; KLe3e<9, B60T(+_ 1 _ 29 Cctober 2002 ' *166166* PROCESS FOR THE PREPARATI ON

‘- OF STYRENES nhe present invention relates to a process for the preparation

of styrene or substit s froma feed containing 1-phenyl -ethanol
(al so known as a- phe mm “mmﬂ,ﬂ, met hyl - phenyl - car bi nol )o@p bigpgt ed 5

. 1-phenyl - et hanol in the R[£3&NCe of a specrrlc alunlnabased ehydrati on
catalyst. r connnnly known net hod for manufacturing styrene is the
coproducti on of propylene oxide and styrene starting f~o~:. ethyl benzene.
I'n general such process involves the 10 s~eps of (i) reacting ethylbenzene
wi th oxygen or air to fOﬁﬁocesﬁﬁdrkbﬁ%%@&ﬁ&@?@ﬁoékdgwﬁm)asr eacting the
et hyl benzene hydr operoxi de thus obtained with propene in the presence of an
epoxi dation catalyst to yield propyl ene oxide and 1-phenyl -ethanol, and
(iii) 15 convertingnihbe 1z y. yLen cratl US|ng
a suitable dehydratr%% %a?%?@gtinéﬁ¥ﬂ%ﬂges%Q£¥E?%v%ﬁt?o€¥o ?¥ fPﬁrIR
focuses on the paspasaEponioﬁ-stYmemhﬂmmﬂsﬂbsﬂutmt&dpheyybﬂebh&ﬁ©h bo yleld
sLVrene. ' 20 t; in t? furth r &ont xt, .of tﬂ Qiese Ilcatlg

Term "styrene” SFE 3&%%“%u ST T cF%???% £ 1" 8Pe rEAfR

styrenes contaletngnemeoormevmelspmsnyluemfsl@@nﬁedrteubhelahaemtIC ring or
to the v'nyI B h subst£tuents g¥$|call% igclude al, ,I roups 25
suc: : nethyl nEPH regPands. 15 Wi T #1552 Re Perm SPefifd é@ﬁ&ﬁol

al so enbraces syhstht HbRUd 2a phenyte-hpgot s having the sanme substltuents as
the correspondi ng substituted styrenes. “he_ production of styrene by
dehydratlng 1- phenyf39°@@ﬁ%hblk“%w%wﬂ?t@%%wﬁp¥ﬁm?%%f%FFurFﬂgcéﬁYE@“@aﬂﬁled
out bot:: it then eaeogbaaecangnlaftﬁeo;br(%él phage. a§él' geplr%neG%Q%Q%mg

_ 29 Cctober 2002 het ér ogeneous dehydration catalysts for use in

li qui d phase anéi* @aseﬁhagéeﬂéﬁyﬁra¥$o%e$%é¢hdeuchonPﬁ§§§ne@VOéd€§|Gne

mat er i i ke Lu n a n c n

synthe?%% zeollgesggA§I5%g§a%% é£y§éaé%ﬁ?%g€$géﬁghgggheghgﬁcgtgF??ﬁxfgp use
inaliquid phaserdmehszdyébeonepeohe@sopsrpxme uehéisukphotiingadie

Dehydrati on con Q - i ngl.yd ti
Cemer at Ur s of CEOS2306 2 Ford fF SEr 8o Shase Hary HP K65 <Lnd D1 R8T A3
gas phase 10 dehmdraueeBnCEreésaneepusuahtyonangeaﬂvenl®01yu@110 bar. The
present invention foguses on the g gge PECILkC hage% qlunlna catal ysts
for use in the Eagpéhggg g8AYar aPFo 1Y 5R3RYEDE hano At'e st yr ene. ~ As

