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WO 2004/083196 PCT/US2004/006529 PURIFICATION OF
g%@@%’ENE OXIDE RESULTING FROM EPOXIDATION OF _
VUENE WITH HYDROGEN PEROXIDE Cross Refererfé@{§52004/006529

Related AEFIication 5 This application claims the benefit of US Provisional
Applicatiérr SeFEFABIO80/AB 5558 YleBWiafeK 112, RPOBI BaskyRROMOf

Inventian EhisrinyeRYNNAEHRIBIP AIBIOGRSS PLICRRYS!
oxide in purified form 1.0 from arf?é%omdatlon rg;c %§ p%’%ﬁé:%wé%}g
preferably, a reaction. product obtained from the epoxidation of propylene

CrdMith hydrogen ?&[ﬁ}%ﬁe g; Ehce presence of a titanium-containing zeolite
catalyst. Propylene oxi6\

W

. [ inds 3%Iity as a starting material in the
prepdritiampbfatioly plapydenepobfsthEi jSololsisvhighyfingsuility m-the o,
60 /Qﬁg%aﬁkg&%fa%{yﬁeﬁ%g‘e 15 polymers. Propylene oxide used for such

purposes is required to'meet strict purity specifications, so as to avoid

disadvantageous effects in downstream polyurethane products.
Ba% ,%Xﬁ%ﬁ%%*h&!gga?gges comprising the reaction of pro_pylene W|_th
rogen peroxide 'in the presence of titanium-containing zeolite catalysts

are Khosinvierthienapt;rasilustrapes;cdonexarmpieiid issmrienaiPateurified form
o uzkl)llication 0-Al-02/14245 gEnichen%ﬁS.P.A.) Such 20 processes are
Vpteally CORdi R EFITIRE BroSBR bt S POk tian syiaRt DEperstaplyjained from the

epomidthianobf phiphléandsith hyarogée Pigh:catalystirchdbeard $8leGININM -containine
ch processes produce water as a co-product and minor amorous of =

zeolite ce‘gaﬁ i

yco %ﬁycol ethers, acetaldehyde, acetone, and propionaldehyde as

by-mﬁﬁig}%&eAQﬁQﬂdinﬁMiﬁ @i’tﬂﬁi‘? %@pﬁle%&ﬁ{ge ﬁ_‘é@gﬁﬁt_ streqm preparation of
epoxidation processes contains in addition to the

obtained from,such conta
p"lﬁ%‘)d%?fgﬁ’% C}%]&"ée TSRSkl i hntinds Wiibadhote dnantagipieatty polyurethane

polymeshanobapdivrtesxak WRBTIMBUELY pameyils;of Qlyeols, ¢ t strict puri
y%etaldehyde, acetone, and ropionaldeﬁﬁ?é. The puri%icﬁation%f%%ecr%rg purity

af C, dl
SPERHISRIIGRS Stk Iprotitdsaannazrye diffrs indesmatmamianiitunegproducts.
re mgpemfmm %msa@%ﬁﬁ{giﬁm@ﬁ%Qé&@%ﬁ%ﬁ%ﬁl@ﬁ@%ﬂ?ﬁy&o gen lperoxide

Nevertheless, commercial grade pro%/lene oxide requires that the’ produc

in g REESRAR %t&ﬁ@é@-ﬂﬁ)&@{@nﬁa@g Sr GHMBH s nesthimbie mat, as illustrated,
for %%32%%%86@3%@%@%@6% /O%%%&@de%-@/@mga@ﬁM%%%-S1P.A.) Such
processes are typically conducted in the presence of a reaction solvent, preferably, methanol,
which tends to promote high catalyst activity and selectivity. Such processes produce water
as a co-product and minor amounts of glycols, glycol ethers, acetaldehyde, acetone, and
propionaldehyde as by-products. Accordingly, a crude propylene oxide product stream
obtained from such epoxidation processes contains in addition to 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, represented by US 4,140,588, teach the extractive
WEMAIBHYF propylene oxide with water for the purpose of removing2004/006529

contaminating quantities of methanol and acetone. Typically, a crude feed

comphisinguiitive8@ito OPrppita progypne ddeaeitiasmall auantisies, Certain
of,water, methanol rg%c}i’ %gtone is fed to a lower portion of an extractive
IS

disd%?ﬁﬁa{tel%’nr% HSWrghe d’at Amgherdising Gs widragivinmlisiatm of propylene

oxultr aviivevaistilatiche iswperated ARAEORSISMAS ing from
60C to ]{OOC. n overhead. distillate is obtained coiﬁg%;%é%ﬁ HEof " Rethanol ang
2§Btan i%&?ﬁ?m%?&b@ﬁeﬁéﬁb%émﬁmé FOBHEMEoRitercmtabeikae oxide and

sn@hlpﬁ@iﬂ@e@@ﬂ@&ﬂé@%’éﬂﬁﬁﬁ&ﬁla&% Maistaceiong, 218er ortion of an extractive
.disadvantageous amounts 10 of propylene oxide and propy]eyhe g(fyco . T
dl%%iﬁr‘ UamAthe dibtisskd et edi dinraiant piellicloekiohpropylenexaideve distillation

is Gydrigcdreniasdham J erce thandasiiohas 3R PS C@WO tEr &rL 4 cad disti '
represented by US 5,843,6838 and é&’-‘Bl-l,OOQ,Mé, ScTosea hecrhead distillate is

Obé@aﬁ?]aﬁeﬂwiiﬁﬁpﬂe%@%@aié}lacétam@mplﬁ,eaﬂcbmé_echammyaemmc&mﬁ-actmn is
obUSHIAUOMMTING: WRIRALREAPRRE.AMCOl A8 extraction sol ﬁ%&é%‘ﬁea&;@us amounts

crude epoxidation mixture, containing 15 from’2 o Te)ebercen
Ofﬁ%fl%ﬁ%é%@@éﬁﬂmé%ﬁérﬁlﬁcmb td Soipdleetitowitelosad g @bdeitrs a yield
logcst YGe Byweight; is,1of) o nNintermediate section of the

distil?a%?i%ﬁ tower.lA botté ms te%%%%%glt&r%g?rco%rrﬁt Sﬁ%atso%igbﬁ i%%?’aq’fﬁ%ed,
such@iigta WHottEprsswmieim s obRirfededR8inind rESUEINOI00E TS adyscloses the

then ee;frggii%geﬁgl k.. ntial portion of the acetaldehyde. A )

Se}lg)zlkfrifie]([jl propylene oégg&i% gg%% %%%ﬁt %Ad%%% %ﬁt&&e%ﬁ?%eﬂmﬁnaﬁon using
Wf;:@éﬁfﬁﬁﬂ@gfg@f@ﬁéﬂhaﬁmmaﬁté)pudiimmmrd'ﬁlyleniia)&bie{f&iﬂafﬂ?imﬂ@rcontaining
fdhan aF ications. Moreover, the references do not

addressq?hpg yig?go}l%gk%g%%;(ﬂeay%hélfo&?dgi n fﬁ%e%&fpgﬁﬂféoﬁjiggllgﬁgﬂ percent water,
anfréistodiié wrsiddaisatstibnseighopyianedxide with Ahaextrasiié® section of the

Qi ethapol in the feed. Other art, represented by
g T e e e e s Hielaisn such tht o
bogpmxidtten moﬂﬂmns&eamabfim@mmmpﬂbpydﬁﬂﬁ,aih@?ﬁlfr[‘lﬂﬁﬁék)gg&;ive solvent, and a
0 an.organic nt, such as methanol. The work-up_ _
Sl_lg%)%?)@{lis,e%oéﬁg%argﬁ?l{gg%h%cg%r%glfggdgtregfn1? Hrﬁﬁpe-@'\?g&ﬁ%o?%h ithgbtained; but
digsenentag 20€ndtb percantaithe amelinhof Hrganisusaie BEGRASMOide remains
oxide fed js removed with the overhead

: percent.of the propylen
e e AR G R o/ G g pereechari addees
yielhiesfed isrGfytariaindd in the betiact wredualafheraaliess Ne RECOYERS ctions of
is_stripped in a C3 stripper. The recovered

pr(ﬁg?gl ﬂlgltgr%lg'l}?g ll{s)%ﬁ??regfgg% eSS Bﬁ%ﬁén dstiitslon using a
polaCsbbreatt, Stepheasivediesy Sorag to1olaimg Fﬁffdﬁ@@(})fﬁpﬁ‘?@@?@g%@doseg the
work-up of an epoxidation product stream containing propylene, propylene oxide, methanol,
and an organic solvent, such as methanol. The work-up comprises separating the product
stream in a pre-evaporator such that between 20 and 60 percent of the amount of organic
solvent and more than 95 percent of the 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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WO 2004/083196 PCT/US2004/006529 the overhead product and
,Wmethano_l and polar solvent in the bottoms product. The references are
sﬂé’ﬁ?%?ﬁ]?éspect to various aspects of the extractive distillatidrGthEs2004/006529
quality of purified propylene oxide obtained, and the yield loss of
thpr@pytén@omdéu@thed anetbpiesent@dblaE ka8 A8t Rs product.  The
ref:284:240: Qfléﬂ%)%%%t{é% separation 5 of methanol and acetaldehyde from
ation reaction ProdUePE SnsHsef Sressraginedishliation, the quality

a CI’U(?G epoxi

ofpropfiiene ayittes 6Qiti- Wb pereentimelbanal LRI A5RSIRERWater, 0.01
and 0.01 to 0.1 propylene, by weight. It is

to 0.1 percent. acetaldehyde, ; A
taugh pefr%allgﬁh_etsee% %%h%'@"gﬁégﬁéﬁéﬁ U ﬁ»%&@aﬁiwﬂsfﬂs the separation
oftafubuistilateatioigenesahitomd b inaA O AADARIIMS ised o7 2 to
of the 10~

stream con{sg&sing methanol, water, and at least 99 perce

10, REASTOE RO S T 0BtAR 1. DvEFHEAN Brtwobofblisiag propylemetsr, 0.01 to
0. Dyigtecpragylenayandatesidual nethanglihia 8y %é?g[malbf Q%Xﬁ%%&%\%aaﬁ{onam the
m the

and ace?ld,ehyple. It is further disclosed to remove propylene
CTlfe FROAH RSFTART A e eaHe distinatisn: dividieaeiotiencedistivhfrom 10:1 to 30:1
to RFBRYE AELNIAsSHeaH devaichofRr ARMERS IS Jarght lo;be siibjected to

extractive distillation using a%olaresolvent, sUéh a%’p?ggy%n‘éeagg?yégl,p ercent of the
ac@‘@#&ﬁ@f@z‘fa@ BRRBHRAY £ QYA SHEBN FPOMPBODE@IgH E:rcromit @ropylene, and

re@AtIAGH¥e st @@h@t@ﬁ%@%@@fﬁ@@f@a@%ﬁ%&%&%&ﬂ% &;‘E% furher disclosed

extractive solvent, methanol, water, and other impurities;

