., e3e>V>Sl 1 6T9=P 7 January 2003 PROCESS FOR THE PREPARATI ON OF STYRENE AND .
PROPYLENE OXTDE The present invention relates to a process for the joint

preparation of styrene and propyl ene oxi de. Such process is known in t he

art and is commonly referred to as styrene nononer/ propyl enge qy PO)
5 process. In general, a SM PO process conprises the steps o‘{aiuaa) reacting
et hene and benzene to form et hyl benzene, ~~ (b) reacting ethyl benzene with
oxygen or air to form et hyl benzene hydroperoxide, 10 (c) reacting at | east

part of the ethyl benggaerydsopenari de-0RkatRY Uit B1REBRENGNY {he

presence of an epoxidation cataly orm ené oXxl de and 1-phenyl
ethanol, and (d) dehydrating atIe&RﬂPﬁﬂﬂNE(ﬁme% 1- phenyl ethanol 15
obt ai ned i nto styrene in the presence of a suitable dehydration catalyst.
The above SM PO process is well known in the art. In step (a) ethyl benzene

is fornmed by the mikymiiat ofnbhanzene dgl aar ety lbenzenessintér The benzene
can, for instance, be deriyved fron1a pl atforner, whilst ethene can be

deri ved from?bpls’"tteé%ﬁe&%&w U tS EYRFR S 38A REGW renk 1 9%+ ®ray be carried

out in various WeygrKEEddl the 1afdwn I THLAG GhLans f@mhdsi gnce be
carried out as a gas phase or |iquid phase reaction using an al um nium 25

chl ori de cat aH%/fsQL%écP c,aasc aﬁwenese}qr@wgs&mxl@rm%m al$¥{BObr solid
‘acid gatalys dHE N 2t it pidde OTQind ¥ Héy%eﬁ fE8s al so
yl ben

used |n cert r benzene alkylatlon procésses for producing et zene.
A further sun%-bl e process is the process known as the 30 Mbbil/ Badger

g,;ﬁﬁgffl ZBBSt@a)tsafr%g?st ﬁ%s%%yé}{ésqe%dg‘(e:g%%%?n:eﬁlté froorténe;eﬁépﬁe reagrt‘l on7| S
(b) reacting ethylbenzene with oxygen or air to form
ethylbenzene hydroperoxide,

10 (c) reacting at least part of the ethylbenzene
hydroperoxide obtained with propene in the presence of an
epoxidation catalyst to form propylene oxide and l—phenyl
ethanol, and
(d) dehydrating at least part of the l-phenyl ethanol

15 obtained into styrene in the presence of a suitable
dehydration catalyst.

The above SM/PO process is well known in the art. In
step (a) ethylbenzene is formed by the alkylation of
benzene in an ethylbenzene unit. The benzene can, for

20 instance, be derived from a platformer, whilst ethene can
be derived from a steam cracking unit. The alkylation
reaction may be carried out in various ways known in the
art. This reaction can for instance be carried out as a
gas phase or liquid phase reaction using an aluminium

25 chloride catalyst-based catalyst. Solid phosphoric acid
catalysts or solid acid catalysts based on alumina
activated with boron trifluoride are also used in certain
benzene alkylation processes for producing ethylbenzene.

A further suitable process is the process known as the

30 Mobil/Badger process. In this process a synthetic'zeolite
AR \\ Y‘é

*G00002*



typically carried out at high tenperatures (usually 380420 C) %nd noder at e
" pressure. The preparation of ethyl benzene from ethene and benzene over a
zeolitic 5 catalyst is disclosed in US-4,107,224. Step (a) of the process
can be carried out independently fron2process steps (b) twggi,)ua,-'y.zgo:;at a
different |location. However, it is preferred that the ethyl benzene
production ratchesst hesiys enes piosiictionch ds 1rsteps( dhe seatdrdtort hies

et hyl benzene unit is an integrated Péﬁ} of the SM PO process .qr |§d ocat ed
in the vici MRt Gy PG §F apHt 2F SMPO PFERET IR S3n ‘i‘%?tué“gﬁé{té -

et hyl benzeng 4idc )i S, 0enes@d tyr Oref essede . | Théhpreyiadatdiion wiep (b) 1iquid
phase oxidation of 15 ethyl benzene into ethyl benzene hydroperoxi de occurs
at a tenper attne kgnzeme ZBOoT, e Sherabtyd 1882150 COVETd catz &P rdSsure of 1-4

bar, . sui t abl - (R j I PR §8-4ypbeabby carried out with air as
t he 8xi di si n%atgaalgfg)%ults o@lg%(g%b%% al so beyappfi ed. The mai n by-product

formed at 20 thiStep ape) | of actkee opherene, Cahi BR fay echytogenated in the
SM PO process | nto 1-pheny ed. LQ.St tQ produc tyrene. Tn
hdeREPVEELRARObee bz el bBeSBh. kD) () Prodioes

t he epoxi dati™ R nzene hy eroxide is r'eacted With propene
to yield propyf ene?b bxcdeiand Hopaeeyl éthasobredfenndsst ithatedHe phenyl

