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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

WOEROPMEENE W TH HYDROGEN PEROXI DE Cross Ref er BO/8S1004/006529
Rel ated Application 5 This application clains the

benefi t | S 'eﬁgtﬁiRﬁg '

60/455&32&“#&#528§E§%%ﬁ?gﬁﬁgﬁgg. ac grdg%?hgg%kﬁmd

| nventHPOXIDA FION OF RROPY DENEAWISHIOY PROGENR PERUXIDE

recovering propylene oxide in purified form 10 from

an epoxidation reaction product, preferably, a

reRCk d ed fromthe epoxidation of
Cr06§ 55 e gnQ:e RS ﬁa%eﬁiylg ﬂza{J

i0
TN rberom de in the presence of a

tit '@Hi's WhpEHion ichimg thezlﬁﬁéﬁtt(ﬁ' AP @bvisidnal R@Eﬂéﬂh@ﬁ@eﬂéﬂ N,
finds utility as a starting material int

60/655,5&5551@wa1 13p#02pr 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
Badl@aslindest Th@nteat strict purity specifications, so as

to avoi d di sadvant ageous effects in downstream

pol Yhisdnventonmeodinetie a preysex Dﬂ%pmlqgrm@é%omde in purified form

t h t f t h h
frofo PR gPaEATgp EHSRT @é@fﬁﬂ&ﬁ el Tttt el doh g Bined from the
epcﬁ@&itﬂoh%fﬁﬁb 1% ith S @M@eﬂoﬁﬁehﬁ tB¢ bresédce of a titanium-containing
illustrate for exarrp , in international patent

zeqbitbédtalisti on WO Al- 02/ 14298 (Enichem S. P. A.) Such 20

ol fasfEigoryie gl ciEoRy & aehaRomAterh B, e fgpdation of
polg&oﬁlif AR LR LU m&@é Yﬁhlcﬁcﬁﬂd/ tiMty2 i tifee hRGhifa¥iutd/ of polyurethane

processes produce water as a co- product and

polyineos:  afropylese @bﬂ@l ymdl for glo;acplllrpe&ehexssreqaued &b cmpstdsirict purity
and

SPREERRIh 1 9 oG POBGCuR S ESH LSBT et PoppEe products.
obt EPQ%Qaﬁ(SrP?Eo%&%%Qs R the RedRtiffk 85 gﬁ}% yRA# Wi‘t'hr}i%fdtd'gen peroxide

addition to the propylene oxide 25 su anti al
in thegnesencesf Gfanieacontemingntepbite catalyps ewd knowremhthaalt, as illustrated,

fora?g%m %Z%wa%aﬁee%ql @ﬁrgn{ g'ﬂﬂ ?%b\@%ﬂd@)l/g@f;g%&em S.P.A.) Such
pro&%s'eﬁ b{éﬁ&%leél d)*’éontdti@ce& ﬁHﬂ@ pRISEIRY! FRGeAK0H %ol%l‘i’cdb‘l‘“eferélﬁy, methanol,

nown ficult |s especially difficult to
whichntends twetrbmote high datakysitaatlm mmtbsdi@tlmtw §hcldp@p@eesqﬁroduce water
efficiency. . Neverthel ess rC|
25 G ouRrOR e A @u%qxaamq% B gREE Britar eSS Hptone, and

c%;ﬂ(ﬁ'[él(i'e@g@ dﬁ@té i &ﬁlgl? g:l gl%ﬁe QiR floduct stream
an ppm and no €ater th 0 ppm
obnalmddhfrdms such V@ﬁM@hOﬁBd&@esPﬁﬂﬁiﬁQGﬂMdﬂﬁﬁﬁQﬁ) the propylene oxide

substantial quantities of 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
greater than 30 ppm aldehydes.
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The purification of propylene oxide has been
considered in the prior art. Certain disclosures,

w0 eresant ed by US 4, 140,588, teach the extracPCTmEsS2004/006529
distillation of propylene oxide with water for the

ﬁgtr @% 31“9&‘1‘35 acepg)r?g%ﬂ%‘% | Cglﬁsrb%eﬁ‘ %?n%% & z%gﬁe prior art. Certain

discloses,Stapgeséiited 2 US04, 990 ,588,Ceiidh FHeOptRAGe QidtiiRtian bf propylene
smal | quantities of water, nethanol, and acetone is

oxidg dvith V@tfrroﬁ% ﬂhq)awpﬁm%fenml@(@crra@mna@ng @nantities #f i methanol and

. the c
B0, 1B EehdE o B ARL BN 2 4980 e pH e ovid and
snﬂDt@@ﬂ@tlds&ifp&&ﬁtai Wie@hdrdl) GinA GcEtoAENIHRE th A hOREpoMdN of an extractive

overhead distillate is obtained conmprising a

disgillpdernrnical Wotepisded gt ppigheameingondes colimhears thoextorrive distillation
is %?ﬁgd Q{‘ b rﬁ? {eﬂﬁ? q%rh%ggﬁp [ Sﬁnlgl éadt’:igg[ﬁ {Igg”%g %}4 é)xggﬁlﬁ%dsdlstﬂlate is

obfathedf ccnnmzsyﬂlgs @esmmﬁﬁal@ﬂ ?uw befpk/l%ﬁé cgdlde: Olvhilel ¥Pb&RINAY fraction is
the discl osed process suffers a yield | oss of

obiFingH\OBIPEISBIE] Ry@dqnwa@ntlysmgthmlewat@h aeetang ené dised emthegeus amounts

of E‘) cggrbe%éﬁéﬁ E,xeog&leﬁ}e (gg%ollzgglplaalg‘}g Iﬂg fégzlfe)% éib f{rocess suffers a yield

loss ®jp Efo@tyleﬁs ogfdennams/ bener ih 4 PercRfindl 4 HAOR, 2. R Pétcent.
anol by extractive distillation usin wat er or

pr o@th@n@rtglrynl@serﬁ@i éwt LEc 5,849, 953c8| ‘aédatEP 1,002,d46, discloses the

seifBtun BPBEREREIG GENEHR, AgargbhRTIS Srliypfistilgsion wsing
wa‘t& &%réﬁﬂ&ﬁ@yd@h@ ExtracfiBfl sOlverk, tﬂle%rddeaeﬁﬁkﬁiaﬁﬁlli‘ﬁﬁ containing

ight, is introduced into an internedi ate section o
fronh 8 to di0speredna praylanswside, A0 tio 86 qrercent np&raaol,u 1@ tbr3¥rpercent water,

oof R ST 58 5038 o S RTBR. 20 of

disBNbAGE tdwed. SRIb68BHs t&ﬁﬁerﬁtur@ %ﬁf arC @) 12?19@15 %hn‘i’cﬁm%ﬁ' €such that a
acet al dehyde. A purified propyl ene oxide is obtained;

botjoms S@eatih saehtained gevusing, m¢thm0d;omten anyfiirter eftractive solvent, and a

AT S SESHB oA O ST MR 1 s o
d1§¥96§1@3§f%5usl§' he 'Bh&MBAEES ofl refRho PRHOHE Shriliiag ré/ﬁﬁéxﬁ oxide remains

propyl ene oxide in the extractive d| sti’l lation
higheo thessacdepgatile fii westrapptititions dMoreprepptht eefercoxésido nott dddress the

yieﬁk? ?osg)rétg:??&éfg%}eee%gh% 16112 eangriigt%%gg gtglgatljgﬁd)trgcees ?helg to gdg-?eactlons of
profiedd Qi3 fhe AtracRSBRh¥hd R kn BR £&dq. an
epoxi dati1 on product stream contalning propyl ene,
pr o@h@n&’t,ompd@pnméthyaﬁmm -1482,248 amdi(D-ﬁXls@l/ﬁ‘éOﬂtO, discloses the
s _net hanol . The work-u rise [

nmp se i ng the
waRH o o 2 SBOTGAR OGS P, ST RIG Priehes B lsBt iy methanol,
e
B BBl e oo riseS SpiPling he product
streamon aq)rwevapdrhier ower ﬂhleabbtwpemm ahd 60hereeas oflthe ahount@f organic

ani c soI and over 90 percent, of he wat er f,
solveRd Bt 35 PRICEREOIBE pmw{ﬁnsaﬁtd@ fedrieremoreed wt?&the overhead

pr u‘apyl"ﬁ{éerésﬁﬁ@' o B bl{%@.ﬁl@ ?o@%ﬁf READes 905%&&&{? &Sk R Rater fed is
stripper. The recovered product m xtur
cohtaieddh tthe betidunembéuttt dltexdafta tthey ropstieat Irbﬂnalhmigﬁmm ryerhead is

I I t h t bt a
strgmeg fr? é g)% %p%r e"ll;]zeu %ﬁpgezeci/\]%oduct n%?;tu?es is tﬁergafter subj ected to extractive

distillation using a polar solvent, such as water, so as to obtain a purified propylene oxide in
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2 WO 2004/ 083196 PCT/ US2004/ 006529 t he over head

product and net hanol and pol ar solvent in the bottons
Wee@dogtioe The references are silent w th respeCT/USI904/006529

vari ous aspects of t he extractive distillation, the

q f p taj ned,. and_t
the Gl R b SR C RS B T FoBBr e he
ref&ﬁn@?a@mkﬁﬂ%ﬁ&es}ﬁ& 192l 06245p8AS of HieStas®ee dib§llation, the quality
separation 5 of nethanol and acetal dehyde from a

of Immftté Péﬁ@i@)élﬂ@at?ﬁl@nob’f@a@d,la@da theryoeld éess o6 popylend oside? t o
L %Eﬂpreeg%egérﬁ‘t Qﬁg}/ g?xﬁ]g?%%@g% %%% %@f %m dtscfosesntge Separation

of ﬁ%ﬁhﬁél%ﬂ)@@ml@ﬁ?d@ﬁ@é 4 8ulle dpdXidutivh @BRtioR Yproic Bémprided of 2 to
is taught to fractionate the crude epoxidation

10 percent mptﬂle@@l @etdeat0dor &f pergerdimethancdt &0 tad otoercent water, 0.01 to

0.1 etcggﬁ@ gaik%lthiyfg«% %ad #,g{lltgrg)oﬁ E’r%RétF%eﬁ, %ygryk;:e‘ég r 111 15 Ialg 8tgeﬁacttonate the

cruB€ e &Hlatn feh@iochGrra&@i at 8 edfistedistantt ffio Yehakblly 8f from 10:1 to 30:1
over head stream conpri sing propyl ene oxide, | ene,

to ah@in ndwmitidms| streetrh a@mprlsmgttrn@hm@t,amfﬁal anyl @Feﬁﬁ@ﬂ prercent of the
further

d Ld h [
acofBHTAETRags PORE £ BIbed S ap RURE SR BT o it Brppyiene, and

resfudl ﬂnlet'hﬁﬁdl%ht sﬁbﬁ&ﬁﬁﬂ ?Ql%voﬁl e watc i adetwdafyaeytte@ﬁmher disclosed
oxi de stream devoi d propyl ene is taught "'to be

to wm\ecplepylme &vorr dlat pverhead siteainl &t & oacansl digtiatiesl ailhereafter, the

resifiet oIS a4 B o b dote BEERDte Yfiitiqqo exactive

disBHAERC kG 81 5d1hd |sBiveRN. su8h bé%t bﬁiﬁdeﬁ&r 3801l Sgenélﬁflﬁ' A1ed bottoms
contai ning the extractive sol vent, anol ,-

tengredatoitehet frompi0PCttb €1d 0°Gh iFrem dhe pxtracltllve distillotion, embottoms stream is .

oxide is. obt ned r heads ant age usI t he .
obiitsfl coBRirRG 4 SHEBRY SPLOHT Tefhantl YAl ROE OMr inputdes; while a
puhisd gtd Heh rbxmegiat OHIAHSE 24 BAGHERE 2D BadkaBladed B 1B high bottoms

propyl oxl de due to by-product formation.

