssen 1 al f 99.95 percent or greater o

pr op ? re&e{ 8113‘40%1{“8 &f?ﬁy&%e‘& %%%Ctiﬁbprﬁﬂmtveét%?fe@'?b’ obtained
b é&ﬁatc%ho Tenk O R Ty AR LH2 p&H

ygpm al de Q%s,l by vvemilb,g t. g Oxhﬁggﬁor%ﬂaﬁﬂ%erredwvgfg preferably
methioodj pedhtin théeresenceaof iaueepadixsiatibh a:tatadmt shégr éoxidaion conditions

nducted at a
sufficient to prepare the crude propylene oxide reaction product comprising propylene

oxide, water, solvent (methanol), glycols, acetaldehyde, and unreacted propylene. Other
components may be present in the crude epoxidation product including, for example, lights,
such as propane, and by-products, such as propionaldehyde and acetone. Generally, it is

desirable to manipulate the epoxidation process conditions to minimize the production of

9
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bottons tenperature greater than about 55C and | ess

t han about 75C. In another preferred enbodi nent,
woYsldsk]Aation step (a) to renmove net hanol and | <

conducted at a reflux to distillate ratio Ié@gﬁﬁﬁggﬁmm“”
b 10/.1, nor piigggablyh | ess than about 5/1, and nost
y'B‘PQF@?’a%‘IC 2s18we0ls. + hypicalbypthe gyokidagien Thtlyst is filtered from the crude

[ c propyl ene. oxi reacti on product
pro O B B s BB o BBt iy R PanE Trkan scheme of
thisnigdmtigen peroxide in a |liquid phase in a sol vent,

pr(e)];ler bly nethanol, and in the presence of an
TRLereNSs te gy d thenginethe apwslipdadespof thimitiventionsis illustrated in a

prefetEd lefRAImigR. PL eﬁ%&}% -itfrgg ﬁ%{d%?eg\ag}r @,ﬁéfll %%Eﬁgé i,ljg‘%é‘fsﬁ (obtained from

reacti on product Co

the epbyidation( ofpopRlehy witl MedRbEen O}%PS}H@& %?H‘)é%noﬁﬂ:gvent and comprising
urlreacped propyl ene. Qther 30 conponents may be
Propylgnesiiids. msthasiod weter, apediiehyde omreactriumopylad, and optionally glycols

f ' uch a ropane, an - )
andbéglcpoﬁo uc% ? Onjrsl%cgﬁ hae ﬁﬁeo B t@’é‘h&ﬁﬁesénlf %ée‘(‘én@e S1 into a first
dist{Barien abwet, T1 forithe pA§oké ablefiol o Btk pekidhs] vater, and any glycols

epoxi dation process conditions to mnimze the = }
and glyenl qthesh Tormed dywing oy tpeBLGiON AETESS2 M0 ESRGtom of the first

: . t S Is. Typigally, the .
s S e SR LR AR il Sominanty metanc
and pray@yrein@indti aeoureaet EBBolP EREHICEthak] %etatl&:h;faé bh@GIHAP oxygenated
the separation-purification scheme of this Invention.
bypraquptss Pl Pewsion futhe aectildelasde, istthpicaly ebtained de ke fifst bottoms

IS 11 ' st lustrated in a. Jreferred -
sireltl vt SNERRUA DL ol ok F B i o g S rSFL s grmethanol
recqvenyduttit (noo bl@inn &l figie ) YortsBsar AR Rt th@ib] Fork K\X%&‘)fl 89¢ls, and any
Wi.th hzidro en peroxide in nethanol solvent an ’
othet JBHFEFg Thsr6pg eatfb msitiaael, cavshd evybled watselvent to the epoxidation

acet propyl ene. .a tionally. . .
progALLRDRe UBLE 6 GBI Lo o208 BLLEIAL LY tation ower
T3, epodescidibddohempimfiess, From Hiselldion dwer Bl S brithéRriad stream. S2

first distillation tower Ti for the purpose of T

contauyng, PHPYIRE KO¥E%: Ham Srlagergolvavater, methanelnpndlagpetaldshykie, unreacted
. ' . i,dat,i on ..
POy S il pro B Ete i} Sbrtiey BRO IS i i tower 2. A
secandweyerhtehd istrearn s34, tobtainddafsdm listiliatin $We?aAD ¥ comprising propylene
dcont aig,in&l or edom nantly nethanol and water andpm' nor
and apgamlly 8 eg gb ,su%» P& Broraph @pd oxyeen, db dedypgled, afier propane and
ol ChHS. ly.a portion of the
oxy Bl S Bl SRR pRiafifh RO Pl Showtl i figure).
secdndt bagtvmns streamarf i dbieihdie froRt ol Addianes ebwerl iIQS’%Il'l:lc_lscomprising

bottons, stream S3 is typically sent to a net hanol
Proprygeéls%}d;% wAteg ltlﬁélﬁﬂ%lh%%fﬁldehYd gud éess then 28epbprapylene ofd propane,
. L -l d. .ot her .
s UG g e 5 on Bl BL S g g 3

intogtb¢ bettomt gectibe oo extedction dispHaw@s fowel ES. I @GOYRFRHve distillation
an. be di sposed. or recycled to the extractive

ter
501"\&358? L otoeowaiaterTs gndaedcintpen nenesibalf sestion Rfoentractive
distifth$dd tdvade PR tﬂ%@?@aﬁg,’unﬁelf Lot 0 %gs%ﬁgtgons ngcﬁ&nsséz third bottoms

stream, S7, comprising propylene oxide, water, methanol, and minor amount of glycols is
removed from said extractive distillation tower T3; stream S7 optionally may be recycled to

first distillation tower T1 for recycling to the separation-purification system. Additionally,
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cont ai ni ng propyl ene oxi de, the bal ance of water,

