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The presemwummﬂmmlmm relates to a process for the preparation of styrene
or .substi es froma feed containing 1-phenyl ethanol (also known
as a-phenyl efhapol or nethyl phenyl carbfnbl-) or substi t ugesligus®2p02ny|

et hanol, involving the conversion of bis(phenyl ethyl)ethers or substituted

bi s( phenyl WIIIIIIIIIIIIIIIIIIIMI“MS into styrene or substituted styrenes. The present
i nvention IIIII t o t h@ROGESBEr £08n PREPARE NG SBYRENESNY| et hyl)ethers
or substitut edgdases( phenyl ethyl)ethers into 10 styrene or substituted
styrenes. A commonly known nethod for manufacturing styrene is the

coproducti on of prdhd e edtdd revech tSitoft erel sty tiang fpmuethyfdentziesne. | n

I h i,nvol the st f (1), i thylb ith
Oxygen o air " EB PR TAIILL T I WSEAATE Th T S T (e TR TG € he

et hyl benzene hy@eepeyand it idyis -geri yiede yhddo Pr gfiee krvvhe Presgrneeydf an
epoxi dation catalyst to yield propyl ene oxide and 1-phenyl, ethano], and
(iii) converti ﬁ&hlaﬁ‘é?’li-%%é‘i’ﬁﬂhye]t PR Y A RIRMHEIN L HyS B ittt on usi ng

a suitabl e dehyliedly10n trr VS tinvEIR IHESERY  ¢SMATEH (0h RﬁﬂtBiC:UI@ﬁé%yi ocuses
on the last step, i.e. the dehydration of 1-phenyl ethanol to yiel

styrene. Durin§ e ) EdHRFSatq%m YHS Ui HE 10 iet (RIRNY: & KA STNSES stE? al

by-products i nsad@idnedbt GuaE ARl i Rthe SUCTha S RY S VilBRest 1 &gl udi ng
dimers and triners of styrene and bi s(phenyl ethyl)ethers. A major part of
t he bi s(phenyl adsiy|nediatars Forthed Qo Bt Pa FocfhalpifiBheryhyl ) et her,

which is assu rﬁg f uttIéﬁIﬁ -rtqg%' - I of

1- phenyl et ha%II.hE,%\rIot erxtsbidsr?pnghenyJ~ et yCI %i@?@%ﬁﬁgﬁoﬂﬁ#nﬁt
subst ak i al styremn@ AryEtbpOoutathattydendsd s (a, (3-phenyl ethyl ) ether
. Bis (~3, ~i-phenyl r..J.s I [ P ?E{EEI'IQI .y Jhe

| atter two bi s(pheIrI‘yIC%gII}ﬁCIyrIj)%Iat %é)rVIsn g%gﬂgdsu%e%q{agﬁggs%@l&%m e réeajé%-i on
bet ween 1- andt2epleprodtdtdng cherodylend hxirdeaaricrs thatemee s ttawting

nol ecul es of 2- nyl nol , . respeciiv oo -phenyl .ethanol_i

usual ly alr eadfggﬁle%‘etrﬁ ]Ib%nszr%’ﬁ' E%D%étnse%ynl tSII‘I;cEII ée%eo%yst h@“ﬂ"@h@eﬁ a‘ta?%n
treatment. Thi stiepsproefdof )naretdar itrle ertagilberoferteheviprte cedigen epoxa thatton

st ep, erein heside the 10 mai h products propyl gne oxi de .and .1-phenyl
et hanoIIIgIaI so sOmE™ ﬁ;ﬂef&%ﬁ &’erfecf’ﬁsﬂoeo'ph I ﬁ?@t‘%ﬁé‘%ré‘ﬁoor med.
Al'so in the oXxedalil®erdeaie 30 cpatande efhanabtanichaetwidh pPrspdn&eione

is already forned. Since the boiling pojnts of 1- an - phenyl . et hanol and
net hyl 15 phenyPSk&GREW%e H RV ’g‘l oy ‘iﬁtsat]iﬁqéftiopﬁ’lgld

propylene oxide and l-phenyl ethanol, and (iii)
converting the l-phenyl ethanol into styrene by
20 dehydration using a suitable dehydration catalyst. The
present invention particularly focuses on the last step,
i.e. the dehydration of l-phenyl ethanol to yield
styrene.
During the dehydration of l-phenyl ethanol to styrene
25 several by-products in addition to water are formed, such
as polystyrenes including dimers and trimers of styrene
and bis (phenyl ethyl)ethers. A major part of the
bis (phenyl ethyl)ethers formed consists of bis(a,c-phenyl
ethyl)ether, which is assumed to result from the reaction
30 between two molecules of l-phenyl ethanol. Another

bis (phenyl ethyl)ether normally formed in a substantial



treatment will not effect full separation. The bi s(phenyl ethyl)ethers
together forma substantial part of the so called residual fraction or
heavy ends, i.e. all conponents present in a stream 20 having a boiling
poi nt which is higher than the boiling point; of 1-phenyl etgwmugist 2bopnal |y
the heavy ends will contain 5 to 50~ by weight of bis(phenyl ethyl)ethers,

suitably 10 to 40~ i ght.. _stated hetei fare,,.a tantial part
of the bi s(phen?goggﬁy\é\?egﬁ%#gfﬁspé%nggnﬁgsé’&qgf %t?’lrs'(as,las- gﬂﬁﬁ%e“ﬁ
ethyl)ether. Theth¢iMeBhseg R&rhorRaldypesethed i Hihod -ShemyEs ety ) et her
with small amounts. of bis(~l,&3-gheny gthxl)?%ggr bei ng soneti nmes present
as wel | . Other WaFREEoRBBnRAEIPRRBEENELRY 1Y FENRES, P Zoh A5 SHRe A O 2E ek |

et hanol (0-40k pyometBbt readlidnpbenikbett hanand O-—Yherddy Vet hhd1 a4 hy!
phenyl ketone ' _(0-300 by weight) and pol ystyrenes (0-40~ by weight). Snall
quantitPes of ofFeP ERReFSaCE{ER BAStYRENeLMEr MAAESUIRF 1 oé}c@h%wh-phenyl

ethanol and phegghangBy §é§$e9€i9é§§?n‘rhe-rbep%%tl A ess Oﬁsgég of

t hese 35 conponents i s determ ned the specCifi € reaction 3 gust

2002 condi t i ons2 hReadut RF§SenEnphosedllnampendshyar &theorferdprasthel | as by
the product Sepé‘éIZ%&PQtﬂgﬁ”&éQP éﬁg.a&‘h% F}L@' LRI AT R O, 541}8%%43591?196

