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| NTEGRATED HYDRO- OXI DATI ON PROCESS W TH SEPARATI ON OF

AN OLEFI N OXI DE PRODUCT STREAM CROSS REFERENCE TO
WORBMSTEDIAPPLI CATI ON Thi s application clai ns tP€T/US2008/058165

benefit of US Provisional Application Serial No.

60/ OINTBGRATHED e BROIOX B APIN PREATSFRAURD SHPARKTION

I NVENTI ON Thi s invention pertains to an integrated

process for h@gr/%N&@EﬁIN(S@%P&C@W@TﬁTﬂE ygen in

the presence of hydrogen to forman effluent stream

conprising an olefin oxide, water, unconverted ol efin,

CROSYREFEREN(H TOTUEDATRRD ARIEISEATEON y separating the
effluent streamto obtain therefroman ol efi n oxi de

product . ThisepipHcasiongéaims shedrengfit gfridpravindongk Aaelicagioa Serial No.
.al kox al cohols to form pol yet her pol yols,
cORT A" R Ak

ead utility in the manufacture of
pol yur et hanes and synthetic el astonmers. O efin oxides
are also inportant internediates in the manufacture of

BATKGREAENYG Q' GHE, INMIZWIIEXN pr opyl ene gl ycol , and

al kanol am nes uch as i sopr.opanol am ne icgh ar.e. . .
sef vl ad PEaTRet et B PBRRRRRRSS (8 iy P fizing an olefn
withek§ES inkBé BREScBAY Bydtb &G 866h SRSIRBA duletii AnPhidHe an olefin
processes for the direct hydro-oxidation of olefins
oxidavivalgr, the@wened plsfie, caegtoandhpdregdrGa)subkagheskysgparatimg the
he presence, of .hydrogen tp form correspondi ng ol efin
et Bl e P S ey PGB S TG T £l scosed t o
conpri se ghfloxidtd, Viedh as PoEYyRn@Rx RS are $& 0Bk PGt @A L&HBIs to
and platinum or mxtures thereof, and optionally one
forpr potpethergrobyadt, evhéch Sndwidrsspedak aikility ialthaimamefagtaretdf polymeethanes
are eaHh el ems&f? . de ositeid on a . . . f
and synilgtig FEERET N Smso&‘ OPLE AU ogeNt infergffiaiey pn e manufacture
of RRURHS olykb18NQSh hi b PlenEEREQSHIH AkdNENRAEL B as isopropanolamine,
di Scl oSi'ng such hydro-oxi dation processes include the
whidl drowsafgl asEPvAdts @A) 93ERtandD 98/ 00413, WO 98/ 00414, WO

98/ 00415,I US 6, 255, 492, WO 33/ O@Z 96, WO 9 éOZiZg, WO

97/ 2514311 BRAVSTOF VAP BRI Arymdis It @anyet daid Pl papesses
folthOARER BFdrofo-G@RBAYS ofthihb HANhe BiEECATHARIAHIRA I O@R) with

hydr o- oxf dati on reactor and conprising ol efin oxide,
oxygehen thegpresenoecoffhwelrdged tofam qorresponding olefin oxides. Catalysts for such
processes are disclosed to comprise gold, silver, noble metals, such as palladium and
platinum, or mixtures thereof, and optionally one or more promoters, such as alkali, alkaline
earth, and rare earth elements, deposited on a titanium-containing support, such as, titania or
a porous titanosilicate. Representative patents disclosing such hydro-oxidation processes
include the following: EP-A1-0709360, WO 98/00413, WO 98/00414, WO 98/00415, US
6,255,499, WO 03/062196, WO 96/02323, WO 97/25143, and WO 97/47386.

In gas phase hydro-oxidation processes, a gaseous effluent stream obtained
from a hydro-oxidation reactor and comprising olefin oxide, water, and unconverted olefin,
oxygen, and hydrogen is typically fed to a quench tower or column containing a liquid
absorbent or solid adsorbent, wherein the olefin oxide is selectively removed from the

effluent stream. Representative art disclosing the aforementioned separation methods

include US 4,990,632, US 5,532,384, and US 2003/0031624 Al.
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oxygen, and hydrogen is typically fed to a quench

tower or columm containing a |iquid absorbent or solid
wa@omsnbent, wherein the olefin oxide is sel ect PUBUS2008/058165

renoved fromthe effluent stream Representative art

di scl osi Mh lidued absiiesie ttdngilevkds tp asltinpidigd fiedm containing the

i ncl ude US 4,990,632, US 5,532,384, and US
olefipezidsoisseed A therabgorberfis tyPiBUp faseta SHEPPERERlBPEdo rachEer 2

AFR A0 B TP P06, B e

reqiiired;xpe ble€iflobtibe it Gors@leaby diduted;uede a®h ebhseq@shicél@he absorbent and
product. In this nethod, typically, a large quantit

strippeigedeppene gererplbedasicagd toa hpadls lpras quantés of §quid. Also, the
consi der abl | l.uted: and as a con ence. the

S e e G S S

sefafatih@Nil lefin bRIdE EroftitRtabidb&t. |AindihiacbepAbBOlarde@nperature cycle
strl?per colum may require a large energy input to
maygesulttigeveondhggbspegnt edwannasd therstigmsaeeumpgbativecrohaafing the
xi de, from t he absorbent. . An unacceptahly | arge ..
ol P aTe IR P cuP HUFREER! M¥asTbT Bagtine e
abgoPbahiToradd clehs tid Absedeht oNHMMM RV AE et fHeFier 08lubdhCusually
ol ef i n oxi de-absorbent m xture in the stripper colum

separtessatrseolefin loyide povdustromdha bells absmberftghencby pedessitating a third
dﬁ?ﬁ%‘ab gnpent %glunﬁ'(g%fﬁoverb the stripper colum

dsta % L84y 088 PUTIHEd B P&den oxi de product from

t he bul k 158 gs1REMsorbehEhOAYd NEGESSTddatte Mo sd Ricklic rather than

distillation for recovery of a purified ol efin 0oxide.
contfnuphg beeduselthadderbeholefie phidld niust barpdsoyhed fronh thepobuasm a

is cyclig, rather than continyous, because th dsor.bed ..
SRt VEP-of e ot SR BOSHBALY Pk PERENeS SRUHEq WL e olefin
oxRIBRAA Ab&Is 36 BO regMA QBN EThe &31iBRIELBRA MéthbdEarASSENEMd by the use

becones saturated with the olefin oxide and needs to

of beo piegererdatrbent chhenrsalpeditealds altbmatingreickeo df edsoriyeon and
d facilitated b¥aahe pse of tgo or nnre.adsorbent .
COEPURMN EUGHER Aattiichlugn BrRad infgrass ARl Ve HagH abdl gRerating
coqfd desorption; but such a nmulti-colum nethod

I ncreases capital investnment and operating costs.

Nei t her Neghér thelliquidbsmbannonaridsdkoriedsahdzbntcompletely

thod is conpletely satisfactory for .
SRR EPAOTYBIPBAZAOR. 7 EENGH BhEbaxBobe artprauldbenciip(ipe
intPSRGHd the LR OPALOhGEH Vi A8 oh BRocB&Sw RN A5 fn S K Lo B E 241
n ggrocegsse\%i tﬁﬂ asm ?E%'pr ovedop?ocﬁ:uct lsepar al{}i on t hod.ﬁal on
melBeniefBenficibly, sseichp@cgschadd ophratl cvnoperalyerather than intermittently;
shoCu (? Enlfor}(lij ggz?clcgptgl&te r(]hehrlti(gnh(z)jlfn thé: g}e iglr(r)]xg eepr}(t)(liu)(:'t; should lower energy

demands and reduce temperature cycling; and should reduce to the extent possible capital

investment and operating costs.

SUMMARY OF THE INVENTION

This invention provides for an integrated process of hydro-oxidizing an
olefin to form a hydro-oxidation effluent stream comprising an olefin oxide product
combined with a process of separating the effluent stream to recover the olefin oxide

product. The process of this invention comprises the steps of:

2
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shoul d avoi d unacceptable dilution of the olefin oxide

product; should | ower energy demands and reduce
wo esopaeedur e cycling; and shoul d reduce to thePERUSIWS/058165

possi bl e capital investnent and operating costs.

SUMVARY @B cohiactiMgviENhttaN oléisinl AiveInd-beida@srorehetesinf 0fas phase

an integrated process of hydro-oxidizing an olefin to
withgpeygen ythe Bressica f hyhogsrdnddn theqpreseags efonrdraoxiglation catalyst

' I de . product [N i I, 0C f

un Tt Do R B SRR PR 2t P B LBURPS B gy sream
comﬁﬁﬁﬁg pii oG toxidEN @ afer,amess etd blefia, dxy¢emtandhyd@gpi;i ses

the steps of:(a) contacting a reactant olefin in a _

hydr o- oxilddesdne theges phasp hydrogaddasion sElugnt sfrearyigema first
oG SRS YRR S RARERG g e o one
thifdf173)Ge@n dfehOdl@hi, @ gas phase hydro-oxi dation

effluent stream conprising an ol efin oxide, water

unconver (@dewpeng fronbthy disst, disiblation eplagan; firstyverhead stignm

t he . h dr 0- oxi dat | ffl t i nt
conpiafe rgpT Rl YERT B i o R Frean Fba Bl PO e
coxhgﬁ&iﬁg“@fer_andafétdléﬂrp@zia@an@gent in the top onethird

(1/3) section of the colum; (c) renmoving fromthe

first di sdife¢dang de stredrngomarifing statesand Headefgt exadainto a finishing
cConpri Si nconverted ol efin, oxygen, and.hydrogen

traif Oklef {ETRA Y KL B g S (e S e Prigluct.
ol efin oxhe@forénéhtlotdd frReRlidpbiReStdr @A MIEQHRH ipPdcRS for the gas
water and the olefin oxide into a finishing trainto

phaothailre-eidatohrad am @ladinreidimpxyees its therpgeseseerithydfogyn &f produce an
he ol efin oxide pr ct.. . The aforenentioned invention.
efTy R tEaE i b R U et TEPME G A a s Ring
unéOMERPNEHRIIxGBeRin@Ry@b&SH, BottibinBd R¥MI&Impoviel Separation of the
8 p
presence of hydrogen ¥o produce an effluent stream

hydrorpidagion gffarenbstefanmtombiagdie thewdtfer oxideprodnago ddenttegeously, all
react ants includégaﬂunco verted oLefin,

, ) .and
PrOgE g 2t b RBTTEH COREORRY Fon Bl POgRu AT g adiliphdhe

seﬂ'ﬂlYa_Qfog's | ekt MeRfidd Hé?{éﬁci%flfr qadId Qnagpééﬁdtﬂ‘e i Efehdolefin oxide

oxl de product. Advantageously, all process steps can

withen loped alvsecbeng ratvoids caeslgryfod n ligpidi abedrbpmtoghucavioudstapy témperature
ddition, the sep qtio st of this invention :
cyQusapoctagd yith pes e Nt aksorbent Maraoyey 815 sgparptipn stage of this

inv@h&d SRtbABlower energy input and reduced capital investment and operating costs,
as compared with the liquid absorbent and solid adsorbent separation methods of the prior

art,

DRAWINGS

Figure 1 depicts a first preferred embodiment of this invention comprising a
gas phase hydro-oxidation process for reacting an olefin with oxygen in the presence of
hydrogen and a hydro-oxidation catalyst to form a gaseous effluent stream comprising an
olefin oxide, water, unconverted olefin, oxygen, and hydrogen; a distillation stage to recover
a bottoms stream comprising water and the olefin oxide product; and a finishing stage to

recover a purified olefin oxide product.
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with a liquid absorbent; avoids recovery of a liquid
absor bent; and avoi ds any tenperature cycling

was@sazeped with use of a |iquid absorbent. MPEDUS2008/058165
the separation stage of this invention calls for a

| ower en@igye 2 dppittsandcomdduiefetded apbbddimehnafabis idventiam domprising
operatiqg.costsd as conpared with the |liquid absorbent
a ganBhase hy o nxédtion RFOCSEHIAF EaFde He?lplby ¥ithoxygrn igthepresence of
Ei I 6t Lrst cprefer s
e PRl e R B fa s PO Sl opprsing an
olefiyidix@teQiatbatinaBnRite g 8&s$inf OXyger aditlinggrogtn;Ql dftiliativh kfage to recover
oxygen in the presence of hydrogen and a o
a brifems stosand eenpisiemvatey dhe elefip gxige @rasust s ar plkpppaigetification
streamc risin ol efi XI ncoenver o
e RS TELR Ml TuP ol PSR oty YRGS L fficaton

agdr@CaMelfirfsing §@EdtoStésvam pamiid Sbfgoxiat prodasd t he
ol efin oxi de product; and a finishing stage to recover

a purified ol efin oxide product.Figure 2 depicts a

Dr A PR CRIEHON PR TRV ERTIONLT o' process for

react i ng A3RuRin®izBd WerkihaBx)gik infedthd P6 A& aPntegrated
hydr ogen and a hydro-oxi dation catalyst to forma

pragassdouthe difyfliogevidatmnrad amotedimg e ifeinn g hpdrogixedatian effiuget stream

wat.er . uncanverted ol.efin,,oxygen nd hydr.ogen: . a .
colipiying pLpledR OSidgeoTlFLRih AP TP ET BifseR G Sprcing the olefin
ox I MR feMGdMRS Blatidnn@ @ e kirhn@ X THEpBEQIUE this RRNENtAIA comprises the
al kane rectification agent; a stripper stage to

stepeplar ate water and the ol efin oxide fromthe al kane
rectification agent; and I ni shing stage to recover
2 pur 11 Gt GMGRTTE iEP gL Bt TSR AT AR HHEGRRS o gy phase
witfox V& inNNEPELGRNe A8 hpHBERT dnd8H tRE58icRaPoNEnydrflioRidation catalyst
e

i nvéntion provides for an integrated process for th
undigr deagtion coiatifiars sofficaent ¢d ebthin a gas pbasn hydipyoiridaten efflednd ntream
ef f.l.uent stream conprising an o%?fin oxi de, .conbi ned
COmPHiF{ng AN PIEHP QK- PRGESLEOTHEIES Bigf gt PTYgR-HBd Sy SO
oxi de fr %B‘f’&&ﬁng‘bh‘érg‘ag Xdsd ﬂ&&@[bxfi‘(iafti'oH%fﬁue% SRAM inf Efirst
process of this invention tonprises the steps of: (a)
disctatiacedlungn ¢hat peoyides foral lefuid rafluxaf hyeatificatiordagenom the top one-
I n as phase with oxygen in the presence of

.reactor
ﬂ“ﬁVﬁ%@@@ﬁ“& e C a8y esence of a hydro- oxi dati on

catal yst (c) removing from the first distillation column a first overhead stream

comprising unconverted olefin, oxygen, and hydrogen, and a first bottoms stream
comprising water and the olefin oxide; and

(d) feeding the stream comprising water and the olefin oxide into a finishing
train to obtain therefrom a stream comprising the olefin oxide product.

