PROCESS The present invention relates to a process of manufacturing

propyl ene oxi de and styrene. A commonly known process for manufacturing
propyl enewoxbesm2a6sd St yrene invol ves the steps of (i) reactird@sasdizgs benzene
wi th oxygen or air to form et hyl benzene hydroperoxide, (ii) reacting the

et hyl benzene hydroper oxi de thus obtained with propene in the presence of an
epoxi dation catalyst to yield propyl ene oxi de and 1-phenyl et hanol, and
(iii) converting the 1-phenylethanol into st%rene by dehydration using a
suitabl e dehydration catalyst. Such pro%esBShas been described for exanple
in EP- A-345856. By-products are formed in the oxidation of ethylbenzene, in
the reaction of ethyl benzene hydroperoxide wth propene and in the
dehydration of 1-Phrenytetdranolnventolst yreetedld Kmoverdnys ppoducts are

met hyl phenyl ket on acids such benzoj ¢ acid and gl ycolic acid,
2- phenyl et hano nuaﬁ%lc%llil%?% %{I%Wa]; n%i%xj(‘ie, & e%wree‘f%yl ) ether. The

reaction m xturesa gesgfiahly m@ﬂrpggligd'@ég ifb]prn%{ugé:bg@g@y(f ﬁlh?pwe [ oduct s
A process conventionally applied conprises (a) contacting propene with a

i xture of etPtERnEMeS WY opeFv%eHee andhet Hydberzenel t orobtaimg propyl ene
ox desand, 1 nbeiylsboagol . (b sepasly s, eyl g, onn Lrpmafe reacti on
distillation Isy@psp¢voxbiaj n(Bi) reacting the ethylbenzene
hydroperoxide thus obtained with propene in the presence
of an epoxidation catalyst to yield propylene oxide and
l-phenylethancl, and (iii) converting the l-phenylethanol
10 into styrene by dehydration using a suitable dehydration
catalyst. Such process has been described for example in
EP-A-345856.
By-products are formed in the oxidation of
ethylbenzene, in the reaction of ethylbenzene
15 hydroperoxide with propene and in the dehydration of
l-phenylethanol into styrene. Well known by-products are
methylphenylketone, acids such as benzoic acid and
glycolic acid, 2-phenylethanol and dimers such as
bis (o, a-phenyl ethyl)ether. The reaction mixtures
20 generally are purified in order to remove the by-
products.
A process conventionally applied comprises
(a) contacting propene with a mixture of ethylbenzene
hydroperoxide and ethylbenzene to obtain propylene oxide
25 and l-phenylethanol, (b) separating propylene oxide from
the reaction mixture, (c) subjecting the mixture obtained
in step (b) to one or more distillation steps to obtain a
purified stream containing l-phenylethanol,

(d) contacting the purified stream containing



purified stream containing 1-phenylethanol, (d) contacting the purified
stream cont ai ni ngl- phenyl et hanol with a catalyst to obtain styrene and

wat er, (eworesmeidg styrene and water fromthe reacti onpoirAPRes/ostst@i ned in
step (d) . The remainder of the reactiaon gmixture obtained in step (e) or
part of this remainder, can be recycled to step (d) if such stream contains

precursors fof_styr hs® V%éﬁnﬁaléé’ta%}%fac@ oqcn%/&ari{ %%&#ﬁ%%ﬁ ors for

styrene are recycle y conbi ning themi ep (T re: ont ai ni ng
1- phenyl et hanodte®y didficendwying dthatendenel pracir SOfEn GHY addH AW it r eans
additionally contain <gﬁg\desie{)ﬂf:ﬁlfiﬁ]l:)y-é)r oducts. Recycle of such streanms tends

to give an uldesi#abl BT ot 9y - ftod Ut . Tanta e s @k Here f ound t hat
t he by- pr oducte 2-phenyh Bihano| ot BsReci @l e i fd)i el t, 1,0 gﬁﬂogc;r?fse from

1- phenyl et hanol . It has now been found that by-products su _
2- pheRyl et hangna&Hiiee remover] Trrecled it erftdy (d) sitfr eansh cdntesimi ng

precursors fogoégélfﬁ%]g%%&%{g&ysclgoq: isncya esnoeeci fic way. Therefore, the
es

present invention re 0 a process “of ‘manufacturing propyl ene oxi de and

styrene whi ch prazessercoiprdses; teaentasttidic ipippanewiddra fixture of
et hyl benzene h dr%%er oxi de and ethyl benzene in the presence of catalyst to
obtai n propyl¥® o And A pHshy et IRbining thashamats iRp propytidie oxi de

from the reacli Qi xdiu L Ohtpi nethdiy sidmdd). Aidide SYPiRFLING the
m xture obtained in step (i1) to
these precursors containing streams additionally contain
undesired by-products. Recycle of such streams tends to
give an undesirable build-up of by-products. It was
further found that the by-product 2-phenylethanol is
especially difficult to separate from l-phenylethanol.