i ndi cat 8l abovepohhe'mSegothalMthangaPatyahsllmntbestSr@mhydnatlon of

1- phenyl - et hanol,, %s wel in g g g nce %é’ q7

di scl oses the uSEPGF* 5&18Puﬁﬁﬁﬁgc3t3F§ Borf ﬁ@y ﬁ8npﬁ5§€ §ﬁydr§Fion of
1- phenyl - et hanO'p*ie%te@tSt;LYll‘\r%ﬂQJ.OWh§EEtmcﬁaladl§| lﬂm::naeeaba\l we Stidmbigedhas a
BET surface area of 40 to 20 250 and %n fi.nel dlvuged form
i.e. in the forrm& paede égrﬁé&Pﬁg paP FBV §F Engf oMot ds nm (100
mesh) or less. W$ 3B, 928 discloses a process for the gas phase

dehydration of 1-phenyl-ethanol into styrene in the 25 presence of
control BBd anounts of thddednst E¥mtRRd FRNERETpPEsERCe PEE SETataRRAIC2 Wt h

suitably is a comerda hsgvahkabke sal embeace@t ahpst il dHagshawm - 03P4.
Table 1V shows that the specific surface area of the fresh alumna catalyst

enpl oyed is 109y 3¢ |“r?a@énérér|re“&sg&?ﬂﬁﬁ&&é“@e% &5 WPt ocess i s

carried out by pagsingdde s’ eeddeas tohtaeghrankivied died ofr ced allystvinyl
particles. The packing of the catalyst bed i,s inporta q@é t he use of
smal | catal yst pEFAYRS eMdn Shs tdhdeREsd tYRPCAds Ya WCar‘r’d(?orﬁ ¥ IFFWRY and

hence ajg - 3-éﬁ%Ilg§bﬁﬂ3%QO%rh@gmyQO@%%h@@OHﬁﬁmﬁﬂarﬂyﬂ e thermt her
hand snal | partlcles nmean a dense packi ng and hence a hi g pressure drop

It is therefore | 1poremni-atdamodd RS Or iCTHE a5&Sa ke PRAEPRY bh

| evel and pressule, drops 1 gy RHRS @ine @\ﬁ%&ttu%eartrss do rp[r@w de a process
for producing styrene by the gas phase dehydration of 1-phenyl-ethanol,

wher ei n styrene ¢&r obirdmEd ats UnAIHGEE S Ste@EnNASy and at hi gh yield.
Furthernore, the dehygs 25,}5%{11 (R o MSRA Y ddane Sl Ci edP1-
shoul

mechani cal stability an m nim sé pressure drop across e reactor.
An opti A¥m bal aneehdre ekh Wy &irsivgn irevidle @it prids st *éﬁo‘faaréé%‘ér fFhgl y,

I's ainmed at. botn ir the gas phase and in the liquid phase. Suitable
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. These ai nms have been achi eved by using a shaped al um na catal yst having
specific characteristics 15 including a certain anmount of macroporosity.
Accordingly, the present invention relates to a process for the preparation
of styrene conprising the gas phase dehydration of 1-phenylgs

el evated tenperature in the presence ofyagdehydration(xneé%g%gﬁ%%bRﬂgrein
t he dehydration catal yst consists of shaped al um na catal yst particles
havi ng a surfad@tEZegBPNS iGehydrathge oftalyat80 fog 146 n et a pore

I [ he - Lg. ~af 2whi : :
10 TS i por 3 T s i hRrare opnape) 48Ry E5e o RiUh iy O

"al um na" as udedtiamaqnrecidion matdriaesplekentlumieat i @l kadfieral dndi )

i norgani ¢ oxi de.consi.sting for_at |east 90% by weight .(Ww %, preferably at
| east 95 wto and I U5 e%e]rlacb?'ﬁ/e%ta? agft§ﬁemf%ntgfttﬁigf26§°l'ﬁﬁee%0 An

remai nder up texh@plw Biray DoiSalSe OhofibfonedBuRES aQfy st FRyr IUEY daniL
oxides |ike Si (12 and, al kal i rémt al oxides. Suitable alum_nnas include

y-al umna, $-ard@uks PRAAS AR ARt H98] BRPAGS Sof SwRim &R WIRd qrsdt igphonic
y-alumna is paefief.r efbhydratdion 280481 006hs 2008 Fhecexines dirdin SAaped
alumna catalyst” refers to a catal yst consisting of alumna particles

