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WD 2004/ 020369 PCT/ EP2003/ 009574 PROCESS FOR THE
PREPARATI ON OF STYRENE OR SUBSTI TUTED STYRENE The

WO neognkisen pertains to a nethod of preparing BCYERT®3/009574

or substituted styrene conprising (1) converting a
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substituted al kyl benzene hydroperoxide to a m xture 5

conpri si ng phenyl al kanol or substituted phenyl
al kanol and (2) dehydrating the phenyl al kanol or
substituted phenyl al kanol A conmmonly known process

i n whi ghephenghtabkapelrtizS nsCerver edhwidt bt be cpahd nef
a catalyst is a process in 10 which propyl ene oxide '
and srpnen e rapebstdduded sitamensy coremistiig Hdnzepaverting
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converting the 1-phenyl ethanol into styrene by
defigmnatli @A kasicdg a suitabl e dehydration catal yst.

Sui t abl,e es.. rihed for .exapple ihn .
5210, Je5 MAEaTY ke, EREE R o B B B R noadtelR: o
st epsivigritedand thi ithe adipmegeroustedlaltydts wapruseds An
" hompgeneous' nol ybdenum cat al yst was used for step i
(i i“ﬁhlci“n@?fﬁB%ggé‘ﬁeS’B%dﬁ- POIU Y TSR GREc PAOPYR&Ss Shg&ding

fore PRt bbn Zbh e S of Qg hakulhe pREeRaEALNB19ks the

1- phenyl 5 ethanol ledto the presence of heavy

by sprepsucts (iin Tle@cting ethylbenzene with oxygen or air to
form ethylbenzene hydroperoxide, (ii) reacting the
ethylbenzene hydroperoxide thus obtained with propene in
the presence of an epoxidation catalyst to yield
propylene oxide and l1-phenyl ethanol, and (iii)
converting the l-phenyl ethanol into styrene by
dehydration using a suitable dehydration catalyst.
Suitable processes are described for example in
Us 5,210,354. According to this process in both reaction
steps (ii) and (iii) a homogenous catalyst was used. A
homogeneous molybdenum catalyst was used for step (ii)
and homogeneous p-toluene sulfonic acid was used for
step Iiii). It was found that the preparation of 1l-phenyl
ethanol led to the presence of heavy by-products in the
crude l-phenylethanol stream. The crude l-phenylethanol
stream was therefore subjected to a distillation step

before step (iii). Feed to step (iii) was removed as an

overhead product and a heavy ends stream, containing some
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crude 1-phenyl ethanol stream The crude
1- phenyl et hanol stream was therefore subjected to a

waolpaitiokdzas i on step before step (iii). Feed toPSI/P2003/009574

(iii) was renoved as an overhead product and a heavy
ends stream- containing sonme 1 WO 2004/ 020369
PCTL FPR0O3PDO9BTHOr $i yWaperprevadsassa ekt ornpyeduas.

a tto r Ct.. , 210, 3 further describe ,
o URLbeTy Bt SOk charthe P £30eTRACL UL REL LES b PoPrBating

r eERVEr heanyg shils efErepnetdr 86tSved $6md PsBl83R85 a
honogeneous nol ybdenum cat al yst was used for
peP¥BFHFAgTStep (ii). The advantage clained for the

process_ descgi i s, tih e or - et hagpl
strean??s§%o§ig?§%?I?ed@%%é%§%8%§?ﬁ3ﬂ¥§%§@%hs%ep Pyst was
(iwspd feioweweformingrseept 6imbkeThheadraramysuctiabhed for

as, feed for 10.step..(iii) the streamhad t e treated
oyt hEcRreePes AR erhhdntar tot: bR gbaana  verery ot fdnol
washi88m TBi fot HPYEVELedi Bedbs8 BOiRYPEESI V6 @P€p (iii).
| abori ous nethod. In PCT application PCT/EP03/03790

(nBevpFepubinshedst ta Prbeethei staeswrspktrherasafeed for
he get s;cat 51 i 15 used (§id

L CRESRIAS PLABL AL Sk By EauRECLEBE BTy Lt L
hettet egenashsatadal yst 18ahCbendappt éedvashing. abhis,

obj ective of th resent invention to obtain a nethod
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al cohokf ped hgpsiepc{bhidchyrdosyobiongebf s}@ﬁ@plﬁ!@@i’é’hed) ,

bottons, or to wash these fromthe Eroduct. uch '

pracesgcess 1s described where a heterogeneous catalyst is
used for step (iii). In the epoxidation step (ii) ai
homogeneous catalyst or a heterogeneous catalyst can be
applied.