these main conponents t remal nder of t eavy ends, up to y wer ght,
is 5 formed by of hthe conpoediisgheponidatbonl istgppowite deighdves hde theat of
1- phen et hanol . . | venti | _pr S f Qr__manyf.act.uring, styrene
t he heéby ends T%%%2%£$§u§ﬁ£ §5%¢§£g%? P%gg%r%§g%§ m%%%%nﬁékf éﬁ %%??uel
and are burnt isomebd+peenitD évhseoll anthimethgy phleatyilv et oree uabd e

products are logst. | | d be beneficial.if the amount of .val uab

D oduct s pr esentoTREd neRhEdv iR ehls RBLMACET: Sdsrod i RISl FHhARRY on
aihmsht 0 provi de%lm wéfiegl | pepyDCRSSOHOT ieoa\lelehidgg fwmll Frﬂﬂuc{ﬂé eaeanf t in
the heavy 15 ends.jnto styrene, _.thus increasing.the overa ie 0
styrene while ﬂﬂﬁk 179 ?ﬂ%nﬁﬁnﬂﬂt?Bfaﬂaaéypgﬁag; Fﬁh8§qi,§V§¥§Wﬁg%ybrocess
for thgsrecoverphefyhroebéhé Aydrrarbery tlomedelydiaidian desseues

obtained in the preparation of styrene from 1-phenyl ethanol is 20
di scl osed. The PreRERRNE Wbl heROSUBF EBEENG UL e S@BRY@TAO o resi dues to a

thermal cracking tregd neng (Shedyl COPRY A} HERekB tBGetRRIE ffrm2p t0 475 C
and at an el evated pressure of about to 21 bar, "withdraw ng the cracked

ef fluent from t¥ebseartidh pane ahdthecseFrAdeds reisqdug larfomaaion or
hydrocarbons frpm{hisngsacked, ef{] uebhpohbardebydsaion 4 &5i dus general ly

{ ¥

is the residual fraction optalne% after (ennyalgqg the crude styrene from
the deRQdratiorhaybemca keibing Peimaswhbghd ishadgbgrcahan fhokrothiang
thermal cracking,af. eL£ValsteR Psétlﬁ%no%‘? FB?:mgﬂlg”E G dV4 rél?é’:fﬁ?i“fl
formed were conposed predom nantly of ethylbenzené and contadl ned | ow
amount s (usual | goresint hako 350hybvievghghtopb fsibyjsd phemydoregthy Myethers,

ﬁt hyl benzene C?‘é‘uf@aﬁf%yfd) e, t o4 NGy, 0L HghLON A3t SR MY b HdW B , a
ydroperoxide is Torned, which Is a
substantial part of the bis(phenyl ethyl)ethers is
25 composed of bis(a,oa-phenyl ethyl)ether. The remaining
part is composed of bis(d,P-phenyl ethyl)ether with small
amounts of bis(p,pf-phenyl ethyl)ether being sometimes
present as well. Other main components present in the
heavy ends include 2-phenyl ethanol (0-40% by weight),
30 l1-phenyl ethanol (0-20% by weight), methyl phenyl ketone
(0-30% by weight) and polystyrenes (0-40% by weight).
Small quantities of other ethers, such as the ether
reaction product of l-phenyl ethanol and phenol, may also
be present. The exact quantities of each of these

35 components is determined by the specific reaction



35 precursor of 1-phenyl ethanol from which styrene is - 4 ' 8 August
2002 fornmed. Thus, the overall styrene selectivity of the process is

i ncreased and the anmount of heavy ends eventually obtained is decreased.
The thermal cracking treatnent, however, req8i+es rather sgvm@gmod'zti ons,
as 5 aresult of which tar-like products are formed which in return result

in fouling of therRUWiRiENtandWHET POF Cemp NEFEAS EMCE B C RRAIrARS oA &tkPSS
desired for reasons qf process control and necessitate the use _of nore
expensi ve equi pEnt’e Nbriso Ry  ERhPTIPF OV eFRPRIBE 1 80eMgRRSsBpPddedIgiter

sel ectivity and pyiel didnybiaidiekddyli reciide En€seVindihheopibeddationnaf

et hyl benzene. During the conversion of ethylbenzene into styrene additional
| osses agai n ocdgmalngenradsdite iNRAYY | ndhasuP heoad0Qht Bye weahtit is

provi desga proc (=Y i#HM t . SfLyrepe: 15 _se LVEE d
styrene 3ie|d igé%gﬁgfn d%%ﬁ%? |ré%¥§§$§ u%%h%én%rgsléggap ggégshgghgge
presert.inventi dhagoghatotof ivghanyanyetierodl cracki ng treatment requiring

rat her severe process @%@gggdyg%sggﬁ?()eﬂg %gg?gffgrlggngsgiégiBreatnent

to enhance styrene Selectivity an alT styrene yre coraingly,
t he present invemyiremer elbhat éeauwy rpiockssnédrin heher eparatei ofi thestyrene

or substituted styrenes conpy.isSin he. st eps.. of : ) _subjecting a_feged

cont ai ni ng 1-ph§ﬁéfegfh§ﬁﬁ 4ﬁsgﬂékéﬂﬁ5i??ﬂ%&F%-%ﬁ§n9Fee#H§ﬁ3lgpoaaEOller
dehydrat®on treaionmet. iIm tthd spmesensel ofi e byi tabhebllehpdvduces aatalypst.
(b) subjecting the resultin r%ggat Str to a separation treatnent, thus
bt ai nihg a ot r GAmHEHER PR RETEhA R o f RS 1TaRen SfyFanuchie BEPEUrhda
fraction 30 conpaieBieng h@avheeMisviaghds (€dul@mertbadcal .l east part of

t hese heavy ends to _styrene or substituted styrenes by subjecting a stream

cont ai ni ng these hedb§ SFESeNS &4NVeRldqy a¥eattRRrehidRe2pr 8SEREELIBE an
aci di ¢ cracki ngeal@ls¥Sltor convertd iy Qishp SO IV hLBehBe; huthBehe 0t ext
of theeﬁgesent application th term"styrene" al so egbrgces iubstlputed
styrenes? by whie@RSadd tfe &ty r€Nfrefd T ol @H #7 PR dneher ofBFaldulselduefit s
bonded to the a%@@%@h@ Wh1d 0N dufe Ailtey VKW | amount of heavy ends.

