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PROCESS FOR PREPARI NG STYRENES The present inventi on reI at es
to a process for the preparation of styrene or sub d yrenes
froma WO 99842 cont ai ni ng 1- phenyl ethagneol (al so kno err phenyl
et hanol or nethyl phenyl carbinol) or substituted 1- 5 phenyl et hanol ,
I nvol ving the conversi on of bis(phenyl ethyl )ethers or substituted
bi s(phenyl ethyl)ethers into PROCESS RIR/IPREPABINSUBBYRENERSd styrenes. The
present invention also relates to the conversion per se of

bi s( phenyl ethyl)ethers or substituted bis(phenyl ethyl)ethers into
10 styrene or Sthimstprasesd snyenhéen relates to a prooes®nfgr Kilewn

met hod for nmanuf Y ' ropyl ene
oxi de and styr en‘gfés%%rtl O%er%%ylré?e m s"hb%{)henzeneg(E %Egg%e}?%?lpsﬂc
process invol vesteef Contalmr& épﬁ’hSFY% 9":1?@&& i (7 s&t kpPBnzend—BReMY oxygen

or air to 15 eth&hdn %ﬁx&&«ﬂegﬁehyﬂr@&%%ﬂe,or( 'shbsEQEﬁEé@gl-t he
et hyl benzene hydr oper oxi d hus ,obt ai ned propene in

presence ®f an ePRSP¥htF AR raipelydng; g conversioy, BSyPéﬁép}b?ﬁﬁl]e and
1- phenyl et hanol etkyll) éthé)s or substﬁeﬂvedtbi&nﬁﬁuhyl-BhapybeﬁméEﬁmﬂnﬁdno
styrene by 20 dehydrat i n g U|.t abl e deh dratign.cat a‘I__ilgt. The
present inventi ofitHETRT Ut &% ﬁ g8 %r?'h%s1 & {rggent inven t he
dehydrati on of lab$enyélatdm o tlhe gorirdrsion per steyrodnbis (phenyl

Buring the dehyd e

by-products in égﬁill ong{%ljs\/\g{lgr@ﬁgrsga?gg%dﬁ ﬁ%%ern% e%ﬁyl?iet Te%s yrenes
i ncl udi nd0di mer sstvitene |%r%lhﬁtl§p§lpénetyrenes and bi s( phenyl

ethyl)ethers. A maj of QéHrorfy t]Ji‘n%wn method bf&:.( Qmac%hgihbegéﬁ&xé ordred -

consists of bis([err],[err]- hen hyl)ether, which 1s assunmed to
result fromthe E%c?‘i’EﬁP%‘Ethn %e?ﬁ@ﬁl?% Bidec @SS SE¥TEDBhERRFE Hi%anol .
Anot her bt o péetiylberidutle). e thegenoran| ucH PrRdssniaveLbss afHd al

steps of (i) reacting ethylbenzene with oxygen or air to
15 form ethylbenzene hydroperoxide, (ii) reacting the
ethylbenzene hydroperoxide thus obtained with propene in
the presence of an epoxidation catalyst to yield
propylene oxide and 1l-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 1l-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



- 2- amount is bis([err],[err]-phenyl ethyl)ether.-
Bis([err],[err]-phenyl ethyl)ether is normally formed in imnqr
anounts. The | atter two bi s(phenyl ethyl)ethers are assunmed to
resul t wo ood2igm the reaction between 1- and 2-phenyl géfpsliaed S
fromthe reaction between two nol ecul es of22=phenyl et hanol ,
respectively. The 2-phenyl ethanol is usually al ready present in
snmal | anounts i mmoketf dedbis(dfie-phenyl etlkighhebhatr.oBis(Bap+@indnylThis i s
predom nantly t . f..th recedi ng _epoxi datjon step, wherein
besi de the 10 %%hgﬁzg‘r:\ﬁ%fom&%mprl&b’y 8%89%)(’.“% L] TF‘BHB#@N @T%anol al so
sone 2-phenyl etllagter twad Pres (pHenylerfhykbetmxrsiege assumedf oo netkulAl so in

the oxidation StERBLSPHE RePEIBH b"e”t%%ﬂ! - and Z‘ﬁ%qgf%gﬂnﬁf%i ket one

is already formed. Since the . oi ling poi an enyl
et hanol &nd net ffPmibhe reagian betyegpetup enaliqculesy of| 3spheryldi still ation

treatment will RehafbipCiedpddtiSRNG.arheN2-phenyl ethanolN$sbis{phgny!

et hyl ) et hers togﬁt her, forma substantial part of the so called
resi dual fracti GnF§RAY present,dn, emall amounts Jin thgfgrdnt: Hesent in a
stream 20 dathiydgasidwi ttexgmeoitnt ThDS chs igrdioghnanthanthderdmild ng

poi nt of 1-phenyl hangl rmal |y .t.he. heavy ends w | . contain 5
to 50% by wei ght¥)fofe'}1%i gf%%%ér\l%g & Ilflggﬁ%? s’?t\/ep’ W%ereé‘ﬂi Paptde 1% 0 40% by
wei ght . 18s st at ediheprodudiss mpydene oxide sarsbtlaphiealylpethandl tdiso

bi s(phenyl et hyl her shd c 1;]594 e rrl]z phenyl

et hyl ) et her. Thgb?%ngi glllén?g%thandpgg‘tﬁoﬁﬁg&c@ ose?a’ lo#ELOLg s
bis([err],[err] fprapgt Blsg|iretther oxidatsom|step some 2-pheunt setdfanol

bis([err],[err] aphenytnpt PHhBINRecBRENDs SOIRIddESormed. SifEESEY as wel l.
O her mai n conponents present in_t ends incl ude 2-phenyl '