ethanol . I n such epoxidation,step a ho enegus catalyst o et er ogeneous
_catal yst carPBy e Qéoﬂﬁﬁﬁg%ﬂe%ﬁggggfaﬁégt5%%%%%%éﬁ%ﬁ$g%ﬁﬁ%ﬁﬁ%§ are
freggently applg efh) whéd ergat atyst sthaspdnosnti taditumomra isiteégmra36d
carrier are often used as heter ogeneous cat ag%/)st}.ﬁ Condi t.i ons, under whi ch
" epoxi dat i on RarieR¥ | e oo/ BP PRRAOFASI ATt hE abof tibi T 1 Y FHE e
t enper at uresopfa S} B0 %ﬂa&anﬂ prgseupesndpwie h8Qrbantddtatd® reaction
medi um being 1n the |iquid phase. The effluent fromthe 35 epoxidation step -
is normal |y éthytbenppreteditols generalyy RAGEAF A3 separation treat nent

to remove the prﬂpyéﬁé'eo%{jgeiéﬁfg’éép aby en 1 whiieh grs & ast taat i &t ream
containing 1 phenyl ethanol, is suitably subjected to one or nore further
sepabat i on tethyheenzengnietoapthyiBeparbee NYRAPST et eCFOFS ratis® in an

earlier stage ,gée,ggeu%ogfs%o pIhgoevent uaklwnakt aiged 4o phenvangt hang!
cont ai ni ng SEPERM s en subjected to the dehg}dratl on treatnent in step
(d). The dehydessine of 1l-phbayl &vh&abILYi Ard 1B enth¢ sO%ISBLIRM I 1Rnown in

the art, I ean be)eareLediout ohel hyin 1948 435 Rbass: 8l ok heoh avi ¢

phase. SuitabYR'§2 ron catalysts include for instance acidic ~; ,

material s |i&gygqénmag, akbbabe appdird,. QM@mmﬁhanﬂTpEQ@%GtaﬁgrPﬁﬂyﬁé
synthetic zegliLes, ,Behydratl.ea fedik!, Onhiie il $ bdChiakaguRaed ¥aually
the SM/PO process into l-phenylethanol, used in step (d)
to produce styrene.
In the epoxidation step (c) ethylbenzene
hydroperoxide is reacted with propene to yield propylene
25 oxide and l-phenyl ethanol or substituted l-phenyl
ethanol. In such epoxidation step a homogeneous catalyst
or a heterogeneous catalyst can be applied. As
homogeneous catalysts molybdenum compounds are frequently
applied, while catalysts based on titanium on a silica
30 carrier are often used as heterogeneous catalysts.
Conditions under which epoxidation is carried out are
known in the art and typically include temperatures of 75
to 150 °C and pressures up to 80 bar with the reaction
medium being in the liquid phase. The effluent from the

35 epoxidation step is normally first subjected to a

Y



15 ~~reaction tenperatures of 100-210 C for |iquid phase dehydr;‘ati on and
214-320 C, typically 280-310 C, for gas phase dehydration. Pressures

usuai ly range fromO0.1 to 10 bar. In principle any known dehydration
process can be applied in step (d). 2B 1In a commercial SM %Q{Lﬁqgggoghe
propene used in step (c) can be supplied either froman external Source or
E:aln be made l%Tepiah?tSMrP@ﬁdatt@'lelritﬁQlof relfr@’mmh)ehlp]:lcq;}slﬁﬁén@iﬁﬁgl ng Enlt

al so commnyre erred to as The latter jon is_the
preferred opticdmeshd 3 ftS‘@qu(% G{})aalpﬁltlré‘dam'A C’sﬁﬁt%ﬁ’b%‘&‘ée $5

conpri si ng tg‘ﬁeﬁﬁp%t("ﬁéndlo (%) A8 tdeIGr ihed ANQUE TR PHd aSr egyak anount s

ol ethene and propene as feedstock:. Because of this, SM PO plants are

typical |y | odat&deh SIRARAGHM (G GrEmed terhdid g3 antia 30 WIERAVEr 88DEes _
both the reqyjded & hene @é&eorlqp%e ea/:\_qqce&dlsrtel df @{%é&/&?@ pragt is

to be designed and built, this ant is norma Iy ei ther | ocated near an

exi sting et hmrﬁl@mlma@hﬁﬁg%dpdvéﬁ@wdcﬁ@mletqm@mws)'peaemonsan
cthone and proiEnd Syt b ehe WRIICARGEE b SR g% DEsTRaRY
advant ageous si t Tatel @ieffydzram@tnhOé [loghsinyd @rtdhaam]ec:aﬂmn&:tyoeeseetsi ve, as

it limts the chmcgIT knaolocq{“t'eatr bLftIcg aSI\/IlP ezA étaﬁ]gtki%s t he
in

-economi cs toatlhsoséq ane Hedor

benefpci al i fthet fg@rsepafmlsqoramanm (a1l dl@llsilmﬂaﬁd. fsmmamlal ternative
_source vvitho:# V|r)c the cks %ﬁ d. Wthin the context of the
present i nveanyRL& Lfnc}nt S MEgrS T E NPT process with a
ft-uid 10 cat aiayttequaqrsaczknm a(lla@ﬁ)—naumaumw dlwarrfaqnmmﬁraimesai d

