- 8 SEP 2004 METHOD FOR CONVERTI NG AN ORGANI C COVPOUND WTH A

HYDROPEROXI DE 5 The present invention relates to a process for react“langpamm
organi ¢ conpound with a hydroperoxide using at |east two reactors
connected in parallel. The invention further provides the apparatus itself
in which the process is carried out, and quite 10 generally provides for
the use of this apparatus for carrying out the process. Reactions of

organi ¢ conpounds with hydroperOX| des, i.e. conpounds of the fornula ROCH,
ar e gener altTy Tarred oot mra—s+rge—stage—r~customary processes  of the
prior art. 15 For exanple, US-A-5,262,550 describes a process for the

epoxi dati on of "MEEHOD FOR CUNVEREINGAN ORGARAC COMPOUNDEWSFEP W th

hydr ogen peroxi de or a hydrogem HAMRORERORIECUr sor to give the
correspénding_al kene oxide. 20 US-A-4,883,260 discloses a process in which
al kene is reacted with hydrogen peroxrtde rmomestep—tma——steet—att ocl ave
or in a glass autoclave. S.H Wang, Process Econom cs Program Report 2E,

p. 6-1 to 6TiarpreSit invention naﬁtepfbad fot 88 4hy ré‘a@t’inge i 5165]9 cgﬁﬁ,gp%pggmaa process

in which any 0,25 stren ht sol"ut enzene

hydr oper oxi ﬁ%?ééétugwgv\ﬂﬁe % %%"C qrg CONESCHS §?~TéH'310\7fél€ alvmilmgeneous
Mo cat al yst ﬁlrthn:epmmsdm:apmmmmmf ps®hichQRe PARES: € c%ﬁqédq?\@ @ qiteP" OCESS
i n whigh an%&lg rgg%%ssfoﬁ- iR ht SO | ution of eth enzeﬂ

hydr opéer oxi Feact d §(9 é}‘ ﬁ%‘%éatll?l OF CATHYE Qutthe ﬁ’r‘?ﬁﬁéfr a

het er ogeneous Ti/Si Q2 catalyst, wth the al kene being epoxidized. This
docunment | i kew; I£S a process in which an
about 40% s renlgtﬁ?lq% &H\%/e%g ?g%thoihyfkeoﬂj £ mﬁlﬁ%’l Lfry BPBPRRKR efe thes
reacted wit PMBIaREERare ﬂelwr%llm@reedsownm/mgla shaeng eagomsrMrocakal yst,
with the al dﬁaneghe} mg epoxidized. Two-stage processes are also known from

the pri gr art. For exanple, the abovenentioned SRl publication discloses,
on pagéL 5-22 to 5- 43, a process in which an about 72% strength by wei ght

sol uti on of Foresxtardpid, YJS-A-5,262,550 describes a process for the epoxidation of alkenes in

which alkene is reacted in one step with hydrogen peroxide or a hydrogen peroxide
precursor to give the corresponding alkene oxide.

20 US-A-4,883,260 discloses a process in which alkene is reacted with hydrogen
peroxide in one step in a stee] autoclave orin a glass autoclave.

S.H. Wang, Process Economics Program, Report 2E, p.6-1 to 6-27, SRI
International (1994), for example, describes a process in which an about 17%

25 strength by weight solution of ethylbenzene hydroperoxide is reacted with propene
1n a single step over a homogeneous Mo catalyst.

The same document discloses, on pages 6-28 to 6-47, a process in which an about
20% strength by weight solution of ethylbenzene hydroperoxide is reacted with

30  propene in a single step over a heterogeneous T1/8i0; catalyst, with the alkene
being epoxidized.

This document likewise discloses, on pages 5-1 to 5-21, a process in which an
about 40% strength by weight solution of tert-butyl hydroperoxide is reacted with

35  propene In 2 single step over a homogeneous Mo catalyst, with the alkene being
epoxidized.



5 hydroperoxide is reacted with propene over a honpgeneous M cataly t§£ﬁ7%£
two directly successive stages, with the al kene bei ng epoxidi zed. U

5, 849, 937 describes a process for the epoxidation of an olefin using a
cascade of at |east two fixed-bed reacfors connected in series. 10 It is an
obj ect of the present invention to provide a process which allows a high

t hr oughput r, configured so that
OrOt ol JAEEpEEE BT b R B

regenerati on of ction of the organic conpound
wi t h hydroperoxide can also be carried out in a sinple way. 15 W have

found hat rdhiexabiecle IibveRBhRd SR ALBORIGIWIOUSCR! GiF Gaess2sa (361 N9 an

organi ¢ conpound W th dr oper oxi d presence o wher ei n

the reacti m%ErOE%ﬁsrlpe‘ﬁmﬁhtanl gpoyt rgfz’s{fc’é‘é?nggsbﬁrfﬁﬂghfcﬁﬂmquPﬁ@erhbuqybast t wo
reactors apdrspeidkddd 13 Raéed halh %Qex&obher% RS &Ie@ﬂ@hrf’d“gatﬁfﬁtomt Wes st age
and mul ti st %g grocesses are con§1e| E or carr ing out the reaction. If
rrultistage‘g g successhve stages Wigh e z%\ﬂ@"E eiagspoxidizats t o be ensured that at
| east one of the stages has at |east one reactor assenbly conprising at

| east two r d aral l.el . 25 For .exa Ie, i i S conceivable
for the pro @g 9,?%9%31{;@%501'&@5&,13 ey f¥etheranoxidation FP o U§RAI &
conpound i scaseade bédt least the fiRedbehractofs cwnasdtad mS;tené@ give a product stream
(P 1), ,4ith a reactor assenbly conprising two or nore reactors connected

1
in parallel being selected for reaction stage (RI). Likewise, (RI) can 30
have a readlt ey amobjenbdfythe prprensinvgntin 1oepmtr1db\mpnoeemtvdnclcaﬂmasiashxgbnnect ed

Icgnngg'[ 2ljl ?Lhms ]iglrt 0(%(’igé[?ltg %égqssgﬁ@%fﬁ&n@l’le&ﬁg%av reéc%%%?lgéggli%l ies in
which at | é@é&lyw@edmﬁlerre@@pmof thesargande compaundrwitt byliroperpxide biredlsd o at

| east one fuuddgdd H:83CE Ofm lgﬁ,agpart fromthe reaction stage or stages, the
process of the present |n\Pent| n can further conprise at |east one

intermd@ ate treatnment in which at |east one product streamresulting from
at | east onwWertRae found tAABR obfect fsaRhRYed By 2RoARRIOUR bt ARIDRling an

organic compound with hydroperoxide in the presence of a catalyst, wherein the

reaction is carried out in a reactor assembly comprising at least two reactors
connected in paraliel.

20
Both single-stage and also two-stage and multistage processes are conceivable for
carrying out the reaction. If multistage process configurations are chosen, it has to
be ensured that at least one of the stages has at least one reactor assembly
comprising at least two reactors connected in parallel.

25

For example, it is conceivable for the process to have a reaction stage (R1) in
which the organic compound is reacted in the presence of a catalyst to give a
product stream (P1), with a reactor assembly comprising two or more reactors
connected in parallel being selected for reaction stage (R1). Likewise, (R1) can

30 have a reactor assembly comprising at least two reactor cascades connected in
parallel, with each reactor cascade having at least two reactors connected in series.
It is also conceivable to have reactor assemblies in which at least one such reactor
cascade is connected in parallel to at least one further reactor.

35  Apart from the reaction stage or stages, the process of the present invention can
further comprise at least one intermediate treatment in which at least one product



For exanple, it is conceivable for the process to have a reaction stgﬁ%lE 00
(R1) as 5 described above in which the organic conpound is reacted i ﬁé
presence of a catalyst to give a product stream (P1l) and the product stream
is passed to an intermediate treatmenB ¢11). The product stream (Pl 1)
resulting fromthe internediate treatnent (11) can, for exanple, be

recircul at agrehfd 3811156 éHO cRLioh er i react
unreacted or eani C C(t)lﬁgound Zgr]/%g%g@%enreaé?egta%%dﬁyﬁ%%&erlo@g@ﬁﬁi&e?% se, the

product strBHMYTPI1) can be fed to a further reaction stage (R2). It is
al so possible, for exanple, for the product stream (P11) to be divided in
an appropriate manper. into at t two substreans and at | east one of the

| e
subst r eans 1B P8Pt bsu?%@éfalflﬁai?’?{ﬂ}e BYRgesst to) kaysta grretion stage (Ryb&s reans to
be |toas segh qe@%ﬁm a‘tﬁ;&etih @ﬂ;i&fj &@ectu(gﬁﬁ_},.coirtﬁ)ﬁhﬂd Y i'dﬁﬁt'temi?,th@ﬁwesﬂlg?ild)ifeﬂ o
reaction whi n be carried out u roduct stream or e
subst r eam Oqafagﬁsgzl?r%gm Rpdygh a@aailﬁganﬂe&?ﬂrﬁg%?isﬁewlﬁpqs%dt fed pr ocess
of the pr esigmwnbaﬁﬁenuieamenp_rﬁl)er Q’heﬁpioﬂugi \serdarh O (FI  diesgltinf e fiofrodhet st r2 gam
PI'1) conpr. sl . roper e .to.the reaction.st and reactin
é\ydr Z)per gﬁi‘&é“‘@ug ‘ﬁ%ﬁﬁeeagﬁ?‘gzmé%%86%‘81’?%{’? ﬁ"émﬁ}l@g’: ntég%)feaﬁgeﬁtstgg%t gi n
(R2) Ej o gi(Rd)an prdedfot exammeriv (R} unitheted oegaaitt campoand iookndaneadedgl y
rovi a - S : r ing..an organic
Compoury wi TR ﬁj@*’%ﬁ%&%‘g §5.%0e BRABSesn TP AR K8 fed o ARG HBEF, 0027
Wi t h hydr op#2gsxiRia. Itnist #leo pesstideiclor ekampleg domthgsproduct sstreamcRIbnts bage (R1)
t i t & ; R o streans
0 give at diopsl iRl apﬁ;agirdsnﬂg dﬁ&ﬁﬁf‘iﬂté at fohst twrl éll@e?&&do O atbas AN OF

(P1) is passed to an 2dl at e treat nent , as out put
from (11), e splsieeamsie bprerisulates; todRh) @nd 2 %rﬁﬂei(ﬁtthL?bﬁFGM§)éQb$(i de, and

--- the proghicdd oitherattdn stddeqROF (P11) is passed to a reaction stage (R2)
in whi gg hydr operoxide is reacted with the organic conpound in the

presen of a 35 catalyst to give at | east one product stream (P2),
wher ei n at Ingairicipleyany dasifedrréaction Midteehni be dasiedl dut usiag ehesredudt Btrédm | east

encompasses FURL S RonBARAR of Atdeotes CE{RHY R teormen it TR} 4R the S
process of the present invention, preference is given to feeding the product stream
(PI1) comprising hydroperoxide to the reaction stage (R2) and reacting
20  hydroperoxide with the organic compound in the presence of a catalyst in (R2) to
give a product stream (P2).

The present invention accordingly provides a continuous process, as described
above, for reacting an organic compound with hydroperoxide, in which
25
~ the organic compound is reacted with hydroperoxide in the presence of a
catalyst in a reaction stage (R1) to give at least one product stream (P1),

~ the product stream or streams (P1) is passed to an intermediate treatment (1) to
30 give, as output from (I1), at least one product stream (PIl) comprising
hydroperoxide, and

— the product stream or streams (PI1) is passed to a reaction stage (R2) in which
hydroperoxide is reacted with the organic compound in the presence of a
35 catalyst to give at least one product stream (P2),



5 or nore reactors connected in parallel are used in the reaction St%??EPZ%L
(RI') and one reactor is used in the reaction stage (R2). It |ikew se
enconpasses enbodi nents in which one reactor is used in reaction stage
(R1) and two or nore reactors connectdd-in parallel are used in reaction
stage (R2). Furthernore, it also enconpasses enbodinments in which two or

mor e react offecOnN§eted, ) Qe#%&?keﬂecéﬁq{n i}?:a%?grc' lﬁce]& ?1?3% ie?ﬁ cﬁltea(@}né R1) and

two or nore reactors connec wher e

t he nunber wactparstdges(RNemdt(BR) used in stage (R1) can be i dentical to or
different fromthe nunber of parallel reactors used in stage (R2). The
nunber of feed streans which are introduced into the reactor or reactors in
15 (R1) canTRaspresent apvoption thik soeompassescumbodaments én wlich, firlexemaie, hrvig

mat er i algs C@:%oieqreaaase%hﬁectaﬂn' ﬁﬁl%?%fee&ea% 'tlfédr'eXétfHﬁgétagZe;qﬁl g gt o the

reactor or reactors. kew Se, streans can N an
appropri at erEﬁetﬁherusséﬂbﬂe reaction giage (R 1t ikewyiserracempasses cbodissatsan s and

the resul tiwgicht 61%31%&for5fsr@s'éﬂ3m0?&c§@n Ist@eocm Geshd Wb Cor! hifprd G8&kats of
reactors. For exanp I I s conceivabl e for a'reactaor of (RI').to 20 be fed

with a feedwmeded %hpeq% Il aeadyet A% TepRiioNoase i (R2dn Furthermorey it alse whi ch

is reacted eﬁtotdp@ssreeaﬁlbedune&sllhwmoaéﬂ tMorelrBftdre eOmsctedamparallel sreans can
be pretreat ed before it uced into a reactor,. of stflege (RL). Al

et hog o e iR ke hon bapSm Diahd S & moid frarere eanecs! B pail sreqise sant | one
basi ¢ conpoimstaga(R2padierothe menboradf pavaifed veattoratused &s stago €R 1 peaibe

conpound or. nor e, of the onpounds. can t@? dded to
one or mor ettt Wb flereh e e Ristodt o[ RERR e nifks e en o
adding a basic conmpound as is di scussed beI ow in respect of the

e e T HEAGEPEE il Hrepdl wATAERA oA el o I RECI or BAGRAGR Uoed 11

stage (R1), sul er o eans
whi ch ak% pﬂ%@e@nt%‘smuy ibe enhorsaii mthoutrremlnm All Bmiﬁlngﬁmtcaalamph,efon t is

concei vabl et ipld flifblccd b FRiGI gﬂéé%s)l%ﬁoglhp?eaq{o\f 'oﬁ?%cto% I3feARET oPr ! ate

manner into a Iura Ity of streans an
appar at uses thenfegfh serpami, gan he cpmbiicdtia an, WPronsiste (qagyyerl hcfelarmtre@m@en

Li kewi se, ain3 thd tadlot by réif':tolﬂsf eﬂpﬂfe reémegmue‘a&pm §tfehinsCaR teinf8Miieaed to

form one or. rmre streans and E% ne or m)retg aratuses iLn which the

i nt er medi at 19 MEFEAGAT or Tepgtprs; %I 1h15 congeivable forpsreariar ph{RbRdi at e

treat nend ( bdYed withiafe@bsttdabl which WiresdydeRahatdipositoreeith@ixatd whighcei vabl e

conbi nati ong_ of éj rﬁll cal or different apparatuses connected in
1s reacted 1n the reactor.

