WO 20081124292PCT/US2008/058165 INTEGRATED HYDRO-OXIDATION PROCESS WITH
SEPARATION OF AN OLEFIN OXIDE PRODUCT STREAM This application claims the
benefit of US Provisional Application Serial No. 60/921,947, filed April 5, 2007, BACKGROUND OF
THE INVENWONOEhistMyention pertains to an integrated process for hydra-oridizing /ess mefin 10 with
oxygen in the presence of hydrogen to form an effluent stream comprising an olefin oxide, water,
unconverted olefin, &xXygérand hyididgeR-AndiBubsEa éiiySeparatingl thiefefieft3eam to obtain

therefrom an olefin oxide produ@ %l@ggﬂgg Iﬂjésf%r }éﬁﬁf oxide, are used to
hich find wi reac
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alkoxylate alcohols to form polyether polyols, w e-spread utility in the manufacture of
polyurethanes 1.5 and synthetic elastomers. Olefin oxides are also important intermediates in the
manufacture of alkylene glycols, such as propylene glycol, and alkanolamines, such as
isopropanolamine, which are useful as solvents and surfactants. In past years several patents
have diéclosed gas and lighie phédisetprockssesifobthefdivédt hydreroxidatiqybf olefiishaving three or

more carbon&&@m%@?ﬂ%m}ﬂ%ﬁ%)g&gn in the presence of hydrogen to form corresponding 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 ear@A%ﬁW%?'?ﬁ%ﬁﬁVWﬁ% d on a titanium-containing support, such as, titania or

a porous titanosilicate. Representative patents disclosing such hydro-oxidation processes 25include
the following: EP-A1-0709360Ww(98/00443; WG 98/Q04td PWE 9810041 5;-WSde; 255:498; /WO

proceete, 3 Bhcab AR S eii: SEASEs orh &y Bl 1Sy SR Eorapling olef
oxide, wateradid untonvertedaoiefin]dkygesandihydrogesrisitypicalygfectto scguenol tbwer or
column confaning, 2/igid, obtain therefrom an olefin oxide product,

Olefin oxides, such as propylene oxide, are used to alkoxylate alcohols to
form polyether polyols, which find wide-spread utility in the manufacture of polyurethanes

15 and synthetic elastomers, Olefin oxides are also important intermediates in the manufacture
of alkylene glycols, such as propylene glycol, and alkanolamines, such as isopropanolamine,
which are useful as solvents and surfactants.

In past years several patents have disclosed gas and liquid phase processes
for the direct hydro-oxidation of olefins having three or more carbon atoms (C3+) with

20 oxygen in the presence of hydrogen to form corresponding 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 ag 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

25 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

30 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.



30 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. WO 2008/124292PCT/US2008/058165 If a liquid
absorbent is'EAEYES2Re resulting liquid stream containing the olefin oxide tissolvedsi the
absorbent is typically fed {o a stripper column to recover a crude olefin oxide product. In this method,

typically, a large quantity DfEERRRPIEFEGaIFEw tedoldfin Bxitiagddigsitsiderablyodilitens drd as a
consequencg:theahioibenlaAthSKIPRRE AN Sregenerally deg %}Eﬁ&%qlgcgv@xr ge quantity of

liquid. Also, the strl%per column may require a large energy input to meet the energy requirements for
separating tHE SIS GaE FrBRtHE AB<GbEAR trieddptabliehrgetémpératardaydle may result

between thesghrement enkimaand:the:sidiaRercalkumn, Aeyeenfiealing e plefin xide gpsorbent
mixture.in the stripper column and subsequently cooling the 10absorbent for recycle to thé absorbent

columr, Mot B8Er, I8 SiineceBithi (RsisiRide parates deradevlsfincdXidepraduct fiem the bulk
absorbent, thepebynanassitaling,a thirdudistillation;far, ragavery af 2 purified olefin oxide. Ifthe

solid adsorbent methad is employed, the process is cyclic rather than continuous, because the

adsorbed ofSfif Yxigeh AL Headborsen hoabirdeslurhn inerassdyaratesteppitoreovsr]at some
point the adserbentibeaomes:sativated with.the {i}ll%ﬁﬂﬂé’%@%@p@ﬁ&ﬂﬁﬁg%@»@%ﬁe&%gg?ﬁﬁd' The solid

adsorbent e(%hod can be facilitated by the use of two or more adsorbent columns operated in
alternating R{EBSEFERRSHIHEN dHee<aribton rTsishrarmudiccoiameniiethod inceases capital

investent:anc BRRALINGCORLS M@im%&t@di9&&9@989{9%%%&9%@&%@9&%@%@;&3&%‘1 is completely
satisfactory for commercialization. In view of the above, the art would benefit from |hteg?ating the gas

phase hydr§%idativ A BrscdeEmntdsPiriievErprbe tislisaaraton rothodicBenaficialy (such a
process shautilieperate cantinHobslypiather thapmerpittently; should avoid unacceptable dilution of
the olefin oxide product; should lower energy 95demands and reduce temperature cycling; and should

reduce to the extent posSiliiE S iRvRSIhRRT o ds Geristing: dbsmocess is eyclic rather than

continuous, because the adsorbed olefin oxide must be desorbed from the column in a

15 separate step. Moreover, at some point the adsorbent becomes saturated with the olefin
oxide and needs to be regenerated. The solid adsorbent method can be facilitated by the use
of two or more adsorbent columns operated in alternating cycles of adsorption and
desorption; but such a multi-column method increases capital investment and operating
COSts.

20 Neither the liguid absorbent nor solid adsorbent method is completely
satisfactory for commercialization. Tn view of the above, the art would benefit from
integrating the gas phase hydro-oxidation process with an improved product separation
method. Beneficially, such a process should operate continuously rather than intermittently;

should avoid unacceptable dilution of the olefin oxide product; shouid lower energy

25  demands and reduce temperature cyclin g: and should reduce to the extent possible capital
mvestment and operating costs.
SUMMARY
This disclosure provides for an integrated process of hydro-oxidizing an olefin to
30 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 preduct. The

process of this disclosure comprises the steps of:

t2



SUMMARY This disclosure provides for an integrated process of hydro-oxidizing an olefin to
30form a hydro-oxidation effluent stream comprising an olefin oxide product combined with a process
of separating the effluent (%Sream_ ta recover the olefin oxide product. The process of this disclosure
comprises the steps of: '~ “THERE SHEASHHY A FHACRATSIERrFH M iRIFsiskit Etiogaeplter in a gas
phase with oxygeryirethie fresenee-obhydiegen and in the pressincs: afadvAiieRAan atalst
under react}idorcli &prgdétg%gs sugititcier]t‘t obtain a gas phase Hg/dro-oxidatic_)n effluent stream éomprising
an olefin oxide. water, UnconverEd Silfiinbe gafiaAdHyayenidro-oxidatigy) ¢6Buingtheugas phase
hydro-oxidationpeffluenhstreaminte, afitst, distilation-addumn thaterovides,fgradliquid reflux of a
rectification agent in the 5%\5) fong,-third (1/3) section of the column; (c)‘?erﬁoving from the first
distillation column a first SVerhe At Sefekth RbHitiSig erdaHve RER et inconyigena dinet hydrogen, and
a first bottorhgistreamcoomprisingwaitessand:thgolefirrRxide 180 ification 24N FEEGING the stream
comprisingt\{}\f@ﬁrﬁﬂd the olepqloxi e into a finishing train to obtain therefrom a stream consisting

of the ole

essentially fiROXIH& BPSAGH™™  In one aspect, there is provided an integrated process of

hydro-oxidation of an olefin terfortnathyaia-oxidetionefflugntalreamconprsingan.olgfin oxide and of
separating EQ% oJ?eSEiquouﬁde fro‘rén h? ]pydro-_oxidation effluent stream, the process comprising the steps
of: (@) contacting a reactant oiefin i & gay pHadEhha Hyars- srrbatisr kedstos wittroxygen in the
presence ofdmydrogenvand imth@psesenca @f adydro-oxidation catalyst under reaction conditions
sufficient to obtain a gas Br??s h déo-_pxidatipn effluent stream comprising an olefin oxide, water,
unconverted olefin, oxyge ,'%%d"lgx) FOERT(BY TaRdRE e ey Pk el py T skidatson afibeat stream
into a first distillationtcolumnfiat provides dariadiquidsafium ot asecifigationaggatina top /3 section
of the column; (c) removing from the first distillation column a first overhead stream comprising
unconverted olefit" SRET ShdKRIMSJERY Kisd Airst e sswesnyCrbrisinglsatenénd the olefin

oxide; and (dhffeedingthedfinsthottanas preamcomResing waterand the olefin axide intg a finishing
train to obtain therefrom a T%rfeam Cgemlpfzrisin the olefin oxide product. The aforementioned
ntité p

disclosure proviaado Or e pieBs N or tHd g slbse HArsBxivEmigh ohanrehstiss with
oxygen in thenprasiencenofdyaragejocpreduns an affltent stermcampisiiganiplefipoxide, water,
and uncon\é%%qiggarcetanégm Iug}iglgg unco%/erted‘olefin. oxygen, and hydrogen, combined with an
improved separation ot the Rydro oxidation"SHILERE B af RGREM Ane B1eHis dxrsensrorliet,
Advantagebusty; alidnovessisiepstim tecperasedicontinutiushyfes optimal produstivity¢ip.addition,

the separafi -this, di qgficiall oids. unacceptable dilution of the olefin oxide with
a liquid ab?okgggrfﬁ%%%yﬁgég\%ﬁg(ﬁgﬁfqLﬁda Iélgyggf:lne% Ehd A i&gcé’ﬁﬂ}’?gﬁﬁip%?lfﬁﬂré”&W'ihg

associatedafthdeosen IGuitcabissrbengav ofesvehythe-sejimtationSiage of-this digelesire: calls for a

lower energyinpoANchisAHGRS: GRRIALINKESIMEN: Andkoperating Gosts. as compared with the liquid
absorbent and_ solid adsorbent s(ei)garation.metr?}gds of the p(rgf)er1 ﬁ%&%sﬁlﬂe\?lﬁﬁg m 2 top 173
section of the column; (¢) removing from the first distillation column a first overhead

stream comprising unconverted olefin, oxygen, and hydrogen, and a first bottoms siream
comprising water and the olefin oxide; and (d) feeding the first bottoms stream

comprising water and the olefin oxide into a finishing train to obtain therefrom a stream

comprising the olefin oxide product.



