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polyurethanes and polyester resins. Dipropylene glycol also finds utility in the manufacture

of resins. Isopropariolamine finds utility in surfactant formulations.

20 Processes are known for preparing olefin oxides, such as propylene oxide, by the
liquid phase reaction of an olefin, such as propylene, with certain organic hydroperoxides,
such as, tertiary butyl hydroperoxide, cumene hydroperoxide, or ethylbenzene
hydroperoxide, as disclosed, for example, in US 3,350,422 and US 3,351,635. The
processes are taught to be conducted in batch reactors that offer acceptable control of

25  reaction temperature, but lack acceptable productivity for commercialization. More
particularly, US 3,350,422 teaches the use of vanadium naphthenate as a catalyst and staged
addition of the organic hydroperoxide to the batch reactor. Disadvantageously, the |
selectivity to olefin oxide, particularly propylene oxide, achieved by the disclosed process is
low. '

30 US 3,351,635 discloses a similar process that is conducted in the presence of a
catalytic amount of a molybdenum, tungsten, titanium, columbium, tantalum, rhenium,

selenium, chromium, zirconium, tellurium, or uranium catalyst. Incremental and staged
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enhancement of selectivity to olefin oxide, more specifically, propylene oxide.

20 Additionally, US 5,410,077 discloses the reaction of propylene with tertiary butyl
hydroperoxide in the presence of t-butyl alcohol and a homogeneous molybdenum catalyst
in a reactor system comprising a first isothermal segment and a second adiabatic segment.
The adiabatic segment is added to obtain additional conversion of the hydroperoxide. The
isothermal segment is further taught to comprise a plurality of at least four sequentially

25  interconnected internally cooled reactors. In this reactor system, the total tertiary butyl
hydroperoxide feed is split, so as to provide a portion of the total tertiary butyl
hydroperoxide feed to each of the reactors in the isothermal segment. By limiting the
quantity of tertiary butyl hydroperoxide fed to each reactor in the isothermal segment, the
reaction exotherm is controlled and the reaction temperature remains essentially isothermal.

30  As with other prior art, US 5,410,077 appears to be silent with respect to plug flow
behavior. Additionally, US 5,410,077 is silent with respect to the feasibility of replacing

tertiary butyl hydroperoxide with ethylbenzene hydroperoxide.
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and comparable organic hydroperoxide conversion at an improved selectivity to olefin

20  oxide, based on moles of organic hydroperoxide converted. Acceptable control of the
reaction exotherm is also a desired outcome, as well as safe handling of the organic
hydroperoxide. A process with all of the aforementioned properties would provide an
attractive and more productive method of preparing olefin oxide, as compared with prior art
methods.

25

This invention provides for a novel and improved process of preparing an olefin
oxide and a co-product alcohol. The invention generally comprises contacting a liquid
phase comprising an olefin and an organic hydroperoxide in the presence of an epoxidation
catalyst under process conditions sufficient to prepare the olefin oxide and the co-product

30  alcohol. In the particular features of this invention, the contacting of the olefin and the
organic hydroperoxide is conducted in a reactor system that provides for the staged addition

of the organic hydroperoxide, characterized in that a primary organic hydroperoxide feed is
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20  required to keep the reactants in the liquid phase. Most advantageously, in the process of

I..J

this invention, the reactor design minimizes back-mixing, that is, the flow of elements of the
reaction fluid in directions other than the forward direction of the bulk reaction mixture,
Back-mixing occurs when not all liquid phase elements have the same residence time in the
reactor, and back-mixing has been found to be detrimental to the yield of olefin oxide

25  obtained. Thus, the minimization or elimination of back-mixing is desirable. As compared
with prior art processes, the novel combination of operating features described hereinabove
provides for an improved process of producing olefin oxide, preferably propylene oxide, at

significantly higher selectivity, based on hydroperoxide oxidant converted.

30 Figure 1 illustrates a preferred embodiment of the process of this invention, wherein
the process is conducted in a reactor system comprising a single reactor divided into a

plurality of sequentially interconnected reaction zones designed to facilitate plug flow
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A efin, preferably propylene, is fed to the first reactor in the reactor
system whereas the organic hydroperoxide, preferably ethyl benzene

hydr oper oxi de, i . I | 3 | - r em The
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hydr oper oxide: f L naf. ref. " ' r I C
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the reaction system further
20  organic ydroperoﬁ?deafee&éu'eams” , and the split organic hydroperoxide feedstreams are

distributed among reaction zones, or reactors, or both, in the reaction system. As a further
novel feature of the process of this invention, the reactor system is designed to facilitate
plug flow behavior of the liquid phase.
In a preferred embodiment, the novel process of this invention relates to the
25  preparation of propylene oxide and a co-product alcohol. The invention in this preferred
embodiment comprises contacting a liquid phase comprising propylene and an organic
hydroperoxide in the presence of an epoxidation catalyst under process conditions sufficient
to prepare propylene oxide and co-product alcohol. The novel process comprises a
combination of features that provide for increased selectivity to propylene oxide, based on
30  organic hydroperoxide oxidant reacted. In particular, the process comprises contacting
propylene and organic hydroperoxide in a reactor system designed for the staged addition of

the organic hydroperoxide, characterized in that a primary organic hydroperoxide feed is
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feedstreans, and the split
20  reactors, or both, in the reactor system. As a further feature of the preferred process, the

reactor system comprises one or more means for facilitating plug flow behavior.

In another preferred embodiment, the reactor system employed in the
aforementioned process of this invention comprises a single reactor that is divided into a
plurality of sequentially interconnected reaction zones. The reactor further comprises one or

25  more means to facilitate plug flow behavior of the liquid phase, and the reactor is also
associated with a cooling means. By means of operation, the olefin is fed to a first reaction
zone in the single reactor system. In contrast, the total organic hydroperoxide feed is added
to the reactor system in stages by splitting the feed into a plurality of split organic
hydroperoxide feedstreams and distributing the split organic hydroperoxide feedstreams to

30 the plurality of reaction zones in the reactor system. In a more preferred mode of operation,

a split organic hydroperoxide feed is fed to each reaction zone. In another more preferred

mode, a portion of the organic hydroperoxide and optionally catalyst is fed to the first
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zones, or 20 reactors, or both, in the reactor system As a rene eature
of the preV@PRYI} ocess, the reactor system conprises onePGF/USBHBSHeans
for facilitating plug flow behavior. In another preferred enbodi ment, the
react or syigacionene,oyidle thebalaece ofthe enganici hydeperxidecand opfionailyscatatyst ig fedn
conpri ses singl e actor_that is.divided into a. plurality of

sequenti al tSﬂ Zloﬂ? Lorcg{?ﬁﬁgh}eéﬁldfpé’ggtoigﬁ IPRROL (Plag,or ’PE‘H@ PR repetot Fne)-c hpr i ses
one or 25 ﬁwﬁ@smaioid%a‘éqﬁduyair%yrahy%ﬂ{ér%c@f‘rhisvde%ed?f the liquid phase,
and the reactor is also associated with a cooling neans. By neans of
operation, the Inlapéther prefeérred embodiniant,she resator ispstem 2mpioyied it the si ngl e
react or system ontrast, the total organic hydroperoxide feed is added

! \ le .
to the’re ‘B%P‘%S&@F@:HT?WS%?%%@WU% 1§ PTG reastor sstem icpmprising aphuralityyofof

split orgag) or e r?c’E]Br et r i byt | th pli,t .organic
hydr oper o% ?%‘(Saénp g@%g?‘?earrg thégfr&ggf% h% p S?‘E’i{ﬁ{ lﬂytﬁ%{ﬁ ‘?gé%:#ﬁg ﬁy§8ﬁé§ d*"ﬁ&[dhe
reactor systoarplusatityeofiseqeentinltf intéreshneortd redctiopebmdsi Moreover Sdakh FeaRtcdadi C
hydroperogﬂede feed is fed to each reaction zone. In another nore preferred

mode, a p&etEn With ope opmgrsneans (o fasHitats,nlum flav pebasioro da thiy prefersad/st i s f ed

i 1 0t e hieainee it IR e eolff s7ola £ M Gt & R By, <

fed to awaynd operativgtheblefihds fetl do »firstireattortih the Mk RACtOPdyefen ! InBoRktastONe
react or zone‘)etaéThe .portions may be divided equally or by any other

fraction 4k Qedpreapic hydropsexide feed isradded tp ateagtarsystem im stageschy splittingshem

| d i . . hi L.ON., | .
it ea e Sy B AP Bl SRERC RAERRRonide Sphennt B 8Py ndinesplinnect ed
reactors. ofgalt HydespepoxiddfebditRamb td the r@A%SYystemS NelspefitdlfCthe (grl i Cﬁ‘

plurality of sequentially interconnected reaction zones. Mreov
reactor i Splitpeganigbydraperpxide écedstraamsds distrituitedoaniong the phirality bfisequbntially

behavi or. . ' r dinent. each reactor in the,reactor, system
ool &8 aitBebitcBeB rbacions i s G R oo Lo aGre Gt moe S reRgiod) of (
i's fed toeachfreiciér i fedwvith ohélof the spit HydropRAGHi @S fesdsife@s. IMarfoditr pestbrred t he
total organic hydroperoxide feed is added to the reactor systemin stages

by spl it t megessiortipn efitherprganic yidooperoxide and eptianally catalyitds Feddo dlvefinski de

f eedst {.Shributi Lit.. i ¢ _hyd i_de feedst

Lo the roleBP bl bRt ARy BhdrhrigS iR Bb G cRRlySOF Figiareagoyan ¢
hydr oper oXdcdredae @ shideiifi of ShethltitieRstbL Sy stetk (ud SremBhubbAL tea¥oBf The

sequentially o
20  portions may be divided equally or by any other fraction as desired.

