4 June 2005 - 1 PROCESS FOR PREPARI NG ORGANI C HYDROPEROXI DE HAVI NG A
REDUCED AMOUNT OF CONTAM NANTS The present invention relates to a process
for preparing organic hydroperoxi de having a reduced amount of

contam nants. Such organi ¢ hydroperoxi des can suitably be ¥§§Hﬁédb§:he
preparation of propylene oxide. 5 Processes for preparing propyl ene oxide
with the help of organic hydroperoxides are well known in the art. As
described in US-A-5, 883, 268, such proces§'éoﬁVentionaIIy conpri ses

per oxi dati on of ethyl benzene, followed by contacting the peroxidation

reaction product with qﬂ&?ﬁﬁ% b | f 1.6l utralize
aci di ¢ conponents thereot, anégghgggRég%ara i N #hékﬁggﬁﬁ¥¢ﬁﬂﬂﬁixture into
separ at e aqueous and or gdAVEINehasBEDUGHR AMQMT ©FphaNEAMERRNTS ni ng et hyl
benzene hydroperoxi de can be reacted w th propyl ene catalyzed by solid

het er ogeneous catalyst 15 in order to obtain propyl ene oxide.
US- A-5, 883, 268 descihdpaxrasent daverelemtnglpdesdéacei paetess o he propene

epoxi dation is pgeyeatath BEguker hy@:?&'bé&g;éihﬁ habdagi & PE@SEed iRy to
separate off the basic materials Tollowed by stripping water fromthe
resulting 20 organfRiAmid@ntss fush orgyde gyseppaesxides mammsWiteddys for

produci ng propyl saeudxd dén GHEP pirepAdaididfddiicpylehe 8kiyé, benzene to
oDt al 1 2 g TReT o, SOl ULl on ol el Pencens YL obst Oil e s
containing solidfcatgdnyist Hyeirgpeeoptdey e welild&nown i detie taxrt .SBWRpress
passage of time, ApHetthel, s LB eb rehT iR PeaiRen oA e
sol ution 30 of ettwprimew geeroxidrbpen oxi dthiyl behgknbenfehbowad byan
contacting the peroxidation reaction product with aqueous
10 base in amount sufficient to neutralize acidic components
thereof, and phase separating the resulting mixture into
separate aqueous and organic phases. The organic phase
containing ethyl benzene hydroperoxide can be reacted
with propylene catalyzed by solid heterogeneocus catalyst
15 in order to obtain propylene oxide. US-A-5,883,268
describes that severe catalyst deactivation in the
propene epoxidation is prevented by water washing the
organic phase in order to separate off the basic
materials followed by stripping water from the resulting
20 organic phase,
08-A~5,723,637 describes a similar process for
producing propylene oxide comprising autoxidation of
ethyl benzene to obtaln a raw material solution of ethyl
benzene hydroperoxide in ethyl benzene which 1s reacted
25 with propylene in the presence of a titanium containing
solid catalyst to give propylene oxide. In order to
suppress depression of activity of the titanium
containing solid catalyst with the passage of time, the
raw material solution is prepared by washing the solution
30 of ethyl benzene hydroperoxide in ethyl benzene with an



4 June 2005 - 2 aqueous alkali solution to bring the lactic acid
concentration to 5 ppm by weight or less. The oily phase obtained after
the al kali washing nmay further be washed wth water. 5 It has been found
that in spite of washing the organic hydroperoxide with a ?9@6&26@?60“5
solution of an alkali netal salt optionally followed by a water wash
there is still a considerable anount of contam nants present in the
product. It has been found that washing 10 %iTh a basic aqueous 'sol uti-on of

a metal salt, introduces netal ions in the organic phase. The
contaminants, e3fBerus|Fliakl malatioonse buing & tlacicbhess when