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. WO
2008/124292PCTAYS2008/058165 , .. Figure 2 depicts a second preferred embodiment of this
invention comprisinggg%g?p %gge}%iy(a?(c)]-%%l(‘llléfifgﬁ/ 1955 d8E &P FERNAA GRS WRKEBXygen in the
presencelSRHy BFsge et arhytio -oxftiatioh catalyst ito ferpragasesus @ffluenisieamcamprising an
olefin oxidgy ywater, upconyerted olefin, oxygen, and hydrogen; a disti{l{aﬁion stage to recover a bottoms
stream, comprising water, t%e'(l)lé"fin oxide pro “gf,ag%dae]fﬁlg alKARE TECtiAHBH gt &tripper stage
to separatBRatsitan gt olsfincoxive rotnogre alkaris rettifidationagentiand adinishingstage to
recover a,puyifiedilefin 0xide-Produst, PETAILED PESCRIPTION OF THE INVENTION 10As
summarized hereiinabove, this inven%gn prO\}l%eé3 fﬁ?r%% in }edgerglttéccij“ﬁtroéa‘eds@?&qﬁ%lﬂyd?g-oxidation of
an olefin RECRsTH By GFG-dkRiFtivnbflosnt stdafr comprisipgdncalefin axigedieembined with an
improved RIORESS o;tg RAL ting the olefin oxide from the hydro-oxidation effluent stream. The process
of this inve_ntion.cg_rnpﬁs,esﬁéﬁié:lq ss%%%noef: i%?ﬁfl KALRING WrssHEa okt a'Hbardldaidatidn reactor
in a gas prdise Wit akygéanin theipresencevoihyticpgentancbim thexpresencenafatyetomexidation

catalyst under reaction; conditions éﬁ*ﬁi%ﬁm gga%pft'ai}%a%%gbggt hydro-oxidation effluent stream
ole

comprising an olefin oxide, water, unconverte in; oxygen. and hydroYEH! stage of thiyyy feeding the
gas phaséshigroeoxitiatiornéffiuentstiganpintena fisst2Qdistlatipncolumnthes pravidesdes a liquid
reflux of g regtification ; 8! ] - third (1/3) section of the column; (c) removing
from the %rﬁ%%%ﬁg@gg%%%&gﬁﬁggé%g%égaggggédzﬁggbrﬁ%trfﬁﬁeﬁ %Wgo%\‘?g}?éid Bidhh PEYgen, and
hydrogeriitand a first bottoms stream comprising water and the olefin oxide; and 25(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

propyleneaftdtHéGtefin oxide is propylene oxide.

Figure I 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,

3a



In another preferred embodiment of this invention, the rectification agent 30comprises 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 uSeAtHéAAro-oxidation WO 2008/124292PCT/US2008/05FLEBUSHse# 858 tiore
preferably, propylene. Alter,nativel¥, the rectification agent is a C4_8 alkane, more preferably, butane

or isobutane. In anBHEF DT SRETT e ERBO RIS FIRORIvERh titd RSB S RIAREN Eataly st
comprises golghssilvas eyaableaatah suchaspaladiviaardatinum &iam aanh lanthanide, or a
mixture thereof deposited on a titanium-containing support. In a more preferred embodiment, the
titanium-contaiingT 3 ARPAr LOMBIHKEE A SERINE il io8I £igateous cifluen|n reR I pra et
embodimentylig bisite-axidation catalyst ~eampsisine:g ol sivek A nohiemets, st fare eariher
Ianthani%e, or a mixture thereof deposited on the titanium-containing support, further comprises a
promotet sefeBtEdFoM THE GrEUH 008HE TG oA Ha R ey 14 earkcrHiR8es, actinide
elements, andsmixiureipiberegt Natahlyidherareeanthdrntharides-san lungtion asthe.gatalytic metal
or promoter depending ypon.the specific form of the other components in the catalyst. Specifically,

when the catfiyit E5hprisst e i2snRreahdct By BthelcHrIE tetadifk rare earth lanthanides are
generally considered to act as promoters. When gold, silver, and/or other 15noble metals are absent,

rare earth lanthanides are generally considered to perform as the primary catalytic metal.
the &) TAILED DESCRIPTION X)F THE INVENTION P y y

10 As summarized hereinabove, this invention provides for an integrated
process for the hydro-oxidation of an olefin to form a hydro-oxidation effluent stream
comprising an olefin oxide, combined with an improved process of separating the olefin
oxide from the hydro-oxidation effluent stream. The process of this invention comprises the
steps of:

5 {a) contacting a reactant olefin in a hydro-oxidation reactor in a gas phase
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

20 distillation column that provides for a liquid reflux of a rectification agent in the top one-
third (1/3) section of the celumn;

{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

25 (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

30 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 clefin

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

A



In a first preferred embodiment, the process of this invention comprises the steps of: (@)
contacting a reactant olefin in a hydro-oxidation reactor in a gas phase 20 with oxygen in the
presence of hydrogen and in the presence of a hydro-oxidation catalyst under reaction conditions
sufficient to dbBffi'&' Hds phase hydro-oxidation effluent stream comprising BFTSieaAMRiGeswater,
unconverted olefin, oxygen, and hydrogen; (b) feeding the gas phase hydro-oxidation
effluent strediP it OB SRR st Ea HirdharSaIAsaHBOIaR itk proVidss for a
liquid reflux Qﬁ@k@@&@ﬁﬁ}ﬁﬁi@@aﬁ@p@l@mm of the column; (c) removing from the first
distillation column a first overhead stream comgrising unconverted olefin, oxygen, and hydrogen, and

a first bottoms stream confpASHEFIWVRIEFARUTHEBIBRF bRIdE!s invention. (45 fsdneiHatirst overhead

stream into ageRdensesanrd withdrawing sotherafram 2 19aseeUSIRIFE AR LLAMRHSING LHIEN.
hydrogen, and a partion of the unconverted olefin, and a liquid stream comprising the balance of the

unconvetted S KyES 3608 143 ADGSBETPORSH6E/OEETBET-containiyg) SERAEng th&'giseous stream
comprising gxygendhyaregrisanganantion-efthemncapieiied plpfit-ohtainad fromsthe.sendenser to
the hydro-oxidation reactar; f) recycling the liguid stream comprising the balance of the
unconverted olefin obtaind8 F¥SMIHREEHALH HsatopelraseCidirE P aiEtl 488 EsIiN to

Sprovide for gbiliquigrT@fidtile metal, a rare earth lanthanide, or a mixture thereof deposited on the

titanivm-containing support, forther comprises a promoter selected from the group

10 consisting of alkali, alkaline earths, rare earth lanthanides, actinide elements, and mixtures
thereof. Notably, the rare earth lanthanides may function as the catalytic metal or promoter
depending upon the specific form of the other components in the catalyst. Specifically,
when the catalyst comprises gold, silver, and/or any other nobie metal, the rare earth
lanthanides are generally considered to act as promoters. When gold, silver, and/or other

15  noble metals are absent, the rare earth lanthanides are generally considered to perform as the
primary catalytic metal.

In a first preferred embodiment, the process of this invention comprises the
steps of:

{a) contacting a reactant olefin in a hydro-oxidation reactor in a gas phase

20 with oxygen in the presence of hydrogen and in the presence of a hydro-oxidation catalyst
under reaction conditions sufficieat 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 effiuent stream into a bottom one-
third (1/3) section of a first distiflation column that provides for a liquid reflux of the olefin

25  inatop 1/3 section of the column;

(¢) removing from the first distiflation 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

30 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;



(g) feeding at least a portion of the bottoms stream from the first distillation column into a finishing train
to obtain therefrom a second overhead stream comprising the olefin oxide. With respect to the
aforementioned first preferred embodiment, optionally, 10additional reactant olefin may be fed to the
first distillatioh €t preferably, the middle 1/3 section of the first distillatférF ¢ERHFD thake-up or
increase the olefin liquid reflux. As a further option, a portion of the first bottoms stream comprising the

olefin oxide and water may bEGETH IR AVeBBAEE H AR R BIS Uh R R-ErBY 58 R BRISERA?IHCthe first

bottoms stresihis:separated andireqyaiedderthe diestdistilation celutan.-baMarespacifisally, with
reference to Figure 1, a gaseous reactant feedstream (1) comprising olefin, oxygen, and hydrogen,
described hereinafter, is fé@ lt%cﬁcHi}aﬁg?o&?ﬂléfﬁ6%“@&5?6?1{‘25’18%%gﬂ%@”ﬁ?e"ﬁ%fﬂ%ﬂ&’é’ﬁ@ﬁ catalyst.
Exiting from dheihydienaxidationeactord ) is gaseous eiluent sireani(d)icomprising.alefin oxide,
water, unconverted olefin, oxygen, and hydrogen, which is fed to a first distillation column (4). 20Also
fed to the firSt ISt AONCHUMA it feedstream input line (5) is additional reactant olefin. Exiting from

the first distillation column ¢#¥dsdingt-0verheash aiteam () LampUsing wconvaded.olefim axygen, and
hydrogen, which is fed to condenser (7) for condengation of at least a portion of the unconverted
olefin. Effluerit SP8(@) Shidiet Hom e EoHuErEar ¢7yEombrisiH te EGHUENSE POHIBN of the
unconvertedtlgifimisdecycled to the first 25distillation 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 olefi’ad 1§ US&H th B Ky RS B IaaeEt G bPotis S AR SR ¥ YBtained from
condenser (Zjdompiistagiheclsieongdenseddemaintder ofitheuncopneried elefit xygemdand
hydrogen is (L%dgto cgm @;slfgr (éog, om thigh res_ultin c_omp(essed_‘fe%g%t}rgam_ (1# is 30f_ed !nto
reactant feedetréa b 10F By 8 1) THEGR B 0ATON FEHRLAPE2Foe T 01 B3RP IS Wiilation
column (4) is\alseuahtaingtba, firgbhattomshstrearbdlah comprisingryatarcand shgiplefia-oxide product, a
oo O B 8 & T G o A By At et OTed ket the first
bottoms stream is separated and recycled to the first distillation column.
15 More specifically, with reference to Figure 1, a gaseous reactant feedstream
(1) comprising olefin, exygen, and hydrogen, described hereinafter, is fed to a hydro-
oxidation reactor (2} containing the hydro-oxidation catalyst. Exiting from the hydro-
oxidation reactor (2} is gaseous effiuent stream (3} comprising olefin oxide, water,
unconverted olefin, oxygen, and hydrogen, which is fed to a first distillation column (4).
20 Also fed to the first distillation column via feedstream input line (5) is additional reactant
olefin. Exiting from the first distillation column (4) is first overhead stream (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
25 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
30 fed into reactant feedstream (1) for recycle to the hydro-oxidation reactor (2).
From first distillation column (4) is also obtained a first bottorns stream (12)

