,  €3eQLNT>6t T7F8  *166166* PROCESS FOR THE PREPARATI ON OF STYRENES The
present invention relates to a process for the preparation of styrene or
substituted styrenes, nore specifically to such a process conprising the

gas phase deh i 1- phenyl ethanol or substituted 1-ghgimd 2602
et hanol s. Vﬂ“@ ﬁ@ﬂﬁmﬂ t her context of -the-present application the term
"substitute es’ refers to vinyl aromatic conpounds of the general

fornul a Ar- CR=CH?%'%40 wherein Ar is a phenyl, tolyl or xylyl group and Ris
H or a nethyl group. Wien referring to "styrene"” in the present

application, these substituted rene i nel nl ess indicated
otherwise. Simlarly, ?%%”#Eﬁhﬁigﬁﬁﬁfi?B?ggRg&gﬁﬁnéf g?ﬁ s" refers to 15
aromati c al cohols of the general fornmula Ar-C (R) (CH3) -CH wherein Ar and
R are as defined ahgove. VWen referring to ;' 1-phenyl _ethanol",. these

Substi fut ed 1- phenyl oPRATETS. SrCeRFSan| FelTiln " int dvtid: Eabents

ot herwi se. 20 Arepasmethynkedws tiyeehedof osuimamnif acedr s ngresteysr, eneres t he
coproduction o r |.ene oxid d_s S L Nng: et hyl benzene (a
Styr ene. NonomerPRFOBYFansYOrPa Br ap PR Br ce it i ety BERE e ocees
i nvol ves the stiepgdobtfiprh péadtiphgnel hgtlbenziener v ulhs 25 unedgénpben@l r to
forn1ethy|benzgﬁgagggroperoxide, (i1) reacting the ethyl benzene

hydr oper oxi de us"'8btai ned with propene "n the presence of an epoxidation
catal yst to yield pidhyhenbeofhdehandecdnydrenydt ethrrroleseand (iii)
converting the_l:-pt . et ol .Lpto ' dehydr ati usi ng a

sui tabl e dehyd?é??gﬁgﬁg?glggg.k?hg p?%%%%ﬁﬂﬁﬁ%gﬁﬁggn part?%sgg?I§¢focuses
on the | ast vinyl grguatig0ogmpeepds ofe thehaandnsdr foronlaf i - phenyl
ethanol -0 yield styrene. Step (iii) AchhagH%rocess descri bed above, i.e.

t he production of styrene by dehydrating 1-phényl ethanol, 5 can be carried
out inldifferenhenays AS is wephekpbwrolyl or xylyl group and R 1s H

or a methyl group. When referring to “styrene” in the
present application, these substituted styrenes are
also included, unless indicated otherwise. Similarly,
the term “substituted l-phenyl ethanols” refers to
15 aromatic alcohols of the general formula
Ar-C(R) (CH3) -CH
wherein Ar and R are as defined above. When referring
to “l-phenyl ethanol”, these substituted l-phenyl
ethanols are also included, unless indicated otherwise.
20 A commonly known method for manufacturing styrene
is the coproduction of propylene oxide and styrene
starting from ethylbenzene (a Styrene Monomer/Propylene
Oxide or SM/PO process). In general such process
involves the steps of (1) reacting ethylbenzene with
25 oxygen or air to form ethylbenzene hydroperoxide, (ii)
reacting the ethylbenzene hydroperoxide thus obtained
with propene :n the presence cf an epoxidation catalyst
to yield propylene oxide and l-phenyl ethanol, and
(iii) converting the l-phenyl ethanol into styrene by
30 dehydration using a suitable dehydration catalyst. The

present :nvention particularly focuses on the last
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in the art. In general, the dehydration can be carried out in the gas phase
“or inthe liquid phase in the presence of a dehydration catalyst. Suitable
dehydration catal ysts are known and include for 10 instance acidic
materials |ike alum na, alkali alum na, alumniumsilicates angyké byoe
synthetic zeolites. Dehydration conditions; are also well known and usually
i nclude reaction tenperatures of 50-205 C, typically 100-200 C, for liquid

phase dehydrali gnand. 15 210:3300 o Lypleald y 280;310.Crafor gas,phpse

dehydration. Pressures usu y rahge fromO0. 1 bar. I'n"GB- A
the |iqui d-phasétdedyelrati on of an aromatic al cohol into an aromatic vinyl

conpound is 20 deSCééé)@duﬁ%@ErS%ntMep%@r ﬂ%%gglbédc‘%&§9 pUt - aly

el evated tenperature in t resence of a sol ed acid catal yst. Al umnium
silicate and H PypauGyhemePfcSyrbtne & sedvABALLoAcd - RReRYL tabtanalat al yst s,

but no fyrther dehajdScasr]Oatbe: PIOREIAALSn0f hDESes MBY efd 8] Sc . s given.
I n Takahashi et ai., The Canadi an Journal of Cheim cal Engi neering, Vol 60,