Quite generally, the feed stream or streams can be pretreated before it is introduced
into a reactor of stage (R1). All methods are conceivable for this pretreatment. For
25  example, at least one basic compound, at least one neutral compound, at least one
acidic compound or a mixture of two or more of these compounds can be added to
one or more feed streams used in (R1), with preference being given to adding a
basic compound as is discussed below in respect of the intermediate treatment (I1).

30 Depending on the number of reactors used in stage (R1), stage (R1) results in a
differing number of product streams which are passed to the intermediate treatment
(I1). For example, it is conceivable for a product stream from (R1) to be divided in
an appropriate manner into a plurality of streams and be fed to a plurality of
apparatuses in which the intermediate treatment (I1) is carried out. Likewise, a

35  plurality of product streams from (R1) can be combined to form one or more
streams and fed to one or more apparatuses in which the intermediate treatment
(I1) is carried out.



series and/or in parallel. 5 For the purposes of the present invent i_oa*nSEliﬂm
term"internediate treatnent” refers to all treatnents which have an
appropriate influence on the chem cal or physical properties of the
product streamfromthe reaction stage5(RI), with, in contrast to the
reaction stages (RI) and (R2), the reaction of organic conpound with 10
hydr oper oxi de being able to occur but playing only a subordi nate role.
Accordi ngly, a conceivable internediate treatnent is, for_exanple, addition
of one or ards thsoinieamediatedregiagnt £41) ot ismessiblsepricgenendllps togmpley nore

conmpounds  dir eshceivabRAsHHibiAdtidRR BIOIdentic@! o MEHFARRC apatdtedes MOnh&Qed GiTPEr ature
or altering the ressg{?ﬁ?or altering the physical 'state of a product

stream or aFfeY HIRE kical 15 state of at |east one chenical conpound
present sin a product stream Further conceivable internediate treatnents

are, for e e, mxin rocesses by neans f which, for e e, the
ombgenei £y BMEDIPEIS A B4 S Sasoieh i Fer CUmate HESen ey Tt ot o
treat ][rpnt | :t& z:cl:lét[’d.‘ait[ﬁeht_@ swthicH mg/_e&nadﬁpl'@ﬁa'tminﬂﬂel?ﬁﬂﬁf the ltafrnfofal/ belplilysical
specifica of. t inte i ate.treatnent. r e i.n a reactor, a
separ at i on Bigpstfisy ot prodult sesay from s deagtiopstae RV Vithy iR sRREHTH t hese
appar at usesthe sreactionpsiages [(R¢) iande(R2)dae redctioheof wngamic @bmpeand owith used i n
st age I . f.rea S ed.j.n_s e Thus, for
exa?rpl g% ?f%?g&l%@e?é%aﬁl%r@ %tggﬁr{e(?tﬂ gdﬂﬁhﬂﬁaégﬁl eal( @é%%rdﬁ%&ed rlloll??' st age
(R1), the pherpadinglyt a camneiviablerintenmediatedmatoen is; dor dxemplayiailditidn iofi one sui t abl e

manner to f | | %'ngjh- r to the
i nt er medi at@@%a@n@%ﬁdﬁkg%%% SE{E%E? a us.l%??;fi@%{qrﬁ@g\ﬁeggm@@@g?vabl e
for two or fr@®ra PHdyaL streanm oBafer RBENcEo aliergoHisi iBpersure ritespaiheied in an
appropri at eprdbuf@snglterin@ tﬁ@?ﬁ}s‘ié’&l’ sfafe HP4 BroduteABmAGh1RARD R pﬁw}k’?:fat{f streans

to be passed to .in ermedia]Ee treatnment in a separate apparatus. Is al so

possi bi'® f oftateH #r lsaticene shemigal GHMRANA gL 1R 4o RTodHaY) Streamp N yrthske

reactor is tmeeivable dhtegfediité rehindnts arpafos @flarhfle] MbARFPEHcadses byeadaient in a
' uct . streamto,be divided into two

singl e apparatus. or for thi ingle pro
or "wor e ot r Soieh,tar e5impIgyte FunfesSeRy PRy Slodp ST a8 Rt 0 & s nol o
or, in an appropriate manner, to two or nore apparatuses in which the
i nt er medi at ' rr t.. Th nt. i nvent i |
encorrpassesﬂe%o %@Ea&é ?rﬁ eﬁt%dctaﬁ%dl On[efr%ﬁg%iﬁgﬁg’ m & aepptara?u% &&ﬁw
20  specifically for the intermediate treatment, for example in a reactor, a separation
apparatus, a mixing apparatus or the like, the number of these apparatuses is in
principle independent of the number of reactors used in stage {(R1) and the number

of reactors used in stage (R2).

25  Thus, for example, if two or more reactors connected in parallel are used in stage
(R1}, the product streams from these reactors can be combined in a suitable
manner to form a single stream and this single stream can be passed to the
intermediate treatment in a single apparatus. It is likewise conceivable for two or
more product streams not to be combined or to be combined in an appropriate

30 manner to form two or more streams and each of these streams to be passed to
intermediate treatment in a separate apparatus. It is also possible for the product
stream which results from (R1) if only one reactor is used in stage (R1) to be
passed to intermediate treatment in a single apparatus or for this single product
stream to be divided into two or more streams and each of the resulting streams to

35 be fed to a single or, in an appropriate manner, to two or more apparatuses in
which the intermediate treatment is carried out.



treatnment (11) is carried out in at |east two apparatuses which are. g orp 2004
connected in series, in which case the apparatuses can be identi cal o§
different. It |ikew se enconpasses enbodi ments in which at | east one
product stream (P 1) is, in (11), 5 subjected to intermediate treatment in
one or nore apparatuses connected in parallel and at |east one further

product streamheEht hvenibRlafib!GlomBadsed @@g@&l@hﬁ in Whigh T int@edre " | bed

for (I'1) in at” | east one apparatus casca al so enconpasses .
embodi nent srgatmemi @h iste putt ioatpleat fwe appeeaiiess avhichearerconseqied it el y

subj ect ed tQRrid)tifr WRihalaSe Qﬁ@ﬁ%@ﬂhsésr‘czﬁ BLidARLS SPBATREMS I Nkéwikd r St step
10 of the internedi ate tr.eatne (I1) and the streans resulting fromthis

step in t heMCPTIPaTeH FPRPHMBIsIRcVRIGHh ! hedt pre BrPdappYtesam dile ifeiArdh). i n at
Itﬁaslg _ orste fs&b}d&&? toaﬁﬂghféﬁkhge_ \t&thﬁﬂébﬂtmﬁ_&fe bfi%ﬂetcﬁiptaia‘?us‘éﬁ &Pﬁé&é@ﬁk}i f {ﬁm
e Irs a us an supj.ecte O | nter lLate L.reat nen In a rur er
step of (11§£3@ aR@@aﬂ%bee%e Biethep, pradust,etreany i da.same%tsé t9 intggrediate he
i nt er nedi at gedihemt @desérbedl f& (DA ol @ least, ondappracki Oddcadeadie 4IR2) can be
nore react,ors connected in

carried out_in one reagtqr or i.nt or

paral el . HERRTEBASSe (eiodimeie, iF RBIRr 2 JERL dyor Rradiat SFEmS |38 &2Ch vio

react ors cosepaatetylsubjequal @l ihetmedigte wkathdnt i REyitabkOagpardtly it a fgestep it IS
concei vabl e L. .eact or of a R2) to be f.ed with.one or . nore feed
ctr eamt S ecth e fREeditE iRt (B2 b ooty BRliAE i ifdfipanant

treat ment (firs} apparatus sare tcosmedemubn iappropsiater maomer int atekeast! orenmfurther

I nt er medi at reR AR ' I i | ApPr,opri ate
manner vvithgpa{’t?}augs:st_ onren%}flglfr gg&é_ﬁgdﬁc{lﬁ%&%;@n ﬁﬁ;}'}rktg?ﬁﬂa&% rggé)n (PID)
bei ng abl e subjesteddpintgaeediaic beatmentins further stepofdlb)eans. The present

I nvention thus enconpasses, inter alia, an enbodinment in which, for

exanpl e, at_| east one conpound, for exanple a basic conpound, is added to
each df5 x Regasdiess efdbeinumbar atappasaysasdn Mguich the entermeniaty BprtmsRE @B, 1s or gani ¢
corrp;)ynd atn@hrﬁgd giiii Yl@é\?\f?acﬁ&iﬁstﬁl:gésﬂitﬂ'c@ﬁﬁ%tcﬁﬁ-{% @Htth BAE Pedk A otr(?:a%_vé RRCt Olr | 0}‘
reaction stage : ere as x.reactors connected_ip parallel,
t he productﬂ@f?%&#wowq?ddﬁmééélﬁpgfowq%lwﬁx%ffgeagprmﬁ? ws(RéEtﬁtect ed to
an i nt er medleagtawbremtore bonrebikd in phialié€ ard aded iR RAP! €, at | east one conpound
which may be identical to or different fromthe conpound added to the feed

streans i s again added separately to each product 35 streamfrom (Rl) and
each of2a helr tsunegandgitis sdrnceable (6 dach acaetor ad staga (RDdobeded mith ona oreact or

of the reachign ElALGeiRPredfibfy ok WOl Sstbah 81 Tk e GhiHnl o al I el

treatment (I1), with a stream resulting as product stream from the intermediate

=

treatment (I1) being able to be combined in an appropriate manner with at least one
further product stream (PI1), or a stream {PI1) being able to be divided into at least
25  two streams.

The present invention thus encompasses, inter alia, an embodiment in which, for
example, at least one compound, for example a basic compound, is added to each
of x (x > 1) feed streams comprising at least hydroperoxide, organic compound and
30  solvent, the resulting steams are each fed to a reactor of reaction stage (R1), where
(R1) thus has x reactors connected in parallel, the product stream (P1) from each of
the reactors of (R1) is subjected to an intermediate treatment (I1), where, for
example, at least one compound which may be identical to or different from the
compound added to the feed streams is again added separately to each product
35  stream from (R1) and each of the resulting x streams (PI1) are each introduced into
a reactor of the reaction stage (R2) which thus has x reactors connected in parallel.



The present invention |ikew se enconpasses, for exanple, an enbodlneq% gp
whi ch at | east one conpound, for exanple a basic conpound, is added t N @W
of x feed streans conprising at |east hydroperoxide, organic compound and
solvent, the resulting streans are eaZh-fed to a reactor of the reaction
stage (RI), where 5 (Rl) thus has x reactors connected in parallel, the

product st r-qu%rrg resént) indkfio HHQMQ@%E&é&E%‘T af{)rS ie?%gl[estaﬁeaﬂﬁiﬂxeﬁlhﬁ} he

resultlng stream 1S asse I nte
stream (Pl ﬁlegtﬁleast oge tepounde for gxanpledi kasis compeundyanadded tpsasdheef % 0 t he

reaction stgge nﬁ W%lﬁ??t fast lgﬂé‘@% T8 ﬁ%?ﬁrgmﬁp cbﬁp@% bhd @ol%’ntt he

stream or St rea east eam conpr.li Si ng, for
exanpl e, atthe esyitingnsiregms,ase eaddy fedrtgamraacion 9b dha reastiomstage 4R 1), oﬁ@re

hydr opesoxi @) Ghud had % Yators cbmscﬁhfd ffpgﬁra‘llgprtﬁé’fprﬁﬁfbt Qe8! (pY %
additionally " introduced into_ the react r or reactors of stage (R2). 15 For

t he purposé@nﬂwfmft%éo Ff?’é%eﬂwtsmg}ﬁ/éﬁ%%rﬁﬂ t He Tesplting r 9alo IS PABAR SOt 8H | n
parallel” inftghbgias Deatno! Qlﬁ)saﬂd‘ﬂié/f‘dtﬁblna(lPIl)efé%&lnﬁQq}dhﬁ thé entecAidre!
branches of the asserrb?a/ Qas at as ?ﬁ_lct orS connected in series. If
a reaction EGaHgentSRassed tod f%?%onﬁﬁﬁ?r@@\é%?lq a5 3SHgleteactPt s possible for
this reaction stage to be an assenbly in which at | east two reactors are
connected in ser.j.e ndln on t uration o tion of

or gan: ¢8conBoRTHiGR i Be, SeaHePbaraEnt APt shotsh bt Bibe’ SRR ¢ e

cat al yst aoctanirisyng) féreexdntphe at kst oretsolveni ecdrgmiit gompbindiongt least vat ues

whi ch are I | S o Lhe catal yst
navi ng-r eduBGOERERiOF B0 R of ohi B e Mot nSitta) @ £ BRIy 2 2

i nvention tmtmélfmdentaItge)repctm/onmctemmfetags6129)5 descri bed above in which at
| east one of the catalysts present in the at |least two parallel reactors is
regenerated_during the process. 30 Al possible nethods of regeneration are
concei igb| eFonthe pampepesAfdhe prgsent invepten thy termfecactwsemnngetedin paralledsses

descri bed l fchi@ed &semBES inBhhih G €88 dAEDf thefﬁ’aréiléi b?é&hgs%f thé Rsstmbl(} 36,

Proc. 7th ter Zeol i te Conf Tokyo, 198 In particul ar
pages 134 ahR$ atJgastiwg rogstors copmessed meews alrfea WéF'é?fyStﬁSﬁ h3s NP TEaHPOr at ed by

reference i &ixﬂxeéthd& i pasdlel, iBRPposeidld €53 thi¥Sreaction stage to be an assembly in
which at least two reactors are connected in series.

20
Depending on the duration of the reaction of organic compound with
hydroperoxide in the presence of a catalyst, the catalyst activity or/and the catalyst
selectivity will drop to values which are no longer economically justifiable. In such
a case, the catalyst having reduced activity or/and selectivity is regenerated.

25

The present invention therefore also provides a process as described above in

which at least one of the catalysts present in the at least two parallel reactors is
regenerated duning the process.