" In US 4,375,570 a process for the recovery of
aromatic hydrocarbons from dehydration residues obtained
in the preparation of styrene from l-phenyl ethanol is

20 disclosed. The process involves subjecting the
dehydration residues to a thermal cracking treatment at a
temperature in the range of 325 to 475 °C and at an
elevated pressure of about 5 to 21 bar, withdrawing the
cracked effluent from the reaction zone and recovering

25 liquid aromatic hydrocarbons from this cracked effluent.
The dehydration residue generally is the residual
fraction obtained after removal of the crude styrene from
the dehydration product stream. It was found that by
carrying out the thermal cracking at elevated pressure,

30 the Cg aromatic hydrocarbons formed were composed

predominantly of ethylbenzene and contained low amounts
(usually less than 3% by weight) of styrene monomer. The
ethylbenzene can be recycled to the oxidation step where
ethylbenzene hydroperoxide is formed, which is a

35 precursor of l-phenyl ethanol from which styrene is



5 group. Such substituents typically include al kyl groups, such as nethyl
or ethyl groups. Simlarly, the terns "bis(phenyl ethyl)ethers" and
"1-.phenyl ethanol" al so enbrace respectively substituted bis(phenyl
ethyl)ethers and substituted 1-phenyl ethano#s-having the SARyuLP2002
substituents as the correspondi ng substituted styrenes. The production of
styrene by dehydiidi lenVingt 5a0ek1i ssvpkbnkngunckeibhgyank. chi can be
carried out both in the gas phase and in the Iiquid phase. Suitable
dehydrati on cat &5PReES rict u?déc¥%¢5?%s@%@c@%c#@@énﬁoﬁah@m’w §nP‘|Ske

alum na, alkali caldiyia @ 'c&H‘Eé‘iHé’?sié'&é‘&Péaéé‘Q rrhPensyih eLkG kA 'teS
Dehydration conditions are also we known and usually 1 nclude reacti

t enper at ures of tIGRLXENC fhpwevemi drphatresiehytinari savand QQOd32®OG$, as
typi callgy 280-310 0 N Press S :ange
fromO. 1 to 10 %aFQSJOJrC?%?’l’ %ﬁgﬁggkggg%%aggt?l a&e ?égégé gg“:ﬁ if
applied in stepredurof nd&ukﬁommsﬁombnmgdoﬁgth@ eQBlpmeSEntFunubarmone,For

t he purpose of |nv lon e_dehydra referre . In
a 25 preferred tetg‘%s(? r%a%per[ %‘2@ %g%%%?lgésﬁ 8a??lreﬁ Bar"at Og
tenperature in plre:cremge:cﬁftm amd m&mmtgeaﬂhal usenafbnsed depgasavieon
catalyst. It has been und, advant ageous t o thes relatiyely | ow

t enperatures fof%Y “k?ﬁ%s‘ ¥ &% 4 othh%ol%r%)g %?BHDP ?Hﬁr?ginﬁl\{)’iﬁﬁngo of
bi s(phamyl et hyb)e@@f&rlauand drid |yieidthe doramié@ni aliiobbeLyhi gheboiiang

conponents i ke 210' ystyrenes. The latter will add to the heavy ends from
whi ch no val uabF&€pPd PRUSE IQIh D PHhRibeREene PRELIRIsERC aRBRKErBEOD Of

bi s(phenyl et hykkethehAidTBith®d §H@rdoiesdd LaLéhn §éssé'§p§§éliﬁrsécﬁan
then be converted into styrene in - 8 August 2002 steg As a result,
the overal |l styreneTd& &ESARY HNERL M e theradseqt aQﬁeth@Ed

contai ni ng 1- phenyl, j@idhanoly useds & nuisd £9i  Bn o i hPEoPERERP o BT 9EGEENLS
suitably obtained froma 5 precedi ng epoxidation step, wherein optionally
substi thift ed et hyelﬁ@rtzeﬁéyhmcbpwmrd@ yiekdats cobipinegropeaedipegtéld
propyl ene oxi de elpIcTp\Y S h n

such epoxi dati ogﬁsgge% on’*o eneggugé%% alcwgtsé%% L%Pﬁgté%?ofgﬁéggégga?gfsst
can be 10 appli eet A@vmirnﬁg@rraoulsh@mm ycszt@ckmhg'bdmanmeonpoequrane
frequently appl [ t ba 0, a sjLiLca.car

are often used %g@ gﬁgréggﬁg%ﬁ&xgé ééﬁhl{Eééétp%ﬁg1ﬁ% 85 %%é ﬁf 3 iégg
epoxi dation is sawmnajUnﬁa&m&nﬂumnvemmamémasﬂYramd setéudeviéypandtures of
75 15 9 150 C and pr, ]§ u %ﬁ$ bar with the reaction nmediumbeing in
t he I|qU|d phas& efﬁé e 3&5%1 f¥% he epoxi dation step is normally first
subjected to a sepammudmmﬂngiyrnxﬁetpréiﬂﬁnuim¢mntmopytenetexide &ornmed,
after which the_residual m_containin en eth

sui tably subj ecPEFES oﬁ@ lgaﬁ)Qa?Qﬁ??ﬁﬁogéﬁgr%ffﬁﬁn¥r85tﬁ% gitFﬁ?gr alia
to renove ethyl shgrzers f@npgrusend ntiodn eodps esf St age of the process. Step

b) of the present r ess .conprises subjectin roduct stre
ﬁelults frog1sté6 (gf éﬁfgﬂﬂéH%:ﬁ??qn%ﬁé%ﬂ*%ﬁg%nfa?ﬁ§n¥ eE???%ﬂn%ﬁDnoner

formed2g 0 a sepabaidiemtdEat+gidn ¥ﬂ F@usérydsleneorac&eﬁpaeatgan vhé&Bmah &0
contains the dehydration water, be renoved as the p fraction, whil st

a residual fracﬂPoﬁhéoﬁﬁﬁqﬁqﬁfr%%v% %#k%a?¥ﬁrﬁﬁPHﬁFPHQOPhEaE%ﬁyaFat|on

w 'l be obtai neqp30 sapldia ikl tam frasitl ©ihg PESdsERaEBLEEARA €8Nabe effected
in several ways, but nDst suitably is achieved by flashing or distillation.

It has been fouRGPRFRLIAN A1 HERAht dgeetsORF 2 ANghe FEARBROFRNBRLPARY
present inventigryh@nld It sblectutde sepreval ahfast repiabkai Bedction

30 containing heavy ends, and
(c) converting at least part of these heavy ends to
styrene or substituted styrenes by subjecting a stream
containing these heavy ends to a cracking treatment in

the presence of an acidic cracking catalyst.