further pr ocessi gntbec 04 gaM ccngly Ge"ond for 18207 901 61 fyCpapes oxi de

is to be used in the, preparation o Yene oxi
organi c hydroperBQFﬂ%ne§t¢§§ﬁﬁ(ﬁﬂ@ ﬁé&él%owﬁﬁh%?QWﬂﬂYdf@é&b?tvh@|@@Smmdthe

cat al yst generalhytap@at@ﬂ for preparing propylene oxide from propene. It
has nom/sgrpr|3|ngly §$n f.ound 1 hat %Fe content 20 of contanminants could

especi al | § easily ant- ety %R 15Punge %Hu’c‘écfgwec(?ﬁt yaehiygot e

hydr ocar bonaceousrgimase hydwﬁpﬁﬂbmﬁ@eowganlﬁ1&%ﬁkﬂﬁ%ﬁ@&udes$&ﬁ@i@n9%?&&1bed
rom 50%to 98% by

conprising solid rbent havi a, vo on of

volmame I 19 t he o?gg t W% R gpﬁéogabﬁ%q{@ﬂﬂvg?dcgm AcYabe%i Y38 ef i n,
more specificall yhepaz oq:mnﬁ;lJaInda canaliisralbbe airtcaint atfkybnaamin&tyw oxi de and
ropyl ene oxi de, e n Cli atlo e cat st was

propy 8uc€@ﬁ¥ fh éﬁgj f&%ﬂck ggl aﬁn ﬁ%n PSr%E?hgw

observed. The re on Tn tlvatlon
conpounda?in thewié%cﬁlh#ﬁﬁm)aQUﬂmuﬁesalethDughm metbé dastplwmxtoduddua

organic phase  JUELE!offy NG €360hiL MR OFHeeLBhESm] Qufe £) O0CsS  for
preparing organi c hydr ferOX|de having a
espécially the metal lons, can lead to problems when

further processing the organic hydroperoxide. If the
organic hydroperoxide is to be used in the preparation of

15 propylene oxide, metal ions in the organic hydroperocxide
stream can lead to more rapid deactivation of the
catalyst generally applied for preparing propylene oxide
from propene. .

It has now surprisingly been found that the content

20 of contaminants could especially easily and efficiently
be reduced by contacting the hydrocarbonaceous phase
containing organic hydroperoxide with a guard bed
comprising solid adsorbent having a wvoid content of from
50% to 98% by volume. If the organic peroxide is

25 subsequently contacted with olefin, more specifically
propene, and catalyst to obtain alkyl aryl hydroxide and
propylene oxide, a marked reduction in deactivation of -
the catalyst was observed. The reduction in deactivation
is highly surprising as the compounds in the reaction

30 mixture are thought to be dissolved in the organic phase.

Therefore, the present invention relates to a process

for preparing organic hydroperoxide having a reduced
content of contaminants, which process comprises:
(a) oxidation of an organic compound to obtain reaction

35 product containing an organic hydroperoxide,



content of contam nants, which process conprises: (a) oxidation of an
organi ¢ conpound to obtain reaction 35 product containing an organic
hydr operoxi de, - 3 - 4 June 2005 (b) contacting at |east part of the

organi ¢ hydroperoxide  containing reacti.omproduct with a bagjf Ssjseous
solution, (c) separating the hydrocarbonaceous phase containing organic

hydr oper oxi de o) eou has d i.ng at | east part of the
separ at ed hy&é%cgar)%g%gggg‘gs aﬁ:ng.seéas oéﬁ%%%%aﬁ@aﬁiﬂrbﬁéF@ﬂwxm
(e) contacti mpmtalehsy pesictdion heduutitocariionaasessc19gkage cont ai ning

or gani.c hydrgg? ngde with a guard bed conprising solid adsorbent
pref erabl y- hafAny-+=°%oi d content of from 50%to 98% by vol ume. Although

the process ofc)t heepiesenhgi RHRNhARJCRrbodRdde b13ss@ SSHLEDE n%’ .
process steps, it is possible 157to carry out furtther process sTeps in
bet wegn- each FHIAHE pryeelpespepseddsom foe agusensiphdsep separate of f

