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21 February 2007 PROCESS FOR THE PREPARATI ON OF

STYRENE OR SUBSTITUTED STYRENE The i nvention pertains

to a method of preparing styrene or substituted

styrene conprising (1) converting a mxture

ri si ng al kyl benzene hydroperoxi de or substd'tigPeg"y 2007

al @P%ﬁz’?ﬁe Tﬂ%%ﬁ%%%é’ﬂ EBYRENFR{ & 6VRS B TCCHD rSTEREYE
phenyl al kanol or substituted phenyl al kanol and (2)
dehydrating the phenyl al kanol or substituted phenyl

‘aIkanoI'A connDnIy known process in which phenyl

al kanol converted with the help of a-, :éatalyst IS

a pr003§§ LRAVEREIRH PRESEIAA dfe 20 REFEOSh @
pr@@%%geswguﬁgt&rtg@e%f @@ﬁ%?ée%np'ﬂlﬂ‘?fber@) %&hfertmg- |

procéss i-nvolves the stepsof (i) "reacting

et laytnbecrmenecmmpm@xyxgera1dqy1éuernztem1e fhydmaogiedxiale ene

ydr reactin et hyl be zene
Y APSRELERERE ahiv BhRRes B prs b T T e
pr a&&p&es@hgapheagxi 8alkiaeid 1 dfralsidls thi e utierl qahenyl alkanol
yl ene oxide and 1-phenyl  ethanol, and-“(ii

pro
coﬁ@élr ti2ngdehudrashagy the pheayl aldasog afe. swtltuted
Pﬁ@@?ﬁ'gﬂkHﬁbﬂg a suitabl e dehydration catalyst.

€ processes are described for exanple in 20 US

T5 210, 354omAcnbydkngwho ptoice sgr doeshich p@EMyﬂeadMamml is

step i) .and enous catal yst was used.-
nofBgEREke ok PolbkubedR A & Cace Lty ror Sudiega o
andh*ieaogges?yéne bek uena sty ?ﬁ‘e@:ea%&-@ WAD IR fsQrartmg
step (iirl) t was found thatathe preparation of -

1 ﬁh@myﬁtzslbehaﬁaﬁ | éa Q@Dﬂi@lprs@%nﬁéoﬂe%ea.wolves the
vy esguss% Ai?e%ﬁgctﬁ;hﬁd%ﬁuyﬁ%%%le Lhaneh SRR oir to

ano
form ethylbenzene hydroperoxide, (ii) reacting the

ethylbenzene hydroperoxide thus obtained with propene in |
the presence of an epoxidétion catalyst toryield‘
propylene oxide and lfphenyl'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 homogehous catalyst was used. A
homogéneogs moiybdenum;catalyst was used for step (ii)
and homogeneous p-toluene sulfonic écid wés used for

step (iii). It was found thatithe-preparation of 1-phenyl
ethanol led to the presence of heavy‘byfproducts in the
crude 1—phenylethanol stream. The crude l—pheﬁylethanol
stream was therefore subjected to a distillation-step
before step (1ii). Feed to step (iii) was removed aé'an

overhead product and a heavy ends stream, containing some
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stream was therefore subjected to a distillation step
before step (iii). Feed to step (iii) was renoved as
an overhead product and a heavy ends stream
containing sonme 1 21 February 2007 styrene

precursors, .was renoved as a bottom product. u! February 2007

- 5,2\t grudihesomtesora besemopedcassaf bettomapraguct.

this heavy ends streamto recover sone stg;ggg E
b

prksc frvsor Gy, 3B | 5RTfB e S3098r PR3 1B gRAEGES ERahing
Al Sle ortfed f U arper d OF 8598t 8Bméi ki yrdhe

c
adgvantage clalned for the process described is that
t recruacknds phenyl et hanol  streamis not distilled '

bef ore bejng .fed st.e iii). _Ho '

rake. (b L SR S it dans  BYEYBOepl PRPELVER was
st{£ain Aigd foreriieat L€epy (81 pausheCadwahtageashaamed for
30 to 180C and wat er washi ng. i wever,

This, h -
géﬁgﬁgﬁ@f HRFGRARA G obis gb@hola?m ﬁrgéﬁ? gpgb}eﬁgi}egﬁaml
P e 09 ik (J?%tﬁf@%bﬁéfgfg) beiﬁg?{f@?i%élgﬁsge (iid).