June 198B, pp. 9B3tMBRr&- pFBcEIFor tHhe PRHUFE2phan e aehyelreds Brecf

1- phenyl etnanobyinip SHYTEAS pisa e i1hednesi DguYar piiise t yipes 30 of acidic
catal ysts. :'he catalysts used include silicaaiumna, Y type zeolites,
nordenites, ..-ZBMNEhP SRSy AHORasatatyStset iR form of crushed

particles of 2448Rydmstk 6:¢ 04 €sPRNtdi NG eWikhBwh- Sndi0i (e lad8 o hi s pulication
concl udﬁg t hat when the 35 concentration_of effective acid sues or, the
catal ys 6 JuhRsSDUTR -agldi qdiaisdddl st hekBehydPiid orft Sl i o mde

increases, but §hensSiinens: Sedacdd \Wnldy Hdegpeasesthdt Lerded n @ dim na

catal yst was found to provide the best bal ance between reaction rate and
styrene sel ecti VERXATa:419 gondigdopsy a¥et AeSYade bhdsW de it &tSver Lot
1hph§n%| OIet hanoin&lnidlae &té’arceihﬂa_l_ d &e@@%&@kb.@_@s &\b%@«;zogaomoldg;gdaalnys]gd a?]

t he dehydration, cat St . e patent, application does not give any further
details as to tHg&t%s Can optr&ﬂ&’t‘idegggfes T & A5 %ks, except that in
10 the wbrki ng EXagAes OSA@hkala yHeYotype zeol fde,gass pheed i n the form of
crushed particl having a sjze of 32-60_nesh (correspondi.ng with 0.25-0.50
my. In the mr%%?’éﬁ:&é%ﬂ 'eSE!t"Wessfuéga §3rd yc‘%‘?‘&qestf:r&%o;b'll- %ﬁ’enyl et hanol
wi t hout ot her coirpinds bei ng present. 15 The present invention ains to
provi de an effective dehydrati-qn process, for. converting, 1-phenyl et hanol
into styrene, whi c\énp?’%c ssz'cla—(%’gpslogﬁa %Jls %IlcfcﬁD e ggﬂyéfgttilé)}é S ep of a
conmer ci al SM RO prrogess.c laicholl anppogessrdnes feednyd clepdehgdrat i on

SeCtionZ&jll r"%eé%Pl%ed, wherein the dehydration is carried out at
elevated temperature i1n the presence of a solid acad
catalyst. Aluminium siiicate and H-type synthetic
zeolites are mentioned as suitable catalysts, but no
further details as to the properties of these materials

25 1s given.
In Takahashi et al., The Canadian Journal of
Chemical Engineeraing, Vol. 66, June 1988, pp. 433-437,
a process for the liguid phase dehydration of l-phenyl
etnanol into styrene 1s described using various types
30 of acidic catalysts. The catalysts used include silica-
alumina, Y type zeolites, mordenites, H-ZSM-5 and
several aluminas, all used in the form of crushed
particies of 24-32 mesn (corresponding with 0.5 to
C.7 mm). This publicat:icn concludes that when the

35 concentration cf effective acid sites on the catalyst



20 contain 1-phenyl ethanol, but also substantial amounts of other

conpounds fornmed in the precedi ng sections. Exanples of such conpounds are
2- phenyl ethanol, nethyl phenyl ketone, sone styrene nononer, ethylbenzene
and water. 25 It has been found that 1-phenyl ethanol either ga§,54%80 gr in
a process streamin an SM PO process can be very effectively converte into
styrene in a gas phase dehydration process3by selecting a zeolitic catal yst
nmeeting certain specific requirements. 30 Accordingly, the present

i nvention re'atfﬁtﬁééé%dorQ%%S%eﬁ9ﬁr5B?oﬁréﬁﬁ%éﬁddﬂkéﬂé ShreA8eQ! but
substituted styrenes of ‘the genefal fornula Ar-CR=CH2 wherein Af s a

phenyl, tolyl ofh&yiNreroslandirity Fre¥eassmt Hylcetadp aleminpe 2002 - 4

conprising t he e tEgn h ut ed

| - phenyl et hano ol qugng¥gﬁaf%§ %féggcx ;6%%%)%ﬁqwﬁg%eggp§§é%nd R are

as defined aboveedat idre yatesendestyrangosébetcivity -cat al yst S conprising a

zeolite and a bind r| I r rat f glite to binder is
3 o Thoa-e5/ 55740 B8 dRtlad He v areb ittt

in the range of from oFFomnng rel ation
applies: 0 < KXxghenk)l \Altlhl&holOlthG Myrénd i(sPaiesclribpdy yRbréifiby ]~ (2)

wherein: V/Sis t l,ume/sur f of_th f
e el ant T actin 61 JoGEEtespr EXnto THTHie 15 CAREAVoEt 10 GraTE zeol i 1 o

per gram cat al ygdgl ifdatiisnt heewemgthtgixr@ostriyorfu&fthlalrndetaplgseﬂttcb neHdhe

catalyst in grans bi nder r gramcagal ' Pz is . the intrinsic
r 0QULLi vi Uy of XHES 256 FREPERpy Bocuy cUitable zeolired! eXedpl thar 1n