he heav
et hanol (0- 40% BQIh&NgHPgints) of 1- i’l‘ﬁh%?@qe@tlhﬁ’%lan(’é-éﬁ%’b‘?/t% ght),
met hyl pBenyl kehengl ketone areDalQ%rbyyvelgdd, aaddspolystysenes (0-40% by

wei ght) . Spal |l quantities_af ot et hers,.such as the ether
reaction pr oducttrg?g%?xﬁ)%ce‘ﬁﬁi é’t%ar?cf)?eﬁgdg%%lenscﬁp,arﬁ%°3r S0 be
present. The exact Ghankis{phenyfl esbllbéthdmsdacg®ther foumponents is

determ ned by tRengPeRt{dr sHACHEORNe so called residual fraction or

heavy ends, i.e. all components present in a stream

20 having a boiling point which is higher than the boiling

| point of l-phenyl ethanol. Normally the heavy ends will

contain 5 to 50% by weight of bis(phenyl ethyl)ethers,
suitably 10 to 40% by weight. As stated herein before, a
substantial part of the bis(phenyl ethyl)ethers is

25 composed of bis(c,o~-phenyl ethyl)ether. The remaining
part is composed of bis{a,P-phenyl ethyl)ether with small
amounts of bis(B,B-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 l-phenyl ethanol (0-20% by weight), methyl phenyl ketone
(0-30% by weight) and polystyrenes (0-40% by weight).
Small quantities of othexr 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



conditions and catal yst enployed in the dehydration step as well as

by the product separation nmeans applied after t hi s dehydration
step. Beside these main conponents the remai nder of the heav% ends,
up to 100% bwomsisghaé, is 5 formed by_ofher conmpounds PGVEROH0i | ing
poi nt hi gher than that of 1-phenyl ethanol. In the

conventional processes, for_ manufacturing St yren )
formed in the cou‘r:grel&()?l?'hs’e Y ca%a'ib’rs gcgrggl%%d &%%@%e?e%pggggiﬁélgg%ﬂ a
burnt in a boilerasowell ahdusehel prodistwegparstian glepneakprbied priirict s
are | ost. cht s 1wk f b ReNGhep hel ol NenaUPuinO LoPLHaRLE Broduct s

present in the heavy ends coul e reduced. - The present
i nvention ai ms torpPRiRYRr Af diffedieayy ends, up 0§ by wedadErtifg

conponent sspr esenkokiled sy &L KompoundSNHSving & LYoalame pbhHe hﬂ%a@lasi ng
the overall vyield of styrene while | owering the anmount of heavy
ends. thanyhat & IRRenYl §EBaR} or the recovery of

aromati ¢ hydrocar bonsifreme dedhvdintiionalr pséceiese P MAGufacturingn the
preparation of styrene fraom 1-phenyl .ethanol ,is di scl.osed. The
process invol ves ééﬁf%‘&?iﬁbe t]}h%avy ends Qﬂ’é’ﬂ?/‘llir Rl O gg?\ t her mal
cracki ng treat nenpratess are dispgomsglepdt asefuel tdred raargduahnt32b &obdiber
[err] C andsat an I qg!pr : ?$;!; r

Wi t hdr awi 28 the nouse- Icr?a'éq}g% eff I]_:%Sel%gi??o% e rbel}c %gﬁllfg%eagﬁdlou'
recovering 25 It| vould ke dmnafdcipdr €athemmsyndmathivalyabdRepreductent .

The dehydration r?%ﬁé‘ﬁtgﬁ@eﬂ% Inedvsyy GhBsr 8sufWae reduced.flaction obtained
after renoval of the crude styrene from t he de_h%dration pr oduct

stream It was found ThatP¥gsent inventippyaims otR RARYidecpRapiérgtkihg at
el evated pressureprdfess foi Norf¥rtiogatbipONahOs PRyt AhMdeVRESvy
conposed BI edon‘tj__ nant | y of hyl benzene, anc{__hcont ai niq I owlgm)ynt S
(usual |y FBss thafif98, by %e?'b‘ff%%nedf r SAETRRFONE - Rerffyeras: yield o
et hyl benzene can beéeyrengchieild ddwexrimg dhti anowitepiMierayy ends.
ethyl benzene hydroper pxige | Syforgmd, WobehskSed Yhe recdWefgUbsor of

y I's

1- phenyl ethanol fromwhich styriene
aromatic hydrocarbons from dehydration residues obtained

re

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 remo#al of the crude styrene from
the dehydration product stream. It was found that by
carrying out the the;mal 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 precursox of l-phenyl ethanol from which styrene is



formed. Thus, the overall styrene selectivity of the ~ process is
I ncreased and the anount of heavy ends eventually obtained'is,
decreased. The thermal cracking treatment, however, requires rather

severe CO”@K&&Q&&& as b5 a result of which tar-like Mﬂﬂ&%ﬁm@re

formed whic return result in-fduking of the equipnent.
Furt hernore, - t hese severe conditions are |l ess desired for reasons
of pr ocefarmasht Thusantheeceess tlatséyrhee usel exftiviity efpehsi ve

equi pment . Mor eqydgedd§ sl ﬂ59¥§§@&'tarﬂ'{ t‘?ﬁéeﬁﬁl)bnété(f Eﬂé%v}rogug sel ectivity

and yield is obtained indirectly, I on of
et hyl benzene. Dlﬁ‘f%tj:‘{aﬁréycSH%%%‘F%rﬂ-ﬁ)fdecreased eThS/I%mrlecrfﬁFblwyrene

addi tional | ossasr@gﬁldﬁtQCﬁaﬁever, requires FAEh&F esw&tré R6RRE L 98nHasad he
advant age. that it | des a process wherein the inpr overment of

styrene T ase’?eeséﬁtvf’tfywﬁhﬁh standridey prpdusts oatﬁealft?éfﬁ‘eﬁlnf"élak‘rb%t ly.