In a preferred embodiment of this invention, the olefin is propylene and the
olefin oxide is propylene oxide.

In another preferred embodiment of this invention, the rectification agent
comprises an aliphatic hydrocarbon having a normal boiling point equal to or greater than
the normal boiling point of the olefin and less than the normal boiling point of the olefin

oxide. Preferably, the rectification agent is the same olefin as is used in the hydro-oxidation

4-
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under reaction conditions sufficient to obtain a gas
phase hydro-oxidation effluent stream conprising an
wob@BiizM20xi de, water, unconverted ol efin, oxygrer/Us2uds/ 058165
hydrogen; (b) feeding the gas phase hydro-oxidation
preetfs, et pisfareyproydend. fAltesiatidtist the lrédtifient@roddenmis ta@ts alkane,
provides for a liquid reflux of a rectification agent
mqrp prefrEakly PSR isoune-3) section of the colum; (c)
removi ng Ili %@oﬁetr%?efgllr&f' émgécﬁﬁlle}ltl oq‘ttflig nnv%(ﬁliigjﬁnf}]heall;dr(g—%;iidation
over head stream‘conpri Si ng URconverted of efin, oxygen,
catalysk doyrEhrBgEsold e ahbbietmdiglt SRS PhllRidith ©0 PRFihSh\@rare earth
wat er and the ol efin oxide; and (d) feeding the stream
langhyitsie; 84 ngixtatedherapidleppited|oarfa tfaynindeontainipg sugnont. dnjamgore
[ ai 0 [ herefroma.streamc r.. Si_n he. .
Preg?lﬁ#er%ﬁ%o%?‘géﬁp@l% glﬁ%nt“.‘m 1C§“t§%51?%?“§ i SOk iar}%ﬁéusﬁ%tanosmcate'
thi's i nvenhddiier pidferr€@l &hbstimentDePytieNexiaftbntdagl @t @bhiprising
oxi de is propylene oxide. |In another preferred '
goldnbbat.ragivbloometahjagatierppeh langrnidener 3 et thereoialepagjtedton the
.. conprises.an ali tic hydrocarbon havin nor mal
ek S Bt b PESt EPReRE e PHel ABFTER Erove
com@tink g aRkQii Ik fneleh@h O kHE b tANRHHaLIRISS, hb@Ndé BIemBAK NI mixtures
boi I rng point of the olefin oxide. Preferably, the

thereadt Notabdy, itlynraregeuth laghahdesgaayefuodtedn ay thecatgyugsmdtal ar promoter
t he. hydr o0-.0xi dat.i anpr ocess,, nore pref erabl -
e DR AR TR B GF S CorBedier (ol Srocifisply.
whefi i @tdtAn8ompPRYS gbldeti®fedind/or BHY BMer ASb1é SRRUIBO Rire édith
anot her preferred enbodi nent of this invention, the

lanithyeaidss osel gtaciabn cersidersdsto acbaprpweteryoWiien goldyslver,and/or other

oble metal, such as |l adi um or platinum a rare
nobl2 Apfelf B amord B s e RBiides e B et Gpergorm as he
pﬁhkgﬁaﬂgyﬁ@ggﬁﬁining support. In a nore preferred

enbodi nent, the titani umcontaining support conprises

a por ous I a fiast psif¢rrasiagnebodimertnibe pevcepy efthis npdntion comprises the
enbodi ment, the hydro-oxidation catal yst, conprising
StBbP, silver, a noble nmetal, a rare earth |anthanide,

or am Xféirc%nttast%{ge@fea%ﬁ’t%éﬁ@fﬂl a‘)ﬁ&d}@—%xidation reactor in a gas phase
titani um contai ning support, further conprises a

withraxyptrem thepesdned of hphogdmeangrio the wesescesof migydod-oaidhadn catalyst
| kal ine earths, rare earth |anthanides, actinid

unirSFAsHPS congiions el 1 ptplgGrERs mgﬁsg&@fo-wéatr% fluent stream

co@?ﬁ%p% LR DIRAK RS WIRY, hbdifeh@R oRfin! B LRAL A ioeR! &

(b) feeding the gas phase hydro-oxidation effluent stream into a bottom one-
third (1/3) section of a first distillation column that provides for a liquid reflux of the olefin
in a top 1/3 section of the column;

(c) removing from the first distillation column a first overhead stream
comprising unconverted olefin, oxygen, and hydrogen, and a first bottoms stream
comprising water and the olefin oxide;

(d) feeding the first overhead stream into a condenser and withdrawing

therefrom a gaseous stream comprising oxygen, hydrogen, and a portion of the unconverted

olefin, and a liquid stream comprising the balance of the unconverted olefin;
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dependi ng upon the specific formof the other
conponents in the catalyst. Specifically, when the

wa@ aa0a8l1yep2 conpri ses gold, silver, and/or any oOP¢EIS2008/058165
nobl e netal, the rare earth | anthani des are generally
consi der e8 re@chng thasapgodietrenhs conffresingodyen Hyduen, and a portion
and/ or other noble netals are absent, the rare earth

of thgmpemiced oksfia oevraddrony thegioarenseietg thohyse-ogidaian raaper:;
primary |yt Cc e . i I.S e
Erbod rent 2R EnEBhBrsyefipRolbliShe MFcE e e apeonvered

oleffii@ bsdigdeiSfrérh ithe @hdeet @ahé b 183 k&dioh @ thealigfliafioh Bol@mn to
hydr o- oxi dation reactor in a gas phase with oxygen in
provivde for Bedigeid sfluky dr ogen and in the presence of a
hydr o- oxi ely! a und re i.on.c Lt QDS 4 oeitiag
R G R L R U A

col@hinl iH@N fiﬁ%ﬁiﬁ? PGB Pbias M@refdnPA SfcbAd B¥drBéd shfcomprising the
unconverted ol efin, oxygen, and hydrogen; (b) feeding

olefineoxiles phase hydro-oxi dation effluent streaminto a

bott om opet.hird / ectiagn of .a . first distillation.

ool i NGl Bect bt B aRSERERIbRA 7y ahfEledidin i, ignany.
addifloal r@Rtahi Slefif eldyase fed td the fie@ldweMatidCdoliRADFERENbEY, @B middle

the first distillation colum a first overhead stream

1/cssrpon eff the finy distilletieneeblohef to makgsupgenncreasd theyaleldybayid reflux.
a first bottoms.stre onprjsing water and. the .

AsGrfsr Pl i P BB Rg RGP YR o TR I eide and

watdMnfay@eGBd HENBbi1ATEL MG AWuABoHRREE DI pResORASH AeStirst
stream conpri si ng oxygen, hydrogen, and a portion of

bottéres stnoniseepasged hied feayclechid the firsgdistllstianecramnpri si ng
t he bal ance of the unconverted olefin;(e) recyclin
the gasedde SPFUHIKONR [P RE IRy GRIE 1@%%58%1@&?%5%% fpdstream
(DRHdpr R g Hle i) Bx ARG Oy dRsheR] ®istibeatfetiingy fi & tbRGydro-
condensér to the hydro-oxidation reactor; (f)
oxrdetyrcicactgr () eohtaipingiths hydamxedation icstalygt. tHetiigframgbe bydro-
the unconverted ol ef '{,t‘,f obt ai ne& from.the candenser to
oxjdRion F5ACRY &) dLRASPYIY CHHUGIH UL ) CPRPTIYAS QBT I4Cy Water,

un®RUhEAEoIEEA, nggeﬂ, iaﬂ&‘hgdrl')?éﬂ, Which(i9Yed 8 & Nt @f11aki8R 5 ufhn (4).
portion of thé“botto streamfromthe first

Alghi ftlitd thetfirstrdigdlatiom colntnm vaa faedstshimnigptitrlaien5} io additianal reactant
oletfil?l.e rEifitEn?g roamst}?eC 1rlggl di(s)t\{l?artf(])relacglusrﬁnr (%Srlrs] f?r%tng\[eiﬂ?eiag %trgallqﬁ (6) comprising
unconverted olefin, oxygen, and hydrogen, which is fed to condenser (7) for condensation of
at least a portion of the unconverted olefin. Effluent stream (8) obtained from the condenser
(7) comprising the condensed portion of the unconverted olefin is recycled to the first
distillation column (4) to provide for an olefin liquid reflux in the top 1/3 section of the first
distillation column. In this embodiment of the invention, the rectification agent is the
identical olefin as is used in the hydro-oxidation process. Effluent stream (9) obtained from
condenser (7) comprising the uncondensed remainder of the unconverted olefin, oxygen,
and hydrogen is fed to compressor (10) from which resulting compressed feedstream (11) is
fed into reactant feedstream (1) for recycle to the hydro-oxidation reactor (2).

From first distillation column (4) is also obtained a first bottoms stream (12)

comprising water and the olefin oxide product, a portion of which may be fed via feed line

-6-
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olefin oxide. Wth respect to the aforenentioned first
preferred enbodi nent, optionally, additional reactant
wob@Biim2ony be fed to the first distillation cPCT/IR2008/058165
preferably, the mddle 1/3 section of the first
(13its tdbollart (10Nfroml wiith istabtdiiddeefflper@ ktrédit (B9 $6mblisin@he§ blefin that
l[iquid reflux, As a further option, a portion of the

mayjbegyresgplk in dhasfisst bttomscwivpms whieg effieend peganh(1gx isdecygiad to the first
. . fed t boid er from whi n inishi
aif i SRy 3e ke RabRR ool RO DM g o Frgpine
train$ whehahat Bdord ni&e Ygskiaati drocdliv@nd, ieleS t(16Y, $lohd Which @Recond
colum. More specifically, with reference to Figure 1,
botsorga steass (17 e e@inpimting was tsrabsingdl ) Theorasen is typicadly eispased. Also,

X n n dr.egen, described hereipafter,.is f 0 .

oGP S A S LS SRR Rl Bef i

prdiel. GErexertatrean (PBlcahpsibing Fdiduan 8asks, aRe1bdi8g unconverted olefin,
hydr ooxi dation reactor (2) is gaseous effluent stream

oxYZ), Yukprhivdraggn alagibiewbipkaddromélieepp ofifisishingcolignn (16). Allora

ro R e B SRER PSR s  Gd By a

cofbiekddr(2t)ifed viaQ et Mh@gﬁ als FdeaarBa\(@Y forl kR 1e(9)thd Hrst
addi tional reactant olefin. Exiting fromthe first

distiilstion ¢adinn 4)e dinyrmmginyler of the roptstioy  hYamt sacyeladnis(tgpically