10 the working examples 0SZ-250, a H-Y-type zeolite, is used
in the form of crushed particles having a size of
32~60 mesh (corresponding with 0.25-0.50 mm). In the
working example the feed solely consisted of l-phenyl
ethanol without other compounds being present.

15 The present invention aims to provide an effective
dehydration process for converting l-phenyl ethanol into
styrene, which process can also be used in the
dehydration step of a commercial SM/PO process. In such a
process the feed to the dehydration section will not only

20 contain l-phenyl ethanol, but also substantial amounts of
other compounds formed in the preceding sections.
Examples of such compounds are 2-phenyl ethanol, methyl
phenyl ketone, some styrene monomer, ethylbenzene and
water.

25 It has been found that l-phenyl ethanol either as
such or in a process stream in an SM/PO process can be
very effectively converted into styrene in a gas phase
dehydration process by selecting a zeolitic catalyst
meeting certain specific requirements.

30 Accordingly, the present invention relates to a
process for the preparation of styrene or substituted

styrenes of the general formula Ar-CR=CH) wherein Ar is a

phenyl, tolyl or xylyl group and R is H or a methyl group



.as granms styrene produced per gram of zeolite per hour, 20 as neasured for
pure zeolite sanples of particle size < 0.1 mmat the tenperature applied
i n gas phase dehydration and at a conversion of 1-phenyl ethanol into
styrene bel ow 80% and Pb is the intrinsic productivity of theeﬂ ﬁgeio
expressed 25 as grans styrene produced per gram of binder per o , 93
nmeasured for pure binder sanples of particle size < 0.1 mmunder the sane
conditions as used for determning Pz. The catal yst to be used conprises
zeolite and binder 30 in a weight ratfo'of zeolite to binder of froml:99
to 90:10, preferably of from3:97 to 35:6S. Suitable binder materials

i ncl ude i norgapirésoxgdake | & Widdecaleyidmitdan o£613phen2D02trarddl  bori c,

zirconia, titapj | lLica- ' LI organic. materials |ike
car bon or pé%y%%?gsfgﬁé%%elgéha%nwg sréglggtﬁg\rﬁ;??gl ?ﬂﬁ/ei ﬂ%‘??r%} nder materials
silica and &bmmiiha Zr-€C (R)ef@y)@l wReeecieohit entOR bersisesl d4E pfddnci pl e may

be 5 any zeolite having sufficient acidity to catal yse the dehydration of
1- phenyi et#¥R®6? . iBthaResease eés2 Réhd aptdidectZSMBG, H ZSM 23,

b oy deni { Goodbatr 2a0) id Gednd cRebadNa MASOY 1A a1 6 yHine 2002 zeolite

but al so Si?l na phosphate nol ecul ar sieve naterials such as
SAPO- 39. Howelatt, mtthier odcizdpdizeotrdtieimigerismlin mine hengppbifedras wel | .

The catal ysf. 49 e 34934 THSC JIBEL o0 SRECILG. > QU LaTERLo, 25 1 egar ds

particle si’Z€,” outer ‘surtrace and zeo e con Tents are

summari sed in equabi eng €13 and (2): 0 < K< 5 (1) wth: (10 K= V/S * [(Pz
* fz)+(Pb *_B@}]'~ (2) wherein VIS, Pz, Pb, fz and fb have the neaning as
i ndi cated &Jove. The quotient of volune V (in mB) and outer surface S (in

i) is expressed gn_mnpyand | g A E3SYLE pf Ok g;%,a]qaarti Cl?Zfi ze and its
V.

shape. For 15 spherical catalyst particles, Is 1/6 o he particle
di anet er. Rbereghindrical catalyst particles VISis 1/9 of the particle

di anet er . t S j h asc<trilo stars uadr ul obes,
wokkel s an§9?hg§| ?bé}?ﬁ%ﬁé/aﬂfolf%\?%s%%ﬁg? B éfr‘rgl ?ag‘?ajz’bs‘i e 78 of tho
outer di ammmer of the enclosing cylinder. It has been found advantageous to
select VIS, Pz b, fz d fb such that has a val ue of | ess than 2,
pr e=er abl y = Bf lfseggét'ﬁ%h&& grﬁglﬁﬁsﬁp?%? TEBIBFOIETedd f8n 0.2. 25 The
welght fraestabgsof imentdnse zeh2)tangdebi ater {{dY14swdi cate the anmounts of
zeolite and binder in grans per %éag%og.c talyst. The sumof fz and fb is

i 8ts

equal to | P18 the e/ Ry FEACESH e dia%¥ ¥nd ith8er. The
product i vi thes1 e aird JHansnviagkri pelk C@tn catalyst;