It is an objective of the present invention to obtain
a method for which no need exists to treat the crude aryl
alcohol feed to step (iii) by distilling off the heavy
bottoms, or to wash these from the product. Such process
would give a substantial commercial benefit over the
prior art methods that need expensive distillation or
washing steps. It is further of an additional advantage
not to separate heavies as waste, since this heavy end
’stream contains valuable styrene precursors. Thus by
using a process without distiliation or washing the heavy
bottoms, a further increase of the yield of valuable
products 1is obtained.
Therefore, the present invention now relates to a

process of preparing styrene or substituted styrene
comprising (1) converting a mixture comprising

alkylbenzene hydroperoxide or substituted alkylbenzene
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woul d give a substantial commercial benefit over the
prior art nethods that need expensive distillation or

worehiongest eps. It is further of an additi onal PCT/EP2003/009574

advant age 25 not to separate heavi es as waste, since

th s heavy end tream,cont ai ns val uabl e styrene
5F§7 HiLTs gy & W§F%§r§ §P8@§§§Lﬁgtﬁ8ﬁﬁyl alkanol or

dl%hwéﬁﬂﬂuwédmpn@ﬂym ngﬁﬁ%lh%@V$x1@9EE%65ana afgehlRet o an
increase of the yieéld of valuable products is

obgdikyd@ne3@xTsler énoile Pﬁésﬁﬂ@§e@ﬁ @n@@ﬁﬁrcgen@ws catalyst
re%g%gszto&%§¥gﬁgﬁe§% #8%% arl yrene ﬁﬁ&lguted phenyl

substitut'e yrene conve
wnmﬂ%aadmmpmudmbmgofahk¢pbqnaem© b%dh@me@@ykéﬁeobr
subs%ltuted al kyl benzene 2 WD 2004/ 020369

PCFM @ﬁeééﬁéﬁbéiﬂreﬁﬁdﬂ&pgbéxpa@5€ac& Riftx fuhgmogeneous
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al kanol by oxidizing an al kene"to an | ene
nlmhéUQﬁ@s@n@@tﬁbdaOHep@epgenn@sacmuakwse cam@rﬁzﬁng

reactin the phenyl 5
o REREY PR s oBPed PPy caheRrh deyreneSgin e alpha-
sup&bhyqteﬁhsmwne@e methbe ph@&@ﬂoea@blaom@wa@eea@@%ituted
dehydratigon catalyst. Mre sp eC|f|caII¥ t he process,

&
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g{%ﬁ%h %t%éh%q %@ds&b%%gﬁﬁkgﬁhQnghegghéehgﬂgﬂnt@sstyrene

0 phenyl ethanol or nethyl “phe car bi nol
subst it stubdt itugkengk yethanol and subsequently

Geny 91095k Reny] Shhanoh o SHbStLEHLe oo oes
oxidizing ethylbenzene and reacting the resulting mixture
containing ethylbenzene hydroperoxide with propene in (1)
using a heterogeneous catalyst to obtain a mixture
comprising propylene oxide and 1—phenyiéthanol.

Heterogenous catalysts can be selected from catalysts
containing titanium, zirconium, molybdenum and/or
vanadium compounds. Catalysts containing titanium and/or
zirconium and silica, are preferred. A particularly
suitable heterogenous catalyst is catalyst containing
titanium and silica, more specifically a catalyst as
described in EP-A-345856.

Conditions under which epoxidation is carried ou£~are
known in thé art and include temperafures of 75 to 150 °C
and pressures up to 80 bar. The reaction medium is
preferabiy in the liquid phase.