¢ ri sing unconverted ol efin, oxygen, and hydrogen,

VeRRich is fed to condenser (7) for condensation of at
| east a postdceRd plefd R disRAMMET @ pRIceld dF-thiEfifJeHBO comprises
stream (8) obtained fromthe condenser (7) conprising

thet dtepse@bndensed portion of the unconverted olefin is
recycled to the.first distillation colum (4) to ,
provi de {BrORI& A PiEdn F‘_i%? xo’ﬁl‘rlf“’toﬁé‘g%%oﬁ affpagtant olefin

widEhdyb@NinGhe hRSerick b hydtbSdnl dnkdah kRHreE@hEBE a hyird-BkRlation catalyst
enbdodi ment of the invention, the rectification agent

undles redreion demtifioml sufficdrt to alstains: gasehsihydiohexidation effluent stream
hydr.o- oxi dati on process. Eff|uent. stream bt ai ned

co Pt GhOERLSR T SCORIFTSEHE DRUTSGHaaHS Saaroen:
remai nde '(b)%ecfiﬁ?th‘é RGOPNRE hedoQUxeddidn et Rreafito a first
hydrogen iI's fed to conpressor (10) from which

distilstidnt ¢ahgmo edprhageseded e ddignelanil (4 ¢ an dkdrednithet wpper 1/3 section
reactant feedstream (1) for recycle to the

of ficgp ki dation reactor (2). Fromfirst distillation
col um ( @)_rétﬁo@ilné GroRPEhRINES Qi hlibS EolQﬁ’ﬁl_ta% el stream
(12) conprising Wwater and the ol efin oxide product, a

compriting nnahvededdcdiefim yoxlgger, bgdregen, heda pbitioa (oI Be dlkane, and a first
reboiler (14) fromwhich is obtained effluent stream

boftaBy ST THY SN D |0§v?a_nrpxe ﬁn%ﬁly%alémﬁ‘r RSBREIARE L he
first bo"(cﬁ)%@@dri]ﬁé p@aﬂpst o\l\\/@fh%gd ?tfré‘ahyt%rht co%ﬁé&@mt{dl@taihﬁlg therefrom
recycled to the first

a gaseous stream comprising unconverted olefin, oxygen, hydrogen, and a portion of the

alkane fed to the condenser and a liquid stream comprising the balance of the alkane fed to
the condenser;

(e) recycling the gaseous stream obtained from the condenser to the hydro-
oxidation reactor;

(f) recycling the liquid stream obtained from the condenser to the top 1/3

section of the first distillation column;



10

15

20

25

30

distillation colum (4). The renai nder of first

bottonms stream (12) is fed to a finishing train, which
woregoshei2ene or nore distillation colums, e.g.PCT/183008/058165

fromwhich a second bottons stream (17) conpri sing

wat er i s (glftadinehe fittbowaing ktrédin tympeahg Watkr Shefeekide, and the

Al so, obtained fromsecond distillation colum (16) is
ba]@ﬂ‘?f‘e%frfhf{ algynecfém ﬂhesﬁlrﬁgdlpﬁilé%@méﬁblr@kﬁoopestrppm aelﬁlmn to'obtain a
second ol\'}%ﬂgads Sl,tlrr?c 0 nv i ?sg%qw?lkgéen%draes‘;éggn% é(% rb%m coerlsmg

wat@)ﬁn@qqeqnéfm@ﬂdefromthe top of finishing colum (16)
All or a portion of the top stream (19) can be fed via
l'ine (2oyh)trecwbn@ﬂ@wmnd(@tyhea@ﬁ@em emiows s gtkang withe hydro-
a.eff Cothclnm}‘lea%gstream (5) for

oxidZfon] Jeactor al% r% %ustt?h& 'f%)“?nl at 1 on col um (4). Any

recyc Irs

remai ndegi) ededipahé &Robd beRs{ *Ehm@mprRaipGh &6k dndl the olefin oxide
typically vented. In a second preferred enbodi nent,

to 2 Aiaishingdegstogtbtain therdfrare athishowolmard issesm chmpesiag thegsflefin oxide
(dag contacting in a gas phase in a hydro-oxidation
Prafiflstor a reactant olefin with oxygen in the presence

of hydr ogeith Rfeck Bb thBarRERSREEd Meofd PrdérReddmbdirhan,
catal yst under reaction conditions surficient to

opodtadynthe r@a@emﬂsflh y@tr e alditdenally fedetofthaibrst distidazm column,

in o'd., er onvetedoef
pre&& t?l 8(?1 )}gir %( %5: ?g%ggsittﬁaﬁ?rhcéo ﬁg}gge up o erilin and
theha\IEHn@ cQPf bé ﬁ@dlﬁﬂna@l@ffédjﬁﬂhe $ikdt %ﬁmlhﬂiﬁtpcd?uﬁlh I'sibferably, the top and/or
distillation col umm which provides for a liquid Treflu

middle df3 wekamef the firtdistifipeon dfl@ms ot imake-of lighiel reivuns a further

.C) renovi the first distillati colu
onfit atpogtt S besme sirsi i U0 BAE Q8 B whieh and the
alkaxy B8 Y be LA EMbi1cR R PwRRH Ak Afe 4hb %nﬁhﬁ@ﬁ%ert@ﬂqe@n present in
first” bottons stream conprising water, ol efin oxide,
thedfindt hdtenibakramoés sfpatakeel aldlcegyeled(td }heffaemlstglaltlhe cblunst
over head streamto a condﬁgl ser and ob ai nin there?from

a gaseou ith 15 %fﬁﬁlcédﬂﬁ}g%? H&%‘Fﬁ/@ﬁa egprdfqnd preferred
emPEA At I'}g)égé'o%g %ctaﬁpfée@stﬁgﬁlt('l p&()géréstéél:?g léhllf ?géne dnd Rydrogen is

the condenser and a liquid strea rising
fedotaladrydep-ofidatie @hdtan@) tedainmgtthehpbodeimaon catalyst. Exiting from
the hydro-oxidation reactor (2) is gaseous effluent stream (3) comprising olefin oxide,
water, unconverted olefin, oxygen, and hydrogen, which is fed to a first distillation column
(4). Optionally, additional reactant olefin may be fed to the first distillation column via feed
line (5). Also fed to the first distillation column via feed line (23) is an aliphatic
hydrocarbon rectification agent, in this instance an alkane. Exiting from the first distillation
column (4), first overhead stream (6) comprises unconverted olefin, oxygen, hydrogen, and
a portion of the alkane, which stream (6) is fed to condenser (7) for condensation of a
portion of the alkane fed to the condenser. Liquid stream (8) obtained from condenser (7)
comprising primarily liquid alkane is recycled to the first distillation column (4) to provide

for a liquid reflux in the top 1/3 section of the column. Gaseous effluent stream (9) obtained

from the condenser (7) comprising the unconverted olefin, oxygen, hydrogen, and alkane is
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(e) recycling the gaseous stream obtained fromthe
condenser to the hydrooxidation reactor; (f) recycling
wo b@slizqet d stream obt ai ned from the condenserP€DUB1YE8/058165

top 1/3 section of the first distillation colum;(Q)

fed edinpgestdre 10), fivin Which coBmpadsscRafea Pl )iis bhginsated fed into stream
ol efin oxide, and the bal ance of the al kane fromthe
(Dffpr seyeds & the hadiooridasion aenctas (- st r | pper colum to

obt ai n aP\;ﬁlg%g ?SYﬁEP&f‘?oégﬁrhﬁ g@%%ﬁ%h{aﬂeﬂ% ﬁrhtebo Fﬁré?ream (12)

and a seco

co@bgfihg warr dhe o(eﬁ)l ok RRYEbIURY ahll eheseBANMENOY@TIEES aﬂthétaﬂ@ﬁén The
conprising the al kane to the hydrooxi dation reactor

firg haytems stieant {123 4s fadl 42 stripparicohntb(2diromayiaich is)obtaiaer] agrcond
ovéng%ds sﬁregr)l(lc{ag %otn%)prlrlss%ngntflg %‘I@aléeo?rﬁ%ﬁ:hﬁlls n&y‘(’:\%{i ) st? a% @Egnd/or to

stréanh {113) Chn@\4&keB@RICb oo A e &0 TP8)i cOiipisini &vz@ér%ﬂ theON @@ oxide.
product. Wth respect to the aforenenti oned second

Strpatréf(?ﬁ)rlé Eﬁdéﬁ‘@émlﬁlmﬁ traip 6t §)drram chhtm‘éatﬁ%%@@rﬁ”bm@fa purified

procpéxre&ﬁ,ﬁm g%léédéllgg@| i)/Xretaﬁ)ganPﬁ% Eﬁ%@u{ﬁt% Hﬁ% ﬁogliprlflﬂg residual gases,

indlidigd arfli iicbhVedel QMemObiNBRn, dndfor Mgl pbP Y 8 bBtairRAdrdnlthe top of
al kane ‘can be additi onal y fed to the first

fingphngi doluaen 0i).c dlluma, popiaaf efrthdiop, stredre (tfbpaahd/f@ﬂr viplige () to

1/ 3 j the f t | t
coRtitaT DAt P S Lo v SR e B e i 9 for
recQtle kb BrelfirkSdistRREHR BBluRTn @R NA /P FANdi SR 8f thRQ0PkteTah1Y(19) not

oxi de, water, and the al kane may be fed to a reboile

reCﬁyﬁl@M&/ﬂypmhllx hfeltfad Kanelwmpsshly ta mgmmrm@dofdh@ﬁrsn bottorns stream

et B3l el Phymh iR S PR sTRRr Mt 157 mprising

any @sﬁiﬁ@l%l@an%%n&b%h&hz?t aké bﬂé%n’f af thBGirdt %%tt%@ K @R tvﬂﬁ&?&ﬂuent
preferred enmbodi ment, a gaseous reactant feedstream

str¢ab) (]CSOmecwlﬂbtooh@ﬁrsndlsoblgtgmrrssacamd4hydr ogen is fed to

ﬁym’gr 8;( d dat | o@g@%ﬁ%‘é& frégh Cgag)togiz,ﬁ g%atoms is suitable for the

pchXer& i 'ngl%hh@tp TREALERH cfrfdxcliRi@RPEAEn I bbVER hy%fr&&ﬁ@toms or
(3) conprising ol efin oxide, watéer, unconverted

alterhetivety, thexglgiem parabfdsulbytdnwgan anyii thch carborf atdnisovith dni inett
dlstllltlo col.u .. Optionally, additi
e M

nal .
subSHEEPLAS BT it oetpndo fiovEE i Pl papapally non-
reaC Qb fiMhY bﬁ)c&%%@ this invention. Suitable inert substituents include, but are not
limited to halides, ether, ester, alcohol, and aromatic moieties; preferably, chloro, C;.3 ether,
C.3 ester, and C,; alcohol moieties. Non-limiting examples of olefins that are suitable for
the process of this invention include ethylene, propylene, 1-butene, 2-butene, isobutylene
(2-methylpropene), 1-pentene, 2-pentene, 2-methyl-1-butene, 2-methyl-2-butene; as well as
allyl alcohol, allyl ether, allyl ethyl ether, allyl butyrate, allyl acetate and allyl chloride.
Preferably, the olefin is propylene.

The prior art adequately describes the molar ratios of olefin, oxygen,
hydrogen, and any optional diluent suitable for the hydro-oxidation reaction as well as

suitable reactors and process conditions, including temperature, pressure, and space

velocities. Reference is made to WO 98/00413, WO 98/00414, WO 98/00415, US

9.
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line (5). Also fed to the first distillation columm
via feed line (23) is an aliphatic hydrocarbon

WO e@Bilt42eat i on agent, in this instance an al kaP€T/US2008/058165
Exiting fromthe first distillation colum (4), first

6,259 0hewd 63/062196( rooredd IeesSn b ecioreacd. etbralfffcidncy of description,
0X hydr ogen, and a portion of the al kane, which

sui ?(eela»m 8¥1d?§01f Ri9cess cewrtitesu? symparignd hestpditsat i on of
a porti OE‘YB %]:1 e %:‘%ﬁﬁ@ of%ﬁjef} s §pe%te% %glgagﬁ]gtr]i’ glk’érﬁgrl%@', greater

stream ( %ine m cond

tharabo®d 3, lajd hiogtipidferhtd Angedt& th@ﬁyd‘oheob @1 frecdnk,ated on the total
distillation colum (4) to provide for a liquid refl ux

mqles affedefing pxyiges. @@é@ge@nartﬁifontil@éalébluemthecdél@@@ ingfdesgrired
hertei]na?tgr "f ﬁ)ma?lbtt tlt%gf%leP g 1sclgssdtﬁzglr d ou @ a%g npeifﬁr%t)lé/gless than

e unc ver

abdnﬁfSQdaﬂdQnﬁﬁldef@ﬁﬁgfr lesd fhhn aBdilﬁl’ﬂ)\Mikblﬁ be@:@ﬁtpb@s@ ofl tiel tb&@Moles of
11) is obtained and fed into stream (1) for recycle

olefipy, @memlwﬂmg@m adtaptanal ddeensr (2) From first

distillatjon colu

pot t oms. 75 agfi He et fePiadtaBt e sidaliBh sgp, iggucing
airfor Q&b4edntialy I%fhﬁ)lécﬁl'lﬁilo‘izg@z MblebRlfr Ofygbh R pRbABE. THNGuantity of

first bottons stream (1 is fed to stripper colum

oxygaenipleyedwhi ghryioyeobwilerengeassiesaibdd ov tehetadreferabanthe

t k whi ch | ed .t
avigttbaf FBs Bk iy ut PLG o brsferl” SR i B aprn and
most p @%&ggﬂeafé@fﬂﬁh'aﬁbﬁ% MBleSer@Rd bhda ofl (R iofal Fd1Ekeof olefin,