15 It has now been found that by-products such as
Z2-phenylethanol can be removed more efficiently if
streams containing precursors for styrene are recycled in
a specific way.

Therefore, the present invention relates to a process

20 of manufacturing propylene oxide and styrene which
process comprises:

(1) contacting propene with a mixture of ethylbenzene
hydroperoxide and ethylbenzene in the presence of
catalyst to obtain propylene oxide and l-phenylethanol,

25 (ii) separating propylene oxide from the reaction
mixture obtained in step (i),

(iidi) subjecting the mixture obtained in step (ii) to
distillation to obtain a top stream containing
ethylbenzene and a bottom stream containing

30 l-phenylethanol,

(iv) subjecting the bottom stream containing
l-phenylethanol obtained in step (iii) to a further

distillation to obtain a top stream containing purified



distillation to obtain a top stream containi ng ethyl benzene and a bottom
stream cont ai ni ng 1-phenyl et hanol, (iv) subjecting the bottom stream

cont ai ni ngokognamset hanol obtained in step (iii) to a fartEresosadsste | | ati on
to obtain a top stream containing purifiegl- phenyl ethanol and a bottom
stream cont ai ni ng heavy by products, (v) contacting the top stream

cont ai ni ng 1-13['@{%11 hanol o g i e M) wth a dehydratiqn
catal yst to obtain 3?[ yrene a%ﬁmn%g?é,&(ﬁ)&s%bﬁ et hg thd'¢ &%?Y%ﬁ)ifn xt ur e
obtained in stepdfsfsto distillation to obtain a top stream contai ni ng

styrene and ter and a bottam stream contai ni ng unconverted
1- phenyl et hanbl, Cz‘?rbnfhae% Ié‘%h“gheo|t,09resctrﬁﬂa§fhe?ﬂ}m?eltw APl (vii)

subj ecti ng t hepthot i i reasp cont Al g ANEanyerdedL-phenyl &t hapol ,
2- phenyl et hanol , net hyl phenyl ket one and furtHher by-product sﬁ} obtained in
step Ovi) to *Rsrin|wEyene erbteen top stream contai ning

met hyl phenyl k ne a Welel s tr aont ai ni.ng 2- phenyl et hanol and heavy
by- p)r/oguct g g\%llg) (vi {E%b%rete&%ﬁg]l%{n%]et gf%rsgtcgﬁo(ni \r/“)lxtt%éebgt[%t%grhnsetdr &dm cont ai ni ng
2- phenyl et hanole@anlr heay yd e pr oditicdrs wabtadtech i depdddn Wherein the
bottom stream obtajned in step (vii) is introduced into the distillation of
step (iv) bel ST P nttGEethi ¥ e Potalsn S trddnm® siitka 3w ng

1‘pheny|etham%nﬁgﬂﬁﬁﬂﬁxhﬂébﬁﬁéﬁkédiﬂ)pﬂéthg{H§H5¥¥i2—phenylethanol,

10 methylphenylketone and by-products,
(vii) subjecting the bottom stream containing
unconverted l-phenylethanol, 2-phenylethanol,
methylphenylketone and further by-products obtained in
step (vi) to distillation to obtain a top stream

15 containing methylphenylketone and a bottom stream
containing 2-phenylethanol and heavy by-products, and
(viii) recycling to step (iv) the bottom stream
containing 2-phenylethanol and heavy by-products obtained
in step (vii) wherein the bottom stream obtained in

20 step (vii) is introduced into the distillation of
step (iv) below the point at which the bottom stream
containing l-phenylethanol obtained in step (iii) is
introduced.

Although the option has not been mentioned

25 explicitly, either all or part of the top streams and
bottoms streams can be treated. Generally, it is
preferred to treat substantially all of the top and/or
bottom streams in order to make efficient use of the
process.

30 The expressions top stream and bottom stream have
been used for ease of reference. However, these
expressions should not be interpreted narrowly. The top

stream will be recovered from the higher part of the



Al t hough the option has not been nentioned explicitly, either all or part
of the top streans and bottons streans can be treated. Generally, it is

pr ef er r edwbQodrradessubst antially all of the top and/ or IpoiriErpROeSEE20E | N
order to nake efficient use of the procesgs . The expressions top stream and
bottom stream have been used for ease of reference. However, these

expressions sho . he |nterpret.ed rrowly. The top streamw || be
recovered fro%%lguﬂa?gg]her épé(:llrlfm of" JT(:leedincs T Oa’iyﬁo s&oﬁﬁ?ﬁ%% % he bottom
streamw | | beeceoovet eff-dnr othd NeoWweonesaart. The expression distillation

as used in the present invention covers any separation of conponents based
on a difference iMSGRTITINP" Eridridiiafidmesivagd 1ia ithe Wdgses carri ed

out with the haldhioford ddactd ona i g doWelon l‘c‘ﬁé"%’o‘?{{ orddiAsh bdﬁéci ldation

also is suitable in nmany process steps. In order to inprove e separation,
the dbstill atdighfermandre arvydlet ot v .n Gdree prlesenosheofd gt i Ilerti qyas,

so-cal l ed stri.ppi . 1n the praocess .of th resent invention, the bottom
st ream obt ai nec pll rrl&stceébr]ijvef(il °4s it ddife '%too{]t%eg]r(ﬂcﬁjiqr}aattli% of step

