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PROCESS FOR PRODUCI NG ALKYLENE OXIDE Field O The

I nvention The present invention relates to an inproved
wonres@esiot or produci ng al kyl ene oxi de by epoxi #CTiusgnoan20719

ol efin using an organi c hydroperoxi de. Background O

The Invention Many different nethods for the

> d.
pO;] gpg{ﬁ] ' gmnlto;gbgﬁsw @R@ﬁ@@m@%ﬁcﬁﬁmﬁyxmﬁpe

nvo ves the epoxidation an olefin

Fllg uid.. Qase reacti on using an organic
as the oxidizing agent. NL-C- 1010372

descri bes process conprising reacting propene wWth
et h);rlflﬁé’ﬁ%sé?fe‘nﬁwlno&ﬁ%]@%?i i'e1 81 {BDONEAPIPOBYSIRY PEXECing jaligylene oxide

Qgﬁﬂy Eg@g gLthanol is
by%B%gégu nt(hﬂgg é%%g 11gg]']agln styrene, which is a
Badggﬁmki@fﬁh@hngn%uterlaI for other chem cal reactions.
/707 assi t m tono, .descfi bes a process
el MG TR aty RSOt oBWPB’@HQ’én%{ et Rigln Bawe been
dev&éﬁ@neOhetﬁc@ Qﬁ&h&i iSRBfQ KL R ?Gilﬁ%nogf Qﬁ'cﬂ@ﬁr@% @Miquid phase
oxygen carrier for the epoxidation of opyl ene to

reagtion ugieg pn @pganembydmped@léms the oprdipys I@gﬂén NIalCeldHOB72 describes

The ro al co
= bR sPBRRG ol BPGPEA IR BaRie it rayice g obtain
prapytune 0Ridekaa 2e5tRnicdide) TRNOphasy elhesblfiosubsepeatigdehydrated to
use w thout the co-production of stgrene During the

obfgirstrganotieh i astsell stattingiragienial forpiasiahemicsl pretions.
rBREBHL Y T USRS S IR B A o

isopyapry thgeraisi( aisodkmnotinne f‘curdriedntoatbtain isepmpgivenZdné peroxide as an
on the hy droqenatlgn bed

t hyl whi ch
X GAMISE T FORRIEER O SSTYEPALP PIOESRPTPBT pRapide and
nt
e
lp»rdmaie@’hydrogerptadd viiariydeddendlgsie stop, td ésopadpgtbennenar(casene) and
I N R O
stepduBbtasehl BMartiticd bZ |-PEbpRckNbREAZE BEI Wirhdhe MHSCe Ip;rd?ﬁced as

alkylbenzene hydr operoxi de is converted to al kyl phenyl

undgsirable bywrpdusty dnede yedbetherdydratehstimoygelimemetion of bowen and
{ | kyl
N AR R SR i S S

resh},tdllgfiﬂ&feq}ﬁ‘tﬁér hy3tshanl cldigedation kiesed@f al kyl phenyl
al cohol coul d be converted to alk Icyclohexane and/ or

di bk Rsteng Siverbst 6445247 k3l a5 sncdiie Shsllclegerihsp 8 dpueacss for producing

alkylene oxide (also known as oxirane) compounds, such as propylene oxide, by oxidizing

olefin with alkylbenzene hydroperoxide obtained by oxidizing alkylbenzene with oxygen.
The alkylbenzene hydroperoxide is converted to alkylphenyl alcohol which is dehydrated
and hydrogenated, followed by fractionation, to separate alkylbenzene from other side
products for reuse for making alkylbenzene hydroperoxide. Substantial quantities of
alkylphenyl alcohol could be converted to alkylcyclohexane and/or dimers/oligomers of
alkylbenzene as side products.

It is therefore desirable to develop a more efficient process which would combine

multiple process steps for converting alkylphenyl alcohol to alkylbenzene and fractionation
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It is therefore desirable to develop a nore efficient
process whi ch woul d conbine nultiple process steps for
woamsmosdong al kyl phenyl al cohol to al kyl benzenecamg2004/020719
fractionationinto fewer steps and yet accunul ate fewer
undesi rabl e side products of al kyl benzene, such as
al [
i O S S Do BALIE, [ LU AATNE IR h fu A M benene, such
as imvesiblignmerb enalégleptlohexasatto onningzadiosect Aklylbenzane utilized.

guPloces fqa repari ng an al kyl ene oxi de, which process
—E%%ﬁ%¥9§%§+¥¥§¥95xidizing an al kyl benzene to obtain a
st r qRB HORRF ifieASorR ik MIrBRaz eNna fyeksorBf PXdpdfing Ghi dikylene oxide,
contacting at |east part of the al kyl benzéne
hy d mdywdy rréese cappmsesed in step (i) with an olefin to
obtain a product stream conprising an_ al kyl ene.oxid
Gii ) s Rt gra iy PRSP (B BoURanY PORPHAS allylbenzene
product std:epsroRidestep (i) to obtain (a) a residual

yarep ;
product stream conpri sing al kyl phenyl al cohol and (b)
al k{iene coupeitng gtileast pasaf iy dkylbenrsne hydraperogidetoptnined in step
resi dual t : [ S I al .
o o r oall STRHE M EH BB ARHREAL O i s BUERTR price
congiiih r entgayating dllhderrec@ddocompand dam det progudt B&eam of step (ii) to
resi dual product stream conprising al kyphenyl al coho
with hydP @@h@g A reviiA REoSugh Stheary; Opmrisig By syl plgohol and (b)
convert tfig1akkygehenyl al cohol in the residual
product stfeamto al kyl benzene and forma reaction
m x{iv) e, f@dﬂlg(etb)leaﬁte@}faarabf thg ra:iduéil mdlu@mﬁeﬁm@nnipﬁeinlg agkylphenyl
reacti on mxture racti ona i.stillation. Detaile .
Descri pt PIRIGJO drgdta BHERER ttalvHa SisHUaHesb edney g goncurrently in
that theypresfss of the present invention enables
ef ficient epoxidation of an ol efin by conbining :
mul ti pl e(Prevetasng dlapsesidypl produeir stiea edriyrisihe alkyphenyl alcohol

| cohol ] K f : - g
o conel 0 LRI B, SR e sy gomon o

product s ofaliaflilydnRe AleElE , in SKE ResRIBaldhrdBY &/ s@lehi@ ABRIIS [Adene and
al kyl cycl ohexane. Furthernore, as a particul ar

enbodi ment efm@feacHPBEHEKIIY, A¥ént i on, di mers/ ol i gomer
of alKkyl ngﬁ%%tgfgg%g{@&ggﬁ{e' B%ni NGe p#e%?t?o%ls fixfure by fractional

cracked recycled 7o

distillation.

Detailed Description of the Invention

It has now been found that the process of the present invention enables efficient
epoxidation of an olefin by combining multiple process steps for converting alkylphenyl
alcohol to alkylbenzene for reuse as an oxygen carrier, and also accumulates fewer
undesirable side products of alkylbenzene, such as dimers/oligomers and alkylcyclohexane.
Furthermore, as a particular embodiment of the present invention, dimers/oligomer of
alkylbenzene produced during the process are cracked to alkylbenzene and recycled for
reuse, and the loss of alkylbenzene is thereby minimized.

As represented in Pathway I below, the present process utilizes alkylbenzene
hydroperoxide as an epoxidizing agent to produce an alkylene oxide from an olefin. The
alkylbenzene hydroperoxide is converted to alkylphenyl alcohol during the epoxidation

process, and the alkylene oxide is separated from the reaction product to obtain a residual
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reuse, and the | oss of al kyl benzene is thereby

mnimzed. As represented in Pathway | bel ow, the
wonres@is4opr ocess utilizes al kyl benzene hydr opePoxiude0a®820719

an epoxi di zi ng agent to produce an al kyl ene oxi de from

an ol efin. The al kyl benzene hydroperoxi de is converted

I : [ e oxil i.Qn ,

P R kB AP Aol P GRRP ARG 8 uRUBEEAE alcoto
allpyltmdeate 4l gitoanily alkeeglbehwahpr Gthaotsidial paoduco speans indehydrated

I k henyl, al cohol I kno s, al kyl henzyl
an) EXERTe, Ry POEVEEAE TS e eORa 19 AFRBHyPon, Risderably, the
del B ati Ry iGden i QPG4 oHLE BaBniptisHRIMWAf-a4i88 1&sidual product stream

hydr ogenated to convert al kyl'phenyl” al cohol to

to a|ca‘splyt§ig rfrastienal pﬁ@iﬂlgﬁ@tbreﬂgtot trebe contacted with fixed bed catalytic packing

._dehydrat i en/hydr ogenati o eaction _ is acconplished .
in PRGN AEOTROPCREF BBl I CGb oS g dehydration-
hylifoaehdtienateaclicy, | frdctibh® dndafdnvet Se bRWeP NHollGiee Poidk talcylbenzene
fixed bed catﬁgﬁth packing in the catalytic
prflused |inatheopatolyfie diptillatigarzans byndisiliaion] hefewr ity inwonyerted to
= ely I
oI R SR O S P AERTaLRB L SRRER RS, fjotoheny! alcohol o
allehidpbivena eoatipuo do ded réfluxbd go ctib atatiliic diisiliatib@tdoae until being
zone by %%ﬁ%illation before it is converted to . .
conyqeier ¢ a - Brhcgipgdeyics with Reatingdngdia gam biilized to provide
th RGPARALE &5 il Kl phRRYbacBbfionol or al kenyl benzene
continue to be refluxed to the catalytic distillation :
zondsunparficllai ergbatimestr éfdtle prsaltkiyvdngingceayy Aitheator pglymers of
device with heatin di a can,be utilized to praovide :
alloThenFitise: SSBEACTRIe e Shrde Tt fsmeqtdans dllauen giode having
hiddRf bbiGiHb Bbin@ RS b HenRned AR Ak EHRGTY1 LRYRAL IEAM0 MEBYNom of the
di mers or polyners of alkyl benzenes, such as cunmene
catglyitie rdastillatioie réagtor h dhe atimpsptarodiymaers lih die hattomp dé theaeaatgr can be

i i in t han al kyl benzenes and
by Bl IERRE R e AR P Becat o fon Y BE SR e pert of the bottom
stréeh alfyfhe Ccathilgiid |distilladéh F€REIrOind i@ 161 ABIyArdRkacRBlgY FRERST to be

in the bottom of the reactor can be hydrocracked at
hyguegensdnck 61 b 2 fired bedipde, to prodiee erad kyibienganesasuch as cumene.

ar t, 0 t

par o HREARPLHRLBAGESI AL SRS S o s o

catabgict distiltatiohereltor ogre batsed: te .agflashien o & disetathed coaah®, wherein

t r odu re_.al kyl benzenes, such as cunene. As a
allythebreng; SFviEhea st B0 aﬁfﬁé{yw@gsm SPEfy he/Phgrmatng styrene) are
sepPdtb P Bub tHFopd 'ﬂl@ﬁb%ﬂ?&ieﬁ éﬁl?érél/Bﬁgoé?ésr?,it )ilr}d AR rk%g%:]tgrthe catalytic

“can be sent to-a flasher or a ation co
disfiletiaa reactbk yThe rireevier alkyloyhzshe ditheralobigbrotrs anelthah lsemtytb a reactor

benzene .(such as z - hyl styyene) .are .separ.ated out .
fory BRRSARIRE £ s Sl et LGP IS iAEREHR §XmRbles of side
prdduct dignegatrAllY fHodn eieSditdeliditiodNof QRSIRIincIhiE 2Re@Micfly-2,3-diphenyl

al kyl benzene di mers/oligoners are then sent to a

butepe ardb-nfethyl Ryt divbemdrintanet(Seq Bebyay Il kyl benzene.

Non-limting illustrative exanples of side



product dinmers nmade fromthe dinerization of cunene

i ncl ude 2, 3-di net hy- 2, 3-di phenyl butane and
wa-20stooydo2 2, 4- di phenyl pent ane ( See Pat hway | 1) Peatuisamy/020719

I HQH R2 R air R3 R3 al kyl benzene hydroperoxi de

(ABH) al kyl benzene Rolefin R R, R2, R3 = H, or

alkyl T R2 OHR Alkylenepgﬁﬂw% &kyl benzyl al cohol R3

H2O R R i al kenyl benzene i R R diners

g, Offt al kyl benzene + R3 Fydrocrackl gHJ - R3 al kyl
bﬁnfeme al kyl cyclohexanePath

@ + T
Ry

alkyl benzene alkyl benzene hydroperomde (ABH)

P
* g olefin
R, Ry, Ry, R3 =H, oralkyl

Q Ry
A %
R’ Alkylene oxide
y alkyl benzyl alcohol
H,O + TRy
lkenyl benzene
Ri R,
dimers of alkyl benzene +
Hydrocracking /
alkyl benzene alkyl cyc]ohexane
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POH cunene hydroperoxi de (CHP) QOH DH propyl ene
propyl ene oxi de CHP di net hyl benzyl al cohol (cunyl
waloewshosd2 DH H2O cunyl al cohol al pha- et hyl st pCemS82004/020719
(AVMS) + H, - AMS H Al though ethyl benzene is the
al kyl benzene conpound nost wi dely used in the
preparation of an al kyl ene oxi de conpound at present,
it has been found that tpgtﬂ&§£e§§ step for oxidizing
an al kyl benzene can be ' at hi gher
conversion and higher selectivity if the al kyl phenyl
conpound enpl oyed is an al kyl beorene in which the
al kyl substit is a branched-al kyl substituent

conprising fro

| kyl phenyl ppund cant ai n
substituents.
several substjtuents, particubarly 2 or 3 alkyl
substituents, has the advemhaygdopeipade (FHP) can cont ai n
sever al jhydr oper oxi de groups. A particygar enbodi nent
present invention is directed he reaction
i n which the al kyl phenyl conpound iscunene, as
d,jn hway LI, ra,, met
SO- propydnd benze m Xt u hereof. The
of the al kyl phemiche sdn be carti ed out by any
sui t abbep process known in t hedingiy! by plcdgligypyl alcohelhe
oxi dation can be carried out in the liquid phase in
the presenceowf a diluent. This diluent is preferably
a conmpound~htch is Iiquid unger the reaction
condi tions and does not react‘wth the ﬁ%grting
material s product obt ai Howéver, 2t he dil uent
can al so bg conpound necessgrily present during the
reaction. { ampl e, 1.f %? k@ﬂenyl IS cunene
the diluent gg%%be cung%gmggﬁﬁgn %’ e product
obtained in the step for oxidizing al kyl benzene can be

usgd as suchsi
L 5 ®
AMS ‘ |

or 2 al kyl

cumene dimers ‘

|«

H,

Although ethylbenzene is the alkylbenzene compound ‘most widely used in the
preparation of an alkylene oxide compound at present, it has been found that the process
step for oxidizing an alkylbenzene can be carried out at higher conversion and higher
selectivity if the alkylphenyl compound employed is an alkylbenzene in which the alkyl
substituent is a branched alkyl substituent comprising from 3 to 10 carbon atoms. A more
preferred alkylphenyl compound contains 1 or 2 alkyl substituents. An alkylphenyl
compound containing several substituents, particularly 2 or 3 alkyl substituents, has the
advantage that it can contain several hydroperoxide groups. A particular embodiment of

the present invention is directed to the reaction in which the alkylphenyl compound is
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the step for epoxidation of olefin, sone conpounds can

be separated off or only part of the product obtained
woamsmesdesed i n next step and part can be usedPCI/US2004/020719

of a different process. In the epoxidation of olefin

step, al kyl phenyl hydroperoxi de obtained in the step
cufihe, "B iIRB Rl VinPPRERAS 10Y dpoREmM%) d 'o?[hS—QirRtis%Q[%r@Pyl)benzene or

with olefin in the presence of a catal yst to obtalnh” an
mixtukss thergobxi de and hydr oxyal kyl benzene. A cat al yst

