PROCESS FOR PREPARI NG STYRENE The invention pertains
to a process for preparing styrene by contacting
waqgasesmasis7 phenyl et hanol with a heterogeneous PCT/EP2004/053240

dehydration catalyst. A commonly known net hod for
manuf acturing styrene is the coproduction of propylene
oxi de and styrene starting from et hyl benzene. In
general such process involves the steps of &
reacting ethylbeﬁ%@ﬁ@sﬁnFHRoﬁﬁégﬁRéNGaﬁ?YRE Eor m
et hyl benzene hydroperoxide, (ii) reacting the
et hyl benzene hydr operoxi de thus obtained with propene
in theThee$Bmeetb®napeepakhdatboa pabaésstfbﬁ prepdring
progglene oxi de hen - et hanol, and i _

Y EnRoBYheSuPRGHI RO BERaRGP TnobesvyrEhensy vith a

deﬁxgéebgeﬂeeﬁbngeﬁyayat§ehecgﬁgxgget'On catal yst. The
present invention partl cul arl y ToCcuses on t he | ast

step, A. eommhelﬂehydwatmehhoﬂ fphemghufethanmhgtstyrene is
ggd st 5 The s nthe3|i of styrene is nFortant )
be ﬁsgo PLUGHLATCP T f BhEPY dRBea8 93r??ﬂgsﬁﬁ grfaftarting
f0erﬂ'é§B%§béﬁB@ﬁéC|§h eéﬁeysissaéﬁhp§§c@g§8£h951@8Q the
i k di sadvant age of these processes is the

foﬁﬁﬂpﬁoﬁfoﬂlhe§©§cbyn9r@Eh&ﬂbeespeelunty Pkyghlmser air to
b d | bI t
B e T e e B R E N T LT CRep fipe the

preseplbenzéhe ﬁ?@ﬂob@rbﬁ@ddehlﬂdéabb@ﬂiﬂ@ﬁtwiBBt Propene in
phenol and et hy Ighenol have been observed to react
wi ERe- PReA§NEe hahoft RRPELYAEHPHI AataAbKSL - tanyield

p9b¥8bg¥éﬁéegxpasn9ﬁa +ghLAyd0eenRaby onbyqr esul t in

heavy product bein but a so in the
consunbtconveftangathablepheayﬂreghenubounﬂo #tyrene by
sol.uti 0 this, roble

dehy ra ion usi sultable dehydration catalyst. The

present invention particularly focuses on the last step,
i.e. the dehydration of l-phenyl-ethanol to yield
styrene.

The synthesis of styrene is important because this
product functions as starting material for wvaluable
commercial products such as plastics and the like. A
disadvantage of these processes is the formation of heavy
by-products especially if these by-products are formed
from valuable starting compounds. Phenol and ethylphenol
are generally present in the feed to the dehydration
unit. Both phenol and ethylphenol have been observed to
react with l-phenylethanol thereby forming mono- and
polyalkylated phenols. This does not only result in heavy
by-product being formed but also in the consumption of a
valuable starting compound. A solution to this problem

would be the removal of phenol and ethylphenol from the
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woul d be the renoval of phenol and ethyl phenol from
t hef eed before dehydration. However, phenol and

werdogloptisnol are difficult to separate from  PCT/EP2004/053240

- phenyl et hanol and such separabi an process woul d be
cunber sone and expensive. It has nom;surprisingly been

fo t e nt . of val.uabl e -ph t hanol
|sﬁgggs§%§ L d%ﬁggﬁﬁéégPra PEEIFe- Pgﬁgpﬁoﬁn ﬁtgglp enol
redmeedliﬁhsuamtta|bépaSéﬂ@HEfoﬁf1Lbﬁeh92§ﬁhb961|bnaa%uch
been found that benzyl al cohol can reduce the anount of

vaﬁQHBPQtlﬁﬁeﬁ§P§?ﬁ§nUpuﬂéabﬁeéumbﬁﬁsﬁménéndaﬁapenslve

et hyl phen d ratj f oun

Char (he BRenaradaPBe (BEASEunERur FELBH shirr fiRe' 3M0tne o

bemayhabdeh@thénbé@thbabaohhhchaispbeﬁeﬁheduﬁhn@hbhe
Hégratlo Thys, the presence of benzyl al coho

gSifalifoanticor caphéRy E8RaR6I TRAMERTr 84bESaRELRLLY .