30  All possible methods of regeneration are conceivable. In particular, use is made of
the regeneration processes described in WO 98/55228, EP-A (790075,
EP-A 0 743 094, JP-3-114536, Proc. 7th Intem. Zeolite Conf., Tokyo, 1986, p. 129
ff., in particular pages 134 and 135, and WO 98/18556, which are hereby fully

incorporated by reference into the present application.
35



However, it should be ensured, in particular, that the continuous pr-og&sp
for reacting the organic conpound with hydroperoxi de does not have to be
interrupted, since otherw se the process throughput can sonetinmes be

consi derably reduced. 5 The present i-n8ention therefore also provides, in a
preferred enbodinent, a process as described above in which the catalyst

regener at i Qv svealt él-gﬁﬂld)% ¢ ux%Hcrh tp%rd’n‘ﬁ)’art bt e Joﬁﬁﬁﬁouggﬁrm(?{ssti%?and t he

par al | el reactors is ecoupl e from respecti ve react
catal yst prigading theorganic compensst with hwér@pﬁemlcél@es BQ hameto be mlt@amtted one

reactor in ﬁ%%ﬂ@@%'tﬁ@gﬁ%@ﬁ%ﬁ cﬁfnﬁé@e%oﬁﬁ&er%!? g?&ﬂ:@&' on of

organic 10 conpound w th hydrope XI de ring the course the continuous
process. As regards the in-principle procedure for carrying out such a

regener gt i Orhé'\’@i'ésént aRehiidH itgefohe arseaﬁfolvfaas H§a5 RefciredS émbadiRne Ly
I ncor por at ed g%Frefere ce.. 15 If, for exanp or. nore reactors

connect ed | POSESS apdesgribed abaye inwhichdthe F%ié'df“St fﬁ&@\?@tloﬂﬂs garpiad aMt i@ suph anch of
a reaction ghageahat 4t lesst rafaé dfithe phﬂll@lefé@é'@fselstcib%o@ﬁ]é% Hom BRY Rkp&livbr anch

fromthe reaction stggﬁ is |1 kew sethgos& le to decouple only one of
the react or'§3HORFASE M‘F %"é?lifﬁé’r?SFBﬁﬁnt TRRCYAS EBeBprateRlest Bgbtfdeast i on of
the catal yore Rasteei eddheregdtivn stdge ik Qllwysadviallgble ifor tieSRR%ioh! F Gteimpgenent ,
t he nurl?er of 20 rea t.or.s deco om a r(gftatﬁtlon stage for regeneration

ed f
of the “cat af YH? émBrWé Heﬁ‘ﬂ‘rl 1 106 EQPrES0k e RPRHIYARS BfPCESie par al | el

branches remains in the continuous process, then, particularly preferably

In the case | br anc 0 r|5|n cascaded reactor all of
t he react or‘asng(g(#]nec{h%gﬁ“pgmggh %@c?%%?fn? tpsrugﬁé!sgcgglberi\ S‘H%

cont i nuous ¢mtivuing thereaction, WIS, 845,93 dis thchFhlmotpmraed by reflaiente.a cat al yst
remains in operation for reacting an organic conpound w th hydroperoxide
i n the process of the present invention before the reactor has to be

decoupli&d fHofartaxemplsadwpon merggeadonsconnested br sereg anensed, @n describede
catal yst, C%v@%‘%‘ﬂﬁ—%lfbﬁ-ﬁﬁh%f édzsﬁ s&fgepﬂ??g%sgfblé ﬂﬁd&&@@ e érﬁ]}fgnt | on.

This 30 operatln%tlrre I's preferab re preferably at
| east 700 heayalel br ﬂEdP%FrtloatStqgéa]é!S Idewisepassiblerta deeoupieonlyong

preferably af tHeel%ﬁétoﬂs%nQ&éﬂ $n séifds ﬁ'élﬁEth@lfﬁcF&&e?oroﬁ'le trBgerRfRiRR rﬁf thevention,
d time"in which organic

theterm"o ratin s to perio
compound i s @Xitt g\%‘%iﬁo‘%&%@@ﬁ in fm‘ﬁcmﬁm%ﬂ@eﬂm? of5
20  reactors decoupled from a reaction stage for regeneration of the catalysts present
therein is such that only one of the parallel branches remains in the continuous
process, then, particularly preferably in the case of the remaining branch
comprising cascaded reactors, all of the reactors connected in series remain in the
process so that the continuous process is not interrupted.
25
The time for which a catalyst remains in operation for reacting an organic
compound with hydroperoxide in the process of the present invention before the
reactor has to be decoupled from the reaction stage concerned for regeneration of
the catalyst, can be chosen freely for the purposes of the present invention. This
30  operating time is preferably at least 500 hours, more preferably at least 700 hours,
in particular at least 900 hours and particularly preferably at least 1100 hours. For
the purposes of the present invention, the term “operating time” refers to the period

of time in which organic compound is reacted with hydroperoxide in the reactor
concemned.

35
The time for which the reactor is taken out of operation from the reaction stage
concerned for regeneration of the catalyst present in this reactor is preferably less



The tinme for which the reactor is taken out of operation fromthe rea&gggﬂmﬁ
stage concerned for regeneration of the catalyst present in this rea

is preferably |l ess than 350 hours, nore preferably |ess than 300 hours and
particularly preferably |ess than 25 hours. This regeneration tine covers
the entire period of time between the point in tine at which the reactor

i opCouD! atnl SRS MERCHERTLY A8 EPIOCTRRE AN hrhRY %geo%pf’ydne o

whi ch the reactor cont ai ni hg the regenerated yst 1I's back
into the ré&setthdh 290 dyaire oHlle (TREanerationatimg  qavers thectmie RErOfpRtifmENt , t he

process of bemenmsmﬁt ih tinedtivalich theGaddtbrsid de@itbiAMdMe Rbctddd stidemes only
one of the aral actors. of a re%l%1 n stage i s, decoupl ed fromthe
process in® Ct?E‘}Odt‘i'Pd tgﬁé’t‘?éq'td{‘é“??}ét @gtreacig oQItRige ?Fg"@ﬁ’@t esent

i nventi®n ahtalyspis euisied backinwahe feadorllagd dopeémabove in  which x-1 reactors
of X reactors connected in parallel in a reaction stage are al ways
avail able for the reaction of organic conpound wi th hydroperoxide. 15 Here,

X i s as defin addrthdrqurefesned ehtbodinient,Rhe ptckuesqooﬁmeqxreseﬁif mtv&alq@rie&ﬁﬁied

i nventi on, " t ted in rallel” 0 asses
assenbl i es Ohﬂgov\httﬁ%hrgt {neﬁﬁ] gtO%c?‘ri %? X PP%‘QE? Bl ﬂ%éc[te °31°n Sta al®al | el has
not only odecdnpledtfyam thre process lrecadbnﬂosrcgmcmﬂedatalysbne anot her. In 20
particypar, the term"reactors connected in parallel” enconpasses
assenblies in which at |east one of the reactors connected in parallel
conpri ses Acseidingly, the pagsgeiniamention alsopiovides reproesss @y descrihed abdysr ined

process i n wiigh f—Q'}Eﬁ%&rs %fxtré‘&tcﬁﬁ estRtbtel Wgﬂ'ﬁllél'?n h$eactiBh sﬁé@ﬁﬂl va ne in 25
has. x reactors_connect ed par al | , each

whi ch t he rea%%ko g
product st #&& c'r %‘é’oflé%@f%#‘sc Gognpoupd yath, atwémegpmf an i nt er madi ate
treat rrent (11) and each stream (PI1) fromeach internediate treatnent is

i ntrod nt Q .one aralJel_reactors of stage (R2). 30 This process
is pre ra e ﬂfﬁgﬁﬁlﬁ@abﬁy‘eﬂi@ﬂ(l reacting hydroperoxide with the

organi ¢ conpound in one of the parallel branches, bringing a second of the

Il el | » and
paral el PRNGT AL e 0S5t PRSI LR PR MR lebhdEed MR, 217
af t er anot l4go ¢nspmpasses @Ssembhes inr ehicht atnkeast rinerofaths rbattove eonhdoeskeinst art - up
oper ati ons eyﬁﬁs\/nmghy ot Bl Yo P%r@%%tgf? SEAREER SR Liddlerogth of the

par al | el ches can en out of operation in
20 partlcular the term “reactors connected 1r1 paralle]” encompasses assemblies in

which at least one of the reactors comnected in paralle]l comprises a series
arrangement of two or more reactors.

A preferred process in the context of the present invention is, for example, one in
25  which the reaction stage (R1) has x reactors connected in paraliel, each product
stream from these reactors is fed separately to an intermediate treatment (I1) and

each stream (PI1) from each intermediate treatment is introduced into one of x
parallel reactors of stage (R2).

30  This process is preferably carried out by firstly reacting hydroperoxide with the
organic compound in one of the parallel branches, bringing a second of the parallel
branches into operation after a particular time interval and bringing the third, if
present, of the parallel branches into operation after another interval of time. The
time intervals between these start-up operations are very particularly preferably

35  selected so that each of the parallel branches can be taken out of operation in the
process when the catalyst present in the respective reactors no longer has the
necessary activity or/and selectivity but the other catalysts are still sufficiently



process when the catal yst present in the respective reactors no | ongelt SBRS0L
the necessary activity or/and selectivity but the other catal ysts are

still sufficiently - 10 active or/and selective. Know edge of the catal yst
properties and thus the ability to ¢ellerinine the appropriate tine
interval s precisely and, for exanple, to match the reaction conditions,

react or si ZQ%ive 5{@&?5@%@ rmwlg%fgfl rrtgk CQQ@Q@&{% E%T’HE%’ s iR ab'iln

regeneration tines for the catal es I't po or a pers nskllled
in the 5 ardeterBuRg theiappEcpriaipetipe Antervalsipresisel) apd, o@e@mpbot%w@watt €a

parti cul ar | pa@foni songitons, F}Eﬁh‘%&sﬁzésrbrﬂé(ﬂﬂ%lﬂmb@ﬁbf Pﬁuharﬂrxnd%%% ed to X~ 1
branches Oft@)e( &?Ballel bra ch s are always effectively and efficiently

avai | abl e fragon PH}‘@ ceipbysmakss dEE€ﬁ§ e for a parsen yhiled iyithe when

only ong ofart h@xfseamklt@ﬂe@f@aeﬁarmﬁ)praéuaufﬁ’a op@steXa RRkMulRly effRpgtors. 10

O t h t d th rybed.int ont ext of the
or esent | rRIGFRSH OR VARGh RERIPISED TRrERBIRY. - hEane mﬂ%ma@“@bﬁrapﬁe} Bne

i nt er medi St af‘:lwhyﬁéifémnély apll Efﬁo@éiﬂlymmlib@a@ﬂdanrsﬁlt&&&uﬁ%ﬁset%&hﬁe i§ eaction
stages an rther .int.ernmedi at e eat sta onbi nat ns are
" con e potsd BPEToIEhARRY B of YieRellioh kNG apa TR BER Xl an be
fol | owed dimedtbtsy by a reaction stage (R3) and 15 this can in turn be
foll b t b
|t er madh ar OF coESE e AopARe sl the pldcb @ URELA TR HEAIHRL of Blq e ™Y 1
i nt er medi at @VeRtER 3re MOt {asBictes) tplﬂnsubwlquétﬂger@ébtqmnn@mghaté R3ptmgant ( 12) can
be foll di t

e 10 O‘A’eﬂlﬁbﬁcﬁﬁﬁé Vea&Yorﬁstﬁé@ﬁ?goﬁu?ﬁ?% &lﬁﬁ)stagzglﬁ?é erent tEl%&f :{IF late

treat nent can he same or I'OI’T'I

far as the F@aa@t-’moﬁtag@%g%sallz@owtlam a{qazlakem Bessihle. aAscardinghs ni@d
reactions oéxdimﬂe QEﬁh@ﬁlsﬁgerbaﬁmH@we&W &?é&cﬁdﬂ‘ﬁ!‘géﬁl})%@ pl ace

I n these st but ot E eactjons are also "caoncejvabl e. For exanple

the dest¥ uc %ﬁarbfn G Feaetion, stage, (BAy Likewise; (R2) e ber 3). 25

Accor di ngl yfollohmdmyeaehiterm&dﬁtbt umahﬁ(dzpmﬂﬁbe&nabd)fcﬂma a ¢aaeri bed
above whic '

th t t t d at
| east one f R {akq?grg%tﬁe L?@?gﬂ S%%{I'ée ggaéc?lpﬁ;srtrfgga@{.? rOfQ@Z)e%n Egni nat he
further reatdiowrdslimgdsbpia WMOamtangRBr)eﬂﬂxe tgik of intdmaedipfeatratmarsann t he
e o B8 WRSaicas BRI G b AE GR), A AP O WIPRL G Sagd ' P! &

In particul ar erence
20 and (R4) and so on are concerned, reactions of hydroperox1de with organic

compound can likewise take place in these stages, but other reactions are also
conceivable. For example, the destruction of excess hydroperoxide can be provided
in stage (R3).

25  Accordingly, the present invention also provides a process as described above
which comprises at least one further intermediate treatment and at least one further
reaction stage.

As regards the reactor assemblies in the further reaction stages or the arrangement

30 of the apparatuses in the further intermediate treatments, all conceivable
embodiments are possible. In particular, reference may be made to the above-
described arrangements described in the context of (R1), (R2) and (I1). As regards
the combination or division of streams from the reaction stages (R2), (R3) and so
forth or from the intermediate treatments (12) and so forth, it is also possible to use

35  all suitable embodiments. In particular, reference may be made to the above-
described embodiments described in the context of (R1), (R2) and (11).



descri bed arrangenents described in the context of (Rl), (R2) and (|_1€]. 19‘52[][]1;
regards the conbination or division of streans fromthe reaction sta ég
(R2), (R3) and so forth or fromthe internediate treatnents (12) and so
forth, it is also possible to use 35-all =suitable enbodinents. In
particular, reference may be nade to the above- described enbodi nents

descri bed i . ) oz - r i of the
organi c conjgb%%gctv% é}ﬁ}ﬂhg?%a;ﬁﬂ&g&o&%ﬁé‘gﬁ?ﬁws agoé) emﬁe ]tna{gie &gﬁ%‘gg as
descri bed ipaeteeniescrbesd m détail shoveeimsat lenseonectzactor suiableafor this purpose. s

pur pose. i rg~al . Ct4d j und to
be react ed%ﬁ@gnﬁﬁgﬁggefpg# dgé%'gtﬁéfpgﬁ ﬂgp%ﬂg%g? ?:gfng?)ﬂxgdng& g’r@qucrgcrtg&sqg vent s

whi ch are shydrepsrexigde and,sif appropriatee 88 Surpotensalyraty adudhi ane. suitablenfor pr ocess
of the presgiforina¥&RilyqR thdtesii@hence is given to introducing a feed stream
conpri sing hydroperoxide, the organic conmpound to be reacted and at | east
one suitable solvent into the reactor or reactors of (Rl). A streamin

which the 1B hepesdtes af tRNSre@nt iRniid ipréféttate GOSREN &N titrddlicinba fbdeam are
sel ected so that the, .streamis l'gl!n“d and consi Sfs of a single phase is

preferred. THCaAamRIpingRydrepesexids, dhe,orgapic compaupto be repcted adypideast| di ¢
Cﬁrmound oronaaéI suiRbRt st;)mﬂmg ime J[thhé Qéacﬁﬁrl”]ﬂ?(l?ﬁlﬂoﬁrofa(mﬂ).xhtﬁtﬁaﬁlf inf WRicBrtheor e of

t hese npounds nmay be added to the feed streamprior tq introduction
into a %eac(fod]rcerbtfn&’%ﬂi?f g'ﬁr‘@ @}chﬂtgomgonems\pgﬁﬁ? Buﬁﬁhgﬁ?gie{ef’tfﬁ sé‘%éﬁ‘p‘g% a

basi ¢ conpostredm iEtigoid 2 cofisiktasf & singlephasds pesferred. hose nenti oned bel ow in
the context of the base addition in at |east one internediate treatnent.
20 As solvents, it is in principle possible to use all solvents which are
sui t abl e f ol desiged, rat dgpst one/basiceanpomd, By lehstrameceidis coginpeund droat leasanpl e, to
- water, 25.= I r rabl y_ al cohol s
havi ng | esso?%gélﬁggQélgpgﬁféféﬁg%‘%f%?p@(%%@%? r’t}l}ié%glc?mgg)ﬁtgd%orﬁ?y é?opanol S,
but anoll$, peddediothe feed gireans poer fsoinfrefluctioprintoes repttpr of\ER1)hBrefergndedss t han 6

carban at OMBiversth addtld) Friexatiplt, @%adl Ebripburll BRimplkChf BRKAoH SRR ! OXane,

1, 2- di et hoxyet hane, oxyet hanol, - esters - as netHyl acetate or
but yr ol act of@se Inentiogad helow iBhthgs conterdt of; the baseriaddition; e ehyeast onani de,

N- net hyl pyr frfré@ids treatment.