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



(13) to reboiler (14) from which is obtained effluent stream (15) comprising any olefin that may be
present in the first bottoms stream, which effluent stream (15) is recycled to the first distillation column
(4). The remainder of first bottoms stream (12) is fed to a finishing train, which may be one or more
distillation coltith#¥%8742°¢16), from which a second 5bottoms stream (17) cOripFsIHEOFaLET is
obtained. The water is typically disposed. ,Also, obtained from. second distillqtipn column.(176) is stream
(18) comprisfrlué\g 6%69%#) %ggoﬁ?o‘ﬁ}ﬂf&? Efﬂ%ﬁ?&%ﬁ%?‘l@)@?ﬁéﬁ%ﬁ@@é“lﬂ’@%‘l@ﬁ@@?iﬁ’é‘ﬁJding
unconverted:alefi; prygarnandfottydrogen:raay benahtaimed from thedon ef finjshing, calumn (16). All
or a portion of the top stream (19) can be fed via Iine}(%(%)} to compressor (20 anql from 10compressor
(21) fed via SHIEATYIHE (53 b telaStrbR(5) 10r teey e tosthé st distilistisi ColtimAg4). Any
remainder ofithie tapistream td 9)aet reoyclediindypicalbnvanted, In@, sesancpieterreshembodiment,
the procgss of this invention comprises the steps of: 15(a) contacting in a gas phaseina
hydro-oxidatiSh' YEEBF 4T hetARTSISHRSWITH DXy GBH T the prodaficdsdrRyalogeiraidin tie p resence
of a hydro-oxigtation catalystsmdarseactiongondiions sutiaiant to ehtainmgassous-Rydra-oxidation
effluent stream comprising an olefin oxide, water, unconverted olefin, oxygen, and hydrogen;
(b) feeding tﬁé"ga%f-pﬁgfi%gﬂﬁ/b‘iB@B&f&SEiS‘Pf’Bﬁfa@ﬁtl&fﬂéa?h%ﬁi%*a”ﬁ?éf%%li@%ﬁ%ﬁ&ﬁ%ﬁjﬁ@ﬁwhich |
provides for axliguid ieflvx fangalkane i theuppesdd3peetionratthaigollontn (16). Al@emoving
from the first distillation column a first overhead stream comprising unconverted alefin, oxygen,
hydrogen, aRd"a PoridH SFRHE SRAHe,) AR D fAiFdt BRtBiiS StS& T HRIBTIsiAg WS Wiefin oxide, and
the balahce efithealkane; 25(d)ifeading thiadirst ovesead Skeanm 16-a cendensarand:obtaining
therefrom distillation column (4). Any remainder of the top stream (19) not recycled is typically
vented,
In a second preferred embodiment, the process of this invention comprises
the steps of
15 (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
20 distitlation column which provides for a liquid reflux of an alkane in the upper 1/3 section
of the column;
(c) removing from the first distillation column a first overhead stream
comprising unconverted olefin, oxygen, hydrogen, and a portion of the alkane, and a first
bottoms stream comprising water, olefin oxide, and the balance of the alkane;
25 {d) feeding the first overhead streamn to a condenser and obtaining therefrom
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-
30  oxidation reactor;

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

section of the first distillation column;



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- 30oxidation reactor;

(1) recycling ¥ 34Eitsttéam obtained from the condenser to the top 1/3 sBEHGRHUHESTI&T distillation
column; WO 2008/124292PCT/US2008/058165 (g) feeding the first bottoms stream
comprising water, olefin o\A& ARENRE BRRMIEOBIARCAIRANS RN Eha Hirst AiimAtis I i to a
stripper columnieobtaie alseeanchoursieadsiiaam comprisingdhe akaneand & s8eand bottoms
stream comprising water and the olefin oxide; (h) recycling the second overhead stream
comprising tHe 4 a%véi%?ﬁétﬁ?ﬁ?&%ﬁﬂ%% heattorana ?fﬁ‘éoﬂ%%%ﬁé’ﬁﬂ%ﬁ%??gb?@mﬁ’fl%fﬁa (i)
feeding the segenghbottonsisiteam:comprising water and the olefin oxide to a finishing train to obtain
therefrom a third overhead stream _comprising the olefin oxide product, 10With respect to the
aforementioned second preterfad BnBYHERT BITOMAIST tHE FESREAYEIdTM LDl Abdfiskadly fed to
the first distibbatiom eehemnpieferably fithedmiddiect/3seetionof the first distillation column, for
make-up olefin; and the al((_aa e can be additionally fed to the first distillation column, preferably, the top
and/or middle 1/3 section %‘n@‘fi‘%lﬁﬁéﬁﬁ%‘ff&ﬁ%@%hff'%‘?“rﬁ%.”k‘@lb“ﬁ’@q‘ﬁ?&eiéﬂl?%.hﬁ@]ﬁfﬂbﬂﬁé]l@lSoption,
a portion of the: firsishiotiaris strebml,comprising the olefinexide:waten Anckthe alkanpamaydse fed to a
reboiler from \_’VBiCh the alkane and any unconverted olefin present in the first bottoms stream is
separated aRtPPE&)cled to the first distillation column. With reference to Figure 2 illustrating the
aforemeéntioned preferredwitbedjment agaseausreaciantfeedsteean heemprising olefin, oxygen,

and hydroger i 20fed fo 2 hydrorpridation reaclor (2) confaiming he fhydfp;oxidation catalyst. Exiting
preferably, the middle 1/3 section of the first distiltation column, for make-up olefin; and
the alkane can be additionally fed to the first distiliation column, preferably, the top and/or
middle 1/3 section of the first distillation column, for make-up liquid reflux. As a further
option, a portion of the first bottoms stream comprising the olefin oxide, water, and the
alkane may be fed to a reboiler from which the alkane and any unconverted olefin present in
the first bottoms stream is separated and recycled to the first distillation column.
With reference to Figure 2 illustrating the aforementioned preferred
embodiment, a gaseous reactant feedstream (1) comprising olefin, oxygen, and hydrogen is
20 fed to a hydro-oxidation reactor (2) containing the hydro-oxidation 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

25 hydrocarbon rectification agent, in this instance an alkane, Exiting from the first distiilation
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 liguid afkane is recycled to the first distillation column (4) to provide

30 fora 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



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 coftfm8#2%EE4 line (23) is an aliphatic 25hydrocarbon rectificat®h*ageittSiFHhes instance
an alkane. from the fir tlllatlon Iumn 4), (gll‘St overhead stream (6) comprlses
unconvertedéé‘% CO&W&%W’ ?/ cﬁglr‘i’ A0 e ik Erd SnPhtnstr &l ee) i Fatyesn
condenser (U}f@;ﬁlﬁ@aﬁlﬂa&mms}ﬁ@—[@@tﬂ@ﬂ’bafrﬂaetail(ame fed to the condenser. Liquid stream (8)

obtained from condenser (7) ¢ prsln primarily liquid alkan sre cled tao the first distillation column
(4) to provide 30for a liquid' Pé]fltdg’(] RTA RN B"lﬁ?lé‘é%]ﬁé?g | AL BaE B LG Etidamm (9)

obtained fromvthe: 1@9@@@@ersﬁ%)mmmmmtbamnmwaete@lm@snﬁg pxraeLhydrogeds. angalkane is
WO 2008/124292PCT/US200 5 fed to compressor (10), from which compressed stream (li) is
obtained and'féd it S@Trgéﬁ%é%r‘b gé%?e S YPHE ?}BP&S”&X@:&%%W FEREHOE (@iained a seoepgm first

distillatlon c@mﬂm&éﬁt&a&s@mbt&lm@ﬁﬁﬁgﬁi&ﬂl&&ms%ﬁﬁe&r@ ﬁé@hﬁﬁﬂmﬁts&a@@t@;ﬁdmﬁ@leﬁn oxide
product, and the remaining portion of the alkane. The 5first bottoms stream (12) is fed to stripper
column (24) Sﬁ‘(?ﬁﬂ/\%%ha% Gbisingd WUsREnY %@Brﬁr@e;(‘io%éﬁﬂ“%?ﬁt%?ﬂ ST ‘#\% Uikne, which is
recycled to stream (9 am@éertmﬁnaa:mgzaana(md)aasﬁcambbatm siream (26)-c0mpriging water and
the olefin oxide. Stream (26) is fed a f|n hin 6) from which a water stream (17) and a
purified proph/i&he egxﬁél%%fé? )a%c ﬁ%‘é E#ll HEHCSHrARN (LS BEIBRSIAG fESRisF Y ases,
10||nc|uaig ?g) aﬂuunfg)mv}etﬁﬁadn?};ﬂm e)eftge m@@@ﬂpmydgagfefé; fayhe @@M@@&ﬂrﬁmﬁh&tcgsf flnljhlng
column or a portion e stream an be fe 0, COmpressor an

from compreséBlPI&gl %W{}l 8 f|LjAéEf€B fifd’ ?5?3% (i‘g éagt?’gg?ﬁl(@)g gféat Bef(%(ﬁot%tlllatlon
column (4). Awypremainder, Qﬁﬂ]ﬁdﬂ@&ﬁi@&ﬁkéi@ ndbﬁeﬁyelﬁdxwlﬁmmallgo v&nt&e&dtiw&&i%)ﬁbsable to

take a portlon of the fi st ott ms stream 15 vi feid line (1 ’ffﬁ to re E‘g”erég )fro WhICh is obtained
e

effluent stre&it %ﬁocto1r%pﬁ’5|n}§ta%l§l(rnelsﬁ un n & Bl ol gﬁ{nirﬁ &'fifst bottoms

stream, whicheetfleent sireanty (2n)ds. rﬁo‘y(alled ]_bostheimsttﬁn&tdlgbamfﬂa‘aﬂw 9t bottoms stream
i5 via feed line (13) to reboiler (14) from which is obtained efffuent stream (15) comprising
any residual alkane and olefin that are present in the first bottoras stream, which effluent
stream (15) is recycled to the first distillation reactor (4).
Any mono-olefin having from 2 to about 5 carbon atoms is suitable for the
process of this invention. The olefin can exclusively contain carbon and hydrogen atoms; or
20 alternatively, the olefin can be substituted at any of the carbon atoms with an inert
substituent. As used herein, the term “inert” refers to a substituent that is substantially non-
reactive in the process of this invention. Swuitable inert substituents include, but are not
limited to halides, ether, ester, alcohol, and aromatic moieties; preferably, chloro, Cy 5 ether,
C.3 ester, and Cj 3 alcohol moieties. Non-limiting examples of olefins that are suitable for
25  the process of this invention include ethylene, propylene, I-butene, 2-butene, isobutylene
(Z-methylpropene), I-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,
30 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, 1S

9.



