;e3eZzz{t}:F} ~6TZs| A AS ORIA NALL Y FILED Process for the preparation of
an epoxide 5 The present invention relates to a process for the preparation
of an epoxide by reacting an al kene with hydroperoxide in t of a
zeolite catalyst, with an alkali netal ﬁalt being fed into mmm&@g@@@@w in
at | east one precursor stream The process conprises stopping the ng
of alkali netal salt after a certain time but to continuing the'¥PE¥ding of
hydr oper oxi dgsz@mFTbEDpresent invention also relates to an

i ntegrated process tor the preparation of an epoxide, in which the zeolite
catal yst is regenerated and reused for the reaction It is known fromthe
prior art that addition of an alkali netal salt or a plurality of 15 al kali
netal salts to the reaction - in which an epoxide is prepared from al kene
and hydroperoxi de - affecPsocessiforthé peépavation of an bypoxide al yst - i n whose
presence the reaction takes place and which conprises at | east one titanium
zeolite - and leads to better selectivities in relation to the epoxidation.
20 EP-A 0y 712 852 discloses that a nonbasic salt is enployed to inprove the

selectivity of a titaniumsilicalite catalyst which is used to epoxidize
ol ef i ni ¢ conpbtiRERSCRiSMMNtIPPICERSHOR PEERSfelor tthe propatation gf cangeRaXidssBY o

process for gaekigtiZdlRéneOkigt hir6p&oxiae Unthe pisse@ ofn Rpltea@eilysporidkate, 1n

which the selectivity of the.catalyst used. sypthetic zeolites, is,inproved
by addi ng comebmralimf dstclsinae BE redton &t Bedrassrregtarlien: ke of
the cat al yst piveéssrcomprisehistopping the feerting bbdkalEMlQal?ﬁﬁem&rdﬁsdmeﬂm; a
process {or LAGinAlSPAL Thddhl OF nSRGSLARRICILAMIRLE! TS piteAN thyBYEiPASY

peroxi de 1 n the pré&sence of” a trtahium atom containing zeolite as catalyst,
in which sal redated tonam infegreied| progesadprithe prepareliomotpe caeride nowhiek thait al yst
before or dugdqpg éd@eﬁysft‘i’s?‘fégét%?ate(pﬁjdore%% f3Ptheddacfiodlescri bes a process in
which the pHis influenced by adding 35 alkali nmetal salt to the reaction
mediumin which the reaction of al kene with 2 ° hydroperoxi de takes

pl ace in thelt[ds kEGRE Erodf the Pk artabaneiditboncetaal allsdli motd] st ot Hlusalie of i NE,

t he reactjon operature and, if approprijate, fhe. pressu under which the
reacti onH'c? S ﬁ%&lﬂ%&aﬁlgafs t83ﬁe Beg(’té%’a'p‘?‘e@%c%aﬁlﬁp?}?%ecgé)g%nsmf‘{ﬁ iagﬁngﬁn poxi de
i s prepared hydnpaoxidé keaféectsn dha s¢lycdiviyeofottiedeatdlystt-hin phessepreenst the

catal yst whi ehoGORLSAfcPald bARIUBIRBARL] idcast BRY Branfurki 5HAlik Y ofa 5L 1 ne 1
the activity and/or selectivity of the catalyst as the reaction tine

i ncreases. | o batigeselecgivitier én redationie thereporidati@yui renent s of process econony,
it is very generally desired to regenerate the catalyst once it shows

t abl i.n .t f tjvit d/ lectivity. It i
nown Lnat. cEbh 912 5aR: diciestpieee Sophiim s Detrpbieddn Bdigdher at ed
by, for examplectivitpndfusttitamiumi silicality getalyst wiiichh iDxyge o eporidizaidlefigas
m xtures as g‘ﬁﬁﬁ%‘h@?ﬂﬁf’éﬂﬁ%ﬁgéﬁ[@gﬁidé-n WO 98/55228. However, when the

met hods of a a and conbusting with 15 oxygen or an
oxygen-contai ning gas m xture are conbined an effect which occurs is that

when the cat gpysh 2609109 | Fidiked o biRBIsUMBrZ&RidiAng ISHMY Hopolhd ﬁﬂﬁ% act

wi th al kal i gg&al salts an Ivﬁp e cha]nge ,ta(ylztfsls1 place and th catali/s
becones PdadBYITREEHPAOHEF11G; lﬁhé‘ﬁﬁ?e ity olihe calysl usersyREiGERZEA SN of
the catal yst id gagteded byt dddngraymphide viehich teatrelizes tiehgvidit ogroaps on thé al kal |

metal tit anatsuerfac\é\/%!l’ (f‘h% c%{a?yst before or during the reaction.

EP-A 0 757 043 describes a process for the preparation of epoxides from olefins

30 and hydrogen peroxide in the presence of a titanium atom-containing zeolite as
catalyst, in which salts with a neutral or acidic reaction are added to the catalyst
before or during the reaction.

DE-A 199 36 547.4 describes a process in which the pH is influenced by adding
35 alkali metal salt to the reaction medium in which the reaction of alkene with

*G00002*
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20 thernodynam cally very stable at the tenperatures required and which
reduce the catalytic activity of the catalyst for the epoxidation reaction
for which the regenerated catalyst is to be reused. A further disadvantage
is that this alkali netal titanate forngtion is irreversible so that there
_is a continual decrease in the maxi mum dctivity of the catalyst on repeated
“r egener at i onhysiropenexidat dakest .pla® | in i theaprestijcecof of hetprogsmesusnicatalysent i on
to provide ayi apkig A | B! EhrbBraflrk ahd, hplophale! theopREuted [ nt 0
<t he reaction rregvP e reactl onbar?g'lr at _the gé)rlr,e te ep é‘ unwant ed
“alkali netal urtdefafha%léher tﬂaﬁ%&q is gatrisd put eapdieddaptedo Ve have found that this
obj ect is achieved by a process for the preparation of an epoxi de in the
presence of zeolite cat st _in,which (i/an aI nel ted with a
hyeir oper okl i BRSEHS IBRBLGh BR oS RGrrd S ) S oD YRS ot

| east one al inathe prasemde ofal datdigst mchi¢lecbmprises & higartiea ceolkite, %rensuauallyeeast one
precursor st e i of the
at | east one &&ﬂ%l }ﬁ"ht%E Arﬁ“‘%\l%dﬁdr Qel&éﬂitﬁ%ft {;‘% Eagﬁg&e%;;%l# dgeagﬁgﬁ tir%ene are
still fed i ningreases. Ireandter tintakg at¢manhyp tlwp@qolmml@w 9 prosessregohgmpyiiivgen

per oxi de. | tvé?? $eReSIYy hAuRd o ?éé&ﬂérht%'tl’i@éa)falyéthﬁke ﬁtshbx‘%@ﬁﬁac@&ﬁa@@ Weuks formed
in the epoxidation reactlon his acid; which arjses really as unwanted

bypr oduct® cErferes Qldivity af‘@/ﬁb\?“ée‘ft’r"éﬁh ItHe kpoywm thas catelysts ayhigh PormRiss a wi t h
whi ch the’ caﬁtahm&t zdvlise bALBe Ir@gededteaooyt Q‘orae)&ﬁ{;ﬂald’orrﬂmbt@o’ﬁ w1thtoxly§erﬁdfﬂ ttedly
knownfromt%ﬁ i or ar olite,cat

t
orepare an oNOR PeeEter ity HEE er ORPpas EARBIRE R b8P VLo s he
wi th an acid. Thus it is proposed in WD 98/55228 to wash the catalyst with

a solvent, sugR.c r5 w’ﬁ%n thQrm&ﬁ@c[EppFad(gﬂg gl ‘i’nb?t}é%‘ I @i an[do }% Qg ©OF M C
aci d, acet i ¢ acl propronic acrd ren tac W th
an oxygehi C OPKYRER, phgn gasgqmrqommreng eos/\mmure gre Comy @ﬁglan@ffwtwluels eeqused

therein thatsthdsviashé Bﬁal?&t%nﬁﬁfsi/n%sa fi@nfus"RRitd RBIbEE imb %‘Mﬁét v
organic depo;‘kt s adherin