\&hgﬁﬂglefcf‘);%la%%to?mey a&?@pﬁé}? Felm ei?%q%(ﬁ{)w\gcr %;gnycs%%lle %%Q’ce?s known
in tHet )1 BEFeQhpleNhe ®xRfati B cMPBCEHEE Otk g phak ¥$ the presence
such as titaniumon silica and/or silicate,

of Hedibienl e Help iluentt ig rireferabh al %Dgltpo@l}id h’é‘{iér iﬁgll:_imeid ugldler the reaction
i TR T e

thd dlil?ﬁ’t e dlso ehe Bdrﬁﬁcliundﬁfé’@ésﬁﬁi\}% @[’bﬁ%ﬂdﬁﬁ?g $i6d delctfonl FéRexample, if
a of inorganic siljcalite ich catalyst is
theofggﬁélp eipl s gpers thedilugpieanibsgumsae a5 welki um conpound
W t t 4 At i .
cal e Fro R Sbiane s B R fo} Bl SUBEDARE b be Med as such
theasiep ©or ehyxddationzafrodefir eorpe oclupbunds cai Bpsdppratétheft or only part of the
r actt’jon enerbal IQ/ proceeds at der ati) tenperatures .
POfiGt BPaustir s, bY hechaing Rl SIEP, 2ngh PYIE FRR PSR 41l e different
récagge of fromO OC to 200 OC, preferably in the range
p . .
of from25 0C to 200 OC. The precise pressure is not
cri th & epsvidpideryoladefihsiep, ediciptenyiydroresoxide ottnintdimiad step for
Fnot iqui d state. .Atnospheri.c .aressure. may be
el fb i RSB AE el G BL R o Bl of a catatyst o
obfadN@e allf/lehé 0RIdE ah@ h3@x¥allk PbBANEX A @htaR@NwhicHchh Ritably be used
. exanpl es of suitable titani umcontaining catalysts o
in jsyeh ygecess toamptinesc 8nBx0ur AYBsiVB.con OB dectalatpaitiosiagly titanium-

co%%ffi&%}ggg@gomldgﬁ&ﬁgn%éﬁéﬁalggs%%?( Ilag git%nz%rlhl 0312 g'lllg\égapcy 81: silicate,

hetardgeh@ois Uitnsionr catalgstdor hefeRigbRdona miolgbdenin Bathlyst. 38 pArticularly
1t late in a solvent to obtain a saolid containing a .

Sm&ﬂi’ﬁgw Vst dergsieiheda iy BB-Hafpf-abuch gawlsk icomprisefy titanium in

chdRal0 Bo:AbAEE0rs Hittd ol D13 s°1ﬁ{:/\% _%H%/OI Qn&gﬁrﬁé NidtafR Ay catalyst is
by renoving the tenpl ate, ich 1s optionally

obutabkqeal Igprsgiayingttied silidinot bempamd| with ti shgaexaigiseowdftitanium

BgBPne T SalHre 1 eiarfihord produdfi b v, 4 oy he

45, Sl s Al 308 98 s

in pastigere AlieEpatetires inghemngs 9femar°€ the2¥r1herkfémbly in the range of

fro%l. % ﬁf Z%%OOI‘%% Thg:p%c%eg)é{s’siréés Hﬂscﬁliizfg 3 gé% ’gs the reaction mixture is
matht§indd 60 the 1iduidEREB, AfdospleSe HrdBseSBRy Ue: SiidfaRdy. 218, general,
U. S. 3, 434,975, Re30, 642, and U. S. 3, 351, 635. An exanpl e

presfures cmibeai ke range of from 1 to 100 x 105 N/m2.

Other non-limiting examples of suitable titanium-containing catalysts include
titanium-containing silicon oxide catalysts disclosed in U.S. 6,323,147, ES 2,165,771, and
WO 01/56693, which may be made by mixing a silica source, a titanium source and a
quarternary ammonium ion as a template in a solvent to obtain a solid containing a catalyst
component and the template, and extracting the obtained solid in a solvent to obtain a

catalyst by removing the template, which is optionally subsequently silylated. Another
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vanadi um cat al yst includes the catal yst described in
U. S. 3,350,422 and that for a tungstuncontai ni ng
woav@logst2can be found in U S 3,35 11, 635. ThePorakee4/020719
used in the process of the present invention wll
depend on the al kyl ene oxide to be prepared.
nofMghigihgRk¥mpleher Hkitdble eANE@IHRS dabAyBt 45 bhyhfhef8ZBRe-containing
atons, nore preferably from2 to 8 carbon"atons. As a
caighist i el ges ditreA160,1{%he BPBOMO, | MBRATION L, t RBS.4,410,501,
|,&fd:ohS 0 I as propylene). At .the
U R0n A PERS RRR  TIRURTR BERBHEETRL ot otsodemum.
comtpiing ecatayqy | sendeédiidedes red ATEHYSL, S U.S.5380aM1818d.4,593,012,
%r omnthe catal yst. The al kyl ene oxi de compound can
U e’ 02 s Epar-&bLd03r Bm-AE7.BehcWiSohOWh bldu diP 58 7an . 8idy480,563,
Know e bes sy 8k in thof a sui
VAT T R B RS R Y S AT 2" Mg bt rof a suitabe
vafigdawn icatabyist tiickitled thatchtalyst dabsiodd imdj.é)emsamzwnda?filfglra tungstun-
filtratiogon. The catal yst ol vent whi ch m ght be
COISFIQ%WE%% caihe éHF@&gﬁe%3’gEﬁ]ﬁ$%§'or al kyl phenyl”
hy drap@1c#i wied MhelRRodeLS YEIE q)rés‘aﬁtbifn%ﬂtﬁﬁrw%lt dehlerﬁa&'tl ﬁ{é alkylene
The epoxi dati on process step can be carried out w
oxidgeto gt pilepared.i Prefdnably othm @éfim cethtains yfrona 2t il Ogatbed a6ms, more
idi z ed., However, a fixed bed i.s preferred far )
préforrbd el B R A o e b of, GcBe oty Trvention,
theigef@isrprestnd @lsd RacviDaiibp ek, manner,
sem continuously or continuously. The liquid. .
cont™ithe enalwson ehsheaenoxidation treastionethp dispiest ntikimeu gdmprising the
: - t hat fluent fromthe
del8 O PE e Bt B8l By S8R EAR Lund g thn be
separgded fromuthareaetidoptioteditin @hy tae k6w @hbe kil ﬂo%@me@ﬁéf {killed in

of the product of step (i) is used in the reaction o _
the; 31t ﬁﬂ%&“&ﬂ%@o%Q@ﬁB%éF@kbﬁ &ogledogt By fragtiqsied distiflation, selective
=C L+ Ni 0 S
oSO PN BE RR WA, SHBD ot s e
unighied dlefiz enelkiyphenyibydropdioridemesydd recydaipfor Adtteb tialiAgen.
can substituents. The regcti on_of the

ont ai. h )
2l kY TPRRAVIR)AMBEsSE Siep 48n A FaBIEd ot AV oBYlyst in the form of a
slug9Né aflviddobddng 2hkMiRISRY | HBYEFLPL FOXd Qé‘(} ¥¥' L#r@fe?’éd for large-scale
. acidic catalyst such those contalning su r. The
indggfyigh eprligeagnss {Tha quwecesamayebe whifrigri @it doialpatch-wise manner, semi-
laoric..acid rchl ori c_aci.d, sul fur di oxide and
cori b B9 o csiBty, BTG GuBGith i rosshabneui fonpe pessed
thréuphdthe Ratalsti bed; Ssal thanihe it HOnEHR! RUHRANdneas st @Mifially free
chl oroacetic acid; solid acids such as silica-alum na
fromy Gatalysh andaci di ¢ i on exchange resins; heteropol yaci ds

¢ 1ol ! L SohOL o .
and SRR saeth o of fened N BSLARMO BRY SF Ly Afiics of st @
is vaed oh thertaotiorcofethe hikylphbioylihgdpedxidedo ubRth a FhoBBsApound and

of catalyst to be used is usuall%in t he range of from
ket@_leo aigghe compound, such as methyl methyl ketone (also known as “acetone™)

where alkylbenzene is cumene. The phenolic compound obtained can contain substituents.
The reaction of the alkylphenyl hydroperoxide can be catalyzed by contacting the
alkylphenyl hydroperoxide with an acidic catalyst such those containing sulfur. The acidic
catalyst used can be sulfuric acid, hydrochloric acid, perchloric acid, sulfur dioxide and
sulfur trioxide; organic acids such as benzenesulfonic acid, p-toluenesulfonic acid,

cresolsulfonic acid and chloroacetic acid; solid acids such as silica-alumina, alumina and
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to 1 %w, based on the reaction m xture to be treated.

The reaction tenperature is usually in the range of
wonramBHOC to 150 0C. The al kyl phenyl hydr opePOXiug2004/020719

can be subjected to the afore-nentioned reaction to

yi el d phenolic conpound(s) after other conpounds have
B P T B oRs Sy e A AdC hoif, hBophosphoric
aciidt ands mpiybilephesphdsphsnihjaeidt Ppeferablyf stlfieria eeidt andror cresolsulphonic

Qroduct. .of the al kyl henzene hydroper.oxi de for I on o
aciag i, Bl et of YGuen Bp et e SRS e e artacnt R qgo1 %
to PRERYasedCaNMPe ¥ tiol RExhBRES bR AEd. qlh@)fba‘bﬁ%ﬁ)fém?erature is usually
_ hydroperoxide to produce phenolic conpound usually
in fregangsed fippm PP Yot "By - pr oduct s which are frequently

fou ane,variqus.substituted alkyl henzen fromside .

F endte SRR MR e A O B e pEIghe] frection to
yiedd GREndlie Eathpdii(s) ndtee asitert dvenpoulid hate bbeh RERSABA off from the

process, the desired products_of phenolic conpounds o
reaghion puedish-of othe a5ten Aer ewskBisu Aty bpnecRs balrepasemde. edowever, it is

on q . . nal i .
prebR bR BT P LRCHALAR) hduel §1PAE Nl Benrin, hydroperoxide
forpeatibn efep tdivectiyetoethe dergnipesitibh csactiom fhu elakirg shehpBet@tbduad.
hydr ogenat.i on i he step for converting al kyl phenyl
al cORBIFeastieR of aﬂﬁinlwﬂ&%@mm%e@eﬁrewe RbgROl epraraynd usually
i) t t [ I : :

PR PRGSOy PRARER WHRUER, TRRuBIS, RIAT e yprigus subsituted
alkythepoanes feomd sidet wagionene.gi aibwlpeozamp cundd! -iethyl tsdtygene. In order to

reaction product . of. this step, and nt act i ej t her .
Rt Ry ERGP Gt B RO, PIBAET: G (ORI PR of phenoli
cotp8iirideshd MNetone-coh@midd lcofPBRI(E) Bsh ek ¥éRbREY from the reaction

al cohol to al kyl benzene. Conpounds whi ch "are obt ai ned

pradyci(fienghe pbétiodic opopdpipdueing stepl after whicl leliberzaher part of the

- which. ar ferabl. to the step for .

e ROk BB P AN SEMR b ey B gy o comverting
alldiptenylydicadibl baoketo aditydbenkbied. dherefore iy phdcasd 4d@brddfig toh@e present
. reaction product of the phenolic conpound-producing

invepien REffeRbiyscarapfises sepHating ab lesl PHY @f dhe henely compound and

| ins: si . f o

o AU b 05,3 8RS B o oppein it
allardpant ofl theetemydiniag weamtion prbduct ewitt hodroperoitudie stbp titie converting

nol.i ¢ _conpound- pr oduci st ep, cap. be sent to_ the ,
aﬂ@?@ﬁn}floﬂcw@ﬁsg%ﬁ&&%na (omBAHy W icBots) Shingl dh, the phenolic
alklyfheh@agicbl B alY®enOinet BSa RNGEP :%? r})ergfe\lgabtl% Ste?]te to the step for

conpound- produci ng step can be co
hydregenatiop aflytphenyl ad¢ohoharesttlmgbdnaenaydkinetlylpdtgnane,ictc. Therefore, any

e PP EE sr-GORL P R Y TP PO PaE PRy BB SRACTHG: i sent o
theabtisy IfphBY bz ad aliyTiiRngiesicsied BhaRR! dige pRIMOHNSt ARGbenzenes

ketone-contalnlng conmpound can be separ at ed
used in the process, e.g. ethylbenzene and/or 1-methyl styrene. The reaction product of the

phenolic compound-producing step can be sent to the step for hydrogenating alkylphenyl
alcohol as such, or the reaction product of the phenolic compound-producing step can be
combined with the reaction product of the step for making phenolic compound from which
alkylene oxide has been separated off, before being sent to the step for hydrogenating
alkylphenyl alcohol.
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fromthe reaction product of the phenolic

conpound- produci ng step in any way known to soneone
wekbdsleshorn t he art. Preferably, the phenol an#CkeaiSeme020719

are substantially renoved fromthe reaction product of

t he phenolic conpound-produci ng step, while at | east

par tTiRfdebiRg SiRA6HE SonpRd Yal keRhblH tta]!?%{g SRR Can b ted

conpoungfanJSKeténe-c%%tainina conp%un i s sent bg%kesqxwae
frave thehwsadtivngyoduct of thregghesslic smpoupdrprodugig steprboaliymeay known to

of the.present inventiqgn, if part of the al kylphe
soffebe, Sk a ST aRrEREdbr ARG YRR e BB LR removed
frdte HRaGRAL DML O SRFHRUKEL cdhigoumlkitbaitaitydters; ﬁﬁhii%:eat least part of

cunene, as this gives phenol and acetone 1n the

the Fragiaet produeip wilird shardbldneljc sempourgl sk lyetene-Fontaining compound is