Furthernore, thegmoresesaltt e poekiag olfnthéte@tmpimﬂ: Furtheriéie) nvoI ve
any t her nal cracéﬁ severe proces

tr n uirin
conditions, but fH sst?g%&g? én?lé% oris ‘ate 1e§5v%‘?se“ierc€§t Creft2E812nt nce
styrene sel ecti \Racessd c2ftrol amy gredessgtptenchyivded of more expensive

B I of "o ligARAL. | BEALVOD, "BPiEBrbOafent of ovedalfeBPylofe |N®

preparation of styréne or su nes conpri Si e steps
of : 10 (a) salsddorisy anﬁe:evepkcbmSaphtﬁgngd ptwec@tlnranm eorv:ees
substituted 1-phaftylpr@idiaeebnt & %Q@%@Eh@n ﬁﬁ]?ﬁIdTﬁ:'?xte conversib® &f€

presence of a swt | e dehydration cataly b) subjecting the
resul ting. producﬁ @é‘ﬁleflﬁ jnto Styre@eﬁggéﬂ?ﬁﬁlt r]ﬁtsr?éntagaf-ﬂu%c%‘b‘fal ni ng
a stream cont ai ni ng The preseﬁtyﬁﬁfé&ltﬁfonsubsttlﬁélta&ﬁra‘iit)ﬂl’g%nthaﬂdlﬁ resi dual

(Lot ion 30 T abERY Ry e prarmtohl ST HEHREL T,
subj ectily a st rssdmctivity apdnstyreneg yiikddei s echvaigreds mcneadﬁ:ractklylg '
treatment in  purened8rR! CEREGH SHesdN o2C AL G LAY NGveRt 2bY Shoes
not involve any thermal cracking treatment requiring
rather severe process conditions, but makes use of a less
severe treatment to enhance styrene selectivity and
20 overall styrene yield.
- Accordingly, the present invention relates to a
process for the preparation of styrene or substituted
styrenes comprising the steps of:
(a) subjecting a feed containing l-phenyl ethanol or
25 substituted l-phenyl ethanol to a dehydration treatmen£
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
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.



Wthin the further context of the present application the term

"styrene" al so enbraces substituted styrenes, by whi ch are neant
styrenes containing one or nore substituents bonded to the aromatic
ring or to twoowmuzgé 5 group. Such sub?ti_tuents t ypi CREVEPIPRLNG e
al kyl groups, such as nethyl or et hy groups Simlarly, the terns

respentivaly subst st (PSEPHR s HHERRE, PREBRE, of € presgnr oBRLBEion
1- phenyl et hanol sthaviagmthetgere"1@lso embubsestmts.tas:etdh@twceneSpohmi ng

substituted styregﬁzano re mearﬁ ﬁ(t}}l-"én%r 0dy Eé?ﬂu‘?{; ggyr&ngne % dehydrat| ng

1- phenyl own in t e art. can carried out
both in the gas pﬁabétahaenhsmendqchmqj thRagdEonti¢ ping or to thgemyayht i on

catal ysts incl ude ghghpl. ngﬁaﬂcgumlehwenk@ typlca@i riﬁéﬁxdé leA k1 UGk Baps,
al kali alum na, al’'um ni um I licateS and yﬁe synt hetic zeolites.

Dehydr at i on suchoAdi rebhyl f% %ﬂ"‘é’& FEPPPR n oW RMRF Wieu ey ERREFUde
reaction tenperat upes (phedPD- @Oy 1 )&3tHe@ s Oknki '@I!Jﬂdh@di]ﬂls%thanol" also

dehydr at d 210-320 C 280-3

phate denyar ) on mbraseuFee el P Lol Z;;:ﬁe‘;gi?és)
pr ols havin

of the progess aC%ﬁBQEQQu&Rt% heg the c rr%rsggﬁﬁ HJ? %’&E@éﬁrﬁt o e& aggrpose

of the présent NVENti on Shase fon1s
25 preferred enbBle rremdmcm@cgapm ls&yaede hlyﬂr%hmatgn@aﬂ-rpbényl

out at a tenperat ¢ ﬂahglt Bg W& Pﬂekrfgwnzq.% ttﬂezggt[eff]&dj%enQarréed oufll

al um na- based deh% rati on cata been found vant ageous
to apply these re hvéFythﬁv\Q'%%rﬁi'@rsa @k in the liqgid gﬁ?%a§éltable

dehydration so as dta_a BERERLE &i‘@aﬁﬁﬁgﬂtﬂn@luag for ueétamcse( RReky

ethyl)eth rs and to tion h boiling
conponentg li ke p5‘|a§§f:§l?iﬁeglk? umina, allkallf'e?lWJrrFa'a(fol‘{"gnllH@ heavy ends
fromwhich no val sdhieates and Ppfighectsynthethe bbbl e D'El’ltydlrﬁtlieﬂ_SEd
anount _of b20RBSRY! L Iyl JeLans | LoriPdnatu i P elerigRC! | on 35

tenperatures can t e converted 1nto styrene
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
othexr 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



step (c). As a result, the overall styrene selectivity N .and yield

are increased. The feed containing 1-phenyl ethanol used.in
step (a) of the present process is suitably obtained froma 5

precedi ng epox¥yshated on step, wherein optionally SpbfEpdopicne et hyl
benzene hydroperoxide is reacted with ~ 6 - propene to yield propyl ene

oxi de and 1-phen¥I et hanol or substituted 1-phenyl ethanol. In
such epoxi dati ofi*8PefCh: As a resudpnpbhecirraddt stysenersalentiisridgeneous
catal yst can beah8 yield ayd iiddreds§edOnogeneous catal ysts nol ybdenum