organi c conpq@nd%@gﬂfﬁbh elgggtr?ggkegfd%hkn%éégia{gémess. This can be

done at any tine during the presen pr ocess. gani ¢ hydroperoxi des are
useful in a hysgearbqnacesvesph@ne obnthdadngr cossses: iydhepéeagtige of
organi ¢ hydrgperoxide with.an olefin containing. from3 to 10 carbon atons,
preferably from3 to 6 carbon atons, nore preferably from3 to 4 carbon
atonms, nost [(e¢f ecaltaet ithy prbpbeasst i paptdef theobyaindbodrEbHdEdwysoMpound

cont.aj ni ng t sanme numnher. of carbo ons as the starting olefin(s). In
‘suc %%rocessgﬁFﬁg Sﬂé;ﬁ%P%Qﬁp%ﬁﬁﬂ?gﬁ as PPEoxidg Wit quandbedocess
further conpebmpsisifib) seUH@CidoGrivé 8rh ebildhedmdfca popaggous

8P : : Ag!
30 phase congagn&gggg%g%@}%o éggPerOX|He obtained in

Although the process of the present invention is -
described as a sequénce of process steps, it is possible
15 | to carry”out further process steps in between each of the
‘ process steps described. It is usual to separate off
organic compounds which have not reacted during the
process. This can be done at any time during the present
process.
20 Organic hydroperoxides are useful in a range of
brqcesses. One of these processes is the reaction of
_organic hydroperoxide with an olefin containing from.3 to
10 carbon atoms, preferably from 3 to 6 carbon atoms,
more preferably from 3 to 4 carbon atoms, most preferably
25 ' propene, in order to obtain an oxirane compound
containing the same number of carbon atems as the
starting oleéfin(s). In such Qrocesé, the organic compound
usqally is an alkyl aryl. Such process further comprises:
(f) contacting at least paf&'of_the hydrocarbonaceous
30 phase containing organic hydroperoxidg obta;ned-ih
. step (e) with an olefin containing from 3 to 10 carbon
and catalyst to obtain alkyl aryl hydroxide and an
oxirane compound. Generally, such process will Further
comprise:
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step (e) with an olefin containing from3 to 10 carbon and catalyst to
obtai n al kyl aryl hydroxi de and an oxirane conpound. Cenerally, such
process will further conprise: EPO-DG 1 03.02 2003 AMENDED SHEET 4 June

2005 - 4 (g) separating at |east part of the oxirane conpoy ?Lﬂ'l t he
al kyl aryl hydroxide. The al kyl aryl hydroxide obtained in S %&%? can be
used in a wi de range of processes. One of _these processes 5 conprises the
steps described above, and furthernore: (h) dehydrating at |east part of

th | kyl I o] obt ai ned in ste ( h the organic

corGrpgun)é ugcra)d/ ln)(g% é%?%c%%%n%fa% q‘r‘? ﬁrB? t %n%th&ﬁ' &ncPﬂPIBFIl%chEfFT@ be
any conpound, 16hergdkvt monbduynttoxdidiech are nost frequentIy used ?re .
| kyl I d I reguent use
ar6 benzane. compounder ety ity ATRERESe MLEDURL (o Bkene T FrE e ky)

are benzene conpounds cont eas
substituent cont BFed inonwide crmecarfbpnoaew pmm‘ @rfalhhysérpméeéseﬁ

carbon 15sat ons. cgﬁﬁffgéglyhetggéﬁge SRE; 5 1S+ ge Lla. 10 2

constituents. The a aryl conpounds nost reqden y used are et hyl
benzene, di (i so- [SFbp@?’)%‘?&’@ﬁ%Q aindrapt codiheof e elikyat abmlolﬁydmmkgam c

conmpound can be eptdigsh 29 SHp gyany suitable process known in the art.
The oxidation can be ﬁggrled out in the liquid phase in the presence of a