nmet hanol , and acet al dehyde, unreacted 20 propyl ene and
wa ypiosdihyy any propane present, i s obtai ned anpct/eshob 906329

distillation tower T2. A second overhead stream $4,

distillation tover T2, . o |
i O B TERa Bl o O iRl G5 0 Sl RPShE Bropylene oxide,

unieacpd popiiede axy gptionall$ oftRe Vighte bucRbé Bropah® REGRaidbfrom extractive
oxygen renpval , as raw material back to the

disEPeomteTes T 3 edean SPriBey bt ssacled 16 idigiilajion fowes ofed recovery of

pr ?’g%rg Q;%E:l%ta E]lgl%g%tgg F)Ircgnsfineglg %gg Fl){gégsg} %ﬁ(@gg%lgfle %‘to%glal?\g.%alcﬁ\rf]e distillation
towetThandird aeahaldianyseor Sdoli @&8arhNSE, 2 %ohindd QRYRRE a purified

and propane,  is thereafter_subjected to extractive
Prapyleng |axids eptionplly rropiainies reidtiet eertalddistdonthesttreemnbey essentially

in t t.tom secti .of an, extractive djstillatiaqn, .
et 37 A5RR" A DR il PRl FERN £F et i i is fed o
distillsiean fRver B4 @6 redoSer AMEERTHIEPHhEAA Gredth RPRBEIPARING acetaldehyde, a

section of extractive distillation tower T3.
fourthehastomsesireann bl (nek shevavicperpgisingi irbpvlennoxidadid mims anounts of

nehy R SRR SR sl P R S B o s
stré@8Y e doipAfingal Ieh Ry tpufiGibd peopdienk iokd dl ine&idgQMmetSial grade purity

stream S7 optionally nay be recycled to first
stapdasds.| | ation tower Ti for recycling to the

3503 bPBRRAHL 8L ARSI BT AL DRk erSidBon rasion
pradibodemegilly & obudidaeryl efbslizidgabfopylen aMiSthydrogen peroxide or an
conpri sing propyl ene oxide, unreacted propylene and
eq‘émlpleﬁnamogildgt Wethe prgpense ofyah epexigatdgrncetalyist imlat weactézh medium.
r i I St | i 0 r_IF3.,..Stream S6 _na -
Tple . 35t FBEkD K el coblel £ Bl i TS, RS e = voiting

point bpteenehoboiliag poirteaf pregylene pyldenadander. | Yhitable solvents include,
Addjtionally, fromextractive distillation 5 tower T3

intgr aliqr lcoRpds, Hon §xanpleamethanel; gthapels of ie-hiangs ethess, for example,

Q

| tet%g%(ﬁjoﬁﬁ 6P m[&iﬁfeﬂgfleﬂlaﬂg;ringil& ne rf?g %{%agn@%g%éifﬁ?)ﬁeé In the process of

1onal Ty containrng residual ace
this inveation) enethaed sepleferddly usedess ahel selberie tHyaipeden Pafbxide is preferably
wg{yer. Ehi rd.over head reamor side-cut streamSSis
emplayet gs the udant 3u9 Bispaigirovided a5 squeeveyolyiongn arcRncentration from
bAKA0NE Y vadi LIRS IS F o
SofAADNE 0 TGRS, SETBENS, P Se oSS! AT ey e
usak indbeedawith npropanea mypiczils iofanldndea\iyor rietkédni sdut Whindh10 volume
isotionalé{yrec leeg.totower T3, and a fifth i
PEISERY ARGy Kopyler ts fed i expepsrelalive denbyfxogar Perokidgh  Typically on a
i dd de . ol
mdli basl AP PR %0 M iRETHEIAdI SORTRI S 808 Bow 25 /1. The
epdntiﬂagidnmzaaly'sorwv}michetypicgﬂdi}e_cemgxigﬁahi tian fémﬁ_ﬁéﬂtﬂﬁing zei,olite, such as
.. proauct generally 15 _optalne y. epoxi di,.zi_.ng propyl ene ]
tidggm Sﬁ%ﬁ@g@ﬁy FEPERRE 182 fixpd-bed s @liepatively S‘ﬁﬁ@?’@fgﬁddé the reaction
' h r f ' I, t '
ok SRR R ROUbUAN AR APl s e s
0°@ (apc:l @076 and avkleeattd prsekear @bput hdbaN(12E00NE) BO2@ bar (2,000 kPa).
SuE}? Iprcl)crcl,gses are more fully described in the art, for example, as disclosed in WQ-A1-

09/14298. The epoxidation catalyst is typically separated from the crude .epoxidation

reaction product by filtration or other such means prior to implementation of the separation-

11
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poi nt between the boiling points of propyl ene oxide

and water. Suitable solvents include, inter alia,
woalooobssh®, for exanpl e, methanol, ethanol, or PCT/US2004/006529

tert-butanol; ethers, for exanple, tetrahydrofuran or

il ; . f | e., acetane. )

P R, TR e sAlalfRE R By 2g8h 8Rfon reaction
prognesfcongiisys the éallcvaing bempaiene piveltidparoaades rb9>@ecil§ni s

preferably enployed as the oxidant and is usually

provi dedPERPYieHE O3ids, bertd 1o ¥ a concentration from

about 10 ' gent, preferably, about 30 to°

45 meigh%&%g%géﬁ?&ggﬁggspéﬁe may be. used mxed with

propane, Watgi siadut B 16 40 &0 anount from bet ween about 0

and 10 volune _percent propane. Propylene is fed in

excess r&rgaldghydegahpptP8dde Oderoxi de. Typically on a
25 nol ar I 4 ne to hydr ogen per oxi de
ratio i spgéziae?%’ratotgﬁta(gg gcg}(;'u 2.5 /1. The epoxidation