Anot her .consi der di fference
fromthe pre Thal} mgtad s iem ex @Eﬁlﬁe@s@eﬂd@e ety derory P?‘fﬁﬁ‘ with  hat
the acid errpd!oemﬁhamom&arkaﬁa?&alf On réil:ﬁemﬁsﬁlbﬂglelcatal}@t load&l iachid varyi Si ng in
the reacti on, buetVerOZ trhe coglte r¥ CI d | a? 'nQetL { om o tSI dﬁchn at | east
one separate E‘? 8s "t ¢h 5%“ orrre r‘}( hé reactt e & %ene
with a hyar othemodydemmally tvery28ahle @b &mctemoeratun@ requiréd mdcwhahyrsdqcem ch
pref er ablY ORIt SRidhy | Raf GRAL! FANMLTLAGRI R rdtfon B VHHATRAE.
formc acid and” aceti c e solvent or solvent m xture
used for theregé%?é%t%ﬁatali}’ﬁtlﬁso be k@é\ﬁﬁ:‘%é’* Buther disedvantagady hat this ddeals wesbd under

the reacti 0nt1@ﬁ£tglﬁ>hﬁ5t$orp @%@é\/eféi’lﬁletsﬁeﬂﬁ@ tB@e XisdatdoAtinual fdecfe@se %&H@' €,
met hanol is e Io ed as salvent, then, for, ex g‘?}bﬁ‘? f@rmc acid is forned

during the rR4gYmactvity of dhecatalyst op fepepted aegtp c&fBlshed as sol vent
or as comstituent of the solvent, it is al so possi bl e for other organic
acids to be I I i in
particul ar aictcig gﬁ%meééoﬂhéﬁkéseﬁ%@%n@g th Ceg@@ﬁqu%%ég Wﬁ{#hep% gﬁﬁons of
these salts dbapmetd Sa}Fmb%Mrﬁpt(ethe h@ﬂcllﬁe@es‘u&lh during therreastignsnd, atdhg or i de
or bromide, ginld@he tAE uSWartéd AkAT mRwl finhdFormatibnad® e hitid@i ons of
phosphorus-, arsenic-, antinony- and tin-containing acids such as, for
exanpl e, phosphate, hydrogen phosphat e, di hydrogen phosphate, arsenate and
st annat e30 Ot Way haveifoisd thacthieishjedtds achiavad 18y a peocesy for aliecprepantimi ef aricet at e,

hydr ogen car bona&e 0 e S baona %aeze%rhee (i:aalt;l?st(fr?{]v lhvabl e.

SpoxI présence o
$) an alkene is reacted with a hydroperoxide in the presence of the catalyst to
obtain the epoxide, at least one alkali metal salt being fed into the reaction
35 in at least one precursor stream,

wherein



5 Exanpl es which may be nentioned are, inter alia, lithiumchloride,
l'ithium bromde, sodiumbromde, l[ithiumnitrate, sodiumnitrate, potassjum
nitrate, lithiumsulfate, sodiumsulfate, potassiumsulfate, sodium

hydr oxi de, potassi um hydroxi de, sodi um Gar bonat e, sodi um hydr ogen

carbonate, potassium carbonate, 10 |lithi'um carbonate, potassium hydrogen
“carbonat e, sodi um pyrophosphate, potassi um pyrophosphate, 1ithium hydrogen

carbonate, d{jpot aggrinMHyy fHaBGR RN ASRAGH O aRd afli1eRH bHEN 4N RYRN spiRgsphat e
and di cesi um hydr o%en phoshg ate. nti.on shoul d |BJ kew se be made of
lithium sodi um oPtOPRRAANS; 0@5%3%’1"5 ng presHllifed te thegeachen. j
particul ar of carboxylic acids with 1 to 10 carbon atons, and ~ 5 lithium
sodi um orspotrﬁslgi(g(m arloci hol artf:s ?f a%cohol§ whth 1 to 10 carbon atons.
Furt her exanp B SYUPRETOF Fésrpsefaé’,yg% P%%pcﬁmgﬁ'ogen phosphat e, potassi um
di hydr ogen phosphat e, di sodi um di hydrogen pyrophosphate, potassium and
sodi um phospRajse-held RAMASSIHIANGT BRLA 1PPSRUALIE is AIriRd it MdWRKRAAGN
phosphat e, sodi um pyrophosphat € ahd sodi um acetate are particularly
pref erabl y 2taglig apé dhis peidpwhichiasises reglly apranenied ppprofdeddeancboapseditkal i
netal salt i pn@veforh BRCEAADstARE alkaR GRIMABKIE whtch! tRE datdl st hasi leef Isudegd t hat
the feeding of the ,alkali netal salt is stopped and al kene and
hydr oper &%i d¥ AP be fed into the reaction. 25 It is possible in
general to feed the alkali netal salt in a separate streaminto the
reaction. |ng0 . | Pl n - (] )t he f.eedi f ' A minto
the reacti onItiléqgriql%#pe;aV gfoazgl{"fp;rg& qi% 1§F E%Itpatr?e eé’;l%s%t{lgﬁtgls%&r’gf?térr g% ’$8f ed in
sol uti on i nt prepare aneepoxidestarting figmfhydraperaxidd arnd glatin caubawaghedfwitleace an
aqueous sol vgqj, mag,tmse%mg&_%d%fmbmms RIIARARLcdlly di it S @vERlsuth Xt T €
are, besides water, 1n particular those also enployed for the reaction of
al kene wit h &y d&ToFanpie. ae acidisuph as, farexaawls, formi¢ akidyacstc agidios PEPPIPMC a kal |
netal salt taget BeforeMbtiRginBeit el RBAGROX G, ad Qﬁk@F&ﬁéoﬂMimgt e alikere or
SO

with the solyent, i.,e. as.mxture with the 35, ent, into the reaction by
Feedi ng al kalPwikerait 6 aRrlictngssemg hersin b i vedibitep fees §sFBRGpl |
aqueous, sol wegniredn prodoe, ahdit orgahie higpositeendharmg 36 r thamcatalyshe Ambiene
stream bef or ol frdofd fferBice FBA, Il Breldifedt ERABMiRn b the Jrbdienipanpossi bl e
to 5 feed a(f al't neta sacl_t 0 i_lio e al kene stream'and 1 nto the

hydr oper 8ki dinvertiaseimthatithe agidemplopied i WenPY/ 532 8fprthe veashipg axieridhe erid he

sol vent bei ngriife #EtRGeadtfoR but S8MPMR! colfrartyD Geili 88 F&Y inf frOHD JuiGdd BestIEAR _
m xture for preparing the epoxide, and thus fed into the reaction. 5 1t is
al so pref err 8 {BANECR| kal i metal salt to be added to the precursor

st rfam I i.e. t_het m xt u][e of hydrﬁpgr oxi de, al k_ege and sol vent,d i nt A
particular a,n .e o uepus ragen .per gxi de, . pr ne and, net hanol . An
Blternative AOSS a%‘*}ﬁf £y @Eﬂgfﬁlw t&séiﬁ?iéf E}ﬁ ajﬁmﬁ %ﬂ?eiﬁgww&dw}tﬁet he
hydr ogen2per piesetee of ithd ee yatalysta oy eferabligdmprjeas g deask dbuketiofum i on,
into the reag|;9N ard ?orte‘ﬁﬁmee & &ﬁﬂéﬁg&ﬁcg&igenes are fed in two or nore
precursor streams Into the reaction, ich I's al so enconpassed by the
process of the invention, it is possible to add the alkali nmetal salt to

one or el se Depéndidiasn Biesolenk beselveit @aiBreAREO TR the rddetion, it ielikewige f ed
into the reacti i.§ al

n. Jt i. 0 possible |ikewi se to feed t or r
i fferent  al REPIPRtapcids o ¢ [praied wider (S Ragfian (Rufitigne Bosphfiy he
pref er abBy aepwdiditiod. Hbfor examplepnictmnoleia cimpioyed Hsesotventnthien fdreaxempleal kal i
metal salts” .S it j [ ei ' j 1N 20
t he anions Olt"({nl?lflil l%gltdhl%t ﬁogintggt%fﬁ’ghtggd‘r e%ﬁ{e"“a%f %ﬁéthkllne Ict}a &?)l?cgtrc_b%@%e%glliali
metal salt sempleyed as eolsers| wyascontituend qidhe iselvents dris rlsewssibletfor athen di f f er
in relation pR.hiecRehysdforRkdsol vent mxture used. The time span during
which alkali metal salt is also fed, in addition to al kene and 25
hydr oper oxi de, into the reaction can be chosen essentially as desired and
be adapt ed t allidiemetl yaltisewhith shofildnbanaghticheldhia pag@aildradte lithium, sodium,

potassium and cesium salts. The anions of these salts comprise, for example,

halides such as, for example, chloride or bromide, nitrate or sulfate or hydroxide,