havi ng a cert aiusuggdty dinaigr . r&uctionytenparasvzeys oipd - Wanfae
obt ai ned by a nBt i, vl vi Lon d | ghRabli-0n, . .5 whereain the
spatial shape gﬁc{&%gi &ia}’rat(gleclc{e%nféﬁog?gﬁn% 8b3212§s?’|r31'g alrcl: g)?trr er Fﬁéﬁ%ﬁ'eﬂg a
diepl at@ with aehgrdfatdernf Riwsslesesedsshhpe. rihgesifaped Gallurical © adad yst
to be used in the g,rocess of the ‘?resent 'tnventi on hgg a surface area in
the range 10 of frdmB®TT oo MY EFAR LAFPSeE QPekles ugs ShisRaFLLic,
according to theapld KimvihbredearysEsnest-dekl eh tRETgaeigtke
Preferably, the surface area of the catalyst used is in the range of 85 to
115 n2/g. The &MY AFRATHRD d?ft%‘eplé%bé'deEzﬁﬁPﬁalB&Pals)Fé’tr% &35 value in

the range of freMiGated AKbRS, MK ufe08rt 91 Aminanag aafy MY cit, ighd N pores
having a dianeter of at least 1000 nm and is determ ned according to the

vel | khown ner dehy ddetdsinre ¥ yl-rhengt apthaneheigowe Idolkinge( Hy) the iart.he
range of from 0a40 . , _xhj 0 t <l [ is. 4 ores
havi ng a di anet er gtfo(}agq%ce}:aésqé%’oolgé n?ﬁhsgﬁégg%rgggﬁé\%is%g ghg é‘%e eorf (r)%’plooo
nm or nore ar e adlusd nmeferteldydto as vher bpqued. phhsepdedgnia tifora @frt ai n

| evel of macroporosity in.the shaped alunm na catal yst used, in the process
according to t épglreé%n'ie%??@e FonSh¥seBBen” S%d“t s \P(Z]r‘y“mg)

advant ageous. Ttheadiywetsaridblenhgat al BET parfackenrden ra qmrddcul arly
critical to the present invention. D aneters nornally used for this kind of
catal y3%s nay BéOlemf /gy e&nd The weed indfanelyr diyddgsed omm,t hi se cobmetths on
refers to 30 t r IS e Sits j Nt t

peri meter of t@ggfoogtg-séae%'{%%%g%fhg&%}gﬁa?yéwﬁggﬁi%cIstel.%%mr?fgaazoe 0 @gldﬂ’?“ke
particles havi ng0® siegied @r absssection, this shaped cross-section is the

rel evant cross-sectjo been found particul arly advantageous for the
o ™00 Cotoner SO0 It Hbe br ot Rl BFBS ehe PRGBS Ga F b @ TaiEngRs
particles havi mghydliamieroof 1dpheh 9l 8etRunplefianablst ik end 0id. Shem * The
cataly $ particles may have an shage, i ncl udri n% 5 spherical, cylindrical,
trilobaP, quadPiiesidice s‘?far%‘?fé%%ﬂl,‘l And™SHAP&d O Tc ASE S FRFA AT 1R TR,
_howeveréjI Feﬁn fpmml hed to £ Ld aciiét/aﬁysf:.el’w&dchosuﬁe_a&bl@t drs shapfin @9&3’14_1'_%53‘1,
i.e. rod-like catalyst partic|es havi a starshaped craqss-section. e
star may have Wﬁyﬁq]r%b?leu'i’ﬂnﬁu%éﬁggﬁciﬁﬁér §*,a%t‘?g‘[a‘”h%fslo'&l-&%i vEgbhe IV
si x-cornered st@{owdapeat stidé efperedicl ubasclean 06 has tf £a41Rr 4 Yumina
preferred to use star-shaped catal yst particles having a (average)