d I | j eq, il tal ysts based
it ani um oFhE SRRl PhY Litieniile nEneBel alSed ey spemedas
catal ysts. Condpfi tie presemtwpirobespoks datiitablysobbained from a out are
known i ngt he arbégg%%%%eh%gtiﬁg@gﬁa%g%gs wq;‘erﬁnl%%mm 0 150 [err] C and

pressures up to _ e reac if ng in the liquid
phase. The eff| aehstityhad ledhyl benzergdnidimpeonxitepis srewmrteal :w)ithl rst .
subj ected to a 1RERAAN BRob{ES R de0 AR 8 MRV, ng.oxi ae
formed, after f?:%e?ehe rg)gieduaP g%%eam cé’n{eaianlang %ém p?rt%-g%ﬁgn% _
ethanol , is sui FABFRS%edraberyl ophaftolpla such epoxidation s&prrati on

treatments, intRéméddredud ARRYPs€idY|a heterogeR8HEE NG Nlydedaq b an
earlier gtage of t of the  present process

£ praqcess. Step rﬁ“b
conpri s&% subj e%??ﬂ’gecp' e %°mPH8nﬁ?‘b%ILﬁ,"’tta§'tYF§5 °i\¥P‘%?P%§ﬂ“lP§uPF’§m st ep
(a) and which 28re freduentilyabpplied) aitilel katalysesodBEw BN tfj.QléHEdrn to a
separation trea tasqk -rich fraction, I ch al so
contains the deéllglredgr] aiﬁl-é%%m%%ér&,gggvi {fe boegtreélnf)l\% %%metemge"teﬁélst op
fraction, whil statakxsfisdufenfli hitensmroinn abdchgepoxidatidmedwy cardsed or med

during the dehygs@td,qn Wk BR eht aiAed 30 includ@st%dgesﬁ%%@ LEagsion.

Such separation_can be effected In several \ t nDSt Suitably
i s achitved by t© 150 °G padhprgserres MF [teaflobar |withthseasatsinn

particularly medium adiagt ageens W ddiid) pha8ef I BHEVOF# fiintl BRI £RENT
I nvention to first s he residual 0 bt ai ned 35 In step

j;ect fracti
(b) to a separ aty on alryé‘?a?(f:lnﬁkfptbs r’é?ﬁi’%f‘el%?ﬁﬁt "subjécted to a

separation treatment to remove the propylene oxide
formed, after which the residual stream, containing

20 l-phenyl ethanol, is suitably subjected to one or more
further separation tfeatments, 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 sﬁyrene'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



phenyl ketone.(or substituted nethyl phenyl ketone as may be the

case) before subjecting it to the cracking treatnent in step (c).
Such separation treatnent can be carried out in any ner
and suit abl yWORHpEs a 5 fl ashing or digstill ation treg\%ﬁgﬁ?{omg

In a further preferred enbodi ment of the present I nvention the

residual fraction ARiahngdebHeStEP é@sﬂ:ﬁ:vﬂ:ed meth{,jf ie?mmx&%%@ L a.aﬁ

separ ation treatnment to renove one after whic
the remaining frad§ &heigase) b?%%%lb?‘é?:leéﬁ'-lf‘é AtfGPtHe SAFHAG on

treatment togethercreatment ﬂhtBtéﬁe(@P0W§xﬂﬁ%@bh98316ﬁfit@&&mﬁﬁ@@bhhﬁe

pr ecedi ng OXI ation,step to renove pheny I ndi cat ed
above, propyl ene &ﬁp guﬁ’?aﬁ%{/ kpap &aﬁfﬁrbéﬂgeﬁ‘élt&aly invioly&Sh8en
renoved from said ﬁ,memd@t bendeéstilatiqy iteataehb. it being subjected

to the separation tre%%”%”%uigﬁer preferf%aﬂ%mbggl%egpqufhEtgbn%eplOns

Thereafter cracking is carrre
under which the criavlentgdont &pei xesidual fmatfionnedtabyed aity stigrhi(lp)wiide
limts. Suitably t 0 C ﬁ{m:% r f L uvo0 [err] C
to 325 [err]C, butﬂq:S% s“bjﬁfg%grgﬁ y t crtg'tgtll ﬁﬁ%ﬁ%@?%rﬁ I's from 180
to 260 [ emgtbylphesylt ketore grfissumhyjchphbe remaiding fracibry
has a valyg in thegd %ri'ﬂfae%ftefir 9319 éuf&é@ sl%afr5€§3nf€§9atment tog@e:hekeg
catal yst per hour. Accord %Pge 1%‘Frecyc of the ed

f e

rt
streamis not i ncl'iddd tlhr‘? f ’é’-b%éffl“ent fr?‘ﬁc\"&ﬁlébrecﬁ‘f’én\ﬂel ght
hourly space vel OCé;iQé(lmltieﬂUSﬂébYto remove rmphbaye ethades Aliniichaedt he

di cated. The t | |
cppli cabl e o SRpe PRV IBRE SFLT Y b S rabLt BLTE JYBA T8 bar.
30 Most pref etraa»bal peenheeppesd uf zon ssaithspartidatign effluentatprisphéri c.