cat al yst Prophiend gly¢pli andlglycot hespidsSa®udo.1 to 1 %
titagniumcontaining zeolite, such as titanium
si | Pt referengmypepia oy Higuaed, i the acatalysddrasedrude epoxidation reaction
e ' [ g reactipn ..medi The .
prodhc i SheabE s, SRRIR RG0! Rydr I P38 radtohation wnder
condléigme rsaffivias thaimwenubhaitially ballamdthBRst Biatwatr, @lRBaL ﬁg)ortion of
pressures of about 10 bar (1,000 kPa) to 20 bar (2, 00
the 1 agsfaldehyde.and, ofherc e3¥eenalgfc impiritiesy| | Distiletioni tewer A1 typically

corlfem L Py 15 80 0D )T RoAly s T

epoxifativatreattibn Eodute isCgandallginbdlrtd @ito the aepdroN3 RFIEYIGwer. The
. by filtration or other such neans prior to
dls"iﬂ#&oé‘r@-‘ﬁfaé%’% geptlytah@ tmparasire o thel opwif thodawes Rremer than about
0 . i ficati s of this o
R L T T T ———
Theegaumaabp gresswrads itypicallp rgpetet thaw apst Sebart 48 (100 kPYY. MBhe column

conponent iven i ercentages_by wei ght: Propylene
presspres, eiat s Pgn 8ol LB AN AR50 KBt T pically, Buersls is operated
t a%eh16k to @RAHALe Pat % bﬁ‘g 2 &bobf
T0.1 % pr ogytfgﬁe(?oglgsgﬁmg?gh%g@rgfeﬁ 0 3#%%%“931%%%?/ 1, and most
prefemablygllyssdharhabeui 24, about 0.1 to 1 % Wth reference

again to Fi %}Jr ebéé the catal yst-free crude, epoxi dation

r eat PYIPmS] cfomprising; 3 dragtiep of jtae pgginah methanol, water, and
il fdhivhd, ahi @ 1 alild ' t ti onalion .. .
aCeunde_lry ’condigbte?fg%@ %lu(%fftlﬁgglgﬁdtﬂpjta%& %@grr%lveghésf% ggotdgg{lﬁal y epoxidation
probess ks whtareddroraridweal br Mayeyspedifically, pesatdraharDhbout N85 percent, by

weighiE | 5 g GERaTPL T ST EaRe crode,eppridakon pisduct is removed in
bot@nfAdtRam SARVAROME rdmaih@r!d? 3ﬁ’e ﬁl@ﬁl@ll&&%ﬁq{ain%%ith gyerhead stream S2,

theoretical” stages. The crude epoxidation reac
alsqpoltdined fiosn gaveeldl IMorerspeaficadiydgieaten tHahexbow Y pekéeht @hd less than

t h ower. The . -
about GiOb percent, by weight, of the original methanol fed to tower T1 is removed in

bottoms stream S3, while the balance remains in propylene oxide overhead stream S2.
Typically, greater than about 95 percent, and preferably, greater than about 99 percent, by
weight, of the water fed with the crude epoxidation product to tower T1 is removed with the
bottoms stream S3. According to the invention, typically more than about 95 percent,

preferably, more than about 93 percent, and more preferably, more than about 99 percent of
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15 distillation operates generally at a tenperature in

the.top of the tower greater than about 40C. The
waliey/nslied | on operates generally at a bottons pcT/us2004/006529

tenperature of |ess than about 100C. The colum top

. | t han_ ab r_abs., . .

e BRESRHES & AR I0BL 0080 h AR b 08 iy oo

in thbaiverhizald saeimads (136 QickiZR)ehydey R %it'%mééﬂVWerﬂ_é'adl §tiream S2 and
operated at a reflux to distillate ratio of |ess than

bottpgysstregpy &3- pffgplézplgb |fr>¢m kot 3R4a akbwi a0 prrdent gfitheotal acetaldehyde
pref) BLHCOR, Yoo it B o SRRl fehiagf Bt S ke overhead

conprisin raction o
stredat 87;, whatdas &@Qtsmhlﬂeé‘r)/ﬁethe AWt aRIBRRM fs abhdvad WitRfthd BRIk methanol
gl ycol s and glycol ethers produced in the epoxidation
andpwef@esls bogowb sttare $3f r dasardingty. hverhwi etr‘sqm &2f gapagrisgs propylene
reat r_than ab ut 85 ent 0
! AR TRt P 3 BRER Dhnit?or w8E0 By alisaid propyiene, and
roug’rﬂ?dbl&ﬁt dlﬁ-HaﬁTﬂi\ﬂ%jadeﬁlc%ﬁTdefeﬁpm stream S3, while the
renmai nder of the nethanol remains with overhead stream
S2, Badtoses sitvemi b gompiving svedantl wavy, and pgoftioncefl thy acetaldehyde

o B BB HcO0 RGN b S LA it o

shotW@ViB figlire)its récRBBEthard] fdIatERIStoShé BFiRida%ion WRddess. L Water obtained
bal ance remai ns in propyl ene oxi de overhead stream S2.

fromuythe srethapol gqce*éﬂrré pnit Fey betsisposed apwagie nr partialdy cycled to distillation
tow@ %g %r S’Jllli)seyas taﬁ %ve El gat‘rfloblf %oth{eﬁn percent, by 30

crude epoxi dation

pr O(Rlﬁhridg do@iteo FTguresr frBMEas tHé fdndvaPof Bk AétRanol and water in
stream S3. Accor di ng to the i nventi on, typically nore

distilistiondpwier Tostheeverhpad distillate sireasn B2 isfedsiot lights distiliation tower T2

tor B RBRDSERY <cp By BBePtEnTuRthtan SRRl BDaB 00 propane. The

lights dipyilletien aoweteTE egerdtet hintitrec@ivetigorp QEndifdhsOfor Bl UCdeparation,
m xture to tower Ti is contajned in tohe over head
including, genspallyrp dergpaatireg exspige than abayti-25+ wad rprefeeabihe agreater than