termpmﬁtumeof the teetra@medlstﬂhitmm might crash anaricepthblastigldtless afrpropylene:

ox B S Bl 2 (RESRLLoRg 0 Sl 2100 M 80 of SLATRS st n
j t on and

thegiljirxﬁeiﬁ ggcgijl’ lé&'%&“iﬁéqg% h Fortiist §§‘ﬂgﬁ5ﬁ5ﬂs

on of propyle e oxl1 de action products,
pr ef Br ahkgquehase thbtahoved need axitts dor mpmwvetadritoim the separation and

ol eRbar e oramene s GHeF deramaBanLs: Risferphisiees SDlained from the
gl y X eti §
ep%g?zlg ﬁ)g %@gﬂgger gxéfﬁl? ft}ﬁ%@gbﬂ h%ﬁ{&% dexgtlgré%]gféhf ecgld cost effective

setiai’aitolm sgherho that pgadpoeslﬁonﬂﬁerpiabwﬂe pmpgle;ae okl,delmeetmg md:qinred purity
be nore desirable.i d did_not

f
stapdzyds mouldibzh %%@éﬁ&ﬁble:tﬁtfﬁgt%r@m&tmﬁ@é)gem ghpropylene glycol, it
U e SHERTE'E LT AL B ROt ent o o

ex’@a’dttd)ﬁ ghlveent.o lbW@Ilcbd:lﬂ:Cévdnomb’ﬁd devirablet 1f thetdepmation anethod did not

extractive solvents_ in the cruyde product 0
produce unacceptable losses of propylene oxide due to by-product formation with methanol

or extractive solvents in the crude product.
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3 WO 2004/ 083196 PCT/ US2004/ 006529 Summary of the

I nvention This invention provides for a novel process
w@boogegEr@t i ng a purified propyl ene oxide fr oPCHUS2004/006529

propyl ene oxi de reaction product, the process
S cO r% i verid i ntroduci ng a reaction product

A about 65 to 88 percent 5 pr opyl ene

OXi s ifveRfid PR ded Yort PndrR1 BRICEEVS sBBir wiish prd d

than 0.5 percent ma?ern yemélg tS |nto a gotto pépflene oxide
from eqiromytersfoxade readtioagirodwet,dhspioc¢satcompriginge;  ( b)

I ntroducj into an upper-hal f.seckion .o

extract i Gg%gv@pﬂng& Fe3fton, “°t(?,‘)m9r§mﬁ/{:fﬂﬁl L 6%%361:9088 percent

ext @?&ﬁyﬂéﬁﬁ i ifdnfbbOR 90RE3 PG8nt Phethdrlol, 3én!dOI€ss thEn 0.5 percent

condi ti’ons a bottoms stream cohprising propyl ene

oxi deatetwby eeight igtormsidttamodecti¢radf anesntracting distdhatioaizdne;

extracti distillation zone und distill.ation

condi o) ImtEneiuGipE Rt s yRRE Bt Setiom e e yeglistllation

Iifled propyl ene oxide essentially devoid of
anol and water; the extractive distillation
condl ti oy teeiaving Sdi siénexitastivgi dlstdﬂ.a’uloa yom durldes sdistillation
of propyl ene oxi de of |ess .than ab

per GuiHoneg ot SsFase SGRUHTE RIoEy FHy BREPoiier Aed tefieol
'yield | Sre‘?ﬁoxﬂﬁ? PEbENS 18Xb>gt?act1%| Jhsﬁl@eftﬁ}h tz@né hghder distillation
nol e percéntage o propy?ene oxide lost in
ext ccaxlcﬁtlotxs gh sverdhkad bowidpreot etseant oomplglsmgsa, pursﬁi@pmpylene oxide
propyl e ycal .and gl heavj s P col " .
et hessent 13?15%%@‘1&5 Wﬁﬁ]égf{ogﬂ%fl WAiST:dae 6>ft 36896 Bgﬁﬁb%té%%n&&ms being
f ed Y i
aapiifiels e atitib o fefd B3 bt BlopPlipe SRids LBk E A Mou: 0.3 mole
strpaﬂm?Ftalned from step (d) herei nabove, nmay
I ona y be. subjected to djstillation to reco
Forpﬁ%fe iPHTROgES frtBisyinEsTiiony hgdersh ofelddossed rory et e vl rofer to the
r hi
mo(i}er @&g?ﬂqgé by Brcoggf% g r?g ecl.gg"]e‘f’n‘% el rg{}e ectﬁ%tﬂgitelggr 2?00625 to glycols,
sucmlﬂslﬁmp;@erﬁrgl)ﬁyﬂ emaglf;'m)ldeafrm(e &, glgaﬂteﬂmm)pba}sddj oh the total moles of
obtai ned from an epoxi dati.on process, 25 preferably,
pnmm@nﬁpﬁmpﬁ@b@ﬁ@%@ﬁﬁ§h§®é%PHW%%@ wi th hydrogen peroxide
r [
cat ;rr S@a@i& vlge%% 8% t}ﬁ +Jeﬁp('t)rﬁ e ?g%:rfei'ésasﬁ cgfgsl&eﬁ@dt stdefim obtained from
step ﬂCdF l]iet@ﬁhb@%ll ﬁl‘a?soptﬁ)nhllﬁ fbe&ifufoje@tedntby dﬁfﬂlstﬁnﬁt(atremer a purified
ding a purified propylene oxide that is
prapsisanoKide Ipyodﬁﬂét/@ieﬁm&ﬁomﬁfﬁ@héﬂad‘éﬁwl‘%@fa@ﬁafdﬁ n a
pre rred f
or o £ Joke g;p gésngfn{m% 1n\;§|tl§<tn|{ Fﬁ?’ggﬁ% g&}eéitr(r:%hv pé‘fﬁglo&&ij to separate a
puﬁﬁ§d @Hﬁifyle@la dﬁdildédﬁ‘éni hatadiiey pgredust @bwived fremudid epaxidation process,
i ed prop%mene oxi de that neets commercia
pregﬁi:ra , plieteiny PR

titanium-containing zeolitic catalyst. Advantageously, the process of this invention achieves

arigpoyidized with hydrogen peroxide in the presence of a

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
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
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advant ageousl y, the process of this invention
acconplishes this efficient separation wthout undue
wo owg/0819¢@r opyl ene oxi de t hrough si de-reacti onBCT/US2004/006529
propyl ene gl ycol or propylene 4 WO 2004/ 083196
0 .
B A oo o tafoHA0, B BYITRocqtPBE s invenion egp be integrated
1ntoam sémratmheg)dqtmﬂicaum sc}&rrfee degcaibed heiid o) rthiti 1eadltsoid a purified
? escrlbeg ebelnafter t hat results in a
prw &Ne; Q. EFPGWI Haehyquality bqugj IRSOVEE [ﬁ;oghaqggle,eﬂaymdatlon reaction
Qficpg recovered froma crude epoxidation reaction
prétfict!
pr oduct. 5 Accordingly, in a second aspect, this
i nv eﬁcncommgiy,ammsorfcbaspaﬁ thiy ipgéraioahrpvidee®s adfintegrated process of
obtaining_.a purified p yl ene oxide froma crude
obiiing aziibed Prrdene HXIBF gr@a +4 crugde apmiidatiog reactigy product, comprising:
distilli e, . e 2 -
conpr i si 18 GsELHESs SRk SROERIARGHIAL pRAREH Shmprising propytene
ac edxdlie emythanolanhter) raeealdellyde; @yl @fieactdd propgndiirden Tonditions
sufficient to obtain a first bottons stream conprising
Fﬁﬂfflq:l@]ﬁ t9f obtpia ﬁéirphb@ﬁoms gt@eanmc@mpuaﬁg a portion of the methanol,

Qt{efj e qget%ﬁ&grdg Ild $ ﬁrs?¥9%ﬁg Flﬁ'l méongﬂ%%opﬁgne oxide and

ropy éne oxi unreac

bal wiresteaf proplenedndahebalan@tofthe Iﬁeﬂiaﬁkﬂ Sivaetl @by d@etalﬁ&iyde
subj ect i n the first overhead stream from ste

di sti || at(Phaubierdiag the dixgh eveshpad sreemciremtstem (af) G @tﬂlatlon under
S Ubéc}ngﬁ@nglsluﬁiclf&{t etgclleﬁl%vg rsﬁgﬁgﬁﬁﬁ qﬂlqeac ed°$%o§§f%{1% agg to obtain a

secon ream conpri sing rom abou

persesid Powgis ettard Xdoderisitg fro@natae b 16088 pe@b@UprodPlene oxide,
percent met hanol, |ess than about 0.5 percent water,

}‘ r ofPmeabeut 1 Gtoraboyt Abpetcen. rsetbeﬂ&elgss @@@abcplaé}@aercexanmter from
o b 2P 7 SRR a5 5 85 LR pBeent st

st%@n?ﬂ&miﬁy Heot t om section of an extractive

distillation colum and subjecting the streamto
ext ract i @ igeding theateicond bottpmy streamafrem step (@ to the bottom section of

cortit PR SR, PG R SRR R S BBtz istitation

CONRth SVaket a8la@RXtreftB bl vat, Lﬂaéleéxtraéﬂi‘\‘ié dIEt‘il[h’%i@)ﬁ' conditions sufficient
third overhead or a side-cut stream conprising a

purtofabéain grtbisg betiems girehen eomprsing ntppyless owida) water, and methanol; a

ac eil?r 4 dogl tﬁ1 %1% &1 5 Ig % s S 3} ent tIF e%m/ ¥0éﬁ1§r\fs%ég? 8 8{% H’%&’W{?h% 0{“615 containing

St I RAAUSIO A1 8dHYEe PR p&és&ﬂﬁllgtél‘@oiﬂ %k%a%«folofwa%é and unreacted
propyl ene oxide of step (c) being maintained at |ess

t hapropyens; @d3opidnallyes demtsirednd) camyprisingaipropylener yiod iyid loss of
L eoPlESe B3¢ BRert el PR g o R bR b g3 0 A b Slfeent
f r om st egdy Gﬂtldnﬁllﬂ'@éycllhétﬂeotﬁlréﬁﬁﬁo&m;bream from step (c) to distillation

step (a);
(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 (c) to

recover a purified propylene oxide meeting commercial grade purity standards.
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and 30 (f) optionally, distilling the third overhead
or side-cut streamfromstep (c) to recover a
w@owo4f8Hade pr opyl ene oxi de neeting conmmerci al grPEES2004/006529
purity standards. 5 WO 2004/083196 PCT/ US2004/ 006529
| N aAoidoeter aspe tofOthist Mvendish et 'c‘i’ﬁﬁe Pﬂ)?g&hé’ C@nﬁ!]e reaction product

propyl ene oxi de reaction product din
enﬁ’é@iv(ﬁd igdbe ﬂb%@cﬂ@@pi&ﬂdaﬁepmtlam dng qvunﬁcamxm mncesseci8bedned from a

i S _obtained roc SS co cont CtJ ng
s P BRES e, 5o pe GERP B0 e OB PG epRagdiquid phase in
émélmnm 0P at@ntn ARG {irds h&e r %ﬁ)}%
mcat al ystvunder enpOXI dﬂart |eon 5&0%?131%??13%30123; ICl Lq?l %Omdatlon
Copdlélpafr sufficisnuthe preparei al atvide reppmddluxm podgr é@nmising propylene oxide,
vvat er

vl P o1 S isted RiStrte) elgnornd Ml g curly destaldehyde.