The cracki 19 catal %Stbel:l.%%d gﬂﬁgcpgﬁafé CQ}«PE s%rpag:tat?.?n treaén‘?&ﬁ:t é?: ve an

aci di c outer surface I n-or cl ent cracklng
activity. The cat aHWVl@geé rhgnpk gehanol. dhegepfher cprreitsisisocarried
honbgeneous. Suit ghite

The conditions under which the cracking step is
performed may vary within wide limits. Suitably the
20 cracking temperature may range from 150 °C to 325 °C, but
preferably the cracking temperature is from 180 to
260 °C, whilst the weight hourly space velocity suitably
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 consequently
may have a higher wvalue 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



- 8- het er ogeneous aci di ¢ cracking catal ysts then 4 ncl ude

alum nosilicates |like the synthetic zeolites, exanples of whi ch are
ZSM5 and H ZSM 5, as well as anor phous i norgani c oxide materials

li ke al um Roasdess | i ca- 5 al um na. It has, howeverpchemdnicasnd
particularly advant ageous to enplo§$ a cracking catal yst conprising
anor phous silica-alumna. In principle any anorphous silica-al um na
havi ng suf fi ci efietediogiengous 2eidido swracking catalydtisngheh ttheltds( phenyl
ethyl)ethers | ntnkitiodes BiYed Gike £tni®syAeHoridSAMHRIOUR,Zh)IEA-H UM N2

used, however, suitably has an alumna content 1n"t nge of from

5to YS%WW\EFQh?SM ?eértdr db12pM35, t 8s 7wed hyaswemgiphons

addition to the ividrganial URiae. maxdyiRder lﬂﬁéeéllﬁurfgi)énges.tllca— present.
Typi cal tgionder r$1ter| al s ﬁrg i ngﬁani c oxi desf such as silica,

al uni na, boria, i¥4RPa dhd"3¥+r JutieyeTer Peen °“nq PeLE1cRLaRiYa i s
preferred. |If uselvaatagkbustte dnpgldsr a crackmg Scaﬁa@srtncaﬁpﬁ&ﬁag/ar yi ng

from 10 to 90% - r.ef er 80% b based on
total weight of %O%hgngcg HSARIRRAr o 3I R?Lc?l éf’ }g‘&‘?ackl ng

catal yst 20 Sléun@abﬂymmdwﬁmm@fscimﬂ aE:Jni:/tg' tascdeskyse ned by
mercury {4 ntrusi Q3 RR5as81 BBt £, Y 8 ly 0.4
to 1.2 rﬂlg, whi | st |t§ surfa(%:elﬁ§(l¥lhlgn§'2 gtﬁﬁ)eﬁ%&% mt tf-y?erggs?&
merr]/d0 nore &% v88Ay Theramomphoys silica-alguing @qse}i/,ghawvmt sui tabI y

185 to 450 n2/g.sud®ably has ad rthﬁﬁﬁaacBSE@ﬁQQﬁf‘%lés rsa%;él ¥Bledsn USqY the
cracki ng Ha(%pgratlo can be peLformed in differen vvays known in the

art. The cracki fg of¥r BT ENE c AFSTEFAPLY ANk Qe by weightonlhated in a

fi xed bed node, addérdohheofessl didilcadadumina, a blndarbmdteflameﬁagru;

catal yst partic . this. e can be_passed, hrough t he
catal yst bed ei #)ﬁ%rsehg' Pyglg?m%\ﬁé{a&lrymﬁ’eﬁb%% &Y. 1&%8?%5&%% Stt he

- cracki ng> sugpepat sbhican ddamdarri bdrbait Yitanitr apkl mbmhmd@f I n

such node of opehakkonaifgideed ‘i‘ﬂ%@%§r£ge ffqgeq a taﬁ.!ﬂe the dlucdfe

section and is trickled over the cat al yst bed
i's subsequent|yifi PREAadR 2POUNHS FEFYIRY from 10 t° 90% by Welghtr

preferably 20 to 80% by weight, based on total weight of

catalyst. The total pore volume of the cracking catalyst

section

20 suitably ranges from 0.3 to 1.5 ml/g (as determined by
mercury intrusion porosimetry, 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 m2/g and most suitably 185 to 450 m2/g.

25 In case a héterogeneous catalyst is used the cracking
operation can be performéd 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 throﬁgh 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



-9- sectian of the reactor. Still another option is to

performthe cracking operation in a slurry type of operation by
addi ng smal |l catal yst particles to the feed stream while stsyrene
i s renpved oweohieazs as vapour. For 5 the purpose of t RETHFEYYA}

i nvention it has been found particularly advant ageous to apply the
trickle bed cracki eration. Ln a fixed bed
or trickle bed noﬁ%‘:t{’?fé of tnd Te é’l"'QFysﬁHa& ?fé?}g’ea:n)?pgﬁﬁﬁelﬁnﬁom ze

conventional |y 10performpie exkacdkinkespekypisn ain epeslairirgntypecof di ngl y,
the catal ol RALb P S A Sy | D8 LN Ha:fNTE o the goed

tril obes, quadrul obé vary
wi t hi n t he nor nal stoeams cwhailg/ atysfenle fisnremoved overhead aSuvapbge. For

honogeneous cat al ¥ﬁ&5p@£ﬁoé§0§@ tHd Presdnt invelt@®idH Y %a‘é’“bEQnaE@und

di spersible or soluble i'n cracking reaction nedium Exanples of
sui t abl e Héﬁ’ég‘é‘h%%ﬂsy AHAVANEROSORF o tD- 2RP Lie i es FrgrbArchadi d and
sul phuric acid. oergeg§ éperdisiwmf para-tol uene sul phonic acid is

preferred. 20 resent_.invepntion also rel %t es tq a process for
converting bis(phenyl IEt‘I‘@ﬁFé)e’t%@r £ixgdobetd PEnkrifkle bed modgythe i eg
styrene, which preaessysﬂrmdy me:mtya@hapg and s:.ze tdwvla.»mﬁ,ﬁhenyjz