phgaﬁhaggdbgrtﬁghyhgggggbn The process of the present

i NnVentio W process for preparing
styrenétbyaaoheantfngnd phstobsntgddlwbhoh cent akdace the
-phe nol and/ or

DRGPYRE. 87 Rri oG Rl PhRbulstodtny Grarton wilh Phenot

Inahﬂ¢o@réﬁﬁ?ﬁﬁh@ﬁo§tdh@@ﬁ& Qaéop%@%eoﬁeﬁ?ﬂ%¥£§bﬁoh@k was
and at a nolar ratio of benzyl al cohol to total anount

ffﬁﬁéﬁothaﬁdtbﬁhyhsh@hoandioatetéaéphenel Deeatkddwith
he dehydratio
-e§§ﬁ§?g?ggﬁg lin 0 s%%?éﬁg 8§cgrg$népfgs?ﬂg é?gigﬁtthe

indehydmathsncawhhed thé ppekbBAcgasfpbasgylblcohol lowers
prlﬁ? mbj nati on of conditi ons can be
e

app mQEDFoﬂﬁ éspFﬁﬁylﬁﬁgﬁVPétHBHGh reastipsvahhi ahepol

|naﬁa¢oga§tgpgﬁﬁeng@e dehydration conditions which are
generally applied i nclude reaction
The process of the present invention now relates to a

process for preparing styrene by contacting a gaseous
feed which contains l-phenylethanocl and at least 0.1 %wt
of phenol and/or ethylphenol with a heterogeneous
dehydration4catalyst in the presence of at least 0.40 %wt
of benzylalcohol and at a molar ratio of benzylalcohol to
total amount of phenol and ethylphenol of at least 0.8.

Detailed description of the invention

The dehydration of l-phenylethanol into styrene
according to the present invention is carried out in the
gas phase. In principle, any combination of conditions
can be applied as long as the l-phenylethanol is
substantially in the gas phase. The dehydration
conditions which are generally applied include reaction
temperatures of from 150 to 350 °C, more specifically of
from 210 to 330 °C, preferably of from 280 to 320 °C. The

pressure generally is in the range of from 0.1 to

10 x 105 N/m2.
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tenperatures of from150 to 350 C, nore specifically
of from210 to 330 C, preferably of from280 to 320 C

WO 2008@546Essure generally is in the range of fPOIEP2024/053240

to 10 x 105 N nR . The dehydratxon process wl|
generally be carried out in a reactor containing one

or nor s of. _het erogeneous cat al feed wl |
usuall?hSe FEédaég%OPhgreﬁ?aFygfi? gSH@EaTEMrBEgﬁarrled out
node. al RepEichbel pbatadnynhebaeogenfoys §@H§|M§th€€€r9§eneous
used in the Eresent process. Catal ysts which are wel

knedkatysbe Shet BPE véipr nsvadlinbaaled! kuker &hantahalyst
alyg1 gg1§hE58§Feﬁoggd Htype synthetlc zeolites.
er Y,

Pre umna catalyst is used in the present

processn Artatapyst mhyChetér©§§ﬁébab|Ma@é@?@ﬁrégnl§e used
dehydration catal yst conS|st|n$ of shaped al um na
4

cat@l 8¢ Bé??PBFegrﬁ§€Fﬁg @akafyvate whéah(BEY)wehlt kBown to
B L e

n1$gllsataspandsHhﬁypagsgnﬂhanmteZeoi1aésLeaséféeﬁﬁly, an

nm . This catal yst has been descri bed extensively in
EP KU 859088 e AVP hr £ ReRocdt Aty SRCVRFERSRS BEPEEFAH I

Subéﬁgl? stopnyes i8 éQﬁe@i§§f9tp£Q¥§92é8n 5Sd8hydration
dehydration catal yst conprising shaped al um na

ca@@tyéyspaﬁpnaheSlhavcﬁgSha§adfabemaneacéBEIysbfpéromtles
8 140_m /g.and a_por ) _of nor