In a most preferred embodiment of the single reactor system, the reactor is divided
into 4 or more reaction zones, which are sequentially interconnected and designed to
facilitate plug flow behavior. In a most preferred embodiment of the multi-reactor system,
the plurality of sequentially interconnected reactors comprises 2 or more reactors; each

25 designed to facilitate plug flow behavior, more preferably, by each being segmented into 4
or more reaction zones. In another more preferred embodiment of this invention, each
reactor in the plurality of sequentially interconnected reactors is an adiabatic reactor.

While the process of this invention may be employed with any organic
hydroperoxide, at this time the preferred organic hydroperoxide is selected from

30  ethylbenzene hydroperoxide and cumene hydroperoxide, or a mixture thereof.
A detailed description of Figures 1 and 2 follows hereinafter. Where the description

refers to the use of ethylbenzene hydroperoxide, it should be understood that any other
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15 interconnected reactors in the multi-reactor system |n ajrigygy Rusf erred
node of operatiaon each reactor is fed with one of the split hydroperoxide
feedst r eanWO W3W3%98¢ her preferred node, a portion of the oP§AAINY2/38574

hydr oper oxi de and optionally catalyst is fed to the first reactor, while

t he bal ancepesdble prganicdhysipenenciidemay be spbstituted foy ethyitwingarte liydrdperbxide, a

t l. ted at th 1 d- poi nt th I ti - { O t I ]
SR T e R A e e KA I
fraction aholRFbd fiberstboPthiDily dthek opersbt G1ERP DR s indtbF R pRéflyferde a0t OF

system ‘the reactor is div Into 4 or nore reactlion zone ch are

sequent i al Ageardinglys treemipedition of thesproded stream fadlt idepdndtupo thedspbtifie/ om0 -
In a nost qpref.ei_‘r%% enbo ime}ﬁt eﬁf the multi-reactor system the plurality
of seqdentqr&HMG hyCroRPIOXHICSTRMFeact or s conprises 2 or nore reactors; each

25 dest gned 10 1 Bl P bOsd | ORI Bl e TSGR B EEE .,

bei ng segnented into I'on zones.

enbodi mentsimgle hbtizoritallysodiémed, isottedimal Ractopthat 18 dividedintt @ightiréactfon zones
sequenti al I%/hi nterconnected reactors is an adi abatic reactor. Wile the

process of(18hild2; h3dABfolBnd 6087 etd KB d The resction zaneg arei formed by sayenoxi de,

at this tipne. ol rr r 11GA N r Ol I,§45€l ected.from 30

et hyl benzg@lt%@gr@%@r glf irgée&%ég@gl}%%hgﬁﬁgg’o%r g‘%’dg‘?)’ 8?&69%1 g her eof .
A det abl edsstasially perpendioflairfeltitive So thedithlizonthPAXiOUEhS edaioR inti PrefeBR/, Badnhe
description refers to the use of ethylbenzene hydroperoxidé, it should be

under st oodPaftitian comgistingef a baffle agachey ap onsend/o thsinsile vadl ¢ite teactar. 3BTHe
bl i i b bstituted for .ethylb

yar aper osSaratiop JKOARAL SEA0ER Yo T eRBiaIN I B cpBdgrS e e Ml s rather

descri pti @fops8héyt of iHe dppesing aierior wall, BeetyleMing Bt 6pe Hack ﬁé?@ty:ﬁﬁﬁ gagé‘@f‘

operable ol efin may be substituted for propylene. ‘Accordingly, t
conposi t i dke baffleland theowalbt The opearspagd is ddsigreditoygponide for fpkflowifionobeé i n and

5 ic._h ' d._Wth ref to Fi 1, ferred
Ceactd oJReCRREERTY e Pk MBS Rt & efenebig Prigrodies al Kolest rpsBaieified,
| sot her Wﬂbaél@ﬁﬁkﬁg. tﬂh@fyrés%néﬁ ofi3dfdnbre arfisahl 4'0? &5dré Pélcﬁéﬁ‘?cﬁnes 1y132,

133, 134, 135, 136, 137, and 138). The reaction zones are for y“seven

parti ti onprovidésdfor essentiallyplug flowehaviagin the Sactbd4 WhikkSpome béck-fding nesych
partition being,..0o essentially perpendigcular relative to the horizontal
axis of t ﬂgc"}régl{:l}lﬁ p,glxé%eﬁ&glpezfgmegs,eng&ﬁy]no b%\‘fkt“?‘ﬂngr?cﬁ‘gﬁ?FWF’ﬁéu‘i?Fs%v%af fle
attached pdacBf z6fs. Whild'henfibeE o Biffleind rBctioR3oh&Y will dbpEftfupon the scale

20  and design of the reactor, generally, each reactor comprises less than 15 reaction zones,

preferably, less than 12 reaction zones. In the preferred embodiment illustrated in Figure 1,
the reactor is equipped with internal cooling coils (shaded horizontal lines, illustrated by
140) that are capable of maintaining isothermality of the liquid phase. A heat transfer fluid
or liquid refrigerant enters the cooling coils via heat transfer fluid feed line 100. Heat

25 transfer fluid or liquid refrigerant exits the cooling coils via heat transfer fluid exit line 105.
A solution containing the propylene feed, catalyst, and solvent enters the reactor through
feed line 120. A primary ethylbenzene hydroperoxide feed, shown as ethylbenzene
hydroperoxide feed line 110, is split into eight split ethylbenzene hydroperoxide feed lines
(111,112,113, 114, 115, 116, 117, and 118), each of which is distributed to one of the

30 reaction zones or fed at the intersection of two adjoining reaction zones. Optionally, the
catalyst feed may also be split and fed with the ethylbenzene hydroperoxide. In Figure 1 the

heat transfer fluid and the reactant feedstream are shown to be flowing in the same

-8-



i|lustration shown, the baffle does not reach entirely to th‘ioefwglszbd%g

i nterior I rather stops short of the opposing interi )
t her eby |‘§§bi°ﬁ@p"§h" open space between the edge of the baffPelVYAR/IBRE wal | .

The open space is designed to provide for fluid flow fromone 15 reaction
zone to t Hiregdom; homigver, pe aligrnateve embndinentis aseepiebleswhdrein dlae heat transférd ftuid

bst ant i i d  back-m xi.ng,. Th 3 baf f | d 4
mor e 1 eactior Bareunin pgh SRt ERRH o Lbs Feittan Treprtigm 1S R or
in th ol ackedd a3 . Ci
Izgne, eeggent ?glcloy ngﬁgﬁﬁlxi ng %E(’:?-L}rsng%%h\x}agg sdbégéi%k’\r}gab%acg |ag{r3?a§olngg.

Wi | e t he propyiene, aiid watddtebethylbenzeae hydroperoxids, ifiamyt, adéb?deodimtsntylelyscal e
20 and desi ess than

f th , |1 h [
15 roadt | HASBRRAONC, cxith Rierapitgr thrcieh prdict e o A AftseH soduphstren in
f d ' [ t: | ' . tor.i | d wth
Pt er nal  CHupets prEadk, ic 195 i BafifhutiBd 1 §iplrations bP{oE 86 in FipfS R0 o
are capablrecovbryafiprbdrices, ﬁﬂnél?s)pﬂbpyﬁﬁé bkide ahd &%eﬁ}l%}rﬂal%}ﬁﬂ?Un&a&%éfraw
g i ng

transfer fluid_ or liquid refrigerant enters the coo coils via heat
transf er fmajeriply, sueh as prepyles, aswwgll ag solventand eatalystimhyde re¢ayeied fram effpentant

exits the,c ' coil.s.vig heat transfer fluid.exit |ine 105. sol ution
cont ai ni ndipnas A figveRe s BedeRlon TRHTaRbmpnyEybiions e rectnef gk b
through freifated ifa pldPalitPoPreadididcopthitrddianeage hydroperoxi de feed, shown as
et hyl benzene hydroperoxide feed line 110, is split into eight split

et hyl benzene h;Xértb pefetsneetie Rigard 2, a preferrgdimalti-rea@or sysBm isillystrated, cofrpfisingl 7,
and 118), each of i ch is distribyt tq one of the 30_react]o ones or
fed at th&GFHhIEEY dﬁt%@n{‘\?éeédfﬁﬁcﬁ‘%ﬁaﬂ?@s&qaswrsz@ﬁgg?-ié} f‘%ré}b %1% he
catal yst Reethdgpy. shaPredbioffdlihdi ' %t Y,

hydr oper oxi de. % Fi gureg&g ?ﬁe&wﬁlggltl}ttar%zfrﬁ%?zk? u?ld&gr?%%tgﬁg&?gglét ant

f eedst r eapreferablyhamediabaticaedctarwilntgrmially,t dach smaoter is3digided ity'a piedity \6O

03/ 050100 PCT/ USD2/ 38571 directj.on; howeyer, an alternative enbodinment is
acceptabl éeWBPéﬁ"rfngeﬁ‘épnﬁﬁ‘gFé Feaghi; zanes 1 thg maPPﬁMges?ﬁ‘Peg 18 §igtre f ¢ In Fignee 2,
direction I ; AN t m
conpri si né‘gﬁrcggﬁltelﬂg’“fgl;%e‘% gg%ﬁtedfrn%?g%‘ﬂﬂg?t %?%gﬁ%{h, %olls\?\selﬁi??éa;%%“é?@s{aa?