35 in step (b) to a separation treatnent to renove net hyl - ~ - 8 August

2002 phenyl ketone (or substituted nethyl phenyl ketone as may be the case)
bef.ore subjecting it to the cracking treatnent in step (c). Such separation
treatment can be carried out in any known ma@ner and suitalglAudustebegs a 5

flashing or distillation treatnment. In a further preferred enbodi nent of

the present inventionithenreﬁédﬂakthé@cbbaneﬂbtaEn@ﬂeiErégeat(abﬁridaaﬁah
subjected to a separation_treatnment to renopve nethyl phenyl ketone, after

whi ch the remai nFRg FRERL T SAYIONPS LB PeEMBIar6SaSRRELRENTSEpAtatEHES, bY

treat nent togeth@ﬁi&htBrghﬁeahevgt?§aﬁéeb@@nﬁgih§ﬁ t oheoBt heJRr ecedi ng
epoxi dation step to rennveﬁl-gheny et hanol . As indicated above, propyl ene
vl

oxi de and suit abfyParisuenrkyl PpeAZEnEChARE BEERaEéROVERIf PEMESaite Vvinyl
epoxi dat ison eff|&FBEpPrSQEhtnggtiEuQﬁkggt%é@bﬁ?&gdihelhag é?&gﬁa rps,
I . T ter carri &d

treatnment for renovihg 1-phen et hano reafter cracking
out. The conditi®ashuademethyéhorhetBydcRiragpst efimilpsiyor be weymeary

within Wde |imits; ' y ki te e range,f.rom 150
Cto 325 & bur ot SPaBRytY RERE) ROR kTS g, CToBhehY 1 e ERLRE3 TS0
whi | st the wei ghembhvaceyreppeetivbdyi sybstitabky has (rheayleetthyllhethanxge

of fromO0.5 to 10 kg _fresh_ f er.. k at st .per _hour. Accordingly, any
recycl ed part 253%$ ?Hésféggggarga h?gy%ongégPﬁgeéaVﬁnghF@éfF&WFe. When

i ncl udedp the wesghsthouehysspaceheetoereypondsrquenbkyitayebage yaehiegher
val ue than the range_.jndicated, . The pressure li,e have_an
practical 'y applicablaevRfg ?CBﬁ?np?gf§E¥5?§e?ﬁg ﬂ?g¥ggggl?§ FFBﬁFBYi to 5
bar. 30 Most prefeniahby, isheepLeksowr LS sHeshaoli atl yant peSpheried the
cracking catal yst used nust be acjdic, or at Ieasi%hayg an aci di_.c out

b . r
surface, in ordeOtd hAVENGUFRP cPRABSCRAREKTAgTART HHfEY ?ﬂéSEatéP&§Fb§§ed
may be 35 eitherddiel@ro8e8R0HSt QL yHOHDIRBEAYS. £SHI 1ABL8nce acidic

15 materials like alumina, alkali alumina, aluminium
silicates and H-type synthetic zeolites. Dehydration
conditions are also well known and usually include
reaction temperatures of 100-200 °C for liquid phase
dehydration and 210-320 °C, typically 280-310 °C, for gas

20 phase dehydration. Pressures usually range from 0.1 to
10 bar. In principle any known dehydration process can be
applied in step (a}) of the process according to the
present invention. For the purpose of the present
invention gas phase dehydration is preferred. In a

25 preferred embodiment the gas phase dehydration is carried
out at a temperature in the range of 230 to 280 °C using
an alumina-based dehydration catalyst. It has been found
advantageous to apply these relatively low temperatures
for gas phase dehydration so as to promote the formation

30 of bis(phenyl ethyl)ethers and to limit the formation of
other high boiling components like polystyrenes. The
latter will add to the heavy ends from which no valuable
products can be obtained. The increased amount of
bis (phenyl ethyl)ethers formed at the lower reaction

35 temperatures can then be converted into styrene in



- 8 - 8 August 2002 heterogeneous acidic cracking catalysts then include
alum nosilicates |like the synthetic zeolites, exanples of which are ZSM 5
and H ZSM 5, as well as anorphous inorganic oxide materials |ike alumna
and silica 5 alumna. It has, however, beenéfoeund parti cul @@ugust2@0# ageous
to enploy a cracking catal yst conprising anmorphous silica-alumna. In

principle any amagpheys $id i€aedhud, Nat@vévngrsuf f €y eaheagkdiett i@ty
catal yse cracki ng of the bis(phenyl ethyl)ethers into styrene nay 10 be

used. The anor fRGuY SIS @GFLa iRt Sfsed, however, suitably has an al uni na

content in the ranageoftekoPonthlnin by-pwed ,etPr'i&fl@I abk¥433nt QtZB% Ry
weight. In addrtlon to the silica-alumna, a binder nmaterial nay be

present. Typi c&F Bned@rependr iPHoSedte Jsorghmkl vxeReained SyeR as silica,
al um ng, bori a rté fe iy a?@xg_r GAR2 s rﬁth@é&eﬁg %o?noﬁ%ltﬁgef erred. If

used at alil, e bi nde use i n anournts varyi ng 90% by
wei ght, pref er Sy t2i0 uttedg@ihing \h@irgleme dastroperonide Lwei ghacokdcatishyst .

The total pore f S uj t a om.0. 3
to 1.5 nm/g (ag\éggég%m%neyﬁl%ng a%?gu%%%%z%%éoisiﬁrﬁ%%{y? %@ﬁ%{%ﬁ gk
4282-88), nor espbefcertazlnlexd Q-pheayl. ztma/rg:l whin ssuch sesoxidaeianeatspi kably
is at least 15 nore sui

fram1l75 to 600 nP st sutably
185 1o 450 2/ §OPBEIPTeREe S 3L IRE) ShetooUi B AT SRR S ERAYPRe CEPaBR: ng
oper atlion can keppértior m&edhbmo@ehberusntca@awimvumiybdéneumr t:omﬁbendsackr ng
operation can, for fr nstangg rat quthn a f| %rmdﬁ where th
feed is | ed ovBFSafBEGUSH é/aéPP 3(%1'33 ASE |§nc§§;§af‘ﬁ5m30
feed can be passed tshnqughcamlaat &|r)é8toﬂ?t_€é3h Qjééwraﬁq\{@t\!\@fdbén@buﬁpmrm y.
Al ternatively, the_cracking operation can be carried out in a trickle hed

mode. I n such ABEBLYFLEpefFRNPINiPRE MO itierd) 1§ROF 3R EHPNatl St RRTEHBC
section and isghki alkke@newar 1thh%aTa€iltY%InciD%cIUt?e 3t_5er§;5@9HEEr§§CBE0175' S

subseguently wi t hdrawn at the bottom - 9 - 8 August 2002 section of the
react ¢°. Still tanébRer CoBFidoﬁr?§5t16e|§erUber"1ﬁ t&4He ktafacvkwg oper 8eR6A1PA a