: ction product containing
Saﬁ?@?%%&%%&g%%ﬁ%ﬁ?ﬁ%%g?on1mhich an al kyl ene oxi de
conpounattisldemboslépaitadfetie Présent Sventddrg GF @drtt &f the alkylphenyl

ydrogepati on. The hydrogenation treatnment is carried
hygmpelroefl He Cofveseh deo Bhe@%ﬁyama@wa%nddwt%@tc&m@tmg pgmpound, the

i e . ; )
B0 O P e BB RARR ang bbAoe B phonolip sqmpound-
preducegstdpo al kyl benzene is carried out via a catalytic
distjllation reaction. The process jnvolves, feedi ng
al k fféﬂsﬁﬂfyaﬁ& 3%6“1!; o G 3O BEflust puUFPing hydroxyalkylphenyl,
fron@t whithi & dilgfédd dkidR@NcéA b tReR JepRdteAOBSE; is subjected to
contacting the al kyl phenyl al cohol -containing feed
hydrogeraiioni t Fhea hyidsogandsion ¢rsetaiont iis parokd noutt o the presence of a
current arry out a one-step
lnﬁéﬁﬁ%?% fg%%ﬁ§drogenation reaction, while

f r actd DfrefeneE ndAdinfi6 B vinBadihleat, kives, &Qio!niv&;ﬁng Qik§iphenyl alcohol
. al kyl benzene produced in the catalytic distillation
in flah eesislpalypeadupy sftqaph thalkglbenzaneiis cevipderuteda taocatalytic distillation
kyl i S | phenyl l.coho
rea\%}%ﬁ{.e’f%{] bg%g%?{ﬁgaﬂf%? %/ B eﬁl%&lpg%llé% hag?o%gy-conqammg %ebd stream to a
caidlytialdistil ptiemydactal dabd alfecionht uoatctied thexillngpheny!t fl€ohol-containing
catal ytic disgikLgtion %one until being converted to
feed) RipsagLAYth @, st Osd i atpldy PRKIng (% CHBEETEREY nediyaoglap one-step

degﬁir&ﬁ%—lilﬁﬁgg&gti&{ 9é_éic§§n,t\9ﬁlé1?r§$tfo‘ﬁ§§1‘ij§ gné 9&}1{)2?% (’glﬁe lower boiling

Istilldation reaction. The catalytic disti

poup el ameneopiedpeedvindths datadytmddistitiaige he dryhdisidilatgnt before it is
sel ectj vi of, the reaction to kyl benzene, .such, as

cofirfeo” BVESHEPRTBGSTYy CHaHSvi gl MBS akol Mle” tnconverted

allgAptEhPeREBA6] \Gradf-AIRGIbhANAR! aldbiRl | EbtnkOd reflukifl® in the catalytic
catalytic distillation reactor. The continuous

disgifletdon zore unil béinatdonvertsdetoarlkphenagine. hAcksatiog rdemice with heating

e S L e o R it T

mej dhktoyitabftic distillation operation mode provides the advantage of enhancing the
selectivity of the reaction to alkylbenzene, such as cumene, by continuously removing the
product alkylbenzene via fractional distillation in the catalytic distillation reactor. The
continuous catalytic distillation operations with concurrent catalytic reaction and
fractionation of product benefit from the fact that the boiling points of the majority of
alkylphenyl alcohols are higher than those for the corresponding product alkylbenzenes.
The present inventive embodiment of dehydration/hydrogenation in a catalytic distillation

mode provides further advantages byclowering the required capital expenditure through
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al kyl phenyl al cohol s are hi gher than those for the
correspondi ng product al kyl benzenes. The present

wonvsmnsee enbodi nent of dehydrati on/ hydr ogenaPComsS2in4/a20719
catal ytic distillation node provides further
advant ages by |lowering the required capital

opesfaS dinuktife t IdI9aaROR At | dAth1RY tﬁyaI@geH&PIﬁgr AlabRshsaRE well as
catalytic hydrogenol ysis reactions as well as

fracienation rféerison & sagls Teactar wiithghtea separatorhydiagenationareactor with its

r tion.reactqor. with.its_acconpanyin .
PGk, DN SURARS SPEAS Bl touret ' SHET G IRET i catetyti
disofllatien ahdythiegatticalar lch@tyitio hyargehdiRnR8idtios tbsdilts G2 h deitdrl selectivity
tOQ%aéogenatiqn reaction results in a better selectivity

e safaradign uphatheo llenyk whaial Readyrede Hiegmm the odrhydeption of the
| - v ohol ,
R e AALRLL A Bioph i, B Y LR o ™ he o
spedisf & sspecifiodiniemiimedt ¢fhtheppesaintinveniens kenolcfifeis propene, the

NN e T T R -
prapyMAz@R) R ARV AIRGBEERE h1BRY ik REnd E%BH@e(gﬁéh lﬁb%ﬁrhglz)-phenyl-%
I I I as 2-phenyl-2- panol

i's cunyl " al cohol (also known propan
prependl) | ags iltustredi in PathiwaayIll | . Tabkblle bilove lshows tbats cihaie has a

RO AR R i S5 ARl S B 5, whih s
2,3didrethy12f Iiphny3bdbdith@iay]-Rleitane 4adighenylpentane, etc. Therefore, in the
2-nmet hyl - 2, 4-di phenyl pent ane, etc. Therefore, in the
catalytig|djstillation epqration; comerspis recovered foamrgireoveshaad oo side alaw above
h e oy . .Si.de-draw.above the,catal yst be
] LRIV LR AR A AL Y pa cum
alcahaloinvie teathlyst vgd farl fefhed rdadtidh eAgatahisd dieds, fidking the highest
further reaction. y cunene diners, havin

An , .ng the
boyling peuyts. ;5Ew) 1 e Brifomt sectigr gf therrepaier, Bed Poknails disiillegout of the
top S¥ethE GELER!  TROthi | ¥t i &
c?p:)f the react o?.g gh'll'ﬁt::t\&e!rrzfl t)?? % P gﬁ(gg Otgfﬁféé tegl?tf) g%'%l?ﬁ trrLa& ohh cumene
dimers,cian be withidciwmasye lodtonastreamumene di mers, can be
wi t hdrawn as a bOttOﬁIStr%‘ TABLE | Conpound Boi ling
Point at 1 Atm Pressure, | al cohol 201 cunene

Coipdudd®d [z -methylstyreng — 169 -
g‘é’go_ propyl cycl ohexane 15 ?%1 mglpomt at 1 Atm. Pressure, C

2 methvl -2 4-di nhenvlpnentitane 300-320

[~ L %L

curgylaleAiobt hyl - 2. 3- di phenyl|BG{ane 300- 320 The

cur?é Kyl pnenyl—al cotor—can cilgg_l'lgg ethytphenyt—atcohol
(al so known as 1-

alpha-methylstyrene 165-169
iso-propylcyclohexane 155

2-methyl-2,4-diphenylpentane 300-320
2,3-dimethyl-2,3-diphenylbutane 300-320

The alkylphenyl alcohol can also be ethylphenyl alcohol (also known as 1-
hydroxyl-1-phenyl ethane or hydroxyethylbenzene) wherein the alkylbenzene produced is
cthyl benzene. In still another specific embodiment of the present invention, the
alkylphenyl alcohol is ortho, meta, or para- di-(2-hydroxyl-2-propyl)benzene, 4- (2-
hydroxy-2-propyl) cumene, 3- (2-hydroxy-2-propyl)cumene, 2- (2-hydroxy-2-propyl)

10
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hydr oxyl - 1- phenyl et hane or hydroxyet hyl benzene)

wherei n the al kyl benzene produced is ethyl benzene. In
webdsloosot her speci fic enbodi nent of the presear/us2004/020719

i nvention, the al kyl phenyl al cohol is ortho, neta, or

para- di-(2-hydroxyl -2-propyl)benzene, 4- (2-
cu%ﬂ%%%%;@éé_)g%é%%; C Ay rrg relllééflbenzene is meta, ortho, or para-di-(isopropyl)
be2nbyamokyures thewpd| Jocapatieilarembridahentethetaligigehyl dethol is para-

ai B e Beions Hisths alvulbRretisaqnat-Gonupagh bergne.

a pat h%ﬂrﬁéulﬁn%%dlﬁféhb of MBe PréehPhfRihior! & @lani Sbout 1.0 %,
paradi - ( 2- hydroxyl - 2-propyl ) benzene and the

paﬁlcuwwém élwel gbout &S db,-apil quc opyicylagy &@eﬂ@n apgutd).2 % by weight of

L T A T e—

an@ ks Mmeatoar 0110%| partivulln® fest ARA HBOUO.09 92, Maymywei@Ricularly less
of the alkylbenzene Eroduced is converted to al kyl

thaély‘éPb%ebéﬁWél ghirpt wiEsehis) onvertad qOe%@e PlpgHcts in the
fmﬂ?&ﬂhngr &%ﬁéﬂﬁq&g ? g t han about 0.05 % and
) % Y,

nor e ess Ol@bby wei ght of the
al k yAiD e pzﬁimelap emtodiectnt, any hmwgrdlmdrstc@ poiyaheerp bbdkplbénzl efes, such

the form of diner or polyner(s) of alkyl benzene.
o5 USRS LT Tl e i oW BPSHePeTiBs  Bahgrgaiting poinis
tha@f alRI K- BRRZEA S Ficy l}t%éﬁ?l ﬁ@ol&%ﬂ?t@ﬂh@%%ﬁomr@q Tbaﬁal‘jfﬁ@ distillation

catal ytic distill oh node havi ng hi gher bo
rqutﬂrn Tbe dinagrs at &y dneany artbs batten aff l‘&yel rpdréorydan dk Gznthdkayvn as a part of

to the tt om, of ata i,c distillatjon
toe Efopt Rréo i Papthof GiEmben o Fardv e Pheens plloipeny
alcoBSICAAr alRedyTtRAzMet ol rehBleaucR thahd cahlytiDAiRPEEM olumn; and the
stream and can optionally be fractionated to recover
stregnk yirkse Ag diecrs ar Rlygqmm g4n %llbs:fzm@mﬂsabmhﬁlrkmyteﬁem emea fixed bed
r.re c ic distillation
mdft § SEUELE TR SR105ER! A1, Ayl B L Dimers o

oli gmrb&e q:ue el hy dbgzehatdd/ag@oatelttd £.the boitdmaffth& @shcled Non-limiting
produce nore, al kyl. benzenes, such_ as cunene.

IHL%FQI%QMH}I)IGS': plesids pEqducHAimgrs g@ﬁ@rfgon@ dimeyézation of cumene include
2 3thfHe §k§[ﬂ{ Flyfjﬁlﬁ gglﬁe? Ir?etth}ll Qe4 B@B&% ftante(i;bf% shoxgn in Pathway

react ustratrtve ex

IL pr oﬂhlsﬂratdnerrmnds moadeniting na:)dm]ﬂae‘sl Dﬁtwﬂﬁblefh}&iﬁmﬁl&mg catalysts for
ne and

i ncl
cony St ries ot HREHS o CURYehgitt F PaeHngy fimethyl-23-
d1ﬂhEﬂ(1]>H?oﬁ1fa%E|aM§ 28A&thyl- Z‘@Jallﬂﬂeﬂillbéﬂignee%%eﬁé ifludd #a‘?ﬁ scomprising

rocracking catal ysts for converting di mers
Gr@mym éﬂ%@n@sGICElPd]Bklyibbb az erseppetticiaraailatinthesd congprising copper,
phenyl

o R RO oo, e rampes of o

suppaitahyals sitioalRilical e 04Hd 2éblile, BRMAs Mbrdchi®d! N/ B-Mordenite, H-
nmetal on a sugfort partlcularly t hose conpri’sing

Mardeppter betatoolith Uinbetstzgplitsuni-aeditni Bk¥izeolitea and ﬁb@ rlike. In one
palji%fglgl]a}u dﬁéb&hpﬁgf bt fﬁ%tpl}é’éstght\é V@Iﬁ%’ﬁ?{h% &9 Uyely &#Eﬁn frl%rh al%lout 0.1 %wt
to Moudénbwe ,pafth:hldﬂb/ﬁi’cdﬁ abde 0.2HMwtde R % &1, calculated as the weight of the
metal on the basis of the total weight of the catalyst, of Group VIII metal or a Group VIII
metal compound as principal catalytic component, alone or with promoters and modifiers
such as palladium/ éold, palladium/silver, cobalt/zirconium, nickel, preferably deposited on

an acidic support which is preferably in acidic hydrogen form. The term “acidic hydrogen
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beta-zeolite, H beta-zeolite, Y-zeolite, H Y-zeolite,
and the like. In one particul ar enbodi nent of the
wonres@is4oz nvent i on, the catal ysts contain fronPabmso04/020719
0.1 %w to about 5 %W, particularly from about 0.2
ot to 2 %w, calculated as the weight of the netal on
foinftembAg 50"/951‘ g 6ﬂ5§€xé@ﬁh%‘ale‘gat15£’sear€ %g@xlrc% %+3qgns (also known
Gaqup VIl netal or a Goup VI net al
as er néx paIOt 1D-alhe @Om@an@mlfqonwlmng catalysis preferabiptoentin from

B0, S, SRR S AL L0 e o g o

Weﬂi@‘,@ @S itheeskidnbais e lt(ﬁihlcwélkgmthe M’chl@lﬁ‘t bBa @r@tﬁpﬁf@ﬁie&’al | ghrticularly
aci dlg hydrogen form The term "acidic hydr ogenf or m

On A AAIS GUPRATE BeTE Rettiqubrlese Iaawge% lie a@létq bﬁkoganeform Specific

0 I 0

noﬂ%%&%ﬂ%up lérsregg Sé%hgn al}}én{lgn}éﬂ%:a afatal?’ e COSJ *péllsﬂ]lgl ﬁgpper’ Raney

copEnt abppdrfobramiQes, t mpqs&%ln@aebppbwafckw&nﬁmm 3E8ppeRziRdArconium,
rmrge.gartlcularlgfromSO% 60% as the weight of

CORREY Se R e PRSLFIAC/AyBIRER QoPRRs{adRings cqnper ehroatigs pallagiiury/carbon,

paliddsf/H- M&E&rﬁﬂe' Pﬁﬁlﬁfu'ngﬂluﬁﬁlllay ng‘ad%ﬂn@ﬁi di C&hﬁgﬁpn%l ita-alumina and
more particularly on a support in

othfep pmpeebemdfqatalm mystéms.t Frogn éﬁ@ﬁ@tceﬁomd)%sparhc@laﬂﬁlﬁwa{ 90.0% to

&l ude cat al S. CO n Raney copper

100 0%, 85Fe R RED S B 075itR 0B 300 b o ch ek B frpm 97.5% to

10@0?2(panﬁz$tﬂp/n¥dré Gt BryCRBREDS B %' &100.0% by weight of dimers of
copper/ zi nc/ al um num copper/al um na, copper”ch rg

alkytienzemes it cappeted tm|alka/dheumnsr Nbad‘emp’cmlure from 140°c fo 300°C,

Il adi um s
B AR B4 S R b Sl e spperssicedese
Cat Als)astonsl}tﬁitmg‘ﬁlluslﬁﬁﬁ{?e Senifle, tthe é@ﬁy@@”éﬁsﬁﬁéﬂdnodéldaga!ls)b known as
m 90. 0% to 100.0%. nore particularly from 94. 0%