Any mono-olefin having from 2 to about 5 carbon atoms is suitable for the process of this invention.
The olefin can exclusively contain carbon and hydrogen atoms; or 20alternatively, the olefin can be
substituted at any of the carbon atoms with an inert substituent. As used herein, the term "inert" refers
to a substitu&¥? ¥4t/ &% stantially non- reactive in the process of this invePsf Saiftank dhert
substituents include, but are not limited to halides, ether, ester, alcohol, and aromatic moieties;
preferably, ¢ tor0: k3 ethis (81 1o e Rasa s nese s et EONBIURSRIPELSHAPRYS B olefins
that are suitable:for Rpthedaraeass pldhis inventionsinglude ethyleng. Riapylene, I-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 AN ShICAHEIGIGT Bl Fate SHAT AR R G BIACERISr decateterably,

the olefin is prapylene s Thel phiae atadenyateldeserbestheomalar raties: of elefion exyasn,
30hydrogen, and any optional diluent suitable for the ige%/d,ro-oxidation reaction as well as suitable

reactors and BHGEEEL EONARIGRS mbIAEHAY értberaRIE orasduy dherepicasAioeities. Reference is

made to WOhS8/1004d;3, W 98/0 0414010, 980415 15 tW@ag@Q&@i?ﬂ@&%@Iz@]‘}/,s@Q@&Qﬁs165
6,255,499, WO 03/062196, inc%trgorated herein by reference. For sufficiency of description, suitable

hydro-oxidatiBRYb SRS BEHAREHE 4 6w MaRZBaHSrbiRgitdE cent, basp( a4 (ot GO of olefin
is greater thar-ahouils prafenablyn greaterihan abawtk 5, and more preferably, greater than about 10
mole percent, based on the total moles of olefin, oxygen, hydrogen, and optional diluent, the diluent
being described hereinafte TSBIERIY HELUARAES '%ﬁ&ifﬂﬁf@%’é’%ﬁ%ﬁ%ﬁ%ﬁﬂ@@?&ﬁaQE)H‘@’f%%abIy, less
than alout 865 andimengiprefetablycless tharyabpute-mole pereants based-an the taialdpolgs of

lefin, oxygen, hydrogen, and optional diluent. Any source of oxygen is acceptable for the
(f)lyedlro’- (())xﬁc/i%t%ﬁ%fés : 8ﬁffé%ﬁan%ary over a wide 1'a;¥ge as describedyi% the art. Prgferably, the

quantity of oxygen is greater than about 0.01, more preferably, greater than about 1, and
most preferably greater than about 5 mole percent, based on the total moles of olefin,
oxygen, hydrogen, and optional diluent. Preferably, the quantity of oxygen is less than
15 about 30, more preferably, less than about 25, and most preferably less than about 20 mole
percent, based on the total moles of olefin, oxygen, hydrogen, and optional diluent, Above
about 20 mole percent, the concentration of oxygen may fall within the flammable range for
olefin-hydrogen-oxygen mixtures.
Any source of hydrogen can be fed to the hydro-oxidation step including, for
20 example, molecular hydrogen obtained from the dehydrogenation of hydrocarbons and
alcohols, or hydrogen generated in sitie in the olefin oxidation reactor, for example, by
dehydrogenating alkanes, such as propane or isobutane, or alcohols. such as isobutanol. The
trace quantity of hydrogen in air is too negligible to provide the necessary quantity of
hydrogen to the process of this invention. A source of additional hydrogen must be fed to
25 the process or generated in situ in the process. Suitable quantities of hydrogen are typically
greater than about (.01, preferably, greater than about (.1, and more preferably, ereater than
about 3 mole percent, based on the total moles of olefin, oxygen, hydrogen, and optional
diluent. Suitable guantities 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
3G moles of olefin, oxygen, hydrogen, and optional diluent.
Optionally, it may be desirable toc employ in the hydro-oxidation process a

gaseous diluent, which beneficially provides a means of removing and dissipating the
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10air or substantially pure molecular oxygen. Molecular oxygen is preferred. The quantity of oxygen
employed can vary over a wide range as describedin the art. Preferably, the quantity of oxygen is
greater than about 0.01, more preferably, greater than about |, and most preferably greater than about
5 mole percéht H¥&Ed*3f the total moles of olefin, oxygen, hydrogen, and SStfoREMEMGEHGPreferably,
the quantity of oxygen js less than 15 about 30, more preferably, less than about 25, and most
prefgrably ?/e%’éo ﬁé%“a JliE SFHIGR BléPéjéihtt‘,oﬂa@«?dhéﬁe?ﬁé”@if&il%/ﬁ8%%"8?@8?#ﬁ?B%i}&é?ilﬂﬁ‘ydrogen, and
optional diluesirAbieverakioti=20-meles pescRAt thereaneesthation o exygandeay fatiwithinthe
flammable ran ? for qlefi -]hydroge_n-oxygg-:-n mixtures. Any source of hydrogen can be fed to the
hydro-oxidaﬁlc?g %b@%‘a&% RYP O Rk aeste, bt SP Ry ardigE H o biaHR R RO e
dehydrogenatioacof yidrecarhons angalcokelsa oy ﬁlﬁdﬁﬁ%@r&&ﬁﬁﬁlﬂ%%ﬁ&ﬁ@%@}ﬁﬁﬂ OIXidatiOhn
reactor, for example, by dehydrogenating alkanes, such as_propane or isobutane, or alcohols, such as
isobutargol. 'Iaﬁgut?%c}‘e ﬁ){%?ﬁ%/? 81“%?‘&2358’?{%{% f}i@]té%oﬁ%ﬁ&ﬁ%ﬁ%@i&’é‘%%@@é%‘@%%tity of
hydrogen to sheipriacessgehithisimeentiont Alsew ceref adsitosakveroganinust be feghto-B5the

process or generated in situ in the process. Suitable quantities of hydrogen are typically greater than
D out 0,01, SIBAFE b e TR PEoRL 676 B S PrLreHabI) 6 ke e ADeSies iole

percent, based@nthedatabmales of olefin, exygen hydregemandueptional diluent. Suitable quantities
of hydrogen are typically Ieislzs than about 50, igé]referabl , less than about 30, and more preferably, less
0ol iy

than about 20 mole percent BASEEORTAEYS OBk o, BidbEaHcand Bptional
diluenti ©ptibnaly, it thayrbesdesinahie, templeydn the hydrapxidation/progass.agaseous diluent,

which benefgially, POAS S TN AT ESmoY I RS SRR % 0602303, wo 0725143,
and WO 97/47386, incorporated herein by reference. Preferably, 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. The noble

15 metals include ruthenium, rhodium, palladium, osmiam, iridium, and platinum, preferably,
palladium and/or platinum. The rare earth lanthanides include lanthanum, cerinm,
praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, thulium, vtterbium, and lutetium, preferably, lanthanum, erbium,
tutetium, or a mixture thereof. A most preferred catalytic metal comprises gold alone or

20 comprises both gold and silver, in either instance, optionally, comprising one or more noble
metals or lanthanide rare earths. As disclosed in the art, the total loading of catalytic metal
(Le., gold, silver, noble metals, and/or lanthanides), is typically greater than about 0.001
weight percent (10 parts per mitlion, ppm) and typically less than about 20 weight percent,
based on the total weight of the catalyst,

25 The titanium-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 aforementicned supports. In a more preferred embodiment, the titanium-

30 containing support comprises a porous titanosilicate, most preferably, a microporous

crystalline titanosilicate of MFI crystallographic structure.
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WO 2008/124292PCT/US2008/058165 exotherm of the reaction. In addition, the diluent provides an
expanded concentration regime in which the reactants are non-flammable. Suitable gaseous diluents
include, but are not limited to helium, nitrogen, argon, methane, carbon dioxide, steam,ﬂanq mixtures
thereof. The WSt G tifuent is typically greater than about 0, preferably dteafef A& 3atout 0.1, and
more preferably, greater than about 15 mole percent, based on the total moles of olefin, oxygen,
hydrogen, and diluent. Th& BHIBEMY SRUISHY FSAHORIRM RS U S oS e AR fess than
about 80, anstmare prefecaklydassthanahain:#0 pelepecent.hased:an thesdetalmoles of olefin,
oxygen, hydrogen, and diluent. The catalyst employed in the hydro-oxidation stage of this invention is
well 10know¥ill%%ﬁ?é%§i‘t %‘%‘8é&eériB‘é‘ﬁ%f%ﬁhiﬂﬁl%?ﬁ/nPE@A@@?@%@G?W@ Y8413 5 98100414,
WO 98/004 1pol 56,205,408 WL H3HM62 406, M0 196/028281: MY QcDiti2 534 3n aned W1 8144 7 386,
incorporated herein by reference. Preferably, the hydro-oxidation catalyst comprises gold, silver, one
or more-hob @Wé?a%%&ﬁlé’ O GRS fﬁ’f‘i%ﬁﬂ%ﬁ TAMAEATeds gigﬁlﬂﬁfi&ﬁ‘?eglﬁé‘rfeg?? Jepbitedrenta
titanium-contasiingesuppoktpithieyneble-1Gmesalainchdesefie isanmhedipims paiadiuoh, gsmium,

iridium, and platinum, preferably, palladium and/or platinum. The rare earth lanthanides include
lanthanum, (‘%ﬁdﬁﬁ’ }%ﬁ@sﬁ%ﬁt }ﬂ%ﬁﬁ%%%l’dWﬁﬁjWeﬁFgPﬁelfﬁfﬁ%%gFﬁéﬁ’fﬁh’ﬂv Sehbpihs, GHdBinium,
terbium, dysprosium, holmikienyidnalicwytterbisinmaand datetiwmrdaprefesabbys damanamsrbikm,
lutetium, or g mixture tlg re L.A 10st preferred catalytic metal comprises gold alone or 20comprises
both gold an%ﬁéli%?e?f“}i’ﬁ fﬁﬁg RSN SHUBHEIN, L5 RPFHSRISHE of GIEASHIEPhEEIIE DT lanthanide
rare earths. Asidircfosedinithr-artnthetetal loadingef catalyticimetal (.ac@elds sivensnehle metals,

and/or lanthanides), is typically greater than about 0.001 weight percent (10 parts per million, ppm)
2nd ypically TESE A RE1 F26 oo RPN HALEH 1 TR B e CAHE Z5T e

titanium-containingi sy ppdrbmay comprise any such support known to be
The process conditions for the hydro-oxidation step can vary considerably
over a nonflammable and flammable regime. It is beneficial to recognize the conditions that

15 distinguish between nonflammable and flammable mixtures of the olefin, hydrogen, and
oxygen, and optional diluent. Accordingly, a composition diagram can be constructed or
consulted showing the flammable and non-flammable range of reactant compositions at the
desired operating temperature and pressure. The more preferred reactant mixtures specified
hereinabove are believed to lie outside the flammable regime when the process is operated

20 at the more preferred temperatores and pressures specified hereinbelow. Nevertheless,
operation within the flammable regime is possible, as designed by one skilled in the art.