Pz is the intrinsic productivity of the zeolite expressed

as grams styrene produced per gram of zeolite per hour,
20 as measured for pure zeolite samples of particle size

< 0.1 mm at the temperature applied in gas phase

dehydration and at a conversion of l-phenyl ethanol into

styrene below 80%; and

Pb is the intrinsic productivity of the binder expressed
25 as grams styrene produced per gram of binder per hour, as

measured for pure binder samples of particle size

< 0.1 mm under the same conditions as used for

determining Pz.

The catalyst to be used comprises zeolite and binder

30 in a weight ratio of zeolite to binder of from 1:99 to

90:10, preferably of from 3:97 to 35:65. Suitable binder

materials include inorganic oxides like silica, alumina,



. 30 the denyaratien activity of the pure zeolite and cure binder,
respectrvely For the purpose of the present invention .t is preferred t hat
the binder is substantially inert, so that Pb = 0. As a resul t, the
foll owi ng =el ation. applies: 6 June 2002 K = VIS * ' {31
The conditions under which the dehydration is carried out mwﬁ: %FQQ%hrn
wde limts, but should anyhow be such that the 1-phenyl ethanol is in the
gas phase. At 5 atnospheric pressure this inplies that the reaction
tenperature should be higher than the 40iding tenperature of 1-phenyl

et hanol, which is 203-209 C. At subatnospheric conditions, however, the
reaction tgaRERAt UEecERYabeck OWREa hAd0eNEr@l-a ke 42% Phase 4Q dehydration
is suitably carried out at a tenperature in the range of from 205 to 300 C,
pref erabl yozgenie moeciahs &lpe eS8 oIr RGBS -t @ L5 thgse., Thlee process
accordi ng t Iy i t nt
operationa%gbgggrslpriﬁﬁ lﬁg{gng#&&%eqﬁggﬁfﬁamhﬁgﬁl?%eaégtngs?£$s used. In
one enbodiaeatpoéfehee@re@@mt2¢¢ﬂmﬁﬂ|Qﬂ1bmh@sedtahystlnSLQSedmémlmme f orm of

pardicl es havrn ver i t, e preferably
fré%rl to & Qo r% %?egh {Héé %ﬁﬁﬁilég tg %2% gyﬁ%gg%% 20 fi xed
bed. Such cﬂseﬂrpdtaﬁei@'nlafgle-gjamylclee:rmnbés Snét@bEéetéeﬂlt@skeﬂﬁsd he
pressure dr thrn he r n ac bIe level ..l n this npde e.
oper ati on { ﬁfgsgé 2gir’e%r gﬁﬁgﬁﬁs‘/ packed FR L5 GEW over which
the feed Q%mg4srng 1- phenyl et hanol is passed 25 upwardly or downwardly.
The catal yst particles nay have any desired shape including spherical,
(hollow) cylindrical, trilobe, star-shaped, pellet-shaped etc. |In another
enbodi nent of the present invention the catalyst is used in the form of
particles having an 30 average particle size of 0.5 mmor |ess, preferably
from0.02 to 0.1 mm in a fluidised bed. in this node ef operation
spherical catalyst particies are nornally applied, so that the ratio V/ S
equals 1/6 of the dianeter of the catalyst particles. Since the catalyst 'S
particles are free 'l ow ng and hence are exposed to 6 June 2002
relatively severe nmechanical forces, a certain m ninmum anount of bi nder
mat eri al should be present to give the catalyst particles sufficient
strength. Preferred bender contents are 200 by weight or nore, nore

N:\M\TSO718SINP



5 preferably at [ east 300 by weight. The gaseous feed enters the fluidised
bed reactor at the bottomat a certain velocity, thus helping to keep the
catalyst bed in its fluidised state, and the styrene-contai ni ng product

| eaves the reactor at the top. 10 In a still further enbodi nggtineodhe
present invention the catalyst is applied as a |ayered catalyst, which is
as a thin layer on either small support particles or on a nonolithic

support or a structured packing. In these forns the catalyst is nost 15
suitably applied®Phiasfi géa B&HC opetftd T UTTRE PHRIEEA2ESt BPYSEUpAFti cl es,
however, could ahsQebeaapphhed, i fudh fddigirsedsbedoqproeat i gBnekf atN@ic
particles are sufficiently small (i.e. <100 pin). In_general, nonolithic
catal ysts are cBRPIAGOGST2EAFEALT &Y R& §P8s228 e8nt'&ihirng many narrow,
paral | el straight ornzi gzaglpsssages JGaidahysicakby aekiyvepkngredi ents are
di stri buted uniform%/Fin a_por ous Iacée’rE deposited on the walls_of the