0 JrIpYIEnRr eRditfass i s etsdvedhstiorm Disadvaotab ebstilytite hiereatier, the
hot Kk ti istilation might.cause . . .
reROHRMSrISRRSAIE Qfdhe axXiFaa WP}Q@Q%&@& Otﬁ%% ptr g:)%:'&gt sahiseied fo extractive

_unacceptable yield loss of propylene 0x
difiilpEoveIIRE comBnitr2067Eat nachars| ustykied ly26ltheeperiigdat a bottoms

terag&y&%@eo@%i@ﬁliw@ YBQP@@F%%PB&@% '

e U -
above, a need exists for improvements in the separation n@%tﬁiﬂ%ﬁ?ﬂ@ﬁ stream 1s .

obgibﬁémqgw@@gdéq%{mﬁwd@im& prefenably 4wse ahdabthet fioputiees; while a
puﬁ@ﬁwﬁaﬁp&kp&%e@%ﬂ%&ﬂl@w& geL P& sz(ldﬁis'g‘g\;%%%grg& g dhe high bottoms

cost-effecfive separation scheme that produces com
PRSI b ecTnsting dsiilleibpuriigheSatendasdsepabld PRIGIGHY of propylene.
oxsiesHable, Rus-iathediah hoilin int of propylene glycol, it. would be, .
more desir@&% if the‘separatlf(l)ngf/In%% Yod di en%}érfce%nﬁ?%l%soiélﬁﬁé%ﬂghfl%mted n
theypuialiad etienylsolexidet wonsdhizh &vemosongtesiiable if the separation

methqd didJaot-pLQ an ptable.losses of propylene oxide due to
by-product fogr%eation wit r‘??e(%ﬁg’nao?ece)F1 X rsgscﬁ“s/repg’(g SR (g fgparation and

Pupiediticn 3T Propylene oxide reaction products, preferably those obtained from the

epoxidation of propylene with hydrogen peroxide. An efficient and cost-effective
separation scheme that produces commercial grade propylene oxide meeting required purity
standards would be highly desirable. Due to the high boiling point of propylene glycol, it
would be more desirable if the separation method did not require this component as an
extraction solvent. It would be even more desirable if the separation method did not

produce unacceptable losses of propylene oxide due to by-product formation with methanol

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

invention provides for a novel process of separating a purified propylene
WEYE K5 a propylene oxide reaction product, the process cAfApfisiPig:/006529

(a) introducing a reaction product comprising from about 65 to 58 percent
Surbrpsepytahe Iaxtdeidiiom about 10 to 35 percent methanol” and less than

0.5 ?@Ecent water, by weight, into a bottom section of an extractive

e
distiftatol YBHE B IRt a' Binty RO AR S e RIAR S ectiBEisf gurpylene oxide

fro@xdrpaipigedistilationazene pleliRMmangdeen saisexiactive distillation
zone wader distillation 10 conditions a bottoms stream comprising

propylene BXidBT QAN Ad FREIRBHIIO(EY réRTBVIE TRofosaiabextr 46titre 88 percent
diSti"ﬁQﬁ@léﬁ@%ﬁiﬁQeﬁgﬂ-ﬁtglﬁ&i@ﬂnl@Q@@ig%e&ﬂ %Y&ﬁﬂﬁ%ﬂ ALFIRCHLy 0.5 percent

stream comprising a purified propylene oxide essentially devoid osf
methHABT R FEEE Mg aRpiiewienalon cataribrsdeiigtisuficient

(o maintaing viglddass OPERRMIRDGLHAR LhIRPS AN AN PR MBIR I istilation
percent. For the purposes of this invention, the term "yield loss o

propifigtie oxide" will refer to the mole percentage of propylene oxide lost

in the extragiive.giSHRANIORPROCESS I gIVeRlS, S&%ﬁlﬁaﬁﬂo%ﬁé‘e &R distination
and glycol heavies (e.g., glycol ethers), based on the total moles o

propiABAE K de eépes thecasrepive diditiationcn0 dnidactated aspenttbimol,

this '.”"e”“?c@’ %%¥E£Ee%81 Ségi%'_c&ﬁ rﬁﬁ% Oc%@ﬁgt(%o]}rlorgm% e%n(ggr distillation
hereinabove, may optionally be subjected to distillation to recover a
purifieddisiapylemevsdbeaprod sidasottiigao mmercising adewpifidy propylene oxide
stangdards. |1 g&%\{gl&r&gﬁ Q Eglé [ tion m e beneficiall o .
emp‘fdf%/egl toieparate a purl/%]e(g proéy%gn{:e{gii8}5#8%1"3%#5%&1(:?%%%¥1p‘:r%%51t0n5 being
‘obtasnétrieohiamepuxinatigrelstdeessf e pykiecatntydevhéiein trapyeng 0.3 mole
is e%%{g'&ggted with hydrogen peroxide in the presence of a

titanium-containing zeolitic catalyst. Advantageously, the process of this
Foirtkemiopoachidvbs migh effithertesnof gephiationfipetadivigre puiifiedwill refer to the

ropylene oxide that is essential evogad of methana). n,g ater. In a
el Sy BB ST R RAah e AR DA BN R iy Elveos,
sudbengliptiiedete wycolerahylyesichalvald éhygdedtbalt etteyshebpsesd@ntthe total moles of
prdSinAin. 30 purified prapylenc.pide that meets commercial grade

rity standards. More advantageous y,nthe process of this invention
accdmplishesdarpetficietitisapaeation, whthouérhead or side-cut stream obtained from

step (d) hereinabove, may optionally be subjected to distillation to recover a purified
propylene oxide product meeting commercial grade purity standards.

The novel process of this invention may be beneficially employed to separate a
purified propylene oxide from a reaction product obtained from an epoxidation process,
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
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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undue loss of propylene oxide through side-reactions to propylene glycol

or propylene 4 WO 2004/083196 PCT/US2004/006529 glycol heavies.

WMéé‘HéWé?ﬁageously, the novel process of this invention can ET/US2004/006529
integrated into a separation and purification scheme, described

glﬁé@%_i&mé?'é-th%i%sﬂﬂt@m' ma@puﬁ‘ﬁegl@mmdgﬁ@%@'%mgli‘&&é?dfti&iﬂ'?éan be integrated
- i e dfrom a crude epoxidation reaction product.

1n,(‘z\(l!(j:%ogr14 inggll?/ﬂi)il% %%ﬁc@%&fcgg%%c ?ﬁﬁ%?h\%ﬁﬁﬁheﬂré\??@é@fwaaﬁ%ﬁ@@r&%dn a purified
Prortes efidshraming aphigfiegipiopyeng exdOFANER AL ARBP YL o reaction

plr&glggon product, comprising: (@) distilling a crude epoxidation reaction
product comprising propylene oxide, methanol, water, acetaldehyde, and

unreatedrprogylemesurdenansiionsisuilisieni o.eRaln it Q{?g%g%%d process of
olniream com ﬁl%‘réglra pPrtlon_o the methanol, 10 water, and acetaldehyde;,

and aTirst overngad attanm ¢ ﬂ‘é}rf’gcﬁ?éﬁﬁéﬁ“@%ﬂéé madlampeadtet cormprising:

propylene as tdéstidiapce ohibe spethanabvalstsand ?&&E@!d&‘%%?résfgg propylene

subje%i&g the grst ?verhead stream from step (a) to di%)tillation u
conditiotis SUHHTLRES B0 s Eiistanisalgndnienetstt bropyieecantider conditions

obtainfficiegond detbms StseabeaRPLsng romm,aRouLL 65 ta 88 percent
propylene oxége, 15 gr%m about 10 to about 35 pe?ggn#lﬁ]gtﬁgf% ,Iﬁ)e%g%ﬂe methanol,
than S63af8’ 358 Wﬁté’r{lqr?j@%Wﬁf@id{éf@@@ub@lﬁnpﬂir@ptopylene oxide and

acetaideiyeepansiess thamabaubLPereroLnaased, ?ﬁ;gg(!le nc%%%%%mde;

weight; (c) f dirﬁ%jthe, second_bottoms stream from sStep o the

section of an kARG SEncvskhent avtesubfotingdhdmtreadissilation under
extractivaidistillatinnica0 withwaler amaRaxiaclyssolvent, under ,
extractive d%stillation conditions sufficient %[o okf}g}% zﬁ%ﬁg Igé?P(}/rﬁg &tfBgnjo obtain a

comiSHERTY PUSYIE NS ORI dipre thboial: G5 toirBSopertendhes/lene oxide,

sidefiesh Sipoam 0ABRBSING & ptilied-prApYIeNs QXide containing residual
acetaldehyde but essentially é%{/oid of methgaf%?;??%/va aenr,ggﬂ]éyyr‘rl%rgé’a?éfé’ﬁt water, from

proﬁ%@We, and @Bﬁl’}h Sify reteprs aesimidebivsrising losspiydendioite2yjRitent unreacted
losspebgfdamsiangaxide of step (c) being maintained at less than about
0.3 mole percent;égﬁ) optionally, recycling the third bottoms stream from

g

step (c) to diStif&fioieshepseapkpoisonaysaeciolingttpe(tppostieasrisaection of
stefCrig-sisikatiomsieB(Rb18h8 and subjecting the stream to extractive distillation

with water as an extractive solvent, under extractive distillation conditions sufficient
to obtain a third bottoms stream comprising propylene oxide, water, and methanol; a
third overhead or a side-cut stream comprising a purified propylene oxide containing
residual acetaldehyde but essentially devoid of methanol, water, and unreacted
propylene; and optionally a top stream comprising .‘propylene; the yield loss of
propylene oxide of step (c) being maintained at less than about 0.3 mole percent;
(d) optionally, recycling the third bottoms stream 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 (¢) to

recover a purified propylene oxide meeting commercial grade purity standards
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30 (f) optionally, distilling the third overhead or side-cut stream from step

to_recover a purified propylene oxide meeting commercial grade purity
WEANd4R/IE2S Wo 2004/093196 PCT/US2004/006529 In anotheraispeatiafics2o

this inpvention; the crude@éJropyl.ene oxide reaction product employed in

ﬁm@:@@;‘iﬁﬁ‘%w@%‘g ek bratesaeass MRS ion produ
ex 7 ° : . 7 1

in a’liquid phase in methaneol s verﬁgﬁlgﬁﬁw‘gl HUOR A OFesses is obtained from a
prz;ﬁﬁé eggﬂ%ﬁ%ﬁi&mﬁ pr?:mr(?irsing ﬁf)ﬁorligmﬂeﬁf)%gg& Wateforiﬁert%k?aﬁr%ﬁ. phase in
m )\ - oxlae, e, , )

unreacted propylene, glycgl%%egeéﬁ%ecoﬁpétﬁgrﬁpé’ﬁédﬁ%{bla@ﬁ%é. under epoxidation
cousifansteulfiyenigen peroxide magcatpo:HaNIS LI RIRRAIONPIOMM L. oxide
watfe aamentiongd.ntegrated process of this invention effects the 7

separation and purification oFa chide epoXidahdn Eaiofthrsduend acetaldehyde.
U@@Tﬁﬁ@lpmﬂeé@ddm@hﬂambﬂﬂfblséﬁﬁtﬁﬁﬁ@%é%i%ﬁ?eggpylene

with kydr Xide. Advantageously, the separation purification

process o tﬁ?ggﬁq\{%ﬁ ?c?nuﬁ{rje r%gagg%P SEhukfidbipripieien stigetmbetisaparation and
pu@@wﬁeml)élegq:auk ppwm%mldﬂgﬁ@@@{%m%@% ?fle e GZ{iqS obtained in