0. %Qﬁ?gg dgggFlﬁgd |§ Z?%?} Egoﬁgﬁﬁepgf %Fom 80 to
apPAOCﬂzzgnaggzgléggeovoiaﬁe @HﬁpykﬁtPﬁgokaésgdo%ofrom 0.35
use int present 1nvention can’ be preépared’by

ditéedehb pidgesef whpcbces83foo Prepanifg ssiiabperes

1- hen | et hanol %eed 0 S, C ctlng [opene and

et ?Yb 3-8n 1ﬂ@8 8ﬁe?gxgﬁei?%5t ?868 1s catalyst has
been described extensively in EP-A-1077916. A further
catalyst which is especially suitable for use in the
present invention is a dehydration catalyst comprising

shaped alumina catalyst particles having a surface area

(BET) of from 80 to 140 m2/g and a pore volume (Hg) of
more than 0.65 ml/g described in detail in European
patent application 03251123.0.

The l-phenylethanol feed for use in the present
invention can be prepared by different process. A process
for preparing suitable l-phenylethanol feed comprises
contacting propene and ethylbenzene hydroperoxide to
obtain propylene oxide and l-phenylethanol. Therefore,
the present invention also relates to (i) contacting
propene and ethylbenzene hydroperoxide to obtain
propylene oxide and l-phenylethanol, (ii) separating
l-phenylethanol from the reaction mixture obtained in

step (i), and (iii) dehydrating l-phenylethanol obtained
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obt ai n propyl ene oxi de and -phenyl et hanol. Therefore,
the present invention also relates to (i) contacting

w@e@pemasand et hyl benzene hydroper oxi de t 0o obt BETEP2004/053240

propyl ene oxi de and -phenyl ethgnal, (ii) separating
- phenyl et hanol fromthe reaction m xture obtained in

t . d h th
ob Kekp, LA e AR KO8, GRRRRHLTRRL on. e
|nEEhylb9nz$he ayaybpemaemaehydnmpaea&udg b@'brééH@EHyby

ggared bé reacting ethyl benzene wth oxygen or
a|F hRdnPhBNLESNRRBR YiEBNppB¥EAR Ph @h@

'phenyb@ﬁ@ﬁﬁ?ba?ﬁgdwﬁﬁnggréoé?@g %Hring ?d% Rhanwhahhanol

preparation o enze roper

cofitadt tag peoﬁemmednﬂhrEhbytbenpeepabaﬁi@ﬁebﬁxtﬁé

The ﬁnﬁ nt of contam nants which end up in the feed to
t ¥ §

t hg SPE?PthMHFPpaéﬁéﬁ8§ BAdt RSB BSBEABRENY Propene
Seﬁﬂfﬁtéﬁﬂ¥§BQnEthfh?é&bﬁ@ré&?&é fhéué%gﬁﬁts8frce of

contam nants are recycle streams. Part o reaction
m gontembheatrenhinht beddepyiinathenfeadt tbsthsudkhydration

sent . Fagk to.the dgpédra i on un t after further

colUeF sPORBAT Sho5PEnER FG%B?P | SSPRBATLAR &Rdnple is

a phackientcent atBppy A fﬁk@ﬁé¥e£Mu£éégSfaEBHESmQBants are
nmet hyl phenyl ketone. M thyl phenyl ketone can be forned

sr%9y9¥@dﬁéreamsthBaﬁﬁngfabh@rEe®€tlphemykeuhanobtalned in

t
hy a6 dehl 8heEBhOLIL PO o e BRE Wk ehEE FREBRS
p@ehydehhﬁoaluﬁﬂﬂ afbseqoenthyr cadnberseenchnd t@bthential

dehydration unit, The feed for the present process
coﬂ?ﬁ?E%C%FlP%asﬁnoeﬁa@@}eo%Spﬁeﬁ%@cﬁh@ne@ﬁyﬁéh@h@g a

ek endy g bphensbuelarnl st bl fe ol o, o
t Melthplpeepytkehongncan be formed as by- product in the
manufacture of l-phenylethanol. The fraction containing
methylphenylketone can be hydrogenated to convert
methylphenylketone into l-phenylethanol and subsequently
can be recycled to the dehydration unit.
The feed for the present process.contains at least
0.1 %wt of phenol and ethylphenol. Phenol and ethylphenol
behave in a similar fashion in the process according to
the present invention. Both tend to be present in
1~phenylethénol containing feeds which are generally
available. The amount is based on the total amount of
phenol and of ethylphenols present based on total amount
of feed. The presence of phenol and ethylphenols is
especially disadvantageous if they are present in
relatively large quantities such as of from 0.2 %wt to
2 %wt, more specifically of from 0.3 %wt to 1 %wt.
It was found that the presence of benzylalcohol