Cat‘il@féc osfillatien IZOIH% g Ppeifiencduteapplly in dhn oitalsts td@tl.lla@oro%actor at a
r %to 100.0%

poliBeRt UF P EHER IIPLORAL L BB s S Betiigal g R araw of

alkglbkyiche pratuet sitean, Mnipe]lieifeﬁdi Stréan® ehd HelydtseRROMining stream is

pa cularly from 185C to,235C, and npre particularly
fed {5>nt}1 %8102,2 catalytig digiflafionped. nghip confaguratian/allows the feed

strd@ﬁﬁé’ﬁ@l' Bidrd o8 16 %cﬁfle)(ﬁ)' ifitodhS bid b L P B éa?lyc‘s? ut&@eqvfﬁ 8Shditions
catal ytic distillation zone) 1s positioned cen
desprb r@lattalhydlrogelmt@s thel didet 4:h31m r hﬁﬁlbcaﬂteﬁiatme phe ﬁerdb;ﬁJeﬂW can be

fedtlﬂt% th %1%8 rdlsstlg%u dllr%% aF 8191 ﬁ}e ocg\ﬁfg{atlgp ,b@é,q:pd move

dovwh I11|1t6 ﬂhb ecafad@tt gistiBaMnabs hhe Bﬂﬂétoﬂl%nh Al fign
ream | s fag% into thé1 r eact orc bel ow t h}g&?:%t af&i Hom below the

Cat%ly%(t idistidletion bedqg or the Jeadbaireagurcani dsp kel fedsintd ehef &a‘dlytlc bed.

to the be
Op 39 n® Bty YO0 e T S tBrol t b iof 1 s H0hstsd pecording to
the menmltraﬁm bf/dre()@ech strent, ey, Sheél BighBAilR. cohBerdtfafon of the alkylphenyl
ative, the feed streamcan be fed into the
ale 31 ¢ ifeed fireatny the higher v well be thereaty aptW éortth@feed stream. A non-

11mﬁ§1{g§111¥§t1‘aﬁv9 é)?atrﬁﬂlf 84 QLﬂtaEFeSF ?a{]%lc'my laﬁgﬂ?%acpcxﬁ rbglhter diameter

alytic distillation con act
of frasg OfH onetbiciod méters, and particularly from 0.5 meter to 10 meters and a height

from 0.2 meter to 200 meters, and particularly from 1 meter to 100 meters.
The catalyst packing is of such a nature as to allow vapor to flow through the
catalytic distillation bed, while providing a sufficient surface area for catalytic contact, and

effectively fractionating the reaction products. As a non-limiting illustrative example, the

12



10

15

20

25

30

catalytic distillation bed; or the feed stream can
al so be fed into the catalytic bed. Optionally, the
wenvesyopoent of the feed streaminto the react 8CTNEY0020719
adj usted according to the concentration of the feed
stream e.g. the higher the concentration of the
calysisl phe Yl ARdPRARA flo tNSLIRRY f HEFMarfiBOLRERE! AP the like,
wi'll be the entry point for the feed strea_n? A
degigipgd i9i nrpvige ishifigtnt fvttionationa meckan¥m,candunsiatired in a flooded state

|y istillation reactor has an out i apet er
as g Bkl B B ool bS A0 RE o ul T Bt en e ot ower
tras/padkiriggrbalfies 1R theedaedlic @bllation @baThe mede®hl 3s 1Heh Sfactichated on
200 neters, and particularly from1 neter to 100 N
theyplowies | tray, easc dfa by senyRRERNH g fiagtigration c koveern aPplienally, taslditional
. thro Iyt istidlati.on
o pREP R0 Lol HCHPIRE 1FAE L Gedlld SR bea 1o
impaival separatian nhdat , thandacdifte ahd ebducts; agpéoBt betg et @lkylphenyl

R T
theglbdifo% b the ¥Eactdrayitic ahfymog%ﬁ Bﬂ&ﬁie%ﬁduﬁ%ﬁoac%u:ag#éameas feed stream to

esigned to provide Sufficient fracti
thewse¢taningenten ditheri abbwed nebelpw thesktlmoodathl gicaraysasThehfeed stream to

thelt Ig%éllléfﬁ% gﬁ]sltl:llgtg(}r% g%gfoﬁ rgcog ?I]:Slﬁi h? o Ptoﬂfn‘é ur%erl]ctgrpt e::ﬂkylphenyl alcohols,
sudli &YchpAa aloons Ishdhfih@slyl ddntlRdGAERINK Iafalydt Rlalibd BT thRatalyst bed
. zone. The material is then fractionated on the I ower

in g efplyte distillatioisewion zonel anl carcurently ifeetianetieg the resulting reaction

: ' Lthan rays/ packi ngs, wi t hout cat al yst
i) 18y Bt A e IO RRE HpRy M BRiienEEls ot comene
passrphaveths@phrtad tanlyaseagaidaer Rt & Apet RIsRAChS majority) of

especi al | y between al kyl phenyl al cohol and

the;pYephasd Py il drawertoxs e Fejalil ed: nlike hidraggnagjon reaction (coupled
‘@l l..al ' h .
it BAGEY| ) £SO e O . i
sersiss hebdthstatdgsh and dibilllatieaciaokingsiy thatoatalygict Mietillabavieactor. The
trays. The feed streamto

bel h -catal yti .Te¢ .
e RUSES e et e Teeoiott canTeT
coRfdt! Wi theaGkank Rk kWhPHeRY! ind) GO GzeRY q\ﬁoﬁsc&f;&/&ggglalkylphenyl

al cohol, is continually contacted wth the cat
alcpleedsi @ty dehydrated & &iryns alkbesdbénzeescathiah yoniy exliss iri rhadiéronand are

. [ one cpneurrentl. racti onating t.he ..

SR Rt Baga o ARURTPATIEN i HbE RRlebAF Baf afytipii;additona

padkitgzsitewe rard @ipldy@d Pibedt Ghe abilReMERMERDn SHeMoABrovide reflux of
umene, pass upward through the catal yst beds and are

C
allylbeprrspediiies ayepsrd puistids | drawhecoraprismg yd lbight kencentration of
d | b th at al yst bed. The e
ol AR e The CudhAobe® B BEvR) ReciChydPlie iRy wrrepxidation
stef rac trhakiag i adityleeeeie bodopsoride! Withmar a tdievatdrf@dstep. The same
cat al yst. bed, which serves as both catal yst and _
alkyfibenzeng-2ich GiTreAmCHatnbe SWhIeH do afpest apd/ax Wakast Soparation step to

6f&@atyRFoged NP TEAGI S ¥ RARMANI BLR ith dryi

recaI ker%ﬁl Penzenes rfrg(ﬁ @gﬁﬁi ndé I'n tphe ?ﬁ?%@&fﬂr@é@g‘”g}r’é@ﬁg agent
suchmstraelecwlart fietdspamchthah yeturfedrio abevatalytiodidtitition reactor above the
catgllyé%y‘tl)elaet%% Fiier '}/Qﬁ&}(/ggﬂf{c@gog | ,h_}gl Qﬂﬁggrllzene recovered can be of a high
enough purity to be sold as is on the market or can be recycled for reuse in making

alkylbenzene hydroperoxide. The overhead or side draw, optionally having water and

hydrogen removed, comprises from 90 % to 100 %, particularly from 98 % to 100 % and
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al cohol s are dehydrated to form al kenyl benzenes whi ch

only exist in transient, and are immedi ately
waypadsgpgenat ed t o al kyl benzenes i n the catal yst POBMIS2004/020719

Optionally, additional packings/trays are enpl oyed

above the catalytic distillation zone to provide

mdre phruRflydday bbsn%ane.00 HRrcRVEY Werd: of al%&ﬂ@n%@;\"ﬁ‘%m 0 % to 10

. conprising a high concentration of al kyl benzene,” above
Yot e Icutar kY Opédo &, B mensynartisaldskyckorh Or%rte d peroghbbaweight of

ol incl Hof Jesie s SHA At 18R BRS vt mgppparticutarty less
theml &Y IpbepzpEe by ivedigls tof @il gBn A8 es U AB4n § 96, M RGLRss than 1

. a%gﬁor wat er separation step to recover hydnogen _
70,574y 8101 PRpirElarlyelese v Odt eercent ddYopteighh #if| gimery ey oligomers of

1M i d : liad;, sl and ..t he
el 100 R0, B 53 A SR, LSS p 10D 02
petchie byavephtsif abigideythetanet her refl ux/ purification. The

al kyl. benzepe.recovered can be of a high enough purit
to &h%%ﬁd%g@, S5 COPHTSHRE: REPY o fICS bsefqdeacg&hegares%% catalytic

distiElseh teBcttBhd@vehdon! RNz ewbETORR! QidIH® bed Nter ghe removal of
overhead or side draw, optionally having water an

watey @pdge hydresey sdmpeisespirom &9 Yortorh09 0o Yparoculfly fpm 98 % to 100 %

rtl . roma98,,%.1.0.100 % andnoye particul arl
i B8l 4b Bag'iéqr%e@f) PETF oK E 2B OLEURIFT BB o about 10
%, fpatieuBriYotton 004 % 5 %ratnﬂ%r@?hﬁﬁcﬁfaﬂmfg)rﬁ/ 010 101 Yerc@tby weight of
nore particularly fromO %to 1 percent by weight of

curgykalehebrgss than & i¥el particadaslyt lessrthain d 96, Boss praticulanly kss than about

I 11,9 [ r ess, t 0.1.
o] BB TSNS TR o
%, %ndpaotd padtianlayly | less tHahal1 IpeYoenaty woipht PAdilmer! 8 bMgomers of

| ess fhan O. ercent by weight of diners or oligoners
Curgeney) 165 g@ﬁz%?@;l’aﬁé%%arbh&ﬁs Hag, 1 forandcpeer paptidady {dsathan 0.2

0 ' | ess than 0.2 percent by
per@ent/‘ib%r ?&g’%lg‘lBE %logf;‘)(%?%%bﬂloﬂ&!aﬁe.

wei gh I 'ky exane. Wiere a feed stream
conpfithoihdingting | thal scopolos ths fresknt dntdigiops éS &N tproposed that the

atalytic distil]atjon. reactar, the overhead or side
e o R S E eEEE  , Saer o 4 oheation o
por¥igh &Jf B8 MI8fphBYET S of ARy ﬁ)%ﬁzé‘ng%t%ﬂﬁro{%tvg?&g lQnO/ e reaction

articularly from98 %to 100 % and nore particularly
systembivtodh gcadgdes sulfigigne hpdmegerbin theicgintensdd lpqmi epbthindhe Gequisite
L 0 rticul arl rom0 %to 5 % apd no
1nt1%%}¢? be,(gltl%cér e}%%erlg %eohx}g%f) %enl&bi Iﬂ&eeﬁ e %9%66?“ SLH‘Q q‘suﬂlrﬁﬁa-methyl
sty@he,dhahe plesgse olfide &utfyst Peidsuli Yh d Nydr&&HabHRBf the®@de chains of

nore particularly | ess than about 0.1 percent by
alkepyilBfmzenss  al pha- nethyl styrene; |ess than about 5 %

par ki qubarly. | 85,4 9 re parti %iar | ess
t han, UI%L 6er%ent§%(§/ﬁ\j\elgrf ng& hrtéﬁ%)?%g?&r.rge%ﬁ%r lgrm%lflﬁ ofte %’ﬁtsem' The
refloy mgvesan| vessoten e @atdof jpr20: T ulmagrhatideeths hidhR raticha@Pélused to
nor e rticularl 'eﬁf than 0.2 percent by wejght o
corl?%egbartgg% By Plarréﬁﬁé}lﬁé ed. In commercial size units, a long catalyst bed is
normally provided, and lower reflux ratios and hence higher unit productivity is usually
obtained.
The temperature in the catalytic distillation reactor is determined by the boiling
point of the alkyl benzene at any given pressure. The distillation reactor is operated at a

pressure such that the reaction mixture is boiling in the bed of catalyst. Generally, pressure

14



10

15

20

25

30

Wthout Iimting the scope of the present invention,

it is proposed that the nechani smthat produces the
wehbsmnsmeness of the present process is the PCT/US2004/020719

condensation of a portion of the al kyphenyl al cohol or

al kenyl benzene-cont ai ni ng vapors in the reaction
ot T 0 BB b RloS B, MR Hron s o 140 psig Cr
1-tobarglct bet ween the hydrogen and the al kenyl benzene,

cat o T VB PR 44 el Gl A oD e 1ag Bigosure can be
fropf8ipsiE 101408IpkRNphCMARY Eont'S pdighé Bbo %Iilg%nﬁ%%'dgﬁ&ﬂarly from 0

a reflux condenser is included in the system
DPsiedp|14Q peigt (ob 1dArbapadiyis apdersioné thai cemete hoitscat 2bout. 15254 °C at 0

r N¢ ' i .- be, used to ¢ ensat e. .
PS8R S ABPLAREheL 34 B Y AR 8 S0 TR A58 st
nohdingticgteainysle, tedpresend roveld Ypepiitey bl eferh@dddpreiied below 50 psig.

reflux ratios and hence higher unit productivity is
Pf\?f%hﬁb YISO FRAOR &%) OPerRied 1 AP rRaessike fonredines that tamperiaire to prevent

=i : _ . . by Ling .
nSEA LB EREARCHP o 151 IRhEE AR RE BRLLL g 0 o
(atdhiogplieric arésswre, ebe teorperasuro pe thet texttoat ofthp ressuiehigtehthan 200 °C,

t reactjon m x e | i.ling in the bed of
end 8B (s B ehfory it So alarf in i lhgee Gptidtipgicgne. ghe feed
wefdi) hBGilf spRY REOAIIMYSH) MR VahFH AT Verl WA & Hif? the other
140 psig (or 1-10 bars).” For the conversion of "a cunyl
coniterhpiraweistsapnd aan bebdmst. | tmshout he, pressartyefromm.bé 2 liters per