Urh’@d&@m yRldode M%@Rﬁi‘d’erﬁ@i&&g@ f@@éﬁtfﬁ{ﬁl r&%ueﬁ gt'n the
reacti on product. The aforenentioned I nt eg

pr ocldssafofententigncdnintagtatech prsicessoafsthishin v e jvar ﬁecumha rsdparation and

puﬁ.ﬁh%tfqng %&gﬁieg%gﬂ%gﬁéglg%ag 8%'89 H:.F&Sm{g%%fntglcpgg éged(gjx?ctie obtained in

thé Eﬁé}hﬂ@ddn%‘f ?fop@feﬁ@%luﬁ[‘% yilokbh BURRRREN ARCLAAELRsly. the eparation-
Advant ageous the separation purification rocg’s of
purlﬁc@mnnpm@essomf ﬂn&vmc@ﬁohqrmmdpm forf beplriffedpylopylenexdixitt: meeting
neet i. COMEL Ci de rity st andar ds. More
cofiait getRoPyS: Hendifnr aFittn éYﬁqﬁfgeE‘é% Yoofhe penaioq-purification
pré¥esd BI this MARALHP r&fu@&“ﬁﬁ% kf ?oss cf; leljleo§)§1d8 duct through
propyl ene oxi de product ro e-re ctl ons Wit h
sidegefcdions with nestharat or M&rastﬂ/e/miVeﬂt (1) fommrglgﬂonSotHfﬁ'dleavies.
Dother heavies. 15 Drawing Figure 1 illustrates a
L rred enbodi nent of this invention wherein a crude
promyheoe Q € X bt t :
Cpon e AP o8 TSl fstmer? BERE dnidoh Wiein a crude
prgpytenki exiide nreactiomp pratuct nelgtined i ﬁ@hl e Ypotidatvnp of Sprﬁﬁylene with

four distj]lati o%@fit owers, as described in detail
hyglrogen Rgroxisle, 1s yried 4n Reyppeten-ppiiication fungtrompsising fogn distillation
towdl§, J&%@an@&ﬂf&&a h&g&ﬁh&?” relates to a method of
separating a pur| propyl ene oxide froma
Deriled\Desordptionn efeheclnomitital i on product conpri sing

propyl ene oxi de, nethanol wat er, acet al dehyde, and
unr dACO¥elPTaesss dmvention gelates s 3 anghob ol &qparah}ag@cwﬁméspmpylene

oxfpc)fré'o%il %ﬁéﬂ g@gndéggﬁlde ‘gpé)gg#t eﬂ%ﬁlgcgotoﬁﬁ)l 1?1 oqsirglg\gle%et pxide, methanol,

wateng] aosthidehygley andl ieenctets prophae. byhe Qiﬂ(b&b§ beAdticillys Gchieves this
duri ng_ epoxidation to prepare propylene oxide as well

degired el yythonk uppaserigbleipsses pArriopyignet reidpite gy«pmﬂ@e glycol, glycol
ethRd 4R (gtﬁ&nél&rzﬂﬁ hegxggg('ﬁl%gé Bﬂar&ii%?st %ﬁ 5‘5 %ﬁﬁrﬁﬁg epox1dat10n to prepare

process  of 'S Invention conce
promrldmé aixidengs 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:

(2) 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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| ow yield | osses of propylene oxide to glycols during
the separation of the propylene oxide fromthe

WE@p@HiogEDPé on reaction mxture. In its broadestPCDOS®PL/006529
t he novel process conprises: 30 (a) introducing a
pro ). | q LS Qut .
b5 AP B . Dl RRE ot B iy, SR bSO (ebf B ' extractive
aboulisti¥atigreraent met hanol, and less 6 WD 2004/ 083196
PCT/USZO%ﬁ{OQ6329 t han about 0.5 percent water, by o
wei ght, i\ GRIRARE WATes &xtp 2B ArBsr-hakf sogtiomef sajd extractive distillation
di stjll.ation zone; (b) introducing water into an
upper - hal f section of said extractive distillation
zone; 5 ((©) remoeiwigndrobn ogmid ad:draenty adittillegiodi stimd | @ideP Nextractive
zone, under extractive distillation conditions a
bot auen eI PLtes sespmasrsmprisipg wethapply water, and propylene
pr 0%‘;@} ne oxide; (d) renoving fromsaid extractive
distillation zone under extractive distillation
condi ti orfd) aamovimghdmth osaidi elgractive SdistElRiNoG OBPd Sunder dextractive
purified. 10 propyl ene oxide_essentially devoid of

.

met tiohh FORAttisns theovethepdcon wilegiug ¢ ftrepmy jcomprising a purified
condi.t.i ' ' ' neld | 0SS L. ..
Con IS SRS RGPl 5l BT aisttion
per eenditiodeeipd saffieiche &6 matrith layyicldosstoOpropHERABQIdE of less than
shal be taken to nmean that the concentration of

et Bael 0.8 malepers¢dr head or side-cut distillate stream

TSR S5O Ry P Sy SR CRELF AR grcnion o

medliemol i3 Qhe pRerhamtl ofaide-qut efiellRl Yiredd® cBfPAL& nd NRéhter than about
about 18@Epm met hanol , by wei ght. The phrase
S0-pads pat mallioy (Ppray sicthaspl. paelerablys ng | greater thak ehoutdOngrm, and more

t e [ f in the overhead or " .
pedSht 5 906 PoATERAT 0 a0, IO OHFLATE s ey
deldi0 of praterd sl bdiaker itg lean kit ahpéHcefitt RdnITRRMEBIthe overhead or

this jnvention provides for a novel process of 20

sidgrsyh digtiilate staeany PomPraLES He @hsatas teanch@0dwnt weter.dypraightt ene

oxi de epexi_dat 0 c Qmprisj.-ng: (a
intr oduc;i)%(fj1 }gr%feg%gxerngg%lﬂ?%%mpﬁ%%ﬁ@ienl&%‘ﬁﬂé"é%?gfof Aggvel process of
sepalbgtitly @5ptfiedBPreBlaRN bxikOR¥hERe Fﬁ?p'yl%ﬁe bi06N @RRMatidR product,
to 35 percent nethanol, and |l ess than about 0.5
comprigiggt water, by weight, to an extractive
distillatjon_ zone. at about.the first 25 to .f.ift
t heoret | KQI g O%Smﬁegg u?pe°§14aF18ﬂ1 Prt‘?gl_lﬁof?lgmlﬂflgtﬁgm about 65 to
ext 138 peicet phopyliehé akiden froa18hout (10) tol 35 pALHR! MEHWRSICENd less than
to the upper-half section of the extractive
di sboutf:] percent 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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zone; (c) maintaining the extraction distillation zone
at a bottons tenperature of about 55C to 75C, so as

wo eoonesaave from said extractive distillation zPCIEUS2V0€006529
30 extractive distillation conditions a bottons stream
conpri Si : : d . pr ‘1
oxi e, {1 SRTARE B S84 LR ANyB Ui ElioR B0 T iFerhoad or side-ou
aboutredii domprisihgpgeatenthanedbban9®d pefogntngriogiiene aride, do \dater than
2004/ 083196 PCT/ US2004/ 006529 (d) renoving fromsaid .
ext 2Reh QY PR rY4tera e RO AarierdRath gl Rdpre magthpnob iy weight; the
str 1S g
o1 ool e eRli e 8 By F RO e 3 PERE SBie of egs than about
and mdnpiepdresnt] prafersddnutssGRarpgivuireRhasiel perdayit, \wad @hdre preferably,
the extractive distillation maintaining a yield |oss
of pFS ubdil o1 8194¢ PSTEYY- t han about 5 0.3 nol e

per gen e I e ha t 2 per cent
andqﬁm%léOtlgé;reIf:eg%tg[EI %ép eétI gg sfﬁl? hglp{ @Ig[ otltt%S. ﬂgﬁlne:?)dld'e(8f fileut stream
copprisimgt propylean etxiter essehtidlgddasit of méthtuvlSaridnverdri @Ry be further
.the overhead or side-cut stream conprising propyl ene
digithed do gamessrany|tesidepd plsichydss that mpayhs Praseat. waE o Faepvere propylene
r LSt . ' I .
ot ot e Bkl SRAARY Bl Yol B WE Hgpyiene oxide

prédict eomppisty Qlreatdreham §9.08 peRERt @bp@eddexifielthd Yontains no greater than
st andards, such that the propyl ene oxi de product

100 swpr ates ngregentetham Hhpmn mpthanel, aadno gresisy (teamed Ooypng aldehydes.

and ' r.eat. . .

ar il SRR ofpB B Elorhidhls of epRRL BBl dbrspaspe a purified
propierl akedeadesprising: a second aspect, this invention is

an integrated process_of preparing a purified

pr opy| endabsis@ibing Gripde progylensoxidy reficien pradygt epreprifing propylene

propyken ' t c r.Sh LO ene. .
o DSy, CGRFLhBLEEN o RS UG L B o i
pr omoktenss streard Rbaipfisiag fal gostion &Xothé aBkhabl, SRere APAdetildidhyde and a

a portion of the methanol, water, and acetal dehyde and
a flitts pvasheadhetzegns cowpnsios mpepdensg opdepyieaced prefwlene, and the

. SR EE P BB B RS TaBRARLT T Pl g e 1

Pstilling the first

over head (b} dedMingf thet B3t Orhéf §tEIABY 6f S1ePSRAS iréthbye substantially
unreact ed propyl ene as a second overhead stream and to

r ec dvsactedsuepviencoas 2 sepond oveibaad sttaapr rd tyrecpvin agssond bottoms

oor O sRERE TR BUF RS 5 X Bfice reoh AR i Bout 1010 35
f r orpealeat!inethahol, 9esd-tRarPSHRE LS p6dt: AVAQN s aldhid dhlefoSO.S percent

t han about 2 percent unreacted propyl ene, by weight;
acetaldehyde, and less than about 2 percent unreacted propylene, by weight;

(c) feeding the second bottoms stream obtained from step (b) to the 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 stream 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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25 (c) feeding the second bottons stream obtai ned from
step (b) to the bottons section of an extractive
wale@uiosiiag i on col uimm and subj ecting sai d streaP@T/0S2004/006529
extractive distillation with water as the extraction
sol yesdyleted @heff HERC (el 0l 2 gjlréﬁﬁén%rbxi&@ﬂ%{e' Slractive distillation
sufficient to obtain"a thir ott'ons stream conpri sing
pr optepdedais doss den 0. 3vatode pereamtt met hanol ; and a third
over head ,qr side-cut siream conprising a purified 30
pr opy!| ené%o%sf’d’é‘a]&%ﬁ?cé’ic Rpipe msa%‘é"?%’i yie® (pLip step (a);
essenti alc WA Qgg LEeRGh r ;
and opti cgn)g?rﬁr;é, aﬂtro dsﬁt?%%g’rtr?pcécﬁprl Si ngteﬁgg)engcst%%dbﬁ%ﬁd
WO 2004/ (B31e6n#GT AlBNGRAhe G6aReripnd py kidaent wheanefrom step (c) to
t he %leld |QES of gro yl.ene_oxide in the extractive
di stoPfaine peRticdpop 1(3@%)0}? © pEeammeiial gragde puNl. per cent ;
Rhé %sw FHCA ﬂ%n i t Al v
In 0B (PRbE B p JoRAED (9 rciinb ol 008 R UBIEHIEE Ihg e balance
of tthe ntedhenel,r water, f andnacstaddehfdd” dre dkeibedbjullyalideinbglby, wherein the

optionally, distil]ing the third overhead or side-cut
F%’&F%P tL,

OB png a)nogowatsbta@idrﬁcsta&ﬁhwq &y the Gpsj (heffems and first

OVE’%{%Q@ stPlapfOTRECloRh. IRAB P “fe.hlj(dﬁal e{c@taﬁ%eﬁ?dé"as\i'lsﬁ R taken to mean a

phrases "a portion of the nethanol, water, an

conhtraficedfjatetaldehsde tofiéesb dlaarigercent, préferabBt, kamtHan about 0.4 percent,
wat.er, and acet al dehyde" are_descr.i bed fu

[

byHesightn Ja| s, (Chibe @hrise nessertighy dareigtaf @ﬁeth%rwé"e@aafbe taken to mean
| i ' .