ensures that phenol and/or ethylphenol consume less
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- phenyl et hanol containing feeds which are generally

avai |l abl e. The anount is based on the total anount of
w@b@sos418nd of et hyl phenol s present based on tPRPCHEP2004/053240

amount of feed. The presence-of phenol and

et hyl phenol's is especially disadvantageous if they are

res Lative | ar ua ies_such_as of from
0 ; g&%nyoegg i ngﬁe Sgéuch§F|§eBFfFFaﬁ%@ Sheyampygnt of
1 b@hzynhlmaﬁoﬁop@@séh@tshbalarséeaﬁeleésbeoszaLQQhahd

ensures t hat _phenol and/or ethyl phenol consune |ess-
- 3dghBAgnathinshe malerdeprtie pé b@ﬁéYlélaphOﬂhEO total

anoHanel oPepryla: CANA PhEIEALASIOULE,RE BL LEAShast 0.5,

and i onal y
bemhylapeohﬁhctambuhaloanbantymﬁlpbaamlwnmdh referably is
eth henol should be at |east 0.8. The spe0|$
anB ﬁ °gf %@nE?PaPEBﬁ@?SmﬁFEﬁrﬁﬁggeFﬁbFVG|§r9§@§§n@nVﬁntlon

thge éﬂagsénaEﬁgrngQ%tQﬂBHHtPBESEHEHbF ﬁﬂ&'?gagﬁgﬁggél

on the total anmount o enol and eno
preseah ia pheséeédlnPtbéefabuy Prhéeﬂnbay,rahéOmeiar ratio

b | to phenol . and. et hyl phenol d th
o R TREn gl cpBaR R pn B chny BT  Panepon, Sheige the
1. Bonthctsidi sadyantaggoys MBré09pébifh§a?§?2¥t:h8999|1.0.

is present as this results in an increase o
redet iandbsagrendrgandsotfethgl phehbe benhylalcohol is

) g?@géSEhQQo%hlgbﬁgVSitst %oggcynggg% lalgogﬁ?hg?actlon of

0 dI'sadvantageous as i €s no

|nph@meneaﬁd/&bnetaynphenbl|ﬁlﬁheieph@ﬂyleehaﬁélnDﬁBwéver,
%t of benzglalcohol is_present, nore specifically at
no5PC 2MYGR ﬁ%?%lébQEPP@chﬁl?lﬁ? #Hsedyantageouppas it does

SOSSEILPRLLY, Rrthat Inbituolbic TORBESERLLY, ohe, i

copraﬁergedethatyatsmastnﬁs%wﬂOQfnbenzyb&bcéhchliy ptesent,
more specifically at most 2 %wt, more specifically at
most 1.5 %wt, most specifically at most 1 %wt. The molar
ratio of benzylalcohol to phenol and ethylphenol during
the contact generally is at most 10, more specifically at
most 5. A preferred molar ratio of benzylalcohol to |
phenol during the contact has been found to be of from 1
to 5, most preferably of from 1.5 to 4.

Limited amounts of benzylalcohol tend to be present
in conventional l1-phenylethanol streams. The exact amount
of benzylalcohol depends on the process set-up which is
applied. Typically, a l-phenylethanol feed for a
dehydration unit contains less than 0.40 %wt of
benzylalcohol. Therefore, a conventional l-phenylethanol
stream as such will contain too little benzylalcohol for
use in the present invention. The feed for use in the

present invention contains at least 0.40 %wt of

benzylalcohol, more specifically at least 0.45 %wt of
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nost 5 . A preferred nolar ratio of benzylal cohol to
phenol during the contact has been found to be of from

wa2a06/05415nost preferably of from 1.5 to 4. Li nPCEEP2004/053240

amount s of benzyl al cohol tend o_be present in
conventional -phenyl ethanol streams. The exact anount

of hol nds, on the.process_sef-. up_which
gl S DR A e T
debydeglhdooHolt tThatanBantess bBaRyDa#0of®i 8hn be
benzyl al cohol . Therefore, a conventiona