0 S| 400 psi articular from5 psig to .
rolf M@t RA0R, B2k RSP Kb 8PSl e reston
dispatihr(reactdr fd ubRfeight bf talytdg His@8dot hat cunene boils

at about 152-154 0C at O psig (1 bar), and at higher
pr eSSufe, lpHeatiye; example othet residualy ctristreami fod. toAdhereatalytic
b t ' - | 1. 1H 14 l e, .the. pr t Qcess.
it i el Bkl P RN, PughiSgrlriof 1o 180 98 Faficutarty
fropr Bf%etaliby’s, tind nioeapiticulady des a0 ed tat40l BVbPHREHHLE atk§lphenyl
lreqpﬁgmhg§ tegpﬁrature to_prevent unwanted _
aleghgly ey & 2y to gy “Anprrdenlanhy froms Zhérto 981 %ctndyinese pegiculasly from 60
%@@@"/@B st i tt ?QI(R i:b QZ ] t00 e0i 'V 70 9
P R T R G D S MR
morchpartiodarlp Gomafdo ¢d 36 tyowdisht Gilkdnyltenzdérep andRdmle0; to 25 %,

vy 5,y BoAl Foualh iorg ety g EPg et by weight of
alkyBENzenk @lgg%?%ﬁidé’i t R Bpddge %B@a{tiv%%&gfnbiel‘%}‘ f@s[rfﬁggéf%ﬁbzodimem

and can romO0.1 to about 10, particular

of the prepant dpeengien, Heuiesidwgiquodugt strsend, Hiet & the hedmgertatien reactor
ol 45 80 o £ R MM 9 1 SRS oy o 1
% tol9% Baeteltht of cumyl alcohol; from 0 % to 99 %, particularly from 25 % to 95 %,
and more particularly from 60 % to 90 % by weight of cumene; from 0 % to 20 %,
particularly from 0 % to 5 %, and more particularly from 0 % to 1 % by weight of alpha-
methyl styrene; from 0 % to 5 weight percent of ethyl benzene; from 0 % to 5 weight
percent of di-, tri-isopropyl benzene, ethyl benzene, propyl-benzene, ethyl-isopropyl
benzene, etc., or mixtures thereof; and from 0 % to 25 %, particularly from 0 % to 10 %,

and more particularly from 0 % to 5 % by weight of cumene peroxide.
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As an illustrative exanple, the residual product
streamfed to the catalytic distillation or fixed bed
woeenstoos40t or hydr ogenati on contains from1l % t 8CTA82064/020719
particularly from5 %to 75 % and nore particularly
from10 %to 40 % by wei ght of al kyl phenyl al cohol;
f T Oy Rer0al RePOrdhin RAME icGidl Ak distiifafl o %
nor e peary [ C%I arly fr omCGO y?/lo t oS 98%%56%\%??’9%&&%? fredlith product
stredriydopanmses e di-isoprapdl Berzen2(DIPB) piacti contain ayschalbamOur®y e.g. less
to % and nore particularly fromO %to 1 % by
oGt oFhiicah SRR dieSPioRYL (oGRS, b bgepeag. propyl-benzene
etty@isobfoplyRIbezene 0BIc) O Hixthis herdB MBILsRAMS GHIRN d¥ cycled to
romO0 %to 5 % by weight of alkylbenzene
Peroyifico praxidatign, hydsogspatidnf teactpisihase siatilay propruieplee &f side reactions.

Lcul di f the present inventio t.he
o PR eeh PRIt <GP BB Y ERR Mot e s
prefeaat for et ahd1probéss mcdorbiinigao k0O F%selﬂaih{'érﬁiéh,aﬁﬂ thel la®dTbenerally
S %to 75 % .and nmore particul ar from10 %to 40%Db
les§ FAgHite- o ro{StAkyY: 116856 8D Vopt oMt oliylpenngs for use in sicp (i) of the
ti r % 9 r L r
s b kel ) ok SpBbefa B EpBBAHLE i ncnye
Maye ppeetablybialehst F0r imtOmeet pebifivallpndlennros pavt of tHeadlkylphenyls
f fromO.%to 1 % bé wei ght. of al phanet hyl styrene; from .
orqusg in the %g‘@ﬁtof F} ¢ O ntol'nvgth| arg JRstarsabstititedn oy ma-gbstituted
alk®lbemyabs percent of di-, tri-isopropyl benzene, ethyl
enzene, propyl-benzene, ethyl-isopropyl benzene,
et ¢l oxgler 9 eevend Suildrap @biess avadtive diylbefsenes RSh&process according

rtj rly.framQ %to 10 9% d re particularly
to ﬁ'lr% %S%H{)}o%%/% jon, /ﬁys ﬁﬂ%e&’ﬁﬁy gfef%raeﬁﬁﬁét %grpégéféa%gqm@}sgs g further step
by fwhidhSitr @ash partt B tkatlddksYidabiivll alkdyidedbdRN chBAGHRS - are removed.
such as a residual product stream conprises a

Preferablyopic pyocepesior pempyepsybiedting s feasioprrtdfthe psxdmbt of step (i) to
: t . 5% i ght,..of - .
iR, T oio DR ALE ol e Bl 988 41 b R0Bu aied o wi

corgtinyal relasioplydpige anenneofleseiteactivelkyThiis) TS @i hn be sent to a
are cycled to peroxide, epoxidation,

Th t) whi ch
tf%ﬁﬁyg?&éﬁ gﬁ% A desteDed Sbhve dnsihe tragpallsylapen pndsthelpeodust can be
corVeH&d TRGG Nt codtai rﬁ&%r}ggcgﬂ'\llggf)ﬁpqﬁ%n ogPR %Qﬁq%e converted into

cont ai ni ng ortho-substitute enyl's are“l ess
corppafds radaihing asegle alkyheibpitoee e the sonmtiogrdup. t he
resent invention, as the re generally less .
Peaig? %‘é‘{‘lmﬁ? 8p afﬁﬁeﬁu%{]bely?éﬁ ecgéwf a‘b% i gufficient to support the
hyd@bganbBen Z@AGRN, ahd UBlab® 1Bidedkehl losPf rrdhie ttg:r %gﬁ%tpf At least a
the present invention are neta-substituted or
stoshioaledih smpurit elohysirdgenpllatiye o thvbalkemplledeermbi{pyoduaed in transient

a 9 re specificall t. | gast 95 %, of ’
betp Ry plo It TBeFrs LR P pietend i S SR e eyt for the
reattivneMs @ moar Bmitikigae:aupsd, i 4 ¥hell ReeRasRhFHBSdI HUHCR provided to

| kyl benzenes. I n order to prevent build-up of |ess

occludgctie iy dapgep i s quidnandhto pecssmredase gy ditie of this reaction

between a gas and a liquid.

Hydrogenation carried out in a reactor for catalytic distillation requires only a
fraction of the hydrogen partial pressure required in prior art liquid phase processes for this
type of stream, but gives the same or better result. Thus, the capital investment and
operating expense for the present hydrogenation process is substantially lower than prior

art processes. The lower hydrogen partial pressures allow for the use of the more active
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to the present invention, it is especially preferred

that the process conprises a further step by which at
woeeastoopmet of the | ess reactive al kyl benzene eompsed®20719

are renoved. Preferably, such process step conprises

subjecting at l|east part of the product of step (i) to

S e A B3 e oo

pradacat i vel y | arge amount of |ess reactive al kylaryls.
Thi roduct can .be.sent. to a transal kylatjon unit as :
des JPPUBEEb YA P T HRen AHEUPRASR: Poftntom fring e reaction
ocRIrAHs Cbn&ARnle vAANIRBAL /RN MefefBreP iR0MG Al GOIMiBH Drdtficts and other
nore reactive conpounds, or it can be converted into
streagrpoupeInisce tnrivied fansihagéastian kere asujusokilyt asgmissible, tadecing the
=Y tic€..group.. T drogenation rate nmust be o
R A 0E ShRyialsT (MPLOLGT it ol Ge Sibinspents e boling, the
tenhpegiitogeRtdacion @A€dtRdMed s the HoAasy ?M_ﬂf epent hdsthrel 40k system
the catalyst. At |east a stoichionetric amount of
Pressiae-od 8 b oftrpastiop sin cedales mydrp dadampebul o duereasd i femperature
r ' fo ert t | kyl zene),, must .
o AR B AL ST R Gollof GoRESY SR pE 8 Ffeaction and
distréatibh ofi profiscta cawbe hihidved by reganigethe 8ysem ptesite.e 8309 hdjusting
b htﬁg)ro en fl o#ﬂiﬁ provi ded to occl ude the hydrogen into
they theouetiRpti sv s il th e crtoprdadust disiibyaion ad.dp & drggee, control of the

idE &tibANsiRAT i igH ' izat]
S Ao e RO OARe A hoBore i) AoV PR Bherization. A
further bemedi thad|this aedotian tniayngaid ftokre cdtylgtio destillpiet isathe washing effect
r.essure required.in prjor t 1iqujd ase processe;
o R B S S B LRSS, BEOSEPRETe up and
colti®® Ut the chifdlgst. tH@rEARITR! m%ﬁVﬁ%tdi‘}%mhe%ﬂgé)@F@Q;?Onﬂ/D (wt. liquid
. expense for the present hydrogénation process is
justbalew dha ¢asalyss bedwe/distHiate)pri or art processes. The
|l o n Ltia ressures.allow for the use of
t e her AP H Bl e Glo AR ME R fer an S BE o os both a
catuliysthandt a distliatiorhystkdgemBlid patibdlgte DRt ntatd il ca®be tiR@ny form,
roduct. The present catalytic distillation reaction
““§P§8ObéﬁéﬁﬂﬁélEm%ﬁkh§Vﬁﬁ§ﬂ fisfape aree ite Allow @uersongple reaction rate.
r.r | -l St ' o] he, i ni.tial.
I B ROk ol bl or bk SHORERR 6 bl Al hlike ana
compsiticed theroofl t Nen-lieridng exenzieotithe ginctite/ oBthenagsytl @stillation

J [ .the likelih id [ . M ,
AL bt o TSP Shd S0
corkt SARERS é‘itéﬂ?ﬁ A JreAal bRANAFCAMES thafe Byt 5. %ﬁgl Ihéekglt structure,

gm nt of the mxture at the system pressure.

sucgfasr e adrd owesks ituhpllay tuebire sr Aoy ethepi dimilpr kntcture. It can also be a
LCr e.l.n0 tenperatu at gj ve ressuyre. a

e B RSk R il el aftrd) B0 Pe SRS el e mesh, fila

with eapdrtioflatenshtaiiid fattual. O8p&difi® eREHETS of AL PRAFSIIRNERe can be

bé/_re ulating the system pressure. Al so, adjuSting
found in U'S. Pat. Nos. 5,266,546, 4,242,530, 4,443,559, and 5,348,710,

Any suitable hydrogenation catalyst may be used. As an illustrative embodiment of

the present invention, the hydrogenation catalyst comprises a metal on a solid carrier which
metal catalyses hydrogenation. In one particular embodiment of the present invention, the
catalyst comprises from about 0.1 % to about 5 %wt, particularly from about 0.2 % to 2
%wt, of Group VIII metal or a Group VI metal compound as principal catalytic

component, alone or with promoters and modifiers such as palladium/gold,
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the throughput gives further control of product
distribution and, to a degree, control of the side
woeeistoosng such as aromatic ring hydrogenati onPCT/US2004/020719
di meri zation and ol igonerization. A further benefit
that this reaction may gain from catal ytic
paliditih/si19bd QRLAF RIS 'ﬂicﬁglr jJ Ei%ﬁltb stltgc? ddxptaeglff)%ort such as
reflux provides to the cata y reducin
Ze(fddb y@fbﬂ oietdaugiewasdalomiian diro brlt]h qalmat@ |egigbion, d;lhtef; rsil&tda-alumina,

TR Y Bl O AR i bl e mteri
coﬂibﬁsesqiaaub&ﬁmp oXiat @k ipalladiil pedably d.he, ft‘a@f@@%ﬁa&ﬁﬂy&tea on an

process functions as both a catal yst and
APRIPBEIRE | SHPPBh H}f’étﬂm §5ch Thelupina, i cathont ecalite &hy:ht as Mordenite or H-

MBS 508, 25 A 0D ML Sl i

U.5.cattN@d, 8221936 chh alkayeseda powder, small irregul ar
Chﬁ%és or fragments, small beads and the |i ke and

Qther rEtiquize cadodmgis pf ?hetnf?ﬁgntewém@l@s Gopupy HR metals of the
Peﬁ&ﬁé‘ Thble® rHlethfts, GALRAY édtpgrﬂd ﬁge{i ak 'tﬁ) ;ﬁ? ﬁz?cc y!fllc component,

di sposing particllate ca eri a
aloperasuitipipadmeoters sch medifies slmht as athhﬁurﬁﬂtmby Sffrco?m!ilﬂn aluminum,
rovi de dlstlllat| n the formof a wr

f
magaEity 3 (7Y St Mt Op A I Fetalfe st iAok upperted on a
carfier, Ay hQHﬁb%Eneﬁiom lrae by QBuﬁl%tal k%nt ﬁﬂqgaka%ﬁ p?eferab}?/ contain

f1exibl e, sem-rlgdoen mesh ar “materr al
ﬁoalsl%?/odprﬂoeéspml@éarlwrom %o 70|%,| mdrevdatticutarly from 50 % to 60 %,

S, BE BBt FRiF 4R i iR Bercaiatist php Corod 1B meta,
parﬁcﬂﬁﬁy&éﬁa “hippdit, S88me 4sp@é‘1§c 515188‘[1?2@% é(aﬁﬂﬁegﬁlgludp‘né’ommermally

t abl e hydrogenati on cat al %/@ be used
a"%ﬂP#lﬁs‘tOPB?r Uik sidigp sdiahishtT-866 ((having emnxlmamlr r5t4| Wh% ofieopper on

5300 LORAER: o Y30y SPIRRLRES Byl B S B corer

chrpmltelcatatllyst @dﬁ(ﬂjloﬁ&lﬁﬁabm‘ fibineSyt esemte; lafy Q]‘H;/ZIQ'Zr chfdBst prepared