et hyl ) et h(gés with_a gli/ ttg:eosrg) ous silica-al um na at

el evated t&nper at &P 8 Wﬁ?scgfa?%fa%lo?rprl S|°ﬁ§détﬁ8 Photis®
silica-alum na i scatalyst pamctisaes asydbecinbehle hbymi mhepbegesThe cracking

conditions are al $041B6e3AM, AL DediDARELD LRI Uitk 1ike, mneTPCaize

bi s(phenyl ethyl)ethers-containin eéd cont
constituents besi Bayt Ferpi wipghiehy eetﬂlwfm?ét ﬁ@wser%lly us?l#élné%m‘ésof

these constituents de@@ﬂ@ébp@ K e estalysts add'@nbeedachfithe feed
for instance is a strea ori |nat|ng roma rogcess wherein styrene

is 13 ranuf aEFEF%ESF? oﬁﬂcrbf?e‘r?yldléf’ﬁéﬁbp SuTh ® dentienay

i ncl ude pol ystyr eaeackimg hiyéa ¢hiesty Imdddnan) eExdmp Bl oI5 suitabdephenyl et hanol

and ot her high bo'hloimr)\ SOMp nponent

éiyézs 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)ethefs 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 polystyrenés, methyl phenyl ketone, 1- and

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



- 10 - exact conposition of the feed in that case al so depends

on the specific location in the process where the cracki ng
operation is incorporated. The invention is further

i1l ustrat eqydpyorelpe followwng 5 exanpl es w t hout respgcr/Esiob/@eé tS scope
to these particul ar enbodi mentsT 10 - Exanple 1 A
cracki ng experinent was perfornmed in a trickle phase reactor set-up

consi sting of fiS¥FthEPMPPEEEignppf thep feed ipubipat gasyd iadsioddppenidst

separator and |ignlithe @ppei@ic locatidMR k86I btodESs where the The fixed
bed was operated in .trickle gg se node and cont ai ned 50 grans of

an anor phous si | FEMIPRET is incorpogatedy trj| obe cat al yst
(silical/alumna ratiThed3hbBntpori eis further YOiudErdtet? by ke SHIISEEAr €2

219 1Tor1d1 0, RIS L ongye epp OIS, Lo LM oPRLELEC ot TVpIER

reacti on conditions

In this experin@articalagedmbodirenttso the trickle phase reactor
consi sted apart gy, Rohystyrene 20 derivatives and ot her heavy
boi li ng corrponen‘réq'g‘]“ﬁ % bis([err],[err]-phenyl ethyl)ether and

20.3 % bis([err], [ & FFaphking|experiment wapypseidmmed Theaf bedickie cam
represented a t)ghHasel reactor séﬁ{ﬂﬁ“ﬁbn%&5€§ﬁbogftffiéh’BQ@nykegéhgﬁﬁgly
or a

dehydr at_i on process carried out in a styrene [eaqfor

commercitfl 25 PumPg 9?82%‘1%@‘7%??8%3@# D 4daids Feayeke ch

pr oduct pmimpe &acitibyés phenyl ketone, styrene and water were
renoved by disti Ilatﬂ1 d, stream was_added to the top

of the reactor gngg‘x%\d 2% 6 §gggﬁg§§/+fblﬁlﬁl PoPPR8ei MRS ARG i on
the 30 f eecconttedardt 50 t ypame ot @an amovplsows »sdd iwat-Blumina (ASA)
approxi mately 5 QeAgR Rediofl SheAPANdsIPP-IF AN rallo 45755; AdH!
recycle stream The outlet stream t he reactor was 1etd t'o a
gas/ i qdisd sepamvatlemeopeVatmel/gt surface aapprnd Hed/ehy 2he teiciXe The gas
o ream | eaving 3 sd reactofdd P 28PRL A Y rcaAPRERXLTBL LY n k1 ons
of 190-225 °C and 1 bar pressure.
In this experiment the feed stream to the trickle
phase reactor consisted apart from polystyrene
20 derivatives and other heavy boiling components of 5.8 %w
- bis (o, a~phenyl ethyl)ether and 20.3 %w bis (o, f~phenyl
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 leéving the

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



contained the,low boiling reaction products |like styrene and water,
whi ch were «coll ected and wei ghed after condensation. The liquid
stream l'eavi ng the gas separat or was partly recycled to the top of
the reactor woosdzmza e 5 of 100 grans/hpur and part |y RCIFRIUYUs o

bl eed stream at a rate of approximtely 20 grans/hour. The

experi nment al r.un started. 190 rr]1 C and duri t he course of
Che exper TSR ACEEEr ot A o Lind rastiah, BEOSucYR, [ (fvilne
conpensat e for sare cdedemewhhchavateyteal laetted bpd $#8ighed &uweer si on of

bi's(err], [err] - Ry £Lk) ebhery A &1 AU heb8Ld tne gas sdbiGALL:
et hyl ) et her, as neasured throughou e . exper nent al run, anount ed
to approxi mat el y "8@Eomartlyogecycled to dgpedopy ofy theetenctonategpaaiteent al

run was stppped of 100 @FalB7nélE LU Sat1 PR mBYebCAREs A IS Wtredm at.
[err]C, a sanple 15 was taken fromthé recycle bleed streamand _this

sanpl e wes ZaFe pledPByordBakebY Hh IS REBEr apiht cexprTimantador

the contents of bl &9 lsthetel- abenyd «t Hd uRehgatle bsutss 1ds [tler ] -
phenyl ethyl) ether. was found that the%%gnyer sion figures

. | t )
for bis([err],[erFRemigent tegperature HAs dAcEe23RE bPstf2r Y ,¥%rr] - phenyl
et hyl ) et her were compensate8¥o2%samnd déclPfe rigspeachiyeiy. adbiwitgeans t hat