20  As solvents, it is in principle possible to use all solvents which are suitable for the
respective reaction. Preference is given, for example, to

water,

25 — alcohols, preferably lower alcohols, more preferably alcohols having less than
6 carbon atoms, for example methanol, ethanol, propanols, butanols, pentanols,

— diols or polyols, preferably ones having less than 6 carbon atoms,

30 - ethers such as diethyl ether, tetrahydrofuran, dioxane, 1,2-diethoxyethane, 2-
methoxyethanol,

— esters such as methyl acetate or butyrolactone,
35 - amides such as dimethylformamide, dimethylacetamide, N-methylpyrrolidone,

~ ketones such as acetone,



- ketones such as acetone, - 12 5 - nitrites such as acetonitrile -_ @rSEP 2004
m xtures of two or nore of the abovenentioned conpounds. Preference i

given to using nmethanol as solvent in the reaction of hydroperoxide wth
organi ¢ conpound. The hydroperoxi de cohkentrations enployed in the feed
streamor streans are 10 preferably in the range fromO0.01 to 10% by

wei ght, particularly preferably fromO0.1 to 9% by weight, nore particularly
preferably from.1l to 8% by weight and in particular from5 to 7% by

wei ght . Dep‘en&i%&séwll%éc?'@%@gature chosen for the reaction of the organic
conpound 15 with the hydroperoxide in (RI), it may be useful to preheat
the feed stream or str?ams prior to entry into the reactor of (RI) in the
process of Th&T BruEs el twegemeres therphovementioned cemppindsy from (R 1) i s
conveyed in at |east one product stream (Pl) to 20 the internediate

treatment (J1). Wii.le, as described abov al.l suitable internediate
tr eat mont s BIFteTeRS s Elvah e SR melinolRS v et et GORRIONAE ¢ he
process of witkofgaakewmpoand&nti on are preferably processes in which
unreacted hydroperoxide is separated froma product 25 streamresulting

fromthe reaction of the organic conpound with hydroperoxide or in which
base i s addBat hpdrapgrondectonsentmtioms 8MpByedduocthelifegld yireanher psteamutaré nvent i on

al so previ Ch | j (W
e or ) o Brefcraty B BRalige BGRCO0DES 180K welbn Mty pERRINIGIOL | o,
one product0-4£¢ 8&nby yeighit mprezparienlasty prefesally fitoom 1 66 8% by seeight and p oduct

stream As ﬁ@g@lﬁgs&&ﬁgtgq%gg,%ig?{_ base, it is in principle possible to use
all suitable procedures. Thus, for exanple, the base can be preheated
before addition. - 13

Depending on the temperature chosen for the reaction of the organic compound
15  with the hydroperoxide in (R1), it may be useful to preheat the feed stream or

streams prior to entry into the reactor of (R1) in the process of the present
invention.

The mixture resulting from (R1) is conveyed in at least one product stream (P1) to
20  the intermediate treatment (I1).

While, as described above, all suitable intermediate treatments are conceivable,
intermediate treatment stages used in the process of the present invention are
preferably processes in which unreacted hydroperoxide is separated from a product

25  stream resulting from the reaction of the organic compound with hydroperoxide or
in which base is added to a product stream.

Accordingly, the present invention also provides a process as described above in
which at least one intermediate treatment is

30
- separation of the hydroperoxide from at least one product stream by distillation
or
— addition of a base to a product stream.
35

As regards the addition of base, it is in principle possible to use all suitable
procedures. Thus, for example, the base can be preheated before addition.



Li kew se, the base can be m xed with the product streamin a suitable P 2004
manner during the addition. As bases, it is possible to add all suit%é?
basi ¢ conmpounds. Particul ar preference is 5 given to using basic conpounds
whi ch influence the reaction of hydroepkYoxide with the organic conpound in
a desirable way in the process of the present invention. If, for exanple,

zeol i tes argikbpd 3 YRk AIREAS Gt M PlodlucfrealPRE Y &%lb%ﬁﬁfc il

bel ow, then_preference Is given to using basic conpounds reduce the
acidity of quibgdheadlifionss. “10 For exanpl e, ammoniumsalts, alkali metal
salts, espeC| ally lithium sodiumand potassiumsalts, and also alkaline

earth netal Elts are Cingelv bl e. .The anj ons of these salts include, for
exanpl e, hals Bases.dtispoasible e add albsuiteblediasicicomponnds: Bariculag prefererce s

hydr oxi de delﬁwqasmgq;aa;@lwﬁqmﬁdmtmhﬁﬂm&noe fhe Seakition, ofaRydropyxidénd 15
tin-contai wﬁ@ ﬁCI ds g B hl or hos hat am%;drog%fn&go%krphate

di hydr ogenp¥ted ﬁtoégﬁ’é‘fsc ARPEG R & %ﬁﬂ‘i‘?ﬁ 1ethe §S40hr mat e,
acetate, hipderngmnddr femnakangle, easitenake Beé & hmemg@ﬁaju\sabd éstE’aEaﬁl cul ar

h b d k b
Codi um yc SepeE R Rl MRS B Eiaa e SPEPORERED veak

bases whi chreduge the acrdny obthesk zeotitesf or exanpl e, ammoni um hydr oxi de,

car bon tes, hydr ogencar bonat es and hydr ogenphosphates of lithium sodium
and potassium e.g. ammoni um hydr oxi de, sodi um carbonate, sodi um

hydr ogencar bemexample, powraersimnsatts,r dlbala netal |saltd i especiadlyblithatne, sodotnagsd um

hyd
ydr Ogencarg&ﬁﬁhﬁn shitd Bhd! 3§u&§ﬂé Q%Q‘Eﬁlgga? gﬂ?shgs cBRleRRBle Ff'{]c aniopgof

hydr ogenpho salts car wgq fro
atons, e.g. thawaalts mglude, @aqugm@}c, élaké@& sisheasr eiomds and dsomideonitratg, koxi des

of al cohol sghayd BYhjdreRidd ah@ a8 tﬁé”aﬁfbﬂs OFf PHSsphBn:, ANR-] Ainftt Apget 2l

al koxi des. 30 The, anount .of base added can essentlal I){1 be chosén freely for
3

the purlfoselnspniaiing prasidsss &8 t merileraient Phosehats. on hydiesenphosrhattat ched t o

the respect dih?dfo@ﬁbﬂlfo@;ﬁfﬁtﬁ arsendté @hE§@MELe. Gihé anisns sGcpgidfoRtiate Uscltatd) anount
nore preferably hot nore than

of base that not nore
5 mol of bé%‘SOg%WE?fFQFF?gWaé?%"Fé%lofoﬂ'iﬁlva%re than 2 mmol of base and

very particularly preferably less than 1 nmol of 35 base, are/is present
per ol e of Pﬁ¥i‘éﬁﬁPﬁ{eﬁéL€ ?n‘ay here be made of strong and weak bases. As strong bases,
20  sodium hydroxide or potassium hydroxide, for example, are possible. Weak bases
which may be mentioned are, for example, ammonium hydroxide, carbonates,
hydrogencarbonates and hydrogenphosphates of lithium, sodium and potassium,
c.g. ammonium hydroxide, sodium carbonate, sodium hydrogencarbonate,
potassium carbonate, lithium carbonate, potassium hydrogencarbonate, lithium
25  hydrogencarbonate, potassium hydrogenphosphate, salts of carboxylic acids having
from 1 to 10 carbon atoms, e.g. alkali metal salts or alkaline earth metal salts or

alkoxides of alcohols having from 1 to 10 carbon atoms, e.g. alkaline earth metal
alkoxides.

30  The amount of base added can essentially be chosen freely for the purposes of the
process of the present invention and can be matched to the respective requirements.
Preference is given to adding such an amount of base that not more than 10 mmol
of base, more preferably not more than 5 mmol of base, particularly preferably not
more than 2 mmol of base and very particularly preferably less than 1 mmol of

35  Dbase, are/is present per mole of hydroperoxide.



- 8 SEP 2004 - 14 In the context of an internedi ate treatnent, pref ﬁgﬂ’cﬁﬂh
Is |ikewi se given to renoving hydroperoxide froma product stream

this hydroperoxide is unreacted hydroperoxide fromthe preceding reaction
stage. It is also possible, in the coltext of an internediate treatnent,
to provide two or nore separation stages 5 which may be arranged in

paral | el orgapd béeg" bSn méelﬁalgfe ﬁ%atﬂrelrlgggfgre&{ce ist 111(&1890@9&4 ygbl e, for

exanple to Separate unr eact e roper ox romthe prece reactlon
stage substramoving hydrepsrpxide fmrodmtrocatcr shrame dthers ﬁlglsrh)&memngdfr éaction

stage in 2 frritedRRREAbARe HoRdihedthedirh RhotdiAheeMslail RRGIHRERRT 21 1 0N

stage to Separate h operoxr nce fromthe reaction nrxture whi ch
resul ts af ttBe comextief %!usmﬁtim@rtrqamaqo P5OVIHG B0 FE M9XE SRPAEAPnStages

containg r eﬁlu@H%aWéjhﬁﬂ? a&hqiﬁraubﬂof/m B Q6R8SIn%f sdri¥8 dPRaR8&REnt! RYENT I ON,
rgper oxi de can be carried out I n_one or. nore

t he separation of
i nt er medi at@nEFiEakl ﬁeﬁf §xmedaﬁemateamrﬁras@ dydrapgroxide fromdhe pgesdingt hods of
the prior afehctionestege sibstahitiallys eoﬁpﬁel;hb@udt Gtresf Id!;lﬂﬁﬂ’% @ioin fis s@RAGMAL I ON

of an internediate

met hods in dlffere aration stagqges the c

(reatmont | fige 8 & ey ehalafios Slhed o pbfiat ShsoUBher SPouatin 31388 (9. of

separ at i gn ?epmam&?pelhfum e Ghaxste ﬁ'Bhethhyekcﬁﬁﬁhﬁxmﬁwhﬁh@és‘aitehﬁ&th? .

separ a (0] I STI a renents o e
o oo a8, Hboiid] v 3 hiftone?SRaRaHE P orkalfs reSiAnh RS

Preference IS given to using one di stlllatlon columm for separating off the

hydr oper oxi gank Brdte8ERANE LIy ShAGRgn ! e SABRIACHSE: RlabPGeRLERERbe

|nvent|on concei va separa
provi ded fo¢areed: Rusinaere ¢mmer; mtemhélatwtzlcanpentemnde:ansbemmcrhomw)oam It is

likewi se pogegdgée? mahbaseorq&@p%rad& G}Pé}é OR'ds aﬂso R8Ik 4B R{eoﬁﬁféwn‘? and a

pIuraIrt% at1on sta%_ to carr earatrons I'n ngl e
separ atli%on seppfstipnmathodsan di feaerﬁrsmaaatrwtaﬂesg@rm an@ﬁ Osftaagetsnmdeatprovr ded,

it is al so pegfeh, 9 iPNsIRREILIE] afhenBOROMIVR! Sor’ £IRIrhINY &I QpEAULE. tO
carry out two or aration stages in a single separation apparatus.

’
Accor di ngl ySta$etSt?gDaEHVt‘ dyeneral |y possible for a total of m separation
appar at uses to be provided for n separation stages, where 1 < m<_n. 35

Shoul d a Ui Bl 3SRALH 0"l L ORRSI L H% P BB e DpbRgg U et © LN
20 requirements of the process, separation in one or more distillation columns is
possible. Preference is given to using one distillation column for separating off the

hydroperoxide in a separation stage.

In the process of the present invention, it is conceivable for a dedicated separation
25  apparatus to.be provided for each stage in which the hydroperoxide is separated
off. It is likewise possible, in the case of an appropriate reaction procedure and a

plurality of separation stages, to carry out the separations in a single separation
apparatus.

30 If a plurality of separation stages are provided, it is also possible, by means of an
appropriate reaction procedure, to carry out two or more separation stages in a
single separation apparatus. Accordingly, it is quite generally possible for a total of
m separation apparatuses to be provided for n separation stages, where | <m <n.

35  Should a further separation of hydroperoxide be desired subsequent to the last
stage in which a reaction of the organic compound with the hydroperoxide takes



stage in which a reaction of the organic conpound with the hydropergﬁfﬂﬁjmm
takes - 15 place, for exanple in order to recycle any residual

hydr operoxi de, this is of course |ikew se possible in the context of the
process of the present invention. Intke-process of the present invention,
It is possible, in one or nore separation 5 apparatuses, not only to

separ al @t iitadly Rir QREMGI!iA Brdek MDA %g&éeﬁ&a[f@#léﬁérﬁggarmie of €afikd on_s!age

in which the organic conpound Is reacted wt nydroper oxi ut al so

t o separ at dikeWiscnossbledn Hicgonieat ebivp prasassorl/thapresdnt invigntiemct ed or gani c
conpound fromthis mxture. It is naturally also possible, after the

hydr oper oxi_de, has been_ separated off, to transfer the remaining reaction 10
product i nt!B the PrRcesiee! hepdFsent Biveniiom ihisuROSSINE: iR jORA |0 y1QNe SEPEEHOT or ¢ hi s

purposes angpifafises, tidt VAPA IR b&atAE the AGERPeRkHRMrSmCMENANRAte debidfige the
unr eact ed anic ¢ roduct.. In both cases, it is

onpound fro he réactjon
possi bl e, FHM ek JRHHON §38E IR ng"%t PE@B’("e&"‘g‘P% ds depptesligth ke or / and
t he unr eactgdropegaides bapEROURA sépardtd @hé refdal atdaalk apRpoRiddeand e t O

separate it/them.,off after the peaction. of the organic.conpouynd with the
hydroperoxilﬁléeaicggdcocfﬁﬁ“étcgmpw é?’@n T FVEHSP A58 P H’(B?’fathe

react ed or gheihydoopepodds has bebrrseparated 26ff,ptee fransfr ¢hd Sergaiviitiy teact@par at i ng
it off.i htl t hyd ide in t. ' ti

appar afs, fous dicl ahiber SRR bR etingalh RS e fPe 35 BPot .
to take of fandiibenedasepataterthe néacted oarpanio dompodrideorand thedinteacted pagatie t he
hydroperoxi&%ﬁom%?ﬁhgirégctmggﬁd;ﬁ/mﬁ side offtake. 25 In the process of the

present invention, I'S natur kew se possible, when using a
distillation unit as separation apparatus, to separate the hydroperoxide

fromthe nipHom BaseOlit W possibRl ds ﬁhféub?é_f%‘o E’Miecﬁihegrgfct&i)& e cofnpbo

hydr oper_oxi d? an [or the reacted organi ¢ conpound IS separated off in a 30
di sti | K&t i Wi the ynreacted organip compopnd fi the Hcteparalipn appargiseeard thyvent i on,

for any hi giephatd iitie@oBPORABE IhOT rehdtdnoXt e Cofgahide dompolid RHiddUss s in the
reaction of, the or.ganl C cgqgound wi th the hydroperoxide to be separated
of f at the DEIRSFOXiHE 1ScOmPIgte s hossible to | ower the bottom tenperature,

for exanple by addition of preferably gaseous, |ow boiling conmponents such
as the or gaRefrGRIRS W' o> Elphrating off Me FIATR eI LSRN RILREAG:
20  preference is given to separating it off in addition to the hydroperoxide in the
respective separation apparatus. In a separation by distillation, it is possible, for
example, to take off the reacted organic compound at the top and to separate the
hydroperoxide from the mixture via a side offtake.