. e L h 2 PIL
theoGRALAlian-purification proce s of this invention produces little, if any, loss
g o%%ro%@a%ﬁg Cc))gi ’éoﬁ’ﬁgﬁﬁ%t‘%tfbﬁ’g TUFGR-REACk YIS Wit YiieBgsaoblor the separation-
pusfagsidtiversobesntdd thimiglyeaisrang-ines hsavies,Laraywing Eigure. .
collystrates a preferred embodiment of this inventionfﬁ\x/lvhereigJ aé %gllﬂle oxide meeting
propylene oxide ‘?‘elggtio%aﬁ‘%ﬁ%t, o%%ﬁe%dﬁé‘ﬁﬁaﬁ?@@ébxF@&ti@npafaﬁon-puriﬁcaﬁon
Prowepyiérthiwitvdntibiogesdpesoxide: S Puifier i 3s H;%gﬁ}&i -Rurification
Sidgpit% m Sris'mg fo dis{illatiqn towers. asgdescribeg in etlgﬁ }élr(é?n%%?eﬁd through
0 Detaisd Hede lu%‘ﬁ&ﬂ S FERRES TR rREin doenmcelssaint etitioheavies.
Drasglates to a method of separating a purified propylene oxide from a
prop%qene %Ci%z eEO){oxidation product comprising propylene oxide,
methahdl WatePSSatt B ePiriRirethPrmrsineet préplienmvEheqroeBsSin 2 crude
propsaiiciaitidachiavasdhis cdasiredigaabwithgyt ypacespiable losses of :
hyropylene oxide to propylene glycol, glycol 25 eléﬁ‘er;é %% oat%%l} dfiycBropylene with
Y HOATeR i &chﬁ?&élbaﬁmmrmg@paumm toprepane four distillation
tovpspyteie @Kide asdwell aseihipgthe process of separating the propylene
oxjde from the epoxidation reaction product. The process of this invention
oLinek

Detatled Descrintin

The novel process invention relates to a method of separating a purified propylene
oxide from a propylene oxide epoxidation product comprising propylene oxide, methanol,
water, acetaldehyde, and unreacted propylene. The process beneficially achieves this
desired goal without unacceptable losses of propylene oxide to propylene glycol, glycol
ethers and 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:

() 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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low yield losses of propylene oxide to glycols during the separation of the

oxide from the epoxidation reaction mixture. In its broadest

W%%%%@E?k%(novel process comprises: 30 {a) introducing a prdfyléne2004/006529

'oxidet{eact'ongroguct comprising from about 65 to 88 percent propylene
oxide. Ton about 1P AHb IV A5 pdve v shbtHiatola drtmass@MIO of an extractive
2004/@88126PLehid)S2004/006529 than about 0-5 percent water, by
weight, into a. hottom section of an extractive distillation zone; (b)
introducing \@gt‘é]ﬁliﬂ@&%ﬁ&ﬁ’ﬁéﬂﬁ&‘l@ gactionrohsHiseetitractimidistiaiione distillation
zone;Z{g) removing from said extractive distillation zone under extractive
distillation conditions a bottoms stream comprising; methanol, water, and
propylene dXidESHHy 1B oVIRG fromdsatd textioetivii dittilfation-zane wader extractive

extraghive sistillatamn:corditi rhead or side-cut stream
comprising a purified1 1%@ girc%ﬁ%%%%\é% € essentam? dad %‘18@6‘?@{%&6‘@ propylene

and VP5#8e; the extractive distillation conditions being sufficient to maintain

a yield loss gfyprepylese, oxide of than about 0.3 mole percent. The _
phrase "essg%tially de%%%d)%%?rﬁet %ﬁ%soﬁ}‘ghaé’ﬁ e tgﬁé‘r@g?ﬁegﬁ%aﬂ’ﬂ?@r extractive

concehtrdBarofoonéifians| imtheverterieart orisidencut@isiate siheafs o purified

compri e : L. 15 50 parts per million (ppm) methanol, =
el e ot T R G pPaieraBly i binalstiltion

than &pRAitas hemgreditmiont by weighinTheiplease: "espeaialie 38Y@id 9% ess than

wategb%gglbg%égﬁege% Jpean that the conce_ntration of water in the
overhead or side-cut distillate stream comprises no greater than 100 ppm

Thearbratsy' wedgtialin depoéterfenictimbaldiment dhis Ve HRRIRY 8RS cBntration of
mBQUELPracass QI Q_separating a pyrifi %%ropylene oxide from a

propylene oxide ee%lgﬁfgé)ﬁo%%rg&&tﬁ:%ﬂ&% ASAER (SRS cify Seater than about
SOeprridetioniPiod qopeo mpsising frene fabou, 68 tor B8P RaRNHHARY , and more
prgfgxda%’l rom téolfjetrlt%to 3‘5? (Pu(%r:ignt methanol, and less than about O.

percent water, y weight: 10"an xR iE Griflaten weisktat dbsuphrasdirsssentially
depsit dfftivati oveit ddestalyen me asssie ehiron:tbsnbeikiens & WeAEIME overhead or
s ﬂg&ﬂl@&ggﬂz en% E@ (i:rclgoducing water to the u(%)er-half section of the

extractiyal g Sjkealn comprises To greater than 100 ppm water, by weight.

In a preferred embodiment, this invention provides for a novel process of
separating a purified propylene oxide from a propylene oxide epoxidation product,
comprising:

(a) introducing an epéxidation 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 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 23 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 bottoms

W(geiq‘ﬁ)%[g}{)r(e of about 55C to 75C, so as to remove from said extractive
iS |fa ion zone under 30 extractive distillation conditions a bA€dH S 2004/006529

stream com@gsing from about 20 to 40 percent propylene oxide, from
about 10 to'$ SEReEHEVENR, said fromdbyoudis0liati6n percent mehandlor side-cut

by weighty s - VHE: %Q% A4S2004/006529 (d) removing
from said%xtragf\l/e (TistiIlat%rﬁgﬁg%%%\%rﬁgggﬁ%ﬁ%@iﬁg GFidinno greater than
comPRA) e Mo oqeauAsE O IRMSE Ty i
an .ahoy an . N0 grea an abou ppm methanol,
by wei ht; the extriaytt:%?\%%%%%atlbﬁ%g%ﬁgiﬁ%‘qgO RHRY s Sfropylesiethan about
oxidé offeds rarraboutBolSimble fencehtwpreerably. jessthamabam preferably
0.2 q’gggetgﬁ{%%%t@npf%%g% gg%g%\bly, less than about 0.15 mole T 7
e a

percent. In another relate peci Of this invention, the overhead or
side lautasggiem r@mérigm@@mﬁymﬂﬂi axdatessemiallydeNeid Afr side-cut stream

Cox@l@&@ Mater may be further distilled to remove any residual
“al deh%%%%%t mayobleg%/rggseerrfﬁl@s a%ef‘éof cOvePEiRply e Toiskideay be further
dispillselist remetinguuonsibralall grhgkiepuity Sigrelapass SHCR AL NS cover a propylenc

SO oxide. product comprises greater than 99.95 percent propylene
ox ﬁ!)% t ﬁglge%no commer 1a§),[|%an elBWIEf)ﬁEWQ?éﬂsn 6"@#&5&’@? tharpigpylene oxide

oxide and contains no greater

prosiuet nmmamgst gagtmc_ilw&e@@@ﬂﬂmc%ﬂmﬁpﬁigﬁé“m% e é&(ﬁgﬂg no greater than

1 Oé‘iﬁﬁlctwé@e'? invention is an |8te rated process of preparing a purified ~ ©
propylene OXIAE comprish 8! f&bﬁ%ﬁﬁﬁb%‘é%@fﬁ%wm1 aldehydes.
reaction peoductaspenpridizgiprenyiens %IQREMH@B%C&@':%% pre%}aril%% a purified

pro? taldehggec, and.unreacted propylene to obtain a first bottoms strea

& =
rﬁ%?igfﬁlg a Blonr%rol%lr%ﬁ'the methanol, water, and acetaldehyde and a first

overhead stapaiistitimprisngPpyiens SRR MIreRGEH R and
the balg\nce of methanol, water, and acetaldehyde; 20 (b) E%gt)l@lﬁ%l% ﬂ?(leng propylene

first SVETHER LHFE m Gt Ete eaipidteifovenduBisatistly prepeloedo obtain a first

propybeomastecaecandisniest siGanT apd.tedes bottams
stre tg%gegg%lgg from about 6%%88 percenttprog%i}?\%%?(%g angtlggﬁyde and a

abodt'1 o FESATIMERRE e J¥ AR REb 0w 5 warsettdvatepyfeam and the
abom:h&ﬂcab@;ﬁ@mﬁ@nm@;@l@@%g@;}%@ss than about 2 percent

unreacted %S)%!s%rl]l?ﬁgb ){ggeilrlgg ;overhead stream of ste i
p (2) to remove substantially
unreacted propylene as a second overhead stream and to recover a second bottoms
stream comprising from about 65 to 88 percent propylene oxide, from about 10 to 35
percent methanol, less than about 0.5 percent water, from about 0.1 to 0.5 percent
acetaldehyde, and less than about 2 percent unreacted propylene, by weight;

(¢) 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 exiraction 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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25 (c) feeding the second bottoms stream obtained from step (b) to the

bottoms section of an extractive distillation column and subjecting said
WY E3 8 tractive distillation with water as the extraction SOREHIUSREBI006529

extractive distillation conditions sufficient to obtain a third bottoms stream

compPiSIRY ko pylesiein e yieldtéosand methdant. andaithinsboverie@st distillation
or sidgs u(tcﬂge@gg gomprising a ell.grifiecc;l 30 propylene oxide containing

residual acetaldehyde but esse tlacfﬁlndevoid of water, methanol, and

propylene; ddd epptiordlly reciopistréenthodbptising Hrieacies, &y%(@c) tof step (a);
0SS 0