The sane applies to the tine span during which the al kene and hydr oper oxi de
are reacted without feeding in alkali netal salt. This tinme span is
generally in the 30 region of fewer than ten days, preferably | ess than one
day. The ratios of amounts between al kal4't nmetal fed and hydroperoxide or

.al kene are chosen as follows: 35 Al kene to hydroperoxide, in particular
propene to Haod thegargonsofahosphosiser aBenjc-0 agtimEny:, angnign-contgiaing asidsasuch. 95 t o
2, mol/mol. 4 Gfot%%ﬁh le ”g&(ﬁbl}]at@ H}M@éé&ﬁ%@&‘;&ﬂ%@‘e dfhy%lr(%%ﬁ phBE[ﬁ{af‘er %@eﬁatéa)o

~and in particul ar g & roper oxi de,
where M repa@%ém@atsnomexaanﬂorﬁﬁuah %a qro?rarrwlmeéth?rﬁ@ QA AFEBIE  he
al kene with hydhopgaecokore hiaarioakrRardiles coeeidablee precursor feed has been
st opped, %he catal yst is washed with a dilute solution of an acid for a
certain tine. It is possible in this connection to enploy both the acids
al ready prodlizemples whiehrmay ttieomeofiomdk eree infiet raliay ditlgper cllodde,ahithiurhose
used 1n (11) ptdhniBEISEQibA bRRYE, Rl niflale! soliR diftteC Pty nfitale
suitable likewseis f 0 every other inorganic or orgahic acl se a

m xture of adiftiumyiulfaten splimosulfage; potassigmesylfateesodium EX@Fﬁiﬂdésp@tﬂS%%h aci ds

are, for exaH?Jh%deaE&ﬁe&Wda@bcﬁlﬁted%cﬁuﬁlhhﬁﬁ@ é‘n%ar@é&é@';ﬁtas&ﬁﬁn%ﬁb&fa‘téj
acetic acid, a{ﬁrﬁl oni.c acid, inor ap}"if 0X0 achds suc

sul furic 19ci 4thipmy CREbogRtey PYASS 0ggl} gear W%hé?‘?‘&macﬂyﬂgpb("é&%?e JHOI |

HBr ) ?r sulhf pmagsmml ﬂys‘rof)bos@haté wﬁﬁﬁth@rigﬁﬂwbonhts Tl'i;ﬁat@s@iu\x/narttydrn"geﬁ\%r1 ablhy
used for the s the,so n sol v m xt | n I C
the rcact | onPBi gy eBug dpafcel RrRPNEC e icB St oSl v
are, inter aMentipg showddikewise banaasia@if dithipme sadivrbloy potagginmeadathoplates odl so
preferably ak&%ﬁ’}l& AideD irf F%Eulhh@%“ca@b&;@'h@%ld@tvmfﬂ t& ‘16 *&aﬁb%n aftc%s exanpl e,

net hanol , et hano pr.op ano but anol s pent anol s In turn

met hanol 15 251 IEFPOF%d"HFl Fdrofassigm glpealtanetal 9%@%%%%@ E ar%pnatﬁpnes car bon
atoms, - et henﬁh@ruefamﬁples f g, Q?{t@fmdlﬁ; Siidﬁirﬁ'ﬂhh?&lbgén ﬁl@%ﬁ@wdp@tﬁ%ﬁﬂ

di oxane, t hoxye 0X ano uch as, .for
Cxomale. s Ao ol BORR, o AR ot ehoshRH S POt Rma i e,
di met hyl f or neodicke, phospiakey | Dipdtaswiche, hidrogedy bhysphate) ddisaliu@dS hydkeennes
such as, for pﬁ&(s%ﬁglje,e SOﬁS:IStp%gphosphate and sodium acetate are particularly preferably

20 employed.

In principle, all methods for feeding an alkali metal salt into the reaction are
conceivable as long as it is ensured that the feeding of the alkali metal salt is
stopped and alkene and hydroperoxide continue to be fed into the reaction.
25
It is possible in general to feed the alkali metal salt in a separate stream into the
reaction. In order to implement step (ii), the feeding of this stream into the reaction
is simply stopped. The alkali metal salt is preferably fed in solution into the
reaction, using for this with particular preference an aqueous solvent mixture. The
30 solvents employed in this solvent mixture are, besides water, in particular those
also employed for the reaction of alkene with hydroperoxide.

It is also possible likewise to feed the alkali metal salt together with the
hydroperoxide, together with the alkene or with the solvent, i.e. as mixture with the
35  solvent, into the reaction by feeding alkali metal salt, where appropriate dissolved
in a, preferably aqueous, solvent mixture, into the hydroperoxide stream or the

alkene stream before the latter are fed into the reaction. It is likewise possible to



7 - nitriles such as, for exanple, acetonitrile, - or mxtures of two or
nore of the aforenentioned conpounds. 5 Methanol is particularly preferably
used as solvent in which the reaction of the al kene with hydroperoxide,
preferably hydrogen peroxide, is carri e;g out. Accordingly, nethanol is also
.preferably enployed as solvent for the acid or mxture of acids with a pKa
“of |ess thanf&@di alkalt ewetali saltaltoth bisionghpabend| e strgamdd awe ofnteor ehet her
sol vent conp EanTeft fol is i tion
_should be ma gﬁgpéﬁg@g%{,? I'n_order ht%étlglrrégg 5\%@#%%@%%%%@%%%‘?%? Réem cid or
the aci ds wi tasyeledadtenemenad of Hag lagter dropatles reagtien prietgenfori propasingohe
theref ore al gpoxidd, @h&thuk FePinky M6 8&2tigs described above, wherein 15 (iii)
the addition of alkene and hydroperoxide is stopped, and the catalyst is
washed with a solution conprising at | east one acid with a pKa of |ess than
6 in water. BRdsale préfeed fornhelalkalhehevdbisalbtd breaddet ad Wrtprecurseestresmid. h t he
acid solutiog is.. erall v i he regli on of r. . day: i
parti cul ar SQIemﬁlﬁ)gttﬁge ﬂﬁﬁyﬁgﬁgmé(gﬁe’ bazl&ggoarn i F’fgtge ’ \}é {bﬁnic%gd?t% %m)?%laér P’rﬁg whi ch
t he cat al yst agesupbpdroperoprrbride,mropangand encthdnoh Aacalteradtive pdysibitityl & te he
reaction in @lehhd SikhRkictd st Afifed with BRASAMIRE pefdxtdae prdas g aR Rhudhs t he
process, the catalyst can be _enployed i1 n powder form as suspension or else
packed iA0a hydegerheeroxigh aelution, dnte dheyedelionhas been used in a suspension
procedure, it is initially, before the washing with the acid sol ution,
separated fr t he react.jon sqglution L n.one or nore separation .steps such
St or exanh o g o i Calketies B b8 Mo B e AraBan St 5l B
cat al yst 30 wactdn,hasiclbsertscuamdnmpasseéd dyithe processed theethventiom, wais ipossipled t h t he
acid solutio r . I i Leact .o idself, it
bei ng unnecegosgécg{h? ﬁlpdglhrg&gg%gtl t?/sdt%g?) o eEg%ﬁéﬁﬁoﬁe dgrtﬂ%gfé Er?ér{#éls‘.’%ﬁof%ﬂét itis
subj ect t1® ner HeHiard fgdanto ghearrgadfionThe reaction of the al kene with
hydr oper oxi de can take place in principle by all 35 suitable processes.
8 It is possihle inter alja for roperoxi de _to be separagted in an
| nt er med at IS8 glP 2OTHC Fikise e ebd b PR g‘é‘fﬁ%élkf‘]ﬁ Al Sy O et i on
stage and beclkeatdrethdn dhieaitredin] prefiritsinas istated fboo@riftorthaeéaction. SItrgerm

Processes of . Lhis e.are described, f examl iL.h PCT/EP99/ 05740 and
DA 100 18 Sdietent 4 Kt Foidesn Sé{wﬁlﬁ%ﬁifﬁf@?f@ﬁéﬁ%ﬂ%ﬂéﬁgegti on
are al so2pos hebdmorsi drein th&ldations ambihe aneerst b tvar oramg als meetad salt
concei vabl e 1bPRIOUSis TRREIRMBR AL ih MEmPOORBES inRilgiton! & e Y
particul arl yggérag{lg;%gb u%e%“?ﬁ%eg%r esent 6rocess. %uls flor net?atngl
tepoxit ﬁe can E@V:ﬁﬁé’ﬁﬁ‘ﬁéﬁltifﬁlxﬁ%a&‘féﬁﬂe (r)]f twot or nore reagt ors conlnleclt ed
ogether in series. Processes in ich reactors arranged in parallel are
po5si bl e. 1 nIPRAREan HHERE IR GFali B! FObE Ry Ry & ROHPATR s | o,
it is al 80 phbgdioptrexide, do rtjie ausctvui tambbe chniear awentadly 8s dedirednarsl bet ween
the reactors [ JF I ection inter aliato
PCT/ EP99/ 057385%3%(5{0?@&%@%’{?%@5 @gwm\%\?ﬁ%ﬁwl n relation to reactor
arrangenent and internediate treatnent, are incorporated in their entirety

by ref erencehg sifi€ apPItk e thelfimb BSarPA@ERWhieR e AREHeOMd hdRipexideeaet or s or

tube bundl e reactors, are rti.cul ar.l eferred as reactors. .
reacted wﬁhout fegcfilng in akkalil %et%[ salt. 'f}(lals tiarlne span 1Is generally in the

, the

30 region of fewer than ten days, preferably less than one day.