aboagﬂﬁe 5?};;5} ﬁﬁtrg)ggrﬁo%r qeragg?m%urm %@ké&m% 'i?%gé%]  about 5°C,

out 30 out per cent e tot ace
andpprefeeattly) Tes¢ thancabuntd)"éfp ORhed &tipl rossueaef dl@tﬁlllaﬁoﬂdu%r T2 is typically

iR R OHE 2 B D KB bIcat DAl oty a1 B SMbEER. From the

secéféé Ia.lsttlli'l%tlgﬁ] hkwéret ﬁaﬁoﬁverﬁuﬁq %Eﬁr Coﬁp%lﬁ@gwe%%%mpane, and

Accor di ngly, dverhead stream

other drg\;atse ne reoo«reomL wiithamey , optionialyyi e eeuytley, n@sioaiBd after further
t|t%/ wat er , any unreacted pro pyl.ene, and
e Y Oaﬁ'srﬁpoeﬁéﬂ%rerlctar Ve PP eererw gensugwgd to form propylene

oxilo! tP%ﬁ%v&r?é ﬂﬁr@egg’raﬁ %%E%lagmnml Em.ﬁ ?&gcrirg)a?ﬁylene and

portion ceta and t e ove

othef lightsccind §lgchls cad gipcoﬂ rlwalrlesr;&bé@bed ninatheeégoxidation process, the
recovery uni t“dénot shown in flt%u e). to recaver

ProppeRs ABidereppx eaction Ripdnck 5 l‘@étﬁ%t%f‘é dasas bofigmsstream S5
C
o 5 R 10 N B P e

weight:
Propylene oxide, about 65 to 88 %
Methaﬁol, about 10 to 35 %
Water, less than about 0.5 %

13
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30

tower T3 for use as an extractive distillation
sol.vent. Referring again to Figure 1, follow ng the

wormm)mig(,of bul k net hanol and water in 15 di s]$¢+,b§50|09{10(,29
tower Ti, the overhead di stlllate stream S2 i s

lights djstill.atio r or the purpose of
separ at |‘%§ tﬂd?}gél& gbaéugmp %e/f and other |ights,

i ncl udi EropyleRaess thixeabdut gh){)s distillation tower T2
operates under conventional conditions for such a

septaferringnagain e Higirad , dottemal $tyeam 86 nidaia¢d frerry i1ghlsedlstll]atlon

towbiy B2 E358 o gbr et ﬁﬁsﬁﬁeio%bﬁwgﬁéa%%%w%" BRprafrigely for a high

efﬁdl@;mg»e Vséﬁa!r'itﬁ)ﬂ &8 Spr Cb;aeneamae %om QrQetﬁE‘ﬁjo Px | Y:In a preferred

| ess than about The top pressure o stl at i on
embodinentTthei extragipvecdibtillatiogtewtel’3 tchatauﬂtg]reﬁtethhm abalis30 theoretical

200 kP, d Ie s tha t 5 bar abs( 500 kPa)
staglE R ErDe SHAT e L T0CH pLAPETEH 9550 6P i embodiment.
the l%kﬂ’r@diﬁ?estﬁsﬁm' Rk B 9(9&%51%5‘ elesspﬂﬁf?%ﬁlty?@g the%?éfﬁ‘:%l gtages, and

ights is recovered, which may optiona recycle
pr:f@‘l?bl)’C dedsythahtabouf &0 tth@:rreth_@lj rstdfgec atThenyset of diee extractive distillation

e oXi da% eactor .wherei n prop ? e.is co sunmed to

col B 1y BFEAFACHE CRRoBS e EorRgah gt AFies l%‘?ﬁlc’éf should rot

be lﬁﬁjtéd to g@&hﬁ"&&gnbuﬂﬂé ﬁi@bﬁ@ne Hﬁfd@%ﬁ&ﬁ) gﬂre@ﬁ@t e&ﬁ%ﬁ d as bottoms
Vi es pro

her lights, and glycols and gly
stream 3h emé puxcalbt camprring &9y abe 6:p t® 38| EneEndptapylene oxide, from

BT AR ORI el

b Llitamsn t&e {elald HANRENGRLS p t
Sl AT R PSS 0 b v

benmaibhmtrodamﬂumtqmethwttgm Sectivih o extractive disimzﬂatlmbtaMer(If For the

% 13 2004/.083196 2004/ 006 t al dehyd
purpkisgot T EhHe tis i Sonti Seqtiont Seallbe SELto T5eRh the bottom 1/4
of tifettumin) theag@ed ak ‘ﬂle&éiiéﬁlesté%esbi?érh QRS bStkdrE 3Rt of the extractive

obtained fromlights distilTation tower T2|3Pe to

distidigtien tzomet i Peelaiably, |thatqp©mdtabm rreﬂcslondmdgcnexs introduced into the

o telyfor h. .5 effi i,on. of
eXtrQ&gvﬁy g‘ﬁ 00 GAUPP Ghd r?%flﬁa Byes %’%g%r 1rs ﬁmg%ﬁg theoretical stage
meaptiRfl €Fone thechBIRe. MElY extiab@veesdivare twigh tH Mid dak@isivifler. is introduced

tower T3 contains fgreater than about 30 theoretical

at aqioiids theynEPPhaticatihe 9olugmea&xequnﬁhd\mr@atm ogle distillate, shown as

o885 530 o ST ROHLABOL e w2 o

6 ofsiHr Monléhb%ﬁd’defrbmaihestb?m hrd PRI AR ¥f thee8Slumn. If the
t han about 90 theoretical stages. The use of one

purifige (paeRYIGRS gxide iif téen @ 4 Bidesiturtheri theppropdencetbativin top product,
ShO\gﬁ ou?ﬁ‘é S%ﬁ%nélrg r1“j<)pec 0%311}9 %a%’% 1gcy’cle€l%(t) atplgc?p errlm\f/:ergéc;v%py system,

for example, the second stage distillation tower T2 described herein, for recycling of

propylene to the epoxidation process.