25  Inthe process of the present invention, it is naturally likewise possible, when using
a distillation unit as separation apparatus, to separate the hydroperoxide from the
mixture not via a side offtake but at the bottom.

If the hydroperoxide and/or the reacted organic compound is separated off in a
30  distillation unit, it is possible, in the process of the present invention, for any high-
boiling components of the mixture formed as by-products in the reaction of the
organic compound with the hydroperoxide to be separated off at the bottom. It is
also possible to lower the bottom temperature, for example by addition of

preferably gaseous, low-boiling components such as the organic compound itself,
35  for example preferably propene.



- 16 Exanples of such | ow boiling conponents are hydrocarbons havi rlgq Egpgym
1 to 4 carbon atons, for exanple nethane, ethane, propane, butane,

or butenes: It is |likew se possible to use, for exanple, nitrogen or

argon. 5 1t is of course also possibteldn the process of the present

i nvention, for exanple in (Rl) or/and (R2) or in one or nmore further
reaction st ' 0 I ' t;h, t he
hydroperom%ga(iﬂ:fl{:g gfng%ﬁlEe)wwabéogil%ﬁé:de’P FS ar? ura gg%&ﬁ lhw‘b

hydr oper oxi eheorn aioies, fos exarhple mdﬁl@nueeethaneo propat)e, Ibrutame,pttthuw arthuterfes.dt gani ¢

conpounds aRikehicE sBB ik, BF RUBAPREAMLGSRSE T oact o0 W LD onG

another in the res ve Stages, rious®produtts resulting from the
reactions may be present |n the m xtures or product streamnms resulting from
t he re%pecwle@fé&egetm 9E5: thé brdBESET thE resantlﬂveﬁuaﬁ%gamﬂplefﬁ by
distillation 1n th ectlve se aratlons It e necessary to

provi de a pﬁl‘ur)aarlaﬂ? (B?) QI'Smd‘P@t 1 QEe @ﬁhebrqaﬁﬁt@ stagest F‘i’ef%@pﬁiphﬂﬂl@h of

Li kew se, &%aﬁ@péﬂrﬁ’ﬁduﬂﬂs Qfitt? th WydtdpbioxRle. IPXQVI%%&Xb&?c'éwfaEE”}'&hE m xture
by dlstlllatlonc rraelt necessaﬁgﬁtoe a plurality of

di still ati oPlurity, dreperoxddesita ge yp FEhf-'CTS?ﬁS’GBnd is also separated off in
such a distillation stage the 20 distillation is generally carried out in

such a _way at_ at ast 50% er abl as 6 re preferably at

| east 70% BJ;? Sl P Oﬁwff(épgepwﬁ S, 2 iobao! b PREOXIdES LA r | y

Fr ef er abl ydfemt:ﬂee adth &Ct%noﬂicr tif éhe' REpdcede et{a_gam w_ﬁn@.c;srmef dtmsblre‘sultmg Frﬁfngt edt of f
roma prodyct stream eparation is ef era rei out so
that a liqu 8 TR i‘Pﬂ? gla& ?%PH&%‘E@IE r°5;?e?dé§f gtéeafnss rgﬂ'}ﬁ‘?%ﬁ tg It is
possi bl e forespdwﬁvﬁychctxperstages:idf tent ateninntum separated offtbyc thistiRationpiarthe ed of f

to further e

conpound an reac L‘%{ (E: (’l:toiﬁgju 8%%&%@ f[?‘lg nrH ige %(—:qurr? lbgggerom de.
Li kewi sk tﬂetlmtmcémms ﬁm b scpaenayxdidgmnmthlesmathnrﬂg phiealitg®f

separ at ed OB{;drbﬁerB:lh%é&H Wnﬁhﬁ}{'@{ Ef?funr:g(oh%%n%%eﬁpﬁééé 52»%3 eﬁbl&?){ be

required. If reacte orgam C I'so separ at (11),
this separ aP]“&H“YPF@ﬁV alionerlunns; qui d m xture or a liquid/gas mxture is
preferably obtained, results in a streamconprising not only the reacted

organi c co und pssi bl | so the 35 unreacted grgani ¢ conpound
ang / or smaIrT teadh pgag;c X 8 is alsq separated off in such a d?stqiatlon stag(rar,p the

20  distillation is generally carried out in such a way that at least 50%, preferably at
least 60%, more preferably at least 70%, particularly preferably at least 80% and
very particularly preferably at least 90%, of the reacted organic compound is
separated off from a product stream (P1).

25  The separation is preferably carried out so that a liquid mixture comprising the
hydroperoxide is separated off. It is possible for the hydroperoxide-containing
mixture which is separated off to further comprise, for example, small amounts of
unreacted organic compound and/or reacted organic compound in addition to the
hydroperoxide. Likewise, the mixture in which the hydroperoxide which has been

30  separated off is present may further comprise any solvent which may be required.

If the reacted organic compound is also separated off in (I1), this separation, from

which a liquid mixture or a liquid/gas mixture is preferably obtained, results in a

stream comprising not only the reacted organic compound but possibly also the
35  unreacted organic compound and/or small amounts of solvent.



| f, as described above, the separation is carried out madrstrllatrog
unit and high- boiling conponents are separated from (P 1) at the bot E;RZUUL
this separation results in a stream conprising the high-boiling

conponents, which may, for exanple, belby- products of the reaction in
(R1). 5 1f a fractional distillation as described above is carried out in

the Interwqulet&scﬁﬁeeg%tbw@tmé atA'is CattieB CAFHFA dRiNIERNPudilldd KD De fed
to the sta or

nrc (640) oun ew se reacte th

hydr oper oxi ma@maﬂneess&ﬁﬁawara@ draa(Rh) a thechatioppihiy separgsiongeswfs in

hydr oper oxi fgreahi &gt %ﬁéﬁﬂpa{ehtscaaﬁmh% ?&e&ahﬁylé 'E@b age (R2)
I n which thi sgﬁﬁﬁﬁgeroxrde |s reacted "w th organi ¢ conpou organrc

conmpound orP™® & 1626HOR WelRd).can be identical to or drfferent fromthe
or gani csconpound which was reacted in (Rl). Preferably, the organic

nCR2). e DiGENRTE iSRRG A SFrRBAIPPE FCHTEH Gpbrb R GRRSHS has been
(PiD) con ?*‘fa“ﬁ‘m‘“ﬁ?‘é‘é"c““‘@‘p“”“;ﬁmc oo v ‘“’L“;‘Zg‘é"eﬁﬁmﬁ’é%;‘?’*ﬁf‘éﬁag‘ff
i Si u

In addi trrrpo?f ?’B WEB%“@E‘F%& ef%&éﬁ&%ﬂ&éﬁ”ﬂ $de or further organic
conmpound or both further hydroperoxrde and further organi c conpound can be
5l el I, ol ) AR, i o
hydr oper oxi @emted off mbeqnassndnothmstager(&bmhmh lthis hydropérokiae és md:tedbeen_ used
s S0 Bl ol eipodtP 100Uk LGl donh ARG By per o o
excl usi vel yldgntiqal fouOf Mﬂmtg&w@e@mmmmmdawhmhemr@am@ 1125Rb)orrpound

i s reacted weté}am?rdﬂrep@r g Smpbtiad REEATR R1) fs 4150 BePinPORS) ?shhgas Ceen

product stream ri sing unreacted organrc COﬂpOU

separ atléd o'FqncF’Halb‘é o% LR tha produsthitesem (Ribcomprisinghydiapersideoxhige and

reacted W h{s béen fepsanaesmxd de- br&Qghl: findB YR e wai ﬁimrslﬁ&ﬁrcatseeb:ﬁr om (P
1) in the |@,tSI rmedi at.e treat ment a parh g_@?rly preferred enbodi ment
of the procEdd) e9mprsing uareacted; FQ)‘H oyndnhich das theam serprated offadR one

st ream ( P11)dditemtd mewswwmﬂmrw&mmer@smet oigeﬂia doddfoufd orn (RI)
e 'F‘JZ‘)S " O S Bhentie O A e et B e g T3 0 2T
20  The terms “further hydroperoxide” and “further organic compound refer, for the
purposes of the present invention, to hydroperoxide and organic compound,
respectively, which have not been used in stage (R1). Likewise, a product stream
(PI1) comprising hydroperoxide which has been separated off can, in (R2), be
brought into contact exclusively with further organic compound so that the organic
25 compound is reacted with hydroperoxide. Furthermore, it is also possible for a
product stream (PI1) comprising unreacted organic compound which has been

separated off to be brought into contact with further hydroperoxide and reacted
with the hydroperoxide.

30 If hydroperoxide is separated from (P1) in the intermediate treatment (I1), a
particularly preferred embodiment of the process of the present invention
comprises feeding at least one stream (PI1) comprising hydroperoxide which has
not been reacted in (R1) and has been separated off to the stage (R2) and bringing
it into contact, in (R2), with organic compound which does not result from (R1)

35  and is particularly preferably freshly introduced into the process.



35 and is particularly preferably freshly introduced into the process Pi}ﬁb
As descri bed above, it is conceivable for various processes to be errpf? 8§e
in the internediate treatnent (11). Accordingly, for exanple, it is
possible to provide at |east one sepakfati on apparatus and, in addition, at
| east one addition of base in (I1). 1In such an internediate treatnent, it

i s possi bl ens AQEBPLIIVE; it ﬁé’éon‘d%rﬁ@l@tf@fjvﬁidﬁ)ﬁﬁ&%%egﬁ de e'h@rltgga iRpduct

stream (P 1) to he separated from (P 1), resulting in a uct stream

(P11) conpriisTRgdidg drapesms (Hdehcqasdinghys &or erappledidis postblerp proyide alict

stream ( P11daspbfk éephratibe apRaitub bl i8NG R fdastSdre 8AMHOR b ba&O )Si Ng
%ﬁ p R2) . 18

hydr oper oxi_.de apd base to assed to.the reaction stage | f

e ge_(

organi c corBothfl % Wté%ﬁdéﬁevﬁ'ﬁaﬁnFWdr‘bb%PBﬁ@% for EXAPIC.H {RIr BYEASSd de whi ch
1% "rL gt Bscsnaren it syl s (1)
hydr oper oxiRIRAut 5FFeam (HIL) comprsigg c1q PR besg fo g pdledplootlss of the
present i nyrodicortrear (PHeddrfablthe esoisiag mew pﬂ&aﬁcttdﬁ%ai?ya’ﬂp]oﬁﬁﬂﬁﬂisﬁ@g _
ange. 1 om B ERRISRLIR: el BT 5 bR 5ol n  he range From 85 to
94% Furthernore, pressure, tenperature and residence tinme of the reaction
m xtureasi n : . ' r ul.t.lsng from
the reddti ofggf’%a:’fﬁﬁ?@fﬁgég mwfﬁﬁiﬁi f‘%é‘fg?m@‘?%i‘ﬁmﬁﬁ%s Sur es
chosen ar e kpemet bednyreacied e separ on rte e bar,

referably i r; 7 Oﬁlégn?@ r . ;
Bart i cul a?llh&(ﬁ?ﬁe}?gr@& pr?ﬁ?]_he r_anagﬂ_ ro%lgz‘gg%?ﬁ%ﬁ%&%rl@??urg _{%XI%?) bar. 25
The tenper a%ﬁﬁeeﬁ’ei rgagtem) CQi\dém@éﬁ@I(gﬂ) in the nrpeess g dlee presentgnyentiop G

preferabl y freferdtip cn@daa%oftha%é@lyaﬁgé&%e AT ErsidR 6 %}[eﬁ'&hﬂ)égrptﬂehﬁné@nge from

ly in the range Trom to 80 30 The

20 to 90C and rticularly prefér

concentirat i‘g?f"o?@ttﬂeg%g/f”gaw ‘Efa@hﬁnlﬁo@ﬁdrapée Heom S0t 4i55° andpata#l:, chosen
so that t hepreferably frbthe earfpl fong 8fteco42@npound to be reacted: hydroperoxide is
in the range fromO.7 to 20, preferably in the range from0.8 to 5.0, nore
particularly preferably in the range fromO0.9 to 2.0 and in particular in

t he range f¥FwthetmOre; presgurg, temperature and residence time of the reaction mixture in

(R1) are preferably chosen so that the mixture resulting from the reaction is liquid
20  and consists of a singie phase.

The pressures chosen are generally in the range from autogenous pressure to
100 bar, preferably in the range from autogenous pressure to 40bar and
particularly preferably in the range from autogenous pressure to 30 bar.

25
The temperatures in (R1) are generally in the range from 0 to 120°C, preferably in
the range from 10 to 100°C, more preferably in the range from 20 to 90°C and
particularly preferably in the range from 25 to 80°C.

30  The concentration of the organic compound to be reacted is, for example, chosen
so that the molar ratio of organic compound to be reacted: hydroperoxide is in the
range from 0.7 to 20, preferably in the range from 0.8 to 5.0, more particularly

preferably in the range from 0.9 to 2.0 and in particular in the range from 1.0 to
1.6.

35

In (R2), the concentration of the organic compound to be reacted is then chosen so
that the molar ratio of organic compound to be reacted: hydroperoxide is



35 In (R2), the concentration of the organic conpound-to be reacted IE?SIEFbﬁ]ﬂh
chosen so that the nolar ratio of organic conpound to be reacted:
hydroperoxide is - 19 preferably in the range fromO0.7 to 20, nore
preferably in the range from0.8 to 5.1 - particularly preferably in the
range from0.9 to 2.0 and in particular in the range from1l.0 to 1.6. In

this case, t erature
and 5 resﬁgence mg%nggf?g%éegé zgﬁlﬁ{rsrlée etg}é‘)vﬁﬁéﬁﬂ%gésuéﬁo§ ?B’

hydr oper oxm:aétICUéa;lwmeﬁﬁrdﬂs ipfthecrange é‘ogbﬂé?rtalz § and, in particalagén dfe rang®0%
preferably %.&ntlhﬁorla?ge of >- 92% nore preferably in the range of > 95%
and partlcu arly preferably in the range from95 to 99.5% are achieved.
10 Here, tHa thisesasar B terefianin (R2)gisnearaed pus At & HressHIcy deMPEAEL ARG enous

pressure t QesidQebame Bfetherémﬁbn' ik e BRI &&Omcﬁuuﬁngﬁpe%ﬁaéure to

40 bar and partjcul arl preferabl In the ran&e from aut ous pressure

to 30 bar. W&ﬂﬁ@%mmwsgeaﬁrél )géhtéweawge of2 P%, peederably b therange eboC,

preferably 3 92%hﬁloré§rdféiﬁgl% a8 rddlet of 199% andpLtidN Sl pREYbIyIntthe range
from 20 to 90C 80C.

particul arl ferably in the range from25 to
The remden@@g‘igﬂ’é‘sg S P e/‘L’l é‘%&‘%’ﬁgm xture in (R) or/and (R2) can
essentially be determ ned without restriction and can, for exanple, be

mat ched .to esired 20, conver si on .as, described above eneral, the
e 1 odg § e stE et Chfen 461 penerlydiip, Fnge 00 acloggnous RSEr Ib y' | eog

than 1 hour1@risirpgréferablyarihy ther edrggealfioyn alsp¢holalpressirehauir 40 g dréceri bed
above, the t resent invention can_co at | east one 25
further i nt@%ﬁé@?@f glre{qrgbjyﬁéﬁ[e Tihge £1gRenoyS Pfeff ngﬁﬁjﬁgt’arr east one further

reaction stage in addition to (RI) and (R2). In a particularly preferred

(R “ang (FOhE SrueAEES Rl bel PP Yanb ERER 038 CAPE, pRASRBTIE bET 7 200
i nt er medi at enge deamarel: 10( 189"(1 rmoxghprsferahly ani the ardniged froam 20ntoe POt iand e

treatment (ddicihig alméq'ﬁ gﬁqhg)%g%?mlz?w gfecseparated fromthe product

stream (P2)" and a Teactioh stage he present invention accordingly
provi des a process as described above in which in the reaction stage (Rl),

hydr oper oxi @Re tegideBeetimes ¥f the redctid nfixfRERPENY drfand (R2) can essentially be
determined without restriction and can, for example, be matched to the desired
20  conversions, as described above. In general, they are less than 5 hours, preferably
less than 3 hours, more preferably less than 1 hour and particularly preferably
about half an hour.