| engt h/ di anet ercattlystofenproygataiysiopaméi/gl.es has a value in the range of
fromO to 3, preferably 15 from. 1.0 _t0 2.Q.,.The "l.ength” in_ thj
connectPon ref erps t t%eéyeflé?nlg‘t haogthBB?Sa.ggh?‘ﬁga&aoﬁfsﬁocp%??i%‘ﬁes to be
used suitably haueriedubut ~oydeassiyigwiheh fakldows sartrefdwegt | v ef predi bed of
the reactor in a fixed bed ogerats_on, bgt wi t hqut causi nqq a ZOltoo gigh.a
pressure drop. 9% THFSL¥RSpREFCIELRSs BEENPAGHIA D&HefitT A2t YSk R&Fatyst

particles whi Cr&rﬁ@é’@t@n@U'tkaﬂéﬂ?,t}th@f ugk beasin 1> HidlyPt eperabbyeknonhe
range of fromO0.6 to 1.5 g/ . The catalyst particles should also have

sufficient 25 ridthatnedrardr tRpLhesofe NdPht FONIRRNSRIFL S #RE DPPBSENE
invention is that the specific catalyst particles to be used have a very
good nechani cal strength, both in terns of side crushing strength (SCS) and
bul k crushing strength (HCS), whilst at the sane tinme possessing 30
macroporosity. Accordingly, th,e catalyst particles used have a SCS of at

| east 20 N, preferably at least 90 t~, and a BCS of at |east 0.8 Mra,
suitably 1.0 to 2.5 MPa. The dehydration of 1-phenyl-ethanol into styrene

b o " o - ~ - o



- b - 29 Cctober 2002 those normally applied and include reaction
tenperatures of 210-330 C, suitably 280-320 C, and pressures in the range
of framO0.1 to 10 bar. In the process according to the present invention
the 5 catal yst described herein before has a reaction selgrpiigbey 2002
_styrene of at least 95% as well as an activity of at |east 95% whil st

sel ectivities q{iéﬁgé@ﬁv@tgisﬁr1@oélgcbuvléh?@hgfogxérangnp!ngilhave been
achieved. In this connection reaction selectivity is 10 defined as the
nunber of nol esPaXyFehes faearda pdenadl baskingpardyheacthanohighapressure
converted. Actiyj is defi e; cpnvet sion, L eyel . of
1-pheny|-ethand%iég'di%eg%iﬁg r%ﬁﬁég %@é?ggéﬁéiggogéﬁaiES? ¥§ghﬁnpglance
per cent age of Ibetwessh-ethaevticonieveédandl pteysutre tilrepl5 total nunber of
nol es of. 1-phenyl - ef.hano] grggent in.the feed. The invgntion wi || nQM/be
i lustrated by the FOF I OWF R ExaiPFREL ARt AOUF FPnPFPYy9Ena BEBHESSf LPhe

invention to thesedpaitgcatarergbbdi arsat gasl phhbesaeRPdexanphesrt he surface
area i s determ ped accordj to the BET-nmethod and th ore volume with

mer cury porosinﬂf???”%£éﬁ%€g“?9A gﬁﬁFgéﬁa gérﬁa?aﬁﬁngﬁgﬁpﬁG fhelPRYSVEL
properties as iswicateditp Iabl etl h{EX- §ielas restRdrimorefekydrati on 25
performance in a mcrofl| ow unit consisting of. a é3 mm di_aneter plugfl ow

reactor, 1-pheryPD¥ERAROP{ERA2EHEFI PEPEsSHANLBr BAUEt SHEFAGH eBEndensi ng
facilitiges. As daphenytagtbansk1fiegdahacknvasquaedinisa E%Sghrghgrgﬁocess
streamto the Styrene reactor systemof the 30 comercial Propylene

Oxi de/ Styrene MpRoPEE phanteatherf eBosPBEkMEBNPAlARGE7Degyeen conversion
1- phenyl - et hano .19 nyl.- ket 1 8% wat er; he .r emai nder
up to 100% cons#%gé% %§%?§%§¥%9?gs&gﬁ§'(gg?g?ggﬂé%g’cﬁgt%émfﬁeggding

epoxi dati on secti onTh&@he aumbehaser bapnofchheveatichy fisdawg3% shapadwas

| i quefied by co sati R h | t.i : - - t gber 2002
phase liquid sygggﬁgﬁésggﬁgﬁgéédﬁ8§§§§a%?gg%Eé§sSHF6§§FS§§§EEF% anal ysi s.
The delydr ati onipxpedingnd wasteanr eeuodt odt maetangardstiest. condi ti ons of
1.0 bara pressure apd a a.te erg%ure of _300.C. The feed r%te gf