The extractive distillation operating parameters can be varied, provided that the
desired degree of purification of propylene oxide is effected. A suitable water to purified
propylene oxide (PO) stream ratio (water/feed S8 ratio) is important in achieving optimum
results in the extractive distillation. Generally, the water to purified PO stream ratio will be

greater than about 1:20, preferably, greater than about 1:15 by weight. Generally, the water

14



25

be limted to such a design. The propyl ene oxi de
reacti on product, obtained as bottons stream S5 and

wo y@i+oedthy conprising from about 65 to 88 per cepi/ys2004/006529
propyl ene oxide, from about 10 to about 35 percent

. 5..per cent t from
o SRANED pol 2R BORNL oAl 8 b BB R g gvon 15
by tight abiketvide, pauitahié raftuapy! distlatdativak Mibortdnt id chieving optimum

beneficially introduced into the bottom section of
reslis. r ot the cass thay pyrifisdaopviors oNide itaken he torpsirepusemahe column

~tRi S i £ , " hat tion" shall b
T3, B 3t Bl EherallD Rl T R W BRE 137 mref B BBty than abous
4:1abut deaekiy ieathastabges] 0f T, @il Hhg-Rbkt RER than bBeuton t9fweight.

the_extractive distillation zone. Preferably, the
epoXhe avebead eawerasie pH satrestive distillatipguedumhnshovirhas tower T3 in

. extractive i still.afj ol u t a _point bet :
Figfi kbl Bt e iCdtCplls Bafitt PlapdagPIC and tess than
abom aASEC e Al ollietchPtiaaife ofhBe @XEridiRe! M&IRALY 8FWer is important in

which in this case is water, is introduced at a point

majiyaipiig 3 praiang| axids viekk less| typigally\ op desst thew abpwip§.Bemele percent.
(i | 1 L o dfr .
Qe o B PSR P, SUEERTR BB B 5 b Foed o o

or as a Side-cu i
rangt Algeds grdater thar0hbdu@\WETC hBd 16 aRat 86butM7BRT! "B pi@RY @MW xtractive
_towards the bottoniof the colum. If the purified
dlsBﬂ@Wl taveer obs epeerated tah ke Prepsurg gfeder dhan abhein Othbar (50 kPa), and

/1 [ 1t t 25 8h as stream.S6 .

pref 5, S08 A o4 100 RUOEHEL 1, B850 AP Rt B SR tover s

opeTRIEAVE] PreSysé R thah @bo@ REHIPAEV0 KNG, AGREErably2 s than about 1.6 bar
distillation tower T2 described herein, for recycling

(16@tkPapr opyl ene to the epoxi dation process. The
ext ' hstd 1.0 rat | rapeters can b -
var PIg PR i ARGl D PR R PrE8fond conditions, a
botpams fsteami @ abltaipedo rixdte mypictiyd eompriedst €ied efdliowing components, in
Sui tablbe water to purified 30 propylene oxide (PO
PEICEHRSEHOY MG wat er/ feed SS ratio) is inportant in
achi evi ng, ARt BN dL st S0l4h d,he extractive
distill atfog)%. “Gener Al y, the %/f\’/ater to purified PO
st r eam r Matloand, laboltetO-@fy at er t han about 1: 20,
preferably, greater than about 1:15 by weight.
Gener al | ,at‘flhél%Wéttlé’réD ‘%’4 WD 2004/ 083196
PCT/ US2084/R28228,cbP absuti d.o8doRG@,streamratio wi Il be
| ess than e{%out %%CS,’aan_d prefe'rat(fly, | ess than about
1:8, byOnerghtcolslank dwiges, abowi.t-13Pe reflux to
distillate ratio is inportant in achieving optinmm
Pref&abily} the bo@tbmk Reegasemiohed apstrdabd ST fRP el KRBcie H&illaSion tower
_taken as top streamfromthe colum T3, the reflux
T3y it sunjaed mathy theygrpde propyleagtoxidet fead inlstngam B 1 and recycled to first

. r e r bout .5 4:1; but .gener.all)

cisfIELGH P A1 4E! AT Pbupn s redtosfRa At process

Sigaificantly, theitgal yielhRsove phg3tkrcenRes /t T_gﬂb@yléﬁe SKicbP&ld ¥fher glycol
distillation colum, shown as tower in Figure 1,

hegvies; \aotaingd pveraihet &0taledrqcassa ip arry@reatrat thas ghoatitled mole percent,
- | ) I than __about 45C. The_.baqtt ons
Pre?%%@é? B theatdt B G2 A0 peBREY 4l e PRGN ereater than

abdulfnI3 afdle ipBreent. As mentioned hereinbefore, the term "yield loss of propylene

oxide" refers to the mole percentage of propylene oxide lost in the extraction process to

15
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mai ntai ning a propylene oxide yield |loss typically of
| ess than about 0.3 nole percent. 10 Typically, the

wok0b4/ @3Bt enperature of the extractive distil |19(§1*/?1§1‘2004/006<29
tower is maintained in a range that is greater an

o539 R B e LB P 2SR Ko o i

dlstlngtﬁgksure greater than about 0.5 bar (50 kPa), and
preferably, greater than about 1 bar (100 kPa).
TyBlyca}bdrgtmgt He exractive |d1ﬁ11mnen|that updert ﬂmeaforanentloned process

r at ed ssure | ess th ut 2 ba
condgBis s SitiPita BroBy ERF Gide sEEom i b aBeq e #h g erad qusiderge stream,
whléﬁ malﬁ,vcdemisa& R HGin hﬁ%héﬁ(? ifl heie bﬁtbaés'ﬁ%mmm@r
er t'he af orenmenti one itrons, a tons 8tream
| s obt aiPrcqxjflmlhéhld@;gr@&hltlya:mmmﬁi%e%t he foI | ow ng

componen per cen by wei ght: Propyl ene

Oxi de, @6‘&&" b e R aWdPM about  40-60 %
Vater, gbaut nggregfér%ﬁraq,gw ell%ywl about 0.05 -
0.3 % O hef gfycols and heavi about 0.1-0.2%