Stream (26) is fed to a finishing train (16) from

oxygeinchydsogeat ard Qﬁtmalrﬂltutﬁt) P&ﬂfdraé)l}p@;hq duagtitymf opygearie less than

bl B prathd e BB A ERt g R Uetningt i 20 mote

peRb@f bdled 8 YHaBkal AIOHQF oh‘)ﬁ‘ﬁr&g}%@ rﬂ%/)‘lr(%%n oRfgap ﬁ@ﬁialfd'ﬂﬁ@ﬂt Above
the top of finishing colum 6) . or aportlono

abeuti@Otnoge ptnceamh(s i@l)ceoamtldzmo&cecdgm may fahbw(tmﬁ)thct ©Bammable range for

r.essor and from conpressor (21) fed via
Oleg]f‘rﬂ)lﬁiéorﬁenﬂx FUBYUIER o feedstream (5) for recycle to

the firstyisghick b@hycﬁa%&l%%@ fé o théRYdrb SFRREE Ete?fmcludlng, for
the top stream recycled is typically ven

examplbsrnallesmaqiqsiscvgnth@btamddatkcan dlepttelhycﬂmgermtlon béhjdrocsdrbons and

tto treamvia feed | reboil er
alCPﬁ o CH 19 2F S BRIk g ﬂ@éﬁ?ﬁ ?}fl@%ﬁﬂn(rmto &%ﬁ%?@?lﬁgby
del%’?l)‘o eﬁ§t’1 i(an%ls ksﬁ@l? a Wﬁﬁleedcr 1§bbh&ﬁ5 (ﬁraﬁsomiﬁsﬁl@fl ak ﬁoBﬁgnol The
rirs ons St ream i ch effluent stream (15)
tracemanhtgcbfthydtdgen fr aists tdo atgligitde tooprovelachomectsbpry q@laytlty of
nmono- ol efi n having from 2 to about |5 carbon atons is

hydrggenytg) the proressiol ﬂB? Brveatony A peree phaddiiqnghhydyegengnust pe fed to
theG#Bcds 64 é’e?fef’a‘?édy inGANGRH pcf@crepsq %ﬁﬁglet@ﬁQﬁt‘?@% b ‘ﬁgl%gcn 8% typically

greater than about 0.01, preferably, greater than about 0.1, and more preferably, greater than
about 3 mole percent, based on the total moles of olefin, oxygen, hydrogen, and optional
diluent. Suitable quantities of hydrogen are typically less than about 50, preferably, less
than about 30, and more preferably, less than about 20 mole percent, based on the total
moles of olefin, oxygen, hydrogen, and optional diluent.

Optionally, it may be desirable to employ in the hydro-oxidation process a

gaseous diluent, which beneficially provides a means of removing and dissipating the

-10-
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alternatively, the olefin can be substituted at any of
the carbon atons with an inert substituent. As used

wWheesilm29t he term"inert" refers to a substit uret/USI08$/058165
is substantially nonreactive in the process of this

exother@nbdf e realtiod. alpl a@dditio@r the slb&dtipkaigddsinierphrdde cofd¢htration
are not limted to halides, ether, ester, alcohol, and
regimg imwhich g wastants arsmongilapngble. c Rpigabde gasgow ditugats include, but are
i t.er. a l.cohgl L el i.es. -l jmti .
eSO i S R L

the@doft The ambufidanentnEtypitall @ bRtce itin apo @y beffi@ably greater than
1- but ene, 2-butene, isobutylene (2-nethyl propene),
abaut Qe piah Broropiskaiatdn egreagertharghont 13 mglesppacent, based on the total moles

of é _eﬁg,tr(?%lgﬁrrz,;]&f}eo?%?l;angt%iliqlﬁ’f?t{’t.l gﬁ? 8 lo%%tlto;?llgglgrg%a fylp;%::ahy less than about
90 asiefepdb®y, 3 tanl Pbutcdu), afid Bdre feRtMNREY thin®o Hf mblel fercent,

propyl ene. The prior art adequately describes the
based|oarthe tptal molesf ofsileffr, axygeryediogamy arddjlgnt. and any

optional -diluent suitabl.e for the hydro-oxi ion . .

react on 55 HEPH SUOFRE b YOG TR endion is wen
kn&RAEH the ARSs dbfeibbdli fBgeaiPRe iR RH-R 1 - (709560 VRO 9BTD4$P Ve

velocities. Reference is made to WD 98/00413, WO

98984 b N @, 9800498/ 109 425, ,4036WVAEE63/M631 96\ @ 36/08 320 8Y O 97/25143,

andy BE8 DB In<di iy BB R, PR B LS Ao flation
cataRBCichiRRSs $18, SIVaITBHE dedoRaloBldtabhR! onclotRh&R I caltine
quantity of olefin'is greater than about 1,

lanphragstdes adylaymixgpre Htesgoft depnsitddounta thaniamdecantrieing sefrablhe noble

B O M) o B S G0, PR e
pallldidtB Rhd/of Priflich USAE rPELASh HRGERIIBERACRAE BInABhbAY cerium,
Typically, the quantity of olefin is |ess than about

pra@&dyanampnevidgmalyh ypromethsun lramagbow cur8piuma igedatimien, terbium,
referably, |ess.than abhout 60 nol e percent, based on .
e 13 BT B T BRI e gy, 2, <rbium,
Tut&Rrh 8! mnd b @Rbeof AWm%Qlfﬁé}@rréH cRAYGUERetad cARHERE %Qlldealone or
for the hydro-oxidation step, 1ncluding air or

compbssdoth @ild yndsitver, o ertloarliastanor yagpeionallyh cemptising ong/gemore noble
[ referred. The quantjty of oxygen enpl oyed capn var

meiglebr AN GREEe FangutHs debt e Bein R drndespt oemat of caiflytic metal

: i j Leatar: .t

(RS ORIl Bl R B B g dpHabout 0001

wejfghe bercadt|(Y0 gareatee mitlivanp@bpattd typicallyelepetheealiqut B& seikho percent,

the total noles of olefin, oxygen, hydrogen, and
ba%?gtqndheapt%i“fe&@rﬁpgﬂprcé?a&sébly, the quantity of oxygen

i's less t'[iﬂélrﬁtanium—containing support may comprise any such support known to be
operative in hydro-oxidation processes, for example, titania, titania-silica, titanosilicate,
titanium dispersed on silica or alumina, titanium dispersed on a promoter metal silicate
(wherein promoter metals are defined hereinafter), promoter metal titanates, as well as
mixtures of the aforementioned supports. In a more preferred embodiment, the titanium-
containing support comprises a porous titanosilicate, most preferably, a microporous

crystalline titanosilicate of MFI crystallographic structure.

-11-
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about 30, nore preferably, |ess than about 25, and

nost preferably | ess than about 20 nol e percent, based
worooshednt al nol es of ol efin, oxygen, hydrogePCT/a82008/058165

optional diluent. Above about 20 nole percent, the

concent r @iptionalbf, thexydenoxiaytidnadakal vt fldther thi@pifidea shebt ore

range for ol efin-hydrogen-oxygen m xtures. Any source
progpotess delsefed fioanthp erqupdongstingeotiiigpipalsalingarth s ratesgrth

i.ncl udi . for le, Q [
I Bk G SRR TR BBl Y B SR8 e B from e
graip doydEagesT 1geinsy, sddiam| potdstun,irtbitiven, @k gfunNmahedain, @alcium,

reactor, for exanple, by dehydrogenating al kanes, such
balalgmpfprbblgh éutgtﬁums@ﬁgplgﬁggzs hereaf. coh é]sglpsqf,iu@ fthegagt, the total loading of

i t\appl . _The t e t of. hydro in.ar i|§;.
e RiiosL Ersaleg BB 00N el E T Ry ion. porm)
andd )g@_idagsa Tesk thah RBoRMVGES ShtQerdelit, Haded\vRNhE @ital WeiSRWF B8R @falyst.

addi tional hydrogen nust be fed to the process or '

gener at edhp Aydiotaxidation iepsan be sendusigidtiz b reackp h ey ¢angentional

of hyd are typically. greater than out 0.01 .
e (HPRRRT Mo f G atiR G ReirtisBhERAE ploEy Bagitirectbtor designs
indicRffedealted, sher @ad aibe!l hani8R 88, a3d ﬂﬁivﬂlgﬁﬁﬁ%ﬁarsm@m as swing
on the total noles of olefin, oxygen, hydrogen, and

reagiors ematrueted {remta plsalityadf] catadystibedstcoarectdd ihpdradlgleandaysed in an

typical l.y | ess than about 50, preferably, |ess than
ahgﬁgﬂﬁgéﬂﬁoﬁnd nore preferably, |ess than about 20 nole

per cent, ThapRteQtohBRiohPFR Ithd®des oRfda@befttPean0vyPebhsiderably
hydr ogen, and optional diluent. Optionally, it may be

ovelesianilomenable anddlaoymatie tdgambyy Hripbanefidial ioopcqaneredkscanditions that
. gase di l uent., whi.ch beneficj.all. rovi de n
disHREyighRs TRy SeiagIealand TammAbg muF s RE she olpn. ydrogen, and

ox§RACQEptiohl AREAL | QRordiMBy,H ddgIdkitidh Adodas c@be constructed or
expanded concentration regine in which the reactants

couiiech shwihga theebinenatse andaidreflgaseble sanfiel af eerctant owhpahgjons at the

but are.not limted to helium nitrogen, .argon, . .
S PRHaNNG LS ORI B o AT MEHH HSREe P APh By s specified
herEHabSMPHE bel@fveditd HEBhtsids teyiirm@hbiy r%riﬁ@tsﬁ{en 3R o8RO W operated

0, preferably greater than about 0.1, and nore
at the efcee ateiferredgemperaturdsivad padyowes dfscifeddiepartetinv., Nbesddless,

on.the. total noles of olefin, oxygen, hydrogen,. and
opeihigrEihiihe AAREGRIE 15917, BHHDG & 9%%&%@6@@65 Hafhe art

about 90y sﬁﬁlf‘}f, %@@d&—oh@%ﬁ Q%qus BRIt a%}g%éfﬁ’t{lﬁe that is greater
preferably, ['ess than about 70 nole percent, based on
thanmhb ot tolt48PC nvbfesabdy, godaedrithmn abxyga®Chydnadiye the ldcb-oxidation step

di luent. The catal yst enp|loyed in the hydro-oxidati
is %ngage(i)pt & tﬁp)geliaﬁl\y%i‘/ﬁ% gﬁrqggo%@l%ma preferably less tlcl)an about 8§0°C.
Usually, the pressure ranges from about atmospheric to about 500 psia (3,448 kPa),
preferably, from about 100 psia (690 kPa) to about 300 psia (2,069 kPa). The gas hourly
space velocity (GHSV) of the olefin can vary over a wide range, but typically is greater than
about 10 ml olefin per ml catalyst per hour (h™h, preferably greater than about 100 h', and
more preferably, greater than about 1,000 h'. Typically, the GHSV of the olefin is less than
about 50,000 h'l, preferably, less than about 35,000 h'l, and more preferably, less than about
20,000 h'. The total gas hourly space velocity (GHSV) of the feedstream comprising

olefin, oxygen, hydrogen, and optional diluent can also vary over a wide range, but typically
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known in the art as described, for exanple, in

EP- A1- 0709360, WD 98/00413, WD 98/ 00414, WD 98/ 00415,
wQ308/12692 499, WO 03/ 062196, WO 96/ 02323, WO 9F¢REI2088/058165

andWD 97/ 47386, incorporated herein by reference.

is dregbethabhyout i Dénllpydper-raXxdatiaydt por e elll spreﬁemmy igg€fer than about
1080|d silver, one or nore noble et | one or nore

Br eAndpes prefpiahlyngigater thap ahoyti 1XQQ9rhe t%@p@&iv, the GHSV of the
fee%gt{l) ga?ﬂsct,oﬁlqn%r 511(11%01&1{1 :){gélﬁmﬁgﬁlrhg%{] aﬁcg tlflcﬁﬁpgltluent ﬂge{éc&ﬂn about

50j000 @i UpRefepdatdly, pé@&hamtumbumse(b(mabland nfoad pRErabTy 86/ thdn about
pl atl num The rare earth | ant hani des i ncl ude