channel i n t hESHBAGFTERFE SPriRIARE RFFAGUENEEFoapBrFad FBREFTE hi c
structure is thend5zhoheyeoobnséniiCtiese ThqueB6RBEEs O r 808G Pi Sed
catalysts is the very thin |ayers, 'r} whi ch internal diffusion resistance
is small. A strh%tﬁ?éatbﬁﬁﬁi V&% %dpen cross-flow structure, which can
serve as a catalyst car@ierkby mpplying a thin |ayer of 30 catalytically
active materi al oth he walls of the channels. Such structured packings are

for instance aviiFable from Sul zer Chentech. An exanple of a structured

packi ng iigs a foam cont ak ni ngyghannel;s» For+add 1 aptey g cat al yﬁﬁ (coated
particles, nonoljthic 35 supports and structure packings) the thickness of
the 6 June 2002°Tappl Yedr catalfist fFagaf &PIravubre y'82Pdetseen 1 and

10C pm nore suj o and 5 h ragio. 4 hi, s i 1] pe about
equal to the Iaylré?mt:}%l%?(n%g% %SSNLH% ;gggtt%t?ttﬁ%e ‘ﬁ%if"?}néof thlg@tshgntﬁ asnﬁ}rof ace
bound to 5 the supesriu:sadots accessikhl esf oxpidesdeant ané Has.isThe

invention is further illustrated he follow ng ex | e without
restricting the"Stope® o#ort he'S RGHtCoR sz?h%%a’rgrﬁ c%l‘r%e enfddi ment s
illustrated in spherexanpteca i tEparpieldhe expeirs nem sofvedtee carried out in
o chen eos ot el LERELof A L1 eLORl oL ATE ot BREM S0, el e
downwardly through ihel/4 of the particle diameter. For catalyst
particles shaped as trilobes, stars, gquadrulobes,
wokkels and the like, the ratio V/S will be smaller
20 than 1/4 of the outer diameter of the enclosing
cylinder. It has been found advantageous to select V/S,
Pz, Pb, £z and fb such that K has a value of less than
2, preferably of less than 0.5 and most preferably of
less -han 0.2.
25 The weight fractions of zeolite (fz) and binder
{fb) -ndicate the amounts of zeclite and binder an
grams rer gram of catalyst. The sum of fz and fb 1s
equal o 1, 1.e. the catalyst consists of zeolite and
binder. The productivities Pz and Pb 1n fact indicate
30 the denyaration activity of the pure zeolite and pure
binder, respectively. For the purpose of the present
invent:zon 1t 1s preferred that the binder 1s
substantially inert, so that Pb = 0. As a result, the

following relation applies:



15 reactor. The catal yst particles used were diluted with glass beads (2 mm
dianeter) prior to filling the central segnent of the reactor. The feed
line was traced to the reactor tenperature to allow the feed to vapori se.
The product was collected and anal ysed by 20 nmeans of gas chg ggmé 2go2phy.
The feed consisted of: 820 by wei ght of _1gpnenyl ethanol 5% by wei ght

2- phenyl ethanol 11% by wei ght nethyl phenyl ketone 25 1-2s by wei ght of
wat er and the bal ance up to 1000 by wei gh; of styrene plus et hgl benzene.
The catal yst used was Baged’/dn’ri'¥ZsM 52260l ite, which was extflded with

Si02 into tril obgs @ndltbom® IR deut eh.dhafhbetenyWozbabehes ¥ers Jor epar ed:
one with 200 by weight zeolite and one ﬁ/ithﬁSO% by wei lg]ht zeolite. The
extrudea cat al y¥t* dPSY tesed FAdEnd1ROFAY oPVer BRARHE 2R YRM &8 of about

C.2 mm The reaaic vmas keadedpwehbilaestahbicientinammengaofp@bscanal yst to
nave aboyt C.5 grans

c' zeolite in tHe .6 #me 2002 reactor. The
catal yst®was h FPORdeF RTFPSWEEf “At-Er dPBNISPnFEF G ’f—hygrﬁiﬁ%‘}ﬂﬁ%p to 80 C,
then within 2 hewmperaeutd0stoand subregHent tyanaphélyolpid® the reaction
tenperature of 220 C,  at which t erature 5 the catalys s, kept for 2
hours. Then, tH&E™PEEARAS Prﬁtrléaﬁggﬁiiﬁféa?ﬂ%’ r%%%‘?horl%r#oo%%aFal yst was
contacted w thatheurapnossrdrieedoati aroaspe wbwddeg/ tHeardasqiondi ng with a
wei ght hourly space velocity of 3 rans. 1- phenyl, et hanol_ per gram zeolite
per hour) 10 a%&mgfeﬁﬁgﬁﬁ%rﬁn%yppgsgﬂ‘g%rfo%ns %’?é‘?l’da 3 gﬁfgpr;‘ra%‘&ucti vity pz
of the ¥eolitedwayddeteoni nedsbytabhyi ogrthed pore zed itenpeowderredihuted in
gl ass beads at 220 _C and at_a i- ny| | conversi.on of, approxi matel y
55% The Pz haé%g vafde 9 Era’“s%?e%%/géqgm‘;eo‘?ﬁ el ]'P/he‘ﬂroegﬁl ts are
i ndicated in Tablbe°C, dheaabbesvinti ohsfBpm Confy.tcarid Bel.. refer to catal yst