SS from about 0.1 %to about %t
aCCB%tl P RRaBHER 54359690 dha likeyf @@mbplawlls of these
catﬁ?sit@‘hatpils@bgl%dp SM!H éatd['lg n?lveféofgﬁlgﬁ 'Ebdg@ﬁg?& resglﬁ st relatively low

catal yti c conponent e or W
temperitfre elnsorsundn- hlslltpgl illastiative gmib@dpﬂdzﬂt aditherpfekéntdhivention, in the

s G el B 1 ke et prceray used
at a3biBbiafre bf FEMBI0CK: to @@Uh@eSu ARt ﬁlag c&?ﬁnse] from 5 percent by

silica-alumna, thermally stable resin
weighletd B ypstaeat ibyeW@glaﬁnphleulafedaasSthlet @hille wsisathy ttb@l welght of the

e T XA T T —

80 PREI0BY Wi ght SdaRRLHSd ABEL BRAGS R
Igeggﬁlrl tBZ (s%lch as Mordenite o%ﬁbre@#&{@ér&g{ﬁb&%yﬁ of zinc.

A PRRiculiE exemple nfitha cataippaontathsclpm a0 pmmd by ateightsd 80 percent by
welglllts Eélgﬁ‘lggd a9 tﬁje §deg abas1sNﬁe tcﬁalsgwelggt of ﬁ%ncataallfs(t) ot%ecoggee}d from 10
percent by weight to 80 percent by weight, calculated as the oxide, basis the total weight of
the catalyst, of zinc, and from 0.1 percent by weight to 20 percent by weight, calculated as
the oxide, basis the total weight of the catalyst, of rare earth. A further preferred catalyst
contains from 10 percent by weight to 80 percent by weight, calculated as the oxide, basis

the total weight of the catalyst, of copper, from 10 percent by weight to 80 percent by
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As ot her particul ar enbodi nents of the present

i nvention, Goup EBnetals of the Periodic Table of
wahkesmos®2 such as copper, are used as the pri RCTIS2004/020719

catal ytic conponent, alone or with pronoters and

nmodi fiers such as chromum zinc, zirconium alum num

weiRINERINHI aPthb %kﬁie?@dsisﬁh@ﬁﬁﬁ'wei%ﬂt Q¥ Fhe\atdllysiRifaHiri, and from 0.05
etc., particularly those supported on a carrier

for
perdeyid by gesight tn30 Tiseceat dupweiBhiraasis -therietal nverght coft tieyastalyst, of

r ef er contain.fr 10 9%.t 0 9 i y,
st o Tae SR PRl 1 v Bl £ g 50 percent
by WeighS chlbelawai ghhe 6kidteastixthe @othiawbight b tHedagdlysted fdvpper, from
of the catalyst, of a Goup IB netal, particularly

on .
10 peresuphioweishorid epsat by weight. galenkatadias tescirips dastp Hisitoighweight
of FPGRRY, A U 0HA0h 83 PERBRLY PR ] G0 AL s, b o
totab mleight oigha cptabss fxtircodmne Amothar prefbredt catedpdt epntains from 10

obt ai nabl e from Sud, Chem_e; copper chrom.te catal yst, .
et DORLIOAOBREIB bY O B CHEHS (e bas Ao toal eight of

. ont

the ERESHY 9F RIRRAGR (ORRH! DO vRATTD 80 beont by ARG caleulated as

the ositlal besisshe il v ghtlvd thseatalySuefzinatfiany 810§ pregest boweight to 30
to, gi ve .good r.esul at re]atively | ow t.enperature, In

percsie B oRei B eTings 1ot piaR OF bR Topoin: hd fiéln 0.05

perd2he $9 Nfreibhty RNBD Qercdnd biyNReish€badils BONYAI tidight of the catalyst, of
al kyl phenyl al cohol to al kyl benzene, these catal ysts

alurainsip rAside  fhrther pretereed catalysiprontaing: Bowf 19 peraen0by oGigh to 80
yst rd r.on C y
perdEiontvelB e BlaelRiehe JRe RR the Bl MR P A Rt coppes,
from@ A D Ghercehilsy weighttd 80 péresm ibghteight, theulaad as frtoxidd, basis the total
.copper. Further, such catalysts preferably contain )
weight hthocgiayeienht ziBg Hirm GHS Regcenbby sy to %@ PRISEYHYY, weight, basis
| ftem i 5t j fod
the S HCRHF Or3Ae AL (mp SR, 09 hR20 LB o9 WdiBR 1o 20
perczat by wetight petl@ilated fas ol dKidpevas@nthe hgtalweeight of theB&utalyst, of rare
ercent by weight, cal cul ated as the oxide, basis the
cartiot al  wei ght of the catalyst, of copper, from 10
Per e athlsRl Rt cat ARBNARM 7% MBI Kt fedubed ?k@p@?e%dand pre-
as the oxide, basis the total weight of the caftalyst,
activdted bpiche doltbwWing mof-linifing diustraye wesicgdret 4 @alpssris entshed and

. hy. weight,.calculated.as the oxide, . pasis,the total
sizeplh poHaEriRG Sk Gy &0 ity pPticlS; TRE ShEhT B UMY reduced by
heafdiie {Her da@fllyst phaicyestto GoRinpeRsurt bR gl AbHar GentsoiC weh ght of from
to 80 percent kléy wei ght, cal cul ated as the oxi de,

abobiak S te Reout dOAIC, weitightarlyfironn ebadtlal Ysto aksfut & Shprar minute, while

fowi b BIE R 1t e, ey B RECEPAT WAFLAN o5 topeen i

nitr6@nddt ¥ ite 0@l -200Npecidmally 2-BMIOHOSTHeRA e isailowet gbtediuée at 150-
fpercent by wei ght, basis the total weight of the

30
180gGtfen {49 hoyrs aaid them the hydregentaeatenpinethe mitseBeads dpyled every 1-5
i 1 > ' 0. .
A 8 10 BRLSRON 0 AN O BORREEEL R ct i
redweed gbt a dinal bee aafiat wety pafodcappien cbsledrwhile maintaining gas flow.

After cooling, the reactor is capped without allowing any air to enter and the gas flow is

X

stopped. The reactor is opened in a nitrogen filled environment and the catalyst and silicon

carbide are separated by screen sieve.
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10 percent by weight to 80 percent by weight,
cal cul ated as the oxide, basis the total weight of the
woav@lopst2z of zinc, and from 0.05 percent by weCghiS2d0a/020719
30 percent by weight, basis the total weight of the
catalyst of zirconium Another preferred catal yst
confal pe %Of gf} gwgrt RIsCEMNEedBYedRAIREL, tRefHPed %? CtﬁB taf®¥-mentioned
wei ght , cu as the oxide, "basis the
promu@hﬁre dbadddeomatbad ysgpportsf m@dmpﬁpQYOﬂS omatd OT p@rp@lé it apistillation

ght .to 80 rcent b calc
reachy 0 nibaaenaifegeny Boanenpets g o Ehele g ed o fuffort the catalyst
parﬁélé‘sc ’H}fd'icsggnogag 35 REA&EG DieguRtEND the aﬁ@ar@t@ﬁ @@ Iﬁianlixym a pressure
wel ght”, basis the total ht of the cataly of
betweanc®ASUpFigaltzbitalbyrhadvem ' psesie). BThBsyHticts adjysted to maintain
B E R AR 5 1! g S0l 4 et s

confatial Sty SRy PAIShdLY thlz& apeuf@anhommeg (. 10-0 8)@31ght %) of 2-
percent by weight, calcul ated as_the oxide, basi
phengk- 2iprapangihtcugtyl tqlﬁohggt as] 1ntg,fth% thlf rr Ofoﬁ‘om below the

I h d
oI A5V 8 ETRIG EPH ts
theﬁ)fthci ited@perdtt@nisOra¥ed patit elnt lipyidvweflghds mothBOdlptdiadﬂentreWmn zone

ght, basi s thetotf’;\..vvei ht of the atal St
N T NN G .
dlst’?l%dc(ﬁﬂtfr&ﬂ el ?mf th& @(Llﬁfﬂhakﬁglﬁ@ﬁaltﬂl@ylﬁlﬁlﬁﬁ alcbﬁ’cﬂ' suchh® a cumyl

wel ght of the cataly rare earth
alcalail-abytainingnsttdasn, csataitlylualﬂcy @Idd@lelﬂa@ isbghtzneler @@@Sﬂo@f hydrogen to

b UBS P BEFSgFOS POSA HBAH sBgd NEohfL K Rhomara o

alk9l‘ble‘1§£éﬁ9 ﬁi&ﬁ & étﬂﬁeﬂentaﬁd &ﬁ’sﬂﬂl@ﬂ rifat eTied gyl Belgz,ené-pz&iuct such as
particl es. The catalyst is slowy reduced

cmn@m eanglyt separetes £rops thepdenspicwalsr pbasg Itelﬁr@@iﬂam}lerdr&d further with

T g

prodficddeias Aipdtityeof Mbiel tharf 9SOwWt.Ng pﬁfﬁﬂbly@nc&@ 1R4nt 3 wb%uNo measurable
0.1% specifically about_ 0,02%to (3 % gygﬁogﬁrk
alkylphen il radepbal. suck ap &v@%ﬁk‘@h@oﬁo %1p@f&|/ piis awaY ylbenzene,
[ Hr
suc#’lo?ir—s' %_un]_%lgﬁﬁ‘g&@t aﬁigleh %eéﬂé e o Jfbnﬁ@gdﬁcﬁe Amdvl; o %tﬁ@&ﬁy diluted

ours then t rogen content in
withi éunegenarids sahoubl € dixed éﬂ:}i HydBogdenatian werctdr tohmakmsddigonal alkyl
1-10, specifically 2-5 wt.% hydrogen in nitrogen. The
berga{l%lsg}%hawme@auced for a final one to five hour

perixg Q)n@r}ﬁ)nt 18R %%'rt%i’ll%rﬁ%dﬁﬁérﬂt AhQifdgedion ftte@whent in a fixed
After cooli ng, € reactor is capped wi thout allow n

g
bedmyodai withaut ennten”reah distiletiqpad.ef n@wn. ar, cafplypip ¢listillpien mode can be

s SR bap U R ARl BahLLPRAG LAy 2R fom
106 6@%@ 336 b€ Vistefthd® 1P o LRoMEISHD p,%tyooh@sp@ffermsi WEGEBm 160 °C to 2800
catal yst, prepared by the afore-mentioned procedure

oC a8k AAg 88 foRt 03®ed 16 WBPOCT sndvegecseire parfams Opl &t B00aK 105 N/m2,

screen 1n a distillation
more preferably of from 0.1 to 50x 105 N/m2, most preferably of from 0.1 to

30 x 10° N/m2. The ratio (mol/mol) of hydrogen to alkylphenyl alcohol contacted with the
catalyst is preferably at least 0.5, more preferably at least 1.0, most preferably at least 1.4.
After hydrogenation, the hydrogenated product comprising alkylbenzene, such as

cumene or di-isopropylbenzene, can be recycled for reuse in totality or in part. If only part
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reactor in a nitrogen filled environment. 4 ass wool

can al so be used to support the catal yst particles.
weélzdisgpgen2gas i s added via a regulator to the appaSai0u820719

to maintain a pressure between 0-450 psig, (typically

bet ween 0-150 psig) The flow rate is adjusted to
of F@ea g c"flro ena; ¥V‘ &grﬁd%cr?ré% recycr:]l/g\d,f t&e% 31%51{8?12%22%&0% léltlg rbﬁedsr?fggrate%ho%f in any
wa l&mmherbylsm@dm@i@csomesmml@@i ia thé #x€am cont ai ni ng

(e.qg.10-40 weig %_of 2- rhen anol (cuny
al ¢ |1)1V6nt1§nﬁféléi b%ltﬂgstf%i By dks ql]éwl%ﬂﬁ-‘é%%tt‘@r embwents which

n PR3 LIS, 505 oEpob SEELANS A g of
indtdre itvenpen.at ure is raised until the liquid refluxes in

the distillation reaction zone containing the

catal yst. Lower boiling al kyl benzene, such as cunene,

and water are distil liggRute Bh@ihetd op of the

col um. Additional al'kylphenyl alcohol, such as a
cunyl al cohol -containing stream is contlnually added

that S converted to alkylbenzene such as cunene, and
~distilled off. The al kyl benzene product, such as
cunelihe, epeaisialion saiplysiawes af qaialyst Fen@ETRE: Hiankine ronptiligrewhich was

S SRLLARAL O, 60 AR MANGRRL G A Bss3

S uc Thashydvspenstionpeandly edhsha satalypucdritainidf dpp&, Liddn88zirconium
% preferably npre than 99 w.% No neasurabl e

Pf%am%sﬁ@fﬁwgtal%%m%%%f*aé 48@%9? al cohol ( <O. 01
B e

pr oduct .
bubpled anat thy babitbunt ﬁdhmﬁrdzahtommwviag ahthegeptof the @adtox &thelreattor was

copb AEnEE tac el clifeadioRoP GHE AR Tiged 28 %t of cumene
hy%b%ﬂoﬁiﬂeam %mwlciﬁﬁeﬁe aridl DY Q9 @8l B8npagALTENt 1N a

fi xed bed node w t hout concurrent disti lation, i.e.
not A meztioat mixfeieccatitaning| shdudrb moeleot dmdwleu perd nwihi @h cumene

onprises._contacti reactlon duyct dro
oy GRPBREV T R ¢ i or B S5 b CopRiamet BRaT tesoribed
abé‘recumltéiﬁpa@tuwoww @ctpfiedad by sphratdduir. lﬁ{%}a@fauh@ that 55 %wt
2800 0C, preferably of from 180 0C to 260 0C, and

of hragieng Mes 6pnYeFisAILO poiepe 9dex 105 N'n2 , nore
ppreferably of from0.1 to 50 x 10 NNm, nost

“—preferably of from0.1 to 30 x 1ONmM. The ratio
( mo[Fkeshl §thyiberivede agéretyolal kijtybberyt vdre dbolto Céol’ﬁaatbi eDuring 8
with the S preferébly at | east 0.5,

C ql [ nor
hob‘ise?léW&BWta%i? eai e bditorm e Hrckr oleany e et the regtor. The
reaefc;r%asn‘)égfeﬁgﬁl@l ?'tﬁ’é‘reat‘:tﬂﬁl &Yedﬂ'oqgg RASREAE QS of the oxidation. The

conpri sing al ky'benzene, such as
reaction product obtained contained 10 %wt of ethyl benzene hydroperoxide, 88 %wt of

ethylbenzene and 2 %wt of further compounds.