Pr ef er aldcgtaldehpddsond grestesthasalPe r enoved as stream S7
fromthe extractive distillation tower 25 T3, is

Typlea[mlﬂw&vw tthe bbaldeiiyde iprthpy looB@eaX bflsidk @R sirfars ti§ @fd@er than
and recycled to first distillation tower T1 for

abovft &91:I"Vfﬂéhtt PRreRIGh XsEradpaths acsinldnliyds iic dgss dhamrbeets8.4 weight
{gnificantly, the total yield |oss of propylene oxide
perc !
o propyl ene gl ycol and other glycol heavies,

obt);itlbﬁdl}o\thdf putified @irepyleookids obtatnedofraimethicextiaftive distillation
bout O, 3 nmol e percent, . preferably, no greater than

toweJchma bs chiilled b%?&éﬂ‘t’emlaﬁ%l digilatipp eplapapfioyremeye residual reaction
t tione
by-p%(er el ggefﬂé?%u@hga%éer%%y [ ergi Flogsxg ‘%?ﬁgr %@V%ﬁg 0 hat meets

comaerada" guaéé etanddrds tolfiguniny. e Tiey ﬁﬁrshlageilstﬂla}ubﬁ mahemfconducted in a
oxi de | [ th extraction process to
towes ey e fgsa X064/ Hewsie! sgqay% ahd qmtflt@gye&oa temperature of

bem;égfg\ﬁb&ﬁ 35%%@4% :pt@elragfyaajbo A8, Ha %oﬁ%ll.ﬁxgkf?%éﬁﬁof between

to the extract disti atlon Yy~ ope

- abowxt backby €1 kPa) hmt hboutt Hiver abn GO0 kP, pfeﬁemb@nhbmneli bar abs

oftfag; The G ooinn ol b B ol ge Uk B Langomot te colum,
s SOUPLEAS) PR S i, SO SAROTERL By
propitematoxdd. i5 obsainddt dsdottbms rsoegn &d 0 e Fot Henpuapases of Chip pvention, the
"bottoms" cut may be taken from the bottom tray as well from the last 5 trays of the column.
The purified propylene oxide, taken as stream S10, consists essentially of the. following
components, in percentages by weight:

Propylene oxide, greater than 99.95 %

Water, no greater than 100 ppm

Methanol, no greater than 10 pprh

Acetaldehyde, no greater than 30 ppm

16



W

10

[a—
N

20

Water, no greater than about 100 ppm Acetal dehydes,
no greater than % 10 Typically, however, the

wagmiasdenyde in third overhead or side-cut stpeaBYicS4006s
greater than about 0.01 wei ght percent. PreferaEJEFy,#M(329

t he qacelgl LS €8s .t han about 0.4 weight
ver éégnf‘eteﬁ Cf]g(tﬁﬁ)oiﬁg laF(;&:e ?eﬁén%tb%, % BT%F%pSfI g??el%&?mé@ advantageously
pragluted o puhiﬁccbmopiflen@dﬁﬂ@ﬁkkﬂﬁg Qérﬁfn'e%ch%itggﬁélqugl?s}/‘gé'ﬁuﬁgments without

an bezgistilled1 in a conventiona
undug lops 04 RIOPYFRA Qi desigi nuepleneeghyoll amd othér dyeqiheghied.s, - i n

par i [H?'E t d to vield a purified propylene

OXi ggf a? utan{glgtcgés% .%ﬁ&qrgpa%qvgd CsVakidaP@sSsfte thant yare used in
refdiiehse fol spesificd gosbettritidna ol BRte A BR IGATH s 1 e pPurpos

.tower having from about 40 to SBBthe@?&#ﬁ%ggngtgé%ngnIP&£S°f
this, syeptien. 46¢ Mgrdn 'ne sreatprethan'Ustelldie tabat werBard b aslu3hfual to or less

. . preterably about .40C, .apd a top col um

tha%?gs urgleﬁelgf/ lget' %Oér‘%"ar%%u@ei”%éﬁ Rhgreptepthap gy pomywater" shall be
takedd Lihedh &flal RS 1é§%k@)ppnpgvg{egr ably, about 2 bar abs

20 (200 kPa). The feed point can be, for exanple, at

abot® inenters wilb bp furder cheeified byrnconsidension iofghd FMBMERE example

- ' bout 5 theoretjcal stages. The ’

il pledBaft bOhE So0Hard o e G pL i uminfion Guper cnnbodimens of
thebiaveraiom sill @@nappant EOthdsB e PUEIPAS 8R ~ iderati :

i nvention, the "bottonms" cut may bee %&k%ﬁ}r’f ?ocr%n§1ﬁgratlon of this
spegiicalion er Ripcties afighe infentiontab disclused Bertinays of t he
Exéﬁh%qn' The purified propyl ene oxide, taken as stream

.- consists essentially of the following 25

Conplithe RiferendeN td BIged Ad euddy raBiiét brodd g8

greater than 99.95 % Water, Eo éregFErE€ﬂ§%&§%6%égW$'ﬁonlﬂm
°p OR?EiaH% d%f,PrﬁWI%‘}ee%(ﬂb hygregan Peroyple inAnethaha edoyetdy im ehe presence of