(iv) bel ow t hesypoi Nt@ke W Che i hotdom sideamobidined jint si.p (i) is
i ntroduced. The distillation of step (iv) can consist of one or nore
distillation ¥BIUMRIRCEFS BiRPIori dizday |t iigwprolaurhls arepairadsient,, there

5, 2y Lbseuenle SUTLMLED, |1 S WAl Ao SR LA L Sam Al e ol
setup) inert gas, so-called stripping.

In the process of the present invention, the bottom
stream obtained in step (vii) 1s introduced into the
distillation of step (iv) below the point at which the
bottom stream obtained in step (iii) is introduced. The

15 distillation of step (iv) can consist of one or more
distillation columns. If 2 or more distillation columns
are present, there is a subsequent column which is fed
with the bottom stream of the column at which the bottom
stream obtained in step (iii) is introduced. In this set-

20 up, introduction of the bottom stream obtained in
step (vii) at the subsequent column also is introduction
of the bottom stream of step (vii) below the point at
which the bottom stream of step (iii) is introduced. If
the streams are added to a single fractionating tower,

25 the bottom stream obtained in step (vii) is added to a
stage below the stage in which the bottom stream of
step (iii) is added.

Process set-ups which can be used have been depicted
schematically in Figures 1 and 2.

30 Figure 1 shows a process in which the bottom stream
containing l-phenylethanol obtained in step (iii) is

subjected to distillation in a single column.



i ntroduction of the bottom stream obtained in step (vii) at the subsequent
colum also is introduction of the bottom stream of step (vii) below the

poi nt at wbizeds/dk2es3bott om stream of step (iii) is introsdorapo0siosisbe
streans are added to a single fractionatifig tower, the bottom stream
obtained in step (vii) is added to a stage bel ow the stage in which the
bott om stream of st i41). 1. added. Process ,set-yps which can be used
have been depi ct e%l%éen%t%@a‘% v i Gt €2 I 21 A PR a
process i n whiaht4 trei bt 1-goh et y Bath Q051 ad b dich ekt piherwﬂelqt hanod ) oy a|2neg in
step (iii) is_subjected to distillation in a single colum.Figure 2 shows a
process in V\A‘ﬁ@?ﬂ%%tee‘go‘i? ot St elth Xhtidh M P 1 Heny| et hanol obt ai ned i n

step (iii) is subjictgdddsdistddd@tipnd nig ¢l e R ogess, according
to the present invention is discussed further wth the help of these _
Fi gur 8s. The Pprocessed birtfiquresth tHrml el fdfertiordey Figypreacesthest ep (i V)

ot opene are SHILETEN e proROeeS of THb Prboehme VSR T b St oams 1 and
2 . In step (¢9sp t hevietdnd banzene nydronerox dandrie CONtAGLag, Wiih propene
to yield propyl ene oxide and 1-phenyl ethanol in the presence of a catalyst.
General ly, this priovesemsle (1IMGHer Plkdchant ammrise sgsaraatdary to
et o R AN DS 0. TR, OB AR ey o
10 In step (1), the ethylbenzene hydroperoxide is contacted
with propene to yield propylene oxide and l-phenylethanol
in the presence of a catalyst.
Generally, this process step (i) will further
comprise separating unconverted propene from the reaction
15 mixture obtained. The unconverted propene which is
removed subsequently can be recycled to step (i).
Separating unconverted propene has the advantage that a
smaller amount of reaction mixture is to be treated
further.
20 The effluent from the epoxidation step (i) (stream 3)
is subsequently subjected to a separation treatment in
step (ii) to remove the propylene oxide formed
(stream 4). Such separation can be done in any way known
to the person skilled in the art. Preferably, the
25 propylene oxide is separated by distillation from the
reaction mixture obtained in step (i).
After the separation of step (ii), part or all of the
remainder of the reaction mixture (stream 5) is subjected
to a distillation in step (iii) in which ethylbenzene is
30 separated from l-phenylethanol. The ethylbenzene
containing stream 6 can be used again in an earlier stage

of the process such as in the manufacture of ethylbenzene

hydroperoxide by oxidation of ethylbenzene.