2004/08319 /US2004/00652 opylene; wherein the yield
propylene og?g:ﬁ)y? %@)’(ﬁ%&?\% %%él) Iggﬁéllre iStidscitartoryrowed
percent; (d) @fmﬁaﬂl?ﬂwwmﬁ?@mahmb@mf ,gtmmetr(ai)pﬁ%{%ﬁl step () to
step (a);. (e) optianally, recycling.the top stream from step (c) to step (b); -
and 5(%3&%)&‘;)%Bﬁ%’ﬁlﬁaﬁﬁﬁﬁé&@ﬂ%&fg@%%@# giadediitrttream from

Instep (e) the phtairs!'punfisshpsdpyleneioxide eheammereiah FadePWity We balance

o fst[%c? ﬁ%&hﬁe hrases "a PC}%rtion of the methanol, water, and acetaldehyde"
"angd "the Bafanca®sh il AN VWate Aralrsiethati S diesmbelow, wherein the

catesoribtionftiy dierein keihanviherats, thedconeeRERIAN H2an0eS:0% bottoms and first
methanol, water, and ?.cetal ehyde in the first bottoms and first 10

OGRS A GRS e8P0 SHHPrerrsided agaieiiesdat shab tshialkireto mean a

cdakammtoisnednestebiebenl atiusetiagetaldehyde ntiess than.d pefe
ferably, less than 3bout 0.4 percent, by welgﬁr?\t. In sttgp (3),%1e gﬁ‘r;élég"‘ peroent;
0

re
DYt ity 00 Sliafolesieaiipk drepi foah amthanel thhall be taken to mean

theoienirrinnelonethasgkibing svashead or sidecut disilais stream omprises no
comprises no greater than about 50 parts per million (ppm) met anorf,1 l%y

SRR HRAM et cf) thats rRetsB B0 S8R Haveld ol Weight. shalstoe (c) the phrase
"hakanAoyaeasdhat hasongentrtianef waterin she tﬂé{%%h%%ﬁte%’art%ﬁed Water in the

stream comprises no greater than 100 ppm, by weight. A puri

OVB5otbRE BRI EREHY COMPRERSIAIY BIEEpUBIsEdards ShaleiatgistA purified
piegsentialat %%%@&%%&fc%ﬂeg@&@fﬂ%@@y'ﬁﬁdg@ it R Qrsater

r .
than 100 ppm water, no greater than 10 ppm methanol, and no grelasleEe?SSGnﬁauy of

QQQQWWWrﬁ%%ngé@@?@@FJ PH o pefetirad B gotimentty, no greater
thiherogmReivaidistilation.st g&{@eﬂﬁl&ﬁ@@ﬁ;&dﬂgfﬁg@?ﬁs{,vteelnfgerature
erp

greater than about 55C and less than about 75C. In an Feterred
embddihErEedsaiimh ke dipats dhsovarattradistilatonatepit) is conducted at a

b%ﬁgﬁlﬁsﬁ%ﬁij&%‘fgf 15;?%‘ %%% %ﬁg%}fggg%ﬁ?gg%%g A 0rS WET eﬂ?gl}/dther preferred
embodiment, distillation step (a) to remove methanol and water is conducted at a reflux to
distillate ratio less than 10/1, more preferably, less than about 5/1, and most preferably, less
than about 2/1.

The aforementioned crude propylene oxide reaction product is preferably obtained
by contacting propylene with hydrogen peroxide in a liquid phase in a solvent, preferably
methanol, and in the presence of an epoxidation catalyst under epoxidation conditions
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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than about 2/1. 25 The aforementioned crude propylene oxide reaction
roduct is preferably obtained by contacting propylene with hydrogen
W‘gé?&%fﬁ‘éli?f’a liquid phase in a solvent, preferably methanol, anariwshen4/006529

b presence of an epoxidation catalyst under epoxidation conditions
yﬁﬁ%@ﬁt ﬂ%ﬁéﬁmc_ra‘d@@aﬁpy@?@M?@diﬁr]ﬁi:@@lﬂ)’é’!@?@lgltered from the crude
r&MBRESRgIRropylene oxide, water, solvent (methanol), glycols,
P acetaldehyde, and ?J%rgé)cc:%%dc} 5’%(1306yf8n1é1.“5‘ﬁ’1%$ Serciprsaientausbigasion scheme of
thlb#é‘é@#ﬂ@ﬁ-the crude epoxidation product including, for example, lights,
such,aspLo d by-products, such as propionaldehyde and acetone.
Generally, I%%I%g 82#&8%2) KGRI BpRsetmabhisrosesdiooriditbnsated in 2
prafsmeihienite dheprod mtmm@fm&fé%@:%@,@%9&%&%@&?&%{%%%%&% >8ioined from

Dysprogycts, such as glycols, Typically, the epoxidation catalyst is filtere
th“fréé’r%‘&%%&ﬁ efu e %e‘%hwﬁagmr?%aéétlprmml@amﬁan'hgemand comprising
raoparativipuitdation sveme:of s i ARBeAMSIIRGE B HEUE Ly oiycols

ang%?e,icr& tgﬁlg]gvgllgg ess of this invention is illustrated i prete

embodiment A e gs WriRe iy sRopddaHan T eeatsticn [froduit lobtaineitito o first

disfianiotherepoXidaiionief piande o wilBhndregenRaraxide i methanol,

an C§ollv%nf and comprising. propylene oxi_de,_r%ethanol, v%tgeir?%%e gi%aréﬁ“)l}geefny glycols
u e(g‘hﬁf p%’éﬂ%c} AHBBHbRARPGIgatinn anecghycoletnergfotmtom of the first

Q

acte
distlistignthenepakidationpracess; isdeehyialing, Xk inig.a. first. distillation
_ndower Ti for the purpose of removing buils me%hé’no#gggﬁu\?fa rr‘?%é)%%wly methanol

ol 6ts T A GiyEaretesftehiel alinab aespesitdtichydoeas stftovkygenated
byhelinagtoroafthe fiat odigiliaiontowariiare s %?gﬁ%l%fﬂcr)%t[aqgé%) %ﬁﬁge{%@ bottoms

S3 cao taé?rgng predominantly methanol and water and minor am

SUSROBIIY REdPsthare] srdaidfeny Hishhg torme: dryge SatedtypyEIOdSats to a methanol
rec6Valy aioHen SiHhe ac wee ically-obtained. in the first bottoms
, stream \/_vi_t(kﬁl the methan?l%ﬂ Wat%eri.§ %??si;& (%grrﬁ? Sf}glagog?,‘@tﬁ;p ghgls and any
othgr, Ryt thA k6| EseEetdeRir¢hseshowrenydlgdire) foiweparation &oxidation
probeeshanl fsesvadekaycals: other impurities. The recovered
methanol can be recycled az 2%?\%%%51 tﬁ%%c oc%é{a |01[?‘l16 ﬁﬁﬁaﬁ&%éﬂu&uon tower
B raersaibihrreinnberdisBoveddriiniote dotwdh & extiaftive sistlaioBteam, S2
corl@NaL deseribed here _ distillagion tower, Tl, a first '
overh%-g)gogﬁ,am, 52, Contﬁ%%ﬂg}g@ﬁgb%aé%%g b%}g'ﬂ?@%ﬂwéﬁ’ unreacted
Propylane Ape Ginicatstanyeprpmens presote ds 20 fiopy | ane fad dotypicallyiaRYower T2, A

secPHORARELBERSERL I QRtal to distillation tower T2. A second
overhead stream S4, o’%ﬁ%@?gﬁ%éﬁ% ?olnr?’t"owgreﬁ' gjgaﬁﬂdcf)?ﬁ‘&%ﬁb‘% propylene

andp?ng)@r],]éf other lights, such as propane and oxygen, is recycled, after propane and
OXygen removal, as raw material back to the epoxidation reactor (not shown in figure). A
second bottoms stream S5, obtained from second distillation tower T2 and comprising
propylene oxide, water, methanol, acetaldehyde, and less then 2% of propylene and propane,
is thereafter subjected to extractive distillation by introducing second bottoms stream S5
into the bottom section of an extractive distillation tower T3. An extractive distillation
solvent, in this instance, water, is introduced into an upper-half section of extractive
distillation tower T3. Thereafter, under extractive distillation conditions a third bottoms
stream, 57, 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,

10
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and optionally other lights, such as propane and oxygen, is recycled, after
W@rﬂg%%gﬁd oxygen removal, as raw material back to the epoxidation )
reactor (not shown in figure). A second bottoms stream S5, obtalifiE Hdmpes2o
in %%gorll_gfdisti Iatic13n EﬁwertTZ and comprising 25 propylene oxide, water,
SHIRGAT AR S YeRe e Suktt ispyicte apmmptoipanaorizlene oxide,

methanol, acsta

untheredfteosvikjected ipaxtatiivesistiiationby intraducing:se: i
di%i}%]ms streani S5 into the bottom sgg?on of an g(tr%c'ti\’/é di%?l atei%rff om extractive

PPRFORRekitactietistflatan torgertlsn thislinetntion, waear Tis for recovery of

prépireducaddatemninae phalisaction elaxtragtiye. distijation tower T3, .. ... .
Thereafter, under extracgi{a/%%distillation conditions 611 tﬁ%@f bllgtgtggm%%ﬁcéve distillation

08He hina S SRS TRy IRh e ki, Siater, Hathanblaiand einprising a purified

prépyRUBt Ofiglyeplsdsarenayeshiiomsaid axtiactive distilation tower T3,
stream S' ogtlonally may be recydled to first distillation tower Tifor = “>>- ALy

deygid qing: Sepsr atrcpuliitdtiorcsyednstraduitionaifie-ct0 Weam S8 is fed to
iRIRAEIT06 PATILSN04 00652 ORISR COPOUIMEN AN .1 eiyde, o

overhead distillate stream S6, comprising propylene oxide, TRrea et
foyth pEamasasticHal (Petbeighteompeisiag propaltecis:abtainehitaoh amounts of
ractive - distillatian: ] ay be-recycled istillation .
a1 AN e ger side-cut
strpgalifid AannridanearbiaiVe ristikdioropisne nxiia thidioyetieadstitade purity
staBfiSide-cut stream, SS, is obtained comprising a purified propylene oxide
optionally containing residual acetaldehyde, the stream being essentially
devdi efepustiraetolvaitil thatero®srdbbvbiheadeatioamins siddecupsiigaion reaction

SIS istillat T4 10 recover a foyrth overhead stream ,S9 |
Pr cpmpr%%%%égetglg)ebg%&g{va% gfof}?é% %%%ﬁ@ %‘%Pé’i?ﬂesﬁ dfpgm)peroxide or an
eqeiyiaiprsing propylendloxipesencemificmarewiatdl GheByy IMPUEERSion medium.
Tohigh | ' r d to tower T3, and a. fifth bottoms or side-cut .
SR RS Ao Tty hevine a bl
pogdrhatersialthrablel ugityoistandandpylareconidtanse withthesprabessaPhdhis include,
. invention; t ude epaxidation reaction product generally is obtained by
N  Ey an S AR b e OB s, 107 example,
tetprbraliokuimthe bledenctvttiarep exitlationagtily skimpreacimeNgdiu® process of