1- bREKGRECHAHBI 2BY r Bakh k8ownchowbe| ssbdhakbia toosbinebhe
b | ' £ tion, T
oBRY} 36001 £hel abeT TE LDopREEEENY LOLRNG REnay S1conon

use I nt resen nven

| east sQcU0 Heweoérpetrybalsogeherabie spesiftcabhy at
| east 0.45 9% of benzyl al cohol, preferably at | east
0. 3BPSRELTF BRAZGHEPEBRSNS MABhGFBUNt of benzyl al coho

can beAﬁn&&@éﬁ@Qgé@uﬁnﬁr&@gs%F?@P iﬁcpg%$gﬁéagﬂ to

sonmeone skilled Tn the art. 'S PpoSsI o add
beeytul gebhohohscentent Hoflevke , dehysrasigenenat | Yolprises

rel ativel xpensipve, and cunbersone net hod. An |

Lt 4Rt BR ottstnf oror hERLaST hooPhes beshyRal bohe
co@é@ﬁylgigéhéld@@&df@éyéﬂiﬂglEh&oﬂ@ﬁtffélcohol thus
hydr ogenati on of the contam nant benzal dehyde 1 nto

bePyrinedhe? bhel deleydrahgon henbenzk| speohdicthuscess

L hed d d i it. A i f]
cohpMCCARLLE YR MLy A B0es) LE.8BEess

condmi asns pheplyd ey heriohnandagd 4€apéade 10 Wt s pf phegRbnol
and/ or ethyl phenol with a heterogeneous dehydration

caAUT4RT PNYHRNIRL Rt o heteregeneoun delydration
pecsydslsonoh ond e ol ok ol o gL TR E DL 1
benzylalcohol and at a molar ratio of benzylalcohol to
total amount of phenol and ethylphenol of more than 0.8
to obtain a reaction mixture containing styrene,
benzaldehyde and methylphenylketone, (b) separating
styrene from the reaction mixture obtained in step (a),
(c) contacting at least part of the reaction mixture
containing benzaldehyde and methylphenylketone obtained
in step (b) with hydrogen in the presence of a
hydrogenation catalyst to obtain a reaction mixture
containing benzylalcohol and l-phenylethanol, and (d)
recycling at least part of the mixture obtained in
step (c) to step (a).
The benzaldehyde and methylphenylketone present in
the product of step (a) can be by-products of the
dehydration reaction of step (a), can be introduced into

step (a) by one or more recycle streams and/or can be

present in the l-phenylethanol feed of step (a).
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benzal dehyde and net hyl phenyl ket one, (b) separati ng
waeosemast rom t he reacti on m xture obtai ned i NnPGL/EP2004)53240

(c) contacting at |east part_of the reaction mxture

cont ai ni ng benzal dehyde and net hyl phenyl ket one

obt ai n in e ) . with.hydr nipth resence _of

a hydrgggnggﬁéﬁgcé?aP§§FY%8X88g§$n BHFES tgaﬁ Riktvdpaenol

coptrasenngihennyl a-pabaliardahopheaxhet BapakenaBd ¢dL total

recycling at |east part of the m xture obtained In

st 8popey Pé stepapa) whikk befzakdehpdehandehydration unit

can bRy, £8ARE=OhERRaha Ry arE: ok Peaetiah 5P thi,

(agichgdpabeohnteadueedskpheastepron) thy fREnOr nore
recycle streans and/or can be present in the
1-;5@H9P¥9ﬁ5ﬁ6poie§§e§ﬁ step (a).The anount of

benzyl 0 - e ol..p ent _in_the
1 phenyl et banel P Ead e REe LRk BRERChy BLER BhatiRe b p ¢ tne
st peassnwhiohent tohedahobthprdebydedt fanthdkt in any way

in Iuding recycl e stge gs whi ch can be added to the
deRYaPht 8nSPBaEte: SELLAPa: 601 Fof £Rb- nYAR if there is mo
- Paesybebhanobeheadacliaer eaatbbonod xhtlo epRERIOCARYI, 1t
the process of the preSent invention can be processe

f utEheenehabny aEyarhagaous s6nebyeeski isedepardhed from
ar ' is_n ecycl,e. of _ben dehyde ,
corerteactteh BLRsbPa SBher or 1P ot BenararTgACLon uni,

adwndt agebesst fpstyreneths §@@@tﬁéﬁdmikﬂﬁiéh@oﬁ@éﬁﬁﬁﬁ? a
m xture obtained in the deh%dration unit, and at | eas

paPtPBEaRhba t c2BOVRR Af xPEE ytpheny hkagone sibshudrpaenated
eyt G STy ket o0, L BIEDRL AL, (Bt gned can
be recycled to the dehydration unit. Further separation
and purification steps depénd on the products required
and on the exact circumstances.
The invention is further illustrated by the following
non-limiting examples. |