A reaction mixture containing about 6 mol of 1-octene per mol of ethylbenzene
hydroperoxide was fed to a reactor containing the fresh epoxidation catalyst described in
Example 1 at a temperature of 40 °C. Octene oxide was separated off. It was found that 41

%wt of 1-octene was converted into octene oxide.
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cunmene or di-isopropyl benzene, can be recycled for

reuse in totality or in part. If only partof the
wayadsgpgenat ed product is recycl ed, the desiredPETastioan20719

can be separated off in any way known to be suitable

to sonmeone skilled in the art. The invention will be

st ated, by thent oL A Bsdilakids bF ld e ARERet B he
eruT‘éLU%is only and

HA@P&m&QhohBfﬁﬂdﬁ&mmnmhkhiﬂyﬁhe scope of the instant
|nvent|on IIIustr | lustrative
OLhS PEG Siaans =%t de and Cunyl
Ql% allk’%\vlﬁ@ol@@ efj ﬁh'sﬂ a(b%{ %SY Sf 3¥@Savail St FoYiSBud Chemie is
a|n| gtit an| on SI was prepared as
furthes qirbdxaskdi msinpgethex ﬁﬂm\\angqrrowdumg fmo thecatadidichidistjllaion mode
EP- A- 345856. The hydrogenati on catal yst was a catal yst
CXR?&S‘FR%‘FSN ng copper, zinc and zirconi um prepared
acc ol fgmk LEs@Miemde at3ddSchiper HhSsiked cathlyes (Brﬁxﬁn‘ﬁﬁl%ts) was
and recycled cunene are fed to a reactor. Durln%
crukloedr and sized intoss 630bbesbdpariicleg. Thiecatabist o afixed,@ith 45 grams of 80
re t the.to t
me %aiglf) bﬁb@a Cagg%g e&a& AT ae ?ﬁ C}neiz_}gl Isga%ﬁ%% steeTpeeactior ghbe between

bedy SXUChcOPS Aeblaanasln Q‘He Q&Cfiﬁ\ﬁuh%fhadtmﬂmemal diameter of 1.5cm.
hydr oper oxi de, 70 %w of cunene and ot  of further

The sppbishaers showlarediesd by kediing %@rﬁ%ﬁl}‘ﬁt Ryrtigdeutt & rafg|of 3°C per
mu%tejfr ﬂfﬁﬁdte O°mh1féf%éé%¥{§@9ﬁh\¥fj o9 Hg ?éﬂjﬁl e énez? alf@te of 10

react or ai ni ng t epoxi on cat ar
Lf[dﬁsli'l’fel &wﬂyﬂbﬁalsealaiw@l toefepmaaml@%)‘ fodtOZ BGurs @mﬂdhm the hydrogen

oxi de was,_ separ at ed . It _was f t hat 55 9 .
conterian M HRETE DAY EPeH PR 2 e S ek o6 hydrogen in
mtfgglgﬂl *?ﬁé‘% sta%s r@&&@éh &g gt iyl bc%%zlﬁﬁ!@ pAB6E afnﬁdthElQ cBoled while

act or . hours, air was bubbled in at the
mdmmmmg oS ﬂictve Aﬁacmﬂl,ngl thavieaorawas bapped pvigfout hléovvmg any air to

r. e reactor ed d t.h (i
ontsang Bt Bo¥ot ferprnsinLbt et veh ab G i BFoEBka glove box
andl %Ccrata%t REPSHHEIn Qbtiad Refk ¢ gﬁéﬂﬁ@ﬂ BeGBcrken e of et hyl
enzene hydroperOX|de ‘88 0 of ethylbenzenf and 2

P QNG U

g? E;ﬁ?@g}hﬂ ngﬁ%‘dg I‘C%%Jn& 8f go élilfnwgré tl‘&é}l tep@{aVﬂlglthg Eollowmg properties: a
suGaiat @b iyB Ot sh&axfefr@@éts PPOKiafabh averagd alyyalliteldseof roohd hmicron;

Exanple 1 at a tenperature of 40 OC. Cbtene oxi de was
a eyglohpranspdegrption PPT\%% Of 61§rf‘d>? ;rRafl agpolggpilisg to 2 ngh@tlo of 11.1),

e

andl etifcedvEirdive hours. The sohd matemal was filtered off and washed with 25 liters of

deionized water. This treatment of the Mordenite with ammonium nitrate in nitric acid was
repeated twice with fresh ammonium nitrate and nitric acid each time. After each
treatment the solid material was filtered off and washed with water and dried overnight at
120 °C. Palladium was added to the zeolite to a level of 0.35 percent by weight by
treatment with an aqueous solution containing Tetraamine palladium nitrate and an excess
of ammonium nitrate prepared by dissolving 6.55 grams of tetraamine palladium nitrate in
308 grams of dejonized water and adding to this solution 4.92 grams of ammonium nitrate.
The palladium solution was then co-mulled with 1083 grams of dealuminated mordenite

having an LOI (loss on iginition at 750 °C for 2 hours) of 10.6%. The palladium-
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I1A. Preparation of Hydrogenation Catal yst
11 A(D. Preparation of Hydro genati on Catal yst T-366
wQav@lopst2 A conmerci al |y avail abl e copper on sPCTa&2004/020719
catal yst, T-366, available from Sud Chem e is further
processed using the follow ng procedure for the
tic.di.sti]l n eri ment Flve .
ool ittt b BRER TR REG' BEY a5 PBucRbochmic
alunginh §C3)apuia B Whﬂﬁlhﬁdccaﬁlﬁeﬁiall@davmblﬁle 6frci V’Eﬁ‘l Chemlcal Company)
particles. The cata%a/st was m xed with 45 %rarrs of

h'%\g #diQL f @8- A0ames addedad alaved oomixn stiganixtigg “@memsw&d and the
1 I

G GRS LR 6 o K B R A5 1th o B Hf lowing ai
at dOQﬂﬁstfelr tvm‘ hdur&c riTheTdutalgs tvads wstshed and sed yo 6-@duaesh fduyticles and

heat i ng .t he catal yst rticles at a rate of C per
theh BHET ABiEsBIe NogbBe Praphes ot Sl sty () gpove for the
ca@ﬁ%’é@%@iﬂaﬁ& Holig egRAnRhtsd rate of 10 L/Hr. The

catal yst was allowed to reduce at 1800C for 2 hours

and then the hydrogen content in the nitrogen was
I d.ceﬁegi 2 hours until the gas was 3.2 m. %

gen. The catal yst was reduced for a

(B Usingor-BeaICa@BEi 0d and then cool ed while
mai ntai ning gas flow After cooling, the reactor was

capp®d G Fsh particlssi afgedurpd oi-36G eatélmste prepacedt hethgagocedure of
SRS T BB BRSP4 31 e

longeV%raB;paﬂamﬁdmﬁy as G:rttemll Slagrér offi(15) i) wlﬁ’[eaﬁﬁﬂ@blrﬁﬁogen filled
yst Pd- Mordenite Cat al

of Hydro nﬁatl on Cat
ooy & g megqfa%%%owo@oww%tpowp% the ﬁ%i@b’ﬁfgpftrﬁéles The
cofuftld @Y BGaRE@RE ! ik waRIRIW I PGR r@ﬁlﬁab%oré 3hsB g\ﬂﬁéalf S%I\rqecfl as the

meters per gram an average crystallite size
bottonri ssgmant af thecieattox &recedajytm Pistiiatianp thiydeogeh gasbwachdied via a

resdirelodRe BARAGHIL WP HGR & PIAITE GeTReRrsaity T0Lba5 Rhe flow rate was
adjbted k€ mRAGtEn WRRe MRA4B6hH: OF ﬁ?dxggen RAHir&t for 18rehQfonld étdi iometry.

hours. The solid material was [tered of f and wash
50 \girarps o524phersd--propetwil ofsimet algehady frohisadare Stheeidal mfas added to

% epell}{? %%? Vé] lglgh \?\A&{l}ﬁmF géﬂa%lﬁﬁ% ﬁ{lﬁﬁﬁ? Tt leeab (tétrt i ﬁ]%m(tj’fq\{\l%g bottom

flagici Theefladk tortEnindf thercu@st hildoh6PWaBNbwike SR hdleatel and then the
material was filtered off and washed with water and

tengperEureoVas Aaighst wattl tho diqyel reshped dn uhe Wastesy delimms coptgining the
catté ' ]E&Véreoo?injrﬁeylﬁheﬂ%fang &Qeﬁﬁ%l%ecﬁgtﬂf&i olff Eﬁ%ﬂ'} th%ycop of the column.

eat ment an agueous sol ution cont ai
Addgtonalarinme alm)hbh'das,lmmntmllgt ®ldadevithre mgheﬁ&laafexmﬂ hydfogen to
|trte prep IwngGSSgrarrs of o
re gntrfgfr lﬂﬁo étt Wway gpnverted to cumene and distilled off. The

cumene product easily separated from the denser water phase. It was optionally dried

further with 3A molecular sieves. The results are provided in TABLE 2 below. As shown,
the top product stream produced, (after removal of the water), had a purity of cumene of
>99.5 wt.%. No measurable cumyl alcohol (<0.1 wt.%) was found in the cumene product.
When desired, the bottoms can be removed, optionally diluted with cumene and sent to a

fixed bed hydrogenation reactor to make additional cumene.
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308 grams of deionized water and adding to this

solution 4.92 grans of amoniumnitrate. The pall adi um
weabostoosn2zwas t hen co-mulled with 1083 grams oPCT/US2004/020719

deal um nated nordenite having an LO (loss on

iginition at 750 OC for 2 hours) of 10.6% The

pal | adi untont ai ni ng nordenite was uniformy m xed and

then 338 granms of pseudoboehnite al um na (Catapal B

which is commercially avdlABBE from Vista Cheni cal

extrudat es were dr| ed in @a&alﬁ:ﬁr 16 hour s at 125 0C,
and then calcined in flowng arr at 500 0OC. for two
hours. The catal yst was crushed and sized to 6-20 nesh

ar Li UI es—ant—then—f hydr-ogenat W
CO‘ﬁ YBUure as descri be H dur? ITA (i) ab(pvgp oF Fle

2-PRé&ft bar@l, $%t%) at 1 ppg npde exper i menksy. |
Ilg\z(&tlgﬁnvtl%c D?Stl Lation | KBVIi X Using T-366

o-Mpsthyll syweneTtet%6) 20 mesA4particl es of f&duced T- 366

catal vet prepar ad s tho nroceoduroe —d¢f 111l ot v

oY IR W)
LIS A= 3 B = = B = I. LA SRS A A A v A v ) ) C v rrIustl U.LT VC

CurppRse fiiYont P(A) (i), 'N@re | oaded into|Phe-1eflux zone

t T oMy~ Virgreux (Corumm w tharm
ISOI?mP@c Cf(l)heé mﬁ" €r’ of ?15 cmwhile in klo'e a nitrogen

Othkt, [(Wwed)edd. eumehOX. A spml |, piece of ?Ioalss wool was
used to support the catalyst particles. The col um was
hydsenes@fddl to a thick wal | ed 250 ml round bottom fl ask

Tved—as the battprmsegment off &1 tor for
Cufﬁ%l# CEFmt r d I\Fcﬁ%egde ,

Ic distillati drogen gas [was a via a

regagf@{fggmdvg \ﬂﬁg“@mqﬁ@m@gdto maintain a pressure
between 1 and 10 bar. The flow rate was adjusted to

mai ntain tw ce the anmount of hydrogen required for the

II{ %}_&ac’ ﬁ;ht%'h_ j; frﬁétﬁ[ll'u%%}l SEIYgi P(é &&@&E?é g &Ealqgst om Avacado

Chemiléﬁ abdueed FRRSEddnite t dneal P50 prépafedabik thhiprhcsdura af édstrative
magnetic stir_ bar at: thg bottom of the ro

nd. bot t
Embpdigient FHA AN Rowso e Bt theuisfinx ZopBR6P %g walled 31 om
lon% g{@%ﬁg doﬂ\tn;ﬂq difhe ﬁﬁeﬁﬂddel%i uxegbq g @xﬁp@ﬁﬁ’é WsRleWRRitrogen filled

until the Tiquid in the Vigreux colum
glo@@hdnai’ﬂhle rsgme Ipa)oedmraiz ydetcribedwe rIl{A9i(l)iand Ihm& eabmne were followed

te distill fromthe to he c urm. . .
for et w A oBSiRgA s ey oS TLEE nbtaoy. LS tla Fhospvided n
TAB!LEgj“BeIH@' A s%%%e%p P8GR réBREACE E REn AP Mvater, had
cunyl al cohol that was converted to cunmene and

a p@hlts(tqf inmgnadf>99Thwt.&ay ﬁhﬂ@e@pmbiﬁﬁur@égﬂqoyols(é@drm % was found in

th e PR e B Bkaar bl s BBy bphlS bisited o
renddve iglRd bbiling ABlaBornd3eiwhivh A8 beheyviled Bk t® theyaguiytit distillation

st reamtgr oduced, (after renoval of the water), had a
reagfgy)i ang tgen @g‘wg%yd}ﬂuted with fresh cumene or cumene product and sent to a

fixed bed hydrogenation reactor to make additional cumene as illustrated in Illustrative

Embodiment III below.
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>99.5 wt. % No neasurable cunyl alcohol (<0.1 wt.%

was found in the cunene product. Wen desired, the
woabismosiozan be renoved, optionally diluted w POTAISR®ME20719

and sent to a fixed bed hydrogenation reactor to nake

addi ti onal cunene. TABLE 2 Results of Catalytic

Distillation of Cunyl Al coho,i, oduce Cunene -
T-366 Catal yst Conponent Fe roduct *

2- Phenyl - 2- r gaiaRet Didtilla¥fbhn 99 2 Plen9l-3-pio dl)dResults
styrene, (wt% 0.4 0.2 Cunene, (w
| sopr opyl cycl ohexan&ﬁMﬂMQ&m (vvt Ae.g.

C O 0.2 0t hydrop H
og{(ytaeact ed *after renovin gﬁtk@mtﬂla’mn Top

Jﬁmﬁhj\fg{b@%pro uced h
R AT Tt R A o

N Ilc-nprg Drl Nb rdarnfc T
procedure of |llustrative FEpbodi nent i) above,

| yst, prepared by
P(A) (i

o-Methyl biyeatedwirblo the f8# ux zone of a thi ck NedDetattedl

cmlong Vigreux columh with an internal dianeter of

Cuinehe,qmit¥)i | € inside ajpiitrogen filled gloveshox. The
same procedures descr bed in IKA) (i) and H(A)(U)

Isoﬁ%gﬁ;y\eﬁ,h d,:{nglq\xﬁm@ol o p 1t e Ser-up_and opefahimon of—a

cat ytlc n operation. The results are
LJI_I_ \.) IJ

Il Ay ‘II'\\S Dhn\n Y t an
ol RE TREr (e ar c o] .

u< thc L) A\YAC LY AY]
p’gm)val of water,
- of cumene of >QQ 6wt

had¥ Og DﬁEﬁCTeEly
%
3;&03“211 #E CWFCRgas f ound

No_measurable cumvl al cohol
P& the cumene product <OMhen

ersrpEide (Wh%) bot t ons

distilled to renove |

can be w thdrawn, optionally

ghter boiling conpounds (which
chaftebeniozalyefivedteback to the catalytic distillation
reactor) and then optionally diluted with fresh cunene

3 or cunene product and sent to a fixed bed

1. MGG RGS8 ﬁ&ﬂ Qi &R of : e as
TTtustrated Tr ] ¥ ow. TABLE

3 Céhabyﬂtom sﬁ‘):esm IfrbhﬂTﬁQB)(l) ﬁﬁ@e %Wdtﬂﬁd 1) mﬁ}ﬂnaodumene dimer rich

d t
mngureutimat was C{lﬂl’[ed Wll\{tl)cr:unelenl{e a%d ?g& 1ntc¥ a %ixed bed hydrogenation loaded with
the T-366 catalyst as described in II(A)(i) above for hydrocracking under the condition as
10 provided in TABLE 4 below. The results are shown in TABLE 5 below.
TABLE 4

Feedrate 33.5 g/hr
Reaction Temperature 260°C
Pressure 10 bar
Hydrogen Flowrate 4 I/Hr
Catalyst Weight 33.5 g (before reduction)
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Conmponent 2- Phenyl - 2- propanol Feed Catal ytic

Distillation Top Product * 2-Phenyl -2-propanol ,
woOebeskps09. 2 O. 1 a-Methyl styrene, (w.% 0.4 ROT/US2004/020719

Detected Cunene, (WM.% 0.1 >99.6

| sopropyl cycl ohexane, (w.% 0.1 <0.2 Cunene D ner,

(wt.% <0.1 Not Detect ed f.5 such as cunene 0.2

<0.1 hydroperOX| de (w. *after renmoval of water I11.