TYRically, the reaction medium contains a solvent, preferably chosen as
R 8 Bl i E1Hr FBByABRE BRI preferaby

emphiterd Ssiffablecsbiveats inclsiddly intevialia aalephales MBS concentration from
el e busogk ster o canele fetahygolioncr "
used mixed with propane, typically in an amount from between about 0 and 10 volume
percent propane. Propylene is fed in excess relative to hydrogen peroxide. Typically on a
molar basis, the propylene to hydrogen peroxide ratio is greater than about 2.5 /1. The
epoxidation catalyst, which typically comprises a titanium-containing zeolite, such as
titanium silicalite, may be provided in a fixed-bed or alternatively suspended in the reaction
medium. The epoxidation reaction is typically carried out at temperatures between about
0°C and 80°C and at elevated pressures of about 10 bar (1,000 kPa) to 20 bar (2,000 kPa).
Such processes 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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20 this invention, methanol is preferably used as the solvent. Hydrogen
wheHRXIie [g,preferably employed as the oxidant and is usually provided as
aqueous solution in a concentration from about 10 to 70 Weig’r{%jisg}éé(ﬁ’tf/”“(’“”
e ég{% ly, about 30 to .4§ weight percent. Propylene may be used mixed
P w%f?h plrc?fo e s ﬁ%ﬂ‘fﬁ%%o APHEY bEte Al shdiieocards Bpaidatien reaction

prsbreentmpopen tefupylenedsoipdiamxcassdslafve Lpdydrggen.paroxide.
Typically or;Pa 25 molar basis, the pr(()]&/loene to hydrogen peroxicfe ratio is
greater than SO S¥tlerpROE i adkivh catalyst, which typically

comprises ajianitn-gentadsing geofite, such as titanium silicalite, may be
provided in affixed-bed or alternatively suspended in the reaction
medium. Th& Ugbsabatichiredtlion is typically carried out at temperatures

between abgut R 0¥ Rchaliglavated pressures of about 10 bar
(1.000 kPa) to 20 bar (2,000 kPa). 30 Such processes are more fully

described i} tREY RSt GaREDIe, I8 disclosed in VO-Al- 09/14295. The
epoxidationisajges s hpically SEpaY AR IOTMAR fride phoxidation

reaction product by filtration or other such means prior to Implementation
of th“dtpdpdeishcaiasain 20473851 96 FIBT (ISL004006628c pHpificaionn reaction

pri@eess ofhis isyentian: fypically lyst-free crude epoxidation
reaction product comprises the fol.llgv}\%%%%:%ﬁéoﬁ%%qu@ REAA %actlonauon under
condifienitayEicispiieirtropropitaatioXisduiibontBatm Bib videthahlols, a portion of

thed % r, 40 % Acetaldehyde, about 0.01 to _
0%‘%§§%8,p§%n§§a\t/}é%}§ 0.%%%33/%% rlopgf e%lgsglycgi}é%@aaﬁ}&of%%/igi typically

cmagg@g@ _f;q@ s wyithrefehencé ataiete thigusbdnttie datalyatitenemideThe crude
epERRASIAIRRERRR0aH0 RIOAHEL,IN SEEam, Sly 5 fedfo disthiaipn tgwer Tl -,

_and subjected to fractionation under conditions
distillssiemwanyainsicenethldn el andmrerugly o khea PO thoftdRer greater than about

40@?@%‘9&8&&&9o?gté}%{e‘?gé%eg%"fﬁ gt@ﬁ&&%%{%fé&%&%&%ﬁ%&en about 100°C.

typically comprises from gre an abou
Theneoetisaiostayesuithis cypitellepoxidetidnnesetion psedubt i 66MAY The column

prei&tﬁpgli'sc %@éﬁ#qgsy RRs! ajblg’u Fg%g@gg&é?@&gﬁgﬁﬂgﬁmp%%g%l is operated

generally - temperature in the top
at 20efluRHe distillatioratperbiss tenecrally, A @DPAMREILIS MRS BEN SHFIESA | and most

0C.. Th lumn top pressure is typically greater than about
pret%%g%br%pgsg %1%?(?’%311%1?5 column

A bottoms stream S3 comprising a fraction of the original methanol, water, and
acetaldehyde, and essentially all of the glycols and glycol ethers produced in the epoxidation
process is obtained from tower T1. More specifically, greater than about 85 percent, by
weight, of the original methanol fed with the crude epoxidation product is removed in
bottoms stream S3, while the remainder of the methanol remains with overhead stream S2,
also obtained from tower T1. More 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,

wioWw r TLis operated at a reflux to distillate ratio of less than 10/1, more
E)S)re@?g k;"jgfgzss than about 5/1, and most 20 preferably, less tH4RE4BEU¢4/006529
2/1. A bottoms stream S3 comprising a fraction of the original methanol,

the Lty I5ReE oxtdtdrdenidharimdsssaamisinian plafiechiviolsantiglyeol ! is contained
in @E@e&é}!{fé‘aﬁcﬁ?@m%.ep?ﬁgjﬁg&@kfg%fes?si iqingd from toﬁeee{d-ré'treaép S2 and

More specifically, greater than about 95 percent, by Wela%t%?r e origin
botiteRaisiradSAithl ticaHyd &eposbiesticn prothatt i§rermovedafntRb hotlamsaldehyde

praieam 83 while é%@xﬁﬁé%i{‘@&{c%ﬁ‘gﬁﬁ%ﬁa{é%%@ai” with ov rheaglde overhead

stream S2, also obtained from towe ore specﬂllléa ng At thai
strgigB U BovPerEentmecasindsant sbouct00ipbydent, hynweightyiaf the bulk methanol
2rigina! methanglfedd 2r 1] ved in.bottoms stregm S3, while
au'the balance remaﬁns‘ in%%b%%@%@gq erhieat %%ré%?ﬁ%zéf%"l’(%fﬁ?s propylene
oxigteatesttvanlabotizedi paite medandipreterttly, fyreater thanaheidit P propylene, and

rox%?{i&edﬂo@/oig—l’{’zﬁ%%'}tél%f ath@qﬁgd%gg?fggewith the crude epoxidation product

wer TI Is removed with t toms’'stream S3. According to the
inventiottotypistityrmoiectapriabout @fhpectentidpratel aAohormere thag acetaldehyde

ut 980 percent, a d‘rpo e preferably, more than about 99 percent of ]
RPN SR B e f e
sheher aruigepoiidetiorpraductoniture-jol towend és cantAingdosadeWater obtained
Loverhead stream S2. The acetaldehyde is gplit between overhead stream
fro %h ﬁ ‘fil v gpnugg %e%} ﬁa

B R HOROhETS RhICaly iRSHT 3D STASEH Yorssbrit s vkt dndistillation

ﬁl(l)cI}nS stre
toveitAB tutal secetald elydeiyardieillaitoihedtregle epoxidation reaction

produgt remains in the %ro Iﬁln ??ide overhead 5 stream S2; whereas | )
the remamder GEthe Rcetaiferyd@ S Farsdbedsmey bk rmethanel and water in

dissitid tivates webdttoths st)r&faénc&ﬁsﬁi@@w @@M_S@QE%@Q&HQ@&‘ @&iﬂation tower T2
g/lene .oxide, metganol, a significantly reduced quantity of

o CRMRIISES Pro ‘ [ _ |
o BP0 RERRR RO S REC P Sb oD RE il weog propane. The

lightetildghyide fegvddaiboiesfiteam&? compHHGMatRanshMmateL,and, Reparation,
ion of the cetaldeh%de 10 and the overall amount of %chols fed, can

.__port
iR el o RGHHAEF 1SRy i A, SR PRRGURSTAEPIY, ereater than
absecogarethgnailor iecyslaseciherepDY6latien Bracessy ARl RIPIAEH about soc,

an%rom%he rget ang| recovery unit may be disposed as waste or partially

YERFRP Bt BR8P or Lke 198 Rreesira ahvéivilatianotowsivéRtis typically

grdaefeting 4gain 1bmiguse dodoteyyingdhesemaval af bl Meian @89 From the
5 distillation tower Ti, the overhead distillate stream S2 is fed to

water in .
sequl sdﬂ?gé?&f%htf’aw&r% an overhead stream S4 comprising propylene, propane, and
other Ilights is recovered, which may optionally be recycled, typically after further

purification, to the epoxidation reactor wherein propylene is consumed to form propylene
oxide. Following the separations of bulk methanol, bulk water, unreacted propylene and
other lights, and glycols and glycol heavies produced in the epoxidation process, the
propylene oxide epoxidation reaction product obtained from tower T2 as botioms stream S5
typically comprises a composition having the following components, in percentages by
weight:

Propylene oxide, about 65 to 83 %

Methanol, about 10 to 35 %

Water, less than about 0.5 %%
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for the propose of separating unreacted propylene and other lights,

including propane. The lights distillation tower T2 operates under

conventional conditions for such a separation, including generally a

temperature greater than about -25C, and preferably, greater than about

-20C. Typically, the lights tower T2 operates at a temperature less than

about 5 ,Cﬁﬁlgﬁlﬁ’ﬂ?e@%‘é&llg’s@% an about OC. The top pressure of

distillatigndpyvatie] R4s dypicdlyt guaater than about 2 bar abs (200 kPa)

and less than.abouyt 5 bar abs( 500 1cPa). From.the second distillation

AR5 TR SR o S O Sn  drr B L S over
T2 is 6theo lightstisadondéraditivhichwerallopiioigatiy beprepyisiely, fopiclighagiéiciency
separa]?ijor}xh Sm‘dﬁy&%’éo&& the SPRdaton aﬁﬁ?%{e_whﬁlr%f nppé%i)ﬂél@ NBodiment, the

consumed to form propylene 25 oxide. Following the separations of bulk
extractivsttiipidiation water, hréapteasp@pyindandaktierifyrbsosigad ytpss. and

prefer19. PHGRINBAYIAS B Sduses dadhesRpaXitatqidlEAcEssn HaaimEppYIRNE tractive
oxide epoxidation reaction product ?\?}tﬁ?