unr eact ed adjoindpg painef rea¢tdrsunnits24, 3d, 44, I5¢) &b T4 caned 84)d Papmrypfeedegreiptovided, and
by- product s picall.y 5 acetophenane,..exjts the reactor through product
Tne 125, a%#sai'%'ﬁﬁizr}%s ﬁfﬂ@lﬁcﬁg’fgw&gﬂlmxfoelﬁmsuaﬂt/iaﬁéemnuqaﬁ% D5 i's

€425 s
transm tt gemhAsi Teak] @Nent!(tht ,(aﬂ.g,t] ﬁﬁm fd f y of
product s, na?re?lggﬁmpyl ene ggggee an %-%p eny ée}}ehd§%uf§%é?}h%?qeﬁiﬁﬁﬁea}aﬁ§{)ed raw
mat er2@l scatglysth Pasngy deed lined 5, whichadohtimees as faedriine d8¢proaidas g stpplyrtiye be

recover edc&{lgrqgigé L lyjlﬁré}lzene hydroperoxide and solvent. In Figure 2, primary ethylbenzene

hydroperoxide feed in feed line 18 is split into eight ethylbenzene hydroperoxide split feeds
as split hydroperoxide feed lines (25, 35, 45, 55, 65, 75, 85, and 95). Optionally,
epoxidation catalyst, if desired, may be added to any one of the split hydroperoxide feed

25  lines at a point close to the reactor inlet. In the process, an initial feed comprising
propylene, solvent, and epoxidation catalyst in primary feed line 10 is combined with
ethylbenzene hydroperoxide split feed from ethylbenzene hydroperoxide split feed line 25 to
form a combined reagent feed in feed line 23, comprising propylene, ethylbenzene
hydroperoxide, solvent, and epoxidation catalyst, which is fed to the first reactor unit 22.

30  (Beneficially, the combined feeds should be adequately mixed prior to introduction to the
reactor.) A first product effluent stream comprising propylene oxide, a-phenylethyl alcohol,

solvent, unreacted propylene, catalyst, unreacted ethylbenzene hydroperoxide if any, and any
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line 125 and recycled to the reactor. In an alternative enbo?i rrgﬂi he
react or OfWFi(gME(fl& iIs 1 oreiterated in a plurality of reac gr ected
in series. AP erence to Figure 2, a preferred mul ti-reRETESOYIEHem i s
il lustrated conprising eight sequentially interconnected,

verti cal | ybyoprodugts sueleacacstaphenorie; is obprinaDfromAjrsta@act6:22 A&Xirst aductefa) .
Each reactor is.ndividually.either ap.isothe | or adi apatic_reactor
pref er abl y° egnszgd{idm progu tﬁf@?‘?ﬂt Stregm 29 hsaﬂ’qsfd"ggﬂggrh@ét&xé anger 24 whersm that o
a plurali teffed, Ul | r%mp 44 [ er
described in Iélit éﬁ?azﬁl. I?\édla:"iwgtwu?%ag],%] eaxt%céggﬂ?g gﬁﬁlfds}ﬂféxzt%g%ﬁgﬁv 2? %t“?ﬁ"e"%
reactors, asheshexdhanged firstiprodnctiefifiupnt streansirt heat exthangadefirst praditt efflijeqi ni ng

ir of t 24, 34 A4 54, 64, 7 d 84). Pri f eed
Provi 08 SHERJRR 4 158 higet exshinigt G prodsit ARugteamin g sBOASBEeA BBy

line for Lt L B e I .

et hyl benz n bt Hfent ERanl 1Y) 5 ORI eooRf lf s BlehenP ISRk,
15, whi ch feahdtitaineds fram spieHydroperodide fepdditiedSstoForn BREONH icBRbine@ Factant NG
et hyl benzene hydr gperoxi de and solvent. In Figure 2, primary ethyl benzene

hydr oper oxXeedstieamdncambined reactant feediline 38 comprising pioghitene dxie, e phemytethyl
hydr oper oxi l.it .feeds s split roperqgxide feed |ipes (25, 35, 45,
55, 65, 7 ,C%g%],? Q‘gﬁ'if“g‘é')’.ea%‘ﬁ”88§'ﬂ? ,e%g‘fﬁ?g?‘_tfg%yi%‘ﬂ’e&%‘g‘?’% ca lg’StdE@Fr ed, may
be added tsecoadombthedireddignt Fedd df sbavid @BATbMEddRadtaR Fecdide! 3368 fedlto TdPRchid
close to the reactor inlet. In the process, an initial feed conprising

pr opyl ene reaggrdafrom shichep snepud efflyantamoduop stream comprising sdleend, propydend i s
nbi ned wi t hyl.b hyd id lit feed f t hyl
ryar oper oS BNy IAGREAehel SR oo coblpges VIS CHMGRIZERE | e
[ 23, byl : [ , d
I ne B9BRpLrokiA lgﬁ%ﬁﬂ Gifined b SCORNGRNEn YAUPREE 9 Setond GHERE - 2N

epoxi dati oh catal yst lch 1s fed to t reactor uni

(Benef i ci ptddpet streemciarsbeondckffleen producu it I0eisaspaased throuik @ dedont Beatt 0

i ntroducti o‘%to the . eacﬁor .) A6fcfi6r st product effluent stream conprising
pr opyl2ne S¥s2ager 34 WP\'&!WP e [ihesi6igRepolingdiguids 9 yielda sasondbeabexhanged:

cat al yst, \: y f -9 2 S MAY
2000 "0 S SEOTa e T OLGAEET, T SRR e TR G edlhent C ¢
obt ai ned £xcngéd effluerean second heatexthanged pffh@uckines I isicombined twidahird @plit-i r st

product efflpyent stream 20.|s ssed rough heat exchanger 24 wherein the
ef f | uent EWE’&H%%D& PEEP etfﬁg‘@e‘a}?ﬁﬂﬁé)gmh rd split ¢thylbenzgng hyslioreroxide fezd

(arrow 26); ViFhir - F&m LSk pr effluent streamin

heat exc hgﬂ%ggté ﬁ?@t pr gg:ﬁg}%ﬁ{eeflﬁ uen @E%qs? E){rl{gg% ip%gel‘%g%qe T ﬁé’i’fn%lﬁtg‘ﬁg]nged

fi r st2pr odleoholpdolvengninredctedamopylerts sthybenita8 49dropefoxide, and catalyst as third
combined reactant feed line 43. Third combined reactant feed from third combined reactant
feed line 43 is fed to third reactor unit 42, from which a third reactor effluent steam, also

comprising solvent, propylene oxide, o-phenylethyl alcohol, unreacted propylene, catalyst,
and unreacted ethylbenzene hydroperoxide if any, is obtained as third effluent product line

25 40. Third effluent product stream in third effluent product line 40 is then passed through a
third heat exchanger 44, also equipped with cooling lines 46 for cooling liquid, to yield a
third heat-exchanged effluent product steam as third heat exchanged effluent product line
41, which is combined with a fourth split ethylbenzene hydroperoxide feed from fourth split
ethylbenzene hydroperoxide feed line 55 to form a fourth reactant feed in fourth reactant

30 feedline 53. Fourth reactant feed comprising propylene oxide, o-phenylethyl alcohol,
unreacted propylene, ethylbenzene hydroperoxide, and catalyst in fourth reactant feed line

53 is fed to fourth reactor 52, from which a fourth reactor effluent stream comprising
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product. effluent streamline 21 is conbined with a second sglé W

ethyl benzene hydroperoxide feed obtained fromsplit hydropér ﬁem}aeed
line 35 tév?(?i’/ﬁ?(’éo econd conbi ned reactant feed stream in RGHUBR&EST4
reactant feed line 33, conprising propyl ene oxide, a-phenylethyl alcohol,

sol vent, @nlvents progylene pyidena-phenyisthplealeativd, unyeiced prapyidhe, caslgstcaidal yst. The
| o second conbij gegwgbeact ag{ feed of second conbined reactant feed |ine 33
is fed toYprracedetyipenzeneydropsroxidesifany,is pbtained as fraribrefiluent prosiuetdine: 50.

i eact od SV eftibeREb B sl KGR oA BroREPIRTY S R ity iuin e e i
any, is olféuitniesit eschasgnsd, ﬁlﬁﬁptﬁfwmpéd&iﬁgtliqhim &&inﬁ.&ﬁm t@wclwmgh .

product streamin second effluent product line 30 is passed t
secondd he&¢atexchangrd sflientprodygtstreamn dn fougth Heatexchanged efftusnt proguttilineisd, to

2111 went NEae0Gs R AR08 nac cMtR bt G e BB Hent Eimanacd sthinme
heat exchpngest iefefd1Lie @bmbine@ vath 4 fftk 9pIN URAbHzERe ﬁ}kﬂiréﬁr&fihifegd Holy hRfnzene

hydr oper oxi de feed obtai ned fromthird split ethyl’benzene hydroper oxi de
feed | i neplisthydbengene hydrerieraxideofend line 66 and themrodeseis reiterpted s imthe peicapationne

| de, a- | ethyl 2 I I , d I , hyl b
Py oper o SHENCA HACOR G /2 dnd R s SToplou el FeaBrblred Fegt §3nd o8 o 1
combi 1ed_opadbadtivelye Thoh raidtanficed sE O oBABriRARAR port At ctiyMendehe S fed to

third reactor unit 42, fromwhich a third reactor uent eam al so

conpri si nhydsoparexide optainegifeome fithi sixth, sevehthngrdtiphth splitathydbenzens eact ed

bbt 51 ned bfPhdtpYi3t faedd BRtiEh SR i o Tomseerts SRR A e RS %0 dncts,

stream i Naddvs, despbdtiveBN TR rRa&dt strbif f&%ﬁr%&n&iﬁ@es%seﬁﬁ%n& plfo‘a‘d&]hgu%mto*}' rd
ing I nes 0

t
heat exchanger 44, al so equi pped wth coo cooling lI'1Tquid,

to yiel d propylene oxitleat-phemytetingatcohbl, htirsatted propyivne sdabdyst amdutdacteh e at
exchanged roduct,  lipe 41, which i1s conbined with a fourth split

f 1 uent ] , _
et hyl %enz@ﬁ%‘gﬁéj%efgsb drgpergxide dany; pbiained sespactivsly from seatyexphanged effluent

hydr oper ox f Idye f : nt feed in fourth

react ant %‘Jgg?cetelglgflsirfeﬂfag?’sﬂgg?rlt %a?iéggﬁ%# gp?‘e:%%ae?gﬁ%& Pgﬁgt %’regw I%@Hé oxi de,
a- pheny| etehgtbrsad2c @R\aind 82usovainedds pii @ RYfheneprodhidtiline 802 70) %&Bd,r&%ﬁ%élﬁ’e’
and catal ys fourth reactant feed line 53 is fed to fourth reactor 52,