econoni ¢ and | qgi stic constraints. éﬁr di n y, the pr eseniﬁ%nyenti on

relates to aSprdcéssEs g e GY®ien S YRt L3108 opyl ene
oxi de conpri $idhgitlieRs (e 1@ wedl f’-k'ﬂl‘i'm(rﬁ)an@ﬁ u]s'iléjlel%ﬁrlrh?ﬂu@@we wher ei n

the ethane -used in step (a) and the propane used in step (c) are at. |east
part}§ provi dE@IH o8 FETRAAAUIAS Phi dA02AC UMt thiqhihePRdAEext of the

present i ”Ve@éh%r%Qeri S 521r0e@,qtoorocsectt})ﬁr&aqr1q, 3 Y Xy dipe 20 §89t!t;99 I'n
the reactor section the actual cracking takes pl ace, wher eaf t er he

wor k- up sect i sten & edyvskiadd G -f [RFESS Ute Ss aisaredtlot Tanes di¥9r @nt BPoduct s.

The reactor Serijgn tﬁp'ﬁﬁdd&ﬁ%fdys%o%vrf QARG ra i SR ¥8bs & eggnenat or
and a stripper. The tenperature in
applied in step (d).

20 In a commercial SM/PO process the propene used in
step (c) can be supplied either from an external source
or can be made at the SM/PO site itself, normally in a
steam cracking unit (also commonly referred to as ethene
5« plant). The latter option is the preferred option and is
25 most frequently applied.

A SM/PO process comprising the steps (a) to (d) as
described above requires equal amounts of ethene and
propene as feedstock. Because of this, SM/PO plants are
typically located in the vicinity of an ethene plant,

30 which produces both the required ethene and propene.
Accordingly, if a new SM/PO plant is to be designed and
f built, this plant is normally either located near an
existing ethene plant having an overcapacity of ethene
and propene or an ethene plant must be included in the

35 design to ensure the necessary ethene and propene supply.
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25 reactor of the fluid catalytic cracking unit is typically less than 550
C and preferably is within the range of from500 to 525 C. The effl uent
fromthe reactor section is then led into the work-up section. Suitably,
such work-up section 30 starts with a in fractionator wherg acked
effluent fromthe reactor section is i‘mﬁr oduced. The top fr?a‘g@ghh%?@ hi s
mai n fracti anaiorisondai Asvéhe soveboryengscenpereits, fwhincibogte amminly Cl
to C4 hydrocarbons. Furthernore, gases |i ke hydrogen sul phide, 35 carbonyl
sul phi de, hyd?Bght andini 3 o%%‘ﬁ“%lg CpPBEERECHA Ve, 35 1% géﬁ&éﬁy D03 snal |

amounts. Thishdofe féACL DEcAaSibyPE6Al by itaipigess &t /aad phaut-e t dtio; Al
absorption/rectification col umm. Herj? t he sg cal |l ed of -Igas -conpri sing
en

mainly Cl a2 conpBhent '<© ahiCeenet h§lr §§&F M EniPAdy nd S phur 5

conpanent s- Jdscd LIDySoy Ansk Noehedicyvaa af URihlenlkO aMPYeplehe THPMIbe
conponents (typically an amne_unit), to the fuel _%as system The C3/C4
mat eri al recoyiepEied sSEEOM bl §LEVIRRBIVE £04SKEt #iiFOut Raddmopdd zer and

optional ly a,prapanelpropeisss@litter, where separation into a C9 10
stream a propane stream and a propene streamis effected. All treatnents

starting with tHél separgtée ocrenbhexheofrathef paesieatatiowehodwnpdrtt hafs t he
wor k- up secti on. | pdi.cat e .1 he_off - taining,the Cl and C2
een tl.hatlaév\gﬁ?%&\.{gtlltl S‘:/l SEVJ/Q’?DS q:g)%ess glt%fkl]eaf&;ulégs

- conmponents from a uni normafly be'routéd t0°1
system Wt hiatdhetfe aceyokinof (FG@) pupesentouivientvieamomeowdneer, this

~off-gas is usgd as_the source of ethen be _us i.n.the ethyl benzene
unit. Sinild ?/]feﬁfegp‘?%%ré%l%sae iﬂggggkggat%iogﬁ%gtaéﬂt(%) is derived from
the propene/ propastspindler . thowevesent EGCenniibndaesaZ@snaib produce

et hene and propene .in the desired ratio_of 1:1._ 1t is possible within the 1’%\‘
f r amewor k ofp”t‘%eesp":f' eé%ttm%v%%’i’%rp{%pﬁ@%ﬂﬁé’ SfoSéd& eRfid 28Chene produced
in the FCC yidpylaged hekigd tdomp ipnengngtebsprepengooni(ag &mam @f)heys

sources, preferably |ocated in the vicj mt@é of the ,'25 SMPO plant, if the
hgRet

et hehe and/ SIEFHURERE FhIWRctYRFEDIN t HReF usedndi sEER ditgenah neet

the ethene %}Qe’%rcﬁﬁépéﬂfséj&”ﬁms@é?thé)SMrBOaW.Q‘é%%% pAstitatrd . Akgye, the
et hene used In St;%((a)' is _suitably derived fromthe off-gas of the fluid

catal ytic (B0 rEckiwitunit containing the Cl1 and C2 conponents. However,

it is preferredhat,the ofdc aasit afleniRavheg baer passed bhiough an anine
unit, is subjected successively to an absorption/desorption treatnent for

renmovi ng hy dioait 1 ot t SR 29l e ARAAECANE &GS 12M3R N Gat@d-uP or renovi ng
or bydrogenatd ng acetyl anfe bEIOLEr section the actual cracking takes

place, whereafter in the work-up section the cracked

effluent is separated into different products. The

reactor section typically comprises a reactor, a catalyst

regenerator and a stripper. The temperature in the FCC g
25 reactor of the fluid catalytic cracking unit is typically H

less than 550 °C and preferably is within the range of

from 500 to 525 °C.