As described above, the process of the present invention can comprise at least one
25  further intermediate treatment in addition to (I1) and at least one further reaction

stage in addition to (R1) and (R2). In a particularly preferred embodiment, the

process of the present invention comprises reaction stages (R1) and (R2) each

having at least two reactors connected in parallel, an intermediate treatment (I1) in

which base is added, an intermediate treatment (I12) in which hydroperoxide is
30  separated from the product stream {P2) and a reaction stage (R3).

The present invention accordingly provides a process as described above in which

— 1in the reaction stage (R1), hydroperoxide is reacted with organic compound in
35 at least two reactors connected in parallel in the presence of a catalyst to give at
least one product stream (P1) comprising unreacted hydroperoxide, unreacted

organic compound and reacted organic compound,



35 at | east two reactors connected in parallel in the presence of a
catalyst to give at |east one product stream (Pl) conprising unreacfe%SEPZWL
hydr oper oxi de, unreacted organic conpound and reacted organi c conpound, -
20 - in the internediate treatment {120) - base is added to the product
streamor streans (Pl) to give at |east one product stream (Pl1l), 5 - in
the reaction stage (R2), unreacted hydroperoxide and unreact ed organic
conpound present in the product streamor streans (Pl1l) are reacted in at
least two T ebcthsr itermedwts Bgatmenp4H base isoadgied doathe | Rraduct ofeamr oduct
stream (P2)  ofaR{s (PIYY gVt RACALohdPHARSHEah 811),10 - in an internediate
treatnent (12), unreacted hydroperoxi de is separated by distillation from
t he product streamor streans (P2) to give at |east one product stream

(P12) conpri simeheWAEGRE A echQ) amﬁeactwﬁngé@meoaﬁddmmap% gdnit: t he
pr oduct stream or streans | Ptg? {I s reacted ani c, conpound in a

reaction stagEPTPREHNdRIessRY, oy ek SISAB 95 SHEYRS (Plél ?:ééﬁﬁ‘c{‘ﬁ%‘}‘ Hgast in this
process, basetws readttes cofindcted mnpﬁﬁlrmctbagee taf @gdsiené produkt sirégn ()

procedures are possible i One preferred nethod of carrying out
the 20 internEdt B?%"@P@ﬁ?%ﬁydg?ﬁfgo’f‘ge’to add base separately to each

product stream (Pl) so that each product stream (P1) results in a product

t Pl 1 t. f duct st i nt
et L 0% eS8, R BB et 1L 7
one in which distligicadiiom the prodnat s(rﬁampratr@msc(d'riﬁ)tmgdeubleﬁnrome@rcziungl e
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(P D) 1 vi o (1 ity INSREHEFAT L 172 "again pr of e abl

reans which are, again preferably,
each introduced into a different reactor of the reaction stage (R2). Here,

ina further peeh 55&;@1&@%3@&% the o M@&Eaxﬁforpefe%kerbm G@isy I N (RI)

corresponds to he nunb araIIeI reactors in (R2) and’‘therefore the
nunber 18f st MAENYEANE &omp tha reachian sfagst(R3x ke eprela)t lpast @ng jpaedpct
corresponds t etrédne(@yynber 30 of product streanms (P 1) resulting from (RI).
In a preferred enbodinent, the distillation step in which, in accordance
with the above-described preferred process, unreacted hydroperoxide is
separ at ed fipin e prpeesslubisesisr akled dn ther memmedi®R) trestmear (11¢dtedtali n such a

way that, Sp}gyé(ﬂrésmﬁeoﬂossible in principle. One preferred method of carrying out the
20  intermediate treatment (I1) is to add base separately to each product stream (P1) so
that each product stream (P1) results in a product stream (PI1) and to introduce
each of these product streams (PI1) into a different reactor of the reaction stage
(R2). Another preferred method is one in which the product streams (P1) are
combined to form a single stream, base is added to this single stream and the
25  resulting stream (PIl) is divided into a plurality of streams which are, again
preferably, each introduced into a different reactor of the reaction stage (R2). Here,
in a further preferred embodiment, the number of paraliel reactors in (R1)
corresponds to the number of parallel reactors in (R2) and therefore the number of
streams into which the product stream (PI1) is divided corresponds to the number

30  of product streams (P1) resulting from (R1).

In a preferred embodiment, the distillation step in which, in accordance with the
above-described preferred process, unreacted hydroperoxide is separated from the
product stream or streams (P2) is carried out in such a way that, should two or
35  more product streams (P2) resuit from (R2), these are combined to form a single
stream and this single stream is fed to a suitable distillation apparatus, as described
above, preferably resulting in a product stream (PI2) comprising hydroperoxide.



35 nore product streans (P2) result from(R2), these are conbi ned tqiﬁﬁﬁﬂﬁh
single streamand this single streamis fed to a suitable distillati
apparatus, as described above, preferably resulting in a product stream
(P12) conprising hydroperoxide. - 2% 2ln-this preferred enbodi ment of the
process of the present invention, the pressures chosen in (R), (R2) and
(R3) are generally in the range from aut ogenous pressure to 100 bar,
preferably_in.the range from aut oggnous pressure to 40 bar_ and 5

par ti cul ar 1§ this Breferead smbodiment of thegBropess Af Ak prgesmt inyeptien dhe BresBIre0 bar .

The pressih@enGA(RNE(R2PMA(RS) SREnEAIRA e hEACHbRAMUNRESNS REssuie
pressures in t@eqaéreg&tlon stages can_be different. In this preferred
t 10100 hap B

ermbodi men pblyel the fausy, fromo putggenougapressuee tQcdtbas #d i n t he
range fgsomplrticalaiiZOfreferaint eimathey range tiiem r AnGEenbid PHrekGure 0to1 80 6ar. Tk nore

preferably in the range frogmz20 to 9 and .particul ar referably in the
Pnge. 11 omPoAstgS sht hete,be B8, e o, ll 3 FERR sbdef of e olieiner, it 5
reacti on gsetatjen staped dan Healiffeestt ures in the reaction stages can be
different. { hi ref erred. enbodi nent . the con traton of_the organic
conpound tc%n&g}s Jp_gefgré%d;tegg:ogﬂn%% %fenf e%s(%fﬁ 3 @gbeﬂde Johat t he
mol ar r at i @enéraldy guthiecangenfoom idtot l20BE, prefecabdylin thedangrefromi etoi KOOPCef er abl y
in the,pan r 0 |V qi 8 to 5.0,
parti capar ?‘3"%?@ g%géf %/IPP% liaﬂ%érrﬁ{a)ﬁlggé %; ?g‘;@(ﬁxg ptrzllf)t;cg&éfygﬂr}g&f%bﬁggé th?ccuI ar in
the range frange from 25to18@°C. fihe temperatiresseannipdraibe thaisaros in all GRiepctiqrR2)  and
(RS) can baidgden he thmfratlich e Hactia stifed BhboRfGEA! °d enbodi ment, the

reaction in (Rl) is carried out at a preSsure, tenperature and residence
time of the reaction m xture which are such that hydroperoxide conversions

whi ch are gfnBisgireferied dnttddirAéfietRl concerR@¥on RTahebfdinic cohipdlid fodke of >_
60% npre pref%}abl m@Se ra&%% of 2 Z?g%aﬂg particular|ly _25 preferably
in thelPand&@Hhm 161} JREYANd ) e riclssted. sa that Hhe mplat sticeal GRE ment ,
the (r]I eact i quﬂpbu?cRibh bé seacrds hpttopsrbxide i?ﬁfeﬁaﬂy i the tfﬁﬁg?ﬁ-bﬂi @I.Ugo aod g
resi dence tj of - t reaction m xt ch_ar uch.t hat . r oper oxi de
conver si onsfn‘gﬁ%ipcfﬁfe "P@’ H’eﬁ'grrﬁ?gilg?ﬂ q{ggo é’ént?flﬁ‘ﬁ]? %ﬁ%ab& i B%JBP 30 in
the range dfom 0.986%2.6r0d pepdrticuiirnitie rangé doabl .9 to 1.6 Tac respeetivermotaB? t 0
93% are aghiEN]RY), (R2) and (R3) can be identical or different.
20
In this preferred embodiment, the reaction in (R1) is carried out at a pressure,
temperature and residence time of the reaction mixture which are such that
hydroperoxide conversions which are generally in the range of 2 50%, preferably
in the range of > 60%, more preferably in the range of 2 70% and particularly
25  preferably in the range from 70 to 80%, are achieved.

In this preferred embodiment, the reaction in (R2) is carried out at a pressure,
temperature and residence time of the reaction mixture which are such that
hydroperoxide conversions which are generally in the range of > 80%, preferably

30  in the range of > 85% and particularly preferably in the range from 87 to 93%, are
achieved.

In this preferred embodiment, the reaction in (R3) is carried out at a pressure,
temperature and residence time of the reaction mixture which are such that

35  hydroperoxide conversions which are generally in the range of >98% and
particularly preferably in the range from 99 to 99.99% are achieved.



In this preferred enbodinent, the reaction in (R3) is carried out at a
pressure, tenperature and residence tinme of the reaction m xture whibchE Padld
such that 35 hydroperoxi de conversions which are generally in the range of
>:98% and particularly preferably in 2he range from99 to 99.99% are

achi eved. - In this preferred enbodi nent in which base is added in the

22
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o det a1 ARk ontanains bRAEn uithorifl SaE¢ 805w Seefb hE saind BORBLCOC o
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reactors are all conceivabl e reactors_which are best suited to the
respecti ve compauad ds feacted miththydraopseqxéds in(R 1), ddroperexiseds separated effan pr ocess

of the pr es@iy ardtptié 8fimpduniide feaoied 43%hyARpelhige inRBE 2 Single vessel

Rather, it is also possib for exanple,” for a cascade of stirred
reactors to be used as reactor in (RI) or (R2) or a further reaction

stage. Prefpssgibicrenstott ar@ll EGnceRiable rEAKAS wheth dreBEst QiiibedAs th&RSp&RiSe i N t he

process of the.present invention, 15 Accordi ngly, e present invention
al so pridvi dtact “ﬁﬂ‘bﬁ@s‘&s%nﬁe@é?t}%ééﬁg&f;g&éhqﬂ c%ﬁPgﬁ‘cfﬂfﬁéﬂllﬁéﬂ’t}O@aﬂ ors,

prefer abl]y t‘eﬁﬂbh&dsemiot haveerd-teearsiniglaceseh Rlaﬁfee, iufs]fdﬂscﬂﬁossibﬁ?ﬁrﬁﬁx&np?@ I'n the
process o e present. j.nvention rticular preference iven . to

i sot her mal k i -%&?tfrsbﬂﬁ‘&?%{)%fdgﬁe L aﬁrr&?‘g T @ﬁﬂgémgﬁa gani c
conpound i sreaetiat stdge. \Hreferdmyel i gaenxo dsingnfiXddiedorcaciod {sR2actodst inatie

hydr oper oxi i ff in an internediate treatnent. Adiabatic
fi xed- bed rgﬁg?opgggfpgg%%gﬁggrggny used when hydroperoxi de whi ch has not

been regdcted in (Rl) and has been separated off 25 is reacted with organic

d, f | : .| : ' ' refore
o ot ovi gce AR, T Brescifininsiof e HroyidEcs BRERETs MAKAR b1 °) O
reactors coMicht ﬁ@tﬁbﬁ%éﬁaator%mrefambbpeﬁoatmhl fipprhbed meactony ae usedast one

adi abatic fxe@drded reactor. 30

20 In the process of the present invention, particular preference is given to isothermal
fixed-bed reactors which are preferably used when an organic compound is reacted
with hydroperoxide in (R1) or/and (R2) without hydroperoxide being separated off
in an intermediate treatment. Adiabatic fixed-bed reactors are preferably used
when hydroperoxide which has not been reacted in (R1) and has been separated off

25  isreacted with organic compound, for example in (R2) or in (R3).

The present invention therefore also provides an apparatus comprising at least two
isothermal fixed-bed reactors connected in parallel, a separation apparatus and at
least one adiabatic fixed-bed reactor.
30
In particular, the present invention provides an apparatus comprising at least two
1sothermal fixed-bed reactors connected in parallel, at least two apparatuses for the
addition of basic compound, at least two further isothermal fixed-bed reactors
connected in parallel, at least one separation apparatus and at least one adiabatic
35 fixed-bed reactor.



In particular, the present invention provides an apparatus conpri si ngadgép 2004
| east two isothermal fixed-bed reactors connected in parallel, at I

two apparatuses for the addition of basic conpound, at |east two further

i sothermal fixed-bed reactors conneetZd in parallel, at |east one
separation apparatus and at |east one adiabatic 35 fixed-bed reactor. - 23
The fi xed- fil = b ctors or
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appar at us f given @AgingheBand 2ebered@brisGn CRIPAMTH2 Y irid tuBe Fosdiopiar(Rz).de.
Hydr oper oxi des whi ch can be used in the process of the present invention
are all hydroperoxi des which are known fromthe prior art and are suitable
for the reaThe priesenttrivientidielildvg soprovidesfurulieiuse o thax apiires ffr réditifig an
hydropg.:ooxi des are tert-bﬂﬁﬁl gﬁdrogeﬁf oxi de and et hyl benzene

hydr oper’oxi EMGSOMROUEWIR A YaTeRgroXHle he “apove-cited SRI Report 2E

"Propyl ene Oxide". Here, tert-butyl hydroperoxide is prepared from

| sobut ane a - p ' 1S nar from

et hyl benzeniqu%%%’)%&g%wgbg@%éf gsfegﬁggﬁ g Eyog%é\%eoﬁ.rtﬁ%bgegﬁ}gm ﬁ{/ng’%gag?cﬁj%er oxi de
as hydr oper bydreperpxideswhish asdmownnfirero dbsprioxacioandi angsujtabletfer theaeastion

i nvention a{,&gmg&ghﬁggoﬁ Bifcess as described above in which hydrogen
peroxide is used a y roBeroxide. Preference is given to using an aqueous
hydr ogefP per oxi de sol ution. 25 Hydrogen peroxi de can be prepared, for
exanpl e, byEkRfpRELRAGHhRBFrbXiAsEaS ©it-bul %ﬁ@r&ﬁerdﬁﬂiﬂ&&d’hﬂhk}l&%hﬁe&ﬁet he
entire worl gy@rgoduc.tlon 0] hydrogen peroxide i's reﬁared. This process is

based on th PEIPYE-CVhiGh AR BRRtIQnsE 1 theaboxerciedy gpast 2E “Propylene
Oxide”. Here, tert-butyl hydroperoxide is prepared from isobutane and oxygen, and

ethylbenzene hydroperoxide is prepared from ethylbenzene and oxygen.