1- phenyl - et hanol wa CHEFhtaPndd e38r§P§ b@VeHBﬁPnaﬁglF €5 &8cfor tube
was | oaded w t hp28ces8 €atalktyst prabiacatdenr espengzehe Lduprdrsdmg @he gas
st ar - shaped cataL§st gagticles having a | ength/diameter ratio of about 1.1.
The reaction waB"28ecHRNYAEEGIPEr Odppr EXERdiery "8 % od s SAevé@tathi ch t he
experiment was sbpppedcutet v itheanddseacll 0F seledbidHaiti of ddt@lyst,
star-shaped catal yst were determ ned fromthe Gaschromat ographi ¢ anal yses

of reactfon proUHéFe§§nﬁP@sd&ﬁﬂ@&ﬂﬁ%@“bé@%@éHSISCP&ﬁH@G@ PE SdPeghhour 30.

The results areaindiiaat ed tial yEablpa rei G aLatinge aBsaidadl HamMmiser) was
repeat ed except that the mcroflow reactor tube was | oaded wth 20 grans
(20 cnB) of 20 coenercigal lf Hraid B eAllddi MUy Gnidde G2 omlulred"(Hg)

Tabl ets (R1-0104 ex.Engel hard Meern B. V.), ich may suitabl appl i ed
in 1- phenyl - et haRol*"§e Ay &4t i% eogbtol'c?%. \élg?nps:},gg’a rl|a{rgdpe°r iw&lca%/ O?E)eg’ s
catal yst tabl et9.amenmlndi dat a6 igorEablha i lgChx-dilame2f rAcifl \dtt Vet reaction

selectivity of the catalyst tablelLS were determ ned fromthe
Gaschro%%tograpﬁi@OaﬁﬁPyses of reaction product sanples collected between

runhour 19 and runhage Z2érmiite eSWat's A @ ddiliigalcetndtthia &ilch e
Conparative Exanple 2 . ) ) . o
present invention refers to an inorganic oxide consisting
for at least 90% by weight (wt%), preferably at least
95 wt% and most preferably at least 99 wt%, of Alp03. The
30 remainder up to 100 wt% may consist of minor amounts of

other inorganic oxides like SiOy and alkali metal oxides.
Suitable aluminas include y-alumina, &-alumina, m-alumina

and 0-alumina, of which the use of y-alumina is

preferred.



Exanple 1 was repeated except that the mcrofl ow reactor tube was | oaded
with 13.6 grans (20 cnB) of starshaped Al um ni um Oxi de catal yst particles,
whi ch are esser.=Tally free of any nacropores (pores having a _ g _ 29
Oct ober 2002 di aneter above 1000 nm. Physical properties  @f the ¢ yst
particles are indicated in Table | (CEx-24). Activity and rzgag?lioﬁﬁr%gé
sel ectivity of theT at ael st were determ ned fromthe Gaschronat ographic

n

anal yses of 5 reacti FEGSE CfanFiNeP o P aftied Kétidars Funtrisr14tand

runhour 27. TheatedWstes cang iistdineatlosd dlmiall ®alrt kN Tabh £nd 4 tcCAPL PR
seen that catal yst used in the process according to the present invention

has very good B@®aFEEHamI@®Re privdables sushc satiadasitoPan tickxeetarnbe

activity and s t1i\ I Ty rtJ e

B 100, 100 2o ey Db et oGy od v rlf o e P S
(m / g) B 570. 350°h43Rdme tVisl wpe B aloGhape Of /g0 P00 4 SisleofX aishédgby
Strength (N)6144..250Bul ushi ng St.rength .(MRa) 1. 1>1.61. 1Bul k_density
(m/g)o0. 711. oo.‘%g%% CLRS d‘“d%r gﬂ“"“’(‘r?ﬁ-‘) 3 83*.(“’?&. SR “P\]/’ﬂ ypn orifice of