Separ ati ng unconverted propene has the advantage that a smaller anount of
reaction mxture is to be treated further . The effluent fromthe

epoxi dat iwo 28deaR4deB) (Sstream 3 ) is subsequently subj ectred/Breooa/osspar ati on
treatnment in step (ii) to renove the propylene oxide forned (stream4 )
Such separation can be done in any way known to the person skilled in the

art. Preferably, oxi de i s separate distillation fromthe
reaction nixture fo‘ﬂftaklpéngggy(%%% e%f %?l)qurﬁ flefr tt(,%hee%soe 5 F% st ep (ii),
part or all oforithel nempi naererofl dtteanE&acih O et e ﬁlslt[)eam 5) is
subjected to a distjllation in step (iii) in which ethyl benzene is

separ at ed fr o 9B p{fe]rfy)l YRR T Thes et Berbrie® corftsiWiely stream 6 can be

used again i nyad eeTdi 8n Stage Sfndhe Process. S I} the dmnufagture of
et hyl benzene hydr oper oxi%le by oxinati on of eﬁ?ﬁ%nﬁlnderﬂ] nlh} he pro levs)s of
Figuré 1, tHe bttt st rieam soman ni hgrid phdmt eithartoteobtéai etk i n st ep

(ii1) (stream IS .subjected to further distjllation in single
distillati onrﬁcaoq%en%ﬁ C|onr%1ts%lerbs ((aI}evé)Vﬁf gayotﬁracf PE S 0p S15¥aM CEMME £ ¢ om
stream 8 . Thim latgesceantad nted@aedYMPrORdSes StdLaB £ caiePe psed in a
process as described in a process as described in EP-A-1056697, nore

speci fi cal | y B prOcely’ i ineif cPeriidgalial fhaadiase sobtial nddidn & he

cey oot o0 SAASALET L, 4 di0] UL IR A SRRl on treatent
w t h1léf f | uentlfploanywlethanocl is first subjected to a separation
treatment to remove methylphenylketone and to a further
separation treatment together with effluent from a
preceding epoxidation step to remove l-phenylethanol or
substituted l-phenylethanol before the residual fraction
15 thus obtained is subjected to a cracking treatment.
Alternatively, stream 8 can be sent to a process for
treating waste streams such as a furnace.
In the process of Figure 2, stream 7 is subjected to
a distillation in 2 separate columns. The distillation
20 treatments in the separate columns have been given the
numbers iv(a) and iv(b). Stream 7 is subjected to
distillation in column (iv) (a) to obtain a top stream 11
which is sent to process step (v) and a bottom stream 8
which is sent to distillation column (iv) (b). The
25 distillation in column (iv) (b) gives a top stream 9 and a
bottom stream 10. The bottom stream 10 is removed from
the process and can be used in a process as described in
EP-A-1056697. Alternatively, stream 10 can be sent to a
process for treating waste streams such as a furnace. Top
30 stream 9 contains l-phenylethanol and methylphenylketone
and is recycled to distillation step iv(a), preferably to

the bottom of the distillation column.



precedi ng epoxi dation step to renove 1-phenyl ethanol or substituted

1- phenyl et hanol before the residual fraction thus obtained is subjected to
a cracki ngotoeakmat . Al ternatively, stream 8 can be semrCTIEP2@0505432€SS for
treating waste streans such as a furnace.;ln the process of Figure 2 ,
stream 7 is subjected to a distillation in 2 separate columms. The

distillation tre i ) rate cal um ave been given the nunbers
iv(a) and iv(b). tr%ﬁ?%"ts%u f%ﬁ%%udr%sooldiaélcf@af% e% WP v) (a)
to obtain a topystheanddi wheteisaBtesnt. to process step (v) and a bottom
stream 8 which is_sent to distillation colunn (iv) (b) . The distillation

in colum (iv) (b)NYiv SFHG skt b nafl 1 Boerom istr dema tareedot t om

stream 10 i s § orVedidi QIR dNEPr Opess, and. - | 1@ B Q5RsS, 85
described in EP-A- 10566@7? Al t er nat i]i?yel Y, ﬁﬁbe%%rg?%aéng%%og{e%l}?%u%e

process for t¢@tdHylvgst ey streama s hrad fuftiraacanpkomdd ream 9 cont ai ns
1- phenyl et hangl JEaendm nﬁ])hyl phenyl ketone and is recycled to distillation step
iv(a), preferg%t[y 0 e bottomof the distillation columm. The processes of

Figures 1 and 2 wiHd he: ¢l ssussied fregeidieri ragaiim fkecregi n@@t st riin {1
stream 11 obtained in step (iv) is contacted with a dehydration catalyst to
obtai n a react§ opgsAUREL BortE It Heedtha ehies t Maltadri endirf writtdrer (xcionpounds