Fr om whi cLear graoHey e S rasped thraugh heataxchangsrsi 64 74 or 8, wsgechivaly 008 WO
onr cact e B Syt BRLAHBA e Bt BOF SRR BRI A, BB e

any, 2ios Chteofimet @ffheent produdt seeirh i effluehoptodict llind ©0 Xdbtained from reactor 92, is

transmitted to a plurality of separations units (not shown in figure) for recovery of products,

particularly, propylene oxide and a-phenylethyl alcohol. Unreacted raw materials, such as
propylene, as well as ethylbenzene and catalyst can also be recovered from effluent line 90
and recycled to any reactor in the reactor system, preferably, the first reactor.

25 The olefin employed in the process of this invention may include any olefinically
unsaturated compound that is capable of being epoxidized by organic hydroperoxide to the
corresponding olefin oxide (oxirane). Such compounds may suitably include substituted
and unsubstituted aliphatic and alicyclic olefins, including olefinic hydrocarbons, and
olefinically unsaturated esters, alcohols, ketones, and ethers. Preferred olefins are those

30  having from 2 to 30 carbon atoms, and preferably, at least 3 carbon atoms. Illustrative
olefins include, without limitation, propylene, n-butylene, isobutylene, the pentenes, the

methyl pentenes, hexenes, heptenes, octenes, dodecenes, cyclohexene, methylcyclohexene,
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Fourth effluent product streamin fourth effluent product "ﬂehﬁg lS. then
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Generally, the olefin is provided to the reactor as a liquid; for example, propylene as

a compressed liquid. Any diluent may be employed with the olefin, provided that the

diluent is essentially inert with respect to the process and catalyst. Suitable diluents include
25  alkanes and alkylaromatics, and other organic solvents not found to affect the reaction

kinetics or yield. If a diluent is used, then the concentration of olefin in the diluent may be

any concentration, provided that the process produces olefin oxide. Typically, the olefin

concentration will be greater than 5 mole percent, preferably, greater than 20 mole percent,

based on the total moles of olefin and diluent. Typically, the olefin concentration will be
30 less than 100 mole percent, based on the total moles of olefin and diluent. '

In the process of this invention the ratio of moles of olefin to total moles of organic

hydroperoxide fed to the process may vary widely, provided that olefin oxide is produced as

-12-



WO 03/ 050100 PCT/ US02/ 38574 but adi ene, styrene, nethyl styrenﬁ, W?#ﬂm
t ol uene, and vi nyl cycl ohexene. Substituted ol efins suitable fso e
process i nYQORHOS0H0t hout |inmitation, allyl alcohol, nethal | BCTAIS92A8474

cycl ohexanol, diallyl ether, nethyl nethacrylate, nethyl ol eate, nethyl

vi nyl ket oagrodsntl Thel tesrh “obd] andleleof dRgarie hpdroperokite” edfarkitothesum (EIhSmoleaf i n,

nore preferably, propylene, 5 The organic hydroperogxide enployed in the
process of© Wé‘"FE‘V&?PP’E?H‘M?d F%&‘Pﬁ%toréMV%r &iamerally otite snphar rafie of elefin tmst

one hydrop f b ' . - t;h | capabl e of .transferrjng

one of theE)(rgégé¥ am&% %ng%%#gétf:rn ZTIO%E%@J%M& ﬁ%ﬁf@%é G 1%’Fy

organi ¢ hygholp estixéftsefin totbtall 6rganid HyAedperdxidd ﬁtléééfﬂha:ﬁﬂ?}’ﬂﬂi?ﬁ@x?aﬁ@?legs %hag vl
nd t-buty

hydr oper oxi de, cumene hydroperoxi de, cycl ohexyl hydroperoxide, "a

hydr oper ox1@é. Altbonghitheanalar rato jofi olefinita tathlcorgartic hydroperopide inray renggafiom

hydr oper oxj . 2for,, I repar atj.on.of t hyl benzene hydy qper Qxi de
f om ot hy! BERSLHER2:EE IR B 11T, BETRA I Or JafipRe rnicdicropeske T 6adhna
US 4, 262, Idkdctidniome peeadhdeadi6r ifithe Ridctof Mt iy beRohi€erRblP Bfsher Bhn 15i1S

i nvention, the organic hydroperoxide is typically supplied in a liquid

phase wi t hAaas gxample.df theghelanratioafprepylensto totelyetindbenzphelyeidopanatide is 5:1,
thermally stable and essenti gl non-reactiv 5 under .the prevailing
process ¢ oﬂﬁ‘feorﬁ??o%&r % WS&E% ¥WW§ wilﬁc‘bﬁ yé’FB?F&F Sggr,opgrg cdeed heing ene,
xyl eneg, eddudlly @RIRA%mM Bl%n §pt is
et hyl benzene of cunene. &iggﬁgﬁﬁgﬁéggto?%g%gg%(ﬁ@gﬂegg’&ﬁ%tﬁgtﬁl Cs, © Pitgo%é}gé?ngc
hydr oper oxindler tatio infeacnreactocwilt ba2&d. Ibdnemahteyr, orgtic by dmperoxiiy iy moeidedi de

is provided in the.solution in a, 6 congentration greater. than 5 wei ght
percent,  AREAGH EEREiaRe of fadhyTarter, 37 hegaskma, beja Aceatvelp lovrsmsearation,  ne

organi ¢ _hyghieR Bt thd Bydeb¥blad i b&inpddi bitfoll €SS
than 40 wei gh? percentlz,f’y an%byp)gggeﬁﬁ)glbérg?mﬁg‘gg%%nﬁ%g%/@?g%‘?ﬂ%%?%g%l
Gener al | y,ovehtheakattion exethemuyvi ded to the reactor as a liquid; for exanple,

propylene as a,conpressed |liguid. Any diluent may be eppl qyed with the
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concentr atUDA, 845251 9dS 381 263, UR il QW5 7y DISe5, 129, 63h US H18KE36and S t ot al

o es o BB B oreiteRloned hafents sy Borporated herein By reterence. Siiable © '
molybdenum-containing catalysts include, without limitation, molybdenum organic salts,
such as molybdenum naphthenate, acetate, stearate, butyrate, 2-ethyl hexanoate, and iso-
octanoate; molybdenum inorganic salts and oxides, such as ammonium molybdate,

25  ammonium dimolybdate, ammonium heptamolybdate, molybdenum trioxide; molybdenum
chlorides, and molybdenum oxychlorides as well as any hydrated forms of the
aforementioned oxides and salts. Optionally, any of the aforementioned molybdenum-
containing catalysts may also contain one or more alkali metal oxides and/or hydroxides.
Organomolybdenum complexes, preferably, complexes of molybdenum with alkylene

30  glycols, may also be suitably employed as the catalyst, optionally combined with one or
more alkali metal oxides and/or hydroxides. Suitable titanium-containing catalysts include,

without limitation, titanium-containing silicon oxides, titanosilicates, such as titanium
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catalysts may al so contain one or nore alkali netal oxides a
hydr oX® desupported on any conventional catalyst support, including without limitation, silica,

alumina, titania, zirconia, and/or aluminosilicates. In heterogeneous form the catalyst is

generally provided in a fixed-bed situated within each reaction zone in the reactor system.

More preferably, the catalyst is a homogeneous catalyst. Most preferably, the catalyst is a

homogeneous molybdenum catalyst selected from molybdenum naphthenate, molybdenum
25  2-ethyl hexanoate, and molybdenum iso-octanoate.