Comparative Example 1

A star-shaped catalyst having the physical properties
as indicated in Table I was used in a microflow unit
cdnsisting of a 13 mm diameter plugflow reactor,
l-phenyl-ethanol feed facilities and product vapour

condensing facilities.



10

15

20

be recycled to the dehydration unit. Further

separation and purification steps depend on the
w@e@dost1s7 requi red and on the exact circunst anP€BFEPIN€053240

invention is further illustratgd-by the foll ow ng

non-limting exanples. Conparative Example 1 A

st ar-shaped cat al yst haV|ng égf pEyS|caI properties as

indicated in Table | was used in a mcroflow unit

consisting of a 13 mmTdiabgser ppbughkt ousr eact or,

- phenyl -rethanol-feed facilities and product vapour

conden3|r{§h%§ﬁl ities. Table I Catalyst pf épéwtle

Shape st 4gr bu ace area ) g—99—+Pore tH¥e / 9)

0.57 Por ¢ i 21870 0( 1§ (Gh?i/g) 0.07 Si jg Crushf ng

St rengt h (Y, %x}ﬁwﬂplﬁi g Strengtihr—(vRa —H Bul k
density (m/qg) O ‘1t|{§e di aneter (nm '576 The
f eedst ocK reansiedRtheo> 110D Phm ofmIphgnol [ 0003~ pheny!
- et hanol The outlet streamof the micrp flow unit

was Ilquef~°11é5da W%ﬁd&ls‘ﬁﬁ%}g@hd )he repfllting fwo

phase |id es—an Dy freanp—et—gas

chronatoc#% ]§§ﬁ%na y rFﬁgﬁgéh@ﬂ?ﬁtlon e;perlnent
was carri egi;lq@tdeatsﬁiyan@ﬂr@ test conditippsyer 1. O
bara pregsure and a tenperature of 300 9. The fleed

rate of -6ﬁ€ﬁwciﬁlﬁmﬁmem%$ (wai)nt ai ned a} 336 gralms per

hour and “thet+eactor—+ub

192

The feedstock consisted of 1.0 %wt of phenol in 1-
phenyl-ethanol. The outlet stream of the micro flow unit
was liquefied by condensation and the resulting two phase
liquid system was analysed by means of gas
chromatographic analysis.

The dehydration experiment was carried out at
standard test conditions of 1.0 bara pressure and a
temperature of 300 °C. The feed rate of l-phenyl-ethanol
was maintained at 30 grams per hour and the reactor tube
was loaded with 20 cm3 catalyst, which corresponds to
13.8 grams of star-shaped catalyst particles having a
length/diameter ratio of about 1.1.

Styrene was removed from the reaction mixture
obtained and the compounds in the remainder of the
reaction mixture were determined. The amounts of the
following compounds were measured:

- molar amount of phenyl-CH-CH3 moieties per mole of
phenol converted

- molar amount of phenyl-CHy moieties per mole of
rhenol converted

- molar percentage of phenol converted

- molar percentage of benzylalcohol converted
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was | oaded with 20 catal yst, which corresponds to 13.8
grans of star -shaped catal yst particles having a

WO eqogbsfidl aneter ratio of about 1.1. Styrene WeSI/EP2004/053240

renoved fromthe reaction m xtgre obtai ned and t he
conmpounds in the remai nder of the reaction mxture

wer e d@ggra%gﬁgl Egecggnﬂggg ?fi§h§of8||o§h8ﬂ 1-

conpounds re" neasure anmoun

Cbh@h@l@@hﬁhbﬁshﬁgrr@ﬁh%e@fwﬁﬁﬁn eﬁBTVSthgthFﬁenol

anmount of phenyl -CH2 noieties pe nole o
conver Ted nbeaylpéﬂgemDaQEYOispﬁenmédcmhuerbeﬂzymhaéohol
per cent age of benzyl al cohol convertedThe phenyl