The effluent from the reactor section is then led

into the work-up section. Suitably, such work-up section
30 starts with a main fractionator wherein the cracked

effluent from the reactor section is introduced. The top

fraction of this main fractionator contains the low

boiling components, which are mainly Cl to C4

hydrocarbons. Furthermore, gases like hydrogen sulphide,

35 carbonyl sulphide, hydrogen and nitrogen are present in
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7 January 2003 the resulting stream conprising ethane and ethene is routed
" to an ethyl benzene producing unit. It has been found particularly
advant ageous for the purpose of the present invention that in the
et hyl benzene 5 producing unit the str&am conprising ethane7ngu§§h%ﬂﬁﬁis
contacted with benzene in the presence of a zeolitic catalyst, suitably a
ZSM 5 basedmaaiakipountand T eepyfbeezior andtyehedhlingcerhanesade
subsequent r red. .10 i h to ction of
the FOC UnPhS] EoRSE b e oo BB e RS F PV EF Pt o ot L "hedEnd of
t he SM PO phecess cailtl dtho ffeere § otndmpei yingehaintp Pt odndeCfhe remai ni ng
part of the ethene needed in one $r nor e crgckin% fu&nac$s which are 15
supplied wEPRPEPRENE 5%IW%né¥ §o%?%ba%% ﬁ?%ﬁ c®4i R RguFeactor section
of st he fl utdmpahehyisic iy acdiowgedindhd toutdds way sheuf2tand €8mpreducts
~produced ip the F rocess are optinmally used to.create the ethene supply
f or the eFHﬁIE@ﬁfgﬁgpﬁﬁWPOHﬁﬂF%t 5%%15?%ﬁﬁc%8 ?%l?ﬁeuﬁéfﬁzotﬁnFPenay be

fed directkyetoghle s¢iatda Noriairoace{ snatétiss, rboveyexd peekgitgd1yo route
t he et hane as an et hane/ethene streamto the ethyl benzene producing unit,

where the EPHERE L8 rPestaRFARIFEPen2 chRPTARBNEERY| BRAZERELOTALIY eftmi ni ng
ethane is d-Ng 2o €& by | Peozensc L PEULLAT; HRbt aapg 1S then fed
-to the cra E?Eéggﬁ?ﬁaég?ifﬁﬁﬁf etha%e fron1tﬁg FCC uni% a[oﬁe does not
yilél d suf f BtEeam, addpmanddle etthesrmfakdn 2 R ePaRRi Agr¢amnises) to supply

t he necess ne, tﬁﬂ%% n I S o dded. |f
" the FCC pr%géggkeﬁélggginsuft?%?S%% %?%%g%gét%§€ﬁlgﬁ% ?ﬁgg%?gggﬁeg emand of
the SM PO phecesgsn thedtdethator htormapkihgof ukthacesyknup aksbioonnpri se
‘pr opane recovered.fr fhuifd c yiie. cki k i Pna

suppl enent ed mﬁ?hlég?g%ha%ifgﬁgg%bgéﬁéoéfiviagbé%gg%gg%bgmﬁﬁ% gg %%%erstood
that 4~ Z2Jannapynedd(3 fexdreranafCet tabe wodl or npropahg beeroeedeédtoi f so
requi red by, the ethane and/.or_pr ne demand of the, SM.PQ process.|n order
t&ghake op%PﬁaEUSEeQﬁStﬁ%?%%ﬁk&ﬁ%?@%%t?%%‘gfaTﬁﬁof%IPEn%%gaﬁﬁeﬁgﬂ e to

i ncrease thaveveiahl proaesssheffhiseotf-gas is psefieasedhehabutbe effl uent
fron1thecrac6%n% furpace(s), which effl ugnt congrises eéhani andoptional ly
propane, iStR6PRedOupS MI9% Mbrik Gpe SRR OMOE E he N F i 41804 3F8¥ic cracki ng
unit togethge prbpeheafdddiant dpoxiabeiscastop sertiondefivbe fhkuid
catalyticlOcrackin% unjt. Said effluent fromthe cracking furnaces)normal |y
conpri ses BY§&r BEERENFEITARANYilohv et ¢ Ed REREKBANI2 hEGGi BRiEofBBRent s in

adgj tion tgoa BrghuaWHhMHLtdadeprbbeié OPANEhbSdakseeknt-hedyced i nto
thefurnacegsé, said effluent. further conprises propane aslbwel | as

unconvert ed : propiné SamP Rl ervtbibonent sEraRaUOr thett GPRaBECEERFUeNt s

m xed with;phenehasked qidd uand fppopéhe s8actenengChroAuekat g ERE unit
before enteringthe nain fractionator. In this way, effective separationof
propane anBCEt HaAé teaerthan ¢t dhde BRGNP e oM AfiPRaRt SREBAd CRBLREANETPBr med i n
Lhe cracki BQREW 0BGee A8 Jraimedh Iy t e yoL k- UR BREtL9Bihti Wi bE PRe _
uhder stood that the integration of a FCCunit wth a SM PO piocess according
t @5 he preS¥APPnpéanton ik tha tetchene | §nefeecProrena RISANGAEPBNORher ely25a
SM PO pl angnis pbe BRsflld il ancousty vbiRea: -l aeheak Lha/same

| ocation, as this allows an optimallyintegrated overal |l design.