slurry type of n@BeLal badnly 13ddheg15mRlilg Cpﬁ%ééé’StTﬂ@réfﬁiﬁéntofEBﬁ tred

stream while styrene is renoved overhead as vapour. For t he purpose of
t he present in¢eakridatirnhasepeds ﬂ@@ﬁ@lﬁa/rtﬁlcltﬁ%lrstyom@ﬁ@agéoés to apply

the trickle beg ggasle'lagae%mhreg@ tlof d Nl I#@Vx:ﬁg( 2 Obx & ckl e bed

node, the cata ve any shape and size co ona |y 1 applred in
t hese types of fgpaﬁar,r @rﬁteAcwbndhngm rterﬁetdjmlalqztsltewtmmbelnaygbe in the

f orm aof, sphere§LFhehk9bg§ ggadrglo itéﬂﬁ rgﬁgf éggh Q? %hé or HASLL Size
may vary wi thin orrra aComerci a y usef u m ui | 8% honbgeneous
catal ysts are fhoseeacisdperation treatments, inter alia to remove ethyl
benzene for reuse in an earlier stage of the process.
Step (b) of the present process comprises subjecting
the product stream, which results from step (a) and which
25 inter alia contains the styrene monomer formed, to a
separation treatment. The styrene-rich fraction, which
also contains the dehydration water, will be removed as
the top fraction, whilst a residual fraction containing
heavy ends formed during the dehydration will be obtained
30 as the bottom fraction. Such separation can be effected
in several ways, but most suitably is achieved by
flashing or distillation. It has been found particularly
advantageous within the framework of the present
invention to first subject the residual fraction obtained

35 in step (b) to a separation treatment to remove methyl



15 catal ysts which are dispersible or soluble in the cracking reaction
medi um Exanpl es of suitabl e honbgeneous catal ysts are p-tol uene sul phonic
aci.d and sul phuric acid. O these, the use of para-tol uene sul phonic acid
is preferred. 20 The present invention also rel-ates to a pqggﬁiﬁﬂbgoz
converting bis(phenyl ethyl)ethers into styrene or substituted styrene,

whi ch process CopR&h$ESke@Bhact(bRy sk thitt{drle Mt ngtihynkeine s tWdd) £ nay

catal yst conprising anorphous silica-alumna at el évated tenperature.
The catal yst conp®iSRRgCassr pREES TSI ISP eqtdmiondti $o Rbss srackd ndescri bed

herein before. T@@egfﬁshtngncgegﬁtms %%ha's%%atml%%rr%r%%t%%w 360 pe

herein before. The bis(phenyl et hers-containing f may contal n
ot her constltLmnﬁ%r%bgﬁdéuFhénb?§&pH@ﬁVP @PWW@FE@W@r§U13@bihelmm9hW§Sﬁa

t hese cogstltuenfﬁag@pgadgroalggg%ggkgbg ef g heed. If the feed for

instance is a streamoriginating froma process wherein styrene is
manuf actured from 1- %meﬁyfuéthanoprg@éwr@dngmbpdemﬁgtnaﬁ thel pgesent

ool oS retdyen PRERYLNEC @R and1 20AAT B BASANLR AN BLAAN ] Sy

hi gh boiling conponents éexact “co
the feed in thaifrnse ahbgedEpénus anseparamecmfmmebmmahmom0|membaeprocess

where the crackln i ncorp ted. . Th vention i,s furth
illustrated by fﬁ &F 1 ES&SHﬁVe CEnSbE Se§£F|EFFﬁanP§ g 35&?

t hese paOL:CUIﬁhJemhﬂdjéEﬁé& tbExamphetheA @@@@thgoagpg@h&ﬁghtgasgaemkarned
in a trickle phasg ctor, set consi sti o] i xe e ee su 10
purp, gas/ i qui &P ﬁ%? @88¥Fa3gﬁc§ﬁgeﬁi6%%&“?85y F@mpﬁgﬁ PﬁEFPFﬁ The
fi xed bed was CWKﬁdﬁfmhtDohrBekbetbhaémoﬁédﬁ—@hén?@nbahaﬁdl50Agr&ﬁ&l@bt@m
anor phous silica-al um na (ASA) 251 rilobe cataly silicalalum na

rati o 45/55: pordP ALy oPE Yée7? REtge ?BPféEétSPéX Eig nBFgYLl PRBZENECK €

phase reactor watswpesabfdraiot¥8i Eabmr ga@zw ?o&@ﬂ@t&bﬁnéﬂﬁuég(ﬁ %%EOQ gl
1 bar pressure In this experinent the f reamto the trickl e phase

react or éon5|stéd3dﬁ%}%gf?BHﬂB@F?@t9PeHEEZGe@éﬁﬁ@éppv§§eéﬁﬂeéthéprheavy
boi |'i ng cormone@eﬁn&hé?%ﬁ %Qhﬁaeeheh%my' T%%k%weeraesh% §s Warried

bi s(a, ~3-phenyl ethyl)ether. The feed streamrepresented a typical product
stream of the 1-@Henyl ethanol dehydration process carried out in a styrene

reactor of a commer Ghl ﬁ§?§§EESH EQHQEEQEEERP¥BS”Er§%kQE pE@BF iGrom

whi ch product stream net pheny et one, styrene an e renoved
by distillationPetormed Bayeuarvawibbdadwidet Aemisg - oﬁu@heblya@h@r at a

rate Of260 or amsLhgus Y Lahob0atOLEORUG! LNGENS B h8R0-B! EATLO L bue

reactor it was mxe approxi mately’5 gr our o steam an
grans/ hour of I|nnﬂibrehyylehstceanlmbetempbeatstﬁean1étomhéBDeaOtor was

led to a gas/| T g sepajpl oL, 0pRLALEYSAL ABRLYY UBLELY v29BcEryTH]10aD1

stream | eaving t
has a value in the range of from 0.5 to 10 kg fresh feed

per kg catalyst per hour. Accordingly, any recycled part
25 of the feed stream is not included in this figure. When
included, the weight hourly space velocity consegquently
may have a higher value than the range indicated. The
pressure applied may have any practically applicable
value, but preferably the pressure is from 0.1 to 5 bar.
30 Most preferably, the pressure is substantially
atmospheric.
The cracking catalyst used must be acidic, or at
least have an acidic outer surface, in order to have
sufficient cracking activity. The catalyst used may be