(Sireamia) RS we AP LS E oo 12) 5
cont &Pni ng st yr erkreafekakeltyer .the present process further comprises
separating styrene from the top stream containing styrene
and water obtained in step (vi) to obtain purified
styrene as depicted in Figure 2.
The remainder of the reaction mixture obtained in
15 step (iv) (stream 16) contains unconverted
l-phenylethanol, 2-phenylethanol, methylphenylketone and
by-products. This stream 16 is separated further by
distillation in step (vii) to obtain a top stream 17
mainly containing methylphenylketone. This top stream
20 usually also contains a certain amount of
l-phenylethanol. The bottom stream 18 contains
2-phenylethanol and heavy by-products. This bottom stream
usually also contains a certain amount of
l-phenylethanol. The latter stream 18 is recycled to the
25 distillation column employed in step (iv).
The epoxidation step (i) and the dehydration step (v)
are well known.
A homogeneous catalyst or a heterogeneous catalyst
can be applied in the epoxidation step. Molybdenum
30 compounds are frequently applied as homogeneous
catalysts. The epoxidation step is preferably carried out
with a heterogeneous catalyst. The catalyst may comprise

as the catalytically active metal one or more transition



Preferably, the present process further conprises separating styrene from
the top stream contai ning styrene and water obtained in step (vi) to obtain
purifi ed wopoenesas depicted in Figure 2 . The renai ndeprCufEPR6US/05432€t | ON

m xture obtained in step (iv) (stream 16)g contains unconverted

1- phenyl et hanol , 2-phenyl et hanol , net hyl phenyl ket one and by-products. This

stream 16 is rate r istillation in step (vii) to obtain a
top stream 1# nal nﬁa’y %%)én a%yn%agrp%%ﬂnil %oelrﬁlk?cgeer%%?{e%ufﬁﬁ%t‘?rbp SthEuHYsual |y
al so cont ai nsarad cat @ mi anpwie qfardtiphemd et hana abTEhe-hadd oym st ream 18
contains 2- phengll et hanol and heavsy by-products. This bottom stream usually
al so cont ai nSSROEEI S M drbuhtY Bt 1@%1(-:%8 dtfafpium-Rrs9htaralststeam 18 i s

recycled to the distddiatiom ol ywmaml oyed id shep (ﬂAeV% se 1€ {poxidation

step (i) and the dehydration step (v) are well known. onbgeneous
cat al yst or @Heeribyehepish o dl ysinicamrisk tappiiiedn iqorttee reipoxi sl i on

The. epoxi it | DhL S{GRT A pref drsbigF Harrd T GR” Ghih o Horeroyamasess o
catal yst. Theccaisd ySdtABYs COMYritsE rdind hel teatalytdreal 194 |ctd,ye netal one
or nore transitionnetals, such as vanadi um nolybdenum tungsten, titanium
and zi r coni urfOTGrel petd | AN B9y SuiTwbiadld asisl isforepxitdaiti o catmtyest s are
(ne 1 amumieagt 622 gk 0 ¢ 00 MIARIAS el s egetal e
10 described in US-A-4,367,342 and EP-A-0,345,856.
Suitable process conditions comprise an average
temperature in the epoxidation reactor of from 50 to
150 °C, preferably of from 60 to 135 °C. The pressure in
each reactor can be up to 80 bar, preferably of from 10
15 to 60 bar. Generally, the reaction medium is in the
liquid phase.
Dehydration catalysts are well known in the art. Both
a homogeneous and a heterogeneous catalyst can be used in
the present process. Preferably, a heterogeneous
20 dehydration catalyst is employed. Suitable dehydration
catalysts include for instance acidic materials like
alumina, alkali alumina, aluminium silicates and H-type
synthetic zeolites. Dehydration conditions are also well
known and usually include reaction temperatures of
25 150-250 °C for liquid phase dehydration and 210-320 °C,
typically 280-310 °C, for gas phase dehydration.
Pressures usually range from 0.1 to 10 bar. In principle
any known dehydration process can be applied in the
process according to the present invention. For the
30 purpose of the present invention gas phase dehydration is

preferred. In a preferred embodiment the gas phase

dehydration is carried out at a temperature in the range



Furthernore, it has been found particularly advantageous to use catal ysts
containing titaniumon a silicon containing carrier. A suitable silicon
cont ai ni igoasi28663i S Silica. Exanpl es of such catal yst scame26080543p6t ance
described in US-A-4 ,367, 342 and EP-A-Oq 345, 856 . Suitable process
conditions conprise an average tenperature in the epoxidation reactor of

from50 to 15 r ly~ of . from60 to . 135,.0C . T essure in each
reactor can bogf u%p“fote%g{%gr C prErEt iy o omeiE (#qegﬁpcbfr?l%ner ally,
the reactionamdilystis in the |iquid phase. Dehydration catal ysts are well
known in the art. Both a honmbgeneous and a heterogeneous catal yst can be
used in the presént® ftotles'sta Prar &lalitep o et evsgereddy dehydrratiesh
catalyst is el oeds Sudable dehydralion cat Ayt sdinglyde f ar, i nstance

acidic materials like alumna, alkali alumna, alumnium'silicates and

Htypé synt hatiafezandd tidsmt Dty driatd tordiconidi ltatans adirse cal rol eweldutk novgh and
usual Iy include reaction tenper.atures,of 150-250 0C faor liquid phase
dehydrati on g%c? It %thnc?crrgi% il ﬁ%ﬁezéﬁ FEeansg @agtag)ad"lﬁs%f the
dehydration. dytessuress st |y rangs dd,0mMdted &ikd Rafeand P14 NPl € any

known dehydration process can be applied in the process according to the
present i nvemiUiesFort 14w paTpbsvisfequa tdrnesaitt iham@ntticorhgas phase

eyt on B LTS e S ST T NS BB o
usi ngO0an al uminal- bas ech delydratd dm adtalptsisence of stripping gas,
preferably steam.