Al t er nati vpkppene demagids®hddid e/ be, padcasdagh nornally less than in the
abovesituation, t i P atjo er,e,a3QFCC plant is
al r eady presenP?T%gQ$ﬁ§gﬁg¥§agﬁ§%$%3€%%€ﬁ???%§§r%§egt§€ #?éu?gs 1 and2.
Figure 1 sbowsabhg denenald cormepthendef+gangothepeeséntidi maealiyonc Figure
2 sehemati gal Ly shovs, apard i ALy Brefelrsdavey ebnbhtegialing a FOC unit

However, it is preferred that the off-gas, after having

been passed through an amine unit, is subjected
successively to an absorption/desorption treatment for
removing hydrogen, nitrogen and methane and to a

35 treatment for removing or hydrogenating acetylene before

R
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7 January 2003 an et hyl benzene unit for the purpose of the present
invention. In figure 1 FCC feed (e. g. heavy distillates) enteris the FCC
reactor section 2. Reactor effluent 3 is 5 subsequently morked‘up in

wor k-up section 9 resulting in an ethegpe stream5 and a prep aﬁ%éﬁ@g]?.
The ethene stream 5 is introduced into ethyl benzene unit 9, optionally with
addi ti onal etheneesultdngantertmr nampsdaiocg, etbgethendwetthenenzene stream
17. The 10 ethgkbgngﬁng-conéaggigg stream,10.is then led into oxidation
unit 11 where thE%etAyrBeRy8Ra°FE 260 aPE8H Y APE 8Py benzene hydr oper oxi de
(EBHP) using airiorhexypgesnlBoasdt paraxicdiskbg gdsantheebBISP foar ik | eaves
the oxidation unit 11 _as stream 12 and is fed [nto.15 %poxidation unit 13,
where it is PBaRPEG thﬁhﬁr858ﬁ@nFr6ﬁWﬁP5b8ﬂetbFFeéﬁlf En& SptiRaTEeRe wi t h
propgne 8 frepvatcexgennak saHr serkanf @bibpi pyheaehaxkedantd edifbne is
1phenyl et hanol 14. The 1-phenyl et hanol stream 14 is converted in

dehydr ati on €APEaFEefnvdtst PRBABNE6 1@ndheOPRAEEPC20°T § RieQridix t he
effluent 2 of,the,ECC 5aaehRN ySeChiMnslphseRasaed1Lak0 BRI (HACt i onator 3.
The top fraction % recover ed ?ronlnaln fractionatof 3 is fed into
absorpti on/ rethyibentena avduremsingher ethanpsageparlseduentilt o an of f - gas
stream 7 anqrgc§§é§gd§trean16. The offgas stream 7 is routed via amne unit
-8 (to renove sul phur conponents), absorption/desorption unit 10 (to renove
hydt@gen, nitrogéh timel ethhnaeptrodaceddin dbeumsbationsettilese fcariponent s

.in the proc , t . \Y; nati,qn.,uni.t 13 to
ethylbenzengﬁé%i?ggg.§$h§8gf¥kggggigggtﬁé géﬁﬁégﬁggs ghﬁglésggﬁiially tree
of sul phur ceotpenendsmambdi bé the SMreanptadcksayi hg hhe been found

absor ption/desorptio ngt 10 i,s fr of nitrogen ., .hydr ogen and
mothane. whi Rk usehtY TS BRRRREs Ficorshrbhiigtbathe 08 FaAEER S Havi ng
the ,, 7 Jeavaey 2003aceby! moeer emavalingr fhydeegenawharhunide 13

conpri sesmai nly ethane, and et hene and is_rouied to et hyl benzeneunit 15,
whek® it is SoRReFERdihRocEBRAYP hRRZeRBE1PBAY HgREOBEPEART PSS DE ¥ out ed

to the oxi dathon-daktopf sEBedSM BO phacessi anehtangwa)k. cHae kG LA ste eam 6
is routedto debutanizer 20, fromwhich a butane/C3 top fraction 21is
recovered. Thisthbp Fa¥cthenC21apd FAdPrACBAEPr BpAANEEA AP theerBEGt is
separ at ed 'QﬁPo@HE@”&rét6§@Eﬁ§l§9du§e93t§t&?@Hk§4thgabﬁ%£n%o@ﬂﬁﬁﬂ§KJ(ﬁ
propane andIOpropene. Qther conponents present in minor anounts