Usually, the hydro-oxidation step is conducted at a temperature that is greater
than about 140°C, preferably, greater than about 160°C. Usually, the hydro-oxidation step
is conducted at a temperature less than about 300°C, preferably less than about 280°C.

25 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 m! olefin per ml catalyst per hour (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

30 about 50,000 h'', preferably, less than about 35,000 h™', and more preferably, less than about
20,000 b, The total gas hourly space velocity (GESV) of the feedstream comprising

olefin, oxygen, hydrogen, and optional diluent can also vary over a wide range, but typically
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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 ¥ théteSpeététred embodiment, the titanium- 30containing suppfrE 86§R8EE 65 porous
titanosilicate, most preferably, a microporous crystalline titanosilicate of MEI crystallographic structure.

WO 200811243638 85068088 285 Per Ml caledyiaira P UHE hy drsesibiasrs atdlpe fortter

comprises ongoas mete promaters.selecteddren thegiaupoansisting.efialkal calikaling @arths, rare
earth lanthanides, actinides, and mixtures thereof. Preferably, the promoter is selected from the group

consisting of AR S SaTM S Pst A Stn ATt (e et SrBAeidcahigiliss, feibakfith, erbium,
lutetium, andoixture's thereafl,Ar disslased:in 1heart: thedetableading af premater(shis:typically
greater than about 0,001 weight percent (10 parts per million, ppm) and typically less than about 20
weight perceft’Bided JHIBE BEAT WSRIRE oFtRESARNEE TRER)dIF BaaABIN S85¥an be conducted in

a reactor of anyganventionss design capable ok hpndling anesethewunic:oasphase pesessnPreferred
reactor designs 10include fixed-bed, shell and tube, fluidized bed, and moving bed reactors, as well as

swing reactoreESRIREt S Frsliptrality of catalyst beds connected in parallel and used in an

alternating fashion. Thd hespsecesseanditansitavithedhydrarexidation siep-eanyanrcansiderably
over a nonflammable and flammable regime. It is beneficial to recognize the conditions that

15distinguish' BEfWEH nBAanHLDIE ard #EHRBle Hhitdre T He BIefiR i ardgR Y dtia By gen,
and optipnakgiueins. becordioglyna compesition diagran canheuconsirusted eicensuted showing the
flammable an}d non-flammable range of reactant compositions at the desired operating temperature
and pressur8'*Tile ToTe prEfersd rRRLRAAL THiEFES SR8 dnta iaReinabdve aHe b aIE i i e outside
p - p -
the flammabjestegine when the:pracess,is-anel ated K08t thel mere preiere tempearaiunes and
pressures specified hereinbefl%w. Nevertheless, . o _
concentration of olefin oxide in the effluent stream leaving the hydro-oxidation reactor is
relatively dilute, ranging from greater than about 0.05 volume percent to less than about 10
15 volume percent, based on the total volume of the effiuent stream. Typically, the
concentration of water (steam) in the effluent stream from the hydro-oxidation reactor is
greater than about 0.1 volume percent and less than about 15 volume percent, based on the
total volume of the effluent stream. Typically, the concentration of unconverted olefin in
the effluent stream from the hydro-oxidation reactor is greater than about 1 volume percent
20 and less than about 80 volume percent, based on the total volume of the effluent stream.
Typically, the concentration of oxygen in the effluent stream is greater than about 0.5
volume percent and less than about 20 voiume percent, based on the total volume of the
effluent stream. Typically, the concentration of hydrogen is greater than about 0.1 volume
percent and less than zbout 20 volume percent, based on the total volume of the effluent
25 stream. Typically, the difuent is employed in a concentration ranging from 0 o less than
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 ajong 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
30 about 1/3 up from the bottorn. 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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operation within the flammable regime is possible, as designed by one skilled in the art.

Usually, the hydro-oxidation step is conducted at a temperature that is greater than about 140C,
preferably, greater than about I60C. Usually, the hydro-oxidation step is conducted at a temperature
less than abd(ff 3BE 2 feferably less than about 280C. 25Usually, the pre S8tk taH§ESHm about
atmospheric to about 500 psia (3,448 kPa), preferably, from about 100 psia (690 kPa) to about 300
ool (5,060 KEEAT AT RIS 7 i BNy TV - YRR EA VA Ve Wik, but
typically is greatestbagtaboutl0dnbolelinpernheatalyst perhouwddiihpretembiygraterthan about
100 WI, and more preferably, greater than about 1,000Typically, the GHSV of the olefin is less than
30about 50,086 Hi® Sretdrality JBES AR NGB BB O6GN e orepretaraniy! feaddnadagbut 20,000
1. The total gasdauryspacevelocityeHS V) efdhefradstrenm eempisingnolefin: eygapshydrogen,
and optional diluent can alsq vary over a wide range, but typically WO _
2008/124295PC RS 2BOBIOEBLES (& G1AEH (A BEBACLO Y SHRPHEH YT St Re P R (L11),
preferably, greaterstharabeut00Jhkangtmeie preferabiy-greatenthan akaut 1,0Q00:H1. Typically, the

GH.SV of the feedstreatn comprising olefin, oxygen, hydrogen, and optional diluent is less than about
50,000 W, HETEFUB LB R G OO VLD G enEprefaply S thar BB 0,000 I

The gas hourlys3pace! yedesiias, of theyaxygen, fiydrogen: Bredilyant eempoprals; casrie deatermined
from the spaﬁg velacity o{,,t e olefin takingl into account the relative molar ratios desired, The

gaseous efflleit steAif iRavifig the HYHTBLoSERASH ELRGP comgtites St oRide \Viatsr Wihich is a

co-prodact akthekhydrenaxddation of thie alefinadoy-prasuetidQohelefin copabystion. andig by-product
of hydrogen,gombustion ), ung?onvertel%?reactanég(lefin, oxygen, hydrogen, optional diluent as may

have been U584 AP A Es b a4t i B STORIEES T2 C SrEBioHARR yH B sH Mofdkide, and
carbon dioxidehpbypicalyhdhpcansepiation. of Dlefiaxidednibe effluenhsireanalaaving the
hyaro-oxidation reactor i elatvely e, (RN, OGRS 1R 2bgut 0.8, volue percent o less
than about 1
hydro-oxidation reactor, so as to minimize compression requirements of the gaseous recycle
I5  to the hydro-oxidation reactor. Thus, the first overhead stream exits the distiliation column
at a pressure typically greater than about 50 psia (345 kPa), preferably, greater than about
150 psia (1,034 kPa), but typically less than about 500 psia {3,446 kPa), and preferably, less
than about 350 psia {2,412 kPa).
The top 1/3 section of the first distillation column is required to contain a
20 liquid reflux of a rectification agent. As used herein, the term “rectification agent” refers to
a compound that facilitates the separation of components in a mixture during distillation. In
this instance, the olefin oxide is relatively dilute in the gaseous hydro-oxidation effluent
stream; and the rectification agent facilitates the separation of the olefin oxide therefrom,
Preferably, the rectification agent is an aliphatic hydrocarbon having a normal boiling point
25 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
30 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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15volume percent, based on the total volume of the effluent stream. Typically, the concentration of
water (steam) in the effluent stream from the hydro-oxidation reactor is greater than about 0.1 volume
percent and less than about 15 volume percent, based on the total volume of the effluent stream.
Typically, the'€bAUEM#AR BN of unconverted olefin in the effluent stream fromi CRE B RS Eifation
reactor is greater.than about 1 volume percent 20and less than about 80 volume percent, based on

e

the total voluife O THEAHERA CRH T FRIERAY, THE' C6 REENT BBHBE R GRITiRHE &Rt stream is

greater than jaheut) &yolkime, Rercent anehessihan:ahomi2 veliume peresnt.iRased onthe total
volume of the effluent stream, Typically, the concentration of hydrogen is greater than about 0.1

volume percéft SRg1EsSHER"SBOUF 2D VEIGHB et B 5sEd ¢t totarv 8k Bicthe effluent
25stream, Typically, the dilueniis-employed inm cengantiationdianging.fram Qtadgss thanabout 70
volume percent, based gn the total volume of the effluent stream. The gaseous effluent from

the hydro-oxitatiRTEStB A REQ I therHidt idhnAHor SOt aPEpBint Ry WRENAfRd the column

from the botiaarofdne-cabumpedpite the slidrnoiRhelbe colmnpreiemblyromthsabatiom of the
column to a height of 30about 1/3 up from the bottom. Suitable distillation columns include (rayed or

packed coluRTHES SRith PRckebRuItsieDLilE prefian e imibstich isopmbsass theypalbf packing,
suitable examplessaf:wbieksintiude structied erslimp packingrnade afmetakari: Wlid be
20081124292PCT/US2008/058165 ceramic compatible with the chemicals and process conditions

herein descriBed e SHRL B0 LE8E ErigiHE MR BE dBI8 1 a8 n tHEFir & distiradiahcgolumn to
accommipdateathieispesifigaaponand liquid-compenentsiemploved and.he.desiredvapenand liquid
loadings. Typically, the {fheorgtical number of plates in the first distillation column ranges from about 56
to about 50, (F]éllte%ﬁ%%lv, HORT ABBULS B RH0 OP erpdiesh sy daishe -SriAR 8 tB7A Bt s st distillation
column, whetenthedhycrerexidatian geaatarefiuent steeamhisfediis pically graatenthanalgut 35C,
preferably, grei%er han about 45C, but less than about 125C, and preferably, less than about 100C.
The bottom prégsure’ i?@Bl@%ﬂ?&gﬁfgﬁH% BT S0 PSR (328 RPALS SrORSISBRy PyFust&r %N about
150 psia (1.034dkRa) and typisally whe-less thanaheut:900RsiadRddb-kRa) and praferably, less than
about ie?fo p%é'a 2,412 kPa The fgmperaturzrat the top is determined by the condensation temperature