particle dianeter, nversion and | ectivi res ti,vely., .The conversion
i5 calculated on t ggbgg?éeiﬁ o?“?%gl%ir%%né%éo r:er#%% 6?4%teﬁélf°8e8§%nd of
the unconvert edef cedriedvomy thedifbetert Qomargingrl moGefseed~terms

Clunconuerted f _eg%etv:qa Op;@&£é§eﬁe; %%{e%méoq% catent of the unconverted

feed is the 257differente between . carbon content of the product
stream t hat | egmesdimhent eatt bhe apre 34t G wfenthersttyreese thdywadis

used 1n the form of particles having an average
particle size of at least 0.5 mm, preferably from 1 to
10 mm, more preferably from 1.5 to 5 mm, in a packed

20 fixed bed. Such relatively large particle sizes are
preferred to keep the pressure drop within the reactor
at an acceptable level. In this mode ¢I operation the
catalyst particles are randomly packed into a bed over
which the feed comprising l-phenyl ethanol is passed

25 upwardly or downwardly. The catalyst particles may have
any desired shape including spherical, {hollow)
cylindrical, trilobe, star-shaped, pellet-shaped etc.
In another embodiment of the present -nvention the
catalyst 1s used in the form of particles having an

30 average particle size of 0.5 mm or less, preferably
from 0.02 to 0.1 mm, 1n a fluidised bed. In this mode
of operation spherical catalyst particles are normally
aprplied, so that the ratio V/S equals 1/6 of the
diameter of the catalvst particles. Since the catalyst

25 particles are free Zlowling ana hence are exposed to



The selectivity is calculated on the basis of the carbon content of the
styrene forned and the carbon 30 content of the feed: Selectivity = C (
styrene ) x 100% C (feed) 6 June 2002 - to TABLE = Results

RunDf zV/ SKTi neConv. Sel . No. (mm) (g/ g) (nm (h) ($) (0) 10. 20. 20. 033@ JoRa 98509297
100909820. 20. 60. 0330. 055959050B593100819231..60. 20. 9000. 38595955080941006592
4j . 60. 60. 9000. 66560755052801009582 From Tabl e |l i t can be seen that the

selectivity is n table . fo ng .a f less than 0.5
(runs Nos. 1-3) pg?‘%e%% gl 9€¥§5mt e& o%/ mor e tﬁénao §r|%s gttt perform ng

adequat el y, but asbows abesmmmwmk Haludcet ibei yeweinthtbsgavsacHeess
stabl e. The CO”“§F|§139£‘ f8£rEP@l&§t§u%/§I§1#§: d ol ‘é'ﬂs mgfeaergdl s also

somewhat hi gher than t?‘le conversion for t catal’ st used inrun No. 9,
al though the | abteder scenientsidre o Enthy Weirght T Qowpar apFee Exanple Run

No. 3 was, repeg%}?&'zelbé%l EIL Pealétqu*@L g, %Ie‘ig‘i’xtOf Tﬂev%g%ggﬁ f‘%éaoneT""O runs

of 98 hours ea were carried out, one at 12 (run at 170
C (run No. 6), @Rterspuee i/JéPdtJl—"t%Fi diedlragctoriaghéhgl bethamnoty ¢ zeal i t e/ h.

It was found that i bajdn gy B@t%&@m‘@?'ngthaﬁegkgEﬁé &Q@Qlﬁ&%belaut tge

selectivity did not exceed 30% (run run No.
June 2002 HencelntHe cfolnhp’&ilaiel‘i/é%rpl a&BRDASYFaDe- Fﬁ&taIfP@qorocess

according to therpiesented LMo RIS Deagastppase process.