rticle diameter t
(a) 97. 8295. 979 hz6 Readitrieah s$elpect i vity (9% 98. 3596. 1697. 04 29 Cctober 2002
CLAI MS 1. Proggss for the.preparation of styrene copprising the gas
phase dehydration of <1-S5REA 2 AERG 52 Iyéﬁ\tfa'?cé% bteer’r’pfeei'é;?h? etl?% RHecess

presence of a dehydvaatgreserat dlnyeint iWiemaisn at ke rdeltedratd Hni g at1é Yshnge
consists of shaped 5 al umina catalyst particles having a surface area (BET)
in thelQange ofoff rigmamB8@ & ¢:o1 3@ <y eaandhe pordans! wmes Hp detéireinadge of

fromO0.3S to O. : f ich 3.,03 t0 0 IS 1 ol es, havi
di anet er of at al%e%éjrsgt&%%%on%eléw‘gl %rnt?glenssBjrgl@?gr fndm?egt%g?i’]rif \(I\ﬁg?gl n
the surface areetiheod.n Rres exaidey ,0ft 85 stuxr e el X tiocessabgsordsag to

claim1l or 2, wherein the pore vol unme (Hgl) is.in the range of fromO0.40 to
0.60 m /g, of W dm ¢:hes ragae of By gad '5n"%dr9es having a diameter of 15

at least 1000 nm 4o PIRERSSAURS YN0 BRpANS 10 BLECEHLOGLLALTS,

wherein the catalyst particles have a dianeter rocess
according to amglore iof thwe prasedhd wmiorsS 20 whéareiml ide ¢adal yst
particles are r= sha .Prno . a J . | ai ereiLn_the
catal yst partic 'lea E@v@e%ﬁ glr?glt({% g’%:lrsrle %%Qie;l{[ iq%vitlﬁqchae %‘%aeeg\% (g}rf O?T‘IEO. 51to
3.0. 7. Processemworiditiy rfmo amd dre daftarme mrdecediogdiatai s, tR& whkilei n

the catal yst particles have a bulk density of.at .l.ease 0.5 g/m referably
in the range O%%%wor}nr%ﬁrén{roy qurogs/lrﬁeétry. X’referably, the pgre (IoPume
.AY e. A Af 3. A2. ). Afs ik A e AldnésAloflipf reon] WWH4oa]wa] Cad @ ab] ¢q) caf cahgahca) ¢

a] ca] ca) ca] ca] cal cal.cal é]o_}a cal cal ca] cay cal.cal.cal] ca]l ca] cal caU.ca] ca] ca!1
2bant T2t o TE R U Bl o S B EE ) 5] (HETOSF S 65 8] cha ca
] ca] ca] ca] ca] calend ca] 03] afv] Cr]« gland < aloalon]ca calend) caf capoa] anapeal ca
] ca] cal 34555t 7777<. ./#OAOQé)&OO%Oéﬁl%%Z%ZZZSSSSSZuo' e‘%% caLﬂica] ca] ca] ca]chal]c
a] ca] ca] ca] ca] C¥I%&]TE] AT aﬁ%eﬁ%éﬁ%ﬁiﬂﬂ ] chpeaPEeafREPCcfca] ¢
a] ca] ca! I r &WU3! AsELOVDOK (dvdl (S5 HRAtSoddod 5P LAVMMe (Inkped alumina
S$109WMVE' ()-FIY M 10% ;& ()-!'tY M 10%& ()-&YzX9. 10
>109& ()-! SHS1PPERLYSY SR 1Y (DEQFIHPDRIRENT - §P SERe ODFRBENf- ys$10%
h& ()-&p dB  invention has been found to be very advantageous.
10! 89409BB&' () - 34! BYd0YBB&' () - 34! %40%& () - 34! %40% I & (i- 34@0YB& ()- 10
The diameter of the catalyst particles is not
particularly critical to the present invention. Diameters
normally used for this kind of catalysts may be employed.
The term “ diameter” as used in this connection refers to
30 the largest distance between two opposite points on the
perimeter of the cross-section of a catalyst particle. In
case of rod-like particles having a shaped cross-section,
this shaped cross-section is the relevant cross-section.