After the epoxidation step, unreacted propene,
propylene oxide product and ethyl benzene solvent are
separated from the crude l-phenylethanol stream. The

crude phenylethanol stream is fed directly to the second,
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In a preferred enbodi nent the nmethod conprises 15
oxi di zi ng et hyl benzene and reacting the resulting

WORoo026369 cont ai ni ng et hyl benzene hydr oper oxi dBCWEP1003/009574

propene in (1) using a heterogeneous catal yst to

obtain.a xture risin ene_oxlLde and.,

Pt ! Seelr S DR CE R $E SRt i the
S%ﬁ@é@ﬂcér@ﬂ\ acmlazbcy@ﬁeougoc@@@l@sol noré féarédiMomogeneous
zirconjum nol ybdenum and/ or vanadi um conpounds.
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antc siiwca, longerspe@miredltq aubaeeiytmeasfﬁEuent from the
descrlogd in EP-A-3 £856 Condltlons under
epd?EH PBhORsSEEPrfEd batd a?%paﬁﬂBhﬁnlﬁr??ﬁp%ﬁﬁ ERgremove

| ned i e ShahtE 8Se Pdrd SEEOA1RY Che aBFLME CESIH S y@thanol
to 80 he reaction mediumis Freferably int

| iomoarphb@etheodelﬁyefathene@bap déti onfisaep, Cem@@raem’eo
pr arErQQ Leng ié% E?'z‘?a%?ﬁé‘&‘t@ [BP%éen&f

o) are para romihé cru ano
sto@mmmuﬂhe hevﬂﬂ@ @hemyéemhaﬂOWesgmeamflS9$eﬂm higher,
directly to,the d, 3 WO, 2004/ 020369

PP EP PRSP BEOSTHLY d Py drae FhEneEt ept WRT sTPWAL Tt | khe

PesfOLORMei Bt PRes P BSLHG EcOhpSuNQEDIENEOUS] CAL at st .
Prieferred honpgeneous catal ysts are inorganic or

orpreeperatids, o§u@hrelsatpveb1/ué@egeuamo@mt: @Eigtyrene or
ACEn9L 19,091 1P, PLESENN S OLRCERS oL | 250 0L
compounds used in the process.

The invention is further illustrated by the following
examples.

‘Example 1

In a reactor, air was blown through ethylbenzene. The
producf contained ethylbenzene hydroperoxide.

The product obtained waslreacted wifh propene in the
presence of a heterogeneous titanium on silica catalyst
as described in the Example according to EP-A-345856.
Unconverted ethylbenzene and propylene oxide were removed
from the product, and a crude l-phenylethanol feed was

obtained. This crude l-phenylethanol stream had the

following composition:
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epoxi dation step (1) to a separation treatnment to
renove heavy conponents before feeding the crude

'\NaamhmmyHethanol streamto the dehydration stR@EI/ERI003/009574

Heavy conponents whi ch are especrally preferred to be
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was— @@ﬁyléﬁggn@he presence of these hea % .eofppodnds
esulted in the preparation of a relatively |arge

jﬁ@@ﬁtOBhGEPyﬁene or substituted styrene 1ha8edtoR
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hr ough et hyl benzene, The _20 product contai ned
th?+%§ﬁzéh@vﬁy%r%D%%Eﬁﬁ@%ﬂeﬁmélp?BH%Et obt ai ned was

TEdbl ed—with properic T the prescrice of =&
het er ogeneous titaniumon silica catal yst as
descripetoinetbeskkéompl @ actdrwi$gaddedEP: A-3Hb8SGude

Unconvert ed et hyl benzene and pr o en de wer
FohoRBan Y ROROE DL R TaLEE 2 mhAbRt crgedd Beme Toarts per
1 Rhenybgt anght f eeshavagen et 2t D6H. wIBi asriéle out
1- phenyl et hanol streamhad t he follomnng conposi tion:
n

4 Q@2004PO2D369N PUTE Em@@erlorgl%sra at- phenyF et hahopar and
11%%6%r£ag%u5589€n¥£66h?Eokgsfée&G-8@rafst9@9§@fgg liguid) \

per h. Crude styrene and water products were removed as

vapour and condensed. The styrene concentration in
product was determined by gaé chromatography. The amount
of heavy residue produced was 4.4 wt.% on styrene
produéed.
Example 2