diluent. This diluer®l§ ‘fﬂtbfté‘reaﬁlrﬁaéwc%?ﬁ‘ﬁﬁlﬁ‘di wiseeh insthegerecesmiart t he
reaction conditibhe pfﬁ&bﬁhﬂihﬁyﬂtlbﬂaaanwiﬂIbﬁﬂﬁ%ﬁ%&@rbb”gnyaéémﬁéﬂﬁﬂ‘3”d 25

product f@ta'nEdorgan gfgdmﬁgﬁi s en gfglﬁg§¥)g¥%q%ently used are
alkyl aryl compounds. Alkyl aryl compounds which are most
frequently used are benzene compounds containing at least
1 alkyl substituent which alkyl substituent contains from
1 to 10 carbon atoms, preferably from 2 to 8 carbon
15 atoms. Preferably, the benzene compound contains from 1
to 2 constituents. The alkyl aryl compounds most
frequently used are ethyl benzene, di{iso-propyl)benzene
and/or cumene.
The oxidation of the organic compound can be carried
20 out by any suitable process known in the art. The
oxldation can be carried out in the liquid phase in the
presence of a diluent., This diluent is preferably a
compound which is liquid under the reaction conditions
and does not react with the starting materials and
25 product obtained. However, the diluent can also be a
compound necessarily present during the reaction. For
example, if the alkyl aryl is ethyl benzene the diluent
can be ethyl benzene as well.
The oxidation can conveniently be carried out by
30 blowing air through the organic compound while cooling
the reaction mixture in view of the exothermic nature of
the reaction,.
Besides the desired organic hydroperoxide, a wide
range of contaminants can be formed during the oxidation
35 of organic compounds. Although most of these are present




conpound necessarily present during the reaction. For exanple, if the

al kyl aryl is ethyl benzene the diluent can be ethyl benzene as well. The
oxi dation can conveniently be carried out by 30 blowi ng air through the
organi ¢ conpound while cooling the reaction mxture in view,ge 3¢
exotherm c nature of the reaction. Besides the desired organic

hydr operoxi de, a w de range of contam nants can be fornmed during the

oxi dation 35 of organic conpounds. Althoaogh nost of these are present 4
June 2005 - 5 in small amounts, it has been found that especially the
presence of orgadinc saeildsavauntausis asbbers Foundechdturddpeciaigyothshe

organi ¢ hydroper Qxi d | . rt...a nmeth of
reduci ng the ano%ﬁ%ggﬁchégn?%%%%%ﬁ%leg %gﬁtgé*%%l ﬁqggﬁmgaépigﬁeproduct
cont ai ni ng or ganif@riparopes oxf deaniaryaaibabydreprrutisiesost dencribed
specifically an agueauspeobtsa of ratnBBl 8k SéhlcidP!diivedoint! yEt her
washing wi.th water. However, the contact with the aqueous solution of a
metal 10 Salt waSOoBLEBRLDRATEol$ MIBAGténFethe Feartion erosector ganic

hydr oper oxi de cogbatBiAgngeaeddit Myadepbroxfid houah %_s%@ﬂ?he@ﬁs or gani ¢
aci ds can be decreﬁﬁgd by mashlng_mmthlin aqueous sol ution of an al kal

netal salt, the® hPPof A& ARSHELFP LY 3R AINSP Y Godaddan 295 #t has

been found that ineeapreatss HE1ldwedLESEGEthéAVRIBHRY hWataspetckal | y
suitable for dec easing tEe netq% con En% of the separ
’ ™H % ntR

at ed
hydr ocar bonaceou&®¥RX88" EoRt AR 8¢ eh@@ﬂ?ﬁﬂﬁwﬁﬂ%H%ISBtaﬁnﬁdm??ﬁktep
(c). ThéOnetal wielk wassabtbgeinedresdntrbdutdéendiainiemsmdngb 2Rei ons. The

e oo Rk’ VSRS SRR SN e L pLpcesses

sal t. Although the amount of organic acids can be decreased by
washing with an aqueous solution of an alkali metal salt,
the amount of alkali metal is usuwally increased.