T ALy SE A LU U e e v

gréate@ shatu abou SOt Rird gley dellioa(@pin) besthanlsg byt weigh@NIndstep (c) the phrase
, concentratjon of acetal dehyde of less than 1 percent, .
eyserifadylsvgid ofewater hihall isdalenctomeray thahthe copgenfiatignof water in the
) . '@ ial i . .
ovk e P Lo PR R3S SR 18 i O o pte
prepieendxias indetiaf dobirhavial gradet higitpwemdadd shallSéodeist désentially of
distillate stream conprises no greater than about 50
99Prnescepk pr EcRIer 6f p{quf?pe REtdsab@ 10 Fipatgthentl 00 ppms wafst, no greater

"essent i " shal |
20 % nRRUARE o pp SRR R AP YL R, °1

t he In @veéregacte@Ed Sinbedigieht, S QR HRWKT ISR PN MepI(cE & ®hducted at a
than 100 ppm by weight. A purified propylene oxide

boftps itenapeseitregreitar thgp ableut 587G ayd lepsithan pbeutsiadl | In another preferred

si s ntiall f .99 95 rcent .or  qgr.eater of
erf B B0k e by et b BN g et o
digiliagt@fio 1dsh @1/ DRAdEG:ETeAbly, 1e861thal @b&iitest Bindthéd pafferably, less
ppm al dehydes, by weight. 20 In a nore preferred
th Yt #8nt, the extractive distillation step (c) is
condyct at ttQms tenperature greater than abo .
5 HfatpeBienfmnst aEProsS ERE o BoclisR iyPipd s p8ably obtained
byedtReRtiAE Rropyting ikl BYdrePerSh&Bxida)in bAiqudBH e TR tah@Mint, preferably
and water i's conducted at a reflux to distillate .
methanod, sk én tihen prebOUcE, ofron eppxidhteomalbhtglysi usdert ¢pmpidationtconditions

sugjlc}ént atgdprggasrg e egrl? ea%!r%’ylelngsgxide 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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than about 2/1. 25 The aforenenti oned crude propyl ene
oxi de reaction product is preferably obtained by

W@ oovagtipeg propyl ene with hydrogen peroxi de i PCEHUS2004/006529
liquid phase in a solvent, preferably nethanol, and

bylftodies, RhGSENEScHE. q&gﬁ&@%#@?&#@ﬁ?ﬁ@%@é’a&ﬁ &g}ﬁﬁé{gd from the crude

epoxi dation conditio . are’
prapylete quidpydactien pxidiet paacto witigingdhie seg@afn-giriitation scheme of
ﬂﬁgrqpﬁ{ene oxi de, water, solvent (nethanol), glycols,
SBHYehyde, and unreacted propyl ene. Other 30
CONPR RSB ] t xj dation . .
product i n%‘JTTﬁ)yl %gwo]; g%g%kgir?&oé’,geﬁ’ rﬁé%? g) f ﬁﬁé; Hof§uQo s illustrated in 2
prferoghembodininby Apeaalystifice GuUddemscidion romdod GRydetadtained from
acet one. gﬁnerally, It is desirable to manipul ate the o
theeW‘ﬂ%‘-PP Rt s vith harliopem serosidsi inmegthanol jselvent and comprising
Foly 0 6. PX 004/ 006529 .
e LGB0, VO RIS BT PGS oty ol
ané piycot] athieon farated| dieingi the fopbkidatish praesss, e f&d Wikeline S1 into a first
.#),hotp(gbene %)ii de reaction product prior to initiating
distiffatinsionyes il dar fhsrmuepessof spmesdpg helkanethangl end matans ansiany glycols
Fi,gur novel process of
ond S SHERE orkita it o FkBhn BRSS! BrogP IR 8380 of the fir

diséittideti toeret thefe caatihd y Sivst boRems Etusken 8P e¥htRinOPrel GRfkh®P methanol
&roduct, optai ned from the epoxidation of propylene
andWafer Rpd rBien apereisi of lysel ralyqeh stherss areteldehysledind other oxygenated

bygl‘gﬁﬁ’cft%.zie i1 gpﬂo(?ﬂglll SF ?heoéée?a?dehggé E]sa{'}%i]c’allgg)ﬁfag%eéll ilnythe first bottoms

et a ,- unreacted propytene,

strginy eidthsthe aechagblyael watkh eFisst botterae stedaii 83 id $hfically sent to a methanol
epoxi dation process, is fed vialine S| into a first
recgveyunit{ppiothormiarfigpre)fior sappratipn o saethanpl fremowatery gtygbls, and any

. ..an n lveals 1 nd gl I N
ot B PR 1 s ML S 58 S AL MR o oo
prdeedst arheatcdverediwatsit caneHidpobat dr@BeylcRaab thd WiiRchi®Subiiition tower
a first_bottons stream S3 contai ning predom nantly

T3nes igprsibed dhrgeippfiesr  Hram disidlatiomdowers Tof agfisst overhead stream, S2,

: , et.al dehyde .and oth oxygenat
T A B e T
propylRiné ahd yypidaligiafe grdpané PRsdrit! 8 bbRMIRE fedtd &dMaohRower T2. A

t he net hanol and water. First bottons stream S3 i1 s

secopshiovenbpgd steasm £4, ebtained fonl distllatimadewey TArintl comptising propylene
o £ gur. for,separation of methanol from

o ) G ! P BB B B Ry e propane an

oxyRAGURAO P, BRNARRkerRBadketoNRE ¥Fd:88hR% r%é’ét&eglht EIE)M& figure). A

epoxi dation process. The recovered water c
sec@nd hesletsofirenmc $6) ebitained t fivn esecomak tistiBatitins tawdraf2 and comprising

orep§HREF ol wir, SRR E Ao G e Teisshé St onsipe and propane,
is PERARtEADIVKEIR ekthrtibalipmue:ef b}“@ﬁt%ducﬁ%t o8 lb?l%}ﬂs stream S5

. acetal dehyde, unreacted 20 propylene andtypically any
inte it hptgorprassiéon of iag exbractiveedistdtediohedwen Tdi sAnldxamctive distillation

SOIt ower '%15 A + second[ ov.er.htea sar.eam 4, ob?l%i ned.from .
e 1 1906 BRAP el ale% 1§ rgire i 1810 g0 gHRppY halh ssection of extractive
distillation tower T3. Thereafter, under extractive distillation conditions a 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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and optionally other |ights, such as propane and
oxygen, is recycled, after propane and oxygen
WO 209W98d196 as raw materi al back to the epoxi dat PONUS2004/006529
reactor (not shown in figure). A second bottons
f [ It : .
I AR B o ALAL A0Sl 8 bl M brobienc oxide,
unmaetd prhply}mie andogtibredly otitee g% suth pg prophes) és ébigined from extractive

i ane, t hereafter subj ecteg to. extractive

dish 1§‘$ @ e by PR SedueY ﬁ@ recyelsh do Wistillafien tawea gk f53 recovery of
prc%_@l e ngeb%hfeggﬂteg Z)%(ﬁ}rségle g&st | %);:A%ﬁﬁbf{ﬂy‘g [ﬂ &t@atc g@ distillation
towerskha ctlﬁrd wedrbead steeamndr diioe dtremhpSSiNis ld)ﬂmﬁiedlmhﬁpnsmg a purified

extr ctive dlStI||ftl0n t.owner
pronéfgqn@ ¥ oriaingpg rerdug @%qﬁrﬂd%h‘yid@ntl@oﬂ@am bging gssentially
detdll dd% ﬁ@&faﬂ&%?ﬂ%%{e?eafﬁudséverﬁ%&pé&e%h{‘ %{ %{cgpéﬁ]k SHE S8 is fed to
oxI de, ter, methanol m nor anoun ?n
distitintdve tbvberold sairecomut 1 ottty evethedd $treaii A doﬂ!lﬁfsm’é%cetaldehyde a

stream S7 optignally may be recycled to first
ForghsbaiFaas SEHRIT: Sho koot EhH) GoByyisinerRyopyengexide and minor amounts of

e OB RE e B SRR Y, A 1 A g B0 o side-cu

stre41 8d 0 reenipriaihgoy Bighgasrifiied trdgyddne oxideembetiify, commercial grade purity
conpri sing propyl ene oxi de, unreacted propyl ene and
stagdaridnal |y other |ights, such as propane, is obtained

from ?}éé({rﬁ%&({ eV $i ith d[PeQ‘ tp;ngclegst bP il QWJFEEﬁ 2! érﬁfi‘énef i@}/on reaction

be re tTon towe of T Ecove
prouep peadallpis dbtaibkdlr Bﬁ@p@ﬁd%@p&@?ﬁn@nﬁ}ﬂhlm@en peroxide or an
Addi ti onal | fromextractive distillation 5 tower T3
equivelent @ew@éh éndhes preseneeorl an Fpoxidatian catahist §5 a repction medium.
Tygg%ﬁ%nt%? r&?c%ﬁ' rﬁécﬂgm o%'t‘giﬁsf 4 g?lver[ﬂr ?)Pe%f Jgﬁ@' dpgféls%has having a boiling

nal Iy contalnlng residu ace

pofitt et eth® GoREgesvintalof YropgRye iostidef andeiita oBuieddle solvents include,
water. Third overhead stream or side-cut stream S8 is

intee @ligoalcghals, for sxpmnle; svetenyly ethanpl w\tert-bytangl; rqﬂwrs for example,

BRI 22 R SRR AL SEIME g s o
thi@ ¥hviatiah CnSth ] 18 PRGBSy @kedldd the meﬁtmlil}‘drbgéhsperdﬂid§ﬁ preferably

IS optlonallyrec cledtotovver T3, and fifth
enpdasied s thsy msd@téan is usyalbepravided os apepus s}lwgoralnm qpnrgntration from

|f| Iene oxi t 0 ¢l
abBifFicLy P oPeRE BT Lo P erit® pr S Srepyiene may be
usédi !rrﬁxé@‘é&@ﬂht pl@ﬂand hepicdiydia APoxbEaL fref E&@ééﬂ Sbut 0 and 10 volume
pr oduct generally I's obtained by epoxidizing propyl ene

pergenhpriopaireo gBmpmbn@m f#d inexepss rel@ivedaihydtagen p dypically on a
e senc

gl b I 1 OAEIHD, PP Gt Fchotgtfhyfh about 2.5 /1. The

epSﬁHBt%rf‘%aﬁly%@' wmh tyB[c‘ﬁflﬁ r R pYis6 @S Btinfim-08thithed zeohte such as
boi li ng point betwéen the boiling points of propylene

tltmuMesllmaﬁteu\rataefrbe Bavitlebinea Bxddreatt ar alteviativiely suspended in the reaction

i TR iR are iR oF biealy B od L L ATBH e pegyeen about

0°é a%dC@oﬁ@taBM'a%té%Qt%d pRRSITKESOMHE 10 Bhr EXGIPkE:) 18261HARE2,000 kPa).
In the process of

Such processes are more fully described in the art, for example, as disclosed in WO-Al-