20
Preference is given to using hydrogen peroxide as hydroperoxide in the present
process. Accordingly, the present invention also provides a process as described
above in which hydrogen peroxide is used as hydroperoxide. Preference is given to
using an aqueous hydrogen peroxide solution.

25

Hydrogen peroxide can be prepared, for example, by the anthraquinone process by
means of which virtually the entire world production of hydrogen peroxide is
~ prepared. This process is based on the catalytic hydrogenation of an anthraquinone
compound to form the corresponding anthrahydroquinone compound, followed by
30  reaction of this with oxygen to form hydrogen peroxide and subsequent extraction
to separate off the hydrogen peroxide formed. The anthraquinone compound

- obtained back is hydrogenated again to close the catalysis cycle.

An overview of the anthraquinone process is given in “Ullmanns Encyclopedia of
35 Industrial Chemistry”, 5th edition, Volume 13, pages 447 to 456.



conpound to formthe correspondi ng ant hrahydr oqui none conmpound, foll %ﬁff’ ?ﬂm
30 reaction of this wth oxygen to form hydrogen peroxide and subseq

extraction to separate off the hydrogen peroxide formed. The ant hraqui none
conpound obt ai ned back is hydrogenate# again to cl ose the catal ysis cycle.
An overvi ew of the anthraqui none process is given in "U Il mnns Encycl opedi a

of 35 I ndugfshal %&ﬁﬁﬁlﬁ&%do %ﬁlﬁﬂﬁtﬂﬁﬂ%gﬂcmdelﬁvo%g%ﬁnvdtﬁg ?lli gr456. -

24 Anot her possi obt al en peroxi de I nvolves
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per oxodi sul furic aci s Vi a osul C aC| y rogen
per oxi de anlg %YIF‘LH@FQ,XC’&%WC Wﬂl do hydregen perpxidepend @dﬁ%r@éﬂ W]t!lch samf course

al so possi biygs bordebeRrag e hydrogen peroxide from hydrogen and oxygen. 10
Bef ore the use of hydrogen peroxide in the process of the present
I nvention, it is possible to free, for exanple a commercially avail abl e

hydr ogen peItQK'de:o%@deuélk@'ﬁoséi’élelthgﬁg;b g 5@19?“&'&% fieg h &o@éﬂ“aﬁ&’ed
escri be

using, inter alia, methods as are or exanple, in WO 98/54086,
DE-A 42 22 99%°Br WD 92/06918. It is likew se possible for at |east one
salt present in the hydrogen peroxide solution to 15 be renpved fromthe
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exchange be on and ani on exc 3ers can a use as so-call ed
m xed beds. b¢ reraoved drasm teshydregeni pesoride solutien by aeans of ionesxchange inenl y one

type of nonéﬁﬁa?drﬁs Icsmaﬁm@aﬂ%gtsoﬁé nbRfR5kic ibh tészeﬁmgéeéeermﬁgolascressven to
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exchanger 5estgRal aseq of Hawih and akejeht o reienn e Beight 4k of ﬂnfa@pcexahﬁnaﬁ
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20 nonacidic ion cxchange beds containing cation exchangers and/or amion
exchangers. Within an ion exchange bed, cation and anion exchangers can also be
used as so-called mixed beds. In a preferred embodiment of the present invention,
only one type of nonacidic ion exchangers is used. Further preference is given to
the use of a basic ion exchanger, particularly preferably a basic anion exchanger
25  and more particularly preferably a weakly basic anion exchanger.

As catalysts for the reaction of the organic compound with hydroperoxide, it is in
principle possible to use all catalysts, preferably heterogeneous catalysts, which are
suitable for the respective reaction. Preference is here given to using catalysts

30  which comprise a porous oxidic material such as a zeolite. Catalysts comprising a
titanium-, vanadium-, chromium-, niobium- or zirconium-containing zeolite as
porous oxidic material are preferably used.

In particular, there are zeolites which contain no aluminum and in which the Si(IV)
35  in the silicate lattice is partly replaced by titanium as Ti(IV). The titanium zeolites,
in particular those having a crystal structure of the MFI type, and possible methods



suitable for the respective reaction. Preference is here given to USIE%EP 2004
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used. In particular, there are zeolites which contain no alum numand in

whirch the S Mepalel hehlSrd! hLGAbS | A I Bmb, PR WRLATERE 2500 v | ani um

as Ti(l1V). i Um zeo A part I'cu hoSe havi'ng a crystal
structure dfP-A@40F4978.ype, and possible nmethods - 25 of preparing themare
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X-ray-crystall ographically to the ABW ACO AEl, AEL, AEN, AET, AFG AFI,

AFN, AFQ %lf&ﬁﬁentm'ﬁ-rma beXmadE ¥f tidahum-, %dnﬁr?cchrﬁﬂﬂnnAﬁmblﬁNaneﬁTo ATS,
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al so possi DERUL RERS GIS) GRIK, LSOBOREY, MFRIISEATE! SBWhREINIAUI B RIS, © T-1

or CIT-5 struéture. Furt ertlfanlumcontalnl tes Whi chH

ment i oned ak@52E50M dskA HalkngTNnMAZWMES MELZ MER; YEIuMES, 'M@
titani um comM@ER MID,SMTEC twTRs MTRUBMESY, RHBWONARURERL RO8, R 23say

i kewi se bep IRt GBeH RHO, RON, RSN, RTE, RTH, RUT, SAO, SAT. SBE, SBS.

20  SBT, SFF, SGT, SOD, STF, STI, STT, TER, THO, TON, TSC, VET, VFL VNI,

VSV, WEI, WEN, YUG, ZON structures and to mixed structures comprising two

or more of the abovementioned structures. In the process of the present invention,

it is also possible to use titanium-containing zeolites having the UTD-1, CIT-1 or

CIT-5 structure. Further titanium-containing zeolites which may be mentioned are

25  those having the ZSM-48 or ZSM-12 structure. The titanium-containing structures
RUB-29, RUB-30, RUB-31 and RUB-23 may likewise be mentioned.

In the process of the present invention, particular preference is given to Ti zeolites
having an MFI or MEL structure or a mixed MFI/MEL structure. Further

30 preference is given specifically to the Ti-containing zeolite catalysts which are
generally referred to as “TS-17, “TS-2”, “TS-3" and also Ti zeolites having a
framework structure isomorphous to B-zeolite.

Very particular preference is given to using a heterogeneous catalyst comprising
35  titanium-containing silicalite TS-1 in the process of the present invention.



In the process of the present invention, particular preference is gi_vis Ftﬂll]ﬂ
Ti zeolites having an MFI or MEL structure or a m xed M-I/ MEL struct %

Further 30 preference is given specifically to the Ti-containing zeolite
catal ysts which are generally referretfto as "TS-I", "TS- 2", "TS-3" and
also Ti zeolites having a framework structure isonorphous to a-zeolite.

very parti auigpoRiiil GO procesOloy the bfestit iferftiofl®lsho0 AN Bhftiy ot

conprising 35 titaniumcagntaining silicalite ) process of the
present i nvB#eRdntsell g5 eatalyst. Hewgvess s f conrse radsoppassibies fasfthe [satahyisbsent

I nvention, jsed 4s bingisi r | 1 t t:y ;However,
It is of course Z?ig%gggésﬁjglggy;&g?ip? ﬁlg@?&? a_Ilbcili'lgltlg Bﬁigtllad((j n;_?a('i)ergag gleger?]altp_égobody
conpri si ng RoAEDISIP dise stariiag Eomuthe Postus oxedie material,call preeessen of the poge,
starting fr@moygﬁ)dm@ﬁlgm&gﬁbéﬁgodwt erial, all processes of the prior 5 art
for producing the shaped body. Anong the reactions which are possible in
the process of the present invention, nention nay be made by way of

exanpl et of Aﬂ%f@né ahd %ﬁlﬁis_%ﬁc?h@e poRtIsa ey 'pr@f:cl:_]sggcgfth@ﬁ%'cs@ntghvéxhﬁm, g
preparation of.propene oxide fro ropeng a or from propene an
P bt as. HGHIIBR O ROEE0Y ek PF G P caes ROUOTHAB: such o t he
hydr oxyl ati on of nonocyclic, bicyclic or polycyclic aromatics to form
nonosubstituted, .disubstituted or higher-suhstituted hydroxy 15 arpmatics,
For Cexdtpl e BROmAAEI AT PEAsoienfhe Prrkariiod 21 ronsne SR HOm APPSR o6
whi ch suppl KR8 3ram psipene el gixtereh whichGupple M0, dxsiee f or mation from
ketones in the presence of H202 or m xtures which supply H202 in situ and
anmoni a (anmonoxi mation), for exanple the preparation of 20 cycl ohexanone
oxi me fromhydeotasicanceneh as ke Budrpsylation loff geonocoycintathicyelic lon gohypliocess of
the present,] | T L Ve L0 - i
conpounds V\%lbc ﬁ at/og?%r{ﬂ) eggglﬁ%ﬁ@t@ﬁ&éﬁ%&%@ﬁ@%%&%@ngl@/:’z’drgg’é pr esent
i nvent il6n prrewRHes for examplestbe seaction of phang! abte0i or ofphenok dnd rorxguras c
conpound  hggicak O RfEsifa 1 . As exanpl es of such organic

cBsup 3 #HLO0 fifsi MC ah ql?ﬁ}fe Hi’lbg

conpounds having at” | éast one hd, 30 nention may be nade of
the foll owi ng al kenes: Ethene, propene, 1-butene, 2-butene, isobutene,

but adi enes;, oxigiRt foRR&ionPhHERERRE in the presence of H,0, or mixtures which supply
HO; in situ and ammonia (ammonoximation), for example the preparation of
20  cyclohexanone oxime from cyclohexanone;

the Baeyer-Villiger oxidation.

In the process of the present invention, preference is given to reacting organic
25  compounds which have at least one C-C double bond. Accordingly, the present

invention provides a process as described above in which the organic compound
has at least one C-C double bond.

As examples of such organic compounds having at least one C-C double bond,
30  mention may be made of the following alkenes:

Ethene, propene, 1-butene, 2-butene, isobutene, butadienes, pentenes, piperylene,
hexenes, hexadienes, heptenes, octenes, diisobutene, trimethylpentene, nonenes,
dodecene, tridecene, tetradecene to eicosenes, tripropene and tetrapropene,
35 polybutadienes, polyisobutenes, isoprene, terpenes, geraniole, linaloole, linalyl
acetate, methylenecycloopropane, cyclopentene, cyclohexene, norbornene,

cycloheptene, vinylcyclohexene, vinyloxirane, vinylcyclohexene, styrene,



hexenes, hexadi enes, heptenes, octenes, diisobutene, trimethylpenteneg P 200
nonenes, dodecene, tridecene, tetradecene to ei cosenes, tripropene ané

t et rapropene, 35 pol ybut adi enes, pol yi sobutenes, isoprene, terpenes,
geraniole, linaloole, linalyl acetat@? met hyl enecycl oopr opane,

cycl opentene, cyclohexene, norbornene, cycloheptene, vinylcyclohexene,

vi ny: oXi [) aregclomttawdcy@m%&fﬂm StMﬁ%ﬁ&bomeﬁZ Cif%d‘éthOCtt@tE‘aﬂlydfdiﬁdéﬂQCt adi ene,
vi nyl nor bone i ndene, tetr i ndene styrene,
di cycl opent“é%ﬁ’@ﬁ@r N85 vi nﬁl%’éﬁ’i’é dicpg;c| od%’é‘&é&%‘zem‘aycl obsdedodesengne,
fslti | bege, dwbedst%]dc?mhﬂdl esmbenwl taﬂlenﬁtéutbﬁteﬂe Caulﬁ?hﬁﬁle rff Vbétylchrdene,

uori de al ifdes, cr chl.oride t chl o
di chl or obut" lde%ﬁ I ﬂjogp%oh M eS| S b%ﬁ&ﬂ&“d\ébu%dgg clt}[lsﬂ"@ﬁedl ol s,
cycl opebt emeshiabbuytepe ntatlykolakoholgt anhthﬂimbl sﬂcdhbl danmeimbdss bun:ﬁed]u}ls,at ed
steroids, eno unsat ur carboxylic
aci ds such cgélggcr yriela?&gae‘%nz% t hogtaﬁiﬁ N &“&e"bﬁ%ﬁ ofits& E':S%F‘(ij,s Wﬁiodgi c acid,
vi nyl acet i cthnxyethenmsateugenoi anétholeyumanﬂated warboagliohads suohi ab, adrjllm)l eic
aci d, pal mfjc r&&h&wﬂaﬁaﬁauo}'on?& c:ib'irdr 'n{'ﬂelé aatcﬁi \%Qj(}gc%gc Ozic#cﬁ ungé%u} eed process

of the presenf I nven ont ai ni ng
from2 to Efat@amdhsmhomolelﬁtaqmémopmma)aé{nmcm@rmtmlly peourting faty | y
preferaply shgapted. Very particular preference is given to reacting
propene. 15 The present invention therefore also provides a process as
descri bed above in which hydrogen peroxide is reacted with al kene,

preferably Iﬂrmeqﬁaeesg Q)fgth\éep&&éﬁ?riﬁvenﬁéhdﬁref&éﬁrfeefsa v¥n Rb ORY, n%e@ﬁ(eﬁgéaﬁft .

using as catal at al r ef er abl titaniu

cat al yst, .Cﬁn}?ﬁ? I“h t% tqaf%RH qﬁ%.ﬁtﬁm Pf‘@eﬁﬁﬁ%ﬁ butene, arg; prgtiguilyrs. 20 1
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20 1 structure.

In the reaction of hydrogen peroxide with alkylene, preferably propene, to give
alkylene oxide, preferably propylene oxide, the solvent used can be any suitable
solvents. Preference is given to using organic solvents, such as alcohol, single or as
25  a mixture of thwo or more thereof. Also it is possible to use an alcohol/water-

mixture. Particularly preference is given to using methanol as a solvent in this
reaction.

The amount of the used solvent is variable in wide ranges. Possible amounts lie

30 between 5 and 25 g methanol per gram hydrogen peroxide used. Preferably is
given to using solvent in an amount of 8 to 16g methanol per gram hydrogen
peroxide used, particularly preferred an amount of 10 to 14 g methanol is used per
gram hydrogen peroxide used.