) ined from tower T2 as bottoms
iAo UiHHEE R0 A oSS AL MR TG00 ess than
about IMpesentsl ingpesceriages by mieightadtvierdpyibdagoxidinaboutpsSdoed for

SS % Methanol, abaut 10 to, 35 Water, less than abaut 0.5 % .
ccono LA ST T 8 Uy Ene LS it o o dsin
The pRefémingxadyaiertsiFigueduct hottwned strbelinB5solbtanet g iymightly comprising

from SISHIBSON SOWEL AR ISHIR BRRKHRGIVB AistHaaB Jover ER AL RIamaRol, less
appropriately for a high efﬂmenctéfgggaratlon of propylene oxide from

than abethAdIcarrERESE TR Btifentethbatririigydrstimgtitsss than
about IPWeFcdi} GREQIBSgSALRE AN abekt A theaietisal &alages danBottom section of

preferably, greater than about 50 theor%ic IsIa\ges, In g preferred -
extacHSUHAE 108 Bk 06 CAGHRHRSE i 12 EBRA L IS tnBR B gfeton
shall HORtbeasatical stagesioand/prefarabhiptessiasurathasitiBdttieatetioals from the

botton?t%g %he -Eg 5 oF ech%f %)Qtea%%{{frg G ]iga?llg{%rlll_laggg Cls)tlgf%}rgbl%,p Eﬁé‘e %%q(i@&iég reaction
economic reasons and ease O eS|gn., ut the inventi n sSno not be
produlifmitéairiolscrchiatel dsigrtratiey prdgilletien oxdereaiciideiprdytivecoghanete first

and fiflf ngg%%ﬁ@%§g§ﬁ@g WM%%R%RV%%X@%@M%, W3 in this case

percent propylene oxide, from about 10 to about 35 percent methanol,

is waliisds inupdapRsirOAEPREICENt AR bt Mt aboRtEIs RRREne oxide
distin@eetasehydesiandless thasmabeutibRencens prapyiensidaycueighin isrom about

theore?i%gleggjg%lsly2i?grgdol%‘chgvé?t%3t,hr%ete)181£tr%21 f?o%(q:tjtgg t%fp down towards the bottom of the
column. If the purified propylene oxide is taken as a side-cut, then the propylene reach in top
product, shown as stream S6 in Figure 1, optionally may be recycled to a propylene recovery
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 less than about

1:20, preferably, less than about 1:15 by weight. Generally, the water
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15 extractive distillation tower T3. For the purposes of this invention, the
tern "bottom section” shall be taken to mean the bottom 1/4 of the
column, measured as theoretical stages from the bottom to the top of the
extractive distillation zone. Preferably, the epoxidation reaction product is

intro d into the. extractive distillation column at a point between about
o R T T S Theabieh o it - s i abour

118, xwatthvel sbivent, whichlite thidusaselRalistwales, isinfotuced Rhapainb plimum
ithesypperhalf afthe sely rified propylene aoxide distillate, shown

et as stream 88,tis r}eﬂ)mrovedrH% I%ﬁé (tglc))%g%prlsa%%gi Se(%gat‘%% Zen }#roc%tg%gﬂ pmn T3,

the reHuyratieacazghy vib & srevwchasabasbdisau dfonbhestopaddban about 4:1; but

geneit@l¥yaeds e bestemoof, e selumny IfithedurfiedPsapylens;gride is taken

as, g side-cut, then the propylene reach in top product, shown as stream .
S6 I EISENEAd SHBRAR Tl Berrstye gt aliprofgiune rdisvergs2mwer T3 in
Figursystenyfon Bxampieitbé secondstagd distilati amtowen T3 dessined than about
o in, for recycling. of lene to the, xidation process. The L
5 et B e R P g
propylssedesikélt deigide dbpurifigsitidiyof piopyksnetbaidedsoeffedied. Mole  percent.

Typiciiahle AIGhIARTied Rropylenc. oxide dR.siream, ratio (waterffeed o
'S8'ratio) is important in achieving optimum results in the 30 extractive
that gAY G st o Ak PO slrarenlbatioavilitbs tasadistillation

towelBSp3RAU al 2heRigicHREN6 895 tRN@POYL LS 19%)’,"%%%&%%\9@' eater than
b thehwz?éer %éf to purified PO stream ratio will be greater than about™1:5,
sboutg b AR, Siasalivndls BMGHR to e IR A B s dabtessure Tes

than aieflux tendligtileitantindpretpatiatein aahigvng OptmyIBoRSHits. For the

case that purified pr ene oxiﬂe.is taken as top stregm from the column
T B S le? e eptrsgoons
bottogyretiteanthiar blooedAliet ity berrenpllisde ssetiizivahaut dBpbnams, in percentages
by walsgferably, less than about 8:1, by weight. The overhead temperature of
extractive distillation column, shown as tower T3 in Figure 1, is typically
maintain&&PRY 818 fedthabrigte=@Pthan about 35C and less than about

45C. Thevhatiams i8spenagyrs, of the extractive distillation tower is
important in maintainingza0 ropylene oxide yield loss typically of less than
about 0.3#Sle Fr8HHE: fo}gr ypically, the bottoms temperature of the
extractivedistidatigiytolyabiatoan@ped in a range that is greater than

about 558t€r}d fes than about 7 C{g(}r/?%%?u/y the extractive distillation

tower is ope?age}éfg Sg%drélggﬂlfes’ga & &bout 0.5 bar (50 kPa), and

Prefenghéferab ot prosteretivarrcabond dsbarcd{iO7kRa) thypicaiktibedisxtiantivewer T3,

is corciptiiation, tﬁ’l@’%fdéeoﬁ%@tl%ge Qrﬁ%ﬁqﬁest?esa t%f’m gb&%}&eg X gr(s)to distillation
kPa), and preferably, less than about 1.6 bar (16 ﬁBa)r.

tower 1 for recycling through the separation-purification process.

Significantly, the total yield loss of propylene oxide to propylene glycol and other glycol

heavies, obtained over the total process, is no greater than about 0.3 mole percent, preferably,

no greater than about 0.2 mole percent, and more preferably, no greater than about 0.15 mole

percent. 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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15 By operating the extractive distillation tower under the aforementioned
conditions, a bottoms stream is obtained that typically comprises the
W%ﬁ%%mﬁ}b%f’mponents, in percentages by weight: Propylene Oxigleyab@iioosszo
20-40 % Methanol, about 40-60 % 20 Water, about 10-25 % Propylene
elygpjeandabisedluBues, fiother diydols bndbeaVips oot &40 £%1to the extractive
disfiigfgrably, the bottoms stream, removed as stream S7 from the extractive
distillation tower T3, is combined with the crude propylene oxide feed in

stre&y Spantireciclecktmdiist dititititionn2btewendddo e cyeling throyahy process
aration-purification pracess. Significantly, the total yield loss of
co e <A GtEP L Mo AvRSEisbet it -out srcam,
whishey theattabpiptessilis fdlgreaterdhanARautQ BrolRPEIGE yei oht.
preferably, ,no %eateé; n about 0.2 mole gercen/t, and more preferably,
no greater IR ARSI O4S ?ﬁ%‘i‘éelﬁgﬁé]e?’}f.o}& “éntioned hereinbefore, the

term "yield ldsthaiqropylene-oxida iefersso s mole 30 percentage of
propylene Qxide lost in the extraction process to 15 WO 2004/083196

PCT/US200450652 8" GESEARCY L8P Meavies, based on the total

moles of prapyigidengxidefedientbergxiraciive distillation. By operating the
extractive distillation tower under the aforementioned process conditions,

Tyracplisifiéc peopylehe axideishenmiishiipipedias an0Maead ArLide:CYhearer than
aboalir%m, \%whltch\%/gc lly. comprises the following components, it
B tontay s PR ?@ﬁt: Pr§ & ORfuecgAlerbydRals dpsution ;beut 0.4 weight

perddethanol, no greater than about 50 ppm Water, no greater than about
100 . Acetaldehydes, no greater than 1% [0 Typically, however, the
b

ace it 1R R BUE hBIRP ¥l sfa @2side steainerd §ramtdrahearirasttivet distillation

towBrOl3waighbpeteenid Rielesablynte aceialdehyde daless han.about 0.4 reaction
bY‘]\éVI;%%ht percent. Optionally, the purified propylene oxide obtained from the

e THRATROA PSRy Be Xirdtilie v diedrrenibmal oxide that meets
conthigd {40 Bra0l BIh E@MIVE @S I AUTLE SR distillation can be conducted in a

tower having from about 40 to 80 theoretical stages and operating at a temperature of

between about 35°C and 45°C, preferably about 40°C, and a top column pressure of between

~ about 1 bar abs (100 kPa) and about 3 bar abs (300 kPa), preferably, about 2 bar abs

(200 kPa). The feed point can be, for example, at about the 1/3 point of the column,
measuring from the top, plus or minus about 5 theoretical stages. The 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 pprh

Acetaldehyde, no greater than 30 ppm
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10

15 by-products, in particular acetaldehyde, to yield a purified propylene
W x‘ige that meets commercial grade standards of purity. This finishing
I<SAHEA €4n be conducted in a tower having from about 40 ®800S200.4/006529
theoretical stages and operating at a temperature of between about 35C
and 458 SETBEABISHY S0t sarBtipto phsolmmespresdhie ofihgteeRMvantageously

prakiautd Hauabisd B adarabs (300 kpa), preferably, .
aﬁotﬁ)z b@ r abs 2%%%01 k%ﬁ%&%ﬁ% gé{ln gécr%%ér ggg éﬁ&?ﬁbf&ﬂ%@mcuts without

1P PBitordedslomnyleneaduringdonhthe tom IMes@sminus
aboutrdtbeasticalStagesfhe R urified propylene oxide is obtained
%3 bottoms stream 510. For t%% %%%}éés%é(? i .%Yh%y tigh, e Hothgmsare used in
e Fﬂ?ﬁ)f%é%?k@?ﬁfF@#P@ﬁ@@immmﬁmmhmlueﬂrﬁ@mﬂb@ﬂ@&éﬂ@yy&f ﬂtﬂiepmp oses of

thEOHMR JheRURHIS PIRPYlene oxide, taken as stream 510, consists
essentiallly of the?\folIowingbgél%{)rgésgn(g%?g,%ﬁ b algEaThY Wadkghequal to or less

m@?dﬁ?l@?ﬁé@ﬁ@éf?@iféaféﬂ‘t@m@%&)ﬂx%wwaéeﬁlmgr%@j@tgramq@dgﬁlp%ﬁn shall be
ppm

alMgt . 0 Acetaldehyde, no greater than 30
t 16 V%%&%%)I&%ég?% lliig(gisr'llt %gg@@]ﬁ%@ﬁ@%s seen from the above

e e i o BT
" ! S %@p%ﬂex m@%?’ié’? °orS5Yidhie BRI ath dlRerembodiments of

hWithout undue los pylen

et ot B o tence o sosate anente oL Baion of i
s . . .
pparticufar prlop(?l;gctt1 co?né%%glrﬁes{ﬁﬁg&?ﬁé‘ﬁﬂ%ﬁggrémthis invention, the
Exgioels Ino greater than" shall be taken to mean a value equal to or less

than Wﬁhsgzglgiﬂiedev?lu . For e}gam{gle the wards "no greater than 100
ppm water” Shall fre takento e TEAGdRRS ¥Meas dhish MoBtprsasaling from the

epThidafivantid nroplylbesfuritie hetadfied byrasansideration 9of e follow It?ﬁg presence of
titeﬁﬁﬁm‘%lﬁi’c %}Qﬁv%gjrg i§ integ‘ﬁ%j %“o be purely exemplary of the use of the

invention. Other embodim s HRbIsE Mshhenefertiotesctream S1
to ghktiltativn adviranTa. cOhsidesationekinis ospaeificat tice of the .
TaMXEntfgn as disclosed t:%é%g] Exogﬁwple T Wi?ﬁ?ggﬁ%éggfgﬁ%%{% $ron shown in

crudé reaction p%odu%tw ixture resulting from the 15 epoxidation of

propylene with hydrogen peroxide in methanol solvent in the presence of

Table 1. Crude Epoxidation Product

Component Wt %
Propylene Oxide 5.5
Methanol 78.1
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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20

titanium silicalite catalyst was filtered to remove the catalyst and thereafter
W({}% %S%tlr%am S 1 to distillation tower TI. The crude epoxidation product
: ac? the" composition shown in Table 1, in percentages by weRfHit/25200-4/006529
Table 1. Cru e.E%So «dation Product Comgonent Wt %, Propylene Oxide