of the retlux cOMPBIHENY al a0 perS R o roSsl FR NS PR Strasr fRd it ho olisal s redR laving
from the toptakihe, firshdistifatiancohgam. is desirably similar to the pressure within the hydro-oxidation
reactor, so as to minimize{&:gyrrggg%ggi%r{l}gle gsl{ gnrr}gggsq{xg?glggagggglrtielg%?clj?ud reflux in the
upper 1/3 section of the first distillation column is suitably employed. A preferred
embodiment comprises an overhead condenser external to the distillation column with a
20 conduit to deliver the resulting liquid phase rectification agent to the top 1/3 section of the
first distillation column. Generally, the condenser is operated at a temperature sufficient to
condense the rectification agent; thus the temperature depends upon the specific rectification
agent employed and its liquefaction temperature at the operating pressure. Pressure is
desirably maintained as close as operating conditions allow to the pressure in the hydro-
25 oxidation reactor, which is typically greater than 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
30 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 colums. The skilled artisan knows how to determine a suitable amount
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15to the hydro-oxidation reactor. Thus, the first overhead stream exits the distillation column at a
pressure typically greater than about 50 psia (345 kPa), preferably, greater than about 150 psia (1,034
kPa), but typically less than about 500 psia (3,446 kPa), and preferably, less than about 350 psia
(2,412 kPa).Wﬂe%{}%Iiﬁggection of the first distillation column is required toPédrtar @2 Gaid reflux of
a rectification agent. As used herein, the term 'rectification agent” refe'rsr,to a compqunql that facilitates
the separatiSh '5f & Frfi‘ﬁ‘(gﬂé‘ﬁ?élﬁﬁo}ﬁﬁ?( Rl SRR TR RO s MR & Bl BYRTe is
relatively dilyte-mthe gaaaeusdyilreioxidatarn efflueat. streamsand dhesreatificationagentdacilitates
the separation of the olefin.oxide therefrom, Preferably, the rectification agent is an aliphatic
RS 2okl BBIHG HAIRe 24151 o Pt YAaH tF REFARPBAM-point of the

hydrocarbonﬁ
olefin and legsfthandhie naknatbeiling peiphahthedslpiin Oxidex Thenwesd:naliphatic.hydmearbon” refers
to an organi¢c compound containing exclusively carbon and hydrogen atoms, preferably in this
instance, an aikane (i 9,1W§/di%%éﬁ%%?%"ﬁ%ﬁ‘?§%%j8&?@5‘??5?6%*?}1‘%1’1 E&afBAts B SrietP 8 four
atoms, that isisaturatedj-ostan alkeneali:eqdydrocatear centaining af least-onecathanzearbon
30unsaturated douhle bo c%i The term "normal boiling point" is defined herein as the temperature at
which the TUTEFh A2 8F KBS e BU B With TS A0 BHHEe A6 % FYELERa‘oR s atm (101
kPa). Non-lidiitingexamplesiof stitablecalipbatichaytioearhen (Wek 20051 24202RGT &2008/058165
rectification agents jnclude Cd 8 I% es, such as}(%]tane, pentane, hexane&c clohexane, heptane,
§h° f h rﬁﬁﬁ

and octane, AP ETH BIRBHEE THEH KL BrodyAsRe Sltane, PliteHe haRbradnmenE aH dctkene,
including all igsemefieforms: nhdie atorementionedaalkangs-andialkenes: Ihanalkene iscused as the
rectification 31%%25’3 iéijlsgigle%?rl i]Hg}fg\gfr 1gv:[fotos flt%g[mine what mixtures fall within the flammable and
non-flammable ranges as noted hereinbefore.
A first bottoms stream comprising water, olefin oxide, and optionally
residual unconverted olefin and/or rectification agent, such as an alkane, exits the bottom of

15 the first distillation column. Typically, this first bottoms stream comprises from greater
than about 50 to less than about 90 mole percent water, from greater than about 10 to less
than about 50 mole percent olefin oxide, from greater than about O to less than about I mole
percent unconverted clefin, and from about ( to less than about 20 mole percent other
rectification agent, such as, alkane. Optionally, a portion of the first bottoms stream may be

20 sent to a reboiler of conventional design. The portion of the first bottoms stream sent to the
reboiler can range from 0 to about 30 weight percent, based on the total weight of the first
bottoms stream. If used, the reboiler is operated at a temperature and pressure sufficient to
recover any unconverted olefin reactant and/or rectification agent that may be present in the
first bottoms stream for recycle to the first distillation column.

25 If the reactant olefin, itself, is employed as the liquid reflux rectification
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 distiflation 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

30 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 8 psia (55 kPa) to about 60 psia (413 kPa)., A second bottoms
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5the same olefin as the olefin reactant of the hydro-oxidation process, e.g., propylene in the preferred
process, because any other alkene would be reactive in the hydro-oxidation process if recycled
through the hydro-oxidation reactor, thereby complicating the overall process unnecessarily. If an
alkane is ch&sBrUE i éctification agent, then it should be substantially if&rtkitH188pEEE to the
hydro-oxidation process. Under hydro-oxidation 10 reaction_caonditions, all anes are typically inert.
Notably, an aﬁ%gﬂé%wﬁg%‘%%ﬁ%St%ﬁ%ﬂéﬁﬂm it 15 HhiGHEPRRAE Aot HERHE P8Ikt of the
hydro-oxidatigpiseiactasioatefinwnil-demanshlesssenergydialigeraiionieaaiant) vREn eerEensation, as
compared with éhe}g?lefin it%lf. For example, in the preferred process wherein the olefin is propylene,

butane can BE ESRYEERENARA LSty OWART CUoEAt WhErd A5 HRsHIBRR e dlifr8L B 8figRration
means. L5Cpnsaquenibalit may: heprefered fomenesgy eonsidaratiens do.uge the atkane; for
example butane, as th; rectification agent. ~ Any conventiopal design means that provides for
the liquid refiliAYHE (PPer 273 SESHENBE e ArdEMETtSF A5IUMIA RSBy BRIBISVET A preferred
embodimenbearipiisas amoverbeast candenseraernahio the distillatian:calbwmn: Withia.@Rgenduit to
deliver the resllgltin liquid Eh[?se rectification agent to the top 1/3 section of the first distillation column.
Generally, th&' tShHERSEPY SIEHYd RIS tfhperature sufficient to condense the rectification agent;
thus the temperature depéhdsupndoe specific:eecidication agentemployedranekits iguefaction
temperature gt the gperating pressure. Pressure is desirably maintained as close as gperatin
conditions aftoW o %ﬂ%ﬁ?’gggﬁ@ FHIHE By RiPS- B ol YR GT W iRt a PR Han about
50 psid {345 kRa)anthiessithapabout HRE-psia (346 dPahich is obtAmaanaisatiofrestfication agent
may be fed tog the first distillation column.provided that a sufficient liquid.reflux is obtained to facilitate
the separatiSheor tHe BRI 8xItfe fro f’fﬁig %%gggi}&i%i‘éﬁeéﬁﬁ%%os%g R rHEAROUAP SR ctification
agent 30advaidtageauisiiis swificient tasepasaiecess entiatysallrdaeh cgteaterithanmabast 95 mole

percent, preferably, greater. than abaut 99 mole percent, of the olefin oxide to the bottom of the first
Ctiation cBTMEYTS LA EAETBIE RO SEALig S SUREIS SHBtrE orered

any temperature and pressure sufficient to strip the rectification agent from the water and
15 olefin oxide. In a preferred embodiment, wherein the first bottoms stream comprises water,
propylene oxide, and butane, the stripper is operated typically at a temperature greater than
about -30°C and less than about 140°C and a pressure greater than about 8 psia (55 kPa) and
less than about 362 psia (2500 kPa). The second bottoms stream comprising water and the
olefin oxide obtained from the stripper column is then fed into the finishing train as
20 previously described herein. In this design a third bottoms stream comprising water and a
third overhead stream consisting substantiaily of olefin oxide, preferably propylene oxide, is
obtained from the finishing train.
The following examples are provided to illustrate the invention described
herein; however, these examples should not be construed to limit the invention in any
25 manner, Based on the description herein, the skilled artisan will be able to vary the
parameters of the invention to produce a variety of embodiments that fall within the scope
of the claims.
Example 1
With reference to Figure I and Table 1, a catalyst (61,800 kg) comprising
30 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 I, unit2) The catalyst is employed in a hydro-oxidation of propylene

17~



WO 20081124292PCT/US2008/058165 of rectification agent to be fed to the first distillation column by
taking into consideration parameters of the specific distillation employed. To effect this separation, a
reflux ratio advantageously is employed that is greater than about 0.1/1 and less than about 10/1.
Reflux ratio & Béftfett&dthe weight ratio of liquid reflux in the column to foRAfH S8 BTraM the
column. Preferably, the reflux ratio is greater than apout 0.1/1 and less than about 5/1, more

preferably, IS8 RAFESBIUEE/R ST i qhid PERRO oA BB BiRRVitida s fieftifc Stredtint SEtSined from the