It has been found particularly advantageous for the



10 /wi[M 10! 8 10BB 10BB 10BB!. %40%BB& () - 34! 8 %A 0YBB& () - 34! | YA0YR&LE () - 34!
940%BB& () - 34sdEM 10! , 109%&' () - #10%&' ()- :10%&' ()- 10%W& ()-

~ 41098 () - 3109& ()- Al }[ 9M 10! Fy$109XX& ()-!; y$1008"SN& () -3

S109& () -! Ff ($109XX& () - ~! f ($10%8} S} & () 5) - 109& ()-q} ? %%g L()-Y
- 109 ()-z!DY ,- 109 ()-zl +10% ()-Y &I0%& ()-4!= $100 éélﬁ

oo 1 GO e Wﬂ;&é&éﬁe&l%%l Bl 0, 1
%WO%&' () -3!. % 0%a@u@ 1(e)s- JadidPWEs dipm@r elr/ IEJD:. 5108 01BCHE) K LA () -4! F
2.5 to 4.5 mm.
The catalyst particles may have any shape, including
5 spherical, cylindrical, trilobal, quadrulobal, star-
shaped, ring-shaped, cross-shaped etc. It has, however,
been found particularly preferred to use a star-shaped
catalyst, i.e. rod-like catalyst particles having a star-
shaped cross-section. The star may have any desirable
10 number of corners, but a four- five- or six-cornered
star-shape is preferred. It has been found particularly
preferred to use star-shaped catalyst particles having a
(average) length/diameter ratio of the catalyst particles
has a value in the range of from 0.5 to 3, preferably
15 from 1.0 to 2.0. The “length” in this connection refers
to the length of the rod.
The catalyst particles to be used suitably have a
bulk density which allows an effective packing of the
reactor in a fixed bed operation, but without causing a
20 too high a pressure drop. In this respect it has been
found beneficial to use catalyst particles which have a
bulk density of at least 0.5 g/ml, preferably in the
range of from 0.6 to 1.5 g/ml.
The catalyst particles should also have sufficient
25 mechanical strength. One of the adﬁantages of the present
invention is that the specific catalyst particles to be
used have a very good mechanical strength, both in terms
of side crushing strength (SCS) and bulk crushing
strength (BCS), whilst at the same time possessing
30 macroporosity. Accordingly, the catalyst particles used
have a SCS of at least 20 N, preferably at least 40 N,
and a BCS of at least 0.8 MPa, suitably 1.0 to 2.5 MPa.
The dehydration of l-phenyl-ethanol into styrene
according to the present invention is carried out in the

35 gas phase. The dehydration conditions to be applied are



%40%08& ()-4! %0% o' 0& ()-4! %0%u& ()-4Y10% 0& ()- 1OCUCU "" ##$% &wU39:
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5 catalyst described herein before has a reaction
selectivity to styrene of at least 95% as well as an
activity of at least 95%, whilst selectivities of 99% or
hignher and activities of 97% and higher have been
achieved. In this connection reaction selectivity is

10 defined as the number of moles styrene formed per mole of
l-phenyl-ethanol that is converted. Activity is defined
as the overall conversion level of l-phenyl-ethanol as
determined under test conditions, i.e. the mole
percentage of l—phenyl-ethanol.converted relative to the

15 total number of moles of l-phenyl-ethanol present in the
feed.