ere a heterogeneous cata

IfHo#éﬁﬁk(iiﬁ)or?értm@ repkai thei shrehmpsitibie as feed for-
onbgeneous catal yst or a heterpgeneous catal ys .
bestefppl:d) the | S TpAB bR adt FoebHr Q-Fﬁé%ﬁgefs@n?‘ bafi8lic

't gb’f%% ?&‘ﬁﬁ Dbt H ne a gptROgRfoRavBirchaBBinged TRYESE S

Feat the crude aryl 20 alcohol feed to step (iii)
bynalistét) | hy ofso tae Grepensbvet 8AE, lapordonasAefhede

subst et | B¢ U A et oRehel | £egag37gd (Bof prapppiished),
el NodscEHat i Heeds exPeadi wRedeski heakirogearous catalyst is
used for step {iii). In the epoxidation step (ii) a-
homogeneous catalyst or a heterogenebus cafalyét can be
| applied.
Tt is an objective of the present-invention to obtain
a method for which no need exists to treat the crude aryl
alcdhol-feed to step (iii) by distilling off the heavy
bottbms; or to wash these from the'product. Such process
would give & substantial commercial benefit‘over the
prior art methods that need expehsive‘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 distiiiation or washing the heavy
bottoms, a further increase of the yield of valuable
products is obtained. - ' _ | |
Therefore, the present invention now relates to a
process of preparing styrene'or.substituted stfrene

comprising (1) converting a mixture_comprising

alkylbenzene hydroperoxide or substituted alkylbenzene
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~ ' et hyl benzen

washing steps. It is further of an additional

advantage 25 not. to separate heavies as waste, since

this heavy end stream contains val uabl e styrene
precursors. Thus by wusing a process w thout

distillation or washing the heavy bottons, a 3] FeRwpry 2007
i nCnaasesd rd:fedy 11 G ofivaktabl Gnp Py QAU tShdr1 alkanol or

obtai'ned. 30 Therefore, the present invention now
rel @wsstiCured oyl ofllprephrbngesidising @n alkene to an

subst-if ut ed styrene rising (1) gonverting a

m xtaulr@icegjn%r%%’]r%g lnalctl%)r/%) elﬁ%se%éé%y o%,é?%%ﬁré%ed}ous catalyst
subsdrid utBd wdayt rpzne ghedly Febr kaiyl 200 substituted phenyl
hydr operoxide to a m xture conprising phenyl al kanol

or HWUFERTE RERAHHeRA SHisRinol) e kiR rif yaeng Qhe

to : j | n r f

hot oS AHaITRE SERd ML g el e homggeneous

al kated ydoratsidrs taatstlacs tphédote Sepd dafiota Pgdudie girocess

step ( 0 obt aitglq%{)yr ne or substituted styrene, in
ho A RAEAR. & GFe it SHRARAT LR 1y dRA T ore AR sting
Mor & epflidriC Al e R A-GORSSy 1 dKAMIES( A S IIRADTas alpha-

preparing a m xture conprising propylene oxide and

1- piRhapet rditsinglalogo metdwhl a¥hen phaoad iptediy loretsradtituted

et han upsequen at 1 n eny

or sbksiylatiterhdl- pheryatthanted o Sihamfleth@hcl to styrene
substituted styrene In a preferred enbodi nent the

et 193d & S teedtes $EYdSAshg et hyl benzene and ‘
reacti ng he | et emods GOY 3y ;

n: ghy foperggpgglv&\kn[ﬁt propg[%:irejdhlre)(r%i (:f)mpr-lses ,
oxidizing ethylbenzene and reacting the resulting mixture

or 'I‘a-gc]r}yeg-l h:er%lan;éeir t?a'[n:?i;ls)d.léqn ye Sﬁjetbnséli. ! %ie%d dr%'tlagfgﬂ len;ol

containing 'ethylbenzene hydroperoxide with propene in (1)
using a‘heterogéneoﬁs catalyst to obtain a mixtu;e
comprising propylene oxide and 1—phenyiéthanol.'»