35  As described above, at least one catalyst present in at least one of the reactors
connected in parallel is regenerated, preferably in such a way that the continuous
process is not interrupted. The decoupling of the reactor or reactors in which the
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regeneration gases have been connected. The removal of these feed lines is
preferably carried out when, should this be necessary, the reactor has cooled down
20  again.

After the reactor has been decoupled from the process train, the catalyst present in
the reactor can be regenerated by any suitable methods of the prior art. In
particular, it is possible to remove the catalyst from the reactor, to regenerate it and
25 to reinstall it. The catalyst is preferably regenerated in the reactor. The
regeneration method can be chosen according to the type of catalyst. In the case of
the zeolite catalysts which are used in the particularly preferred process, the
following possible methods of regeneration may be mentioned by way of example:

30 L. A process which involves heating an exhausted catalyst at a temperature of
less than 400°C but higher than 150°C in the presence of molecular oxygen
for a period which is sufficient to increase the activity of the exhausted
catalyst, as described in EP-A 0 743 094;

35 2. A process which involves heating an exhausted catalyst at from 150°C to
700°C in the presence of a gas stream containing not more than 5% by
volume of molecular oxygen for a period of time which is sufficient to
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15 (A) and (B):

(A) Heating an at least partially deactivated catalyst to a temperature in the
range from 250°C to 600°C in an atmosphere containing less than
2% by volume of oxygen, and
20
(B) Treating the catalyst at a temperature in the range from 250 to 800°C,
preferably from 350 to 600°C, with a gas stream containing from
0.1 to 4% by volume of an oxygen-supplying substance or of
oxygen or of a mixture of two or more thereof,
25

where the process may further comprise the additional steps (C) and
(D}

(C) Treating the catalyst at a temperature in the range from 250 to 800°C,
30 preferably from 350 to 600°C, with a gas stream comprising from
>4 to 100% by volume of an oxygen-supplying substance or of

oxygen or of a mixture of two or more thereof,

(D) Cooling the regenerated catalyst obtained in step (C) in an inert gas
35 stream containing up to 20% by volume of a vapor of a liquid
selected from the group consisting of water, alcohols, aldehydes,
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15
Furthermore, during the reaction of the organic compound with hydroperoxide, the
pH or/and the temperature of the reaction medium or/and the pressure under which
the reaction takes place can be changed.

20  Here, the pH of the reaction medium is preferably achieved by changing the pH of
the hydroperoxide solution which is added to the reaction medium. In (R1), this
can be done, for example, by appropriate treatment of a feed stream containing
hydroperoxide solution. If, for example, hydroperoxide solution is separated off in
(I1) or/fand (I2), the stream comprising the hydroperoxide which has been

25  separated off can be treated in an appropriate manner so as to change the pH.

The pH of the hydroperoxide stream, in particular the hydrogen peroxide solution,
can in principle be adjusted by all customary methods. It is only necessary to take
care that the addition of acidic or basic compounds or addition of a solution
30 comprising acidic or basic compounds to the hydroperoxide solution does not
adversely affect the subsequent reaction of the organic compound with
hydroperoxide. In particular, the pH of the hydroperoxide solution is altered by
(a) treatment of the hydroperoxide solution with at least one ion exchanger or
(b) addition of
35 (aa) an acidic compound or
(bb) a basic compound or
(cc) a neutral compound or
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h : i
ydrogencar ggg.r%{)l%’s which may be mentioned are, inter alia, lithium chloride, lithium

bromide, sodium bromide, lithium nitrate, sodium nitrate, potassium nitrate,
lithium sulfate, sodium sulfate, potassium sulfate, sodium hydroxide, potassium
20  hydroxide, ammonium hydroxide, sodium carbonate, sodium hydrogencarbonate,
potassium carbonate, lithium carbonate, potassium hydrogencarbonate, lithium
hydrogencarbonate and potassium hydrogenphosphate and also lithium acetate,
magnesium acetate, calcium acetate, barium acetate or ammonium acetate.
Mention may likewise be made of carboxylates of carboxylic acids, in particular
25  carboxylic acids having from 1 to 10 carbon atoms, and alkoxides of alcohols
having from 1 to 10 carbon atoms. Further examples include ammonium
dihydrogenphosphate, sodium dihydrogenphosphate, potassium
dihydrogenphosphate and disodium dihydrogenpyrophosphate.

30 Ion exchangers which can be used here are essentially all 1on exchangers known to
those skilled in the art, for example organic ion exchangers, for instance those
based on polystyrene, or inorganic ion exchangers, for instance hydrotalcites and
other sheet silicates which may contain exchangeable carbonate,
hydrogencarbonate or hydroxide groups.

35
Examples of basic ion exchangers which are particularly preferred for the purposes

of the present invention are polystyrene resins having tertiary amine groups, for
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passed, for example, a liquid via whose temperature the temperature of the reaction
medium in the reactor is adjusted. It is of course also possible to provide various
20  zones of the reactor or reactors with separate double walls and thus to pass, for
example, liquids having different temperatures around the various zones. The zone
temperature control is of course not restricted to embodiments in which the reactor

is provided with one or more double walls, but can also be achieved by all other
suitable methods.

25

In a preferred embodiment of the process of the present invention, the
hydroperoxide is separated off and is again reacted with alkene to give a crude
product mixture from which unreacted alkene is preferably separated off and
recirculated to the process as starting material. In a possible embodiment, this
30 crude product is subjected to a distillation in which it is fractionated into a low-
boiling fraction comprising alkene and compounds having a boiling point lower
than that of the alkene and a high-boiling fraction comprising the alkene oxide and
compounds having a boiling point higher than the alkene. In this low-boiling
fraction, oxygen accumulates in a concentration which makes the low-boiling
35 fraction an ignitable mixture.



the reactor or reactors can be provided with a double wall through whic
there is passed, for exanple, a liquid via whose tenperature the -8 SEP 2004
tenperature of the reaction nmediumin the reactor is adjusted. It is of
course al so possible to provide varioud3 20 zones of the reactor or reactors
w th separate double walls and thus to pass, for exanple, |iquids having
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the | owgoiling 4ngni table mixture. - 33 In order to be
able to distill tohe a%ﬁ“gne 0 WlthOUt danger, it is possible to add an
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apparatus for separating al kene fromthe ling mxture by

distillation in such an anount 5 that the oxygen is diluted to a
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by means ot {Mi) ishsubjatitek id teatticncortitidns gider which ﬁiew:@géﬁ@}esamdm(uhe) t he
of the prectiuuft et bR 4 SRuRlEbIe Bhedind e prsBird peclingfle T on.
Pref erence the PIIOR@M Qfeﬂlglprescnt anventiembeounbustion iofi théioxlygerh presentinr the
mixture (M1) is carried out using at least one suitable catalyst. All suitable
20  catalysts or catalyst mixtures can be used for this purpose. Preference is given,
inter alia, to noble metals such as Pt, Rh or Pd, which can be applied to suitable
supports, for example metal oxides. For example, use is made of Pd catalysts
supported on Al;O;. Mention may likewise be made of copper chromite catalysts.
Mention may here be made, for example, of the commercially available catalysts
25  RO0-25/50 S6, R0-20/47 K2-4 or R3-20 S6 from BASF AG.

In many cases, the crude product from the epoxidation further comprises the alkane
corresponding to the alkene. In this case, the oxygen can be removed from a
mixture (M1) comprising unreacted oxygen, alkene and alkane obtained as crude

30 product from the epoxidation by oxydehydrogenation of the alkane to give the
alkene. The oxydehydrogenation of the alkane or alkanes can be carried out either
catalytically or in the absence of catalysts. The oxydehydrogenation is preferably
carried out using a suitable catalyst. As regards these catalysts, reference may be
made, for example, to M. Xu, J.H. Lunsford, React. Kinet. Catal. Lett. 57 (1996)

35 pp.3-11 and to B. Delmon, Stud. Surf. Sci. Catal. 110 (1997) pp. 43-59 and the
literature references cited therein, which are hereby fully incorporated by reference
into the present application.
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oxydeh¥8r ogenat ingralick preferably carried out using a suitable catalyst. As
regards these catal ysts, reference nay be nmade, for exanple, to M Xu,

J.H Lunsford, React. Kinet. Catal. Lett. 57 (1996) 35 pp. 3-11 and to B.
Del mon, St ud. SU?FW“SEPPSE%Fﬁﬁ?sgkﬁn?ﬁﬁgﬁynbb.“ %5@9 and the literature
references cited therein, which are hereby fully incorporated by reference
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ap -, .8 SEP .20 -34 5 W, clajm 1. A continuous

process for reactFR58aF GrpRomnd it 5?&956%‘59&1"?&'095?&}%&8?%? PIEIS Q[%Oe
presenas of a catamdlystin awdeetien stagd@® 1) éagive@hlenst onapradack streem (Ph), a r eact or
assenbly conprising at |east two reactors connected in 10 parallel. 2. A
conti nuous process as claimed in claim1, in which the organic conpound is
reacted with hydthegwedudt gredm or segme Slde pessed to 26 inigmagdyale tiepfment eact i on
stage (Rl) to giyg)qh h&aShs %gq@rﬂ&ﬂcm,t heqdhsf BhY - prbllifet PERAMC (PISY r eam or
streans (Pl) is passed to an internedi ate treat nent

comprising hydroperoxide, and

20
the product stream or sireams (PI1) 1s passed to a reaction stage (R2) in
which hydroperoxide is reacted with the organic compound in the presence

of a catalyst to give at least one product stream (P2},

25 wherein at least two reactors connected in parallel are used in at least one
of the reaction stages (R1) and (R2).

3. A process as claimed in claim 2, wherein ét least one of the catalysts
present in the two or more reactors connected in parallel is regenerated
30 during the process.

4. A process as claimed in claim 3, wherein the catalyst regeneration is carmed
out in such a way that at least one of the parallel reactors is decoupled from
the respective reaction stage and the catalyst present in this reactor is

35 regenerated, so that at least one reactor in each reaction stage is always
available for the reaction of organic compound with hydroperoxide during
the course of the continuous process.



(11) to give, as output from(l1l), at |east one product stream (Pl 1)
conpri sing hydroperoxide, and 20 the product stream or streans (Pll)'Bi%EP 2004
passed to a reaction stage (R2) in which hydroperoxide is reacted with the
organi ¢ conmpound in the presence of-3a- catalyst to give at |east one
product stream (P2), 25 wherein at |east two reactors connected in parallel
are used i5n at A guetesore clafmethim clhint4.owhercagasl (Rcjoramd ¥ RRctory, A

process as cl aigpebidy ¢ ﬁ,hml@p ifhet&itfostd Eat mgysoﬁféitmec%ra{h%sts

present in the two or nore reactors connected in parallel is regenerated
30 during the peastienof organia compeurdwith hylrgpgasdiden claim 3, wherein the
catal yst regeneration is carried out in such a way that at |east one of

the parallel reactors is decoupled from the respective reac':]li&(gtg stage and
the catal yist présspipeessn as helalmedadn oflaiy Socompyisiier A elgastsgng &t | east

one reactor 'i n jgpehedigRGicafient hAPS left Bhd\Riher RY¥GIdnARIge. fOr the reaction of
organi ¢ conpound w th hydroperoxide during the course of the continuous

process. - 8 SEP 2004 -35- 5. A process as clained in claim4, wherein x-1

reactors of X rgapiRes a9UMMeEdini blafar 4 hékreih a@ lestciicoimtahrgdiatare al ways
avai l abl e for the reaction of organic conpound wi th hydroperoxide. 5 6. A
procesd as cl ai WeY™PRLE| ai m 4 conprising at |east one further internediate
treatment and at | east one further reaction stage. 7. A process as -
claimed in claim4, wher

i.n at .l east.qng in i t t is
separation of tﬁ?%ﬁpoﬁé%&?%(&mﬁ%ﬁ’i@t gf’%‘aéfﬁ%gg 0%%’ S%ﬂ%%t Ssﬁxr%%ég]ﬁ y
distillation ordishllash ¢ on of a base to at | east one product stream 8. A
process as claimed in claim2, wherein in the reaction stage (Rl),
hydr operoxide is reacted with organi c conpound |
15 addition of a base to at least one product stream.

8. A process as claimed in claim 2, wherein

in the reaction stage (R1), hydroperoxide is reacted with organic compound

20 in at least two reactors connected in parallel in the presence of a catalyst to
give at least one product stream (P1) comprising unreacted hydroperoxide,
unréacted organic compound and reacted organic compound,

in the intermediate treatment (I1), base is added to the product stream or
25 streams (P1) to give at least one product stream (PI1),

in the reaction stage (R2), unreacted hydroperoxide and unreacted organic

compound present in the product stream or streams (PI1) are reacted in at

least two reactors connected in parallel to give at least one product stream
30 (P2) comprising unreacted hydroperoxide,

in an intermediate treatment (I2), unreacted hydroperoxide is separated by
distillation from the product stream or streams (P2) to give at least one
product stream (P12) comprising hydroperoxide, and

35



20 in at least two reactors connected in parallel in the presence Ofe@
catalyst to give at |east one product stream (P1l) conprising unreact SEP 2004
‘hydr oper oxi de, unreacted organi ¢ cospound and reacted organi ¢ conpound, in

the internediate treatnent, (li), base is . added to the produ treamor 25
streans (Pl) t6h‘°gF‘WE"%@YOTI“QE&eSSWe‘“p&SdHSEm@t SEEAR (91 13reamy rBaction
stage (R2), unreqtddedithyeiaakRaiomtiodad ang resofieasthed(RP)gaghe at taspaiend present
in the product stream or @ﬁ;eams (P11) are reacted in at |least two

reactors conned Yt FE¥H Ei*0el to give at |east one product stream 30 (P2)
conpri sing unreacted hydroperoxide, in an internediate treatnent (12),

unr eacted hydroperoxide is.separated b di.stillati.on -froamth roduct

st ream%or d;t redme P93y & BFHEP?fguhffafrga]s%(ﬂbeﬁ%m %eg%gtre%%t?ram (lﬁ%z?s

conpri si ng hydrrepoexi de, and 35 36 the hydroperoxide present in the
product streamor streans (PlI2) is reacted with organic conpound in a
reaction stage (R3) to give at |east one product stream (P3). 5 9. A
process asl®l ai Agoodess e clammet] invbamel ,whsraie dsobesimakbhyedobes raactonsswel as
reactors. 10. A process as claimed in claiml, wherein isothermal fixed-bed
reactors are useg'. 10 11. A process as clained in claim1, wherein

hydr ogegn peroxide is reacted wwth al kene to give al kene oxi de using as
catal yst a)zeol Wbl 3 Wlmed'if cldinl, RN AJa6EAH PERGiNSisGbRIE din Whereln
hydr ogen per oxi I'S react ede I's Wth propene, To give propylene oxide,

usi ng as cat al y8kene to giamalkenesodidewging & calllyshpyeolith satalyel- t he TS-1
structure.

12. A process as claimed in claim 11, wherein hydrogen peroxide is reacted
15 with propene, to give propylene oxide, using as catalyst a titanium silicalite
catalyst having the TS-1 structure.