15 It has been found that the process of the present
invention is especially suitable for decreasing the metal
content of the separated hydrocarbonaceous phase
containing orxganic hydroperoxide obtained in step (c).
The metal will usually be present in the form of metal

20 ions. The process of the present invention is especially
suitable for processes in which the basic aqueous
solution is a basic aqueous solution of a metal salt.

In the process of the present invention, the organic
hydroperoxide containing reaction product is contacted

25 with a basic aqueous solution, more specifically a basic
agqueous solution containing metal compounds. Although the
metal compounds will freguently be metal salts, further
metal compounds can be present as well. Suitable salts
for use in the basic agqueous solution include alkali and

30 alkaline earth metal salts. Preferably, alkali metal
hydroxides, alkali metal carbonates and/or alkali metal
hydrogen carbonates are used. Examples of these compounds
are NaOH, KOH, NazC03, KpCO3, NaHCO3 and KHCO3. In view



In the process of the present invention, the organic hydroperoxide _
containing reaction product is contacted 25 with a basic aqueous sol ution,
nore specifically a basic aqueous sol ution containing nmetal conpounds.

Al though the netal conmpounds will frequently be netal saltg,,{dsdder

nmetal compounds can be present as well. Suitable salts for use in the

basi c aqueous solution include alkali and 30 alkaline earth netal salts.
Preferably, alkali metal hydroxides, alkal® Tretal carbonates and/or alkali
nmetal hydrogen carbonates are used. Exanples of these conpounds are NaCH,
KOH, Na2C3, K2Co8, theHCEGEsihdviidi@aBilityvidw i punde?2088 to busiNddrei r
easy availabilityygj &r't‘?agcf:{ erred to use NaOH and/or Na2C33. In .
comerci al applications east part of the basic aqueous solution wll
usual |y be used agaiin dwmnereia3 thplpesiskies ok Qaahﬁn@@ﬁ@téf furm previ ous

hi he b I n, commerci al
\Qﬁfn : ggts i o;secaﬁﬁ%gén?g#ﬁ%&ms gﬂﬁllgglggu@fﬁco"}%l&ﬁﬁgsg Y1ied P b)p%lt@h t he
equilibri®mis obltlﬁlWenﬂwfchonhemdmtmtfmmpmtavmbusmﬁrﬂlrrmt S HeS
present in 10 thes Ué'cﬂié%@%%ﬁu?ﬁ@ﬂ BSed NGl G3% déb? %n ) S wn 1o

sonmeone skilled |n the art. Therefore, process s ably
carried out at e?%@h’e%'ﬂ:itcé??pé’fﬁ@t Gpétah@/il)rwlctﬁurlangel qfeqsr@cmndmg of the

or gani ¢ hydr oper oxi YHRN t A dy ueous 15
solgutlon ySucﬁ I nt eglgle&m X] r? lbgggﬁgéﬁ %}% I'n g‘%ﬁhﬁﬂ ih& %gl art. The
exact condi ti ons"iiHeRerthth edpapgynt so%mtéﬂlléaﬂtssw cimﬁ%ﬁnctep@nds on
the further ci rﬁmm pﬁfabér ghfPod bj)ncﬂe*a%ehysjﬁoeﬁé h&[}?sc%npgése s
20 separated fromthe a 3_ phase, in step (c). A preferréd nmetho

conpri ses al | owi A" THE gr BBnERB AL pihssefpne, process step (b)

is preferably carried out at elevated temperature and/or
during intense mixing of the organic hydroperoxide
containing reaction product and the basic aqueous
solution. Such intense mixing can be done in any way
known in the art. The exact conditions under which

step (b) is carried out, strongly depends on the further
circumstances.