The quantity of catalyst used in the process will vary depending upon the speciﬁé
catalyst chosen. If the catalyst is a homogeneous catalyst, then the concentration of catalyst
is generally greater than 0.0001, and preferably, greater than 0.0005 mole catalyst per mole
organic hydroperoxide. Generally, the concentration of the homogeneous catalyst is less

30  than 0.0100, and preferably less than 0.0080 mole catalyst per mole organic hydroperoxide.
If the catalyst is provided as a separate solid phase, then the space velocity of the organic
hydroperoxide (OHP) (for example, weight of OHP per weight catalyst per hour) will
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20 each reactor in the plurality of sequentially interconnected reactors is typically horizontally
or vertically oriented. In one preferred embodiment of the invention, the reactor system
comprises a horizontally-oriented reactor, as illustrated in Figure 1. Such a reactor
preferably contains 4 or more reaction zones, but less than 15 reaction zones. More
preferably, the reactor contains two feed points for the hydroperoxide feed, and optionally,
25  the catalyst feed. A first feed point is preferably located at or near the front end of the
reactor, and a second feed point is preferably located at the midpoint of the reactor (plus or
minus one reaction zone). The feed point is usually at the front end inlet of the reaction
zone; but could be elsewhere in the reaction zone as designed by one skilled in the art. In
another preferred embodiment, the reactor system comprises a plurality of sequentially
30  interconnected, vertically-oriented reactors, as illustrated in Figure 2, more preferably, with
each reactor segmented into a plurality of reaction zones. Typically, the plurality of

sequentially interconnected reactors will comprise 2 or more reactors. Typically, the
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as illustrated i n Figure Such a r
20 temperature selected for the process, as noted hereinafter. The term “adiabatic reactor” shall

mean that essentially no heat is removed from the reactor. Accordingly, an external cooling
means is typically associated with each adiabatic reactor. Preferably, each of the reactors in
the multi-reactor system is an adiabatic reactor.
In addition, the reactor system comprises one or more means to facilitate plug flow
25  behavior, so as to minimize back-mixing of the liquid reaction phase. Back-mixing has
been defined hereinbefore as the movement of fluid wherein not all fluid elements have the
same history as they pass through the reactor. Back-mixing has been found to be
detrimental to the productivity of the process. It is believed that back-mixing increases the
residence time of random fluid elements (as compared with the average residence time),
30 thereby reducing selectivity to olefin oxide; and decreases the residence time of other
random fluid elements (as compared with the average), thereby reducing peroxide

conversion. In contrast, plug flow involves the bulk forward movement of fluid flow from
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plurality of reactors may be selecte om | sot hermal and adi abatic
reactors. Typi daknymbehef baffles émploydideperméactaravitl vaty depehdiag updrethe sixe of the

T o AT M E R IR 1 6
e o hAPLAMGA AL e iy ISR S0 B
t enpeerat uthan 12rhaffles; sretemployrdger reantoer bt an evenanorb prafaryedogmbsalirhent, each
baffle contains one or more weep holes that function as escape ports for excess gas build-up
in the reactor. Excess gases include, for example, the diluent gas and any olefin gas
exceeding the solubility limit of olefin in the liquid reaction phase, as well as oxygen,
formed by side reactions. It is desirable to remove these gases from the reactor. The size of
25  the weep holes will vary depending upon the scale of the reactor. Typically, the weep holes
are sufficiently large to allow for the upflow release of excess gases that develop in the
reactor, while being small enough to prevent the escape of an unacceptable quantity of
liquid reaction mixture. Additionally, the weep holes should not be so large as to induce
back-mixing of the liquid reaction mixture,
30 Since the process of this invention is exothermic, the reactor system should also

comprise one or more means for heat control. Each reactor, for example, may contain an

internal means for heat control, including without limitation, internal cooling coils
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20 tenperature selected for the process, as noted hereinafter, ‘m@ m
"adi abaticwoe‘%zotigio" shall nean that essentially no heat is rze%vve from
t he reactof" 281%i ngly, an external cooling neans is typiRCAVYSP2/38574
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process. It is bﬁiléi' eved that back-m xjing i ncreases the residence tine of

r andom5f | uiequeNtiaf¥ Aaterconuectedisactars, o lystated mEiguge Units 24nb 44i 5% )04, 24

t hereby r 1400 L 34l efin. oxide: ecreases the. residence
time of o?ﬁig(r:gﬂr gﬁ%kﬁ?%ﬁ*}#ﬁ@ﬁ%@&b l?saes‘%é%ﬁﬂ‘é%ggn&ﬁ eﬂng{fﬁ%r oY e

t her eby r eskotiengiciteansf mactioiy mchiding for ém?mbmm th® Eﬁ&eﬁ%ﬂ‘&dﬁ&\lﬁw es the
bul k forwaEd %;E@mnt of fluid flow from-16-. 2 6gI\/AY 200 WO 03/ 050100

PCT/ US02/ atsychangedluid pr rafigernrt. Gonduisdines for tramsportingthoheatsuch t hat

essenti al | ' t e, essentially the,sanme histaq
(resi dence&f %% ﬂﬁ‘g%ﬁ d;;g‘g? t“Eef%??éﬁx‘iﬁ}?Bg‘?’%%t%PW“v@‘éF’é%ﬂeﬂ 13%{5@45?8@9
scal e 1peacirfins 26036,546)86266; 78] arid $4.0w behavior in the absence of any

speci al design features, commercial scal e equipnent typically requires
i nternal st r uctAfYeepaxidatigndross eprditicnisiof tampepaturg, pressnre; ahd vésidence time can

Pr ef bl e i.al. | in th i.ngl. I ti- t
oyot em cone PRSI ffiadl Bnbror SR thekserr syiers oftnied hemm pravidedannty.
one or nuhéreadthihts latePimsthé NghidPhesePdridaRE Scerhlp p?d&eﬁsB{/r@&ﬂc% ol¢fihloxfe, ¢ N€

reactor, therebii/v dividing the space enconpassed the reactor fnto
di stinct meeferabbyninydpselectivityrof apleastl0ahole perscanth Theapokidation procgssicenditions
baffle_attached t.o0.an inner || of the reactog. . The partition, |o

pr ef er?'néb! y asf%qubéy 1?‘3“@@%?"‘5%%??"%? Ut gaatgrsa@@p]%p 4 Pyd preforably; eaterthan ¢ he
l'ongi t udi NA0°@XTHe éfoxidaidn PPARSOEondR NS FidyRAAIIF HDRR o tfpef R turel?%gS’ for
exanpl e in one design, not entirely to thée opposing wall”. Between the
opposi ng wkan 1397¢ andereferably,iless thaanl 200@ n I maitsréastop systemicthle teactoad mayall or

fluid flow from.on 0 t,0 1t he next. The open access i s |arge enough to
faci |1t at e TABHRE of §E0pY similer Lrkrs tETPERALS o AlPaResh heiaFist FRpeREe
but not send fr8t fefctBf : A - ?éhﬁﬂ i baff!l es
may provide yﬁag}\?v from cha%fﬁ?%éﬁg?r%ﬁ?%y gfgggés&o%ﬁr oper %/“psg?%gﬁ ?{)lfs
preven® baokreaniredthateachyeastarrbiclmaintained at strictly isothermal conditions throughout the

process period. The temperature of each reactor may vary over the process period, so long

as the temperature is maintained within a range that results in the formation of olefin oxide,
preferably, in a selectivity of greater than 90 mole percent. Preferably, the temperature of
each isothermal reactor is maintained at +10°C of the target reaction temperature. In

25  contrast, the temperature in any adiabatic reactor will rise to its natural upper limit
depending upon the exothermicity of the process.

The pressure throughout the total reactor system may be adjusted to any pressure
sufficient to maintain a liquid phase throughout the reactor system. A small amount of gas
phase, however, is allowed to remove undesirable gases, like oxygen, from the reactors.

30  Typically, the pressure will be greater than 300 psig (2,068 kPa). Typically, the pressure
will be less than 1,000 psig (6,895 kPa), and preferably, less than 850 psig (5,861 kPa).

Generally, the pressure is substantially isobaric throughout the reactor system.
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i nvent i on the&in¥szse ﬁ@ﬂ‘ﬁl%@,ightﬂi‘é“ﬂié space velogity Eweightnfiliquid phese periwrightoofone or

. , t ai
"ot o na - hetefae&dts cBANE Ber hol o7 o7 PGyl nd B Sy STRALIE OBl Bofily
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external punmps for circulating a heat exchange fluid or refrigerant. In the

nul ti - r ea®oh »pd tymigalkydessitban 1 Gy nipreferabisa dess thap 1dkhiT.nt ernal to the

t , | ' N . . ted t | t.0 t.he. t . M
broferapl v orvhgithe bioctss of RS inenhiBl B ERaGEEN Becried Mibaihiti e, "' ©
bet ween eatdfinppieferstly pEdpylenie)dhdr ot g&ii® hfdroperbkife Préferbiy sthpibezengquenti al |y

interconnected reactors, as illustrated in Figure 2 (Units 24, 34, 44, 54,
64, 74, hudroparpxidenare isenyeried ¢;malefaroxidey propiisné axidarapddhacarrasponding desi gn

bass 1.+ ALShol Prosibty G e glatcool it Picrs b S B fhe paavBron
ref ri ger agf orgaRiddlylifopetdx@de, fakEn hé AHeIHAl ﬁ{bn? of b.ggaﬂi%qa dro%ﬁ?%fb&%n%ﬂ&ﬂﬂoi nto
h o} n as

and out of the heat éexchangers are shown, r exanple, "I | gure 10
arrows 26praigets4id beadficidly, greder thaml 93 trole'psrcemprefdeably; greatey thmsd6cmakti t i ons

f ot t , d ' ti |.oyed i t he,
i vi s Peices, uBl Bore prefrubit sl s Lmolnstient o e ety e fBEH e har
the react prifsraBlypropylédtoride] tiken BEBRIAB o 18 PYRHEE blodREQFSE Sndlk BEMEERC

ol efi n oxi de,
20  hydroperoxide reacted, is beneficially greater than 90 mole percent, preferably, greater than

o =

92 mole percent, more preferably, greater than 94 mole percent.

The invention will be further clariﬁeﬂ by a consideration of the following examples,
which are intended to be purely exemplary of the use of the invention. Other embodiments
of the invention will be apparent to those skilled in the art from a consideration of this

25  specification or practice of the invention as disclosed herein.