The ratios of amounts between alkali metal fed and hydroperoxide or alkene are

chosen as follows:

35  Alkene to hydroperoxide, in particular propene to H,O;:
0.8 to 20, preferably 0.9 to 5, and in particular 0.95 to 2, mol/mol.



20 It is also possible during the preparation of the epoxide from al kene
and hydroperoxi de to change the tenperature and pressure of the reaction
medi um during the process. It is |ikew se possible to change the pH and the
tenperature of the reaction nedium The_ .change in the pHrelates in this
.connection to changes through addition gf one or nore conpounds which
“di ffer from Alkeliahdtalltd hydropgrogi@esal ts added in (i) to the reaction
according toc o Yinl dition
-to the pH andf ?@nﬁgérﬁg{am}g (SJ(T)d\ {{fg @Qginbtl‘ﬁg%s@d%dmmteﬁgﬁ g?%'sfslﬁl? ]e]\{ljmggfrj whi ch
the reacti onhdd RS0 deéherg M representsnedialignetakeatienence my be made to DE- A
199 66 547.4 which in this connection is incorporated in its entlrety by

reference in he conte t of. the, prese Ilcat Th

Fesul t1ng 1 rOfFS HE Pt af the aufeng narts JoRRmstdsRzy Fakee Btk A Bber oxi de
can be wor kepkempscmmhi ImstHeen stoppal, die datedypieaeshed ofitht hdilutavantioroof oy all
suitable pro t §.0 e cess of
the inventi oér:l&i; iy mﬁér{bﬁﬁ ﬂln%plletnlg pltogmggg{éqﬂl S‘?ﬁ?ﬁﬁpg‘g %&p@%t%&l?%dgﬁﬁég t he
presence 35 fdfeadrbpwd Hlsthﬁdlealélml of alkging evigh bmrpmtex g iagé thdsgrused gmpl e

preferably afifiqn drli& t'i)eﬁﬁ{dvgrbll&fll il Woﬂp%hecé%lgfgt Wﬂf SUBBIPRkANsE g a
m xture contai ni n@ net hanol , wat er and upreact ed per oxi de 1s

separ at el f roiErt ABCHINGEIRAICHY qTeasis peid or elye admixfyrg ﬁ¥ GG IAPRA Ot i s

subj ect ed t othan slemrawrl mmmcn acitd &ﬂe,n@)r leRarfiplt kaa&lbtﬁdyllﬁhéfﬂblﬁlﬁzhvd@l gh )
cont ai ns net hano ces an ot her
poss: bl'e workh Brap@RsoRl Sid gRHFiid, Riobfs deieE et po BAS SEBR

r ef er ence nafpr beampldesul foriDiacid, nmﬁ)ch SdwsphamicchcldEhpdrvba i3 1880, gaHCE whi ch
in this con i i ntirety by reference in the
cont ext of Pﬁgbp"?g‘égﬁ‘?cggg? e(r:)% ion. H]éaﬂl1:§rld«§¥12'rred enbodi nent of the
process Bf the invention, the catalyst washed in (iii) with a solution

cogprl Si ngl athd @ﬂs%m 8fe }du}é\éd hg[rathglﬁ%lcff)r ltl%gﬁcﬂ%‘@sntl‘@t sd)vemto@rsoilveat IZ ]
subsequent |y washe a sol ven o) m X eto ci as
beon added. HOTEAB SUHEN 1HRESRPB clliene cai &) heBe o beqrasccaeopy Sdbs  as
descri bed ab@bentsdierisienalib (iv) the catalyst resulting from (iii) is
washed with at |east one solvent. It is |likew se possible for the catal yst
to be washed, both before and after the washing with the sol ution
conprisiMg at | eawetevne acid with a pKa of less than 6 in 20 water, with a
sol vent or a solvent m xture to which no acid has been added. Sol vents

whi ch can be used are, inter alia, the solvents nentioned above, it also
bei ng possi bi e t cPlerholsyiprefarably Ipwer glcaholsmalse prefarshly elcabplsewits fewet hanol |

wat ]gzr or m xt ur esthah&rcaoni zft(nﬂg ,Esuh e efoalblxmﬁp&edleﬁfllmot R€nhanaE birélhno R
Preference is g|v inter alia the catalyst at a tenperature in
the range from 40 %n%@@t%%ﬁkoﬁ%?%‘?ﬁ’a?‘@‘aﬁ ol essure in the region
of <40 bz, with solvent. 30 The separation of the sol vent or sol vent

m xture fromthe gfsq)lrégg, E?grggqutg%\g}{ogg%ﬁ%@&] Pgr%rc%}%ﬁ%{gg{ hods. | f the

catal yst is vvash erre Srent in the
reaction apparatus, preferably the solvent is initially discharged fromthe

reaction appar at Ugherd N§ucBOhy eftfr Efan$ié,V @itkhyl &thél etetrﬁhﬂ&@m%amluxa&@mved by
treatment with onﬁgéheégore strgams of one ﬁr nore inert gases. The 3

tenperatures in t ethape, SrapthPXYRANeh ( he range from -50 to 250C.
I nert gases which nmay be nentioned inter alia are nitrogen, carbon dioxide,

argon, hydrogen, Syt 0GRS, 8PSl 1R0Ry1 ELARTS WAoRALIL 2! 025 N trogen

- amides such as, for example, dimethylformamide, dimethylacetamide,
N-methylpyrrolidone,
35
- ketones such as, for example, acetone,



w

10 The inert gas |l oaded with solvent is either disposed of thermally or

wor ked up to recover the solvent present therein. ' In a particularly
preferred enbodi nent of the process of the invention, the washing with
solvent is carried out under pressure at, a tenperature above the boiling
.point 5 of the solvent and, after discharge of the solvent, the pressure is
reduced untit parnitles tsushsad,vémt examplor atatenitriléyr ough t he | atent heat of
the reactor, even before or during the feeding of gas for the drying is
-started. It is possible to enploy both a gas and a liquid for the transfer
of heat on the j aek@ixtyegeafl (3o qrﬁv@orﬁeﬁéﬁaﬁ@rewpwr&dﬁgmppvnd% preferred to
use a liquid for a tenperature in the region bel ow 150C and a gas 10 for

t he tenperat n a 150C.. After the sol ven solvent ture has
boon Sepet at Mrrghis PlCIiTy ReTapy st s (il SBoin, BHieBdhE SATBRO St ur e | 1
whi ch one or alkeies with deydsbpdroxid@Kareférablys shydfvgen 6péroxides ek edreiedi swol ved
has been separ cat s the
catalyst s rg%&%g theﬁc}lg>g] iy a?go\\;ﬁ{eﬁerbﬁg;a&?ﬁlgfé’d R{ ‘E&%ﬁt {% LRe R Pd"é?s' ng
oxygen. Accomdxtw@l of, acmewph ekt off lassethan 6rinaW£t©r, fited m b@nz ooaﬂtﬂc @t@é@ as
described abgyeor WOR! Siher &Qvéﬁf)coh@%n&ﬁ& % W mE@andl i GhichQisd ghﬂtﬂ:uﬁf (iv)

is brought into contact. wth oxygén or an oxygen- cont ai_n| ng S m xture.