condenser ofi@.naakedipestieain:prevideisl asepaatedasd do: the distilationeolumnSatein
precautions should be taken to %@}M’e that th% ?%Q%ous stream cgmprisin unconverted olefin,
oxygen, hydrSyBriCOBaGHEF difueitt “afidtaNkane Feltreatbm 10hent’ i A%y Bing hE€Bndenser does
yg - . . - - -
not comprisea flanumabhe mixtureacthe skileddaracess enginerrwil know howstordetesnine what
mixture falllyvithinﬁ he fI?mmapIe and nolg-_f.[arrgimable ranges as noted hereinbefore. A first
bottoms’stréH coMpPRSiG WatST BRRARSXitE Hhe SPtioHaty TS IEAP RO RVERE Blefin and/or
rectification agemtestichk as-analkaneogxits: therbaitem ofd bthepfirstidistiliationegoitmn. Typically, this
first bottoms stream comprises from gr%ﬁg%r thar} about 50 to less than about 90 mole Eercpnt water,
from greater tH&T AB6T 1040 HEEtRAN Bbod'5 0 ¥nBI& SETERHEBIERN BRSO gfeatdr thidh about 0
to less than alsentJoswlerperioentinaahyetiedoletisland dranpahou:Q odasssthag akout 20 mole
percent other r_ectifi%atjo agent, sufch_as, alkane. ,OPtionaIIy,_ a portion of the first bottoms stream may
be 20 sent #5'5 P8O o LONVER oA SR THTE Bortidl SPHe fIRr BEtiBRE SfrdaEamtto the
reboiler(can iramge fiioen Osteeabawtt301weight percent, based on the total weight of the first bottoms
stream. If used, the reboiﬁ is operated at a tem eﬁgLﬁ_e and Rressure. ufficient to recaover any
unconverted olefin reactant' aAdior et flc%ﬁé’ﬁ'%%é tHELHAS B’éﬁﬁr’é)%é a5 bdttoms stream
for recycle torthedirst distilation eoturan, Bbldhe reactanti olefinsiilselfs isoamployechasithadigaid reflux
rectification &%8“62 tQietr] the ﬂrst %ott_omg stream com f[fi?s’ing water and olefin ofgide is fed, in whole or in
part, to a finiShing frain of ord B R PR IEAIIA TG LG M CSBRBIE BPSAPATAh th B YIEHH oxide from
water to thedesifededegreexaf:pabduaidpucity? Suitablie tlasigns, inslude-tray edcandpacked egumns,
with p%%klngl R%rgc];gtrlroerg bPHhE lggsgod}gﬂ?ﬁigg & El%%}haesrﬁlz_[qlpf Egﬁg,ix-rtg%aci]jtate rectification of
propylene oxide from the gaseous effluent stream. Referring to Table 1, the refiux ratio of
the distillation column is provided as flow of liquid stream (8) divided by flow of gaseous
stream (9) or 305.9/812.3 = 0.38/1. The distillation column operates at a temperature of
38°C and a pressure of 1965 kPa at the top of the column and a temperature of 104°C and a
20 pressure of 1983 kPA at the bottom of the column. A liquid stream (12) is recovered from
the bottom of the first distillation column (4) and fed to finishing train {column 16) for
separation into a water stream (17), a purified propylene oxide stream (18), and a stream
comprising primarily unconverted propylene, which in this example is recycled via line 20
to the distillation column. (Line 19 is a vent stream, which in this example is effectively
25 zero mass balance.) The finishing column (16) contains 15 theoretical trays and 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 | 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
30  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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30 first finishing column typically contains from about 10 to about 50 theoretical plates and is operated,
preferably, at a temperature greater than about -30C and less than about 140C at a pressure ranging
from about 8 psia (55 kPa) to about 60 psia (413 kPa). A second bottoms WO
2008/124292P¢15821588/058165 stream comprising water is obtained frof¢ fHeSRpgsfiftsfing column;
the water str&g is typ'cai}:‘g dispaosed. A second overhead stream consisting substantially of olefin
oxide, prefer @’6?’859#8 o0 S T A SR o HSHE iRt fiNfehing EoRIPSH T HESS RRFPBXite product

typically has atausityrof grepderthan -abesiced weighl:raisentnprefesabiicgrgate Gtoam ahaut 75
weight percent, and more preferabfl{y,1 greater than about 90 weight percent, based on the total weight
‘ﬁ'

of the olefin SXie SHEAm-THE Siefin DA BrbGLE R et for AR B Rl e PRI RIS Sas
desired.  for Weadestificationagenioer thandhe-elefin,itselfrisisged, farrexample iamalkane, then
the first pottoms T':,tr_eam comprising water, olefin oxide, and rectification agent, 10is fed in whole or in
part to striﬁb@ﬁ 8Bfimn from which is obtained a second overhead stream comprising the rectification
agent which is recycled to the first distillation column and/or the hydro-oxidation reactor. A second
bottoms stream comprising water and propylene oxide is obtained from the stripper column. The
stripper column is operated at any temperature and pressure sufficient to strip the rectification agent
from the water and 15 olefin oxide. In a preferred embodiment, wherein the first bottoms stream
comprises water, propylene oxide, and butane, the stripper is operated typically at a temperature
greater than abou.t -30C and less than about 140C and a pressure greater than about 8 psia (55 kPa)
and legsithan about 362 psia (2500 kPa). The second bottoms stream comprising water and the olefin
oxide obtained from the stripper c(ﬁ:ém IS then fe%into the finishing train as 20previously described
herein. In this design a third botto %@&Wﬁ%ﬁ giﬁ‘é‘%t%ﬁgﬁ(?i/i‘ﬁ%}overhead stream consisting
substantially of olefin oxide, preferably propylene oxide, is obtained from the finishing train. The
following examples are provided to illustrate the invention described herein; however, these examples
should not be construed to limit the invention in any

5
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25manner. Based on the description herein, the skilled artisan will be able to vary the parameters of
the invention to produce a variety of embodiments that fall within the scope of the claims. Example 1
With reference to Figure 1 and Table 1, a catalyst (61,800 kg) comprising 30gold deposited on a
microporousitaAYEiiéate support is prepared in accordance with the descristioRSiHt98361955,499 and
then loaded into a fixed-bed, continuous flow react8r (137 m3 volume). (Fig 1, unit 2) The catalyst is

ana-\
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A e v AW L) ey

058165 with oxygen in the

wgd ccogprod LCt waiter. A flow of hydrogen (10 percent

heated fromcsoorrﬁemﬁerature to 250C at a rate of

181 €06l a(égl‘@ I00C. The feactor is then fed with nitrogen,
hereatfter, the tgmpérature 1s reduced to 140C, and then a feed
ced (glg 1einput stream 1) The process

at 289-302 psia

5.8 mole percent, based on
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a. Stream numbers are referenced with respect to Figure 1.



propylene oxide from the gaseous effluent stream. Referring to Table 1, the reflux ratio of the
distillation column is provided as flow of liquid stream (8) divided by flow of gaseous stream (9) or
305.9/812.3 = 0.38/1. The distillation column operates at a temperature of 38C and a pressure of 1965
kPa at the toly 8FH&'Edf#fhn and a temperature of 104C and a 20pressure 8£TI83KPESHGthe bottom
of the column. A liquid stream (12) is recovered from the bottom of the first distillation column (4) and
fed to finishing train (column 16) for separation into a water stream (17), a purified propylene oxide
stream (18), and a stream comprising primarily unconverted propylene, which in this example is
recycled via line 20 to the "ﬂﬁﬁtiih&t'gmtﬂ@bmmss(lfh?re}&%f&az‘;\i@m(ﬁié@%%d\d@iﬁlap'!ﬂﬂfﬂ&ﬁém@? is
effectively 25zero mass balance,) The finishing column (16) contains 15 theoretical trays and operates
ata tempiraﬁf“é%ﬁ fi at the g%&%%% ?Hé@iﬁﬁr%ﬁ“&g %‘Af%f‘ HFhetspeat e At S a pressure
of 188 kPPa at:thérbotithibfitBe.dolumiinand 2572 kiratatthetop efitheeolumn. Table 1 sets forth mass
fractions of components o%]il%put anld OUtgrtg streams @nd process conditions for the abave-identified

SR tSERhEET Y6 SORIGHR T e sUedhd i uB ke i Tble 1

example of the process invention as refe
are obtained:fiammahaAspent sofiddre process simulationpregren) availabledronAspenteehnology,

Inc. of Cambyrj ssachusetts, . LISA, specifically, the simulator Aspen Plus version 2004.1 The
hiidgey Massachuse peciicany.

proarain uses & property St fror RKEALPER Using Taret ey e thods HBREHBA SRS AP iquid

(NRTL) and st@amvtatilesectierature data are used to determine physical properties of specific
mixtures, for use in models of an equation of state and activity coefficients, which are used in the
53imu|a§ion. 10 (SPACE INTENTIONALLY LEFT BLANK)

Example 2

With reference to Figure 2 and Table 2, Example 1 is repeated with the
exception that in place of a liquid propylene reflux, n-butane is fed to the external
condenser {7) to yield a liquid butane reflux (8) for first distillation column (4), and

15 stripper column (24} is placed between the first distillation column {4) and the finishing
train (16). In the hydro-oxidation step the selectivity to propylene oxide is 96.9 mole
percent, based on moles of propylene converted. The molar ratio of water to propylene
oxide in the hydro-oxidation effluent stream is 4.3/1. The first hydro-oxidation effiuent
stream (3) 1s fed to first distiliation column (4) using the butane rectification agent, A first

20 overhead stream {6} comprising propyiene, oxygen, hydrogen, butane, and various inert
diluents, obtained from the first distillation column (4), is fed to the condenser (7) and split
into a liquid butane stream (8), which is recyeled to the distillation column for use as
rectification agent, and a gaseous stream (9) containing unconverted propylene, oxygen,
hydrogen and butane, which is recycled to the hydro-oxidation reactor. Referring to Table

25 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

30 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 yeactor (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-



WO 2008/124292PCT/US2008/058165 The integrated process for the aforementioned
process steps produces steam valued at 200 million Btu's per hour (MM Btu/h) from the
hydro-oxidation process and 5requires 283 MM Btu/h cooling at 25C for the external condenser.
The propylef®®xil& ¥&edYered as an overhead stream (18) from the finishiRg BRI 1TE&A purity of
98.7 weight percent, based on the total weight of the overhead stream (18). With additional
purification, tH& s @éreﬂ‘ﬁr’@ﬁ@l’@ﬁé"é%’&l‘é%ﬁﬁ HEBLHRe At & ity Sf Borbigin Bettint. 10

Example 2 recovafMith seferansedekigue R ard JablgidnExaippiend isJepeatedywith the exception
that in place of a liquid propylene reflux, n-butane is fed to the external condenser (7) to yield a liquid

butane reflux @) forhird t Sttt Ealinm Qe St { sstirspdricsiomins (Za4 P hceabsteen the first
distillation colyae (dhrandihedinishing train{d6)oIn; the:nydraspxidation step-1he-selsctivity to
propylene oxide is 96.9 mole percent, based on moles of propylene converted. The molar ratio of
water to’prop§feRReERiER I tHehBt SRt SRS SHEET I EISPE: The first hydro-oxidation
effluent stream (3) is fed to first distillation column (4) using the butane rectification agent. A first
20overhead stream (6) comprising propylene, oxygen, hydrogen, butane, and various inert diluents,
obtained from the first distillation column (4), is fed to the condenser (7) and split into a liquid butane
stream (8), which is recycled to the distillation column for use as rectification agent, and a gaseous
stream (9) containing unconverted propylene, oxygen, hydrogen and butane, which is recycled to the
hydro-oxidation reactor. Referring to Table