The invention will now be illustrated by the
following examples without limiting the scope of the
invention to these particular embodiments. In these

20 examples the surface area is determined according to the
BET-method and the pore volume with mercury porosimetry.
Example 1

L star-shaped catalyst having the physical properties
as indicated in Table I (Ex-1) was tested for dehydration

25 performance in a microflow unit consisting of a 13 mm
diameter plugflow reactor, l-phenyl-ethanol feed
facilities and product vapour condensing facilities. As
l-phenyl-ethanol feedstock was used a sample of the
process stream to the Styrene reactor system of the

30 commercial Propylene Oxide/Styrene Monomer plant. The
feedstock contained 79.8% l-phenyl-ethanol, 11.1% methyl-
phenyl-ketone and 1.8% water. The remainder up to 100%
consisted of impurities and (by)products of the preceding
epoxidation section. The outlet stream of the micro flow

35 uni: was liquefied by condensation and the resulting two
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The dehydration experiment was carried out at

standard test conditions of 1.0 bara pressure and a

5 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. The reaction was
10 continued for approximately 90 hours after which the

experiment was stopped.

Activity and reaction selectivity of the star-shaped

catalyst were determined from the Gaschromatographic
analyses of reaction product samples collected between
15 runhour 17 and runhour 30.
The results are indicated in Table I.

Comparative Example 1

Example 1 was repeated except that the microflow
reactor tube was loaded with 20 grams (20 cm3) of
20 commercially available Aluminium Oxide 0.32 cm (1/8")
Tablets (Al-0104 ex Engelhard De Meern B.V.), which may
suitably be applied in l-phenyl-ethanol dehydration

reaction. Physical properties of the catalyst tablets are

indicated in Table I (CEx-1}.

25 Activity and reaction selectivity of the catalyst
tablets were determined from the Gaschromatographic
analyses of reaction product samples collected between
runhour 19 and runhour 27.

The results are indicated in Table I.

30 Comparative Example 2

Example 1 was repeated except that the microflow

reactor tube was loaded with 13.6 grams (20 cm3) of star-

shaped Aluminium Oxide catalyst particles, which are

egsserzially free of any macropores (pores having a
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Activity and reaction selectivity of the catalyst
were determined from the Gaschromatographic analyses of
5 reaction product samples collected between runhour 14 and
runhour 27.
The results are indicated in Table I.
From Table I it can be seen that catalyst used in the
process according to the present invention has very good
10 mechanical properties in combination with excellent

activity and selectivity.

TABLE I Catalyst properties and performance

Ex-1 CEx-1 CEx-2
Shape star tablet | star
Surface area (m2/q) 39 102 111
Pore Volume (ml/g) 0.57 0.35 0.45
Pore Volume > 1000 nm (ml/g) 0.07 0.02 nil
Side Crushing Strength (N) 61 44.2 50
Bulk Crushing Strength (MPa) 1.1 >1.6 1.1
Bulk density (ml/g) 0.71 1.0 0.69
Particle diameter (mm) 3.6 3.2 3.5
Activity (%) 97.82 95.97 97.36
Reaction selectivity (%) 98.35 96.16 97.04
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1. Process for the preparation of styrene comprising the
gas phase dehydration of l-phenyl-ethanol at elevated
temperature in the presence of a dehydration catalyst,
wherein the dehydration catalyst consists of shaped

5 alumina catalyst particles having a surface area (BET) in

the range of from 80 to 140 m2/g and a pore volume (Hg)
in the range of from 0.35 to 0.65 ml/g, of which 0.03 to
0.15 ml/g is in pores having a diameter of at least

100C nm.

10 2. Process according to claim 1, wherein the surface

area is in the range of 85 to 115 m?/g.

3. Process according to claim 1 or 2, wherein the pore

volume (Hg) is'in the range of from 0.40 to 0.60 ml/g, of

which 0.05 to 0.12 ml/g is in pores having a diameter of
15 at least 1000 nm.

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

wherein the catalyst particles have a diameter of 1.5 to

8 mm.

5. Process according to any one of the preceding claims,
20 wherein the catalyst particles are star-shaped.

6. Process according to claim 5, wherein the catalyst

particles have a length/diameter ratio in the range of

from 0.5 to 3.0.

7. Process according to any one of the preceding claims,
25 wherein the catalyst particles have a bulk density of at

least 0.5 g/ml, preferably in the range of from 0.6 to

1.5 g/ml.