ar erret hyl acef 9F ehiee anh Pt bpaaeen el b/ P%)‘lef BEhBHe| RrEREceac Kimg faurkiiees)
18 gpd sul phyg; t8e4 THEFEERT 6. thNenC3cShERRRAL2 S ! d tfirough an
ani%@ uni t ggﬁﬁﬁﬁ@%%??%r ?ﬂe desulpﬁurized sfrean1gg igrgggggﬁﬁfhggﬂgh15-an
MA/ PD renoval s or hbyelveyenarehgruadt te7rohbedthg aphepanespeapene stream 28.
Thi s propane a i p t i (o] . and a
or opanest r eart SR perrehe ey £oaR SEPERE; EEnl Then 2o R R I
be directly whhetedth® ¢beerpoksdaecbohednivi ROobethenSMiR®opr ocess (not
shown). The propan [ ea , | Ly epen it h itiqna

pr opane 32,‘?%%2 ?%%%n§i?ﬁﬁéhgg%%ﬁggégcgﬁggﬁéigg %E?Pugkfdi$%am(¥%e

t hees hyl benzeneylibetzdbe ghodueimnyuentitldndaysbebapplfedentedhsi th externa
et hane 33. The cgnbiqu Stéeﬁnk~~ 25i s subsequently passed into cracking
furnaces) 18 WhABFEL? ackfRG FnTo" et hene and propene occurs.

Theet hene/ pr openef cetiiamai figonralekeHCef thienaldfei dokbenoantyiirdd with FCC
reactor sectiop_effluent 2, thus, makingoptinu se of the FCC back-end
Coction ol S Looet Gt dSbbioRE: pEShATEaF FEY hRCEeRbAGS MoHABRS Hiacked
effluent 19 eventugbply €nesnépessaethenakbathasenhaheediord anmdideidif propene
ends up in the propene stream 30. The invention is further illustrated by

the3¢ ol | owi nf@XBADI B2 N RRoBEIEE ni $En§PENECScBPBCEF St HéSiliPent i on t 035t his
particul ar efbodEFEfent régex?eJaeuawfgﬂoéhgxa%b%nzh@_ewa%%gr@é't% _
between a FCC unit and a %NT O plant as illustrated by figure 2 is carried
out using a FEGFArProdendyi hae al ¢eddteohber SFrarkeagadirpase E00Maonnes 5
per day. ThreesGooyaht] onab sack! pacbyeanes It ghe ¥irda Hie g at ed
process is designed to operate a |large scale SM PO pl ant requiring an equa
anount (12. 5crankesg howt}, oppeideadlanduppbpeasternwighl @xtedmalanount s of
hydgggen, nitrogen. J0 gpLhapesace! ykeney) ebbangaeelhens, drgpane and
propene in the various process streams nunbered as indicated in figure 2
are given in tonnes/hour (t/h).



!
As can be seen fromtable I, the integrated part of the FCC process and the
SM PO process produces the 15 required anount of ethene (12.5 t/h:~, stream
19), whilst at the sane tinme producing nore than enough propene (13.80 t/h:
stream 30) to supply the epoxidation section of the SM PO p}ggﬁuérp%oghom

in figure 2) with the required anmount of propene. 20 Thus,

it can’ be seen

that the integtarhed b&havenaadfor DAPPARRJI2ESSNEPARE) aft iS® d6coridste

with the preégplzhgné;éﬁ%k%nakﬁt/\e%r Ezg%hepeéﬁghh_eow thaus/3e Deeddl. a

the requi red ethene an

conpl ete steam crac unit 0 S

propene.

‘-~ TABLE | Streadecotrposiekeonptsnebane ( Ehrhe ¢otk)y2el8eCt/ilrild

(t/h)31 ~ (t/ 17431+ 30 .
D P ogeht E661 FEhD BB G AT PooEhEE 126, 4R67E2660508PHERES e BE S 370000
OaceByIeneOOei@@c1@66900&thamearaﬁéﬂréa12h8212h§0@6®®ebh&né&o&5&iﬂ£6.946.99

320. 3213. 80TOT

006. 990pr openel0, 783. Q31 3.8000000pf opane3.882. 826. 7006. 7013.
AL24. 6025. 65582551894 BF*?éf?.‘égz?%i%. §gf.§EeP§N°6‘“6r€/\Fes ethene an
optionally propene, is worked up in the work-up section

of the fluid catalytic cracking unit together with the

10

15

20

25

30

effluent from the reactor section of the fluid catalytic
cracking unit. Said effluent from the cracking furnace(s)
normally comprises hydrogen, methane, unconverted ethane
and heavier components in addition to a high amount of
ethene. If propane is also introduced into the

furnace (s), said effluent further comprises propene as

‘'well as unconverted propane and heavier components. Thus,

. the furnace effluent is mixed with the cracked effluent

from the reactor section of the FCC unit before entering
the main fractionator. In this way, effective separation
of propene and ethene is effected and any contaminants
and methane formed in the cracking furnaces are removed
in the work-up section.

It will be understood that the integration of a FCC
unit with a SM/PO process according to the present
invention is particularly effective in a situation where
a SM/PO plant is to be built simultaneously with a FCC
plant at the same location, as this allows an optimally
integrated overall design. Alternatively, it can also be
effective, although normally less than in the above
situation, to build a SM/PO plant at a location where a
FCC plant is already present.