35 either heterogeneous or homogeneous. Suitable



35 gas/liquid separator, approximtely 30 grans/hour, - 11 - 8 August
2002 contained the ow boiling reaction products |ike styrene and water,
whi ch were coll ected and wei ghed after condensation. The liquid stream

| eaving the gas separator was partly recycledl to the top oB Algust 2682 or at
a rate 5 of 100 grans/hour and partly renoved as a bleed streamat a rate
of approxi nat el Eépﬁg ur,. .. jpent S rted,at, 190 C
and during the égﬁggg)o fﬂ%sé%ﬁggﬁhgﬁ%§%%%%£rgéﬁégyagg Fﬁ%ﬁeégg&ugg 225 C
t o conpensat e foelugdmesdddldates nidat dlhg isyrachevityzedDiConyersiamplet of

bi s(a, a- phenyl ethyl)ether,and hi s(a, w3phenyl_eth et her, as, neasured

t hr oughout t he ‘é’&f)‘élrhi Fent ésw&n,anéi(n%urﬁsgg%o aaspp"l‘l%i?i‘ nﬁ?e?@°§58°5ﬁd 60~

respectively. Beherganie exiels mattedli alsn Mase sd Dpneda ahher s7192chours at an

end teng)erature f 225 C_ a sanple 15 was  taken_fromthe rec?[clﬁ bl eed
aph¥

stream and t hi s2SHMPPE -wdd LRSIy SO SNE Tre HRE b1 L YRANPBFEE Y c

anal ysis. for thavaarhericusoftdiekipd.cd- phepdcietdy| 3£t heysandohpeiaingpheny
ethyl)ether. It was &ound t.hat the caonversion figures f bi s(a, a20 phenyl

.na or
et hyl ) et her and2BPEPROUS. SHehFe Gtliirér-hd g @iPYS any FpogBhous

respectively. Thisieaangumiab $bhvinel stu¥es ikiists aaphey) ebhyhigtpse
present in the feed stream and 70.0g of the bis(a, (3-phenyl ethyl)ether

present in the FEBEkANTe&h Mbee PiGHPRENYd. atthxieseFhethelntOURBYERBE P8Yt he
yield ap styrengeandest.y 18R€ aRCePHORA $ 105U Al R eyl 4 8t RaRak e 2nd

2-phenyl ethanol) anpunted to 15.7 ow on the basis of heavy ends I nf ake
fl ow. Exanpl e 2sThEabipehiasesn wdamjasf comi¢atiochvike rangel1ofi frem3f to

gl ass reactor eguipped, W heat i 8 ca copdensi ng
facilities. Rea?:]?fsoiﬁp?qoéﬁgtté %’g'reg%é%?){i ct%d%vg{(%ej;gé b%gggﬁ%énggti on,
wei ghed and anahgdéetiibor tst yheneiddrokenatlunina experimibeat masepial omagdbat

at nospheric pre re wth the_sa feedstock .and catal yst_ 35 as descgri bed
T exampl e 1 SPERSERN 1 RaPisel PEpHiEs Heday (s 98 PhedRa e, BE5GRE,
powder 15or m di speckedsi siflieaf, ead ustin@aambiorist,eaditdnia andi xedcbada . Thé

reactor was | oaded with.190 grans of feedstock. and 3.8 gr of catalyst
powder at room ﬁﬁﬁsratat}lugl.ln%héSSpfggftr&ec{m?%t'ne‘ﬁeecg 2t %ff;t'égﬁfginegﬁer
mnute to an elnfistagaelr ahuraﬁ\ouht%?@aeyi,ﬁtghtﬂﬂcm t1e0pes a9 0% eb§ hee £gREKI NQ
reaction was allo to.continue r anot her 2 hours, From )
gaschr omat ogr apﬂF%gﬁﬁﬁggré’egtooFot ﬁg(%r by & St H??es%‘% AR hgtrtetietobk PE
was cal cul ated thehlyBe.COREEksitans pb@eofvRiutded. of phesyded byl ghhestaapdt
bi s(a, ~i - phenyl et hyl et her) anounted to _100% _ and 99.5%%irespect|vely. he

yield 60 styren@uahaPddyrengesr é6oFsdrs &fodntedit/ o 2029 JRFoFMLREIDRYI s of
reactor intake.nSoppatatinteuBXamPb®rbsimetry, ASTM D 4282-88), more

preferably 0.4 to 1.2 ml/g, whilst its surface area
suitably is at least 150 m2/g, more suitably from 175 to
600 m?/g and most suitably 185 to 450 m?/g.

25 In case a heterogeneous catalyst is used the cracking
operation can be performed in different ways known in the
art. The cracking operation can, for instance, be
operated in a fixed bed mode, where the feed is led over
a bed of cracking catalyst particles. In this case the

30 feed can be passed through the catalyst bed either
downwardly or upwardly. Alternatively, the cracking
operation can be carried out in a trickle bed mode. In
such mode of operation the feed enters the reactor at the
top section and is trickled over the catalyst bed. The

35 product section is subsequently withdrawn at the bottom



15 . A simlar experinent was perfornmed under the same experinental
conditions as described in Exanple 2, except that a typical conmmercially
avai |l abl e Al um ni um Oxi de (A1203) powder was used as catal yst, which nmay
suitably be applied in 1-phenyl ethanol dehygration reacti @pugstP0oom
gaschr omat ogr aphi ¢ anal yses of the residue and the starting feedstock,

conver st ons”of ez g eyl il 21 ey AN bl s(a. ~Lephenyl jethy!) ether

of 0.5% and 7.4% respectively, were calcu CONversions
obt ai ned i || ust retrfate 2% eeefliigiqlopsfacien ofn usi SHUABA agphedbér ogeneous

tal yst i t : ti |__al umni j t a : |
Thi s exampl e patrd ot hime M (RS Tabiettlse thRoterenned
catal yst. A sanpteresmhediy 3G tyaidriend d impmatsedhosvethgyadppsi edpasr. For
bl eedst f th i al Mononer | P | Oxi de_pl ant
Used s Tigh boiiend TRETR Gtk £ 7 S0t ULV ROnYA 1 R GHOBER| PGS
products nmade belalr titule I3t Wdanm dRpBUDESepp Dy €iel tni¢kee ppeaedi ng

oxi dation and epoxi dati on 35 reaction sections. - 13 - 8 August 2002 The
benchscal e unit CHREINLPREFFEISB0 M gl ass vessel, electrically heated

externally, in whichf hgsedeast antfs xeRr &dd e i BN ModBINEHEC )
stirrer. The contents of the vessel were circulated via a loop, in 5 which

fresh feed and FRSRINMSTe MaY &avéd AhFrRRE ARSI FRMRRE. PRBHAL Y he
system rcul "’lta'pi!j%ire’(c‘i_t 8 a$ ARPPHIBIE Yo £ ALK . A2l i 9Ly, L PRE the

fresh feed rate. e liquid level "0f the reactor was controlled in order to
keep the residef@éaliiis FaFsigdes TRy Readinrthe ferm oplerspkeires.,

at mospher i ¢ pressne g AuaAAQMRAL We M ILhetieem 200 Crand: 230, &

The vol atile products were renove condensed an colleg:t ed. A
cool i ng medi um gRy- 21y Wi thi@ wie neaumndlorcanmer piaposcuseful idwidtsat e of

and 1. 73 grams/ hour SRTETOR RSRRTReEEE CAR IR ATE B Edkife b ene

precur sbf was f care ltys tise whd.ch aweofditsgtead s fEleayyoensisl ulebet m théeake fl ow

- 14 - 8 August 200 f%&'f%;c€¥&§ medium. Examples of suitable
homogeneous catalysts are p-toluene sulphonic acid and
sulphuric acid. Of these, the use of para-toluene
sulphonic acid is preferred.