The fol | #i niepligtdhoalibs made obatgr,dn grdse t%namay%&wh@ﬁwﬁ & PRL i on

step: 25 1. theREids @ath AP LEf ey 6 @Swhiee heating of a used catalyst at a
tenperature of |ess than 400C but above 150C in the presence of nol ecul ar

oxygen for a period sufficient to increase the activity of the used

cat al yst, asThegpetesehiethvientidiPtiferéfomA 8ls0 Melat30to2a progsse cssdesutiberh aborpr i ses

t he heating Qﬁx% used catalyst at a tenperature of from 150C to 700C in the
presence of a gas stream whi ch contains not nore than 5% by vol une of

nmol ecul atS oxygen for a period sufficient to inprove the activity of the

used cat al ystii) asthdesiaitidness amze&Paﬁi @ &%ge@me 1§%to%pe@ eﬁfdogl@sc%tdmtw ch a
used catalyst 1s treat ddgé eatlng a¥ Q0to of an

oxygen- cont ai ni ng ga%@ speiRp WWW‘%“%@IIWHPW ac‘éi”‘ﬁ‘r%? ?8@%5 at a
tenperature whi ch i sthaf6tinwab®C hi gher than the tenperature used during the
reaction, as described in JP-A 3 11 45 36; 4. a process in which a used
catalyst is treated by calcination at 50Cin air or 5 by washing with

sol vent s20 r eShortinmy spdre daming wltich tife ctatelystaisaivpstted with dbe cacidoselution is

generally in the region of fewer than ten days, in particular 30 min to 4 h, and can
be coordinated with the time during which the catalyst has been brought into

contact with acid already while the reaction in (ii) is taking place.

25  Depending on the management of the process, the catalyst can be employed in
powder form as suspension or else packed in a fixed bed. Where the catalyst has
been used in a suspension procedure, it is initially, before the washing with the
acid solution, separated from the reaction solution in one or more separation steps
such as, for example, filtration or centrifugation. When regenerating the catalyst

30  which has been used packed in a fixed bed, the washing with the acid solution
preferably takes place in the reaction apparatus itself, it being unnecessary for the
catalyst to be taken out or put in, so that it is subject to no additional stress.

The reaction of the alkene with hydroperoxide can take place in principle by all

35  suitable processes.



in "Proc. 7th Intern. Zeolite Conf. 1986 (Tokyo)"; 5. a process for
regenerating a catal yst which conprises the follow ng stages (A) and (B):
10 (A) heating of an at |east partially deactivated catalyst to a
tenperature in the range from 250C to 690C in an at nosphere which contains
| ess than 2% by vol ume of oxy and 15 (B) exposing the catalyst at a

t enperat ure Itﬁmﬁ%blﬁalﬂtgéaharf@rrEMPﬂQX@GG@ ber seraraipd yissm tigtesmodiatet o a gas

stream whi CQeﬂS@én& fFomt ﬁ@tre&ftloﬁ%&l%%Srﬁ‘di@'&aﬁﬂsﬂgsa%%s§t§£€3§nd)be @éacwaygen or
vol une,

-of a mxture of nopr e in e range fromO0.1 to 4% by

20 where th@nﬁwwﬁggﬁﬁ%@l% %Oﬁ%ﬁﬁﬁﬁl%st@a%ﬂf #a0f dhis ae reyleseriiedn) (o)
exposi ng t heoe akahps} 1rﬁPCE/El€9W7a0LHrﬁ DE-A 160 15812496.5f Ongstp@ rocd38RC,
preferably 35 tgl?gooc Le S str&q Whh rf has a content of an
oxygen- dénat¥? 0‘6?(57 PYSSIBIE KeWISet re of two or 25 nore
t hereof in the range from rmre than 4 to 100% by vol une, (D) cooling the

regener at ed @?E@We{)re%% bH&Fge nt%lta?g‘éorgf@vabf% e glf & ;i&gh%us' rﬂ&‘x{a%e&@ﬁ whi ch

cont al ns up Yy VO a I‘g or s romthe group
consi sti ng thﬁmceSSawh@;hclawery paticdarly pfprpbly, usgdidattbp presamt ROERSE.,  an

acid, an estmus, forNdxahipl€ thé ePYLHO A RN @ﬁ@te@ i1 X EANCEAObE WO RImbRr €
thereof Details of this E C}Fss are tQ%r%e found in DE-A 197 23 949.8; 35

6. a proQesdCaqPrifonpected, 518 SPUES-j Rropessesn it 3R FRpCOR: AMEISSH Bat nent
under a gas mtailehmeaémlbleymbamtIMeassefcrcmnmaiblé e@srhbl.haﬁ)@slcrf tket;ef‘pracequ t hat

the s basedulSRhURIE Sp U BLLbSu895 RILSY S CHRecdl Atk i85 | 12

defi ned t hereil excee hour's rocess an be
found i n WOi98ls0 $6SHable Itcb carsy ouff smtablllesel;enm@ate pmetgmdntsebettwe@oﬂubﬂc@tqrhe

met hods desq(éf%ﬁeap{a\é’eb%maﬁe qgetgﬁe %&ﬁfn rffer l?au{ot @@IT?EP"@)KOSJﬁU d it be

necessary, it w 0SSi ore or a ter escri bed

above foP tHEAIY 152465 W wheger@atmnea) Wcmswangera%ﬂniddﬁsﬂmy igfet h at
| east one hyebagRar 0xledRcoPbittddOm AeirckmBetd by réfBRnoE mmmce conteti &f a0 aCI ds

It is, of 1lq courselalso ﬁlb|e oco 7 ds descr

wi th one. andtReRt PROEAR: TEPRaGclops 7 sew'f‘er RS e BATIROLRD's v

can, after qodbkiratjad@actors. general, tenperatures bel ow 200C, if requi red be

conditioned for renewed use in the reaction of alkene 15 with hydr oper oxi de
in order to renove in a controlled way the heat of sorption of the sol vent

and precdrsdtds asn possiblgodueting dheyypreprtationn i theipexisieofrens @lkeng andhe case

of catalyst ll%%%ﬂ)xﬁi% fd X, ]g@QHe té}ﬁ r%?cphﬂ{d E@Edread}“t‘ﬁ@téa&lfonarn%h]‘ﬁem are
adm xed with'thé jnert OW Ng é’ i and the stream of

i nert gas cdh‘f‘&gr‘ilil%@rogﬁsvléh% ﬂs%&% ROSS @&bm% teapeArtyEt ofhed. The
sol vent 20 phefacad yheemni OpteeOcHasigd hetherp’ﬂ eemie@)&edné ednrictior’ achahgey and/ or

N I O
chosen X% t valts added nnv(alr)ttcethepe@dtlon@nmdiagu@ éle(mmnts)poA)quhermosmbrhlt)t bse
catal yst. {5 alter, in addition to the pH and temperature of the reaction medium, the pressure
under which the reaction takes place. In this connection, reference may be made to
DE-A 199 66 547.4 which in this connection is incorporated in its entirety by
reference in the context of the present application.
30
The mixture resulting from the preparation of the epoxide from alkene and
hydroperoxide can be worked up within the scope of the process of the invention
by all suitable processes. In relation to a preferred embodiment of the process of
the invention, in which propene is reacted with hydrogen peroxide in the presence
35  of methanol as solvent to give propylene oxide, for example preferably after the
reaction of the propene with hydrogen peroxide a mixture containing methanol,
water and unreacted hydrogen peroxide is separated from the discharge from the



25 The increase in tenperature should preferably not be nore than 100C
above the average tenperature of the heat transfer nmediumin the jacket
space. After the liberation of heat has subsided, the feeding of inert gas
and sol vent vapor is stopped and the c al yst bed is charged with liquid
.and taken into service again. 30 In a particularly preferred enbodi nent,

"t he cat al ystreactigerandahisdnixjure iresubjestedds f separatipmy processn resyiltingu siad af or

reacting al kfﬁﬁﬁer%txtﬂurbwlap%&éingqnetﬁttﬁn Qﬁ@%ﬁé%ﬁ I ﬂ&i’rﬁét&' ANrddiRhebahR al so
-relates to an 1 ntegrated prqocess fo aratll%%%an epoxi

conpri si ng J¥eRsES a9 pthe(.noymble.wr}(up (StPPSéne YhEess %ﬁﬁ&tﬁnfsatfgﬁw(. v), as
descri bed ah}ﬁéf&ss vveemica may18e vdde tbheEqsateo y>884. eamﬂttmag\ fomm 8&5) 9, s

enpl oyed _f or aCtIFIg kene .w th h%gr OXIW? in ((érpl re are no
parti cul ar r‘?élé“f .t n“s"nﬁﬁcutoﬁearﬁ B PY ALt ') éf‘d% F IESE FhS the 5
scope of theopteetefithe presargapplicatiohi tes are, as is known, crystalline

alum nosilicates with ordered channel and cage structures which have

m cropores which are preferably smaller than approximately 0.9 nm_ The

net wor k of dnchprefsored eabofimens op theeproedss Sif the mwentimng theicagal ysé taghedding whi ch

are |inked lml)%m@omﬁ&g@&nmglﬁfeﬁmasﬁen@mawlm ﬁabhesmam intwaGt ures is
to be found, for exa Baerlﬁ)cher