; : 6 2004/ 08319
e PR E PRUR R R 8 P miabiot encsbermanign fed s stream 51
to dib@ligtionceser dfl. t The crudeesdoxiation RENRE BAY Thy coﬂlﬁjQ%H&?ﬁhown in
T Furlfled gropylene_OX|de nmeeti ng commercial grade
m@% 1 1 PSRBT NEYE 8t t hout undue | oss of propyl ene
oxi de to propyl ene glycol and other glycol heavi es.
Thr oughout the description herei nabove, the words "no
great er thdhablear. eCrudeBpbtidaton Bbaignce to specified
concentr at regps—of—particular praoduct conponents. For
t he purposegoﬁmon@ﬁis i nvent | oWl % he [words "no greater
t han" shal [} KT o nmeanaz-¢attwejequal to or |ess
than the sa£§§W#g§%§éfhe. Fo g%anplg, the words "no
greater thaMelioppm water” $hahl be| taken to nean
equal to ofpless than 100 ppm water. |

Water 9.3
Propylene 5.3
Propane 0.8
Propylene glycol & 0.6
glycol ethers

Acetaldehyde 0.04
Other impurities 0.36
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The invention will be further clarified by a
consideration of the follow ng exanple, 10 which is

woi20é@Reed to be purely exenplary of the use ofp <
i nvention. O her enbodi msnts of the inventi orgl\?mﬁ§ﬁ()o.g0()6_29

e [ ' e a

The ngsil &e rog{d?g%@ g? ttoﬁs{eg Hy %eé%fl? fOQQ’t“fS {?pé?mB?raE]l’?m@ Gt top pressure,

2 bat (BD0i KRONbotM aSmPératikd) 9L et NtoweX TRV ébthE&‘ a first bottoms
reference to Figure 1, a crude reaction product

fractipny tsipwnr a% (Hnepmg Sﬁr sAntaining ISethpunli creatérp racefaldehyde and heavy

t d | t
comPRBe S, 8 e I A0 EDe A s it o PR ol Qionags stream 2
contdihinb qiregh1ére fﬁ)ﬁﬂ@VLﬁnrézt&édCﬁ}Bﬁ YI¥Rd, aiﬁ Qhé Bﬁ%ﬁ@i $1eﬁupﬁﬁﬂnla§mater and

streamSi to distillation tower ) crud
acetaldsbyieat iTbA lpﬁlﬁdﬁmllmwas hiélrthgmﬁr@tmnamfd sinoajvn;ccamd r‘olunm (T2)

Tabl e, ent a bI e 1.

contgifii 2 oo B G5 MESngHHEn P 5 o Bpganfid bRGG00 kPa) to
remove %@@téﬂ?@byﬁﬁe 115 s&ﬁinﬁrh%xt %treﬁﬁ thec%ng bdtlofRfGetion was

. Pro en col gl yco
obtmg@a&b@mﬁete@ncﬁqs havtigethe ifolbomvingi cospdsiBién, ih7per@ntages by weight,
as Sh2004/88 196 PCT/ US2004/ 006529 The operating

QORAT tPOs for tower Ti were as follows:-top

tenperature, 40C, top pressure, 2 bar (200 |cPa);

bottomterrperature 89C. Fromtower Ti was obtained a

first bottonBableRadidtioms SteamrSas stream S3,

contai ni n dn:lnanUl, water—aceial-dehyde, and heavy

conponent $, OLPOYs gl ycol az%‘m BYol ethers; and a

first light fraction as strdqmtf;‘yg) 5 |cont ai ni ng

propyl eneloxide, unreacted propyl'eng, and the bal ance

of met hanoPropyleneddxidand aded6afehylde. The [i ght

fraction K@; tther—Haet+gnrated—+A a second col um.

(Try) contsh#9y 20 theoret]i'> st dges and operati ng

at -12. 5CiepyEe Top and 4 har {A00 kPa.) to renove

unr eact ed | propyl ene as secord [ight |stream S4. A

second bot thpylérreacti on was | olbai ned as bottons steam

S5 havi ng H-he—fol} f‘w.ﬂ —comgositiond in percentages b
wei ght | g AcetaTcI’ § RS 5¢ p g y

The propylene oxide reaction product having the composition shown in Table 2, obtained as
second bottoms stream S5, was fed to an extractive distillation column (T3) containing
60 theoretical stages. The feed point of the reaction product was at theoretical stage 2 from
the bottom of the column. Water was used as an extractive solvent, being added at
theoretical stage 30, measured from the bottom to the top of the column. The bottom
temperature of the column was maintained at 61°C. The top temperature was maintained at
37°C. The weight ratio of water as extractive solvent to purified propylene oxide was
1:12.5. The top column pressure was maintained at 1.3 bar abs (130 kPa). A purified
propylene oxide streamn was removed as stream S8 as a side cut from theoretical stage 3 of
extractive distillation tower T3, measured from the top of the column to the bottom. A

bottoms stream was obtained as stream S7. The compositions of the overhead stream S§
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From Table 3 it is seen that the overhead stream S8 obtained from the extractive distillation

column contained propylene oxide essentially devoid of methanol and water (methanol only

10 ppm; water only 60 ppm). From Table 4 it is seen that the bottoms stream S7 contained
predominantly propylene oxide, methanol, and water. The quantity of propylene oxide lost

to propylene glycol corresponded to 0.125 kg/h, equivalent to 0.25 weight percent. The

quantity of propylene oxide lost to glycol ethers and other glycol heavies corresponded to

0.075 kg/h, equivalent to 0.15 weight percent. At a production rate of 125 kg/h propylene

oxide, the total loss to propylene glycol and glycol ethers was evaluated to be 0.115 mole

percent, based on the total moles of propylene oxide and glycols produced from the

extractive distillation.