2040@9 fﬂh aﬁ@ﬁga%@qrh@a%@mmf tha O)qyggtmhﬁﬂmpn and diluent
co%y(%'r%{s ca%ll@e d%?e?%meg @O{I}]H-‘I i%ﬁallc%r%: ot%g}/ %k {hrfl:lolllé'ﬂn Eln? e[?{ account the

osi um m I um and

relpief |s1abtayios Hesnehanum erbium lutetium or a m xture
thereof. A nost preferred catalytic netal conprises

gol d al ofide @ase@@mfifhugré§trbmﬁeagmgdhahﬂdrgﬂxv@tlon [gactor comprises

ith {
olefipia et BVEn bRty gRINB BO%iGLSRE eFBhgypy-produet
of bRfihkEmBhitiont ARl 4 BY-plodu@aftihg8rogén EsthBlsyibh g ui®indbrted reactant
(i.e., gold, silver, noble netals, and/or

oleffianetuean dedyogen soptippilahilupyt agm@@chswe bermusaastwedl BEKidation by-

i ght percent n a .
o 0% eF prorigi e Bbe Ptotiar gnd Pl Ui Tugregh me
cohddBtrhmdf oMibidOfn thée @ffﬁl@ﬁ@dtﬂéﬁﬁl leaM®; the hydro-oxidation reactor is

titani um contai ni ng support nmay conprise any such

relsmmodlﬂutk,rr@lvmng ﬁom@r@q@@rtmn glwut 0.0h ywahwacopdretat folass than about 10

rocesse r e i tani a- Si
e vesen T Rt Srfbe ke ety dypal. the
co@derﬂltﬂfh oftv/ dt@N kel SRE EARMN OreBmAT QB ey P8 bRAlation reactor is
silicate (wherein pronoter netals are defl ned

greaer dlamanbt)etr() | vpluorgtearennstddessttharaatatue $3 Vdsmmnletceats based on the

i Xt ures eaforerretlo orts.. In.a nor
o h s BEOE b EnER | APICH Ba e anRaRaiio A eptsated olefin in

theC QR S@SarR £BRY @ %y&ﬂot&@@a‘%ﬂ oh &R is PRsikr ﬁﬁﬁﬁ%@ﬁ'%lurﬂe percent
m croporous crystalline titanosilicate of

and teys thah khbgurt@phviobunsd parctntirtesédoen i ad>th1y\401mrhe of the effluent stream.

dr o- oxi dati on ca al yst furt r co lses one, or
Tymy%h%tﬂéﬁ'r@ng@}t@é%& Pragen iihe ga? ’§tg|r‘??é‘3rc§]f‘an about 0.5

Voﬁlllrrwe'rcen@&mleés'}ﬁa@%&uh 50 vofdhfe O[ﬁ?crehh bh MARARE 85 volume of the

actinides, and m xtures thereof. Preferably, the
effpleotmteam |'J$rpmllg,ahedorfcemnattdne)f gwdmgercm@cmem than afout 0.1 volume

[ithi sodi otassium ru ium. cesi
PerERrie |%?ﬁ1thaé‘aﬂ e vl BFCey gfrsaﬁldm fhgttata mﬁlmar?é the effluent

strénk ! 'T‘%ﬁ&l;yh Ble&RluentdS eﬂbﬁ)‘gf!:cf’ﬁleéjcdn@eﬁtﬂ‘l%oﬁ rrﬁnglﬁg@oﬁl((’)tt@lless than

oadi
about 70 Volume percent, based on the total volume of the effluent stream.

The gaseous effluent from the hydro-oxidation reactor is fed into the first
distillation column at a point anywhere along the column from the bottom of the column up
to the mid-point of the column, preferably, from the bottom of the column to a height of
about 1/3 up from the bottom. Suitable distillation columns include trayed or packed
columns, with packed columns being preferred. No limitation is placed on the type of

packing, suitable examples of which include structured or dump packing made of metal or
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pronoter(s) is typically greater than about 0.001
wei ght percent (10 parts per mllion, ppm and

wo ysaai2by | ess than about 20 wei ght percent, PEEE82008/058165
the total weight of the catal yst. The hydro-oxi dation

cerair@Pcdiaghtibe: Wil cHeahe@idal aadipedet Ofondftican iereinusaibedndthe skilled
desi gn_capabl e of handling an exotherm c gas phase

prqsﬁwggleew@f@r%bé@tw%@p e At dighldationcolymen o aceempegate the
speclﬂﬁ! \{aggp Qn(f llil&qd id ¢ Algétgelngsee g&g}qe’d HQher@es i c?v%;%? alad 1%1u1d loadings.

reactors cons

Typic dy’ﬂtlhd tYle@fstlé‘aahain&SSﬂ ofligglss @anOfet &ﬂtlllﬁ‘tlc@lafoalﬂnﬂangéwfrom about
used in an alternating fashion. The process conditions

6 tp gbout RE. Pipterably Xiogaaban 04 about 3& \he anﬁ%ﬂll@eﬂﬁ His| bpttom of the
flrsg d?stl%lgtl ”%‘o@%ﬁ”@ﬁ’erg (e gd{%gym dl reac%gr rfﬁHeI}t stredin is fed, is

o 'recogni z € conditrons

typidasly/ig P@wrsﬂhhn%bwcn fér@]’ﬁ’%@éa@er&ﬂﬁ fHoanm20l But less than about
ni xtures of the ol efin, (3@ en and oxygen, and

1236t ek piefatatlpdets thacahontl hg betierppsessitens BpisgHy areater than

TS A B S oS RIS T

lest RN AB&IrIDY RRGB AUL RYa), ﬁﬁﬂ)ﬁfeﬂiréﬂﬂ? 18ddh g ABSHEFD pslD@,412 kPa).
nore preferred reactant m Xxtures specified herei nabove

The tenppradties\aé thet top lis detayminsiddyy théeorfdensatiah It@npeé@turmofmwﬂux

th t ed th f
cop iyl S66F Ba SN BFBEC, The bSuT hERCHE i fBErupeom 1caving
frohleihe ft&;h@ﬂ t8S Sirst ARANAG ORI A I destigy Eind DR pr&9ieRyithn the
possi bl e, as designed by one skilled in the art.

hy(il@uaclldlaylontrmtdnymas-t@ xiigiarizoeorgpressidnsregainaugnteef the gaseous recycle

enper at ure. t hat reater. than about 1400C
o R ab Ao eia; PRSANSHBhE ThCH e 4l fre dyiarion column
| { A
B e Ty FeuaP RIS S o than sbou

15(2 800 .0 b kid)) yt typienllyrlesshaneboany¥kpsia Grt4gtidiad, and preferably, less
at nos ric ut 500 psia (3,448 kPa), preferably,
thafllﬁggr?tg%@lﬂml(éd”gg? )-(690 kPa) to about 300 psia (2,069
kPa) . Thengash 119UEddon RS NEHiOG ddon CHIRV i Qéciutnlaﬁ to contain a

olefin can vary over a wde range, but typically is
liqgiderafier oft hantidroion agétnmAsclsed hareipethe tdrnc’atetlificatiopagent” refers to

a cgr%lggurﬁr é%%ﬁa%?a;eesr lé%{ag{ti%? }Q F:lorég%{}:tntas]b}g 88@1:515?}19@_ Ic’iur]ﬁ’lg (?lgtl lation. In
thlér}ﬂ%{aﬁ@é ltﬂelolEﬂ? 8%'?};5 Igfatlii/@lg gght%r’]lg Ehéa g%@é%gh%l@g%ﬂtefﬂuent
stramt amnruee Ipinegmlan lagent %ésmamemm sapntior26Y, th6lekin bmde’maefrom.
Pre%fgrté t &gs?ﬁft]]%g%%%/q %g%ﬁél% a}/l %L}c))l?a{tltc)ilydrocar on %avﬁlg (:?1 normal boiling point
equal to or greater than the normal boiling point of the olefin and less than the normal
boiling point of the olefin oxide. The word “aliphatic hydrocarbon” refers to an organic
compound containing exclusively carbon and hydrogen atoms, preferably in this instance, an
alkane (i.e., hydrocarbon having each carbon atom therein covalently bonded to four atoms,
that is, saturated) or an alkene (i.e., hydrocarbon containing at least one carbon=carbon
unsaturated double bond). The term “normal boiling point” is defined herein as the

temperature at which the liquid phase of a compound is in equilibrium with its vapor phase

at a pressure of 1 atm (101 kPa). Non-limiting examples of suitable aliphatic hydrocarbon
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ol efin, oxygen, hydrogen, and optional diluent can
al so vary over a wi de range, but typicallyis greater
wo b@s/1220ut 10 Ml gas per nml catal yst per hourPCU$2008/058165
preferably, greater than about 100 h 1, and nore
redbifieft@madgkeirts gl et @ s dilimBs, 3behds but@Opentane, hekyipé,@gtlblexane,
the GHSV of the feedstream conprising olefin, oxygen,
heptpeg: dpdAcCtarmh andbs-s Phenes diuch enpropglepe dytanggreniapsiexene, heptene,

and o B UPLEREA orat B R BRI 3B o g

gas hour Iifyansqliegr iy @ledck theaBctificatibe agoty, 0ER cldaylgl pagered to select
and di l uent conponents can be deternined fromthe '
thesyameedleftl sche legn reastang pethe hydiakaidation theocsss 8 @ntpremyéene in the
relatiy lar rati desired. eous, ef f] uent, ..
el Rt A RSttt B PR P i ERlgeon
prak&fit fecbd @iroviht tBE h%dﬁrhid;‘dﬂa:tiﬁn Peat@r AROEBE torfplidalifg the overall
hydr o-oxi dati on of the olefin, a by-product of olefin
prasesryusesessrrilank ag afsang psodgedn asfthawediiidepsion @seriuben gihould be

sl BRI ERSEL kR Phdeie BT Bl JIGEpyargoniaation

rea@¥biladrdaibn, ke dteQlSicAlS; ident. Mol AR LAGAYBRinERhHAM] boiling
nonoxi de, and carbon di oxi de). T%/pl cally, the o
poinb Hheeisthighter grandhe wirafal hoibirg deint af thh dyéibfdxidationgeactiapplefin will

e S BT SRR Ly Pk Clnsafi 6 BanbSidinin te olesn
its@Er E&¥kafmPlel BSthe pRadrRbtesd An¥RIHHNE oREMGE PropyRAS 8t can be
the total volune of the effluent stream Typically,

condeaseaslomitle pitnpdy # vateo toglantewhérsasepmpylene teheiresfaf fe{regetation means.
stream from the hydro-oxidation react.or is greater
Coptegiomboth ™t o REIUR TSk CBrY GRCE RUa™ RS MRt engfor example

butifé URBhIREGEAion Rased on the total volume of the
ef fl uent stream Typically, the concentration of

unconver thay cohefnitionalnlesige nefahd thenprosideefmthie lomid heélux in the
hydr o- oxi dat i on. reactor. i s .greater. an about 1 volu
o Eietana edes Rt inb i Tas & Sriaht Palead, A pkbutrd
em®Bditdeic ERh@iseY 2h BRSO oRgeRES d4&RAI 18 ‘ﬂ'lfee(ﬁEHuaTi)bR lc6Rk|Ywith a

the concentration of oxygen in the effluent streamis
comghuetad elelitdralne @bdtihg 0qiEd\pbhsgmectgeratemtgeantd thessp t/Baection of the
. about 20 vol ume percent, based on the total volune of _ .
firgt ﬁé“’ielf“?%_ BE; CEEFRAIORT CAFYer (P AL RPTT B o ficient to
comtidto@e ?edti%ic&ﬁ(ﬁlaatfgﬁt; iR Qhea@&?ttraglré d¥ndEpdethE @ﬁgcit?dql‘ictiﬁcation
[ ess than about vol une percent, based on the total
agandeopioyod ahdas Bijddfartion tahpeeatnre af v qeldting prdssurdi Pusmdre is
i.s enpl.oyed in concentratiog -ran%lilngfromOto-lt%s

ey iy BBOIAAG B ALOREH AN IABEH IR 4 he PregtF in the hydro-
oxf‘ﬁgh&p}:‘ea&gr,t\ﬂﬁclﬁifsftgrﬂigﬂfy g%z[téacﬁﬁn about 50 psia (345 kPa) and less than about
500 psia (3,446 kPa).