After step (b}, the hydrocarbonaceous phase is
separated from the aqueous phase in step (c). A preferred
method comprises allowing the hydrocarbonaceous phase and
aqueous phase to settle, and subsequently removing part
of all of one of the phases. Not all of the product
obtained in step (b) needs to be subjected to step (c).
However, preferably all product of step (b) is subjected
to step (c).

In step {(d), at least part of the separated
hydrocarbonaceous phase obtained in step (¢} is washed.
Washing of the separated hydrocarbonaceous phase can be
carried out in any way known to someone skilled in the
art. The washing liquid is preferably water. However, the
washing liquid can contain a wide range of further
compounds as at least part of the water can have been
used before either in the present process or in anocther




aqueous phase to settle, and subsequently renoving part of all of one of
the phases. Not all of the product obtained in step (b) needs to be
subj ected to step (c). 25 However, preferably all product of step (b) is

subjected to step (c). In step (d), at least part of the s E@{eaé&%
hydr ocar bonaceous phase obtained in step (c) Ts washed. Washing of the

separ at ed hydrocar bonac%glﬁwphase can be 30 carried out in any way known to

someone skil | eBFPHEERe uphe usadtiwash i vater | sapr ebataliny swatdy ¢,
However, the s&fbbREak| d¥hd reaR 160Nt ad. 1L 1,de e of further conpounds
as at least part of ‘the \A/atef%cg’rzlﬂﬁ'abgél%e%l l%%e%g‘glgf%?'ﬁﬂ?:fah&f in the
present procesPRRowRdanprAsent7 thatude s qf oes swa $ht hgughquged Wwesh

‘ npounds, there will usually be such mxture of

wat er can contyy ci 4l C
conmpounds pr estgén{h?hjégégﬁe?ba of the washing liquid will be at |east 7.5.
5 Wash?ng of step Hajhimgp bE stppat(ed &&mﬁee&e@%a%iégdofg&qeggl ly, the
washing w || tﬁ%s&ir%&edeé)ﬁj%rf%w to 5 tines. It will be obvious that it
i s advantageous r 10 |TH T~ theYnulfb&r Y86 vild s thepscarrped soutte £rom

order to furtHerto éducimése ITHMbel 10bel 8HGARLATHIIY Sp+ ?3'!§3§5%§§§t&gﬁ{ﬁ the
e y

hydr ocar bonacequs , ase contai ni ng_organi c hydr oper oxi 1S SU
contact ed wi t%oai&ﬁ?%%.nW@%uﬁﬁ papbipg skersy dfo-passnhaceous phase
can be used, it Wrhl oisiead oo beaPréer FednfLopyan i ¢j ency point of view
to cqontact all 15 qf the hydrocar bonaceoasépﬁ}&ge?l%e\%aéﬁi ghly surprising

that & bed cofifPFemAgaddis d afdskvaehtPant cofsthedhydsadeatiorqai@rgbl y has
h are thought to be

‘a void renmovHREs&0BLANaAFAL 5 Wl
di ssol ved in !t)he hydrocar bon cg%r %ﬁ%s%ﬁ#}gfolﬁ SHEs 1¥at
adsorbents cafoReABYEd: id thomt gvamahtised. Although part of the hydro-

carbonacecus phase can be used, it will usually be

preferred from an efficiency point of view to contact all
15 of the hydrocarbonacébus phase. It was highly surprisiné ‘
1‘:hat a bed comprising solid adsor‘enmﬁ‘ wos
content of from 50% to 98% by volume, was capable of-
removing ;ontaminants at least part of which are thought
| to be dissolved in the hydrocarboﬁaceohs phase. However,
20  it was found that adsorbents can remove the contaminants'
' such that a substantially reduced pressure drop is
‘observed when using the product obtained in step (e) in a
further conversion step. |
The void content of the solid adsorbent is considered
25 to be the void volume between the solid particles.’
Potential pores inside the solid particles are not taken

into account. The void content is based on total volume
of solid ac&iorbent particles and. volume between these .
particles.Vpreferably, the guard bed has a void content
30 ~ of at least 55% volume,wvinb;r'e preferably at least 60%. 'i‘he_
upper limit depends c&the desired Strenéth of the solid

adsorbent particles. ] the void content can be at
most 38%, more specifically at most 90%, most

specifically at most 80%.