A crude l-phenylethanol stream was prepared as in
Example 1. This was further treated by distillation, ‘
according to PCT apblication PCT/EP03/03790, so that the
majority of heavy compounds were removed. The resulting

stream had the following composition:

l1-phenylethanol : 80.9 wt.%

7 phenylethanol 3.7 wt.%
acetophenone ' 9.8 wt.%
2,3-diphenylethyl ether 0.02 wt.%
Other heavy components with‘boiling 'not detected
points above 2,3-diphenylethyl ether

p-Toluene sulfonic acid was added to the crude

l-phenylethanol stream at a level of 200 ppmw, and
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2, 3-di phenyl ethyl ether 0.7 wt.% O her heavy
conponents with boiling 1.3 w.% points above

waQe4deEhenyl et hyl et her p-Tol uene sul foni c acPdT/mR®03/009574

added to the crude 1-phenylethanol streamat a |evel

of 200 ppnw (parts per, mllion wejght), and,
&W%ﬂf%ﬁowa%a%a@r%be%&ut CORR T HURIAS LY i 1 tHee liquid
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feed) per (g reaction |iqui per h. Crude
st@/réfhe @nﬂeﬂm avezpr oyl uct sciwere lﬂeqntm/@)d per lapboedand
condensed. The s renecﬁgoncentratl on i product was
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Exanpl e 2 A crude 1-phenyl et hanol stream was prepared
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GJ
PG ERR e e T e e o Ty fgeed- The
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2 EHEAY TRt hanBhe P70k 91 L SebrtphencrEo. Bl 4 - of 2,3-
2 §iﬁ‘tﬁ@ﬁ§ﬂ¥’cl@§zb%tk@é:ﬁ&{nc@ P23 th% & hefhdeavyavy

conponents with boiling not detected points above
2, GO phenys et bt l@qmn% Mol iieh 2z ¢ ohi T~ Giplenakethyl

gggglg%£gp%‘%§e§%éﬁ%hé pheny! el hanol. $1 562 Ay | BY Sy ampie
1.

Example 3

The crude 1—phenylethanol stream from Example 1 was
treated as follows: p-toluene sulfonic acid was added to
the crude l-phenylethanol stream at a level of 200 ppmw,
and dehydration was carried out continuously in the
liguid phase at 238 °C, 0.2 bar and at a throughput of
0.19 (g feed) per (g reaction liquid) per h; Crude
styrene and water products were rembved as vapour and
condensed. The styrene concentration in the product was
determined by gas chromatography. The amount of heavy
residue produced wés 2.3 wt.% on styrene produced.
Example 4

The distiiled l-phenylethanol stream from Example 2
was treated as follows: p-Toluene sulfonic acid was added
to the crude l-phenylethanol stream at a level of
200 ppmw, and dehydration was carried out continuously in
the liquid phase at 239 °C, 0.2 bar and at a throughput
of 0.31 (g feed) per (g reaction liquid) per h. Crude
styrene and water products were removed as vapour and

condensed. The styrene concentration in the product was



5 WD 2004/ 020369 PCT/ EP2003/ 009574 dehydrati on was
carried out continuously in the liquid phase at 218
w@2008/0203bar and at a throughput of' 0.39 (g ferdi/Epm03/009574
(g reaction liquid) per h. Crude styrene and water
products were renoved as vagour and 5 condensed. The

st §PEREMEBRERY r 987 o F AR hRIpRBOYct TR sAMaRREr A nBEaVY
byr9§§dﬁergﬂaaegéép@¥s The @EU%anOEt9EQH¥ pté sahegs  The
pr oduced .0 mt.%on styrene produced to

of tohis héavylsebedWE peasthepheavyheebedWE reﬁmded

o pranyPen hg1 o br GhoBisEaPabant Bhaky PhedigE- S o8

cozpenampaemylstbplleﬂgepoana31abowe.2,8fd®ph@ﬁyh@§byl
et her) exceeded the total heavy residue forned in
Exaﬁﬁpene@tSEyah%|%03 189Tﬂélﬁgﬁdébgvﬁh%n%T%%H%ﬁBVlethyl
steen g fe§b§§3g8'€hé Megaltﬁsg%gdréél&gé'9&§'ed in
p-to uene sulfonic acid was ad e crude