The invention is further illustrated by figures 1 and
2. Figure 1 shows the general concept underlying the
present invention. Figure 2 schematically shows a

particularly preferred way of integrating a FCC unit and

At
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12 7 January 2003 CL Al MS 1. Process for the joint preparation of
styrene and propyl ene oxi de conprising the steps of: (a) reacting ethane
and benzene to form et hyl benzene, (b) reacting ethyl benzene with oxygen or
air to form5 ethyl benzene hydroperoxi 8e, (c) reacting at 238ty ?bogf t he
et hyl benzene hydr oper oxi de obtai ned with propane in_the presence an
epoxi dati on @ataFy¥tPEBZEBeNBrEpyPENE NExPYE PARE 1°bnER§ | PEEREABI , and 10
(d) dehydratjng.atibgast part of the 1-phenyl ethanol obtained into styrene
in the presence of a suitable dehydration catalyst, wherein the ethane used
in step (a)~and Imefpgopané ESEdfemdstiep 9(-che@mey adisehbiapast | gnpeosi ded
by a fluid a Vi ck] uni ts. 2. P S ing:Lo claim1l,
wherein thelg?%aﬁg&u%égcgé§sgggg%gg Fé gﬁ#ﬁ? f%%ﬁ??%égo f%éas of the
flui @ catal ys$ilsseqaekthy woirkedonpaiim mprkheClsamndi €2 £onpsaghisg 26 3.
Process accordi nLg}&to cl wherein the oft-gas after ,Pﬁ.vi ng been passed
. e ethene

3 S%ig}Z, d Y n m
through an ath ne ORi e, SFEefcRe8lRy & Prabs Ectef $3 a

absor pti on/ despesmhi Bnikr eatreduickdr inemo\dthy Ineh ogea, unitrogen and net hane
and to a treatnent r renmpving.acetyl.ene befor he 25 resulting stream
conpri si ng e?ﬁ%h%nﬁigyewﬁﬁ eaaglgéﬁPQ& F&hﬁﬁeéﬁﬁy%%%%z%ﬁeeﬁFﬁﬁﬁégng unit.
4. Process agg@féknotbgeeharmvdthwbengichel Btireretyl bergene producing unit
-the stream conprjsing ethane and ethane is contacted with benzene in the
predénce of etBRYLBeREERPCCeREARPIRIand *ORRY ezl aRdle@ndRhPng et hane

are recoveregly;gadford JaRHalY gRB3e5+thRr QeI RGLANCE NIst Oy PBYsO8C Rt
clainms 1-4, wherein one part of the ethene dsed in stef (a) 1s produced in
¥ @hd

the reactor setylenaenehbyfraparesddeyt(FEHEIacia g unt oxngent hér part
of the ethengs nagdedyisg: Bingueed | Bne @RGROEJMNE T FLOG YT naces, whi ch
onal | 0

are fed with ethane and opt y propane produced in the reactor section
of the fl ui doxbdatiencusiackingsuatread 1Rr @rsbsizacteddimgoto claim 9 and

S %@erein tgf%xidation unit 13, where it is reacted with propene
from propene stream 7 and optionally with propene 8 from
an external source to form propylene oxide 19 and 1-
phenylethanol 14. The l-phenylethanol stream 14 is
converted in dehydration unit 15 into styrene 16 and
20 water 20.
In figure 2 the effluent 2 of the FCC reactor section
1l is passed into main fractionator 3. The top fraction {4
recovered from main fractionator 3 is fed into
absorption/rectification column 5, where it is separated
25 into an off-gas stream 7 and a C3/C4 stream 6. The off-
gas stream 7 is routed via amine unit 8 (to remove
sulphur components), absorption/desorption unit 10 (to
remove hydrogen, nitrogen and methane to avoid
accumulation of these components in the process), and
30 acetylene removal or hydrogenation unit 13 to
ethylbenzene unit 15. The effluent of the amine unit 8 is
essentially free of sulphur components, while the stream
12 leaving the absorption/desorption unit 10 is free of
nitrogen, NOx, hydrogen and methane, which are all

35 combined into stream 1ll. The stream 14 leaving the



. ethane is first routed as an ethane/ethene streamto the 10 éthylbenzene
producing unit, after which it is fed to the cracking furnaces) as the
remai ni ng ethane recovered "~ fromthe ethyl benzene producing unit. a.b..

7. Process according to claim5 or 6, gherein the feed to gh rg;gfﬁ@&g
furnaces) al so conprises propane 15 recovered fromthe fluid ¢ e yirc
cracki ng uni @cebpl EaRalkRoY@EIpIENEMBP IFRHEERR e¥hhF b haABPEAELSEr pr opane.