- creeHseastedywishi phaealwasnethyphbaygbét hanol has

ooty TS PeTRa] h%'qaiﬁr bR EED ﬁ%ﬁ*ﬁ*fﬁgtﬁgigﬁxdawtme
c.f%%éy%@%?%gﬁag?ﬁsaahﬁﬁ& FE 55 ob g SR dcthe v abae of

trl-ﬂgﬁy # a]c“)]tﬁeno geéﬂggd&lLZ?ﬁéré%gggfgyiated

etplydalp)meaohsd dIhelkgsutés étl@ylplddaﬁ@l@d in Table I1I.
rati ve Exanp gﬁfeated except
that t ef%%ﬁ% B%ka€%n§m§%%@t%¢ HndT eofIphenol and

Z.QX%Q% 18f 1 benzyl al cohol in -phenyl -ethanol . The
r esu indicated in Table Il. Exanple 2
Conpar@eiper&Exavel exdnpbs Iepmtn@eab@@tekb@ptthﬁat the
2?@ éocgcﬁoggkgiggegfog f dwéwt o) hgggkofngng g 6@£wt of
benzylalcohol in l-phenyl-ethanol.
The results are indicated in Table II.
Example 2
Comparative Example 1 was repeated except that the
feedstock consisted of 0.3 %wt of phenol and 0.6 Swt of
benzylalcohol in l-phenyl-ethanol. _

The results are indicated in Table II.

Comparative Example 2

Comparative Example 1 was repeated except that the
feedstock consisted of 1.0 %wt of 4-ethylphenol in
l1-phenyl-ethanol.

The results are indicated in Table II.

Example 3

Comparative Example 2 was repeated except that the
feedstock cpnsisted of 1.0 3wt of 4-ethylphenol and
2.0 %wt of benzylalcohol in l-phenyl-ethanol.

The results are indicated in Table II.

Example 4

Comparative Example 2 was repeated except that the
feedstock consisted of 0.3 %wt of 4-ethylphenol and 0.6
Swt of benzylalcohol in l-phenyl-ethanol.



benzyl al cohol in -phenyl -ethanol. The results are
indicated in Table Il. Conparative Exanple 2

w@isasasi ve Exanple 1 was repeated except thaPCT/ER2004/053240

feedst ock consisted of 1.0 %w gof- 4- et hyl phenol in
- phenyl -ethanol . The results are indicated in Table

excopt That ST RECT EoHet DU CORRT st b HhCe D ot of

4- et hyl phenol and 2. 0 % of benzyl al cohol in -phenyl

-ethanol . The results are indicated in Table I1I.
Exanpl e 4 Conparati ve Exarrﬁ\a@?lz3 was repeat ed except
—ttrat—Tthe—feedstock—consistedof ]
BXa. ethﬁep%denol and 0.6 %th&g%gi z?ﬁgpg%hgl (PHY bHenyFrzyl-
- et hanehsThe, riesstesylar € iondiosat pd-tR ablpghédol abiagcohol
Il BY. Feed phenyl - phgnyl 4- (gt hylf benzyl (9
- phemytharngd) cH - CH phenaxioiaaltqzohmbletyaﬁ@n)’eﬁ*é?@t gj}onverted
noi etly converted convertied (%9 {P9 o g 1. 88 (%)
92 1|. phenol 1.71 0.49)96 63 2.D benzylalc hol 20 0.3
Compbengll .0 Thdehdd 97 64 (. 61beazy| al coho 10
ethyllphenol 1.64 91 3 110 ethylphenol 1 ’2’2 CL Rﬂ 10060
1 berz]y|oa|ml 1.71 7| 0.49 96 63
2.0 benzylalcohol
2 0.3 phenol 1.73 0.54 97 64
0.6 benzylalcohol ,
Comp.2 | 1.0 ethylphencl 1.64 91
3 1.0 ethylphenol 1.33 0.60 100 60
2.0 Dbenzylalcohol
14 0.3 ethylphenol 1.34 0.54 100 60
0.6 benzylalcohol
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4 . ethyl phenol 1.34 0.54 100 60 . benzylal cohol1l . A
process for preparing styrene by contacting a gaseous