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-
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20 this invention, nethanol is preferably used as the
sol vent. Hydrogen peroxide is preferably enployed as

w0 b@4ositdant and is usually provided as aqueouBCT/US2004/006529
solution in a concentration from about 10 to 70

puMBEAYn R65L:E08E Yluspﬁl%rﬁfoﬁb Y picRIRP Yhe §aQ%}§§l tﬂ% c eﬁ}i})}e{idation reaction

percent. Propyl ene used m X

pradyot cahprises meeﬂollawmgrcbmﬁ)omnth gfivwwadn pateonthgdd lﬁmleigl&:
vol ume ercent propane. Propylene is fed in excess
relatlve TOPASREr a@@Fé Pde” Typically on a 25 nol ar
basi s, Y. rogen peroxide ratio is
greater t &&Eo%b?{l?%{% he epoxidation catal yst,
whi ch tyﬂNmf lapowid®mprdi0®es a titani um containi ng
zeolite, such as_ titaniumsilicalite, may be provi ded

in a fixdrchidehyde. abpek o] Yo suspended in t he
reacti on p Hg;%ﬁé’%bo-ﬂﬂﬁ Secgqgl%latl on reaction is
C

typically out at tenperatures between about

0C and 3@opyicheadlyel endbglechblheadsy) absutd 1l wbowt 10 bar

(1,000 kPa) to 20 bar (2,000 kPa). 30 Such processes,

ar e WER erefaieley amsdR 1P Jagtenly e 5?19 VSir@ee ExugleppROXIdation reaction

prclgiéﬁg L}g Issﬁg SIS A 1o %ét}hfa%%ﬁ t &QFT? ?iebt%ﬂ 1§ %a@ﬁé’r?attmn under

sSeparate romt ecru

conditicis mﬁﬁm@ﬁldﬂa%mbye fubstantisliyobuli rm@hehﬁll aﬁdlﬁdateﬁBg?l?@ls a portion of
prior to inplenmentation of the sefaratl on-

m@z@@ﬂ%ﬂ@&bﬂ% mpﬂezoqme%ﬂsizgmpﬁu . | cQtlSt’é]ﬁtl@lP ote@@s Bk typically
coxtn h§es i{lﬁ O%IJe -g}{%'b&ﬂl Y1 f%&eth%ﬁta%bMtSAOE e%?eftﬁé u&%es The crude

reac Ion pro conpri ses

ep@ﬁﬁmlﬁﬁfehsmorgpmﬁﬁctl i8 gprdralinira@dacddyinve ttghippeP1.Bpyt th8&ower. The
oxi de, about 3 to 35 % Methanol, about 35 to 80 %5

disjifletien opgrates egnerally et agermpeartaredihiia dop 968 taen 1 gxeater than about

o 18 RS8P R e S B BI85 bt 100

Tha@aluint Cog-p@ssuge 1s tybRellE ieatey $hanf db0at ¢ b4t ebLOOYildRY.I Qhe column
reaction_ 10 product, in stream$Sl, is fed to

prespureiis Baicadly less\taan a’f’puhaé by ipe 6258ckRay Typiceliviewstohl is operated

at %?t?tﬁ[x toccﬁ ﬂoﬁ% 2 O%Lf{ l%tlnellrbt/ tgfl)or% m%lg})fy bSt nt| acl}lillé%/ 1, and most

Inaﬁ@bgidﬁbﬂﬂg@ba@quther oxygenated |npur|t|es
Distillation tower T1 typically conprises from
gr eat dottomarstigpoud3 J;Qmpusmgs?sfr@ﬁm thet original methanol, water, and

g AR R AP iy B Frer ittt st Bl Ry s i g epoxication
prddass {soyWhined HiRdml Bovetir St | Midrd SPecHRRIIR! SSatde BfnaHboMt QIS rcent, by

tenperature in the top of the tower greater than abou
weagt, offflee @rigival methannl Glewithethe gawder epaxjdationaprbdudt dsgemoved in
t han, ab

t t Th l,
ol S SHASB. Sl 58 repaiet PE e ek seiaas By SstiRa stream 2,
also MaikiEPFrom tBRe£ Pl UNMbre specifically, greater than about 90 percent and less than

about 100 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 98 percent, and more preferably, more than about 99 percent of
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pressure is typically |less than about 2.5 bar abs (250
kPa). Typically, tower Ti is operated at a reflux to
waolpaiogilaé e rati o of |l ess than 10/ 1, nore prefRPCHDE3004/006529
| ess than about 5/1, and nost 20 preferably, |ess
. » I . )
the PRI AR i e B SRR PR PP (orflr T1 fs contained
in the advalltbalywieamadtl Ereneiabdchydald spift Heltveeqyl yomhadasictam S2 and

| ycol ethers produced in the epoxidation prgocess.is
botmRsStEReE P3-orhyPisakt fAm 2Rt é%§8 abo¥ %bvfrrsﬁm gf iy gfal acetaldehyde
‘ i o . cinal
el AR R PEARE ol S8 e M e overend
strdagB8Yedhéma thehetbhonder of the aneisRichydt saembesd eithithelbnlk methanol

of the nethanol remains with overhead, stream.S2, also
andy Biedet e Poftpevh SrsaRrSTi Ackprmelp dvrthead sirgam pletgnaprises propylene

i L 59 t | it aldP ted propyl d
o AR, eRBER0 A E8hub Bl D promicne, an
rougBWeIbottlorieshal Boftlieacetaidehlyde fedns stream S3, while the

bal ance remains _in praopyl ene oxi de overhead stre

S2.
Typi RBettemys stgraanpd (CORREHNG BRsihangh %?r@éﬁq a PgHipn ota tli[l]e acetaldehyde
f t :
o R B SRAF M8 S RAoBREEE ey i o

shd¥PUEdurEtotrester thithasol fenivade Wi thb epdrddativatiirosess. Water obtained
stream S3. According to the invention, typically

frophide regsbancl g opRy DAY by iFRGSEHRY WaRks /08 PERIZHY SHYE (ogistilation

er. t. and . e than about 99

tOVE%P‘é"Sﬁ?ﬂ u%%ié%t%gﬁlﬁ%%g%%ol 7 US2004/ 006529 t he |
pr opRéfefitgOxdatietd Rigumi I, Follbwingrthie eerapex iof dtikomethanslmd water in
m xture to tower Tl is contained in the over

head

distiflptéemioszer Tihheaevsthend dijidlate; sireap) §2 isfed fRbighty istiliation tower T2
S2 d _ ical by, . f

e e T R A

lightseffillation thier TL Ueratzonidda comventieml tdoaditiphodercduch a separation,
. remains in the propyl ene oxide overhead 5 stream 82;
inolwfing generhldy pciempariie greatsicthar aébavidenyeeands PretsiaRlgggreater than

sl g B OB 0% B0l BB 68 s

an® pRIYaBRE les® thheabot® D1RNThe tép pregiiiré o€ ditillytidretbweed2 is typically
guantity of water, any unreacted propyl ene,

and
greatey dhany abawo 3t basabs (R00FkRe) and desa deansaheuhy dar pls§ 500 kPa). From the

Bot.t 1 S i si h I
s RO B B PP TSy VB eI g, nd
ottt 1ighty cRl fech@sted,C dhidhe nidyaehii@diete | Reyldtpt fypielly after further
recovery unit (not shown in figure) to recover

purtficatiomoto fleer eposidatipe reastartwshesgioxirepilensnis rogswned to@r@r propylene

pbtajined . fromthe methanql regover nit, may b
oxies e Etrine Gacra b AT s m R Sutk bl SreiBie ppyione and
otﬂe‘i’“ﬁéhté',_?’aﬁcp?ly&ﬁ AR BRcXhéAGds YR ddb&t il idd epdkidation process, the
solvent. Referring again to Figure 1, follow ng the
promyhaneaixidd efoxidatine réaation p@ddct\ﬂgltténed fromzewel E2 p$ beftonghstream S5

ty;%if(;) trgc;rréplg%qrs]ﬁ gg%aﬁﬁm%\%%élthea ttgllg&r{ngaégmsp%nleﬁts,f 1end p%l%entages by

weight:
Propylene oxide, about 65 to 88 %
Methanol, about 10 to 35 %
Water, less than about 0.5 %
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for the purpose of separating unreacted propyl ene and
ot her lights, including propane. The |lights

waoele@iiogilag i on tower T2 operates under convent i BOEUS2004/006529
conditions for such a separation, including generally
a tenper albhLRleMRALE6uldIR @Royt -25C, and preferably,
greater than about -20C. Typically, the lights tower
T2 oper aPapyhnealesetipeabeut2e?ol ess t han about 5C, 20

Rt Sk BB 6 RSk S i
oS 2500 R0 O 5 ARy o i

effieienoy eschaatos t dfe propfiéne orgidé drorg peipydlenw] vpatapank, a preferred
nd other lights |s recovered, whic¢ch may optional | )
emfedipsg, dhegrracye GifillgHon oster g omiHns Faries Hhiag abew, 30 reoretical
e 0 e :
s B PR BB Lot SO B AP MBS 1h R Bftbodiment,
theodxtingtike nittilatiad tovieerl K3 waheins lesy dmat sbduprl 60 thenetianh dtages, and

ot her lights, and gl ycols and gl ycol heavies produced . .
prefialiie losp Shat dqus p%se@ggﬁ fipges pHpyrent ogsicylractive distillation
epax: : [ fr.
A SR SRR O R LA Sl St n
be Miavtadgtiot irhfpldstpm. NThe progeitentaxidd reapboc prodage sbtajned as bottoms
wei ght: 30 Propyl ene oxi de, about 65 to 38 % .
stroggt Ranid taisslly comppisingsirop akgieps P &SspeReH HpBjengoside, from

0 U =
1 30 BEEAEATEE RROY BSHED LD o
abdief &5 rgefgnagadtaldeleyde] gnd desd, thirotboutsl perceanp®pylene, by weight, is

obtained fromlights distillation tower T2 is fed tg
benghicallyrintodused dntatthe peftqrs seqtioner! extractifesdigiiflagion tower T3. For the

pm%ggé'socﬁ‘y tl’l%tlﬁlféﬁ&()g r'th@ (0 ottgm]esfer:tji&gi"esﬂ?}y b B2 3 bf¥n e bottom 1/4

ropylene oxide from methanol™ and water. Tn a

of HHeedctimaomendvedt aethboretibd seigbs fohi the bditdin ol e it@nof the extractive
tower T3 contains greater than about 30 theoretical

distitlatiers zonpd Bredrahlunihe epexddation reagiiomparductds introduced into the

t heor et. i . st s. .l [ j , .
e3R8k 1 e PR BB RS SRR F TSRl Qoretica s
meahabd bR easR! Thalexside Solvemg whivheh €liia basg.is Wases, is introduced

t han about 80 theoretical stages. The use of one

at 2 ppinddn ithecuptieshplf phtheotelumy dopwrified rropyleneexidel disgiflate, shown as

ecopg@mn C _reaspns d, ease of .desi.an: t [ |
SR P e BT RO P A e i en gim G PG e Bages 2 o
6 SXiodkRr "BRGhéRGreA! s Ghe t@PHawhabwasls iBé befdm & theaydhfhn. If the
and typically conprising fromabout 65 to 88 percent
purified prenydensxdxdds isf falen ambotide-aw, thenahe promiengaeaednin top product,
shg\g% Ié}fa thel:a‘in %g?& F}gl&%nl ,%%%gﬁal% rgasp 6& %e%%led\%t & f)fopgrfegén recovery system,

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

ety

CO

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
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about 0.5 percent acetal dehyde, and | ess than about 1
percent propylene, by weight, is 15 beneficially

w0 ndoosiieed i nto the bottom section of extractP@EUS2004/006529
distillation tower T3. For the pur poses of this

to lﬂ*iffeﬁtP@ Rired fathoP¥ill bO st @Hﬂnsa%%ﬁﬂ P8 axﬂjgleferiﬂﬁy,tl@i‘setﬁaﬂ Sbout 1:8,

an the bottom 1/4 of the colum, neasured

by weight. ehkmhses nagisablé rafhuxtth aligidlateonatio ds hinpmrtaoplrniﬁcm&mg optimum
extractive distillation zone. ,Prefe t he

resilo P Tel 6755 LECRTHIR SRORIHE P0F i RIS RPi R the column

T3 S0k 8t YARiotdchkially %llod% %@ét%aﬁtabéutpyl r‘ﬁrefé?éﬁw Sleater than about
‘about the fitTst and fifth theoretical stage 2

4: 1;1’313&@[1@@11& iasiltashebbwtlomand pefearblydess then slahug érit, by weloht