"Atlas of Zé%ISP‘Eséq‘ﬁftﬂétc‘t’%ﬁh@dWBb% 80 Vepget/ﬁ%ventzftlwtﬁa.t? .“éﬂqc]* PBrighhaso06. 15
Zeol i t es cortean Added. Nno al um num and havi ng titaniumas Ti(lV) sonetines in
place of Si(l1V) in the silicate lattice are also known. These titanium
zeolites, especially those with a crystal structure of the MFI type, and
possi bi | i ti €khef prest eipueritiog therefiorar asaleslates Bech porcess asrplescribed Bbose,0 311
983 or EP—A‘QIQ%e-WB. Apart fromsilicon and titanium such materials may
al so contain di'tional el enents such as, for 20 exanple, alum num
zirconiudy tin, iron, cobalt, nickel, gallium boron or small anounts of
fluori ne. In(nt)he tﬁ@@italwreﬁﬂtﬁtgfﬁ&rﬁ (m)estea@llahmmmetcﬁteedldamthe process of
the invention it is possible for the titaniumin the zeolite to be repl aced
partly or conpletely by vanadi um zirconium chrom umor niobiumor a
m xture of tlwis dikewise gokdibleefof .thelbatalysi ar be azta'sbecbfbotli before) amdattto the
vanadi um  zi re?sﬁﬂl Ui &Q%Bfﬂu‘é}]‘cgﬁl Plgmglapf% g?acmrw tﬁ thﬁla o?fles ljtzfncéoﬂl and
titani um and/Or Vanadrum an ? m-an niobiumis
usual |y 20n t\h@em A sohvsnt or. Dgolvent muxtgrelto whiak mmmldnha&l@@nuad@@, in
particular those with a crystal structure of the Ml type, and
possibilities for pre arl g them axe descr| bed for exanp]e, in,
98/ 55228, 30°0NSIYBH sgd /203 30iT alip.the Golygnts 918@31“89645#*’%(@0“ 978,
whose scope Heing Ihisabﬁ:qa € i Llrel B thtC@ﬂ’rﬂGtFe&ifeﬁbsb Bolivérits.eVithamsl ywater éthe
cont ext of thelﬁ_ e entf gatI)IiCﬁti n. -Httoaﬂ\ 1%olites with the M
structure arBPEHEWICES! B ?Brgetr ¥ BEFCCOF HiSal & 35 particul ar pattern on
determ nsti on of their X—ray diffraction diagranms and, in addition, through
a skel et al I 960 cm
-1 and thusvlic]'p{e?édcg%r%{ éz}l %ﬁeto Shﬁ]ig?g%g?g@&(%t(act@l erit}g{hanré&g;% r phous
Ti 02 phases.frm 40rp é%"&m@m e?prvmaw BRACH T GSEUTS h@thedeeen@éﬁﬂp Sfe dvith
titanium, gREpium, 5 tellurium, vanadium, chrom um, niobium,
zi rconi umcontai ni ng zeol ites with the pent asi I zeolite structure, in
particular the types with roentgenographic assignnent to ABW ACO AEl,

AEL, AEN0 AHThe sépéBatids-of thésdyvekloDsolAER mikkfESe fréfilthe AfXlystAdax tal&tplaceANA, APC,

APD, AST, T E, CAN
e o ot stiie ol Bf e YatatyfAOw AN g lERoritld g I FRter

DON, EAB ERmba@imentipthe remtionmpparamsipreferably fhemolventss intielly discharggdy | FR
| SV, I TE, J %m |ﬂfé rea&ﬁ&ﬁ aﬂp@étus'—'TQe sblvEnt df%lveht-rrﬁlxttlxyts phefd¥abl o%' MEL,
MEP, MER, MIF, MIN, MIT MMr\é ,ﬂ‘E NON,
OFF, OsI, PAtF?( tﬁAW‘e"PHW“h% OROQOWRSKF‘”WTI? ?afHor 1‘31015'&;!*16 @@SeSSA SBE,
\S/g\s/ SBT35 SFtEmp&%resSgﬂns SI:E ar@ﬂeferﬁ? in ﬂ’éﬁanérd‘@mTWto TSCC. MEeh, gavks , VNI,

W E, t ét ur e 1a mtxe% st rg fSl o Tor e of
Uhe. af or emert 1SR PSR meaiings el lre Afetns 0t AEBedren HyBialRy ¢ e
Wi th the | TQyAtheSS$SZagnethidid, thatT Bad patGral-gas.oXitCOpdn & prefanaily emplayed.
concei vabl e for use in the process of the invention. Further titanium 20
contai ning zeolites which should be nentioned are those having the ZSM 48
or ZSM 12 structure.



Ti zeolites with the MFI, MEL or MFI/MEL m xed structure shoul d be regarded
as particularly preferred for the process of the invention. Al so to be
mentioned as 25 preferred are speci fi cally the Ti - cont ai ning zeolite

catal ysts generally referred to as TS-EO "TS-2 "TS-3", and Ti zeolites
wth a framework structure isonorphous él‘gg‘err) zeollte Accor di nge(%/m t he
present i nvehltd drerhiggd lpadedt witht splyendris c eitheradisprssd of tharmally we wa erein

the cat al yStupﬁ)@cd\,{efﬁﬁlsgmeﬁﬂﬂrhg‘eﬁu}féﬁlmth the TS-1 structure. The term
-"al kene" as se WI

: cope .of th resent ventiqQn ans .all
comeun s hal et e cothod et oL R oceoset 5 Srishagn- AR BRI b

rrﬁnt :c Olan of withl @hlvemtganmled U onkded prassute APa aém;bamte achaee ﬂxecbdimgob@nbond are

t he (0] omnn

cobutene bl BEEENER gy r cithiE B s ARRRE te pBEh L B et b hart e
oct enes, di |<sfothatseh@m tvapoedt¢sy Itlpenghaﬂ@ latenndanarm%the deattareween beforeoene,
tetra- to ei &19 RS feddidg o 18%1‘3 fBF{He gﬁg%ﬁtarté’f }’E"ﬁc%ﬁﬁbfent%semﬁ% yhaput enes,

|soprenes terp nes, ge ani I na acet

met hyl enecycBasing gdimid éllleotﬁ%!ﬁfeé ﬁéheas@mtbfm@se@ﬁél e thsoreAetinn appgratushept ene,
vi nyl cycl oheptagisrefevicd b 03¢ 4 Bqifid for empYahRe A@B fegidn BEIEWE,50%Y ahPQGheNe,

cycl ooct adi vi nyl nor bor nen t etrahydroi ndene, methyl styrene,
di cycl opkht aﬁ’ré‘ﬁéem ?r\?fuﬁ%e@&%’zag’ﬁee Tg@aeododecene cycl ododecatri ene,
stilbene, diphenyl butadiene, vitamn A beta-carotene, 1 o vinylidene

ai el or obut et GFisFERy ofidpeh pRUAT borbesRenRed ol ey onatsr o1 .
cycl opent enethe @blyentpﬁe rst)lefr:m rgixtuye urawh@hoxlns or morglatdnwlth 2 plasritless alna@cﬁ _
sterol ds, eURAKKIEE iRMssolRAMITARN sedRRLd %ﬁn (HeSRHE ShethofiEs BRr M 2 ds

such as, for exanple, acrylic acid . acrylic aC| , crotoni

mal efi ¢ BEi dPrOWSﬁy‘ihSc‘&t@IXSH@ Brqught G’Pfgaﬁ‘?f}"%’(teﬂltha?’%ge‘&c‘i’rd§ &8fc ISR f or
exanpl e, ol e¢dinpisind odyke@l ei ¢ acid, palmtic acid, naturally occurring fats
and oils. The al kenes preferably used in the process of the invention
contain 2 to 8 carbon atons. Ethene, propene and butene are particularly
preferably réemrdidglyThe presatt iiovendon alsoprehpsne 4 praesgead ddsksibat elfaver ed.
Accordi ngly, ¢t hePresent invention also relates to a process as descri bed
above, or an iInt egr ated process as descri bed above, wherein the al kene is
propene. 225 The hydroperoxi des used according to the invention can be