Example 1.
The epoxidation of propylene with ethylbenzene hydroperoxide was evaluated with a
molybdenum-based catalyst in the reactor system illustrated in Figure 2. With reference to
30  Figure 2, the reactor system was constructed from eight adiabatic, plug flow reactors [each
18.3 m length by 3.05 m inner diameter] (units 22, 32, 42, 52, 62, 72, 82, and 92) connected

in vertical sequential series. Each reactor contained 9 baffles (shown as short horizontal
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preferably, in a selectivity of at |east 90 nole percent. 3 e OXI datlon

process co%tlons 1s may suitably include a target tenpera &r 006t er
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pressure will be greater than 3 psig (2,068 kPa). Typic
wi Il be | fged king}B, whidowpsspdit exao @@t m) ﬁthal’odnmmﬂ'gdmplemmdee&edstdaaphﬁ’é@d

[ 5,8 th t [ b
Pt SughoutREnas 35, 4Pars: BT AS. S, RS of bRttt R Dserky dReprra/ 3857
t The resifé@REgarhd, WBowh a BBylbefisting h?&%ﬁ@rokﬂetfbé‘a lﬂx’ihtd%ﬂ l%a%%ﬁﬁﬁfne?ﬁﬁﬁﬂ% may be

adjusted within a wide ran but fypically depen enperature
d frome

(r)fe oger 2te iPEPRY Q@rﬂ@ﬂ&lﬂlalb'ﬂ fes pnperyaﬁrt:tedlabne H)m;eﬁoahwomm%ﬁgfg? ﬁeeg)lzglﬁde

si i nt ai

sel ec IEVI tt%/ JW ?Shéar“g@ tﬁ%ﬁgg etaFtﬁE("B‘Ftn?tzﬂ gﬁdd“ﬂﬁr?éélée ofalt he 5
total r ea(‘etl@ﬂbeix‘i&{eq{?dképe%ﬁ&é Rled WidB1 L30Tk Ghe ﬁ&igrhﬁﬁﬁ%?hnao%k%ﬁ cH oM

than 15 minutes. Typically, the reside
total r ea@ﬂwﬂb@ymeémdr@ermée whaf.833:1 hdufist efffuent produst @gemevamamﬁmt i's

enpl oyed, en, th be taken to be the inverse of the
e gt o SERPALPRREE Ble Dy B gRE S HopY g arigh Axetyiahen apobolo
I BB R e o
typi cad | y ethytheneenethydroperokide if any vedspussed yhroggteaiternat Hib’atl exchanger 24,
equipped with heat exéhange fluid in fluid line 26, and exited as heat exchanged first
effluent product stream in first heat exchanged effluent product line 21. In F igure 2, the
conduit for the heat exchange fluid in heat exchanger 24 was shown as arrowed line 26. The
heat exchanged first effluent product stream in product line 21 was combined with a second
25  portion of fresh ethylbenzene hydroperoxide feed provided from second split ethylbenzene
hydroperoxide feed line 35 to form a second combined feed stream in feed line 33, which
enters second reactor (unit 32). A second effluent product stream as effluent product line 30
from reactor 32 was passed through an external heat exchanger 34, also equipped with heat
exchange fluid from heat exchange fluid line 36, and a heat exchanged second effluent
30 product stream was obtained therefrom as second effluent product line 31. The heat

exchanged second effluent product stream from second effluent product line 31 was

combined with a third fresh feed of ethylbenzene hydroperoxide provided from third split
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0.2 h"', and typically less than 10 h"', preferably, |ess tgaﬂmoﬁ@
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Wth reference to 30 Figure 2, the reactor s em was constru from

ei ght adi ahsat exchapge fpid ligg 56 candtaheat prchengeisfosrtefflueygt prodyct Svad Sbtainedner
di anet ' 4 6200y 12, 8 d_92 d i tical
Cequent | o DEREDR A gt Goplfaed SFortp e orc iy BRF 5L ThERDNR he brretevas | O
hori zont al reitédrted fSur'horeizhids, usih thd/HealexdRartgied/cehibats3Fom %g!idtcﬂgérg Het SRl

reactor) to facilitate plug fl ow behavi or. "An ext ernal anger was
si tuat ed W 6beH, and 81 adnprising grapylene okidecatinphehgl aleoHotasttopliendnéjeat
exchan er}lﬂg)aﬁits 24, 34, 44, 54, 64, .74, and 84; each exchanger 111.5 n®;
del tal? p cN7eRsy Uhreagizd prapyleng amplybdenyim catalystoand wireactad ethydbergene s/ h/ f |

). The t ermAF | 5 : ' L5 . +.4C. Pressure
in the react o@&@%ﬁ%?&@@ﬁ%ﬁ i’y Fsogab?gv&g%e%éagie?}éd , L71 kPa
gauge) . A Hydeapesiideaficedsofrpmifesdiinesdlsy BE| 85 and9 % th forinereanan feedd s feel Viags | N
et hyl benzene,,, (. 02 obt ai ned. from primary feed_ line 10 was fed to
feed line é§37%ft8%aa‘?‘5§q'got%° reagian fgﬁ‘b‘/éf’?.’ %@pﬁ‘i%@“ﬂﬁé&feﬂé?PPF‘Fﬂ"Gl)Ttéé@qﬁPTne 10
and from tia@s 82!, 8204hd 920 Préduct kfffuch! fforl eat ol wiit962, 72, and 82, obtained in

20 product effluent lines 60, 70, and 80, were heat exchanged through heat exchange units 64,

74, and 84 to obtain heat exchanged product effluent streams in heat exchange product
effluent lines 61, 71, and 81, respectively. An eighth effluent product stream comprising
propylene oxide, o-phenylethyl alcohol, ethylbenzene, molybdenum catalyst, and any
unreacted ethylbenzene hydroperoxide was obtained from reactor unit 92 as eighth effluent
25  product stream 90. The overall residence time of the liquid phase in the reactor system was
149 min. The average ethylbenzene hydroperoxide conversion in each reactor was found to
be 90 mole percent. The overall ethylbenzene hydroperoxide conversion was found to be 98
mole percent. The overall propylene oxide selectivity was found to be 95 mole percent.

Temperature control was satisfactorily maintained throughout the run.
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Comparative Experiment 1
For comparative purposes, a process of epoxidizing propylene with ethylbenzene

hydroperoxide in the presence of 2 molybdenum-based catalyst was evaluated in a

25  continuous stirred tank reactor (CSTR) with cooling to maintain isothermality. The CSTR
operated with back-mixing, not by plug flow behavior. Ethylbenzene hydroperoxide,
provided as a 25 weight percent solution in ethylbenzene, was fed to the reactor at a rate of
311,504 kg/h. Propylene was fed to the reactor at a rate of 151,379 kg/h. The propylene
was dissolved in the ethylbenzene. The molar ratio of propylene to total ethylbenzene

30 hydroperoxide was 5.833:1. Molybdenum 2-ethylhexanoate, employed as catalyst, was
mixed with the other feedstreams directly before entry into the CSTR reactor. The reactor

temperature was maintained at 111°C; pressure was autogenous. The residence time of the
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and 81 conprising propyl ene oxide, cc ethylphenyl alcohol, acetophenone, 15
et hyl bénz edleimediteacien systepy, baying stegedrardditioteandplug flavbehavientit shurteacesisidnce

et hyl benzene_ hydr.oper.oxi.de if any, bei onbi ned, respectively, wt
fresh spli?™et ﬂ{ﬂd %@%}Vé??esmq%‘?&bag%&ﬂ}gﬂ%@éd§S ‘F‘F%Rﬁ“?‘fe%’l]ﬁ [3CRBUNYEY: St’f@?‘P 85,
and 95, t qaflofdiclod duvigineithadtaged all@RdnInoP Sl o behaviod3, and 93. The
reactant feeds 63, 73, 83, and 93 were fed réespectively to reactor units
62, 72, 82, and 92. Product effluents fromreactor units 62, 72, and 82,
obt ai ned ié%zo %%oduct effluent lines 60, 70, and 80, were heat exchanged
t hrough h an‘g;! ange units 64, 74, and 84 to obtain heat exchanged
product effluent streans in heat_ exchange product effluent lines 61, 71,

and 810 respect Thecliquid phasgiepenidationtofinsepyleneqviti ethylberzane didtoperokidg in the

pr opyl ene | 0, vl benzene. nol ybhden cat al yst,
nd any dReshte ofs BRRRMLER Yora DO ey el ety URRET Sy PRASIFRN o B
uni t 92 asudditiphtdf hylfdpurnidednd phariiew behiveerafiBe lidiie phxse! A tubuRs sdRs tine
of the liquid phase in the reactor systemwas 149 mn. The average

et hyl benz &l FRpgion SYSteIm was corstrisiedicansiptingafdo reastars (SQeeseath sertion banddfeed 0
| ' i f ound
1o b o6 Hites dife B &d o ShH telEhf O RE KBRS LE b BN Bl b Boledng

to be185 riHedofabfezd s the réaNGrEy St congived liused prépyl&dedd 92 hl/ Yifp b&logideed
t hroughout the run. WO 03/ 050:5{00 2 6 MAY 2306 Igig;yusgg/ 38574 E%Rpl e 2.