Il lustr J=nr i
Cunene *‘éﬁ m ﬁ%ﬁ&lﬁ) abrg%/e was
distilled to y| u L L300 CATALYST ALAO0 L Yt ure that
~hwas diluted with cunene and fed into a fi xed bed

ConpaiEpoenat on roadedy w [@uﬂl&fe din éﬁqncarﬁry%xe@%edﬁoduct
escribed in P(A)(i)|above drocragki ng under the

condi tion as provided |n TA beI ow The resul ts
ar o Qha\l\njln__T/\D E G W

23ﬁé‘§‘é‘?‘V]o?r3Tenper ature 26(})C Prieéusure 10 bar P?&
dioHeh g (¢hideh H Catalyst Weight 33.5 ¢ before
iphengIthahe T S LD BED CUMENE DI MER TO CUMENE

2-mBESLL ASlipehlipEnB66 CATALYST AT0326C0C Copponent Gdi¥ene
0%’ mers in Fixed Bed Product cunene (FEED)
(Wt%) 3. D et hyl -2, 3- 1. 94 0.05 di phenyl but ane, (w %

Curked®eitVd)- Z, 4- di phenyl pentanegs 3503 0. 09 99.54
Isopropylcyclohexane, (wi%) 0.08 0.18
alpha-Methyl styrene, (wt%) 0.20 0.09

1TL Mlustrative Embodiment III(B) — Hydrocracking of Cumene Dimers

The bottom stream from II(B)(i) above was distilled to yield a cumene dimer rich
mixture that was diluted with cumene and fed into a fixed bed hydrogenation loaded with
the acidic palladium on H-Mordenite catalyst as described in II(B)(i) above for
hydrocracking under the condition as provided in TABLE 6 below. The results are shown
in TABLE 7 below.

TABLE 6
Feed Rate 33.5 g/hr
Reaction Temperature 220°C
Pressure 10 bar
Hydrogen Flow Rate 4 L/Hr
Catalyst Weight 33.5 g (before reduction)
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(W% Cunene,

(wt% 0.08 0.18 al pha- Met hyl
woORbos/bsdonst rati ve Enbodi nent

styrene,
| H(B) -

(WM% 96.75 99.54 I|sopropyl cycl ohexane,
(wt% 0.20 0.09
Hydr ocr aekTmg20f/020719

Cunmene Dinmers The bottom streamfrom P(B) (i) above was
distilled to yield a cunene dinmer rich m xture that
was diluted with cunene and fed into a fixed bed

hydr ogenati on | oaded
H Mordenite catal y t
hydr ocr acki

Wi t
asa

|d|c pal |

Be.
@?ﬁ’ﬁaégn”eﬁé%aé

adi um on
above for
in TABLE

6 bel ow. TW& rl’e%laﬂt‘gné}lbﬂswemw(?ﬂmﬁté b@(’oﬁ/ TABLE
Reactl on Terrper at ure 2200C

6 Feed Rate 33.5 g/hr

T S S (ooror S VO T SABEEEl F e g oo

ne Dinmers To Cy

ne Daeu

OO O

———Cuer
23mstadRide Cat al yst
in cunene Fi xed Bed FAroduct (FEED) 2, 3-Di

l_ll |u|

AT 2200C 88mponent pTrjré;é“ E%@ s

nmet hyl - 2, 3-

diphergtbutar@s(vdipheny| but jane, (w %
2-net hyl - 2, 4- di phenylpentane, 1.03 0.02 (wt% Cunene,
2-meth 102, BBipRbnydPerfahe] Sopr opyl cydloshexane, (wt % 0. .00@
0..08 al pha- Met hyl stiyrene, (wt% 0.20 0/02 The ranges

(Wt%gd limtations provi
and cl ains are those

ded in the instant ;i
whi ch are believed t{

speci fication
0

Cuiffas SR Twent s on. 1¢]

t dlldﬂi@é]ﬂlﬁi y T3
i's, )

o the 00,82

Isopropylcyclohexane, (wt%)

0..08

0..08

alpha-Methyl styrene, (wt%)

0.20

0.02

The ranges and limitations provided in the instant specification and claims are those

which are believed to particularly point out and distinctly claim the instant invention. It is,

however, understood that other ranges and limitations that perform substantially the same

function in substantially the same manner to obtain the same or substantially the same

result are intended to be within the scope of the instant inventions defined by the instant

specification and claims.
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however, understood that other ranges and linmtations

that perform substantially the sane function in
weubwstiamozal | y the sane manner to obtain the sBOE/US2004/020719
substantially the sanme result are intended to be

within the scope of the instant inventions defined by

the instant specificatiopjaggpleains.CL Al MS 1. A
process for preparing an al Kyl ene oxi de, which process
conprises: (i) oxidizing an al kyl benzene to obtain a

streamc risi al kyl ben e hydroper.gxi d L) e
contact | ‘ggp AWESS fgggliep ?J‘)z{ﬂgt ano‘%lﬁﬁﬁrée S R‘%‘é‘%lzperﬁ %’SS bbibrises:
hydiyoper8xaid@golt aliy@sbniéhes teRblain awsttdnaroipeiking 4lRylbenzene
obtai n a product stream conprising an al kyl ene oxi de

(iii) sepdrarrardgdal kyl ene oxi de conmpound fromthe

ro t st f, st i ; . _
o

al kyl ene(ixitilen olefiv o beeihi aygrodiict keasi campasing o alikilene oxide
resi dual product_stream conpri sicgg al kyl Fhentyl al cohol ..
to @il eawpyriingailgna oxule 4PPPPRIGTSR P RIQUUR! FEE, Ol (i) to
concurreghl; @4 hRGIphBEy1 alcohol and (b
resi dual 51%%‘%5@2% {elgit%}l Eé@%?%%&nstrrié%% ﬁg& %ﬁ% hlg%ﬁﬂ a caoct?olo and (b)
wi t h hydilygeie oxidé,he catal ytic distillation zone to

conyert the al kyl phenyl cohal .in the residual . .

r oct ptam et ne B BRG A Hod S ST Elferisipe allviphens!
m Xt ure, ;g8 ¢Ph rSRRAMAYINES GkdyiDERZRARN 4088 dld&oncurrently in
reaction mxture by fractironal distillation. 2. The

process tEredcwirm 1, further conprising: (v)

wi t hdr aw a stream conpr,i sing.al kyl benz a

i ng. ol catietne B AP et A AR Dempeay! alcool
than the fe@ath SydRaehf (OMhbheathigact aistiBitich PO&E ticoronvert the
above the catalytic reaction zone; (vi) wthdraw n

from the radoimenglaleohpban thegwsidualarodush sireams to alkylbenzene and
catal ytic ﬁ%ééﬁk% S PNAORe R bot tom stream conpri si ng
al Ky

dimer(s) o enzene; (vii) converting the
di mer (s) (0f sepakatingenlketbenianet fienbah¢ arrdioneanxfuronby fractional

vi) to al kyl benzene; and,
(vi) d¥stillation.
2. The process of claim 1, further comprising:

(v)  withdrawing a stream comprising alkylbenzene and having a reduced

concentration of alkylphenyl alcohol than the feed stream from the reactor at a position

above the catalytic reaction zone;

(vi) withdrawing from the reactor at a position lower than the catalytic
distillation zone a bottom stream comprising dimer(s) of alkylbenzene;

(vi)) converting the dimer(s) of alkylbenzene in the bottom stream from (vi) to
alkylbenzene; and,

(viii) recycling at least a part of the alkylbenzene produced from (v) and/or (vii)
to step (1).

3. The process according to claim 1 or 2, wherein the alkyl substituent of
the alkylbenzene comprises a branched alkyl substituent comprising

from 3 to 10 carbon atoms, preferably wherein the alkylbenzene
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(viii) recycling at least a part of the al kyl benzene

produced from (v) and/or (vii) to step (i). 3. The
wonresgesioaccording to claiml or 2, wherein thecaiusgio4/020719

substituent of the al kyl benzene conprises a branched

al kyl substituent conprising from3 to 10 carbon

ggpe dqé saé&% Yr¥hehet lg{b Q%nﬁéthg {;zcigg;ﬁgﬁ,@ym is

fromt e group-consistin (ii)
panr®ia, nr etthg- Gfisoprapybbentiens;sods @ipyd mbéuméhmf¢ofand

4nphbpheR oo sty aefiis o & BREERATER Choehe

al fnl Qﬁﬁ%@rﬁ%né%%@?%@?&b(iﬁo@{c@d 4E @ekpl (m) St @Bvéiad foSa
converted to a mxture conprising % a) phenol

c onwumlcoams(ng) (aha rlesmeheorapavpd 3nd b)E’yl kerw@ qorpeusd

9.to a t
LTRRE Bt ol PO Ratd 01d'y WRERER 48 8090,
t h@lk?lb%ﬁidihe lhrydfo?eromd%sg B6@agéd am@ah@bmh 1@ HEDpresonbg a
sel ected fromt heﬁgr oup consisting of Gaqup | VB,
e ofip cvBlighaopBUps vIBetAbichicsed Bomhe gieuscenpsisting of

t wherein in step
(| v ‘%ﬁg‘%’héé}or ?Bé%ngl% u%tlhstlréeam conpri sing
@l e mhme;é acbriidppto argy asﬁadaﬂmzsdl vo thwhydinogested Qv )i(ie
catalytic distillation zone.in e of a
cathg FFeiduploprefiad;shgan C@naﬁﬁlqgsalkﬁslpagnyg ra?%‘?%@" Buisaset

net)\@ﬂh hydrogé?lenpﬁféc@a?ﬁyﬁ& Ql%‘iﬂihﬂ"&l LonaRy 1 pfe'séﬁc@’sofl to
wherein"in step (iV , less than about 0.5% by

wé caghlysicforgirisingptenyp I&mcﬂ] ot a gs)updﬁ\lllentteu to

' I | ohex d t b t.0.05%
henBRErGES RESHRG I e @i bR 60 Reeio /R B o
di s (i a8butdd. k%lﬂwaagmaaf a&yﬂmypﬂ@&fms @ﬁﬁ@ﬁ@& ag-t o
any of clains 2 to 7, wherein in stgP vii), the

di Beapslcyeloheiepehand eles éhilél abavte 0105d0 thy ardightbehzbae
: VI
i n Fﬁcpﬁoeﬁ.{e%% %@694 ﬁ%ﬁé%&‘%d%ghl &@BF §1'kgl%e€7te9i%°“p

or a sel ect ed

g.r Ohe bmeg;rmordﬁigmslaaylomglamhs eap WeWheﬂ@ai InagiépUwiii), the
pl atl num_ and_ni ckel . 9. The process according to any
of dpmess pialkyBengear arerronnerted RyAlehengsacda th%prﬁﬁmﬁy oéne

oyl AL I8V A Gy 1, il
pr-ocificrably anmatak yelzeted e frondf rthrmgcsuyﬁldoyilﬁxhg}yblf aippahol ,
~ palladium, platinum and nickel.
9. The process according to any of claims 1-8 wherein the alkylene oxide
is propylene oxide, the alkylbenzene comprises cumene, the olefin of

step (i1) comprises propylene.
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the process conprises the steps of: (a) feeding a feed

stream conpri si ng al kyl phenyl al cohol to a reactor
woaavisngsamz2cat al ytic distillation zone; (b) conedrmsaolp20719

in the reactor: (i) contacting the feed stream

conpri sing al kyl phenyl al cohol with hydrogen in the

presence of a catalyst conprising a Gioup VILII or a
G oup%s tganf%q%% r prRdvgingAnAlkdbeizerg frpmangikyphrayt alcohol,

convert @E@A&E@Mgrdgﬁggg@g gr.al kyl benzene and form a

reaction mxture; and, (ii) separating al kyl benzene
f(®om tfemslinga ftedstream xompeising alldpttenghatoldil $¢ b lréatdrdnaving a

to.produce, at a position upper fromthe catalytic
Catalynai%é,{%]il]laﬁ%ﬁ‘F%Ur?’vzone, a stream conprising al kyl benzene

gV N@odcurREHS artheoseant rati on of al kyl phenyl al cohol
than the feed streamfromthe reactor at a position

upper @) sontapiéng dhel feed cstregac tdooprisimge alkyiphenyl alcohol with

w t hdr awi fromt reactor,. at osition | ower t
the catal 9?‘.”8@ lsnttlﬂg PRRR S e Borrtg € fipup Vil or o
conpri si n@rélip stk @fthebatylytie daeNgionaiile td Eonvert alkylphenyl

converti n%ﬁghe di mer (s) of al kyl benzene in the bottom
st ream f r 8i§Plal fo plsyibeRiene ang Ev 4 feagtion pasemnd, of a

cat al 4 S I | gct - gLoup. ..
conei S REPIRRE Rl e B8 ol Tbifenb? faciona
11. The pdistBgmonaso deedudehest ian positiom %ﬁxer whemeitlie tdaglytic
al kyl phenyl .al cohol is selected. fromthe group .

consi st né‘sgﬁatﬁmazoé‘-e’d? giscary, geraRy§LD alloylospeany hiswingfereduced

met a-di (2 - r -
hydr oxy! - %%?%%%?bﬁggﬁgu&yp%?%ﬁﬁlye/g‘lragg}g gééﬁil(r %tf)ef from the

cunene, 3rea¢tpr atpphsviop-1Rper fogy ithoeatayt; redstion zone;
((%)' hy%iﬁ)l)é}/efwzlﬁg OO IneC HIE o atagdpcr)rsii NS Ser "El%rne ?}flé catalytic
distillation zone a bottom stream comprising dimer(s) of alkylbenzene; and,
(d) converting the dimer(s) of alkylbenzene in the bottom stream from (c) to
alkylbenzene in the presence of a catalyst comprising a metal selected from the
group consisting of Group VIII metal and a Group IB metal.

11. The process as described in claim 19, wherein the alkylphenyl alcohol
is selected from the group consisting of para-di(2-hydroxyl-2-
propyl)benzene,  meta-di(2-hydroxyl-2-propyl)benzene,  ortho-di(2-
hydroxyl-2-propyl)benzene, 4- (2-hydroxy-2-propyl) cumene, 3- (2-

| hydroxy-2-propyl)cumene, 2- (2-hydroxy-2-propyl) cumene, and

mixtures thereof,
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