Any amount of rectification agent may be fed to the first distillation column
provided that a sufficient liquid reflux is obtained to facilitate the separation of the olefin
oxide from the hydro-oxidation effluent stream. The amount of rectification agent
advantageously is sufficient to separate essentially all, i.e., greater than about 95 mole
percent, preferably, greater than about 99 mole percent, of the olefin oxide to the bottom of

the first distillation column. The skilled artisan knows how to determine a suitable amount
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The gaseous effluent fromthe hydro-oxidation reactor
is fed into the first distillation colum at a point
wapyshare2 al ong the col unmm fromthe bottom of PEEUS2008/058165
colum up to the md-point of the colum, preferably,
of fecafitdtion dgeitito bt 6dd thhiee Gt divnllitnaohengby takfngdh@uiondifiéation
up fromthe bottom Suitable distillation columms )
paagetegyiel the spesHicotistglagion gmpinyganm 3o elfeetihis senasdiabep e ratio
. ! . e ) . |
oo ISR LT q R LA EE 400 oS B APl R

Re8llix wtiolik aefimyd « Whepwpighkiatig oNHgEid 9éfluxeinahe e316@N ad TG ward flow
conpatible with the chem cals and process conditions

fropetheicalugus direfiseadly, eareBRx ratieds pregtee funahgitdblil apdl jass gan about
able to.design the fir distiflati col um t o T
S/ e R tAreY PRy AP L1 S R b et o towid

str&pbeuREd &ldeh thb @oklemkdrenl a\hadkerupaidarhigionibed Madicpgigte feed to the
Typically, the theoretical nunber of plates in the

distijlptean efilemn | Jagety orecadianihowd §e saken enensbsuthatghe gasgpesstream
50.. .pr ef er abl from abou t o about . The L

copgisBF SpaPaoig oA s Raufiobsh, Bty Siiend e apiags rectification

ag&if] i Ay, MR end AAJBKEF Boc@Rbl@srhPike e RAbIE FfiktdRNtThe skilled
streamis fed, is typically greater than about 35C,

prqsessfangiioryyillgenoat kew thdaterabouwhasgxtyes fallesighin Hrflammable and

about 5C, _and fer apl | ess than about 1000C. The
“0%'216{‘16%%?8&%?}# nlgéﬁt}X?ﬁH%:l’fl){‘?rﬁ' greater than about 50

psia (347 KRePottdfiRhARlonpridingalfér, biRAR o@ﬂféyind]%ﬁonally

psia (1,034 kPa), and typically |less than about 500

respiiabur{c@nverdigief)n anglia rpstdicetiabhgent, Isedsast dneatkami otxits JlEObottom of

ia.. 412 kPa). .The tenperature at the top i.s
G TN 5y e DIRILRoRN O LR AEP EoBplitgsdrom ereater
than@bbips e MR abBhi SR oRARF@ht WeteRTRHS eGter HAR about 10 to less
pressure of the first overhead stream | eaving fromthe

thapapouwtf SO thelefpercsnt @efn pkidetfran goatathaniaboutdkiorlats| than about 1 mole

simlar to the pressure within the hydro-oxidation
perdedfagpnedisd SBERo DR S S PP BrisfEs: her
reckifi€at S st BCY CAIRarfeO deEi%anYﬂ El?)bﬁiﬁncg‘ftthé)ﬁrs_[ B&FIN stream may be
Thus, the first overhead streamexits the distillation

sert ob amaboder & qonegsiona deyighc dhé pogroeaf ére firdt@wooutred® sent to the
psia (345 kPa), preferably, greater than about 15 .

rebgprRcanya 45%%»9)4? apent 35;@%*533?5?%@%%5 B ARg B Of the firs

boRSth@stbeanft 4 ub’éﬂ?%he B1eP fsq}cp%fa@&i A t&ﬁﬁéaﬁu@?ﬁhﬁ_@é&hre@@ﬁcient to

psta (2,412 kPa). The top '1/3 section o I rst

recdvatanly luatomertedblgfin reastanegud/oradctifacadombgenn that miag be gresent in the

~reflux of a rectifjcatior a(?eq .. As used herein, the
firgt OpHemp 8E3ant {4 28Y61 ta gt ¢ghletion cglupne oppound t hat

faci | i tayeg. [heaRenRratien iRtnbRITROREH:Sidult AL KctifiCation

during distillation.
agent, then the first bottoms stream comprising water and olefin oxide is fed, in whole or in

part, to a finishing train of one or more distillation columns capable of separating the olefin
oxide from water to the desired degree of product purity. Suitable designs include trayed
and packed columns, with packing preferred, similar to those as noted hereinbefore. The
first finishing column typically contains from about 10 to about 50 theoretical plates and is
operated, preferably, at a temperature greater than about -30°C and less than about 140°C at

a pressure ranging from about § psia (55 kPa) to about 60 psia (413 kPa). A second bottoms
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this instance, the olefin oxide is relatively dilute
in the gaseous hydro-oxidation effluent stream and
wo b@sneepi ficati on agent facilitates the separPCT/082008/058165
the ol efin oxide therefrom Preferably, the
stré@€ torhpieahg aateagebiaingl @omahd PpRafihichiny dolear BenyfiavduRgm is
a normal boiling point equal to or greater than the
typielyslispBend: idneecpBd AYerbeads sy censisfingrgbstartinlly i glefiReoxide,
prq@gr[raglgﬁa(? %;'14 %d%ga%ta%edt f??em ?llle f{lIISPfII%)S(}lllgg COlqu% \pﬁ’l %leggl oxide

praciast @pﬂaamgh@mqimy y@grateiethe Abain d0 hyetihe eﬂderﬂt pﬂéﬁe,rably, greater
preferably in this instance, an al kane (i.e.

thaﬁ;ﬂb@@t&aﬁrwahweﬁg apd sipre Bickublntgspate{Baratout 0 slcieht pgrcent
bas(eﬁ ogﬁﬁje {%)?28 weE Cgc{lt Ak QIe dlef{ g)ﬂde §°tre at'le a(%lgf%q oile 8roduct 1§ Ntable for

pbon ‘con Iea

sal@afh@amf: Iimletlbﬁl%afd@ﬁﬂided doubl e bond). The term
"normal boiling point" is defined herein as the

t enper at dfraeregtiti¢gtion tag@méther&wndhmﬁaﬁé itpdlf i t@@hﬁ@m@mpbe an

B P B R B P B Rl e,

is Rl iPRAbletr lihyﬁi €2l QAPPSR ChiunCRbI AVhidUR Wbtaihdicd dedéhddvebhead
al kanes, such as butane, pentane, hexane, cycl ohexane,

strmﬁqnprisiwﬂle@@qtém@tlomMHOth kserﬁ;ggcleds@dhe fest dlstlllatlon column

an g B S0 s e BRI A baterand
prédyRing BRIk i PHKEinad kdRase angpa deBnes.- Thd stﬁPpe?'cBﬁlﬂﬁl isperated at
uSed as the rectification agent it is clearly

anypteafperated and predae suffinienstareripihe freatifigtiorhageot irthe water and

tant of t d
oleigpyfeda Snet el SRbRiRFuG e e B RoueSs Sty sompises water
prépyleaRex e Uil Reardee@e kirMper R ohBa N AR dt A hSRature greater than

pfocess if recycled through the hydro- OX|dat|on
abou a8 Crandtléve tietmyaboonisl’C and ngrashec gweteakiianpboutdbssia (55 kPa) and
hosen as the

st B dator g HTRP T AR Fecob B ebeapriing e and the

oléflﬂ%'xﬁdeVﬂﬂtﬁné@ﬁ&ﬁQﬁe {Appdr@olmhal R1ReH H@%H 0 thetiRQ8SS train as
Under hydr o- OX|dat|on reaction conditions, alkanes are

pretvycplsualelsgnbedélbtem I\Iintthisldyslgma tlatddame)ntsasmmg canmpoisimg|water and a

ng.point that, is h| n_.the nor
higEp SR SEFD AR CRERGRY OGIEha ARids: T EFROR piobydne oxide, is

Obgﬁﬁgqgmgg§§n§@§&ggmﬁrefr|geratlon/coolant) upon
condensation, as conpared with the olefin itself. For

ex arrpl e, Tha fdilhﬁvmg etanpledarp pooédsl totilbrsante thdramvohtadn described

ropyl ene, butane can be condensed with sinply a.
hetggy B Wt Rte SXARGI 480 ) BBy e e flgat he inVention in any

ma?lﬁ&f. IIREALA B2 dé?cfi‘@;%on HPILRE AreRi e ar{qstan ﬁ b@%bf%rtsfvﬁfy’ fid
rom ener gy consi ratirons to use al Kane,
paakenpi ef theliraretiomn® frbduce actaribiyodembodiagant that fall w1th1n the scope
of the claims.
Example 1

With reference to Figure 1 and Table 1, a catalyst (61,800 kg) comprising
gold deposited on a microporous titanosilicate support is prepared in accordance with the

description in US 6,255,499 and then loaded into a fixed-bed, continuous flow reactor (137

m’ volume). (Fig 1, unit 2) The catalyst is employed in a hydro-oxidation of propylene
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Any conventional design neans that provides for the

l[iquid reflux in the upper 1/3 section of the first
waele@silk4202 i on colum is suitably enpl oyed. A pPer/@820081058165

enbodi ment conprises an over head condenser external to
withis ygérsini the piek@ite 00 hytrogen toHon ppelehé okide ded torprodubiewater. A

resulting liquid phase rectification agent to the to

floyy of hydrogein ol per¢ane by velgmedn gitragenk is siarted| Thgreactor is heated from
| i t
oG RFEHLNe A5 SDARE RTISR arCEP e

codlb& td HOUPE! ThFexcte pemhes fadpoith hin®gsh@eittd & 160°C, and held for 1
rectification agent enployed and its |iquefaction

howie iifereattar. éhedemppiatiop sriadicng i €l Supns thep adepdrcempsising
pro%?rfel(l)l\%:va(%tgil for 2hd hgérﬁggn i%?t}}t%i(ﬁlé&h@ig% TPShE g G Ml B8R

€ pressure ooxt dat1’on react'or,

tertipbir@tlirel i niayiRhiGed htyl GOPE ahEthe tohedesahesturedi@ nitghtained46289-302 psia

kPa) and | ess than about 500 psia (3,446 kPa). An
¢l £ kp) theeughputdhe Fun Thgealectily therepdeneexidsds f)g Bgpole

distillation. colum praovided th a sufficient liguid .
peift ficef bh SRVS O TP BIR SN Teriet d e Rtk BPRY b oBfe rplar ratio
in GkeffilEnoxidde fsuom t he hydro-oxi dation effluent stream

The amount of rectification agent advantageously is

suf fi ci edhegasegepeliflaert strsapid) fadrh yhedhyidro-pxidationgreaetpe?) is

t han ,abqut 95 | e.percent ref.erabply, ..qreater an, . .
propRd BB FIRIE AN BSE fog0 GieRH A lror R SRl L Bhraining 25
thePRUHANMRE. LaRId prophled Slobtdifld (RN oR@EMHY. untbevestel hh@thake-up

arti san knows how to determ ne "a suitabl e anpunt of
prapaeng fin @ta@ﬁt@ma]agmd@ns@b(m.eTh@tquid prépyldnensted in stream § into the top

distillatiaon col.um by taking i.nto,consideration. .
1R aspeidhs Pt Ayl Gonchie e syl ity GisaipRaeticaign of
prepy{e@6 bxidRitRn$ 8RO Bifldnf fchiX Rl tifg astyat 2080 Wsluk ratio of
i'S enpl oyed that” is greater than about 0.1/1 and | ess

thethstillagibo wolufr@y i pravedading float ofdiqued desfimn@ol devsdedtey fluey ghgaseous

st PR a0t btlam = Bobdle g iinfih FlFimy Bopiatan femiefiore o
38 £ £prel NAN-RIRY kPR -ad ik (§DEE Jh? %@1%%%daak{9ﬁﬁbeé(u;e of TU48C and a

preferably, [ess than about 1/ he Tiquid reflux may

prassurp o6 V&P A hietha bbitgpuiofl thetaoam. otlmuivedreamaiR t lseecovered from
condenser qr a. mpke-up stream provided iin a separate

therbegigm ¢ the, By dopme G f%iaﬁog‘tryslmge%mt(?ﬁh@n 16) for

sepsclpﬁkl)anmB% kel &3 H%ﬁriﬁ_@@f)rogzﬁng 85180 YSeanl {183 Mnd a stream
conpri sing unconverted ol efin, ygen, hydrogen,

comptisiog atimdrilyuerbnveated padgydme, which iif thisadxaoplageatycledfvia line 20
any, exiting the condenser does not conprjise a . )

to e siillptien Flvmar éLl_nemg ISk Yt edcasn aeuss ndigicamplep pifectively

Lhi

ze {}lg%g];ﬁ’géeg)n 3ﬂ£ ﬁﬁﬁhﬂ& CMH (%%E(‘J{{tﬁﬁs fl?tﬂeof@t&!ﬂ tfhyg Qﬁd operates at

a temperature of 117°C at the bottom of the column to 34°C at the top of the column and a

pressure of 188 kPa at the bottom of the column and 172 kPa at the top of the column.

Table 1 sets forth mass fractions of components of input and output streams and process

conditions for the above-identified example of the process invention, as referenced to

Figure 1.