1- phenplet Banol stream at a | evel of 200 ppnw, and
dehydration was carried out continuously in the liquid
phase at 238 C, 0.2 bar and at a throughput of 20
0.19 (g feed) per (g reaction liquid) per h. Crude
styrene and water products were renoved as vapour and
condensed. The styrene concentration in the product
was determ ned by gas chromat ography. The anount of
heavy residue produced was 2.3 wm.% on styrene
produced. 25 Exanple 4
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The distilled 1-phenyl ethanol stream from Exanple 2
was treated as follows: p-Toluene sulfonic acid was

w@dae2036® t he crude 1-phenyl et hanol stream atPer/ER2eS/009574

of 200 ppnw, and dehydration was carried out

continuously in 30 the liquid phase at 239 C, 0.2 bar

and at a throughput of 0.31 (g feed) per (g reaction
liquid) per h. Crude styEeheRahdMwater products were
renmoved as vapour and condensed. The styrene
concentration .in the product was 6 WO 2004/ 020369

PCT/ EPROQSLROY5T4 peeper dhgedt byegaso£hs@pat 086 8RAY styrene
The anount of heavy residue produced was 1,6 wt.% on °
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I . . )
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et hgdrapdrdxBdet t & af mbkhereheavyrisompopkeatglwelikanol or
boi |l j ng, poj nts above 2, 3-di phenyl . . ethe

o eibARRehES oReRVE A1 Rl Y T e T S bapprae pheny
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A met hod of preparing styrene or substituted stxrene
coRPLASERBI () ebherertiAgan Al kyleee cowpffsifgstep (1) in
al b ope ] bst | -
Py oGP e e 1o ey fadho Bl B LA EE Bh aRDER AR ng
or thesphshyl ud Eklapbenygt abkahdtuaaed PR¢ndehydkatohgin

Lhe,Bheny| Ll kanol of substityted phenyl alkangl, o,

catalyst to obtain styrene or substituted styrene.

2. The method according to claim 1, which is preéeded by
a non-catalyzed step wherein alkylbenzene or substituted
alkylbenzene is oxidized to a mixture comprising
alkylbenzene hydroperoxide or substituted alkylbenzene
hydroperoxide.

3. The method according to claim 1 or 2 wherein in

step (1) ethylbenzene hydroperoxide is converted to
l-phenylethanol, which in step (2) is converted to
styrene.

4. The method according to any one of claims 1 to 3
wherein the heterogenous catalysts of step (1) is
selected from supported titanium, zirconium, molybdenum,
and vanadium compounds, and the homogenous catalyst of

step (2) 1s selected from inorganic and organic acids.



oxi di zing an al kene to an al kyl ene oxide in step (1)
in the presence of a heterogenous catal yst and
waolednae@sd ng the phenyl al kanol or substi t ut eBCpRRIVYS/009574

al kanol in 10 step (2) in the presence of a honbgenous

dehydration catal yst to obtain styrene or substituted
érene 2. The nethod _according to claiml1, which is

eedBe YRt RORORCERE A )F b0 s2Rp WrRref nchr i bens ererein

Ortﬁgbﬁétéyé ?gugyégegzggﬁ ESn 0L AL 266 L0; A MtbUE 15 ca,

conpri sing benzene hydroper oxi de or

subsdithéemom¢g§h©euzenetahydtoper@M|deomatlcThad/or

met hod, accor di to cIaL 1 or 2 wherein in step (1)

etﬁgFB%ﬁE%ﬁesﬁgg?%b%rﬁg? is converted to

1- phenyl et hanol , which in step (2) is converted to 20

styrene. 4. The nmethod according to any one of clains

1 to 3 wherein the heterogenous catal ysts of step (1)

is selected fromsupported titanium zirconium

nol ybdenum  and vanadi um conpounds, and the

honogenous catal yst of 25 step (2) is selected from

i norgani c and organi c acids. 8 WO 2004/ 020369

PCT/ EP2003/ 009574 5. The nethod according to any one

of clains 1-4 wherein the heterogeneous catal yst

contains titaniumand silica, and the. honbgeneous

catalyst is an aromatic and/or aliphatic sulfonic

acid. 9