20 The present invention also relates to a process for
converting bis(phenyl ethyl)ethers into styrene or
substituted styrene, which process comprises contacting
the bis(phenyl ethyl)ethers with a catalyst comprising
amorphous silica-alumina at elevated temperature.

25 The catalyst comprising amorphous silica-alumina is
the same as described herein before. The cracking
conditions are also the same as described herein before.
The bis(phenyl ethyl)ethers-containing feed may contain
other constituents beside the bis(phenyl ethyl)ethers.

30 The nature of these constituents depends on the origin of
the feed. If the feed for instance is a stream
originating from a process wherein styrene is
manufactured from l-phenyl ethanol such constituents may
include polystyrenes, methyl phenyl ketone, 1l- and

35 2-phenyl ethanol and other high boiling components. The



1. Process for the preparation of styrene or substituted styrenes
conprising the steps of: (a} subjecting a feed containing 1-phenyl ethanol
or substituted 1-phenyl ethanol to a dehydration treatnent 5 in the
presence of a suitable dehydration catalyst jo(k) subjecting Ad@sﬁ egoPting
product streamto a separation treatnent, thus obtaining a stream
containing styr r i d r.asi.du r LO

cont ai ni ng heav%ggﬁ s?ggh%%tsfgli%% %ﬁ%ﬁ%&aﬁlggs %Aa?% %fg{bhggge%%%vy
ends to styreneonrthabspecitfed-dtogadriem biyn sihie guidces . weranthent ai ni ng
t hese heavy end racking.treatment in th esence of an acidic
cracki ng cat al yéf%‘gﬁingr% gsréag' Slord r%gnffoor%?ra? " Wwherein the 1-phenyl I5
et hanol or substituTked inpeemybretisafairtrsed illwemtiea) by e af HEIbWIM a
pr ecedi Eg epoxi dat i og st epy wher ei n g_pti onal I%t substituted et hZI benzene
hydr operoxi de i $*FBRcE&d i Pﬁugr SFETe AT AL F HrmRens i ¥eeand 1phenyl
et hanol or subspattiedlirpbebydigielasal . 20 3. Process according to claim1l
or 2, wherein s!g;eé) égg ':s carried out at a tenperature in the range of 230
to 280 C using -Aa- based dehydration catalyst. 4. Process according

to any one of clains drhek3ngWegpeirinle® ey @&l rIrinrld 10D Pt ek in step
(b) is 25 first subjected to a separation treatnment to renove nethyl phenyl

ket one or substPRITRATRBERPE SREMWP IEONGHS T af dinaf o eciesd tRMey

cracking treat nmeRts | Ng852RiGRE 4 R ACGY i t ' :
wherein the 30 res?du%l ?réc(:qti onpggfaic%g%%n steprd(zﬂ.ﬁzi ilgﬂif%{?%cﬁleezt ed to

a separation trrenprefdcidicéasve nethyl phenyl ketone - 15 - 8 August
2002 or substitute t h I t a.further se '

treat ment toget herdrvmﬁ%h?%lrﬁegf ?Péeﬁtﬁgf ?)g)%tr%c%o(riencg :ir?glgép(?% d%%?%éné)égtaenpdto
renmove 1-phenylcattamimédobOsghbsmst vifednl apiverphoust rdidlcareflomei ide(A35)i dual
fraction 5 thu tal ned. i uhLect to . r aGKki tr NEenf- jd ste c)
. 6. Process ac%cgg?)ﬁlgg %h'gﬁé gjﬁggéslgfchg(sﬁ‘pgge i%‘éjmg%ﬁ r{'—:aj%tlv%e}rse)iér;b'crpaogli(el( ng

step (g is car¥dBehmOUd. AR ALYEHRPELRERR idrddhe randy Of. frm 8-t 260 C
and at a weight hourly 10 space velocity in the range of from0.5 to 10

kg/ kg. h. 7. PrdEa%e aER8FHPAgWES fREréfehatt HyRd diedF tden reendiHerans
the acidic cracki nggapabyst Yagdii Bast ¢edGhdeS @ heterogeneous cracking

catal yst, preferably conprising anorphous sili ca-alumina. 15 ' 8. Process

according to any onen ofhtfagrperimeng, thieerfeied shgeani dicc tdreadie ik lsat al yst
used in step ( | n : Ki a S qur y conprising
pt ol uene sul ph nl}écss%g’f%?gg.ggmegg§%§% gr a%%nr\%e#t@i%g&ﬁlg(sp er?y et hyl ) et hers
into 280styrenderivabsvésuand sthrenbeanhyi doijiogesompomen tse tdntfaddw ng

the bis(phenyl \alIud )ELRRLRY Y L0181 5 BLRINS antP Y. '5 400 AT Wi Eheny1
silica-al unina at evak ed Yenper %ure.
ethyl)ether. The feed stream represented a typical
product stream of the l-phenyl ethanol dehydration
process carried out in a styrene reactor of a commercial
25 Styrene Monomer/Propylene Oxide plant, from which product
stream methyl phenyl ketone, styrene and water were
removed by distillation.
The feed stream was added to the top of the reactor
at a rate of 50 grams/hour. Prior to introduction the
30 feed stream to the reactor it was mixed with
approximately 5 grams/hour of steam and 100 grams/hour of
liquid recycle stream. The outlet stream of the reactor
was led to a gas/liquid separator operated at
approximately 200 °C. The gas stream leaving the

35 gas/liquid separator, approximately 30 grams/hour,



10. Process according to claim9, wherein the catalyst 25 has a total pore
volunme of 0.3 to 1.5 mM/g and a surface area of at |east 150 nR/g,
preferably from 175 to 600 n2/g. .AS5Sr.A 39. Au. Afy. Aa. A Asa. AfL. A