The pr oceselusiontl-843 ml/ minjgentainies? weight perceni sthyleenpenedrydronsroxidesinr eact or

eact or s EOIREEAS ERE Fa i TolpioRTo 85 i) Yorkhin iR iily b dBLRT 21 |y
i nt er connegiyikexafose (0.63 mivl) sbamtign e&nﬁ?ﬁdﬂt i ﬁﬁ%&%ﬁ@- SAIIDfHHE ;ﬁ-@g}gg{i@@ﬁ or

to facilitate plug flow behavior. In this exa t he external

fed to the front end of the first reactor; however, peroxide and catalyst feeds were split into
20 two equal parts. A first part of the peroxide and catalyst feeds was mixed with the
propylene and fed to the first reactor front end directly, while the second part of the peroxide
and catalyst feeds was mixed and immediately added to the front end of the second reactor.
The pressure in the reactor system was maintained at 56 bar (5,600 kPa). The operating
temperature was maintained at 113°C. Reactor products were analyzed every 30 minutes by
25  gas phase chromatography. A selectivity to propylene oxide was found in the range from
92.1 to 92.9 mole percent, with an average of 92.3 mole percent, as shown in Table 1. The
ethylbenzene hydroperoxide conversion was 96.1 mole percent, when the reactor had

achieved stable conditions.
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Wien Conp@ogiparive Experiment 2 (CE-2)

The epoxidation of propylene with ethylbenzene hydroperoxide was evaluated in the

manner described in Example 3, with the exception that the hydroperoxide feed was added

10

to the front end of the reactor rather than in staged addition. To the same two-sectional

tubular stainless steel reactor system (50 cc each section) was fed a total feed comprising

liquefied propylene (1.91 ml/ min), peroxide solution (1.823 ml/ min) with ethylbenzene

hydroperoxide (24.98 weight percent) in ethylbenzene, and catalyst solution (0.092 ml/min)

containing molybdenum 2-ethylhexanoate (0.02 mmol) as active component in

15

ethylbenzene. All feeds were mixed and immediately added to the front end of the reactor.

Otherwise, the reactor system was operated and analyzed under identical process conditions

as used in Example 3. A selectivity to propylene oxide was found in the range from 85.5 to

86.8 mole percent, with an average of 85.9 mole percent, as shown in Table 1. The

ethylbenzene hydroperoxide conversion was 97.2 mole percent, when the continuously

20
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operated reactor had achieved stable conditions. When Example 3 was compared with



Experinent 1 was conpared with Exanples | and 2, it was seen %hﬁkrzmgigher
et'-hyl benzene hydroperoxi de conversion and a hi gher propylen& oXid

sel ectivi t VO®SOWhi eved in the 5 claimed reactor system R&EFUNY2/3944ed
addition and plug flow behavior (at shorter residence tinmes and ot herw se
sim | ar opE@omparajve Erpériment) it was scamrthat thel stagedfeed addition oBhigdrepdroxidd to 4 ank
reactor, having n iﬁhe st aged .addi tion n@r,plug fl ow behavi or, Exanple 3.
10 The i q&?Pﬁ°€W&gé’ KV #aYTBARDIASHY ‘g'ﬁfF HEVIRS fOrPreRysneRXidedco.4 percent.

hydr operoxide in the presence of a nolybdenum catal yst was evaluated in a
reactor system designed for staged- addition of hydroperoxide and plug flow
behavior of the |iquid phase. A tubular stainless steel reactor system was
constructed consisting of two reactors (50 cc each section) and feed

points at the front end of each reactor. Each reactor operated essentially
under plug flow. 15 The total feed to the reactor system conprised

I i quefied propylene (1.91 m/ mn), peroxide solution (1.823 m/ mn)
cont ai ni ng 25 wei ght percent ethyl benzene hydroperoxide in ethyl benzene,
and catal yst solution (0.092 m/m n) containing nol ybdenum 2-

et hyl hexanoate (0.02 nmmol ) as active conponent in ethylbenzene. Al of the
propylene was fed to the front end of the first reactor; however, peroxide
and catal yst feeds were split into 20 two equal parts. A first part of the
per oxi de and catal yst feeds was m xed with the propylene and fed to the
first reactor front end directly, while the second part of the peroxide

and catal yst feeds was m xed and i nmmedi ately added to the front end of the
second reactor. The pressure in the reactor systemwas nai ntai ned at 56
bar (5,600 kPa). The operating tenperature was mai ntained at 113C. Reactor
products were anal yzed every 30 m nutes by 25 gas phase chromat ography. A
selectivity to propyl ene oxide was found in the range from 92.1 to 92.9
nol e percent, with an average of 92.3 nole percent, as shown in Table 1.
The ethyl benzene hydroperoxi de conversion was 96.1 nol e percent, when the
reactor had achieved stable conditions. WO 03/050100 Table 1. Epoxidation
of Propylene with Ethyl benzene Hydroperoxide (EBHP)a 2 6 MAY 2006

PCT/ US02/ 38574 Exanpl e 3Conparative CE-2
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EBHP Conver'si on96. 1997. 2% (nol % Sel (nmol 9% 92. 3985. 9% Pr opyl ene O% e Sel
(nmol %9 1. 392. 5% Propyl ene dycol Sel (nol 9% 93.50989.34% 1 - Plac,snw%t nol
Sel (ol %9 4. 398. 0% Acet ophenone 5 a. Reactor feed: propylene (1.91 n/
mn), peroxide solution (1.823 m/ mn) containing 25 wt.% EBHP, catal yst
solution (0.092 m/min); 113C, 5,600 kPa Conparative Experiment 2 (CE-2)
The epoxddafy@n of propylene with ethyl benzene hydroperoxide was eval uated
in the -manner described in Exanple 3, with the exception that the

hydr oper oxi de 1f eegras@s oFBeigringah B1cHAVdLHI EOlpRiindifodBREHAPrGiAL Nor than
in staged addition. To the sane two-sectional tubular stainless steel
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e
(0.02 mml) as active conponent in 15 ethyl benzene. ds were m xed
and i nmedi at eRyeagiisysten depigned ionfacilitate plugtfloav bedmyionof thediquid phase; thehe

d. I d d .dentical .process copditions
S tsed |+ n’ oy sHRGh A PR AE RS sBer O bl SR o maronaAa ne
range from 85suchithat ifrifarywrgandehydtBperodids fecltr it I8t Rito 8 Phalip!o?

percent, as shqwn in_Tabc{‘e 1. The ethyl benzene hydroperoxi de conversi on was

97.2 nol e per SRHOreapichydroRerexide feedsfieams, andthgsaliberganie dadtoperonidt achi eved

tabl e condity ' - 24 2006 WO
83? 058100 PG?%%%E%%%%%&%%@?&%%@?{@@%% %?‘Qﬂ“ﬁ/&% %%‘Z‘eWﬁat t he
staged feed atdctor systah. hydr oper oxi de to a

2. The process of Claim 1 wherein the olefin is propylene.

3. The process of Claim 1 wherein the reactor system comprises a single reactor
that is divided into a plurality of sequentially interconnected reaction zones for
facilitating plug flow behavior; wherein olefin is fed to a first reaction zone in the
single reactor system; and wherein the total organic hydroperoxide feed is split
into a plurality of split organic hydroperoxide feeds; and the plurality of split
organic hydroperoxide feeds are distributed among the reaction zones of the

single reactor system.

4. The process of Claim 3 wherein the single reactor system is an isothermal

reactor.

5. The process of Claim 1 wherein the reactor system is a multi-reactor system
comprising a plurality of sequentially interconnected reactors; wherein each
reactor is divided into a plurality of sequentially interconnected reaction zones for
facilitating plug flow behavior; wherein olefin is fed to a first reactor in the multi-
reactor system; and wherein the total organic hydroperoxide feed is split into a

plurality of split organic hydroperoxide feeds; and the plurality of split organic
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reactor - with plug flow pattern increases the selectivity to propyl ene oxide
by 6.4 percent. 2 6 MAY 2006 CLAIMS: 1. A process of preparing gamAvi2806i n
oxi de and a co-product al cohol conprising contacting an olefin and an
organi ¢ hydroperoxide in a liquid phase in the presence of an epoxidation
catal yst under process conditions sufficient to prepare the olefin oxide
and the correspondi ng, al cohol; the contacting being conducted in a reactor
syst em desi gndydroperoxide; feedstase gisutputadunoensnthe ipbirality of sequentallyd phase; the
reactor systemfur i di. f 1 addi tion of organic
hydroperoxideqﬁ%ﬁ?hmgﬁﬁﬁééﬁ%gfﬁngg%WE%§g§}%&%&%peroxide feedstreamis
split into a plurality of split organic hydroperoxi de feedstreans, and the
split organic hydroperoxide  feedstreans are distributed anong reaction
zones, or rea® dheprosessfi(iaim 3 whegein thesegesntially interconnecteddaegsiters dg theof
Aaim1l wher e'nﬂxl&ﬂ@ac%res&bt@m' ate BARANAS Mtrally sellBEd o‘fl{?%&b&%aghgdo% wherein
the reactor systemconprises a single reattor that s divided into a
plurality of semgtomti ally interconnected reaction zones for facilitating
plug flow behavior; wherein olefinis fed to a first reaction zone in the
single reactor system and wherein the total organic hydroperoxide feed is
split into a~-l I al it i i SEASmn S

plurality of ggﬂéﬂrg%%ﬁfg&%‘ r‘ggéerrggl% ffg&%sgé S a?ge(éngllﬁg%cﬁ but'e &%S t he
reacti on zones of nolnereastorsy achrreactdidveing dividad idto Atremprecessionabnéd; ahdn 3

wherein the single regctor, systemis an isqthe | reactor. 5. The process
of Olaim 1 wher SHHETRE 4 BUTSACISy il Femplinied: 115 reactebmSEpLedAPIeSpr i i ng
a plurality of $RGUSALd) hid letd A 92 B&fieRHall PR O6rhectéll $éRtdls €ach  reactor
is divided intoa plurality of sequentially ‘i nterconnected reaction zones
for facilitating plug flow behavior; wherein olefinis fed to a first

reactor in th [ti- re or t em .,and wher ejn. e taqtal, or,gani.c
e oper oxi do & ahtblcetsit R Pyl pREeATOP ot e haR 4R iS:
hydr oper oxi de f gefipriscaisheloftnapé phrfitiohy, eath paatitibn edsxﬁfsﬂéiﬁg a BAffle, 6pfidhalls006

hydr oper oxi de feeds are distributed anong the plurality of sequentially
containing one or more weep holes.