8. Process N n ' s TyoEg et from
t he crackingﬁggﬁggcgf?%?%wﬁfgﬂ%gg%?ﬁ%%?ﬂgoéipﬁ%rises et%gﬁgggﬁhegg%ionally
propene, is woiked5Supwherehd twirk-agnweet¢dnintoteehylbeédzeneal yeaeing

cracking uniL.togebliar (W 4, the Slfldiento TLOD bheal ea6h 0L 2ECHEOPRET the
fluid catalytic cracki ng unit.~ 9.” Process according to any oné o he
precédi ng cl aMpBeD Prowvkersei mdtheshosact orThenpa2r@4 usereamt heiseaotibedsecti on

e T cata LS et 10 AL 16 653 el B sLecebLy oo 1
% A { F% AQU3Ys Abe ASAEYeASS A 1L sAIBPAraction 21 is fed into

I IM34hi 890QXY& id_Z .cal ¢
ca] oa] ca) cal SRPEAPEAL ZAFc AFoa el o] ] Ca CaT 21 | o Gping &8¢/ BboBERn valk

fa\ W ca] ca] cajcaklica] eaUsealeenad4Galnta] chy cadhed sl @l 68] sabpaheakhsal cal caj
-ca]ca]ca]ca]ca]ca]ca]c%gca]ca]ca!nT S

@6R”00! W' | #SORRPENE>, OLHSEWARONSEH T A EaR et AUl R PEaFRa EAFcaF8a] ca] ca]
: ﬁ?)]p ([ﬂ f%‘j%ﬁﬁh g@]&g%&%&%]s%ﬁcp@@&ﬁ]&% caixppoR] £81m8dCahupxa{ SKIX9<<VD
V>Vzupkfa\lf@¥W¢Eép@aﬁéép@&FdépcéﬁcéVEh]%%}E%T%aﬁ%@&@%?%ﬁfeafb&?@é@?@a]ca]c
oobea ()2 210° CPIBvBRET ol IO ) T e ) S10 e ) AL
' 10%me () - 2vherea@%@r( xhe! @esulphiprsed )soream 2409688885¢)- 2hrough
15 "an MA/PD removal or hydrogenating unit 27 yielding a
. propane/propene stream 28. This propane/propene stream 28
is—separated into a propene stream 30 and a propane
stream 31 in propane/propene splitter 29. The propene
stream 31 can be directly routed to the epoxidation unit
20 of the SM/PO process (not shown). The propane stream 31,
optionally supplemented with additional propane 32, is
combined with the ethane-containing effluent 17 of the
ethylbenzene unit 15. This effluent 17 may be
supplemented with external ethane 33. The combined stream
" 25 is subsequently passed into cracking furnace(s) 18 where
cracking into ethene and propene occurs. The
ethene/propene containing cracked effluent 19 is then
combined with FCC reactor section effluent 2, thus making
optimum use of the FCC back-~end section already available
30 or to be installed. The ethene from the cracked effluent
19 eventually ends up in ethene/ethane stream 14, while
the propene ends up in the propene stream 30.
The invention is further illustrated by the following
example without limiting the scope of the invention to

35 this particular embodiment.
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as 1lllustrated by figure 2 is carried out using a FCC
unit 1 having a feed conversion capacity of 6000 tonnes
S per day. Three conventional cracking furnaces 18 are
used. The integrated process is designed to operate a
large scale SM/PO plant requiring an equal amount
(12.5 tonnes/hour) of ethene and propene.
In table I the amounts cof hydrogen, nitrogen,

10 methane, acetylene, ethane, ethene, propane and propene
in the various process streams numbered as indicated in
figure 2 are given in tonnes/hour (t/h).

As can be seen from table I, the integrated part of
the FCC process and the SM/PO process produces the

15 required amount of ethene (12.5 t/h: stream 14), whilst
at the same time producing more than enough propene
(13.80 t/h: stream 30) to supply the epoxidation section
of the SM/PO plant (not shown in figure 2) with the

) required amount of propene.

20 Thus, it can be seen that the integration between a
FCC unit and a SM/PO plant in accordance with the present
invention is very well possible without the need for a
complete steam cracking unit to supply the required

ethene and propene.
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#* 229UAEGVH> XA et hp f npheusbygne<xsad in step (a) is produced in
{21210 1T 9050001 Th90 000 )+RAPLRE, L1 one CdeQtYEd cracking unit
V>V=>7? @GABCDERCH| the. MNOPERSTANVKYZ[ the esbedef gieidddmicp prtdivaed/ zin } ~6Ti mes
PFQ%Agv??filah?%%%gﬁ%%%Bgéacﬁ?R& EGEBXgQEgD%%%%%Dare fed with ethane
<=>7? @A\BCDEFGHii dJ KiMNCRERET VMY Y ZR h ¢ prabadetighin kihenoparctiaw vee{idm of
the fluid catalytic cracking unit.
6. Process according to claim 4 and 5, wherein the
ethane is first routed as an ethane/ethene stream to the
10 ethylbenzene producing unit, after which it is fed to the
cracking furnace(s) as the remaining ethane recovered
& from the ethylbenzene producing unit.
7. Process according to claim 5 or 6, wherein the feed
to the cracking furnace(s) also comprises propane
15 recovered from the fluid catalytic cracking unit,
optionally supplemented with external ethane and/or
propane.
8. Process according to any one of claims 5-7, wherein
the effluent from the cracking furnace(s), which effluent
20 comprises ethene and optionally propene, is worked up in
the work-up section of the fluid catalytic cracking unit
together with the effluent from the reactor section of
the fluid catalytic cracking unit.
U 9. Process according to any one of the preceding claims,
25 wherein the reactor temperature in the reactor section of
the fluid catalytic cracking unit is less than 550 °C,
preferably in the range of from 500 to 525 °C.