The data set forth in Table 1 are obtained from an Aspen© software process

simulation program available from AspenTechnology, Inc. of Cambridge, Massachusetts,
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non-f| anmabl e ranges as noted hereinbefore. A first
bottons stream conprising water, ol efin oxide, and
wopisonebt y resi dual unconverted ol efi n and/ or PCT/US2008/058165
rectification agent, such as an al kane, exits the
USgtspesifieiily! the sfnhulstor dissdn Plhatdreion CODMUMTheTytpgi@al dsgs a property
this first bottons stream conprises fromgreater than
setfpan REK5 O span ysingsrefepepsed Bisthods froppnen-sadem fyvohigrisk (NRTL) and
h t . t L e .
BT OG0k 00 0% Rl BT HRT-REN S
forl 188 $n iba¢ls ab@UEqubktio® bestie aae aéti vityoBiRIidned whlcdf drelusednfl the
~fromabout O to | ess than about 20 nol e percent other
sinpd@dqnt i cati on agent, such as, alkane. Optionally, a
portion of the first bottons stream may be sent to a
reboil er of conventional design. The portion of the
first bottons stream sent to the reboil er can range
fromO to about 30 wei ght percent, based on the total
wei ght of the first bottons stream If used, the
reboiler is operated at a tenperature and pressure
sufficient to recover any unconverted ol efi n reactant
and/or rectification agent that may be present in the
first bottons streamfor recycle to the first
distillation cOPE INFENREONARENAAFOBEANK) it sel f,
is enployed as the liquid reflux rectification agent,
then the first bottonms stream conprising water and
olefin oxide is fed, in whole or in part, to a
finishing train of one or nore distillation columms
capabl e of separating the olefin oxide fromwater to
the desired degree of product purity. Suitable designs
i nclude trayed and packed columms, w th packing
preferred, simlar to those as noted herei nbefore. The
first finishing colum typically contains from about
10 to about 50 theoretical plates and is operated,
preferably, at a tenperature greater than about -300C
and | ess than about 1400C at a pressure ranging from
about 8 psia (55 kPa) to about 60 psia (413 kPa). A
second bottonsstream conprising water i s obtained from
the first finishing colum; the water streamis
typically disposed. A second overhead stream
consi sting substantially of olefin oxide, preferably
propyl ene oxide, is obtained fromthe first finishing
colum. The ol efin oxide product typically has a
purity of greater than about 60 wei ght percent,
preferably, greater than about 75 wei ght percent, and
nore preferably, greater than about 90 wei ght percent,
based on the total weight of the olefin oxide stream
The ol efin oxide product is suitable for
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sale or further purification, as desired. If a

rectification agent other than the olefin itself is
was@d/ 124202 exanpl e, an al kane, then the first bOI/USIMBS/058165

stream conpri sing water, olefin oxide, and

rectification agent, is fed in whole or in part to a

stripper col uon i rom whigh|lg_gbtai ned a second
over hegd stzxeaxNTCR rgsgn% @|recki f{gat en agent
whi ch € reeyeledie ene|fiie3e|di sPil |gti or col um
and/ or | t he| RYdit 5] oXTd=Y FoiT | Feadt of . Al secpnd bott ons
streamconprising waterq and prapyl ene|oxi de 1§
obt ai ned fronEtRBess8Y Ep@es | &0l _ Theast ripper col um
i s operlat ef=aE | 8% | Begpe & & & |antspr €8sure suf fi ci ent
to strig the|erectidlocatcom | agent fromThe| wat er and
olefinloxide! In|a|piefefred|eqbodi ment, erein the
first bottons_stream conpriises (water, | propyl ene oxi de,
and butane|StBe3s81 Spges %%%rw ed 'gpically at a
t enper gtur £S05ea| &1 S o | SIS |- 30BC and [Bss|t han
about 1400719(10210;)?’%%’5,&%’ gil&ater than about |8 psia
(55 kPg)—andHHess—thanraboyt362psta{2560—+kPa). The
second| bot tQis | sl Leam-canpl|Lsing water _and the olefin
oxi de pht aj Hed | Bren=l BeSO Epger €I un@ i 83t hen fed
into the f 81 shtng gr@@ gsggevi tis| ydes@ri bed
herein| In{tThis design|a|thind|bottonms stream
conpri §ing|wat €r [amd [a |t nd [oyer head|[STTr eam
consi sti ng|glbsdkant tadd | of ~okef i hoxide, |preferably
propyl ene )%i e§ gsssgogt §i &e@ §rom ¢ihe|4ii n éhi ng train.
The foll oMB80=e am)gegs ale|previ deg tpni | |Ustrate the
i nventon descrilbed herneiin; however, these exanples
shoul d| not | be construed to|lijm|t the [nvention in any
manner | Bas8(XoR | Ehe | BeScti| Pt Ein hereiw, the $killed
arti sarPwi |B|Besabl| 8| Eo=va B Ehe pdr apBt erd of the
i nvent { on {9|PIe|ece| @ | Fasi|etP|of |Enbedi nent s|t hat
fall WMthin the scope of [thelcllaips. Fxanple | Wth
reference to gilgureoiLma[QdJ'gkL]e 1] a catalyst| (61, 800
kg) coppri skng goﬁdgugpgcgtgcgn 2m groppgous
titanosilicate @u%p@zr@. Pfox)q’glrejgi n|@ccopfdance wth
the descri prion<in|Bs6-255%499 and then |oaded into a
fi xed- ped;recontinuous—ftowreagtot— (37 B—voel une) .
(Fig 1] unit|2)-The~catallyit|is eppl oyed In a
hydr o- i daB| B8nXEeH rap@f&&v@h DXy gen i St he
presenge of ShtCogers| Bof & B| | opytenewoxjde and
co- pg,oduct |[water| A -
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fl ow of hydrogen (10 percent by volune in nitrogen) is
started. The reactor is heated fromroomtenperature
WO 0008800® at a rate of 120C hour, held at 2500BCT/082008/058165
hour, and then cooled to 1000C. The reactor is then
fed with nitrogen, heated to 1600C, and held for 1
hour. Thereafter, the tenperature is reduced to 1400C,
and then a feed conpri sing propylene oxygen, and
hydr ogen Ting integraisd persgsser giepf: OIERBRHONSE PEGEPSIfEPpHRsOduces steam
erab
vaRESSERD HAMALHALDE nols (T BAIDTb Bl 83, BRdid Wocess and
reqﬁﬂf@BZSQW Btifa)coblgoat@eC forttheexttinal coingerset.ectivity to
propylene oxide is 95.8 nole percent, based on nvoles
of propyiTéagrapyiene Pridd recpieredas ap oy ohepdoppnar £8)dxeraghe finishing

colnglnq{as a% ofrbSt'}']W{e%LQFnlilg{ﬂi t?a‘é&ie (ﬁﬂl}e%htéll Zélght 0-%11%% overhead stream

gaseous "€ uent dr o oxl

(18)eamlfﬂoad({u2c)nau puipfi@€ion Sae re’t&vérb@pﬂ)pbfl%ngb@klé Canlbe pmﬁed to a purity
being fed to a first distillation colum (4)

Ofﬁ%ﬂﬁaﬁmpﬂQﬂQS theoretical trays. Liquid propylene is
obt ai ned by condensi ng unconverted and make-up
propyl ene in an external condenser (7). The liquid

ExpmgRyl ene is fed in stream8 into the top 1/3 section
the first distillation colum as liquid reflux to

0
faci | it atVéith ederendegatisme danp oy PeRearnpledds faported wéth the
aseous ef f tream Refer Tabl.e, 1,,. th
RERR FpGhiRAtE Rt o R e e i Dok P S P o Siemals
an'd@MéePﬁe lid Gl th ﬁ%t[l& BMahd }efﬂlb(\(B}jﬁ)g fiBy dfsltlgﬁ\ﬁé}f cdl@dR QS and
stream (9) or 305.9/812.3 = 0.38/1. The distillation

stup}i)qmnluope(ﬂéi bolaged hetweap dredfingt stifation colamn (@) prcéeths dimgshing

t the t f th d t
o (s gt myde-prgaktrutint 1SRl aohisde pERR S aLY e
pdrB&ic ARk Bh meqels ofipichyRhé e&meﬁté@) TheSmBFai; Qé{%r(ﬁdvaftérqmp}d}ﬁrlene
botton1of the first distillation colum (4)

ofiflqinsthe hgdrorasiidutips effinent A@pnfigr. 3k pﬁhfaﬁrsohydrmoolcutlon efﬂuent

S SRR o SRl b B RS Rk s abO e, A
oRERANELEN (WlohTprisThethd 1 e%a@@g@n L AFREN W RGheVird s iner

20 to the dlstlllatlon ¢ol um. 9 7s a vent
dibtenssaobtainhd &lom the filndt slisedatg ealumn ¢4 eded wethy cemtenserddsand split

. bal no % The finishin colunn 16% ontains 15
mf%% &b e Pﬁr%}%(é ﬂlgbésrr&%%e &éﬂ"éﬂé’r"é‘tcﬁf@%f‘)r 13928
reQ&-‘ﬁ@a&loh ngr{? ointdc%lr@a%o& Rge iR k%%nfaﬁmﬁ@&oﬁ@eﬁ @Qe&f oxygen,

he colu a pressure of 188 kPa at the
hydn@otncalnd lhsntaael,dNHlé’lQ iskBaycdd tb Itee liyalpo-okidatien lce:octturrrReferrlng to Table
2, the reflux ratio of the distillation column is calculated as flow of liquid stream (8)
divided by flow of gaseous stream (9) or 313.3/495.3 = 0.63/1. The distillation column is
operated at a temperature of 59.5°C and a pressure of 1689 kPA at the top of the column,
and a temperature of 87.5°C and a pressure of 1707 kPA at the bottom of the column. A
first bottoms stream (12) comprising water, propylene oxide, and butane, which is obtained
from the first distillation column (4), is fed to the stripper column (24) to obtain therefrom
an overhead stream (25) comprising primarily unconverted propylene and butane, which is

recycled to the hydro-oxidation reactor (2), and a bottoms stream (26) comprising water

and propylene oxide, which is fed to the finishing train (16) to obtain a purified propylene
21-
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Table 1 sets forth mass fractions of conmponents of
i nput and out put streans and process conditions for
w0 b@saboye- i dentified exanpl e of the process | PUENE10081058165
as referenced to Figure 1. The data set forth in Table
oxida(168). otrhaktripgerfdonimmuR4Aspates it ST OWRIHL4B81aE$T07 kPa) to
simul ati on program avail abl e from AspenTechnol ogy, =
repeyer thefse 3@@(1 SWeRsS BN GemprisngIBRpylepe and petang. yvhich is

reg%c%eds tor[He 03680 OAiS(B?l{;n Proc@ssv rdS 2'1 sgerg:og‘(g Qottoms stlf%eglr(ggjé%)mpnsmg

whet ﬁlﬁﬂ;&‘rof)ﬂ@ﬂiﬁ S¥ade. r RETIR Rt tWFiduir€| D] Thbﬂd\ﬁﬁbt)s naREfradtRagof
tables. Literature data are used to determ ne physica

campspents feisinpyt and egiput stragmstand @soceey condiionp nodel s of
an equation of state and activity coefficients, which
are used in the simulation. (SPACE | NTENTI ONALLY LEFT
BLANK) Tabl e 1. Mass Fraction of Input and CQut put
Streanmsa K O a. Stream nunbers are referenced with
respect to Figure 1. The integrated process for the
af orenenti oned process steps produces steam val ued at
200 million Btu's per hour (MM Btu/h) fromthe
hydr o- oxi dation process and requires 283 MM Btu/h
cooling at 25C for the external condenser. The
propyl ene oxi de recovered as an overhead stream (18)
fromthe finishing colum has a purity of 98.7 wei ght
percent, based on the total weight of the overhead
stream (18). Wth additional purification, the
recovered propyl ene oxide can be purified to a purity
of 99 wei ght percent. Exanple 2 Wth reference to
Figure 2 and Table 2, Exanple 1 is repeated with the
exception that in place of a liquid propyl ene refl ux,
n-butane is fed to the external condenser (7) to yield
a liquid butane reflux (8) for first distillation
colum (4), and stripper columm (24) is placed between

rain (16 | rorE PN AR BT A " "

selectivity to propylene oxide is 96.9 nole percent,
based on nol es of propylene converted. The nolar ratio
of water to propyl ene
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oxi de in the hydro-oxidation effluent streamis 4.3/1.
The first hydro-oxidation effluent stream (3) is fed

wo coositeeb2 di stillation colum (4) using the bupen®s2008/058165
rectification agent. A fires overhead stream (6)
conpr|3|ng propylen oxygen, hydrogen but ane, and

vari eus ner i | 4y ns’ obtained fromthe first
di st Ilat' 1= fled to_tha.condenser (7)
and &g i t%% %’%%@%ﬁé@@@ st f@an|£8) }[cgmm chis
recygl ed|&psStEHesS0EsE| Bl & 508 | €0l upm f pr use as
r ect HH+eptHep—sgert—andargaseeus—stream{9)
cont ai ni aneopverbed | i ng ene, | oxygen, | hydrogen and
but ahe, E BB 3| Besys| €0s 8| Bhe ﬁdr a:);Tsox dat | on
reacl,or . | BEBERIENG| ToSTabERS2S |t hesr efBux|+at | o of the
di st [Tl atipn[cplum is|cal ¢ullatted| as flow of |iquid
stream(% d é/)CdDEd b oflog gf gaseous|stream (9) or
313. B/, 4955 EERS0S63) & o'aeagdoe,g(l | aLi offlco|gml| i s
oper gtled| Q1SS @ eDADlIDe0B | 59. 50€ ang a |@ressure of
1689| kPA|AL° ‘ﬁaoi]%no)‘? he|Sorlim| and a tenperature
of 8 S50C At —w pressureoff 1707 KPA at—tTe bptt om of
the ol umigietelstshot tomoser eapy( 1Ry cpapr| sing
wat efsd pr%@%é %‘8% @a@dgb&t angg Wch|®s pbt ai ned
fromthel&|eed| 8l Stol casienstal|lunm~(4) i s fed to the
stripperlcplium (24)1to obtain({therefrom an aoverhead
stream (RR) EQhRriLsing|primnilly uncopverted propyl ene
and put anpg| =i ghel 3| PegyEl &d<o thie hydr gSox| dati on
reactor (2 2| ang| 2| BrEl ong| S Yeam L26 Scopgri si ng
wat ef anﬁaorapfFane hXil de | Which {s fed to the
fimi Ghing frainh (16)[T0 oblaijn|a purijied
pr8py| ensBxLOB| RIB) L | X | S & @er |col (Hm (R4) | oper at es
at 8 7C 88| 248 | BsBas(Z| R0B| Epa) [fo @cou@r he
segohd ol@fheadsSstream €28) S¢onpr [Si ng pr ppyl ene and
b a.e, mlchtsirecycled tolthe hydro-ox{dat{ on
pr8cess; |g(d| 8| gegonichal Lomssst r gam (26) |&onpri si ng
vva erwanfERIBYRERES0X HeL| Reer r (Ng (9 FlBure 2,
e 2 |opbsomass|bractions|aff cohporént 5~ fof i nput
an@ putpptstreamsandyprotess condittonstT (SRACE
| NTENTI ONAL+ Y L BFT | BLANK) K| & | 57| St fhean.puher s| are
reger\encei gﬁgg'gsgegtg;g % gurel3. AlQl st@am ﬁfoduced
frdm t he| Byd &1 SxE081 506 | EeacH|on|Ps pons(med|iEn t he
heét exchahgers (reboilets|om tthe| propyl ene oxBde
regoyery|cn Tt hi natess)| The copling®
regu %ewétéggg el u%h%x% 35(&f of it hegBext &1 nal
bugape cdﬁ:@@s@ O.'I'ﬁegbgt goﬁf,oft r eam fRom&he gtripper
coBumm (PB)°|3|Ted|To~f Tnishi| Ty tain| (16), operating
asgi p Expnple L, [fTor|[furiher [purificafion and,gecovery
of Ewat er [RORBIBOFES (S| 2(A(2(8] |o¢ | |o |3
O | — | o|DD[al|=| =D DN o) on A =
o|3|3|3|a|2|2|n|S|S|wn| | | o
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stream (17), propylene oxide in top stream (18), and