81. 9% of he bis(lerr].[err]-phenyl e F‘ bJ e 5er resent, in the feed
stream +° ant™VG 5o °tfh8Lﬁ|(‘§(Te9qﬁI¥Tlere& y %18%1 Fre%)‘h‘gf‘ile*’t% present
in t he f aetbrsil ealyl®eehepVes imshsudedVahrbughbet fleind that 25

the yield of styrene d. styrene precurso (such as -_phenyl

et hanol and 2-phe%’§hergtqheélﬁ%8 )raﬁbu%ffl%%fﬂf%& to ap prof%‘.“a}t%\y osno%hagncga%sq%s of
heavy ends intakerdipmetively. Befqueptle 2xperimental rufihreasxgfernpesht was
performed batchw d! 7@21h|olut.cgea§0an endg! ratagko feﬂ?% pﬂ_'e'd é’mlsgaglgtlieon

heating nmantl|l e and product vapour condensing tacilities.

products Mere  was taken L&rrdthecrerrelhplesddensasmornd vithighanmpe
anal ysed wdY SHVRRA 59NhEMMs JHeyAHIRohIRBh riRi PesdLIVREG For
atmospheric pr esstyliee cvgr}tréng:geo%aggs];o? eogfghoecnglag%hg%t) 3*'&\'2% and bis(«,p-
' ’
phenyl ethyl)ether.
It was found that the conversion figures for bis (o, c-
20 phenyl ethyl)ether and bis (d,P-phenyl ethyl)ether were
81.9% and 70.0%, respectively. This means that 81.9% of
the bis(a,c0-phenyl ethyl)ether present in the feed stream
and 70.0% of the bis (o, B~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 ethanocl} 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



35 as described in exanple 1, although the catal yst was used

- 12 - I n powder formdispersed in the feed streamin stead of
in a fixed bed. The reactor was | oaded with 190 grans of
feedst ock woooq2426 and 3.8 granms of catal yst powder at ropo/EB9REI06L Ur e.
The 5 reactor was heated at a rate~ot22-[err]C per mnute to an end

tenperature of 250 [err]C._At this tenperature the cracking

reacti on was al | BhwRPHARcormndéspersethdith&he2fhedrstream in stefdoof
gaschr omat ogr aphig @rgail,agaea,egf the residue and the starting
feedstock it was cal culated that the conversions 10

bis([err],[err]- pher?ﬁﬁeelrﬁ?FEPﬁe‘f’ﬁs aftpdes ¥iftB, 190 (@rams ﬂfeﬁ??é?h??k

et her) ampunt ed drd JEl(B"/og&ﬂd\sQBfS&’atdepbmuekYat Theom tempera¥heb( Phe
styrene a§1d styrene recurﬁgrs apount 0 %v on the basrs of

20.
reactor ihtake. cSoCtOr Was BERLed A I:axaﬁ?ﬁ'le of 35°C per minugegtq; pa,end
experi nent was pemmrnagtirendér 250e’GamE this tempepetuneenhal ceaskingons as

described in Exaf@ d(%m %Qegilowe Aﬁ c.Io &Y Ge ?fcae}lm& %r’rmir ﬁor‘ﬂ‘%y

avai l abl e Al um ni um err er was use
cat al yst, whi ch Fxgm %S@Ewatographlc l?@aéwpﬁise@flirhqmed}lle enﬂahm

dehydration reacdtting0 feedstgéprw%(‘shI&QE&&@SE@@erata%ﬁ'ey\%Sﬁveisi&?s
resi due Haond t he starting feedstock, conversions of

bi s([er r{0 [err] -Fh&tiA (CeprphgnyIethylethegdr andd M%Ko[r&rp}lepﬁlﬂ-hﬂrenyl
ethyl)ether of QG&%A3ndmbusi¥ed to 100% aﬁﬁpggt 5¥e|¥es§@ 8 veiyC

The | ow conversions obtained 1llustrate the benef i C fect s of
usi ng ASA as het¥ridgerdogEveara|dnd styrene PFHC%F'e%Rf @F“°@§ﬁ9€n'§?onal
al um ni um oxi de AtAIgySbon the basiHeFRelcBor intake. In this exanple

par a-tol uene sul ohoni c.aci dE TS@ 1 was used as honobgeneous

catalyst. A sa boiling liquids nornmally applied as

bl eedst rldam of the A similarg oexgyCinentSas eper fbiment uhBeepyhensahxi de pl ant

was used expe @R e80! LLAG: LS LRCKesdPiSed %.%d%&%Elgoél;[ aé:?éepm gh
that a typical commercially available Aluminium Oxide

(Al203) 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,a~phenyl ethyl)
ether and bis(«,B-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.



boiling products nmade both in the Styrene reaction section and in

the preceding oxidation and epoxidation 35 reacti on sections.

- 13 - The benchscal e unit consisted of a 500 m ass

vessel , el eovoputisy heated externally, in mhich the F‘ﬂgﬂf‘f’&?ﬁs wer e
m xed by nmeans of a magnetic stirrer. The contents of t he vessel

'] ected, and a reoi Ahe Benchioaly unis Sonalokehvhet Sl Bth SAPELI ati on
rate was vassedyi rhtetyicallacthmated 2@targaklyt hisam whiehf tbeh f eed

rate. The |iquid Jevel ek &Q?e n'rﬂ?%:ﬁrbm ﬁgnBﬁoé'xﬁdié‘uc stirre@’ 0fhel O

keep the residence i e const e ‘reac oper ated at
at nospheri c pressfgndeatd af 'ahGeYﬁﬁﬁ%]t wege circulayed Wi ddiompenir00

[err] C ang 230 [ qifil fIQQhVEéé&'Aﬁd PRAUGkS e m;ectec!"efaﬁmf %ﬁ%@éaqger head,
condensed and col l ected. A cooli ngi_l medium of -20 [err]Cto O [err]C

was used for thi ¥asycspexed from t %tsYzftFE'edCF&Félia‘Fl‘l’l(Fij’r"‘al‘f@Fhour a
temperature of 1%pproximdel§ralfactod &F Qenﬁ@gheﬂ&m:x ke Faewsh @eddl. 73

gr ans/ hour of TSA dosing, rat.e, yi e of st rene a rene
precursor was fodfdero BE ﬂq‘é"@/gx}%‘felt &éalt%ﬁeﬁ?cﬁﬂﬂ contx ﬁ&?x%{
i ntake flow. order to keep the residence time constant. The reactor
CLAI MOS

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.