such that a substantially reduced pressure drop is observed when using the
product obtained in step (e) in a further conversion step. The void
content of the solid adsorbent is considered 25 to be the void volune
between the solid particles. Potential pores inside the sc& 6hé) qs cles
are. not taken into account. The void content is based on tog

solid adsorbent particles and vol une between these. particles. Mre
preferably,the guard bed has a void content8 30 of at |east 55% vol ume, even
nore preferably at | east 60% The. upper |imt depends orb the desired
strength of the sol Marddsedidnedporbenteare shétable fomtesd imarhee at

nmost 98% nore specddnical S AILIENS C a at, 70 t 0%
June 2005 - 8 WNany é;gf?gv}aéggtéfggn%gg%r@e sul tggﬁggfgééﬁséeor%{en atc}? SP §ent

i nvention. It h%"%é@ﬁsf Freferngd sl aldwsisbdnt Tiewref [Wesipreferred than

others in view ofeddtaiviity’ @awhicdit ¥hd Qyﬁg’aq'ﬁct H?d%ﬁé‘i%ﬁ&é@%er%x' des. it

Is b5 preﬁfrred that. the solid adsorbent does not react to a -substantial

degree with t he RASFERTEhFAREpERBXFRIId 2f%0RbEBE cdoes cnal strasinttai @

preferably an i raMtstaphtiidl degkespyiera br@ﬁﬁ;@fhﬁﬁEébéﬁﬂﬁﬂH% chosen from
the group al umi na, nore 10

especi al ly gfgﬁ;ﬁ’t A% %%,S%}aggﬂfi#ﬂ%r&e\}%s Prsﬁﬁﬁlakd atyi Ipszh $olifor der to
decr ease any regwdwabreéacabiytynammf1mdre solgesi ehdyeh onanDthée gwbuph t he
el S0 Sy g BT MR ) L
preferadl% | ess ets@&@ia(llw&gphmlur@rref,emﬂleyulasssiéxim B ayhgd The solid
adsorbent can hgugeaaysshape as long as the
In order to decrease any residual reactivity with the
organic hydroperoxide which the solid might have, it is
preferred that the solid adsorbent has a low surface
15 area. Preferablf, the surface area 1s less than 50 m2/g,
more preferably less than 20.m2/g, most preferably less
than 15 mZ/g.
The sclid adsorbent can have any shape as long as the
void content is obtained. The adsorbents used in the
20 present invention can be shaped by extrusion. Further, it
has been found that extrudates shaped as hollow cylinder
particles give good results. In a preferred embodiment,
the shapes of the solid adsorbent is such that it forms a
graded guard bed. In a graded guard bed, larger solids
25 with larger voids are present where the guard bed is
first contacted with the hydrocarbonaceous phase
containing organic hydroperoxide, while finer solid
particles with smaller voids are present further down
stream while the overall void content is at least 50%.
30 Although the guard bed can be present in a separate
reactor, it is preferred from an economic point of view
that the guard bed is on top of the catalyst bed in which
the organic hydroperoxide is further converted.



void content is obtained. The adsorbents used in the 20 present invention
can be shaped by extrusion. Further, it has been found that extrudates
shaped as holl ow cylinder particles give good results. In a preferred
enbodi ment, the shapes of the solid adsorbent is such thaty -.?]ef a
graded guard bed. In a graded guard bed, |arger solids 25 wrt | arger voids
are present where the guard bed is first contacted with the

hydr ocar bonaceous phase contai ni hg organT09 Hydr oper oxi de, while finer
solid particles with snmaller voids are present further down streamwhile
the overal|l void conterfPhipnal Péaeesso%exadmt h@u@hashep@naradf ted can be