10 In a still further embodiment of the present
invention the catalyst :1s applied as a layered
catalyst, which 1s as a thin layer on either small
support particles or on a monolithic support or a
structured packing. In these forms the catalyst 1s most

15 suitably applied in a fixed bed operation. The coated
catalyst particles, however, could also be applied in a
fluidised bed operation, 1f the particles are
sufficiently small (1.e. < 100 pm). In general,
monolithic catalysts are continuous, unitary structures

20 containing many narrow, parallel straight or zigzag
passages. Catalytically active ingredients are
distributed uniformly 1in a porous layer depositad on
the walls of the channels i1n the monolithic structure.
A frequently applied monolithic structure is the

25 honeycomb structure. The essence of monolithic
catalysts is the very thin layers, in which internal
diffusion resistance is small. A structured packing is
an open cross-flow structure, which can serve zs a
catalyst carrier by applying a thin layer of

30 catalytically active material on the walls of tne
channels. Such structured packings are for instance
available from Sulzer Chemtech. An example of a
structured packing is a foam containing channels. For
all layered catalysts (coated particles, monolithic

25 supports and structurea gackings) the thickness of the



6 June 2002 - 12 CL Al MS TS 0718 SI~I P 1. Process for the preparation
of 'styrene or substituted styrenes of the general fornula Ar-CR=CH2 wherein
Ar is a phenyl, tolyol or xylyl group and Ris Hor a nethyl group
conprising the gas phase dehydration of 1-phenyl 5 ethanol og jgHESoobut ed
1- phenyl ethanol of the general fornula ArBCIFQ(C}B) C}imhereln Ar ad R are

as defined above in the presence of a solid aC|d|c catal yst conprising a
zeolite and a b%ndg ga r . ' QP ratio _of zeolite to
bi nder is in th&PPange of ?%6ﬁ1léa1659“f ndaﬁﬁepgfﬁe?ﬂe f61?omnng

rel ation applieﬁoooum Kmsrb muthao(i)lkémd\ﬂ&Sdh[ ﬂbEzvvszaﬁréan* fb) 1'' ~

(2) wherein: 15 M/ LS the 9 ne/surface rattO éﬁ the caé st used in mm

fz is the weight Factron”dr~zeol | %Utr% ent in tﬁelggFal Kﬁeﬁfans

zeol ite per gramseamahysthafbthe hmefwefqﬁuaﬁnaeulenr@écelmdemdptesent in

the 20 catal yst b gLals. bl ndelo ol Qramm oat AlysticPcLacthie Jalrinsi c

productivity o e expresse ans styrene rodud%dﬁper gram of
zeolite per hour, aﬁhﬁeasweedlémri®uﬁwrunﬁﬁ|lﬂeueanptes bw perticle size <

0.1 mmat the t?%ﬁ?&@% %a££+i§dwl@h@@§ RNASS c23ngebydration apd Al a
conversi on of pheny t ano
invention to the particular embodiments illustrated in

this example.
10 Example
The experiments were carried out in a stainless
steel reactor (13 mm internal diameter; 30 cm length)
equipped with an internal thermowell (0.5 outer
diameter). The feed was passed downwardly through the
15 reactor. The catalyst particles used were diluted with
glass beads (2 mm diameter) prior to filling the
central segment of the reactor. The feed line was
traced to the reactor temperature to allow the feed to
vaporise. The product was collected and analysed by
20 means of gas chromatography.
The feed consisted of:
82% by weight of l-pnenyl ethanol
5% by weight 2-phenyl ethanol
11% by weight methyl phenyl ketone
25 1-2% by weight of water and
the balance up to 100% by weight of styrene plus
ethyl benzene.
The catalyst used was based on H-ZSM-5 zeolite,

which was extruded with Si0Op into trilobes of 1.6 mm

30 outer diameter. Two batches were prepared: one with 20%
by weight zeolite and one with 80% by weight zeolite.
The extruded catalyst was also tested in the form of

crushed part:cies of about 0.2 mm.

The reacrtor was loaded with a sufficient amount of

(W
wm

catalyst 1> nzve about (.5 grams cI zesolite 1n the



styrene below 80% and Pb is the intrinsic productivity of the binder
expressed as grans styrene produced per gram of binder per hour, as
nmeasured for pure binder sanples of particle size 6 June 2002 - 12a <
0.1 mmunder the sane conditions as used for determ ning Pz.g 3und’2002SS
according to claim1, wherein K has a value of |less than 2, preferably of

|l ess than 0.5. NN\MTS0718SINP 6 June QCbZ'- 13 3. Process according to
claiml1l or 2, wherein the intrinsic productivity of the binder, Pb, is
essential ly zerd2as6orhalneKcatgl st Yy heaftgp ugpes ahéiei P/ S, Pz and fz

are as defined if)¢¢bakm 1indc,Ri0gess, ARGONG R 58 apy ON&, af, 4fi& preceding
clains, wherein the weight ratio of Zeolite to binder is in the range of

from 3:97 to 35265°u55 PPoééls acedf di tif W eahy YoR_POFLY HEP prededdi ng 10

claims, whereinfhetbbAdeempsrsthiea o um nac Oni Pk ogdsse BHGAdi Ng to
any one of the preceding clains, wherein _the tenperature at_ which the gas
phase dehydrati &R S3EatYFedvedt K¢Rt i 4Pk He PPHRGe GFePRr othR0E 4% w300 C,