Styrene i1s to be removed from the top stream
containing styrene and water obtained in step (vi) to
obtain purified styrene. Separation is preferably carried

15 out by phase separation of the mixture of styrene and
water into an organic phase and an aqueous phase,
followed by subjecting the organic phase containing
styrene to one or more distillations.

Process step (vii) gives a top stream containing

20 methylphenylketone. Additionally, this top stream usually
contains a certain amount of l-phenylethanol. In a
preferred embodiment, the top stream containing
methylphenylketone obtained in step (vii) is subjected to
hydrogenation to obtain a reaction mixture containing

25 l-phenylethanol which is subsequently recycled to
step (iii).

The invention is further illustrated by the following
examples without restricting its scope to these
particular embodiments.

30 Example according to the invention

Calculations were carried out on a process according
to the schedule as depicted in Figure 2 and described

further hereinbelow.



The distillation of step (iv) preferably is carried out in 2 distillation
colums. In this set-up, it is preferred that the first distillation is

carried owmdD2006/24d6Be hel p of a reboiler. The | atter neamrsTiHP2d0spPsa3o of t he
bottom fraction is renoved, heated with speamor a hot process stream and
subsequently sent back to the distillation colum. The second distillation

generally wll b rJ it sence of strippin as, preferably
QX%%%;J¥L(Egn%ﬁ%¢%ﬁit(? %& o) eghxléﬁvé

steam Styrene is to be renove effrop Sstrea ng styrene and
wat er obt ai nedydmostepkide) 4@ bt ah guopdriedrsd yenst Sgparation is
preferably carri out hase separation of the m xture of styrene and

b ) .
water into an of ?I?:Z%rh%s AP HF HR e dUs hiase Lol S toviedl dRp&tiiyestt i ng

the organi c phasens ont s O Stys-eNes 455 pne, or | 5tidd af# og}p.o Process
step (vii) gives a top slfmr eam cont ai ni ng net hyai |rc?h¥erﬁjyﬁjzlketdoneac?f %&gl t(I!DOI’la| ly,

this Bop stream usuatdyswantaf N0 a CEIT ai/Mmamount of 1-phenyl ethanol . In a
preferred enbodi nent, the top stream contai ning net hylogihenyl ket one obt ai ned

in step (vii) is %%HWQQW%% IRFTPIRYD-SBI5t &1 rest i on i xture
cont ai ni ng l-ﬁ&wifé@w!delmAﬁ&Ebé&ﬁH%;ﬁ% yedgoveled g step (iii)
y the fo

The invention i's further illustrated | owm ng exarnples w thout
restricting ids-zioope tTthe hese jpatdi cu drhenbodinenteas Eanmpdeaataos ding to
the inventlo%Urther distillation to obtain a top stream containing
10 ethylbenzene and a bottom stream containing
l-phenylethanol.

The bottom stream containing l-phenylethanol was
subjected to the distillation discussed in detail above
for Figure 2. The distillation produced a top stream

15 containing purified l-phenylethanol and a bottom stream
containing heavy by-products. The bottom stream was
removed from the process.

The top stream containing l-phenylethanol obtained in

the distillation of the bottom stream containing

20 l-phenylethanol, was contacted with a trilobe-shaped

alumina catalyst at a pressure of 1 x 10° N/mZ2 and 300 °C

to obtain styrene. The alumina catalyst had a surface

area of 110 m2/g, a pore volume of 0.77 ml/g and a
particle diameter of 2.5 mm.

25 The reaction mixture obtained in the dehydration of
l-phenylethanol was treated further according to
Figure 2.

The removal of 2-phenylethanol and the losses of the

styrene precursors l-phenyl ethanol and methyl phenyl

30 ketone in stream 10 were calculated. The operating
parameters and relevant flows in distillation step (iv)

are given in Table 1. Distillation stages are numbered



Cal cul ations were carried out on a process according to the schedule as
depicted in Figure 2 and descri bed further hereinbelow A m xture contai ning
20 %uw ofwet2hgelidaessaene hydr oper oxi de, 40 %w of propenepamdpri@sipi320f

et hyl benzene was contacted with a catalysy as described in the Exanple of
EP- A- 345856 at a tenperature of 90 OC and a pressure of 40 x 10 Nm.
Unconvert ed r opyl ene, ,0xi were .separated b istillation from
t he reacti onqnﬁocgfl?%eea%% ﬁstelcdggeel'ﬁle) roef(rjrg(ihnedecrOlo e S&;oetj%'bt WS 6hj &t ed
to a further sttt | Etdrond s iohtzai ora dtep Stv @AM eonitaidling St hyl benzene
and a bottom stream contai ning 1-phenylethanol . The bottom stream