present in a sepgydtscartitdc@ous bhhse PE&] Nt of
view that the g%;(rd bae IS or?utsob ofethetgi aI gagﬂc%%,?%&c@ﬁa;

organi ¢ hydr operdi PSS Ik oser (Ebn%%r?%a%e h’étQO% olefinn optional

process step (f)coreﬁaalrera-ﬁj fant 30tot D@ cdbHbrP@RbheNARLOLSE {&Pnt ai ni ng

organic rgldroper q?gﬁ.bned Igﬁé IS contacted wit'h an olefin

cont ai ni ng from '—‘b”i(fl Gk Yt r%’ﬁ’o‘gecét“éll PELrage semr i alky | aryl

hydr oxi de and oxcuafaarii@sdommmdcaﬁ sehtab s tussld ah §ﬁ6hsp&é@éé§/ used in such
si,licat referred

process conpri AN, silica and/ or

catal yst is descéf&f#fdl %Iit%n@f@S%% %car ERSY Pﬁnﬂggﬁ@r% 1B Rfedes&qd at

nmoder at e terrperaxactrad&/sa:nd-swlepcewedesn BBErAp3d5B56l arhatrdaygimat ures in

the range of | frammddi0,200 ool eleraflaedil LhpbARO LI OMPS o 200 C
&n

The precjse pressure I's not crit YT B to maintain
the reacti on mi REFESYLES IlF!qGi'Mtl'é'éﬂﬁﬂ:ltt tatortemaenat@hmrm pries siamgremaf  be

satisfactory. |nedem @ener alpp pEes :Héféﬁﬂ Re kRet Phdraml to
100 x 105 N nR2. At tohe concl usi onﬁof @poxr a‘talg%é eac |on %
200 . The precise pressure is not critical as long as

it suffices to maintain the reaction mixture in a liquid

conditlion. Atmospheric pressure may be satisfactory. In
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At the conclusion of the epoxidation reaction, the
liguid mixture comprising the desired products is
separated from the catalyst. The oxirane compound can

20 then be separated from the reaction product containing
alkyl arvyl hydroxide in any way known to be suitable to
someone skilled in the art. The liquid reaction product
may be worked up by fractional distillation, selective
extraction and/or filtration. The solvent, the catalyst

25 and any unreacted olefin or alkyl aryl hydroperoxide may
be recycled or can be used in another process.

The alkyl aryl hydroxide obtained in the process can
be dehydrated in the presence of a catalyst. Processes
which can be used for this step have been described in

30 WO 99/42425 and WO 99/42426. However, any suitable
process known to someone skilled can in principle be

used.
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(c) separating the hydrocarbonaceous phase containing
organic hydroperoxide from the aqueous phase,

10 (d} washing at least part of the separated
hydrocarbonaceous phase containing organic hydroperoxide,
and
(e) contacting at least part of the hydrocarbonaceous
phase containing organic hydroperoxidelwith a guard bed

15 comprising solid adsorbent. '

2.\ Process accoerding to claim 1, in which process the
solid adsorbent has a vold content of from 50% to 98% by
volume._

i 3. Process according to claim-1 or claim 2, in which

20 process the organic compound is an alkyl aryl.

4. Process according torany one of claims 1-3, which
process further comprises:

(f) contacting at least part of the hydrocarbonaceous
phase containing organic hydroperoxide obtained in

25 ' step (e) with an olefin containing from 3 to 10 carbon

| and catalyst to oﬁtain alkyl aryl hydroxide and an
oxirane compound,
(g) separating at least part of the oxirane compounds

from the alkyl aryl hydroxide.
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” AVENDED SHEET rocess according to any one of claims 1 to 6 in
which the solid adsorbent is one ©I more solids chosen
from the group consisting of silica, silica gel, glass

10 alumina, malecular sieves, clay and minerals. '

8. Process according to any one of claims 1 to 7, in
which the solids in the guard bed have a void content of
from 55% to 90% by volume. |
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