1. Process for the preparation of styrene or substituted - = styrenes
conprising the steps of: (a) subjecting a feed containing 1-phenyl
et hanol or substituted 1-phenyl ethanol to a dehydration treatnent

5 I N tyos odiaience of a suitable dehydration caw
subj ecting the resulting product stream-ta4a- separati €at nent ,
t hus obtaining a stream contai ni ng styrene Substitute ene
and a residual fraction cont ai ni ng heavy end “‘“\“\“\m“‘
converting at |least part of these hea@yLehdsM & “‘\ oS  *
substituted styrenes by subjecting a stream . contalhi g these heavy
ends to a cracking treatnment in the presence of an acidic cracking
cat al yst . L. oPTesere JOTaEhEr B PRATA iGrarh 3tYTeRe @M aubstitphedy| 15
et hanol or subsbstyuésss lcqupanglingt BREOstaLGH:n step (a) i's
obtained froma g;eclﬁgglf%.epoxi gat l,on step, V\/n?reli_ln Qptionally
substituted ethyP’ b¥ 10 PopEFDxF AR iNing 1-phenyl, sthangli R¥pr opene t o
yi el d propyl enesolstitwre 1~phenyl etipdresly ltochhdanydedt soth Ydeattinedt 1- phenyl
et hanol . ¢ 20 : 3 P according ta claim,l or 2, rein step (a)
is carried out aF B9 e‘grr%gs%gxt%ﬁr égi% %‘ﬁ%arbglr?gé‘%&cwdﬁﬁgl?rb ca%aeiYSt'ZBO [err]C
usi ng an al um nébbaxeel attipgr §heoreswl tings product strelm Rroo@ess accor di ng
to any one of chéhsadidd cheatment, ciIEIEHtdihlfg" &S [UARLLARNGD! Al ned

in step (b) is 2 irst subjected to a sepafation treatnent renmove
net hyl phenyl k8FBFRNGOL SHPEELLRERD nit¥rANepRBAYR ketisal fractiopef ore

bei ng subj ect edcéwtdireiny aeldvpgehagatdmnt in step (c). S.
‘Process,according, to claim2 o erein the 30 resi dual fraction
obt ai ne%i@i n st eysg)( BjOT e PGt agug?%%g]é%?rt of thege heawy,&n4Si 5R treat nent
to renove net hystphengylokebseituted styrenes by subjecting a stream - 15
- or s | & y tone 0 furt her .
.separation t rea??rr?etthétl '[%“ ettﬁg%gvmk?%;igéﬂecﬁﬁ:&eﬁt c??%kn% %:treatmen;: b?ecedi ng
epoxi dation st ephe Presanse ofpArngtidihareickdng catalystsubstituted 1-phenyl

ethanol before she pasddddabcbba@in@ o T1aim 1} NfeARAItRRI 1LEnEHpl ect ed to
the crafglngtreaﬁrrer{t I n " step (c). ' )
ethanol or substituted lI-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 -



—

e

6. Process according to any one of precedi ng cl ai ns, wherein
cracking step (c) is cﬁ‘l m“)mw&Em‘enperature i n the range of
from180 to 260 [err]C ) = hourly 10 space velocity in the
range of fr wo®m4d4260 10 *kgfkg. h. 7., Process accor dP ?fij{ one of
t he preceding cl ai ns, wherein the dacidic cracking catal yst used in
step (c) is a_het erogeneous .cracki ng. cat al yst . _Process
according to claPf ??bﬁhﬁ‘é‘?%‘?t’?‘?&% pheny eF%F%’beer‘?éﬁustc’cFacfk‘FﬁgeEat al yst

conpri ses anorphggparation tseédtngmtaltwfetther with an ®:f MAeaesEramcohdi ng to

any one of claing_ 1 tq. . Mmherein the acidic crackin ysl used .
in step (c) is preceglggh%?r%}éjé%aetoluosn & §gk%ﬁgr%§ KA >C/ls§:fh 1 %tﬁgkgi %%ocess
accordi ng to cl aismbgtithbedi h-pimnortyanedubefore the gremdkivad £zaatjon

conpr i sesp- tol ugngssybplLRlG Aidhbjected toltne REARASTA UreaRBURE! LAY
bi s(phenyf’ et hyl ) et ﬁerisJ ?nt o& Jes(,:t freng o}rles% stlt%u egestyrene, whi ch
process conprisestep (c}. contacting the bis(phenyl ethyl)ethers with a

catal yst 25 6COMPELEESY ALELRNUS t3 hh§aoRd UsE raq@tp&ae@rmg_r atHimsj N
the range of from 150 to 325 [err]C . 12. . Process accor mg to claim
11, wherein the @Aezeygtcracking 4&?&? Aot “pEFEEY MU to Fe8PLHatUEey /g

and a surface  in theakrgaAgéfofitfdan801%0 RBOYSC pired eftaldl wefighm hdbrly 30
600 m2/910 ' space ve oZigéqgﬁnggjrange 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) is
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.

[

heet Has Been Replaced
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