The bottoms stream S7 obtained from extractive distillation tower T3 was recycled

to stream S1 feeding to tower T1. The purified propylene oxide stream, taken as overheads
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1. Maxi mum observed for nethanol, water,
acet al dehyde, 20 LLOYD WSE CLAIMS: 1. A process of
separating a purified propyl ene oxide froma propyllem¥D wise
oxi de reaction product, the process conprising: (a)
i ntroducing a reaction product conprising from®65 to
88 percent 5 propylene oxide, from 10 to 35 percent

ol , and less than 0.5 percent water into a
botto j extracki LELI ' X .
nt rodun Aot aR o Erer A BY SRR BrodRht bkt o BBy frice
extticcprodect, the ptockssadongprisingne; (c) renoving from said
extractive distillation zone under distillation 10

condi ti ons(a iWEduEig agepctiamPEstvst smBTiping py|6Srie 88 percent
oxi de fefil oxidP %FHB%‘ 35 Rercérq) e{tﬁ%}l%‘g,ltaggll%strs ?lggr?s(?g gercent water

extra%rt0 e distil ion zone un

condi int®abott@n seatdhhvad egtracgive distillitiGt Z@@m conpri si ng
a purified propylene oxide essentially devoid of )
net hanol  afftl iERdieingtwaterdnioragdpiepmedipts seqtioataf spid extractive

condi ki.ens: hejng sufficient to maintain a yield | oss
of pr%%@?%ﬁgggggde of less 15 than 0.3 nole percent.

2. The prog@ysen®finglramBald shRcevadibtieatidhepyé ender dxtifl@tion
reaction product fed to the extractive distillation
zone eAittqns adiottpme sHpHN sePrisisg Propaleng opidecwaier, and methanol,

propyl ene n r. mo.1 to 0.5 .percent ety
acet al deh y@z ,réjrﬁ(?/wg\é ?@H} S.a'%‘?mf'ﬁgvepglgtgllaggm&f) ngpderdistifption
G ai mchdytik SdnoveliRead ot sidechiv@reding tdrhpridih @R pA@A& préPylene
cont ai ns from_agreater than 30 to [ess than EOO

t heor @¥ifle egserfiadlyasvoid of meshanpbansswater, thergxtrapévendistillation

or odugtidshe Ba S0 clod BT RIRRRY 3 B BRLOBarbPens Ghce oress
di stithb@biafok@Rentreasured as theoretical stages
fromthe bottomto the top of the extractive

di st i ¥ &he piecesseé Clam Irykergingbe propytena pyidg meacpn pragiuptsfed to
T BB R By A AL b3 g propen
&ne-from 0.1 to 0.5 percent acetaldehyde, by weight.

3. The process of Claim 1 or Claim 2 wherein the extractive distillation zone
contains from greater than 30 to less than 100 theoretical stages.

4. The process of any one of Claims 1 to 3 wherein the propylene oxide reaction
product is fed to the bottom 1/4 of the extractive distillation zone, measured as
theoretical stages from the bottom to the top of the extractive distillation zone.

5. The process of any one of Claims 1 to 4 wherein water is introduced into the
upper-half section of the extractive distillation zone.

6. The process of any one of Claims 1 to 5 wherein the extractive distillation
zone is operated at a water to purified propylene oxide (PO) stream ratio of greater than
1:20 and less than 1:5, by weight; and optionally, when the purified propylene oxide is

taken as a top stream, then the distillation column is further operated at a reflux to

distillate ratio of greater than 3/1 and less than 10/1.
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15. The process of any one of Claims 1 to 14 wherein the propylene oxide
reaction product is obtained from a process comprising contacting propylene with
hydrogen peroxide in a liquid phase in methanol solvent and in the presence of an

epoxidation catalyst under epoxidation conditions.
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15. The process of any one of Clains 1 to 14 wherein
the propyl ene oxide reaction product is obtained from
a process conprising contacting propylene with

hydr ogen peroxide in a |liquid phase in nethanol LLOYD WISE
solvent and in the presence of an epoxidation
cat al yst under epoxidation conditions. 22 LLOYD W SE
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wat er,  ang)dtseitlalgde s distillation zone a crude propylene oxide reaction
product comprising propylene oxide, methanol, water, acetaldehyde, and
unreacted propylene to obtain a first bottoms stream comprising a portion of the
methanol, water, and acetaldehyde, and a first overhead stream comprising
propylene oxide and unreacted propylene and the balance of the methanol, water,
and acetaldehyde; l

(b) distilling in a second distillation zone the first overhead stream of

step (a) to remove unreacted propylene and to recover a second bottoms stream
comprising from 65 to 88 percent propylene oxide, from 10 to 35 percent

methanol, less than 0.5 percent water, and from 0.1 to 0.5 percent acetaldehyde,

and less than 2 percent unreacted propylene, by weight;
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(b) distilling in a second distillation zone the first
overhead streamof step (a) to renbve unreacted

propyl ene and to recover a second bottons stream
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in the presence of a titaniumcontalning catalyst. 20

19. Tpeppleoeexide of canmierpia Zragadudhn t he crude

i d i.datd on _ product ising the . ..
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product comprising the following composition in percentages by weight: from 3 to 35
percent propylene oxide, from 35 to 80 percent methanol, from 8 to 40 percent water,
from 0.5 to 15 percent propylene, and less than 0.1 percent acetaldehyde.

20. The process of Claim 18 wherein the epoxidation catalyst is a titanium
silicate.

21. The process of any one Claims 16 to 20, wherein the first distillation tower
is operated with from greater than 15 to less than 40 theoretical stages, at a top
temperature greater than 40°C and a bottoms temperature less than 100°C, and at a

reflux to distillate ratio of less than 10/1.
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21. The process of any one Clains 16 to 20, wherein

the first distillation tower is operated with from

greater than 15 to less than 40 theoretical stages, atLLOYDWISE
a top tenperature greater than 40C and a bottons

tenperature |l ess than 100C, and at a reflux to

distillate ratio of less than 10/1. 24 LLCND W SE 22.
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