obt ai ned by @4l pﬂh@‘éﬁﬁﬁ@ﬁréﬁﬂl@i ffdtn (ﬁl? oP Kx'v} Lsewtorett kigfo- coﬁ%cpﬁvﬁﬁf%fx?géﬂ"e
hydr ogen peroxi de which era .used, it iS possible in this

connection to hav@%ﬂé&%ﬁ?f&&&t%mg&ﬁa XWre.+ o t he ant hr aqui none process by
which virtually the entire anobunt of hydrogen peroxi de produced in the
world is Pr epRI drogenati on
of an ant hraqw%gﬂ‘ew}-%)&oggsgegqﬁér %lﬁeggzor%%gg)gj g?ﬂ‘gﬁasn éne at%ﬁoq i none
conmpound?s subsequent reaction thereof with oxygen to for m hydr ogen

peroxi de, ang subgg@EERtwHi G R Arises t&hﬁaﬂ@%&@d Q){ﬂfy‘é’ﬂﬁ% t%b&’éhﬁi@opy

extraction. The ca?lq)l yt| C is CcO ete renewe y rogenatl on of
the reformed ant hiestily %}E}HﬁBﬁYFdl Ogg%ﬂ?"eWFW%f’me@C‘élﬁ’i RS TRhe

process is given pdﬂlodléhfﬂﬁi?é’ﬂﬂ t@incrayctho aeNiey offthd Dsbdscafalyat, aClaegeribbd ', St h
Edi tion, Vol unme 1€?6€$g§§ é47 to 456. 16 It is |ikew se conceivable to

obt ai n hydrogen p B ’converting sulfuric acid ' into

per oxodi 3ul furic acid by anodic oxi dation with sinultaneous evol ution of

hydr ogen at ihe C 1139%‘3 ﬁ%‘e&lﬁ%e&@%&ﬁ%@é ghﬁ]&J{ tgm &lag.\rég | eads

via 5 peroxosulfu C aci en per Uri ichis

thus recovered. |fomsl 529f’§60 789 ressnee phiezas Gtrpare preh poniriag ant
peroxi de from t hemeteeilign 5% by volume of molecular oxygen for a period sufficient to

improve the activity of the used catalyst, as described in EP-A 0 790 075;
35
3. a process in which a used catalyst is treated by heating at 400 to 500°C in
the presence of an oxygen-containing gas or by washing with a solvent,



1 o Before using hydrogen peroxide in the process of the invention it is
possi bl e for exanple to renove unwanted ions froma commercially avail able
hydr ogen peroxi de sol ution. The nmethods conceivable for this are, inter
alia, those described, for exanple, in MD 98/ 54086, DE-A 42 22 109 or WO
.92/06918. It is |likewi se possible to use an apparatus for renoving at |east
“one salt which i sprpfeeabbnt at nat HempeBtung d mdienispEiCota HX0°Cohigh¢rathabyhe on

exchange fromthqeﬂm&raaﬁ!@ﬁseﬁ%%gqge 3Rl A destfitRiiGh IPIAS 18ABAKAL US has at

-least one nonacidic ion exchanger bed with a crosssectional flow area F and
a height H where the height H of the ion exchanger bed is |less than or
equal to 2. %4.x Fld groad.in whidhad ided Ehaalyst isafeatedbyrcatvinagigi ak 50T i &ir or F1/ 2.

Wthin the framework of the present invention.it i 0ssj bl e i,n inciple
Lo enpl oy 20 a11 WORATITE Wik G- ERLHEHGRRE B getviy of BB ERal e Fe el and or
ani on exchanger. int"Pre. a‘f‘ﬁnemozmlhé €onh 108@(ledktyp)yn and ani on exchangers as
so-call ed m xed beds within an ion exchanger bed. In a preferred enbodi nent
of the present invention, only one type of nonacidic ion exchanger is

enpl oyed. |t5.is a3 pwcpisdperageneraiing s catalypiawhichicompaiseshihe deltfowipastagesl ar | y
preferably a basi@)aagaqg .exchanger and particularly 25 preferably a weakly
basi ¢ ani on exchanger. e present invention also relates |likewise to the
use of alf acid with a pKa of less than 6 in water to renove al kali netal
froma zeolite cal ixating 30ard aeclepstgmetivlly dedetivateincasdl g to6 @l tamperafune irher to a
process for regenerati a zepl i te catal yst~ .wWhi C [l 1 (a)..washing a
zeolite catal yst used t’?lg rgigﬁr%%%lsés%oa t@l%@ngdniaﬁl %W)%g% reclévzll%cr?séoi&%n\ggS wth
a sol ution conprising lass tham2¥ hyrelerné df evytghnandka 35 of |ess than 6 in

wat er, where the acid is produced in the reaction of al kene and hydrogen
per oxi de, 17 (b) washing the catalyst resulting from(a)_w th nethanol,
and (c) bringi ng hecxpasing yus catadysiat p tempargpie(ip)the range dom 424 tofA0RCoxygen
or an oxygen-cont ai ni ngefabHlyB30 W 600°C, 18 ghd!MRkl RRichhas%Rbaichesf & nore
detail in the follow n(gﬁyexaggl es. EEa les:” 10 Exarrlplﬁ 1.E ox%ﬁatl on with
di pot assi um hydr ogen pHEEFHAPRAINE HRURNGE R HXYBFR, F & %l‘?ﬁf‘&)’e o or

epoxi dati on of propyl emerewhé¢rhohindheopage fromaxi teddey vwlume,ed out in a

tubul ar reactor which had a dianmeter of 45 nmand a | ength of 2 mand was
provided with 15 a cooling jacket and which was packed wi th about 620 g of
a fresh #poxi dat i where ghedtrpeass (rayatseiogmpsis¢ thediither steg@es (GrandP) f or m of
pellets with a dianmeter of 1.5 nmand an al kali nmetal content of <200 ppm.
The feed rates for the individual precursors were as follows: Methanol:1
834 g/ hHydr ogen pé&possrgaing Semgaialyd aba fempergirg 1 thefanes Boghebio8W G/ hkoHPo4
sol ution (1.25% by4 g/ freRicaly 350 toM800RC) to 2Bad fieeanndhhichdiagla phRet6GSAT S Wer e

conbined upstream of tQ)%/greg-%gﬁé%{ngusrﬁgsetanc%rcgarsostJJJx(§/gen or of a mixture of two or

25 more thereof in the range from more than 4 to 100% by volume,

(D) cooling the regenerated catalyst obtained in stage (C) in a stream of
inert gas which contains up to 20% by volume of a liquid vapor
selected from the group consisting of water, an alcohol, an

30 aldehyde, a ketone, an ether, an acid, an ester, a nitrile, a

hydrocarbon and a mixture of two or more thereof.
Details of this process are to be found in DE-A 197 23 949.8;

35 6. a process in which a used catalyst is regenerated by thermal treatment
under a gas stream at temperatures from at least 130°C in such a way that