wo e@d/osdisTh cont ai ns - phenyl et hanol and at | eaBCT/EP2#0#/053240

of phenol and/or ethyl phenol_ whth a heterogeneous
dehydration catalyst in the presence of at |east 0.40
%t of benzyl al cohol and at a nolar ratio of

benzyl al cohol to total a t_ of phenol and
et hyl phenol of at [ east ggggiﬁ#gliﬁi process according
to claim1 wherein the heterogeneous dehydration

catalyst is an alumna catalyst . 3 . The process
ackor dt igrecess afor PLERHLIND sthoreia hhecqrivoesing s

performed at 150 to 350 C and ressyre in the ran
DT, S8 Waish Loy CAASEEGrah Tod qy Least
one. fwet ab fpHeh®L ades i St APEOHBAST Bt Oa Heterogeneous
benzyl al cohol to total amount of phenol and

etdi yhenol on scataydim In ths pesencerotess ¥erst 0.40 3wt

i s R T e G R

i redthel puesene eo pfpetisl efrof engopEpleaial Yot 410 TS 0. 8.,
propyl ene oxi de and -phenyl ethanol, (ii) separating
- phenyi® RERFCTS ARIHEIERET shaithre&sm i dde i n

st L g (4 i PP o -g%ﬁgy | . obtai in
st}gégcé{]il(%% in l%\é pcgéo%ess glc%%r | ngiféo@?\%; %Iﬁe&%}r{]lc ai s
1 daxaflysth. . A process for preparing styrene which

DPCONS RSS2 do Sl OLACL 100, 5 oposoun, fsed el

a¥ess is performed at 150 to 350 °C and a pressure in
the range of from 0.1 to 10 x 10° N/mZ2.
4. The process according to any one of claims 1 to 3
wherein the molar ratio of benzylalcohol to total amount
of phenol and ethylphenol is of from 1 to 5.
5. A process for preparing styrene, which process
comprises:
(1) contacting propene with the ethylbenzene
hydroperoxide in the presence of a heterogeneous catalyst
to obtain propylene oxide and l-phenylethanol,
(ii) separating l-phenylethanol from the reaction
mixture obtained in step (i), and
(iii) use of l-phenylethanol obtained in step (ii) in a
process according to any one of claims 1 to 4.
6. A process for preparing styrene which process
comprises:
a) contacting a gaseous feed which contains
1-phenylethanol and at least 0.1 %$wt of phenol and/or
ethylphenol with a heterogeneous dehydration
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et hyl phenol wi th a heterogeneous dehydrationcatal yst
in the presence of at |east 0.40 %w of benzyl al cohol

wa@ap@sas4187 nol ar rati o of benzyl al cohol to totaPCERP204/053240

of phenol and ethyl phenol of Hgre than 0.8 to obtain a
reacti on m xture containing styrene, benzal dehyde and
nmet hyl phenyl ketone, b ) separating styrene fromthe
reaction m.xture obtained in ste a), ) cantacting
e} enRURE tof s RES BREERB ot Gie LeoREabniig HhE oF

benza!%%%&%Qaﬂ%%h6ﬁtﬁﬁbpa%nﬁ|%%HQQGIQQH%iB%dbéﬁz?igﬁcohol
(b) with hydrogen in the presence of a hydrogenation

cat al y$p ttoteldt ameuatr @dcphenodi andr etbydpaenoigof more
benzyl al cohal .and -phenyl et hanal ,., and.d) recycling at

| east % ngtﬁg ﬁ§§9&¥eaoﬁF§Fﬁ&8niHl§%8§e( an8%§98H
(a). 7s-tyElé@1‘é§S$)e@@@1Q6@hP@et anel alefthiyd phehéh kBEBEeSS
the nolar ratio of benzylal cohol to total amount o
pHehol sgRgrethypeénsenies fapmf thm repgtion mixture

obtained in step (a),

c) contacting at least part of the reaction mixture
containing benzaldehyde and methylphenylketone
obtained in step (b) with hydrogen in the presence
of a hydrogenation catalyst to obtain a reaction
mixture containing benzylalcohol and
l-phenylethanol, and

d) recycling at least part of the mixture obtained in
step (c) to step (a).

7. Process according to claim 6 in which process the

molar ratio of benzylalcohol to total amount of phenol

and ethylphenol is of from 1 to 5.