' The oupmpend ey ol Bab IR S G e B ver T3 in
Fig;a]i:ée @,teiggemgfcmw ﬂ{aﬁﬁalﬁéwyma%%(es&aﬁﬁngé&er o' SRy 8shcf mess than

r as a side-cut taken from about theoretical
abaitt dAgeS. ZI'tecbot®nosf tempﬂmtur&’ 3f the asmactide fdisilatine towq idamportant in

ma%ﬁ%%{p%i%é»?&yfe%‘s‘c?@ & iebh P aPiERle ot doss b beiel S mole percent
TPEap (0 BoliSig E%f?%ﬁ%t%y” %“&%”a?‘é% AR §%$%a§ﬁéined e
range ¢t 6s erapyesttran abdub rSS%&arrqbllm,s thhealxmt @aeC.stTypically, the extractive

djstillation tower T2 described herejn, for recycli
disgHSNQg: dTrelteORBTEh & ch FRTNE! B Jral bbb (S pa), and

t t

pre%%l?lzﬁéﬂe%tr@% th télg&%tﬁa}%a??h&p@c@'s %ﬁ%%ﬁ%ﬁ%@t&@&lsﬁﬁa’mn tower is
opqwqeitifa’g zlat pteism{re D:fs? ﬂmpbc!nf&_ri’d)dan(@s(wd{ﬂo a3, mlﬂfpm&mﬂyaks? glg? about 1.6 bar

suitabl e water to purifie propyl ene oxi de

mratio (water/feed S8 ratio) is inportant in

achP?V(zip'%%tﬁgRﬁé&ﬁ#g&ﬁﬁ%&ﬁl}%ﬁn&@?&xﬁﬁﬁrgﬁgﬁ:f e gnté)cged conditions, a
botsdhe astieqat iio otthihedehatg ;tﬁﬁta:ﬂ'y tchmpridsotiie ¥oRying components, in

preferably, greater than about 1:15 by weight.
per@tﬁégﬁ‘émywelg e water 14 WD 2004/ 083196

PCT/USZO | ffo,PO streamratio will be

| ess than é@@%@@@@aﬁ&gzgrzggoer ably, less than about

1: 8, by Mehgiol,.abbutlkddbE®, a suitable reflux to

distillate ratio is |rrgortant i n achieving optimum

resul ts. Ve tabauickkds vhat purl fied propylene oxide is

taken as r girm - T3, the reflux

ratio ger%@l%%%g} %glmgér)ggt g’r t’han about 3:1,

pr ef er ablotherglwalemdtiaavieqaboiit 0.502%; but general ly

| ess than about 10:1, and preferably, |ess than about
Préferably, B B¥RiogR stredil SreMbREH 88 irdBTBE Rk iR Xiractive distillation tower

extractive distillation colum, shown as tower T3 in
T3Figoembibed iveith thei aadd prqpezlema aixided fied in straargeSk had réaycled to first

.greater than bo t 35C ess th abou 45C,
s R (et e RETAS AROREL| i SPCIiPARTiGAton  process.
%}‘fli’feifc{nﬂ'[ystﬁe%%ﬁ S/ﬁe‘iﬁ ldSQ of 'ﬁbﬁ}ﬁéﬁe%ﬁ@e b Pk 0&5th@ %f‘yc@%hﬁ’@other glycol

oss typical I ess than about
hepaes; evtitaindd ofgp |thm|td>ty1 ptdwssbonst oTEr¢aterp trant ahoat cﬁ 3 trhele percent,

ctlvedls tio r is maintained i.n
pretembls pRaredty é,%ggew RO rRstRer B are el o ereater than
abGRWE5 R pEYRLE AAYmehilhe@ et b, the term "yield loss of propylene

oxide" refers to the mole percentage of propylene oxide lost in the extraction process to
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distillation tower is operated at a pressure greater

than about 0.5 bar (50 kPa), and preferably, greater
wo ban/osdioat 1 bar (100 kPa). Typically, the exPCHUS$100€006529

distillation tower is operated at a pressure |ess

o:I'k,aé]a hea &, ba2AVnkEalotaldRSle L bEHBERBAY oxil€ 81 fohBE extractive
glyc%a out@??%glba? 15 (16(r)l kPacse.l Byeope{r)aP?‘ng t he e
distdifioact i ve distillation tower under the aforenentioned

conditions, a bottonms streamis obtained that .

t y pPYE AIPRSALBG e i%‘é‘%ﬂ‘ﬁe&%ﬁﬁm FRYVeE S5 g‘f‘ﬁ ??OIF‘??enﬁoned Pprocess

'5;@9 3 LW id CEaN] SRBtANIAR andRitlcad Br $e Yt stream,

conggfo%g’t ngPe,d qﬁ%%%&%ﬂ%égg ) V\%Ib e ra',%%abouatn 10- 2% % © stream
whiEh opitatiyeogipyisal the flimuting c@bpenets3indper@ntages by yeight

and heavi es, abqut. 0.1-0.2% Prefer y, the bottons
stream ?@ﬁﬁ@é‘?}loé@es@%%’fﬁ%@ ag’?‘-ﬂ??@%ﬁ%’ extractive

distill af, 0 %2 thesrabbst §@BRNed with the crude
propyl en%deg%fl%lé}q?g{eeg ?n}@tapgam S'T and recycled to
first dingiker] doagreatnr thamebouE100 @pm; ecycl i ng t hrough the
separation-purifjcation proces Significantly, the
t ot al yiépﬁalld%?e%fnopﬁf%?ltg% lg/ki de to propyl ene
gl ycol and other glycol heavies, obtained over the

Typicillyl, homeves the acstatdshydein drird prashesdorrt side-guingiream is greater than

percent, . .preferabl n reater. 1h aho e
abayf (0 tvx:mgﬁ PG ﬁ%@&%&glﬁe aﬁ%taél r %eer %%%%1%05‘6&%%12 A weight
ergen’lf_S nol e percent. As nentioned hereinbefore, the term

"yield loss of propylene oxide" refers to the mle |
per Optivealy, dife pm@@gx{ eropylere duideogbtaingd tem dhe extrastbre distillation

tovgqrr &ggq?lgy é% Glséﬁfffg} z% ggrgx(;?l g’{}a? g;@géﬁ%ﬁﬁ g@ﬁé{ﬁg ?‘gﬁg‘ﬁ% ﬁegisc’lual reaction

by-gfod%ﬁf’)lﬂl SRR AR efalTEhi @, tiBeyieN! & afukifié@ propylene oxide that meets
Istillatiion. By operating the extractive distillatiagn )
cothmeenialugrdds stahdards of ety | Shisofipisliog skstilletionican dgscongducted in a

tov%:; ;llg‘;){é%g frg{no El%/qug nﬂg)u g)x gg ?tggc#%t?caa? sﬁ%g% ﬁltu? ;pgsrd@gﬁg ya? "\ temperature of
bet‘emsgleg %%&ﬁ%s‘@ grllci %@%&&aﬁ?%@ﬁﬁf@?@; anld" BB L6 Ssubof between

Propyl ene i de, Qreater than about 99.5 %

~ abdditt hdaokbs (H0gkRat &xd elvan Jabauebss (0P piRa)\eresarablyoabout 2 bar abs

RS Rl 8 5 3 SEBHIER D PR B cotanm,
mebalirfl QYR BRAEpOpIS Hembttls SHoh3MhkSreBER ates.t MBHE highly purified
propylene oxide is obtained as bottoms stream S10. For the purposes of this invention, 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 ppm

Acetaldehyde, no greater than 30 ppm
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about 0.01 wei ght percent. Preferably, the
acet al dehyde is | ess than about 0.4 weight percent.
w@paoosEbd y, the purified propyl ene oxi de obt apeEUSINGM6529
the extractive distillation tower T3 may be distilled
I N ACEIRY Effdrh QH@'ab&\}esﬂéskhﬁﬁdrp Fhé& gfdé@& (Siothﬁse{m\éﬁtlon advantageously
residual reaction 15 by-product In particular
Pregusesd aahi}%propﬂew exide mep‘ung ﬁwmnhema:l Rydderpairivx red@irtinaits without

S de stand it Thi s
YIS f"g%?ﬁ%nﬁ’{l ?’il‘g?fcmoe iﬁ%%e@ea olhentigher
hav |’I'B1901fg'h@ﬁﬁ ﬂl@odﬂscﬁﬂlérphéginﬁmfér & %fdss'tn%ggt% %%%an" are used in
operating at a tenperature of bet ween about 3
refﬂ_@@ce f&’r@ﬁ@lﬁé@ D?n(@DU@ﬂnomQﬁ,paﬁmdlaaptanlpclo@lmpumem&eS?‘Stlﬂ& purposes of
thiQ % tB 8 I 1 bar " é‘&ﬂ?ﬂ[ and about 3 bar
EB%VGP Bt RPaYO priE @P%’fﬁ bez‘f al? iy Bsan e Yehysoequal to or less
thaeRad spebifed Resk. PR " t @2@}& n
1/3 Soef nt of the éo Xaﬁ%[b *&%%‘gélgﬁl ﬁ%:; e‘f'theﬁl tmfa% shall be
takgn t@mwasecablbm oressithar ia@Op;cahmmges The hi ghl y
purifi ed obt ai ned. as_bott ons
St r dhieenbos R e ‘g%{éfséeéi kit PSS B folloneing example,
H‘élpﬂsliz‘i’c@ﬁ& d%“b r
" \}vel [ fr or?i t hee astl}nge?%g s%'&%gt*%%&&ﬂﬂo h?fh&%mbodlnlents of
thepumenm(mj vl d:myammeermm cthoset edkeinllam dieratifiioth h0consideration of this
Si.Sts _essenti of t he oII ng. 25 conponents,

SP?C GEPR BHPRGHSE ¢ amonqs CI§W- de, greater
Exm?ﬁ 99.95 % V\ater no greater than 100 ppm
anol, no greater than 10 ppm Acetal dehyde, no
gr ed¥ith réfamncd @o Fpgord 6, \AOci2AO 4¢408314 foduct mixture resulting from the
4/ 006529 _As seen from the above description,

cgéusz
CPPHEON YR OPYFG G s are RO, Enimegasgk pglverripdhe awesence of
b S99 PR RO ORI AT 6P U6 s s
to dlSItlﬁetlctrthwanpljl erkhegémde lepatidativinhprodadtyled theesvasition shown in
roughout t he description hereinabove, the words "no
Tal@lie attbRereghtages By weighd in 5 reference to specified
concentrations of particular product conponents. For
t he purposes of this invention, the words "no greater
t han" shal ITdbéela@ﬂ[detEpoﬁtEhﬁoﬁPhtﬁthte equal to or |ess
than the speecifiedvalue For example, the words "no
great er thqlﬁjoi’(lﬂpnﬁ’bfm wat er " shéNtI%be taken to mean
equal to ony 160—7ppmwater—The invention
will be fet Ptrﬁéﬁelgl%lfi?l ed by aconsi|deration of the
follow ng endepiu] 10 which [ig fntended to be purely
exenplary af the use of the ilnvention. Cther
enbodi nent V&Sa‘ferthe invention W31 be apparent to

1 hao fr m-.a c~nncl i i
t hose of s "P'ropyléhe‘ fre—art+—F FZ8CORS| deration of this
Propane 0.8
Propylene glycol & 0.6
glycol ethers
Acetaldehyde 0.04
Other impurities 0.36
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specification or practice of the invention as
di scl osed herein. Exanple 1 Wth reference to Figure

wda 200a/08¥196cle reacti on product m xture resulti ngP¢T/OM0DH@6529
15 epoxi dation of propylene with hydrogen peroxide in

The'ﬁiefﬁﬁi?'coﬁdlhﬁﬁﬁfor kbwdrTEl RERTEFSIW: top tehﬂiétdﬂlﬁl’e 40°C; top pressure,
licalite catalyst was filtered to renpove th

2 bara(t2§0 w&e); MOﬂh@rrq:@fat@t\e 8XE. aErost taveen 1§ was pbtamed a first bottoms

| The. cr ud i d d
fracih CREOR D IETER V0 < RIS RBBD 1oeh AHOADAGeand heavy

n%)n&ﬁb gkich #9 (gi@%@l @nd - glfdo¥ %ﬁle@%dd atfiQh 11§hp‘f*t‘é,éﬁon as stream S2
nponent W Propylene Oxid 5 Met hanol 1
contpditing p@r@lerﬁr@ﬂd angagicd pr@ydxfmnald)ﬂﬁ bajmep wif elmhanol water, and

acefldsfifds o the lisht EProR Jondrdies 1 bu et T30 4F50Hd gglumn (T2)