Heterbgenbus catalysts can be selected from;catalysts
containing titanium, zirconium, molybdenum and/or

- vanadium compounds. Catalysts contaiﬁing titanium and/or
zirconium and silica, are preferred. A particularly
sﬁitable.hete;ogenous catalyst is catalyst contaihing
titanium and silica, more_speéifically a catalyst as
described in EP-A-345856. '

Conditiéns under which epoxidation is carried ouf.are
known in thé art and include'tempera£ures of 75 to 150 °cC
and pressures up to 80 bar. The reaction medium is
preferabiy in the liquid phase. | | _

After the epoxidation step, unreacted propehe,-
propylene oxide product ahd ethyl benzene solvent are
separéted from the crude l-phenylethanol streém; The

crude phenylethanol stream is fed directly to the second,
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usi ng a heterogeneous catalyst to obtain a m xture
conprising propyl ene oxi de and 1-phenyl et hanol .

Het er ogenous catal ysts can be selected from catal ysts
20 containing titanium zirconium nolybdenum [
vanadi um conmpounds. Catal ysts contai ni ng titan?ﬁ%&gmaWZOOT
anddehydziatdam umtaepd Fhiiisc xeaartd opr dfsepegdonfted in the

particul-arly suitabl e heterogenoys cat IS

Cat RFGEERGENOE i HoTOBETER T A Sis 4 P aqge ed homogeneous
spechihadldos & :catiabyghms 27 desehiikedidils, such as
EP- A- 345856. Condi ti ons under whi'ch epoxidation is

 car pH&o loemneasall Sondwn 2ici Gh@caardimy tic|thge Present process
te ratures .of 75 to 150Q and. pr.essur, : :
bar LTS FERdtSR SRS B SPELER T (gl From the

phagpox3QaAfilcer sthe quoxitdatd eepsireridmrgastaent to remove
propene, propyl ene oxide product and et hyl benzene ,
sol PR Yacompsawatst & forem iasdinduddrel - sy 1 lsmigiilethanol

Streams e, Ctrhtéd%le%ﬁzgﬁﬂé:%.tz#ﬁ%gﬁ ut(rzqa.mﬁesat;f%ompohents

directly to the seco ary. 2007
dehytiiah @re sspeciiily pesdidmred $odrd @mesenn tare

presence of a_honbgeneous cat.al yst.. Preferr .

oS eBReRSS EAASs to e GR R Sf gain eTdyigher
suchode shddlruenasuldoanidy agigherACaal Gidl) fiduridi&hat the
present process 5 it is no |onger required to subject

t hepekfslenast ofr dineisiee hegpuxichmpomds gegudtad ip the

PRI A SRS, Ry SRTBNION Srycene
t he sgekydrattied stiyeRnE?) badeay orc amparentsf st cthinay e
esp ggim%lclu%l c{Jsr ?Iseerdr eldn .tt% eb epf%rceessesn.t , are _
The inventioh is further illustrated by the following
examples. ' |
‘Example 1 . o .
In a reactor, air was blown through ethylbenzene. The
producf contained ethylbenzene hydroperoxide. |
The.product_obtained was:reacted wifh propene in the
presence of a heterogeneous'titanium on silica catalyst
‘as described in the Ekample according to EP-A-345856.
Unconverted ethylbenzehe and propylene‘oxide were removed .

from the product, and a crude 1—phenylethanol feed was

obtained. This crude 1l-phenylethancl stream had the

following composition: )
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10 conpounds having a nol ecul ar wei ght of 195 or

hi gher, nore specifically 200 or, higher. It was found
that the presence of these heavy conpounds resulted
in the preparation of a relatively |large anmount of
styrene or substituted styrene, based on anmpurf F§pruary 2007
st antbRgniAet@apounds used in the process. Tlleé wt.$

inkention is further illustrated hy the folll owinag

expApPBSnYERARPNE11 I n a reactor, air was thﬁhW%-%

th h—ethytbenzene—The—26—product——Tontgrey S
etwéﬁ%gﬁ gﬁéoﬁédroperoxide. The product obtgﬂﬁghvﬁﬁ§
r epgtl sddwphengiepdne ebhehke presence of a|0.7 wt.%
he e . 1| atal o

des OENBEd hieq Vivh SORRRRBNESakébhdPRg LEBIEP- A-|F4585H- - %

i il i et s S

re rom th a_crude
1- phenyl et hanol feed was = obtained. This crude
1- phenyl et hanol stream had the follow ng. conpositiaqgn:

i a 21PFeRLyERS ?HgfoningEhQI HERaRgHSRy 8 fhSosTude

'2'pﬁeﬁﬁh%ﬁﬂ%%%%n%15s@&e%%‘Qﬁehoﬁ@%ﬁgn%fibo% Wm0 (parts per

2, 3-dI phenylethyl ether 0.7 wt.% O her heavy )
conpohénps wetightsoi,| aBng deBydradsiopoivaiss calyared out

zaggg%&g%&%&%&gﬁggékggrlgﬁgggu%%%s%ung@H%‘a%LdOW@Sbar and
at a throughput of 0.34 (g feed) per (g reaction liquid)
ﬁer h. Crude styréne and water products were :eﬁoved as
vapour and condensed. The styrene éoncentration in
product was determined by gaé chrbmatography. The amount
of heavy residue prodﬁéed was 4.4 wt.% on sﬁYrene
produced. : :
Example 2 .

A crude l—pheﬁylethanol stream-was'prepared as in
Example 1;‘This was further treated by distillation,
according to PCT apﬁlicétion'PCT/EPO3/O3790, so that the
majority of heavy compounds were removed. The resulting

stream héd the following composition:

1—phenYlethanol o ‘ 80;9 wt.%
2-phenylethanol- _ _ 3.7 wt.%
acetophenone - ¢ 9.8 wt.%

2, 3-diphenylethyl ether _ ~10.02 wt.®
Other heavy components with.boiling not detected
ﬁdintS'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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1- phenyl et hanol stream at a | evel of 200 ppnmw (parts

per mllion'" weight), and dehydration was carried out
continuously.in the liquid phase at 218 C, 0.2 bar and

5 at a throughput of 0.34 (g feed) per (g react]

liquid) per h. Crude styrene and water producﬁgg%@P@yquT
re 1AStivAPRNS e Tomdentedonthaustygienén the liquid
concentration in product was determ ned b

y, gas .

chremasegatpBy8 The GrdupRr ardhahve FEEPHEBPBFoRdCced
was, 4 - & S e c . Bxa en2
cru%é3€-$%eﬁ%gg% %%Inﬁt%%%ﬁﬁggg.%?ggéﬁgdggg Fh Erude :
Exagpyeede Thdswibsr fprddrectsrearedrbyodiedt aBl sapony and
according to PCT a Iication-PCT/Eng/OBYQO SO thﬁt :
t hecaBIRBPEHT t TDBf © cORPGERES2REPE FBnbPEJPTRHYCE was
resylilpginahlir WHAY. CORROSMbLAR: of h
1-p %%%F%%ﬂgﬁ0F9g%$%dﬂ%£§?£g§ghé%y?ethanol 3.7 WF.%)eaV¥
acetephénenpradocedwass 3 203wl fheny ssvigneephedugegz The

conponent.,s W

i babal SFoFRE HBSUL S5 tipnERYPOLhyt RapRg esidue.

p- TebHeHedSuhf eRkCpatdd wastaddadibe khepcr0dd wt.% of 2,3-
1-pheng|ethanol stream at a level of 200 ggww and 5

21 ¢bphearyerby} cHenydaRdi dn3wds - BaPfi o§hgut heavy
Conééﬁg§3§h¥slQ%Eﬂfb%*ﬂ%#ggp?g§§§e§§o%%8ZCB—Qi%h@%&lethyl

and~a roughp per (g reaction

i qgtHerpeexbee@eddehe total heavy residue formed in Example

1. _
Examglé 3 _

The crude lephenylethano; stream from Example 1 wés
treated as foliows: 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 238 °C, 0.2 bar and at a th;oughput-of
0.19 (g feed) per (g reaction liguid) per h. Crude
styrene and water products were rémﬁved as vapour and
condenﬁed. The styrene concentration in the product was
determined by gas chfomatography. The amouqt of héavy
residue'produced was 2.3 wt:% on sfyrené produced.
Examéle 4 |
' The distilled l-phenylethanol stream from Example 2

. wWas freated és follows: p-Toluene sulfonic acid:was added
to the crude 1—phenyléthanol strgam at a level of
200 ppmﬁ,‘and dehydﬁation 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




styrene and wat er- products were renoved as‘vapour and

5 condensed. The styrene concentration in the product

was determ ned by gas chromatography. The anount of

heavy residue produced was 3.0 w.% on styren

produced. The total of this heavy residue plu§1ﬁﬁ8mawzogr
heavy ,resi.due e ed,. LQr, di-stl | L@n