The S Y e éft%}"vgr.glpw&fﬁ/ﬁisn@ O3V PoparRIBReogPfehaop pressure,

2 baglyzo &105 @ioal ethess-Aedaldrhyde,Q.04, Qiherimpirities - F-36 17
WO 2004/083196 PCT/US2004/006529 The %perati:g}gcggnocﬁ %’ﬁ%g)fc?rf}rSt bottoms

frachigfe FRY W réSas 5B o fvAERaIURS OO top ressurernl 2chad {206 heavy
comkB@nl0tas temp @59@&@%&%[%%&%"%@ Ygaﬁrgp t 1&%%?1%%%%% as stream S2

bottoms fraction, shown as stream S3, containing met
contauueg) FEARIE AT HEaV ESPiBE MeRRs)Suchind diydailanctgiyabetiens; water, and
acetAREhadirst light fggéq{{oqrg&ﬁ)tﬁe M. Sg, agontaining propylene oxide, .

u.nr,elgcted ropylene, and the ba %x%gl%)? m% gﬁ%ofp’,{wcgt%}, Arigpeond column (T2)
contaipdig dehhjererathieighefaetd e g thierl tacionated inp SeCandr: (400 kPa) to
rem&UUMRATR) Gentaining 20 thearetical stages and operating at -12,5C on |

the top and 4%&? ?400 Us,)to géﬁlg\% éﬁrelgcg% p%p%ﬁ%%&igéggg%gmcmn was
obtajfsiet atreelinns 418680 Ao dhesiibmtion wasekianedapdetamss by weight,
as S@%%%%ﬁg\éipg the following composition, in percentages by weight, 18 '

as shown in Table 2: Table 2. Bottoms Stream S5 Component Bottoms

(wt %) Propylene Oxide 86.69 Methanol 10.25 Water 0.12

Table 2. Bottoms Stream S5

Component Bottoms
(wit %)
Propylene Oxide 86.69
Methanol 10.25
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 hottom. A

bottoms stream was obtained as stream S7. The compositions of the overhead stream S8

18
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Propylene 0.62 Acetaldehyde 0.26 The propylene oxide reaction product
'havinér;4 the(composition shown in Table 2, obtained as 15 second bottoms
WarEY ”%351,) fvas fed to an extractive distillation column (T3) coranige /006529

&ﬁr}%e%%t(i)%gl %ch;lges. %tée feed fpoint of the reaction product was at
theoretical Stage 2 front e Bbitbiie dpehiieolothnyiates wasiises 3581 3 ang 4
rapRiractble: 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 61C. The top temperature was maintained at
20 37C. The weightyratio of W%%egasegygggv Q'sol,vent to purified
propylene oxide-was_1:12.5. The top coltimh ‘Pressure was maintained at
1.3 bar abs (130 {@ayonrepurified projiyteriscaaide:stgam was removed
as stream SS as@ . Sdecutfrom-thegretical  tractive
distillation towe %@q%gglg}él rom thzjeb t83% the column to the bottom. A
bottoms stream Wéslebisined as stréag®i/. The compogitions of the
overhead streant; “61_19 WO-2004/683196 PCT/LUS2004/006529 and
bottoms stream S7 were found to be th@'@@ﬁowing, as shown in Tables 3
and 4, respectivBtyp¥iehte 3. Overheadqsgplieam SS—P;HOP31:111~1
nent Overhead ‘)/QN 04) e Oxid-e-99.700 iaiethanol 0.001, ~d alter -~ 0.006
Propylene 0.003 ﬂ%tézgﬁy)é’ﬂ%e 0,785 Pablé 4. Bottoms Stream S7
Component Bottoms (wt %) Propylene Oxide-32:52-Methanol 45.20 -

Water 20.65 Propyrlene lycol 0.25 G lycol ethers 0.15 Acetaldehyde
able 4.” Bottoms Stream S7

0.075

Component Bottoms (wt %)
Propylene 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 keg/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 exfractive distillation tower T3 was recycled

to stream S1 feeding to tower T1. The purified propylens oxide stream, taken as overheads
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From Table 3 itis seen that the overhead stream SS obtained from the
‘extractive distillation colunm contained propylene oxide essentially devoid
Wok PHEtREAIand water (methanol only 10 ppm; water only 60 g §XQ 006529
; trTabl 4%%55 s%%n that the bottoms stream S7 contained 10 predominantly
\fgbgf Bk ,%‘;?SES%I@’éﬁﬂ&h&renfihmémﬁggzimﬁdfepf@ylleaﬁ@g%%g distillation
to REORMIANRR aysOL5a1L sg&%gg : | é ~equivalent to 0. o
di weight percent. The quantitg of pr pyee%% X0 (lecﬁ %{% %@ﬁﬁé?s ahge finishing
} ' %WSQ?; AL, téé(;:f Sp; ttha:‘ lz&sf@é%%ﬂit&@@)&t%%ﬂ;ﬁ Otp?r?ﬁng e
tenfyRigReseMRALAPLod\Cion rate o g%/ ropylene oxide, the total
loss to propylene glycol and gﬂ%&% Stiere W é\%‘?ﬁ el thh3e 014 faslepoint was
thef?ﬁé%e%@g@a@mmd&mlm@l@s efpprapylenete ANLENEMNSm. A finished
rdpFRoKCed fiom.ihe ractive distillation. The bottoms stream S7 obtained
P fom extractive |§%I?§tl%qrsl ?8&%’#?%@%%%%@@ tredradim Crsedumpetbas bottoms
Progigé sTearhl furifisazphepylene oxidesstepatm, tatggpias overheads 19
WO 2004/083196 PCT/US2004/006529 stream SS from the extractive
distillation colurnu 13, can be fed to a finishing distillation tower T4 to
remove low boilmgconifiairatsP patieutacdy acetaldehyde. The finishing
distillation wasrcondueted-in-a-tower-haying-60 fhsI-nrpticaI plates and
operating at a ter?ﬁ%%?ﬁﬁ?ﬁe of 40C and aQB?f]éﬁan}pressure of 2 bar
(200 k_Pa). Thertfegdlgeimwas 5 theorebod) 5lage 1% measured from the
top of the column-te-the-bottom-—Afinished propylene oxide, which meets
commercial gra%e&?ﬁﬁ} standards, was bbiired as bottoms product

stream 310 haviygsthe composition as q@\(yog' Tabte 5. Table 5. Finished
Propylene Oxi Pr L%/&Féne Oxide 99.97 wt%

Methanol 10 ppfteilaedydoo ppm Acetildehyde 30 ppm 10 1. Maximum
observed for MeTARGhVAGh- SRRSO QYD WISE CLAIMS:
acetaldehyde, 9 ’
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1. A process of separating a purified propylene oxide from a propylene
oxide reaction product, the process comprising: (a) introducing a reaction
product comprising from 65 to 88 percent 5 propylene oxide, from 10 to 35
percent methanol, and less than 0.5 percent water into a bottom section
of an extractive distillation zone; (b) introducing water into an intermediate
section of said extractive distillation zone; (c) removing from said LLOYD WISE
extractive distillation zone under distillation 10 conditions a bottoms
CLAYESm comprising propylene oxide, water, and methanol; (d) operating
they digfillation Zone @8 RRTOPS; g%ﬁm&@&eaﬁs&taﬁﬁlogﬁ%@@%dc
less than 75C; (e) removing from said extractive distillation zone under
reaca%tmatrbwtdéﬁmﬁgs gorevéTHead or side-cut stream, comprising a

purified prapylengeife, laarsepHalbedexaidishpaihiangy @%%@F@én{he

extractive distillation conditions being sufficient to maintain a yield loss of

prapyievlensxidileffiess da d33psietatgaeteamol. aniHespibaadsopataiviater
wherein e REeRNIERE e%ﬂeeme% 0P RLpsiugbiedip the extractive

distillation zone additionally comprises less than 2 percent propylene
and/or frofh) radwoiBerteninseetaitiehydéiaby saighto DmRL epjeactive
proge Fﬁéﬁ Cﬁ‘l%@ 1 or Claim 2 wherein the extractive distillation zone
contams from greater than 30 to less than 100 theoretical stages. 4. The
process ofcmynomergf Tiainsid aotButiverdisiitlati ooyl nedoxidistrdaiction

pro on%tl %15 Il% %pe boglrom 1/4 of the extracti jue dlstl tion. zon

1&01%4 methanol;
meastire néoretical stages nsmﬁgrg’%’&gﬁﬁ tot é%%%f% methano

extractive(d)s@uﬂataumgdwahzﬁlﬁtiﬁh eproecsbafany tempohlainisgr¢ater than
? g{pa tloe |ntr g(%;ed into the upper-half section of the extractive

dis S e process of any one of Claims 1 to 5 wherein the

extractlve(d)&%lﬂﬁbmmgﬁnmlSaﬂpmmaﬁeﬂmtchsmmebmzpnmtuﬁdqmrmpylm@n

O et e 20 e AT .
tak@smﬁlantpaes&sﬁam,nﬁlamﬁbeaﬂiatw@@enm&tmusfwbtemaaperatﬂﬂmbas being
reﬂg\i(ff%%lgrllstt{gar}q%lntaln a yield loss of propylene oxide of less than 0.3 mole percent.

2. The process of Claim 1 wherein the propylene oxide reaction product fed to the
extractive distillation zone additionally comprises less than 2 percent propylene and/or 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 less than 1:20 and

greater than 1:5, by weight; and optionally, when the purified propylene oxide is
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ratio of greater than 3/1 and less than 10/1. 7. The process of any one of
Claims | to 6 wherein the distillation zone is operated at an overhead
temperature of greater than 35C and less than 45C. 5 8. The process of

any one of Claims 1 to 7 wherein the distillation zone is operated at a

pressure of greater than 0.5 bar (50 kPa) and less than 2 bar (200 kPa). 9.