contai ni ng 1- pheni étdfams S#ED ddite&ledd/d e Lirdranvlstihamnadi scussed in
detai |l above fQfoFdPune & reathie @i %Héﬂd@éé Uh Ry AYGed, & f QR Sty §am
containing purified 1-phenylethanol and a bottiom stteam contali ning heavy

by- pr éduct s. SThierdyot tom st rsam Was resrheath dfrradmartte mardods helhel t op st ream
cont ai ni ng 1-]pehCeOnI¥I el heanrol obet(ﬂi ned_ in thﬁtodi stillation of the bottom
stream cont ai'ni Ny 1-Prienyi &t hanot” dSTbntcted with a tril obe- shaped

al um na cat algsipatatai ¥ essE of 1 x 10 NNm and 300 OC to obtain styrene.
The alum na catalyst had a surface area of 110 nR/g, a pore volune of 0.77

m/g and a partici® deaRaS WS ibatnimmidie daamiore modand nebttal e i n
the dehydrat 'i%éﬁtildrp,hwg qé}%&oéemtt}{ ece};[ee%iffgetrhe%rcea%%oartdlt% to

10 bottom stream containing 2-phenylethanol and heavy by-

products obtained in step (vii) was combined with the
bottom stream containing l-phenylethanol obtained in
step (iii). The combined streams were sent to the first
column of the distillation of step (iv).

15 The operating parameters and relevant flows in
distillation step (iv) are again given in Table 1. The
condenser duty, the reboiler duty and the amount of steam
added were the same in the exemplified process according
to the invention and the comparative one.

20 It can be seen that in this comparative process only
70 kg/h of 2-phenylethanol is removed in stream 10,
whereas 8 kg/h in total of the styrene precursors
l-phenylethanol and methyl phenyl ketone are removed in
stream 10.

25



Figure 2 . The renoval of 2-phenylethanol and the | osses of the styrene
precursors 1-phenyl ethanol and nethyl phenyl ketone in stream 10 were

cal cul at eslo 206w20@8r at i ng paraneters and rel evant f| ows pcm/Epeeisiosdsad i on
step (iv) are given in Table 1 . Distillation stages are nunberedfromthe
top (stage 1 ) of the colums. Stream 9 passed as vapour fromdistillation
step iv(b) to stepiv(a) . It can be %gi tﬂﬁt 80 kg/ h of 2-phenyl et hanol
is renoved in stream 10, whereas only %£57 in total of the styrene

precursofs 1-phenylethanol and nethyl phenyl KetoRga@bfe CABYEdrLP 1 vE] €am
10. Conparative Exanpl e The process described in the anpl e according to
the invention, was repeated with the difference atraerdihesbot esampieeam
cont ai ni hg 2- phenyl et hanol and heavy by products %%t%%%ed in step (vii) was
conbined|{with the bottom stream containing 1-phenylethianol obtained ip step
(iii) . The conbined streans were sent to the fifstecoleoim of the
di still ati-eh—of step{iv—— The operating paraneters and relevant flao in
di stillal3'GiP steff)iv) are again given in Table 1 . The condenser duty, the
reboiler|{duty and the anmount of steam added were the sane in the
exenpl i f [Bib proeessractordihgi et he i nvention and the conparafi-9e one. It
can be seen that in this conparative process only 70 kg/ h of
2- phenyl 14T 9% Fetved in stream 10, whereas 8 K§/h in tota5of the
styrene precursoly dephgny) ethanol and nethyl phenyl; jketone are senmoved in
Feed tray stream 18 23 14
Temperature stage 1 (°C) 215 215
Temperature stage 25 (°C) 239 239
Total flow stream 7 (kg/h) 15788 15830
l-phenylethanol in stream 7 (kg/h) 13331 13326
methylphenylketone in stream 7 (kg/h) 1960 1961
2-phenylethanol in stream 7 (kg/h) 177 202
Total flow stream 18 (kg/h) 1184 1255
l-phenylethanol in stream 18 (kg/h) 46 49
methylphenylketone in stream 18 (kg/h) 243 243
2-phenylethanol in stream 18 (kg/h) 62 82
Step iv(b)
Number of stages 10 10
Feed tray stream 8 1 1
Temperature stage 1 (°C) 187 187
Temperature stage 25 (°C) 176 176
Total flow stream 10 (kg/h) 1044 1045
l-phenylethanol in stream 10 (kg/h) 7.5 7.7
methylphenylketone in stream 10 (kg/h) 0.4 0.1
2-phenylethanol in stream 10 (kg/h) 80 70