(o P TRt & o R A Ml "L ™S S Y
of ebheyukearpvdueedpaaentls enivith shein istyreoienpsoalnwes. The
2, 3-di phenyl ethyl ether) exceeded the total hea%y

‘ res¢@@élf@ﬁhﬁ@lﬁnhEﬁgﬁpF§s?ﬂueE%&Mﬁ & a¥ie TESHARS

1. RRGRYA hanghesLEeam i Bramildn LS (ol nedied a5

fol F'ows: p-toluene sulfonic acid was addéd to the

cr ude 3tdilpdeylydehhydl eshesamnat 1a 3 awtelt off 20Gegphwavy

and dehydrati on,pwas. carried _out .continuously j.n.t

T QGPTERes S SBa Al 16RS Rt RO Ehr e Saet YL
20 Q+12 )0 fxeedHeBehed theaql inavy Gdgildueetdimed ude
styrene and water products were renoved as vapour and
cond@aged.e Phe styrene concentration in the product
was determ ned by gas chromat ography. The anount of
heavy residue produced was 2.3 w: % on styrene o
produced. 25 Exanple 4 The distilled 1-phenyl et hano
stream from Exanple 2 was treated as follows:

p- Tol uene sul fonic acid was added to the crude

1- phenyl et hanol stream at a |l evel of 200 ppnw,- and
dehydration was carried out continuously in 30 the
liquid phase at” 239 C00.2 bar and at a throughput of
0.31 (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 6 21 February 2007 deteénined by gas
chr omat ogr aphy. The amount of heavy residue pr ed
was 1.6 wt.%on styrene produced. The total of2qﬂzuﬁgl‘§lary2007
heavy residue plus the heavy residue renoved in the
CIAI¥Y distillation step (0.7 w.%of 5
2, 3-di phenyl ethyl ether and 1.3 wt. % of other heavy
conponents with boiling points above 2, 3-di phenyl et hyl
lethek) metdeded bfie tprepahitayy rdyinhne f ocpperiiging (1)

Exanple 3. 9 7. 821 February 200 A 1 -
CORTTERETS fr eBAFF RGeS (SIBHe S PEPRGTETrS CBRCEPpERgride
t@ & KLHESre0BhbSH BANG! RKeRSNZ & dhedicdpesraxi (E) dehpdrating

m xture conprising phenyl ethanol and (2) dehydratlng
théeppony eihanel, characterized By oxrafirhgdapn alkene

| kene al ky:l ene. gxi [ n ep; { 1)}1,n
t%ré@%n%%ﬁg%gge he]éﬁggéﬁodgﬁggté?gs?ugnﬁhseﬁéggg??%% of a
hétherphenyls etdaardlysti nasd eplef)ddat irge phes@ieaydf gthancl

. honogenous dehydration catalyst to.obtain styrene; .
iBnd ChBedl o STpHEIy | DECRSAGE 'S r BaRPREINAR Reavgration

cSOAPERENLS N {51 BEydbpheny Rt hvdedtidier tphealylP ethanol
(2).” 2. The nmethod according to claim1l1, which is

spreamdédchbyding heavy components comprising diphenylethyl

ether to step (2).

2. The method according to claim 1, which is preceded 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 1-

phenylethanol, which in step (2) is converted to styrene.

4. The method according to any one of c¢laims 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) is selected from inorganic and organic acids.



a non-catal yzed step wherein al kyl benzene or

- substituted alkylbenzene is oxidized to a m xture

conprising al kyl benzene hydroperoxi de or substituted

al kyl benzene hydroperoxide. 3. The nethod acc '

toclaiml or 2 wherein in step (1) ethylbenzgﬁj%g%awzogr
hydr operoxi de is converted to 1- phenyl et hanol, which

in step ' verted; LENE e ey T B1hqQd 4 yherei
accg:{r di r%%z gg}r%l)q?g{]ongco%%é]&% frtswf%lhﬁoéle &fe?gaﬁ%e wheren
het ertag erecnes cogerad opst - scadfa 1stsdp dht dinss el dgctreom famainsilica,
supported titani umeozi rconi

m nmol ybdenum and -
van 2 o ReBIRRIC AR GHE D deh e AENA T a8/ oF
st eR1 iAati® $RI18WAE f408m.i norgani ¢ and organic
acids. 21 February 2007 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. 4. J 9