9. The process of Claim 1 wherein the ratio of moles of olefin to total moles of

organic hydroperoxide is greater than 4:1 and less than 15:1.

10. The process of Claim 1 wherein the olefin and the organic hydroperoxide are
dissolved in an aromatic solvent, wherein the aromatic solvent is ethylbenzene

or cumene.

11. The process of Claim 1 wherein the organic hydroperoxide is selected from

ethylbenzene hydroperoxide and cumene hydroperoxide.

12. The process of Claim 1 wherein the epoxidation catalyst is a molybdenum-
containing epoxidation catalyst selected from molybdenum organic salts,
molybdenum inorganic salts or oxides, optionally containing one or more alkali
metal oxides and/or alkali metal hydroxides; or the catalyst is a titanium-

containing epoxidation catalyst selected from a titanosilicate or a titanium-
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i nterconnected reactors in the nulti-reactor system 6. The process of
Claimb5 wherein the sequentially interconnected reactors in the 2§ mar 2006
mul ti-reactor systemare each individually selected from adi abatic and

i sothermal reactors. 7. The process of Claim1l wherein a reactor systemis
enpl oyed conprising one or nore reactors, each reactor being divided into
4 or nore reaction zones: .a erein if a multi-reactor systemis

nd (
enpl oyed, the reafQBHRNESIlGN OFids; PLibs catglyshisa combipationgfmolybdenumy, 12
sequential l'y inte;&AnARG S tit DH?,%Q: i Theveisocess of Caim1l wherein the
design for facilitati nggp uélé ow E))ghag@?%ré} gg{rg}bri ses one or nore
partitions, each partition conprising a baffle, optionally containing one

or nore weep ho 9. The cess of Gaim1l wherein the ratio of noles of
olefin to total Il%@s"%‘f"” 8?@%?”‘3 ‘ﬁ@‘ﬁ?’b‘r}ﬁ‘? 8‘35%1&@" 15 8 hOMOZERGOUEREA 4: 1 and
less than 15:1. I1feterbBenddu9efal§stof C aim 1 wherein the olefin and the

organi ¢ hydroperoxi de are disSolved in an aromatic solvent, wherein the
aromatic solvent is ethyl benzene cunene. 11. The process of Caim1l

or
wherein the orgapig hydrope ide is selected fr.om gethyl benzene

hydr oper oxi de aﬂ% ﬁtfr%ﬂ Sﬁ?fi@%ﬂ@ﬁo‘%ﬁ%@.ﬂt SPIOgfRS IE)P‘E)‘E@%‘%&?E‘@I&F% 1 wherein
the epoxidation Cehifeytiireiof greatdd hHACKDAC nd GRS HBinMi 300 SRRerERAhE BRceatal Yt

sel ected from nol ybdenum organic salts, nolybdenuminorganic salts or
oxi des, opti onal | onsuatediima sigglsrme nutltirreaatorykighi, andrat atempeiaters canttpled

al kali metal hydrpxj ; gatalyst 4ds a titanium containing
epoxi dati on cat al f&éﬂ)ﬁ%og@{ee%&ﬁ%:F,pgr#t?rffﬂ%esqcpir%agfo& or atitanium-27 2 6
MAY 2006 containing silicon oxide; or the catalyst is a conbination of

nol ybdenum cont aini ng and titani umcontaining catalysts. 13. The process
of O ai m1 wher &-rlhefogess af Glaimilovherein theyaiosessds spndiicteat an overalous

catal yst. 14. i I i at a
Carget i enper boreaf Beftiof sy el SolliRtaL il SoPRAE RS G RP ORISR °
process is corddfdtpsis (689 kPa)ghd wirerain ke proesss incongdysted at a total rédidénce

trol .
tenperature Cortlltn{eoo tﬁg liquid phase from greater than 0.1 h™ to less than 10 h™..

16. The process of Claim 1 wherein the catalyst is provided to the process in a
concentration greater than 0.0001 mole catalyst per mole organic
hydroperoxide and less than 0.0100 mole catalyst per mole organic
hydroperoxide.

17. The process of Claim 1 for preparing propylene oxide and co-product o~
phenylethyl alcohol comprising contacting propylene and ethylbenzene
hydroperoxide in the presence of a homogeneous molybdenum epoxidation
catalyst under process conditions sufficient to prepare propylene oxide and co-
product a-ethylphenyl alcohol, the contacting being conducted in a reactor
system comprising a single reactor that is divided into a plurality of
sequentially interconnected reaction zones designed to facilitate plug flow
behavior; the single reactor being associated with a cooling means; wherein
propylene is fed to a first reaction zone in the single reactor ; and wherein an

ethylbenzene hydroperoxide feed is split into a plurality of split ethylbenzene

8-



to +10C of the target tenperature for each reactor. 15. The process of
Claim1l wherein the process is conducted at an overall pressurgsi NIAY”?@
reactor systemfromgreater than 300 psig (2,068 kPa) to | ess than 1, 80
psig (6,895 kPa), and wherein the process is conducted at a total residence
time of the liquid phase fromgreater than 0.1 h-1 to |ess than 10 h-1. 16.

The process of daimil wherein th atalyst 1s provided to the process in a
concentration gr eEY@prrﬂé © ?%6@%? éﬁgﬁslgflb?\zg’bee]?y ﬁo’éiﬁﬁg‘?ﬁdé are

hydr oper oxi de anddisgssutddaflory 8d FAciBh Sorsdt @l yst per nole organic

hydr operoxi de. 17. The process of Claim1l for preparing propyl ene oxide and

co- product a- phenyl ethyl al cohol conprising contacting propyl ene and

et hyl benzene  hyg@rPREFBEEE 8f Clhite WAGSENGEh Blackr Qgﬁ@&%%%greg{& yRdengm

epoxi dation catal yst under process conditions sufficient t0 prepare

propyl ene oxi de aless then 1|§|*@ﬂ{)ﬂ§tt0 facdlitatel phbe flgiv twhadbodf the hiquidgitaset i ng bei ng
conducted in a reactor systemconprising a single reactor that is divided

into a plurality of sequentially interconnected reaction zones designed to

facilitate plug19! P proehia¥t Claimt N@r %}tégghtﬁ(g)bg(ﬁaﬁriéﬁ@ ORRINMAIZOSRGM G W th a

cool ing neans; wherein propylene is Irst reaction zone in the
singl e reactor ; phehylithylalcohahconsrisinghenmteting pycprybeerandicteylberrend s spl it

into a pluralit f,split..ethyl benzene - 2 6 MAY 2006 hydroper oxj de
feeds. and ¢ he <piOBERYIE NSRS ItH OifbhoR P ERICP R R PR
among the react i Opat#I9Safded frocdB oRdiA6RSSuALieh Blpfrhic ﬁ(ﬁ\"%ﬁ?ﬁh@f&iﬁ‘é'&n&@ Ct or

contains fromgreater than to less than 15 baff acllirtate plug
f1 ow behavi or of piedutt arphehydkthybalcaliol, theeoptaciimgskeing cidaicted in hatuliis epari ng

propyl ene oxide and co-product a-. phenyl eth al cohgl . conpri sing contacting
propyl ene and et h§f2BEORSEHED CAPBRYB P&%ﬁﬁ%%%&nﬁw BiereomrectedkeastiRyéneous

mol ybdenum epoxi dadchQBactérdth Bhe/mhltiidetor BYs¥GR Bsing Aditd As @H&él?&io?m to
prepare propylene oxide and co. product” a-phenyl ethy a? ohol; the
cont acting bei ng segnentiallydniercoaneni¢d reactiqrnzanss desigiedrto danifitatesplug flaw

Pl 0 o el o BTSRRI G iy SERE SRR
cooling means; and wherein propylene is fed to a first reactor in the multi-
reactor system; and wherein the ethylbenzene hydroperoxide feed is split into :
plurality of split ethylbenzene hydroperoxide feeds, and the split ethylbenzene
hydroperoxide feeds are distributed among the plurality of sequentially

interconnected reactors.

20. The process of Claim 17 or 19 wherein the temperature of each reactor is
maintained within +10°C of a target temperature, and wherein the target

temperature is greater than 80°C and less than 130°C.

21. The process of Claim 19 wherein the reactor system comprises from 2 to less
than 12 reactors, and each reactor contains from greater than 3 to less than 15

baffles to facilitate plug flow behavior of the liquid phase.
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sequentially interconnected reaction zones designed to facilitate plug fl ow
behavi or; each reactor in the nmulti-reactor system being associ Eheﬂﬁﬁ/izhﬁ a
cool ing neans; and wherein propylene is fed to a first reactor f

mul ti- reactor system and wherein the ethyl benzene hydroperoxide feed is
split into; plurality of split ethyl benzene hydroperoxide feeds, and the
split ethyl benzepe lurality
of sequential | yQQI gpg%@%ﬁ%gﬁ@g%l rgagitaggs E%ggh%ﬁfﬂf%@g%gﬂg'ﬁ&f 157 or 19
wher ei n t he t enpesplitinte aqﬂunahtynfrsphctajalystsfeedmhaittam dsﬂlbmddfunﬁbngltﬁéi of a
target tenperature, and wherein the target tenperature is greater than 80C
and | ess than 13083cHAn ZOpAgS ORreaelorsing e@"‘&'ioﬁﬁﬂs@e%er ein the reactor system
conprises from2 to less than 12 reactors, and each reactor contains from
greater than 3 to less than 15 baffles to facilitate plug fl ow behavi or of
the liquid phase. 2 6 MAY 2006 22. The process of Claim17 or 19 wherein a
catal yst-containing liquid feed is split into a plurality of split

catal yst feeds that are distributed anong the reaction zones or reactors
in the reactor system -30
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