preferably 210 tat28QufedainfoPtRssidatefr L8df £RE Babal@sd . 7. Process
according to any one of the preceding clains, wherein the zeolite is
H ZSM 5,  H ZSM 28NTRFHeT dehtk et Do W2ERIGISEde Lo BRt AF 22073 1% G 18 9/h

silicaal um na phesphatsonsush astiSAPQ=33ht2R08r] Pr 966858 @aGRndiyNgrt 0 any
one of the precggi clajms, wherein the catalyst is used in the form of

n |
particles havi nglaft30erhge " parti Ti Gl 861 95E™| B8R PSFmNONIA packed

fi xed bad. and atmospheric pressure for several days.

The productivity Pz of the zeolite was determined
by running the pure zeolite powder diluted in glass
beads at 220 °C ana at a l-phenyl ethanol conversion of
approximately 55%. The Pz had a value of 5 g styrene/g

15 "~ zeolite/h.

The results are indicated in Table I. The
abbreviations D, Conv. and Sel. refer to catalyst
particle diameter, conversion and selectaivity,
respectively. The conversion is calculated on the basis

20 of the carbon content C of the feed and of the
unconverted feed leaving the reactor:

Conversion = C(feea) - Clunconverted feed) .. 100%

C(feed)"

The carbon content of the unconverted feed 1s the

25 d:fference between the total carbon content of the
product stream that leaves the reactor and the C of the
styrene formed.
The selectivity 1s calculated on the basis of the
carbon content of the styrene formed and the carbon

30 content of the feed:
Selectivity = Cistvrene! . 100%

Cl{feed)



9. Process according to any one of clains 1-7, wherein 25 the catalyst is
used in the formof particles having an average particle size of 0.5 mmor
|l ess and in a fluidised bed. 10. Process according to any one of clains
1-7, wherein the catalyst .s applied as a coating on a nonolgtjghé 2862
support or a structured packing in a fixed,bed operation.
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Comparative Example

of a vaporous feed.

carried out, one at 120 °C (run

15

higher than 80%,
5) and 50%

Run

170

It

{run No.

No.

°C {(run No.

3 was repeated, but

Two runs or
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with a liquid in stead

was found that in both runs the conversion was
but the selectivity did not exceed 30%
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nlgyw&-()_!A#L!fgm&e€§_fg;lgb@@pfgpaqiilon of styrene or substituted

styrenes of the general formula Ar-CR=CHp wherein Ar is a

phenyl, tolyol or xylyl group and R is H or a methyl

group comprising the gas phase dehydration of l-phenyl
5 ethanol or substituted l-phenyl ethanol of the general

formula Ar-C(R) (CH3)-OH wherein Ar ad R are as defined

above in the presence of a solid acidic catalyst
comprising a zeolite and a binder material, wherein the

weight ratio of zeolite to binder is in the range of from

10 1:99 to 90:10 and wherein the following relation applies:
0 <KK<S?5 (1)
with:
K =V/S * [(Pz * £z )+(Pb * fb)]* (2)
wherein:
15 V/S is the volume/surface ratio of the catalyst used in
mm;

fz is the weight fraction of zeolite present in the
catalyst in grams zeolite per gram catalyst;
fb is the weight fraction of binder present in the

20 catalyst in grams binder per gram catalyst;
Pz is the intrinsic productivity of the zeolite expressed
as grams styrene produced per gram of zeolite per hour,
as measured for pure zeolite samples of particle size
< 0.1 mm at the temperature applied in gas phase

25 dehydration and at a conversion of l-phenyl ethanol into
styrene below 80%; and
Pb is the intrinsic productivity of the binder expressed
as grams styrene produced per gram of binder per hour, as

measured for pure binder samples of particle size
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6. Process according to any one of the preceding
claims, wherein the temperature at which the gas phase
dehydration 1s carried out 1s in the range of from 205
to 300 °C, preferably 210 to 250 °C, at a pressure of

15 from 0.5 to 5 bar.

7. Process according to any one of the preceding

" claims, wherein the zeolite is H-ZSM-5, H-ZSM-23,
H-mordenite, H-Y-zeoclite, beta-zeolite or a silica-
alumina phosphate, such as SAPO-34.

20 8. Process according to any one of the preceding
claims, wherein the catalyst is used in the form of
particles having an average particle size of at least
0.5 mm 1n a packed fixed bed.

9. Process according to any one of claims 1-7, wherein

25 the catalyst 1s used in the form of particles having an
average particle size of 0.5 mm or less and in a
fluidised bed.

10. Process according to any one of claims 1-7, wherein
the catalyst :s applied as a coating on a monelithic

30 support or a structured packing in a fixed bed

operation.