n-butane in top stream (20). Propyl ene oxide fromtop
waeesam2018) has a purity greater than 90 wei ghCT/US2008/058165

percent. WHAT IS CLAIMED IS: 1. An integrated process

of hydro-oxidation of an olefin to forma

hydr ooxi dat {t@itn Bfddh&teItrord kEER & ORMPAISH REctih i9k8isuthed in the

oxi de and of separating the olefin oxide fromthe
hedteaelmngsas deebpidars ef tHeywoapylerteraxady recdnerpe@demasof this process). The

cog e Taet SelORLRR G Grah S ot Bagedgreer
Wit h oxyd®B bbitothf §rRHEEEMGRe afippHEoRF|NBNE b td Rfishing train
presence of a hydro-oxidation catal yst under reaction

(160 owptiratingras is Likdmpliednfortfartiytpaiificaiogpagd pérasery of water in bottoms

Str% r ’-) ’OR);{iBg ﬁééeoqr}%i%l}gl?e ?tté%%i){lgg’lr%}g %g%%j%h? %a%r e%l’ne(f2b{? Propylene
o HRORR subhh (93 DG uHREaBAS MARSE WK pexidat i on

stream’into a first distillation colum that
provides for a liquid reflux of a rectification agent
in atop 1/3 section of the colum; (c) renoving from
the first distillation colum a first overhead stream
conpri sing unconverted ol efin, oxygen, and hydrogen,
and a first bottons stream conprising water and the
ol efin oxide; and (d) feeding the first bottons stream
conprising water and the olefin oxide into a finishing
train to obtain therefroma stream conprising the
ol efin oxide product. 2. The process of Caiml
wherein the rectification agent is an aliphatic
hydr ocar bon having a normal boiling point equal to or
greater than the normal boiling point of the olefin
and | ess than the normal boiling point of the olefin
oxi de. 3. The process of Claim1l or 2 wherein the
rectification agent is a C Salkane or is identical to
the olefin of the hydro-oxidation step. 4. The process
of any one of Clains 1 to 3 wherein the olefin is
propyl ene and the ol efin oxide is propyl ene oxide. 5.
The process of any one of Clains 1 to 4 wherein the
rectification agent is propyl ene or butane.
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6. The process of any one of Clainms 1 to 5 wherein the
hydr o- oxi dati on catal yst conprises gold, silver, one
woroosneeInobl e nmetal s, one or nore rare earth PCT/US2008/058165
| ant hani des, or a m xture thereof, deposited on a
WHARIS CACMIEDAISAT ng support. 7. Thee process of Claim
6 wherein the titani um containing support conprises a

porous t ilt ddbigfegrated rrogess Phbydpwikagonpt @ gefip ¢ fprma hydro-
[ e e I . fur . CQUPrI Se r . .
o~ BB LSEBhRLbl SRR 35 Qb n v fom
thedthyed-bxidadidoad ffloent8 aEdr, the prReSabhiprikiagtthadiegienf: and
actinide elenents, and m xtures thereof. 9. The
process &) canipciyigea wactantalefn in a gnsPhaedn ajhyydronexidation reactor

effl uent reamfr he hydr.o-.0xi dat i on- rea r.,..
il BB} PSS RO R R { RS fhjaaton canaye

un@gr&RAbn ebefifishsxffileent td OFMmaILak @hadeBrdoxdidittonl eEfsent stream
than 15 percent water, fromgreater than 1 to |ess

compa#ingan plefip ertdeuweshwacesgriod efefin, oXygomagd dsadegen;han
0.5 to | t han .20 rcent . ox n, fromagreater than
0.1 to | SQTeqdi 5 gal phasE Ry pidiion eHEhP i geq i

distifftSort EbMin Chal BFosRTRE f6H 4 IR reflix of QlrediBicatléh a%hﬁin_ atop 1/3
process of any one of Clains 1 to 9 wherein the first

seatfiiog toff Keggolwmmn;col urm conprises from 6 to 50 theoretical

| at es. . Th f . f d ai 1t0.9
whor o1 n {aePreB RRCTR o FN-BEf fthmBsap Rurifd Jream
comBfidiHX uh@nlverdd Q18R bﬁy%@ add BydrOgcab ot a il Bottdids suklm

process of any one of Clains 1 to 11 wherein the first
comipysing waterr ond thelalefm opds;ands at a bottom tenperature

greater t 50C and ]l ess than 1250C and at a . .

ot casur e (f BatdF Tt bFRE WeppsRTIepA e B dhq sgfin oxide
int® QQi.nﬁ)s?nﬁr% teatn ff6bckiRaheretSm aWARaRBRHSiSing fthAo1¥fiRBLId® Hroduct.

d ai s to 12 wherein the finishing train conprises

at | east 2ofde graesd dfdtlhion 1 edierenmn theaaqirficsiiorgagentimab @liplpatic

0 theoretical plates. 14, The process of a one qf .. .
hy@pgiian b A o RO PETHERHE P ShonGeRPanit, Lo uaeilpe poin
of Hehdrld 8di10R &8 HERRRE 'fbéhing%)oﬁ{t of teSIIRR] &4iHE.e greater

than -300C and | ess than 1400C and a pressure greater

t han 8 p$i &h¢PpbodefRa)f @nich | @53 wheerin 66 rpetifecalidil &ekPa)a. C,s alkane

process .of . any one of Clainms 1 to

or %ngg{%g]rtlpgﬁeneglgga gg glpélg ro-oxidation step.

4. The process of any one of Claims 1 to 3 wherein the olefin is propylene
and the olefin oxide is propylene oxide.

5. The process of any one of Claims 1 to 4 wherein the rectification agent is
propylene or butane.

6. The process of any one of Claims 1 to 5 wherein the hydro-oxidation
catalyst comprises gold, silver, one or more noble metals, one or more rare earth
lanthanides, or a mixture thereof, deposited on a titanium-containing support.

7. Thee process of Claim 6 wherein the titanium-containing support

comprises a porous titanosilicate.
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of : (a) contacting a reactant olefin in a gas phase in
a hydro-oxidation reactor with oxygen in the presence
wotookgeiegen and in the presence of a hydr o- oxPCUHUBIIN8/058165
cat al yst under reaction conditions sufficient to
obt ai n aggaephasss dfyCaion 63 Uathefyin tHefdata@it fistheeiMprises one or
conprising an ol efin oxide, water, unconverted ol efin,
MoK PRpErRtersy ﬁ%leﬁ%lff@@éhe gy CP%%%ﬂ%g)f phaligakalpiepagh, rare earth
1 u a first
lang\¥ agl%a% ?ﬁa% 1%21&} d(é?\“o ik Y %R(ﬁ m%tblge? erQ fgr a liquid phase

reflux ob, time p@dcﬁﬁsdfamga oh@@f Cmﬁlnéll% 8 @dieteamthefeffli@t stream from
colum; (c) removing fromthe first distillation colum
theghydyq-gxidafyay isactel eompratss f:r@mﬁreaf,ﬁ:rrtgam@}@é te/kept an &P peticant olefin

ox%xyigom érf%?eqt %41(1(5 ?goe%’s% {f']llnlg 1? ggrc%ﬁc't a)g(al%%fe%rglal O%rg retgan 1 t(% ﬁ:ss than 80

er an

pelfchﬁtaﬁlcmﬁe@ BI¥fin! fr6@ PrédidrQhah G.6M6IRAS BN 20 @eif&eﬁﬂ'ﬁi‘&@&d fi@m
t herefrom a gaseous stream conpri si ng oxyge

greﬁgﬁﬁ thsgdhl todlagh tharpy pereent bydiopen, @ané Hnved tOe]GS&ﬁlélf Y Opergerd diluent,
by %lqyld stream conpri sing the bal ance of the
dﬂ Ohverted ol efin fed to the condenser; (e) recycling

t he gasequs Tat pRRB(IsIFARY bREoLCORLRNS &F 9 GABRIA G Mst distillation
oxygen, hydrogen, and a portion of the unconverted

colamqomm@eaﬁn@nrwqﬁ@ -thedrefeal plateseact or; (f) recycling

the |iqui reamfraomthe c ens ris

bal ance. &~ TG PORES0 AP 85 Sapihe £l § REBieyp e fi't Bcitaton

Coﬁﬁﬁltdlﬁfht&fathtﬂ&hgd @tib Iflodt Avdc 6/ UMb @ Typvi de for the
liquid reflux; (g) feeding at |east a portion of the

bottoms d2rd aﬁpm@mﬁrqf shy gnaraft Elinant tol bWhﬁem@h@i éirst distillation

obt ai ned from rst distill mm
coR s & RRPOR T Pk Ry 35 QbR B apa aca
pre%&dr@ @f@a&:@ L5 pifh Bhekphehitine )ﬂllaqlejoo:!p@la (§|2L@r6 rpegess of
15 wherein an ol efin identical he ol efin
r eact ant 18f Theerdeydrad-aox pakadl Glairsg ko 123whedmtthe finshing train
m ddl e /3 sectlﬁn of hefirst..di til n colu

0
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comprises a distillation column operating at a temperature greater than -30°C and less than
140°C and a pressure greater than 8 psia (55 kPa) and less than 60 psia (413 kPa).

15. The integrated process of any one of Claims 1 to 14 comprising the steps
of:

(a) contacting a reactant olefin in a gas phase in a hydro-oxidation reactor
with oxygen in the presence of hydrogen and in the presence of a hydro-oxidation catalyst
under reaction conditions sufficient to obtain a gas phase hydro-oxidation effluent stream
comprising an olefin oxide, water, unconverted olefin, oxygen, and hydrogen;

(b) feeding the gas phase hydro-oxidation effluent stream into a first
distillation column that provides for a liquid phase reflux of the olefin in the top 1/3 section

of the column;
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stream conprising the olefin oxide and water is fed to
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ol efin 0xiyd€he process of Claim 15 or 16 wherein a portion of the first bottoms
stream comprising the olefin oxide and water is fed to a reboiler from which any
unconverted olefin present in the first bottoms stream is separated and recycled to the first
distillation column.

18. The integrated process of any one of Claims 1 to 14 comprising the steps
of:

(a) contacting in a gas phase in a hydro-oxidation reactor a reactant olefin
with oxygen in the presence of hydrogen and in the presence of a hydro-oxidation catalyst
under reaction conditions sufficient to obtain a gaseous hydro-oxidation effluent stream
comprising an olefin oxide, water, unconverted olefin, oxygen, and hydrogen;

(b) feeding the gas phase hydro-oxidation effluent stream into a first
distillation column which provides for a liquid reflux of an alkane in the upper 1/3 section

of the column;
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(f) recycling the liquid stream obtained from the condenser to the top 1/3
section of the first distillation column;

(g) feeding the first bottoms stream comprising water, olefin oxide, and the
balance of the alkane from the first distillation column to a stripper column to obtain a
second overhead stream comprising the alkane and a second bottoms stream comprising
water and the olefin oxide;

(h) recycling the second overhead stream comprising the alkane to the hydro-
oxidation reactor and/or the first distillation column; and

(1) feeding the second bottoms stream comprising water and the olefin oxide
to a finishing train to obtain therefrom a third overhead stream comprising the olefin oxide.

19. The process of Claim 18 wherein the reactant olefin is fed to the middle
1/3 section of the first distillation column to provide for additional reactant olefin, and the
alkane is fed to the middle or top 1/3 section of the first distillation column for to provide
for liquid reflux in the column.

20. The process of Claim 18 or 19 wherein a portion of the first bottoms
stream comprising the olefin oxide, water, and a portion of the alkane is fed to a reboiler
from which any unconverted olefin and alkane present in the first bottoms stream is

separated and then recycled to the first distillation column.
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