The process of any one of Claims 1 to 8 wherein a bottoms stream |d-OYD WISE
obtained that comprises the following components, in percentages by

takenvesigherfrraan thenohsediailating solan dxiuehioapanted ebajefbento distillate
ratio BE gzgg} tﬂm ;I}Oaga @épﬁ{&@%ﬂ/ater from 0.05 to 10 0.3 percent

propylene glycol, and from 0.1 to 0.2 percent other glycols and heavies.
10./THéprocess of any arecd(bizimg 1otd Shermerdibethislatfiarzone is operated

at aPCOBAENE QXIS QYET ga?cr Sier SYESHRAPSCARARTISEE the following

components, in percentages y weight: greater than 99.5 percent

prdi:»ylﬂmepmdss picagreeeofifalise r}ﬁm7rﬁémnbthaﬁdsﬁﬂa@@ar@newﬁa¢perated
ot o JESBAMMAEL. AR o The prapess ALaNL06 05GAMS G (B0 wherein

evi e of propyléne oxide to propylene g ycol a er’glycol
he@vié”m@lesssﬁmhaﬁﬁomtd pertent. 028 FTherpivedsstofamyrene sfobtained

Cl 1 h th I d bt
that gi)(%pmfs % f%l‘iv v%? Inconf(1a Eacgy e%e,%%ﬁ)%;{loao welglsﬂm r%r??gl%eci gCP percent

stréam frome els
proppwlnﬁeddalr@p‘;daneowduﬁé me&mgmnme,rmaingrade mpwmmsfram 0.05 to

T T

comprisae @foﬁ&szMQWyrlgﬁﬁijlﬁmmS ,td)”9 p@mehta@eplhyfw@@bpylene oxide
greater than 99.9

ropylene oxide ercent reater than 100
oI SR R ek ot B R e SR by weieht
greaRlFiRAVARSS bé:cEREREPORIR Okaly @ erefit ﬂiﬁiﬁﬁl) igpd3MdIBaeH1, Wikl no greater

propylene oxide reaction 25 product is obtained from a process
than BREINYESntacting propylene with hydrogen peroxide in a liquid phase

in methanohspiuadrang thiher emesancael anBaRKAAIGRI@ Bl UAEEYlene

epoxidation conditions. 15. A process of separating a purified propylene

oxidgRiarppylnctBrialied BT SECOLReHHRS 3t [HTIPRINE aite
perpxidg,inJhR RIESERFLRE B HEBRIHT CRNMAINAS D1 b! 18A€ oxide obtained

separation-purification process comprising: 22 LLOYD (a)

as anrerstheaf grmdepoKisation Frsatke exhsHEmMY THleion ?@Is%lf)érsfé%ﬁd to yield a

purified propylene oxide meeting commercial grade purity standards.

13. The process of any one of Claims 10 to 12 wherein the purified propylene oxide
meeting commercial grade standards of purity is comprised of the following components, in
percentages by weight: propylene oxide, greater than 99.95 percent; no greater than 100 ppm
water; no greater than 10 ppm methanol; and no greater than 30 ppm aldehydes.

14. The process of any one of Claims 1 to 13 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.

15. A process of separating 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:
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propylene oxide, from 10 to 35 percent methanol, and less than 0.5

percent water, by weight, to the first to fifth theoretical stage measured

from the bottom of an extractive distillation zone; 5 (b) introducing water

into the upper-half of the extractive distillation zone; (c) maintaining the
extractive distillation zone at a bottoms temperature greater than 55C and

less than 75C, so as to remove from said extractive distillation zon&lLOYD WISE
under extractive distillation conditions a bottoms stream comprisinggfrom

20 to 40 feldeHPPreHIEREBRIIGIERr NS oopRsEs: iRare? > A& frBrreent
40 1590;)919% BRIGENE IS tARPL Y e e AR o (@ TRQVIRSNRF EAIEht water, by

extractive distillation zone an overhead or side-cut stream comprising

greacéghhan tbe Brpicieiftshspyreinel siaermeegredEp fodoppi an
Wa&lﬁtﬁm&%ﬁ’ﬁgﬁ%ﬁg&%?O ppm methanol, by weight; while maintaining

a yield loss of propylene oxide of less than 0.3 mole percent. 15 16. A
process of3eparsiieing patieiordisyrener Mﬁéf@%e&ﬁ@ﬁ%éﬁémw zZone;
reaction K{;j?%“a%wﬁ;l%rpr%@g%&%%'ﬂ&ﬁia@érg%HB%_éﬁb@ﬁﬁﬁk%ﬁﬂ{%@%me
zone a crude propy eng oxide reaction product comprising propylene
oxideatmethend watst |ersetaia 8h$0es carsd et tiopropideré tetoBtain

a ﬁgﬁg et mm%osrgear{ae(r:%@[?&{éﬁog DA eb e MaInANA,2Q WRlGE, &Wprising
g ;

acetaldehyde, and a Tirst overhead stream comprising propylene oxide
andram2ctdd peopyiepepyidithexbdéaliomofitie Maibranot, wadtsrazthom 40 to
acztgldeh c{eﬁ% disfil in igl a}l§%%(and distillation zone the first overhead

stream of elp a) 18 remdVertnreacted propylene and to recover a

second batipres stiearfreangdsirgadtvmdiita88rparce nt praphteder side-cut

oxide, from 10 to.35 percent me ol, less than 0.5 25.percent wate

o T3 BRSO e B oM AT R et Than 100
unrgastederomdanegiytaeight sEpeediagihel segorudghatiohile siréarining a
obtained from_step (p) to the bottoms section of an extractive distillation
coldiifd 165 %EBT@Bﬁﬁﬁ%gfﬂgﬁ%éjﬁ’?Stg%&tﬁ;c Zle AifBton with water as

the igxtragtinrssalyenbaindes extiacivepeiptillationxsd: cenditinrpstitfitienteaction
to obtain a third bottoms stream comprising propylene oxide, 23 LLOYD

produgis the\DEREFS HFRIHRERA%OI; optionally, a top stream comprising unreacted

propyleneigngs@iling in a first 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;

(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;

(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,
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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 5 extractive distillation step (c) of less than 0.3

mole percent; (d) optionally, recycling the third bottoms stream from step

(c) to step (a); (e) optionally, recycling the top stream from step (c) k&-Gtelp WISE
(b); and (f) optionally, distilling the third overhead or side-cut distillate
streeatetirond RSP 1O PEATGYR. Arip R SHIRRIAICRBRRAIt A yHECAHEd d OB and

purified propviens; axide. J0pf.cammersial e ety Tadhs: soReS S Rfde
b

Claim 16 wherein the crude propylene oxide is obtained in an epoxidation
prozessiciog prisivglreesailigyidsplyse aes euitialhy deygich g evasat anefipaol, and
presence of a titanium-goentaining : lyst. f T
s n LA e i
folleviingticemistidisiornintgretceofaersstion Waigrmldrearedto 35 percent
propylene, oxide, from 35 to rCen X
ater, Mo B B SIS o, (A B R B SR Bher 1
acetaldehygexptdnite, progdsg chOlepmttAmw fiemistthd@poxidatibys and
catalyst is a titanium silicate. 20, The process aof any gne Claims 15

wherein tk@ i (%ﬂé?ll P(af%%li%r\ﬁgrh 5 S E)fglfa %% %i%d%&%t élrsetgﬂ%tr]etﬁ%%a from

to lgsp thpm 4enibeoraiicalsiages;catl dctopl temp esatbizarngr ganefi¢iamot@ene oxide
and a bottoms temperature less than 100C, and at a reflux to distillate
ratitf GPIBEETREH FOPE BH B he process of any one of Claims 15 to 20,
whereirT e rreend tistilatioviauwen isopekkiedopdanieaxpdraturetgredtar an
than -25C and less than 5C at a pressyre greater than 2 25 bar abs (200

e AN IS FRRT S B A (BB 35 SRR ERDI A fe Preserce

Ofaqgﬁh&Tg&l@ggg%S@ggmprising: (a) introducing a reaction product
comprising from 65 to 88 percent propylene oxide, from 10 to 35 percent

meianbieiacssfald s pavbeit WA At PHRHTGR A CompriAgen Product
comlﬁgiﬁﬁ?%‘ezﬂﬂ%%ﬁ‘é BrRyienR AR fEames byieveishrereenB3A 35 percent

acetaldehyde, by weight, into the bottom 1/4 of an extractive distillation

propadens, onie PNDIWISEO Rraeritinea Bante Bretichl SRR trahTHHE b BitBhY-> t© 15
perc%{%?o&%ﬁe?}fey‘éﬁcﬁggg?ﬂé’@ i hsﬂgﬁztéﬂp acetaldehyde.

19. The process of Claim 17 wherein the epoxidation catalyst is a titanium silicate.

20. The process of any one Claims 15 to 19, 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.

21. The process of any one of Claims 15 to 20, wherein the second distillation tower
is operated at a temperature greater than -25°C and less than 5°C at a pressure greater than 2
bar abs (200 kPa) and less than 5 bar abs (500 kPa).

22. The process according to claim 1, the process comprising:

(a) introducing a reaction product comprising from 65 to 88 percent
propylene oxide, from 10 to 35 percent methanol, and less than 0.5 percent water and
additionally comprising less than 2 percent propylene and/or from 0.1 to 0.5 percent

acetaldehyde, by weight, into the bottom 1/4 of an extractive distillation zone,
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zone, the extractive distillation zone containing from greater than 30 to

less than 100 theoretical stages; (b) introducing water into an

intermediate section of said extractive 5 distillation zone; (c) removing

from said extractive distillation zone under distillation conditions a

bottoms stream comprising propylene oxide, water, and methanol, and

(d) removing from said extractive distillation zone under distillation L-OYD WISE
conditions, an overhead or side-cut stream, comprising a{)urified

propyAeis bRidbereieH HRgRF disvbitioPRHEtRAASIE HPWAIBR, YHArEF Histillation
disfillationZane,isiPparaiad:ah 2hR\ereathie AR Al ahareaiab tagithan 100

35C and less than 45C, at a bottoms temperature of greater than 55C
anthissstipdlst8e; and a pressure of greater than 0.5 bar (50 kPa) and

et (D (s & Ealene Dade of lose tvan 0.3 mole
15 @etidlatinrpgone;
(c) removing from said extractive distillation zone under distillation
conditions a bottoms stream comprising propylene oxide, water, and methanol, and
(d) removing from said extractive distillation zone under distillation
conditions, an overhead or side-cut stream, comprising a purified propylene oxide
essentially devoid of methanol and water; wherein the distillation zone is operated at
an overhead temperature of greater than 35°C and less than 45°C, at a bottoms
temperature of greater than 55°C and less than 75°C, and a pressure of greater than
0.5 bar (50 kPa) and less than 2 bar (200 kPa), the extractive distillation conditions

being sufficient to maintain a yield loss of propylene oxide of less than 0.3 mole

percent.
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