stream 10. Table 1CL Al MS 1 . Process of manufacturing propyl ene oxide
and styrene which process conprises: (i) contacting propene with a m xture
of et hyl beozesm2iedr oper oxi de and et hyl benzene in the pres@re@sofsseat al yst
to obtain propyl ene oxide and 1-pheny|gtT3n9l, (ii) separating propyl ene
oxide fromthe reaction m xture obtained rn step (i) , (iii) subjecting the
m xture obtained in step (ii) to distillation to obtain a top stream
cont ai ni ng et hyl benzene and a bottom stream cont ai ni ng 1- phenyl et hanol ,
(iv) subjecting the bottom stream céntlaifnilng! £ phenyl et hanol obtained in
step (iii) to a further distillation to obtain a top stream contai ni ng
purified 1-phenyl ethanol and a bottom stream contai ni ng heavy by products ,
(v) contacting t e das sstafeamneditcaiuniimgy brpipgriyinet hanale abidaistgddrr st ep
(iv) with a dgpy ration catal yst, to obtain styrene and water, (vi)

subj ecting t He'r% (ﬁﬁQﬁ?§ﬁ>&Qﬁé¥%ﬁﬁ%ined in step (v) to distillation to

obtain a top styream contaciiing stypene andnwat %&x@néeaol@oteftﬁgu%h%%
cont ai ni ng unconverted 1-phenyl et hanol, 2-phenyl et hanol, nethyl phenyl ket one

and by- pr oductlrqRAL9X i istd iRenzsmcomrs theamusesraieniafg unconvert ed
%;/Pgsgé{]g: an ttaﬁlﬁl'es?j?crrylo%t‘g}:\ai%mpro%'%}l@geo%%ﬂekeatn%el—%rl]ldenfy rettrllrl%rnol,

(ii) separating propylene oxide from the reaction
mixture obtained in step (i),
(1ii) subjecting the mixture obtained in step (ii) to
distillation to obtain a top stream containing

10 ethylbenzene and a bottom stream containing
l-phenylethanol,
(iv) subjecting the bottom stream containing
l-phenylethanol obtained in step (iii) to a further
distillation to obtain a top stream containing purified

15 l-phenylethanol and a bottom stream containing heavy by-
products,
(v) contacting the top stream containing
l-phenylethanol obtained in step (iv) with a dehydration
catalyst to obtain styrene and water,

20 (vi) subjecting the reaction mixture obtained in
step (v) to distillation to obtain a top stream
containing styrene and water and a bottom stream
containing unconverted l-phenylethanol, 2-phenylethanol,
methylphenylketone and by-products,

25 (vii) subjecting the bottom stream containing
unconverted l-phenylethanol, 2-phenylethanol,
methylphenylketone and further by-products obtained in

step (vi) to distillation to obtain a top stream



step (vi) to distillation to obtain a top streantontai ni ng

nmet hyl phenyl ket one and a bottom stream cont ai ni ng 2- phenyl et hanol and heavy
by- pr oducwe,2o@nd4desi i) recycling to step (iv) the bott eorsre@ansont ai ni ng
2- phenyl et hanol and heavy by-products obtained in step (vii), wherein the
bottom stream obtained in step (vii) is introduced into the distillation of
step (iv) below the point at which the bottom stream contai ni ng

1- phenyl et h tai ned. ). ds intyodyced. 2 . P di
Lo cram 1 an e sl AR i h o ten’ A oar i od out

in 2 distill atdroreicolrums-piEny IRrtdcess agedmiay by -gJrajdick s, ighai ch

process the fg rst, distillation of step (iv) is carried out wwth the help of
a reboiler. 4 V.“Iﬂr)océsescyfgtl&rgditﬁ’g Stt&Pel @iV Fhandrsiton stirgafhi ch process

the second digdriddatin AfpradBP dintndiS LGRS fﬂe%%o;bg,-i dd %%%%]%eoé .
stripping gas. 5 . Process according to any one "of “the preceding clains, in
whi chopr ocessint e aplsitineambeoritiai dihwy hvesttopd pHemank eforee redat aimed in st ep

(vii) is subjected to hydrogenatjon ta qgbtain a, .reactiaqn m xture containing
1- phenyl et harolRhi ‘ch-i slssqugcerqoudeuncﬁ%/ JTngtcci/%lheed qloge%ﬁelﬁ %95 )Of.u 6 . Process

accordi ng to suwp onierofbdirer pirecediing: Gl @iwiBL.ciWiHeh Hyaees s diydnher
conpri ses separating styrene fromthe top stream containing styrene and

wat er obt ai nétP TR iStiel (ViDhany lebteEne puitfgisestiyy evfep (111) 'is

introduced.

10 2. Process according to claim 1, in which process the
distillation of step (iv) is carried out in 2
distillation columns.

3. Process according to claim 2, in which process the
first distillation of step (iv) is carried out with the

15 help of a reboiler.

4. Process according to claim 2 and/or 3, in which
process the second distillation of step (iv) is carried
out in the presence of stripping gas.

5. Process according to any one of the preceding claims,

20 in which process the top stream containing
methylphenylketone obtained in step (vii) is subjected to
hydrogenation to obtain a reaction mixture containing
l-phenylethanol which is subsequently recycled to
step (iii).

25 6. Process according to any one of the preceding claims,
which process further comprises separating styrene from
the top stream containing styrene and water obtained in

step (vi) to obtain purified styrene.