10

15

(SPACE INTENTIONALLY LEFT BLLANK)
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252, 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
59.5C and a pressure of 1689 kPA at the top of the column, and a temperature of 87.5C and a
pressure of ¥7072WFA 4 %he bottom of the column. A first bottoms stream (P2 8owiptgitgavater,
propylene oxide, and butane, which is obtained 30om 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 -axidation r acttfj (2), and a bottoms stream (26)
comprlsmgwaterand({.pro leRE=D ithe fiishing tr iB(16) to obtain a purified
. =Y .
propylene oxide (18). Thel$kin hies at 85.7Cand-248 psia (1,707 kPa) to recover
the second overheat m-{2 ylene angd-butane-which.is recycled to the
hydro-oxidation progess; antka\ am| (26).comprising water and propylene oxide.
Referring to Figure 2, Tal % @ @omp@en@for i@putiand output streams and
process conditions. 19 15 (SR EEFT BLANK) 20725 30
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All steam produced from the hydro-oxidation reaction is consumed in the heat exchangers (reboilers
on the propylene oxide recovery columns of this process). The cooling requirement is 500 MM Btu/h at
35C for the external butane condenser. The bottoms stream from the stripper column (26) is
fed to finishirty4raibf (657 bperating as in Example 1, for further purification BR#& Fseéeiséss ofwater in
bottoms stream (17), propylene oxide in top stream (18), and n-butane in top stream (20). Propylene
oxide from top stream (18) has a purity greater than 90 weight percent. WHAT IS CLAIMED IS: I. An
inprocess of hydro-oxidatién! Siea SR BRM ARy sRtion BRtERISFeamBehipiking an olefin
oxide and of igeparating He @sfinsxidedommthe-hyxdationeiiivent siaars the Process eamprising
the steps of: (a) contacting a reactant olefin in aphase in.a hy. ,xidation reactor with oxygen in

the presencé W7 Hiravogarr i iti o78 prREERUE 8F &Hydre biesdtom ity condsstéaction conditions

sufficient to oiTn a gas phase hydseroxidationeffiuentsieacn soMNising 2a rlefinaxide,water,
unconverted olefin, oxygen, and hydrogen; (b) tfeeding the gas phase hydro-oxidation effluent

stream into & Hrst@EHiEEah Ebluimiial Srovivaetara licriatentrorscre inealsindysieen a top 1/3
section of thexealmIm); propylend(6Xi@Mmevipgdam the)firstidistiliatiomaslimr afirst ovethgad stream
comprising unconverted olefin, oxygen, and hydrogen, and a first bottoms stream comprising water
and the olefif 3Xid&° Grgp stream { é%@é&iﬁﬁ”téeﬁﬁ%%@ﬁ&n%@ SiFEAPEEFBrising water and the olefin
oxide into a finishing train to obtain therefrom a stream comprising the olefin oxide product. 2.
The process of Claim | wherein the rectification agent is 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. 3. The process of any one of Claims 1 to 2 wherein the
olefin is propylene and the olefin oxide is propylene oxide.

24



4. The process of any one of Claims 1 to 3 wherein the rectification agent is propylene or butane.

5. The process of any one of Claims 1 to 4 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. 6The process of any one of Claims 1 to 5 wherein the effluent stream
from the hy., xidation reactor comprises fromthan 0.05 to less than 10 percent olefin oxide, from

greater thag%@%‘?o g;.g"?&}%éﬁ rcent water, from greater than 1 to less than 80 nnt unconvtS olefin,
fromr than % gen, from greater than 0.1 to less than 20 pement hydrogen, and
from O to less than 70 pefcett didenitadyryatagaes Kﬁ%@@ﬁ@@@ﬁ@rﬁ%@%ﬁ% Eatmsyl i9H wherein
the first distillation colymn oerates at a bottom t af ter than 35C and less than 125C and
at a pressuf& ,355@% %‘n WLk ﬁﬁ iE Mﬁ%ﬁ%ﬁg el skl stiday one of
Claims Ito Traheeiinydhe-finislhi eClipi SOIR-QRe AtN0EL a temperature

greater than -30C and le 1{55 SSSLITE 8 IcPa) and less than 60
psia (413 IcPa) 9.The in i fedEestraidation matqra)

contacting with astaret r-o‘u:-s‘.-..: ipan vt ,; the presence of
hydrogen anga# he presence of a dro oxid tlon catalyst under reac con itiops sufficient to
obtain a gas p ésée €£3)/dro gﬁ% A8 é%tg Lif PR PBRSH %é? ¥ unconverted

~ olefin, oxyg&rhgean Jasechyclge xﬁgﬁn @;ﬁ%@m sh®am into a first

(lln."“ [TE rﬁgiﬁg an #’»E?'}:’_.f.“"‘i AR
%‘sy&mg&n; ‘

(b} feeding the gas phase hydro-oxidation effluent stream into a first

distillation column thet pmv&des for 8 liguid reflux of a rectification agent in & top 1/3

section of the column; _ ’ o |
(c) removing from the first distillation column a first overheéd stresn

@ompnsmg unconverted olefin, oxygen, and hydrogen, and a first b@ttums stream

comprising water and the olefin oxide; and
(d) feeding the first bottonis stream comprising wéter and the olefin dxizic
into a ﬁnishing train to obtain therefrom a sn'eam comprising the olefin oxide product.
| ‘ 2. The process of Claim 1 wherein the reciification agent is an aliphatic
hydrocarbon having & normal boiling point equal to or greater than the normal boiling
 point of the olefin and less than the normal boiling point of the'o.}efm oxide. '

3. The process of any one of Claims 1 to 2 wherein the olefin is
propylene and the olefin oxide is propylene oxide.

4. The process of any one of Claims 1 to 3 wherein the rectification
agent is propylene or butane,

5. The process of any one of Claims 1 to 4 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.



distillation column that provides for a liquid phase reflux of the olefin in the top 1/3 section of the col 1 |
I (c) removing from the first distillation column a first overhead stream comprising unconvolefin,
oxygen, and hydrogen, and a first bonorris comprising water and the olefin oxide; (d) feeding
the first overh therefrominto a condenser and withdrawing us strewn comprising oxygen, hydrogen,
and a portion of the tmconvc olefin, and a liquid tni comprising the balance of the unconverted olefin
fed to the con (e} recy"ﬂﬁngrdqesga%eow%t:ré@mrfmmtdfe%@rdienheﬂﬁhﬂmpdshagxoxygen
hydrogen, gnghamorlign akifsibncenyd.Asfinadhe Bydipgxr _arwea%orﬁ sectlo 10 SeR(GlN9 the

liquidthe condenser comprising the balance 6f the uncon fin to th
PGS esoiifien dftthe bottoms

distillation @&ﬁﬁrﬁﬁ‘@%m @ﬁ%@r& ﬁ@ﬁ@??ﬁﬂﬂ 15
N L.alefi .4 finishing train

grated process
CEEGRDSI HE il CrigaFclend 6h reqrtor a
_reactant olﬁmgglﬁm% %m&@resence 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 oxrd water uj%%gsr;vﬁerztied olefr %%enfo@whhggrotg% - (h) feeding the
gas phase hydro-oxi ;on efquen Rream nto a frst drstr ation column w provides for a liquid reflux

of an alkan&iit @FPE@WB PEERSP @f&h@mmme greater than 35°C and less than |
sier than 50 psia (345 kPa) and less than 500 peia (3,446 kPa).

125%C and at & pressure gre

8. The process of any one of Claims ! 1o 7 wherein the finishing
wire greater than -30°C and
than 8 psia (55 kPa) and less than 60 psia (413

train comprises a distillation column operating at a tempera

less than 140°C and a pressure greater
kPa)

9. The integrated process of Claims 1 to & comprising the steps of:

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

" (b) feeding the gas phase hydro-oxidation effluent stream into 8 first
distillation column that provides for 2 lguid. phase r@ﬂux of the olefin in the top 1/3
section ef the mimn,



- 27 - (c) removing from the first distillation column a first overhead comprising unconvolefin, oxygen,
hydrorn, and a portion of thee, and a first ms streaml comprising water,olefin oxide, and the balzce of
the alkane; aer and obtaining therefrom a gaseous stream comprising unconverted olefin, oxygen, and

hydrogen, and a on of the allome fed to the condenser and a liquidcomprising the balance of the
alkane fed to the condenser; (e) recycling theous stream obtained from the condenser to the

hydro- oxidation reactor; ‘ é%rec cling the liquid obtained from the condenser to the top 1/3
il ?&Mm@m@mmmﬁewrgmm ater, olefin
W&ﬁ&@%ﬂ%%@&ggn coé%%m to a stripper co%ﬁ”ﬁﬁo obtain a |
am comprising the alkane and a SCoRd b B & st-betterss mippis g water and
“(h) ﬁ‘;c PHRE%ERIH overhead stream comprising the alkane to the

and

iy i isti i mn,;
grﬁadw%%&gﬁ SR mio g condenser and withdravwing
o eaiT mmpmsargg oxygen, hydrogen, snd g portion of the
mnv i P “ s e % o ‘ ‘
converted olefin, and a liguid stresm comprising the balance of the m:scnnvmad olefin

rearn from the condenger comprising oxygen,

| ofthe @ recycling the liquid soream from the condenser comprising the balance
Hnconverisd olefin io the top 1/3 section of the distillation colump 1 v
the liquid reflux; : & provide for

10. The integrated process of Claims | t0 8 comprising the steps of:

‘, (2} contacting in 2 gas phase in 8 nydro-oxidation reactor s reactant olefi
with oxygen in the presence of hydrogen and in the pmsence of a hydro-oxidation i
cataiyst unde; reaction conditions sufficient to obiain & gaseous hydro-oxidation effiy
stream comprising an olefin oxide, water, unconverted olefin, oxygen, and hydrogen; -

- (b) feeding the gas phase hydro~oxidation effluent stream inin g first
iorillation column which provides for s liquid reflux of an alkune in the 4 13
section of the column; | | ™



(i) f--t. g 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.

(¢} removing from the ﬁrst distillation column a first overbead stream
c@mpnsmg unconverted olefin, @xygem hydrogen, and a p@mm of the alikane, and a first

wrater @}Eﬁﬁﬁ QKEd& and ﬁh@ prce of the aﬁéé.an@

rearn obtained from the condenser 1o the hydro-

_ (5 recyeling th@ qumﬁ stream obtzined from the condenser to the t@ﬁ 1/3
( section of the first distillation column;

| . (g) feeding the first bottoms strem

the balance of the alkane from the first distillation colurnn to & stripper column to obtain a

second overhead stream c@mpnsmg the alkane and a second bottoms strearm comprising

ain comprising water, olefin oxide, and

water and the olefin oxide;
(b) recycling the semnd overhead stream comprising the alkane to ﬁw
~ hydro-oxidation reactor and/or the ﬁrst distiflation column; snd
{1 fwdmg the second botioms strean
‘oxide to a finishing train to obtain therefrom & third overhead stream comprising the

| comprising water and the olefin

olefin oxide.