G PRY AkbREcAY §h1‘il{‘ drftingt £WeE. 5% $Snfl @
COnto n?enperat u?e ﬂ%‘e §p rprnégtssure 8%6?0 200 BIgg\@oo Pa) to

remogt ummat@dpnromlweeas md Higbhstreane S4Ti Amsomxb baiitoras ﬁactlon was

f.irst bottons ti S as stream
obtgee 28 IR REH g 1o e a5 OIS FHBGREDT dh detrealages by weight,
E%Q@Hg@@ﬂMég such as glycol and glycol ethers; and a
Irst rght fraction as stream S2 5 cont ai ni ng
propyl ene oxi de, unreacted propylene and t he bal ance

of net hanol et al dehyde. The | i ght

fracti on was ')A%}I?I[%elB ?‘P@ES’% d in a second col um
(T2) cont & @LR¥nad t neor et ¢y ughrdes and operating

at -12.5C on tﬁm top and 4 bar 0(400 kPa) to renove
unr eact ed propyl ene as second(Wi¥yhit Stream S4. A
second bot tgrs—fracti-on—was—obtaired as bottons steam
S5 havi ng 13@136’1:?1“13(9/’?51% con‘po§ﬁt6i9 i n percentages by
weight, [0 g&h&%&)vm—rn “Tabt 1625|a0|e 2. Bottons

ot

St ream S5 nent Bottons
Water 0.12
Propylene 0.62
Acetaldehyde 0.26

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 stream 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 S8
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(wt 9% Propylene Oxide 86.69 Methanol 10.25 Wter

0.12 Propylene 0.62 Acetal dehyde 0.26 The propyl ene
w@xoodesyieact i on product havi ng the conpositi onPGHUB2004/006529

Table 2, obtained as 15 second bottons stream S5, was
anfl dsbtiomsastreant Sacwéﬁeefdﬂm&ttb|Beaﬂie%116%&gnhs( n in Tables 3 and 4,

containing 60 theoretical stages. The f point o
respRed 1‘f‘%’actl on product was at theoretical st age 2 from

the bottom of the columm. Water was used as an

extractive solvent, being added at theoretical stage

30, nmeasured fTable 3.hevaBtdRBtamidse top of the col um.

The bottom —tenperature of the columm was mai ntai ned

at 61C. Thd (t:@’pp‘t)@ﬁber at ur ¢ Qvasheads (wtdione Iat t20t 37C.

The wei ght ter—as—extractive—spl ven 0

purifi eg pr :)%Wgﬁ]éeg?ﬂéﬂe M§9@b12 5. The| top col um

pressure wasyemhpgial Nned at | f.gppar avs (130 kPa). A

purified propylene oxide stream was renoved as stream

S8 as a si deWater fromtheoret)jooal stage 3 of

extractive gist+-H-at+on-tower neasured fromthe

top of the 356%3%“6(0 t he bot 9(993 A botto][rvat rs]tream was

obt ai ned as The sttions e

over head st r%%e?ﬁ@%}y&% ’08‘2%83196

PCT/ US2004/ 006529 and bottorrB stream S7 were found to

be the follown as shown in Tables 3 and 4,
respectively: “ngl"e %Qﬂomﬁeﬁt‘rﬂ@abw St r eam SS Conponent

Over heads (| Propyten —ee—99; Met hanol
0.001 Wat e%%“%%’é fl Propyl ¢ ﬁ‘gﬁ@méé"o‘t % cetlal dehyde
0.285 5 Tclk}irgpy:}eneag;ﬂﬁ@rrs S gam S/ Conpgonent Bottons
(wt %9 Prapylene Oxide 32{52

‘Methanol 45.20

Water 20.65

Propylene glycol 0.25

Glycol ethers 0.15

Acetaldehyde 0.075

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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Met hanol 45.20 Water 20.65 Propylene glycol 0.25
A ycol ethers 0.15 Acetal dehyde 0.075 From Table 3 it

WO 2003083196 hat t he over head stream S8 obt ai ned PE€DIS1004£006529
extractive distillation colum contained propyl ene

streami $f frops thet emabtyvedﬁwﬁ)lﬂﬂoﬁfcohﬁﬁﬂl aB8ptanabeél falladoed finishing distillation

hanol onl pm water only 60 ppm. From Table
tow, mtf‘ o5 TeIRQYP %/OrY‘ét Olg HERRaHRRSe PREAHIALY @smd@hw&a i@e ﬁmshmg

l,e t
TR B 08 BB PR i
temgemptine of dOP@apdndeg dodurth bRSsteg/df,2 Bau(20allen). The Q‘e%pomt was

theqtEigh b CF MaisusArORrEe toh yoh IsBuymed dbs feSptmddd finished
pro ﬁeneoo %é HGCh me%ﬂsuc# Yx%%&tal éﬁdg I‘pglﬁ "%&%{%}dsp%r § SBTtangﬁ‘ as bottoms

product’ion rate o I'she oxId

profhatt atredno §30 havipg amydoarmsmbu Y3 bhoawﬁdmgra)bw5 et hers was
eval uated to be 0.115 nole 15 percent, based on the

total noles of propyl ene oxide and gl ycols produced

fromt he %)feaSCtFl ; ac?ljbbl’éll ‘?ﬁt g?‘ﬁ The bottons stream

S7 obt ai ne Fom e ation tower T3 was

recycl ed Coglpogam Si feedi NOveheh@wel Ti. The
purified propylene oxide streéam takenlas over heads

19 WO 2004/ BsgylEse BEieUs2004 898527@% stream S8 from
t he extracti —thi—sti++t+at+on o3, can be fed to a
fini shing ;iMei'ﬁ? Dtion tov\m%l’pf“o remove | ow boiling

conponent s{ ywaagd 1 cularTy acet zﬂ)gpjmde The finishing
distillati pn was conducted in a tower havi ng 60
t heor et i cal Agktaldehydend oper at Bﬁg)pmt a |tenperature of

40C and a on CC!% nr-acsiir of 2 har (200 kpa) The
feed poi nt md\éa’gn’tuﬁb‘éhsé‘fvieé&r@?@@@:l‘ﬁatﬁ’basur ed from
the top of thecetaddaliide:t o the bottom A fini shed
propyl ene oxi de, which nmeets conmercial grade purity
standards, was obtained as bottons product stream S
10 having the conposition as shown in Table 5. Table
5. Finished Propyl ene Oxi de Conponent Over head
Propyl ene Oxide 99.97 wt/(r) Methanol 10 ppm Water
100 ppm Acetal dehyde 30 ppm
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10 1. Maxi mum observed for nethanol, water,
acet al dehyde, 20 WD 2004/ 083196 PCT/ US2004/ 006529
W@RORUWEE196l. A process of separating a purifi edPCT/US2004/006529
propyl ene oxide froma propyl ene oxide reaction
CLMuct the process conprising: (a) introducing a
cti,on rodugt conprising, fromabout 65 to 88

pe cent Precess @ W%%tll&ﬁd%‘rlﬁefloﬁoﬁﬂém oxgle; fomsa propylene oxide

rea&ﬁﬁﬁ%&m{%@@ bss @ s than about 0.5 percent
water into a ttom on of an extractive

distill a(a) antradalg be)afcmm pgﬁﬂueﬂ AU I ﬁ*gﬁi {ﬁbﬁﬁ 6t5 to 88 percent

t te xtractive distillation
 OHEBTENE (et BT M S 1 O3t PaeeTvECEBel 1and ko than about
Zongs %@fl:%ﬁt Fhief inkd 2bbiBin sdfiofi QF gﬁ E&%}:ﬁg? dglg.r%t?on Zone;

stream conpri si ng propyl ene ox

met hanol (b)( titrodeciny i watef riata wai dntevddiat | $6@tion of said extractive
di sﬁ&.i .l afion zone under distillation conditi ons, an
ovet'At 8“8 de- cut stream conprising a purified

pr opyl engc%%n&’cﬁn SRt ’sﬁz? %rflxt%ﬁ% ddlé?él %2%‘@‘8@'0 eqnﬂgr distillation

wat er ; ext ra ive di at1 on con

suf danditiems athottomis Strainn canpti@hgiplopskne Bmae beﬁ Bfd Awit@eol,
of | ess an about 0.3 mple 15 percent. 2.
process éﬁg TemavReL figver el PHECcHYo p@lﬁfeli?éloéx zoiee under distillation

r ea&ﬂdﬁ&n@ %U@%rhéa%ldoﬁ Qa4 B& I%Qnr %ﬁrtn'ﬁ}/lgmg élf}%tlgﬁie%t propylene oxide

zone a onal 'y conprlses ess’t

pr ogsyéraiatly aeddidrof h’[eﬁﬂihola:bﬂUWat@r hé &tiichvdgisRiton conditions being
ace dehyde, b ght. 3. The process of Claiml

1?16%*@ 8% %ﬁwd dpsst off prapyleve wide of dessahas abowrfl.3 mole
aater t han about 30 to | ess than about 100 _
etl'cal stages. 4. The process of Caim1l wherein

t heZ pThpyt@Bes okCldan eslidréiathd papylehe bfide@dadiidntpi§duct fed to the
bottom 1/4 of the extractive distillation zone,

eXﬁﬁ%@ﬁlétdlaé@ntZﬁ%a@ﬁl@?@ﬂy §t>laglése8fl¢&s ihanh@ petsent pyapylenct dne/or from
aboliP®1 98 o%gfe (%?ﬁ{ 5&%&&3{ 45 b?/tw qt ion zone. 5. The

process is introduced into

t hes. uptee proeadsf oiselatmom whkreir? 5heI Bﬁre@ﬁ% AedtiMBon zone contains from
distillation zone. The &r ocess of Caim1l wherein

gregigrdhan ahoug 8Py legs &@n pbaut 169 theorrtichlstagser at ed at a

R DAL SIS BBl e o
bottomi @t of the extractive distillation zone, measured as theoretical stages from the
bottom to the top of the extractive distillation zone.

5. The process of Claim 1 wherein water is introduced into the upper-half section of
the extractive distillation zone.

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

7. The process of Claim 1 wherein the distillation zone is operated at an overhead
temperature of greater than about 35°C and less than about 45°C.

8. The process of Claim 1 wherein the distillation zone is operated at a bottoms

temperature of greater than about 55°C and less than about 75°C.
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7. The process of Claiml. wherein the distillation

zone is operated at an overhead 30 tenperature of
w@e@angd19¢ han about 35C and | ess than about 45BCT/B8S20051€06529

process of Claim1l wherein the distillation zone is

opey, atgd %ﬁfceﬁ STUTHIATS wHeBR BRAGiHi Batdhn ZHhE & SferitB@ Bt a pressure of
about 55C and | ess than about 75C. 21 WD 2004/ 083196

greaR@ThuSAR0M 0G06E LY IPa) Theless thee sbowf2 t@r 4240 kPaMher ei n
or ot e mrafesn Bb 6T e ReP i b Sughh SBEH{eH s comprises the
foll@@ﬁfé} ccﬁnﬁ@fen& 280 pé‘rE’é&tage& Gyy Wﬁghﬁ rRE 980! 20t AU Mpkreent propylene

wherein a bottons streamis obtained that conprises
oxiddyéroni ebdub vl ng 68 pesententtbanol.frge pbauitif@dge 85 pgroge e, from about

from_about 20 to 40 percent.propyle 5 oxide, from
0.0% k0 HE°eRS TooP R LA m: doont i il petpnt gfhgicelyeols and
neabglcent water, from about 0.05 to 0.3 percent

propyl ene glycol, and fromabout 0.1 to 0.2 percent )
ot hil. Fhy pricsssarfdClaine hwitessin the, puEfiedpropdes @fidcbwirhgat or side-

cut GiFeaTSy Rt st TGS iB GORIP NG g DTRG0, Vgl Sreater than
abollfbé.5 ?&fi@%% yIoRd Ghlle, MF Gkt thhf @Pout (50 PR and no greater

percent propyfene oxi de, ho greater than about 50 ppm
thamelbdwan 00 ppmndatard greater than about 100 ppm wat er.