. A 53L. A5 .Afu . AS3 . A A@r <Mta - 11 - 8 August 2002
9@27- = e/~ytoje ZLUca]caLﬂca]ca]ca]ca]ca]caLﬂca]ca]ca]ca]ca]caLﬂca]ca]
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ca] cal] ca] ca] c&djas a}akt) rareayedpdatipcshearen] efarbg] c&pstakcakcalkehgcal Ica
B e T T i e e e
1098& () - . z! 33‘%1800)&& (9f @@BB%PMtelY&/@I g?ﬂhlsl/haulylome( exXgerimental
%gﬁz&zg )16:%%%1%% 1%5/%%%{& 159/&' i{) 5% %%%ggﬁ %}‘él @“fﬁ%"f)?ﬁ‘%@" 109%&.
() - M HSW ~\ ! I SA00Amd TR £ émﬁéihtﬁﬁ&@mé$ lncreased to 225 °C to
compensate for some decline in catalytic activity.
10 Conversion of bis{«,o-phenyl ethyl)ether and bis(«,p-
phenyl ethyl)ether, as measured throughout the
experimental run, amounted to approximately 80% and 60%
respectively. Before the experimental run was stopped
after 792 hours at an end temperature of 225 °C, a sample
15 was taken from the recycle bleed stream and this sample
was analysed by means of gaschromatographic analysis for
the contents of bis(a,a-phenyl ethyl)ether and bis(a,p-
phenyl ethyl)ether.
It was found that the conversion figures for bis(a,c-
20 phenyl ethyl)ether and bis(a,B-phenyl ethyl)ether were
81.9% and 70.0%, respectively. This means that 81.9% of
the bis(a,o-phenyl ethyl)ether present in the feed stream
and 70.0% of the bis{a,P-phenyl ethyl)ether present in
the feed stream were converted. It was further found that
25 the yield of styrene and styrene precursors (such as
l-phenyl ethanol and 2-phenyl ethanol) amounted to
15.7 %$w on the basis of heavy ends intake flow.
Example 2
The experiment was performed batchwise in a 1 litre
30 glass reactor equipped with heating mantle and product
vapour condensing facilities. Reaction products were
collected overhead by condensation, weighed and analysed
for styrene content. The experiment was performed at
atmospheric pressure with the same feedstock and catalyst

35 as described in example 1, although the catalyst was used
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reaction was allowed to continue for another 2 hours.

From gaschromatographic analyses of the residue and the

starting feedstock it was calculated that the conversions
10 of bis(a,a-phenylethylether) and bis(a,fB~phenylethyl-

ether) amounted to 100% and 99.5%, respectively. The

yield of styrene and styrene precursors amounted to

20.0 %w on the basis of reactor intake.

Comparative Example 1

15 . A similar experiment was performed under the same
experimental conditions as described in Example 2, except
that a typical commercially available Aluminium Oxide

(Al»03) powder was used as catalyst, which may suitably

be applied in l-phenyl ethanol dehydration reaction.
20 From gaschromatographic analyses of the residue and the
starting feedstock, conversions of bis(d,c-phenyl ethyl)
ether and bis(a,PB-phenyl ethyl)ether of 0.5% and 7.4%,
respectively, were calculated.
The low conversions obtained illustrate the
25 beneficial effects of using ASA as heterogeneous catalyst
in stead of conventional aluminium oxide catalyst.
Example 3
In this example para-toluene sulphonic acid (pTSA)
was used as homogeneous catalyst. A sample of heavy
30 boiling liquids normally applied as bleedstream of the
commercial Styrene Monomer/Propylene Oxide plant was used
as high boiling feedstock. This feedstock contains high
boiling products made both in the Styrene reaction
section and in the preceding oxidation and epoxidation

35 reaction sections.
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contents of the vessel were c1rculated via a loop, in

5 which fresh feed and pTSA were injected, and a residue
was removed from the system. Circulation rate was
approximately a factor of 20 higher than the fresh feed
rate. The liquid level of the reactor was controlled in
order to keep the residence time constant. The reactor

10 was operated at atmospheric pressure and at a temperature
varying between 200 °C and 230 °C. The volatile products
were removed overhead, condensed and collected. A cooling
medium of -20 °C to 0 °C was used for this purpose.
At a feed rate of 110 grams/hour, a temperature of

15 230 °C, a residence time of 1.0 hours and 1.73 grams/hour
of pTSA dosing rate, the yield of styrene and styrene
precursor was found to be 14.8 %w of total heavy ends

reactor intake flow.
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5 in the presence of a suitable dehydration catalyst,

(b) subjecting the resulting product stream to a
separation treatment, thus obtaining a stream containing
styrene or substituted styrene and a residual fraction
containing heavy ends, and

10 (c) converting at least part of these heavy ends to
styrene or substituted styrenes by subjecting a stream
containing these heavy ends to a cracking treatment in
the presence of an aci§ic cracking catalyst.
2. Process according to claim 1, wherein the 1l-phenyl

15 ethanol or substituted l-phenyl ethanol used in step (a)
is obtained from a preceding epoxidation step, wherein
optionally substituted ethyl benzene hydroperoxide is
reacted with propene to yield propylene oxide and 1-
phenyl ethanol or substituted l-phenyl ethanol.

20 3. Process according to claim 1 or 2, wherein step (a)
is carried out at a temperature in the range of 230 to
280 °C using an alumina-based dehydration catalyst.
4. Process according to any one of claims 1 to 3,
wherein the residual fraction obtained in step (b) is

25 first subjected to a separation treatment to remove
methyl phenyl ketone or substituted methyl phenyl ketone
before being subjected to the cracking treatment in
step (c).
5. Process according to claim 2 or 3, wherein the

30 residual fraction obtained in step (b) is first subjected

to a separation treatment to remove methyl phenyl ketone
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step {(c}.
6. Process according to any one of the preceding claims,
wherein cracking step (c) is carried out at a temperature
in the range of from 180 to 260 °C and at a weight hourly
10 space velocity in the range of from 0.5 to 10 kg/kg.h.
7. Process according to any one of the preceding claims,
wherein the acidic cracking catalyst used in step (c) 1is
a heterogeneous cracking catalyst, preferably comprising
amorphous silica-alumina.
15 ' 8. Process according to any one of claims 1 to 6,
wherein the acidic cracking catalyst used in step (c) is
a homogeneous cracking catalyst, preferably comprising p-
toluene sulphonic acid.
9. Process for converting bis(phenyl ethyl)ethers into
20 styrene or substituted styrene, which process comprises
contacting the bis(phenyl ethyl)ethers with a catalyst
comprising amorphous silica-alumina at elevated
temperature.
10. Process according to claim 9, wherein the catalyst

25 has a total pore volume of 0.3 to 1.5 ml/g and a surface
area of at least 150 m2/g, preferably from 175 to
600 m2/g.