12. The_ process Claiml wherej he yield | oss. of

pr op¥! &he P&Heﬁﬁec’f?élaﬁli‘ gp‘V]Peé?fB tﬁ% Vi fos H%prél?ﬁlg?e gFide gp propylene
gl a4k Sthek glyjéﬁlgl?er%{/il%ﬂé 182QHEn Shott 0B!RolBpEfeBRY - 13. The

process o wherel n the propyl ene oxi de
obt 8.nFHe pocess afHainehavherein 6 Eopidercuixids otdained apan overhead or
_.the extractive distillatign. zone i.s.di.stjlled,to vield
Sidgrop ATeRTCaOBH B HEREVC ot i o Ui ot agraifd Propyiene
. ' ss of Claim 13 wherein
ox1{i He@fné%l 1 Bl §/th§ ﬁxgﬁr Xltﬁfdgﬁﬁ.

e pur pro e meeting comercial grade )
st apdlar @e Ofroguss | dfy Cladmc ddrpwheseid tfe phéfiddolptapyieng oxide meeting

conmponents, in _percentages by weight: propyl ene .
corgisel gedar BRdeHENOHFUTY ﬁeﬁ@@ﬂl?ﬁ 5t ghe Jolp™iga fomponents, in
. N el : t-a
R
106p@h Fvateryhe efdater tha 10rppRyhethendly antbno geatet tan B0 pgucdldehydes.
is obtained froma process conprising contactin

pro ﬁ§| '-Ellmaprﬂﬁllqsh oh (#r@dewhereiighe aeopylens oxidg deastign ggc@uphis obtained
T e

mefHa86E $81veht S@painathen Grazemuer of iad epoxigationneatalystdender epoxidation
product obtained fromthe reaction of propylene with
congliilensgen peroxide in the presence of a

tit ?8' }ini'or% Qstsaéfn JeB%ating a purified propylene oxide product obtained from the
reaction of propylene with hydrogen peroxide in the presence of a titanium-containing
catalyst, the separation-purification process comprising:
(a) introducing an epoxidation product comprising from about 65 to
88 percent propylene oxide, from about 10 to 35 percent methanol, and less than
about 0.5 percent water, by weight, to about the first to fifth theoretical stage
measured from the bottom of an extractive distillation zone;

(b) introducing water into the upper-half of the extractive distillation zone;
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catal yst, the separation-purification process
conprising: (a) introducing an epoxidati on product

w@eowposadag from about 65 to 88 percent propyPENES2004/006529

oxi de, from about 10 to 35 percent nethanol, and | ess

than 30(cahpaihtathifg Pl eRrbctivet &ktilldtion\ednghit, a thdtteRRUiemperature
the first to fifth theoretical stage neasured from

t hegtsaiet dhanorbaith X r &k lape thars ebeutali®en seoiseto fagpove from said

i nt | 0g: ' e or - hal.£ .of the..

exct PREALL Gttt b Bt AR o, driliiogy o bottoms stream
PCTéddgadddy GRmd 2Ho(r RONe) Milabeicag bReyRKE r@ddd, VRom about 10 to
distillation zone at a bottons tenperature greater

t ha®d BEEeRt Ve AKdrem skoytfio 46 percerioustharpl ey weight, and;

renove f {/dg r%’?@%“ﬁﬁ |f§‘?‘|[‘ Bl éx\(%f\{iiwifes Eﬁis{iflﬁ%)ig?%rbn% %Qxe?‘}’éﬁge%ﬁ or side-cut

extracti on con 10oNsS a ons Strea

Confifdasi Oempricng glooidt tha0 905 AGcperEEFllerR R, @d&reater than about
oxi de, fromabout 10 to 5 25 percent water, and from

abolf0 pom aBo Hek Berareaten fanotboubyOveanyrecthaned; by ayeight; while
o o HinRnigl AT 81 BY lopFichy Sk S|y fgh § P Ho Pl percent

99. B7.pEHERREs ¢ Rpythemea PHtited pﬂbﬁy]@ﬁ@ akige fiodAdin 8p®idation reaction
100 ppmwater, and no greater than about 50 ppm

progaethilis droceps/comirisiie: while maintaining a yield | oss

of propyl.en | de_of ss..hihan _about Q.3 nole . .
per bent CgRhaTy R ARy 288 Srue Fipigrag oxide reacion
pr opyvldasecopgirfithef fropylane 68idy] Maihhd]l, Hare! dcefildeRy@s]wal unreacted
the process conprising: (a) distilling in a first

di spiopylene ¢, obtsite adist beféoms sissane sempsidg ar pertiph o the methanol,

product c [ Sing pr epe oxi de, nethanal. wate .

Dot afehy e BH s BER HERS 3 rsHE coBeaErgHTpY ene oxide and
firghrebqtd gﬂé@yl%ﬁé ARNE BARKESHHe MmelRhdll RatetfantiBBetaldehyde;

nmet hanol , 15 wat er, and acetal dehyde, and a first

over head (Wtdisdlinginrgreceiddisipilasionl zone thexirieoverittad stream of step (2)

unr eact ed pro ne and the bal ance of t t hanol . .
ot B R Rl 405 S 3pER T Sesgnfl bollSlud 3Bfgh comprising
di sfrbhd #ouP85 EPEEpdrbent pkdpilene\oRIdee BEmSAHRAI0 &f 35p&Bent methanol,
(a) to renove unreacted propylene and to recover a

seclengl thot abort 0. St peecent obqyr axi figm ghootrDdbioud.5 @eroent @Rtaldehyde,
perce opyl ene oxide, fromabout 10.to 35 percent

ot fahisrS (30 2 PEREn MRS UOPUo: BEPEERE vt ef . and

from aboyd) fedlnd MheQecondBotBREs sAERhALEEMBom @é’tﬂ(b? €S the bottoms
than 2 percent unreacted propylene, by weight; (¢

f eeskictign toff @n satracityebbstilmtion solusamasbiuvhjactitg Saidrsirsgrepgo extractive
fa.t section tracti

(b) he battons [ of an e e . . o1y s
ci ST Rt U 2nciHe, BRGPRg QK L appastive distllation
ext EMditinR sulfibit!tb AokRR aVhird BORES sBearh RBnEXsIRGI b Ylene oxide,
sol vent under extractive distillation
water, and methanol; optionally, a top stream comprising unreacted propylene; and a
third overhead distillate or side-cut stream comprising a purified propylene oxide
containing residual acetaldehyde but essentially devoid of water, methanol, and
unreacted propylene, while maintaining a yield loss of propylene oxide in the
extractive distillation step (c) of less than 0.3 mole percent;
(d) optionally, recycling the third bottoms stream from step (d) to step (a);

(e) optionally, recycling the top stream from step (c) to step (b); and
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25 conditions sufficient to obtain a third bottons
stream conpri sing propyl ene oxide, water, and

woredohassabg optionally, a top stream conpri si ngPCT/US2004/006529
unreacted propylene; and a third overhead distillate

or si de- @optidradigaistiiing ithd thgrdaovRiticall iog dideraup viistillate stream from
oxi de containing residual acetal dehyde but
es s@ﬁm (calte enpRyie Sy Iesiduahpcstaldehyde anrbio, obigig a Pyrified prapylene oxide

pro aining a yield Ioss of propyl ene

oxi e R ?ﬁﬂP®%§ gakgactlve distillation step (c) of

| es$8.t TaB pocdsaof Elapar m%ereﬁﬂﬂleMddé;)srabylwne bﬁl@y qé bB@ined in an
the third bottons streamfrom ste to step

epopédatiop hirensay $QPTIERS REt pmpylp@@v\@ rhydragen @ﬁxosqcbpn(t@ presence
Of%%a_gm%fcénﬁglmng%gt WO 2004/ 083196 PCT/ US2004/ 006529

|II|ng the third overhead or

Si de9.cThe phioséss lolf @l AmStT @RS BO LUt PRoplylehe bRide@BY@ation product
any residual acetal dehyde and to obtain a purified

comppigsy Iteentollowingecongiostipmni merentagesbie weight:tfjom pBoutthto 35 percent
erop S50 L A LSS AR eI BE BR o gt e

fromQdoetd MY td1 DPstten Provyldnenill 0gaRadsRK0d Q)ekdénf ftaldehyde.
presence of a titaniumcontaining catalyst. 19. The

pr o%@s%@pm@sa |0ﬁCiaxwdr$eWb¢rﬁlmth@em@@éwp calplistise tisuide silicate.

n% f%? SRP %it%g ;%C %é g %@S%@{\goﬂ!\ k?u\é*ﬁ] I%BB}(}fm% oxide reaction

puﬁﬁmpﬁkQ@p&aa@bgmyhgﬁg OXIde from about 35 to 80
percent net hanol, from about 8 to 40 percent water,

10 from Eboat ﬁm wlsmlﬁwnpmwntnt@rwby enecrude depoaisiation product

LP agﬂ”ﬁgﬁﬁ%&% P{’,ﬂp@ eg? rﬁﬁei{] emgﬁ}gggpg eghacggag%ql‘vg? Lﬁ'g ?esd propylene is

tit g WAdSidst Ee? - functionit¥tARRRVAL 4 Porftidh TeRamadthalbl, water, and
and purlfylng a crude propyl ene oxide reaction

pr odestaldehyde 1appdirsit b@tcunﬂmtrcam regd (caprogué¢ asfirst overhead stream

distillation to crude e

or ot i Prasblsie sifs b et BiEPese i fiffisfthoe of methanol,
vat hater dnataabidRBlR, unreacted propylene is fed; said

first tower functlonlng to renove a portion of t he

met hanol (b)wasesond dintillatior taweteihtcdwhioh the ffirstsevepad ctrsam is fed;
t d .t d f t h t

contR S PyRy PutEoeRede Eha%e VB al BRoByPAERgPe and to

E E)e pRALBIE Sedhd TBEAAE Hream WEthBlisin@ RnPERLRLS! ami sm@& propylene

a second distillation tower into which the firs
ove Dhldanfrem rabewh hOstofBéq:zerceaamdﬁmadohds ﬁlawaboﬁtl@rﬁ:p@roasnt vepter, from

to rem) u ially unr |.ene . and.to
L oHE Ul BB Rt BT GRS shh 15 i P RBisgnt unreacted
65 Lyp§Rnper cent propyl ene

(c) a third distillation tower into which the second bottoms stream is fed and
into which an extractive solvent is fed; said third tower functioning as an extractive
distillation zone to remove essentially all of the remaining methanol and water, so as
to produce a third bottoms stream comprising methanol and water; a third overhead
or a side-cut stream comprising a purified propylene oxide containing residual
acetaldehyde but essentially devoid of water and methanol; and optionally, a top

stream comprising residual unreacted propylene;
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oxi de, from about 10 to 35 percent nethanol, |ess than

about 0.5 percent water, from about 0.1 to about 0.5
w@ergmestivacet al dehyde, and | ess than about 2 pRCT/ES1004/006529

unreacted 25 propylene; (c) a third distillation

tower i ntlbophowilyt hemess e régtligthesthirdabaticing Sekad€b the first

|nflgg xﬁ;ﬂch an extractive solvent is fed; said third

sullfiaR 9% Hi ng as an extractive di sti |l ation zone

to renoy I

and va o) SERAIL A Bl b RO AR AETRETPEER AR o the second

corms'tﬂhanmgtcrmrhanbl and wat er; a th| rd over head 30 or

a side-c t Stre@m conpr.isin purified progyl ene

oxi de ccf WA %@@ﬁaﬂwﬂﬁé@natmya@ Wwhich the third overhead or
eSS élfi‘l ét%’eagle\@'fgd 0 Maf Gleh AR %@MQ&%H&% A0 e move any residual

optionall st ream conprising res
unr@atalcbﬂyd@r amlytloep?redu&% YR REDHPASAO 6xide meetmg commercial grade
PCT/U82004/O 6529 (d) optionally, a neans for

r e d3EIY Han ‘third bottons streamto the first

distillation tower; (e) optionally, a neans for

recycling the third overhead streamto the second
distillation tower; and 5 (f) optionally, a fourth
distillation tower into which the third overhead or

side-cut streamis fed; said fourth tower functioning

to renove any residual acetal dehyde and to produce a
purified propyl ene oxide neeting conmercial grade

purity standards. 25
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