the mass-based residence time of the gas stream over the catalyst, as



(about 20 bar) and passed through the reactor. The tenperature of the
cooling nediumin the jacket space was chosen so that the hydrogen peroxiée
conversion at the outlet of the reactor was about 90% (the tenperature in
this case was in the 25 range between 25, and 45C dependi ng on the degree of
.catal yst deactivation). The reaction was stopped after 300 hours, and the
"cat al yst was was héafingd thdreifyy deesafot pxespg| Snwuoxildksailsi ofthie presess! caat be oom
tenmperature and sphsearen by/18é4ed in a streamof nitrogen at 40C. After
-renoval of the catalyst its potassiumcontent was anal yzed. The potassi um
concentrations in the dry catal yst were: 30 At the inlet to the reactor 1
400 ppm by VRIiighdf couds?, hRo tpassibledd | Bndine the m&Bedsodeséibddngbor¥tvief ofig oM t he
reactor 1 000 m. bX \Aﬁlggept 800 ppm by wei ght The organi c carbon content
was 1.1 % b Gt 2 SR ¥Hoved catal yst was then heated in a nuffle
furnace with circulating air at 550C for 2 hours in order to renove the
organi ¢ depogi o] 1.0 t tihe Fon, .t o] i car bon
content was <O. dB)S/ tljjg ﬁm%?%h{y’ qﬁ'ﬁ@hc%%%l%s?gsglgggi%gqggu%r %%é {l}g:@e S?Sthe
anal yses) wadeseibagrahose for thhgatalyactodre, regentrated by svashing additienallynwithat a
fur ther 300 faguiche hfubbidedBikioRBr bRe GAliASSr bk ioidiinyagiagul dept from
the need to raise the tenperature by about 2C (conmpared with the first run)
in orderl® o ¢¥EICe S0 PRESIRIG RCombing fisnmplpds deseribesirhors vath ongrangthet s second
run, the catabjgblendg.again 1 o washed, dried and anal yzed for potassium
The concentrations were: At the inlet to the reactor 1 500 ppm by weight In
the mddle of the reactor 1 100 ppm by weight At the outlet fromthe
react or 900 Plwdtalysteeggnerafodainphis veayEpox aftkatdoohngia, fn gedralnteppemplres phat e
as base (co t| ¢ t . %% by
wei ght soluﬁ%%ﬁﬁgpﬁg%ﬁrp ,%?%8%%%5%ﬁgggq?ﬁg%%§8§%ggﬁﬁﬁggaﬁggﬁﬂé% §g% base
in placel®of Wik hadtoperaxise imordate suroyshsmeairelled, way tambeap of yoration of ¢
i1 e of soneh B ORI STRlis HORDE tioall Bohelible Bl st e vashed
unti py [ u
subsequent | ycaag od @hta Sapgcﬁsegﬁvﬁffeﬁnb% a&&waaky SR SPPRE Of AR HIL BFe ¢ he
gat al yst | i t sadmided! mimomﬁ eimdrt lgmﬂawmlgygasdtheraealm,ohnd' nnhe&nemtdfatﬁéroms [ R t he
ry catal yst re. At .t inlet .to t r.eact.or., 700 m i ght |l n the
m i o of ¢ e Fhfoe orohdS Ubef, ¢ bR, VRSP nd T B ThE bRt or 400
ppm by wei ghprefBabihemplaysdiis theaotzoemploped far thegeartigsmhd/ondiegiashing aer t he

regeneratio [ -t i ter the
Conbust on ves R ReIEMERRRIATRES daribIELPPRRRD. T SMeRaoner] el L2 300
hours, t her etheivRbimetic Bayw of thedpert gaspare preferpblychpsen sg gt ngspwanted pedan i n
the first ru@mpbfah@é (Hdl8popsstuRborihg catalyst.

25  The increase in temperature should preferably not be more than 100°C above the
average temperature of the heat transfer medium in the jacket space. After the
liberation of heat has subsided, the feeding of inert gas and solvent vapor is
stopped and the catalyst bed is charged with liquid and taken into service again.

30  In a particularly preferred embodiment, the catalyst regenerated by the process of
the invention is reused for reacting alkene with hydroperoxide.

The present invention therefore also relates to an integrated process for the
preparation of an epoxide, comprising stages (i), (ii), (iii), (v) and, where

35  appropriate, (iv), as described above, wherein



19 drying, the catalyst was analyzed for its sodiumcontent. The sodium
concentrations in the dry catalyst were: At the inlet to the reactor 800
ppm by weight In the mddle of the reactor 600 ppm by wei ght At the outl et
fromthe reactor 400 ppm by wei ght s Exla},rrpl e 3 Epoxidation with dicesium
.hydrogen phosphate as base (conparative “exanple) Exanple 1 was repeated but
"a 2.5% by weivght thekatalysresilting s (whihy emolpyed dho sesieting thecatkemoaviths. 6 g/ h,
prepared in sol Utﬂ}ﬂfbgef ieQ%% - and phosphoric acid) was used as base in
-place of the dipot'assi um hydrogen phosphate solution. The first reaction
was | i kew se stopped after 300 hours, and the catal yst was washed unti |

free of propplegdgredd ptivalaMredRictiamObn te 20N dalilRY Rlgufictaed dvithibgequent |y
f nitrogen at 40C. After renoval of the catalyst its ~ s

dried in a strea P
cesi um cont eﬁ‘if’p‘?/\gii SRUESSY P®She cesium concentrations in the dry catal yst
were: At the inlet to the reactor 4 400 ppm by weight In the mddle of the

t 2 8 i t t . . b
et gt The. droRRRCTEFEistHoutt Syt bibpldAtale P BEeieq Eyahlld BRI O
regener at i orcage nsteuesireryywhioh ebayapmicroponehewbichantec peciensbly soatlemtthasf ¢ er

combust i on ro?z@mgteiy 4 nfl THE heNokk of ARhGREREY Blcokipds@a Hgend RIOA
further 3 00 haqurs, | oss of activity being detectable when, cogfﬁge?d wth
he

the firsto rdatrghedie pdighentst inked, BY SORERPT SKYGeRCDEAERS ABnOWEIRYN
second run Viapwabdnictudss ibit@be foundaforieRathple, fnl WM. Muidr, DA t@komashChg and

drying, the catal yst was a dfor. its. cesi cont ent . ,.The cesium
concentr at i aserllgﬁyetrhewa?i/ Ogi%f?stg{%t%e: %¥ CSAt Sf?cgleir’nﬁtzlt Eg%w hg‘o’f’ioélct or 4
600 ppm by wei9ght In the m ddle of the reactor 3 100 ppm by wei ght At the
outlet fromthe reactor 2 300 ppm by wei ght Exanple 4 20 Epoxidation with
di pot assi um hydrogen phosphate as base (according to the invention) The
first rutd ofZeskitassratamingso plapsaireand hyvieg ivopmnauFEIViisamemepin place
hydrogen 5 pgraQivyen andsiféolAG@ 488 dhedanTRELSRIALS F8RRS, WBESalit opped
and washi ng th et hanol was C%{:fh%gﬁgm for 1 hobuim Trléen about .2 g/ h
formc aci d fie¥eVitepsrstpl sipcuterrf t rfgpe. pd @asLIHigs 1R PLAPGERE HISET washed
W th this ~Qard d8schppedvisrgbmpleliitHPoA (f 3irl M3 HP-ATOS B8 Aparefieni siicsas t hen
st opped and shing Wt nol c ied 3 r r ur.
After the ne atrﬁtgpﬁﬁlacfug%glﬁ%t%%%%agﬁa?%géﬁﬂa@hggﬁg?ggf flset%e&l/ggs E‘g:?ll aesé f%%r)l a
st ream of0 nidxaopdn alsninnme gixegriiem] tin,Then, eobak.shigkel c galtiemt bosgarar wmalf ol | ows:
At the inlet np YehahlatiP rd ReetdicdHvemefhrddags r eact or
mﬁ&m{t?&f i nﬁ%g&oﬁé ap%ﬁse tr) T i;lrl%oe ppm Bﬁt pir ht The

(0}
<100 ppm by wel ght At t] _e'({)u, t om t'he r.eactor . y we
organi ¢ car b¥rihe Byvesiian ihasspassibly, oy thiditaymum ke zeolin toPeagplasedtarthagr t hen 15
hegt ed in a ¢patdléelyf vy idagiui, Licaditimutabinign ak hiobiur® 90 & nhikfure oNeAd &r 1 N
order to renove

hhe gﬁ?]anicl de osift§ by conbusti %FlHEAf.ter.the conmbusti on,
the organi ¢ PEFHBHCRLADE RO FREISPI {1 %‘%‘9 g YAnadiyig, HEORUNL ChiqIET 10t 5
g used fmw tdreniabiamyteehy tatalsofr Slicemnend titaninineandéactanadiuvmnahdl/drezirceniotti on was
run for a fugther r -dec i LY hiy. afed wth the
first run was ggtcg%t%gg&gé.ﬁd% n@g%ﬁ%@s@ﬁ%%%%?ﬁg%ﬁf%??éggmg '

pyr ophosphat e as base (according to the invention) The first run of exanple

2 was repeat Bghnidf DeHabs, Sn PaitRIRr tHoBe QR DéryitAEstARNA BEHSIFT typehgnd odi um
pyrophosphat;ﬁ??;gterln was stopped. Afte ours, th

p r .300 e and
hydr ogen per Hitieg 9% RighaEng HAFM S5 ﬁr,‘beélncfg{/vg§ﬁf‘ﬂ]§’ \}\?B&%%& was
carried smut Wey 9F0BBHM; WOABISBIS,IRP-AEE DEINGS3 dreP-Bek4059 2S; hiogrestopt e
gg;?;%tsts ﬁftggsglggtglgkﬂ%tg\éss tihgo%r%ednh{[ ritggeenQir9t§f " theex%(r)rl?tlcﬂ?t bt tﬁg eprés%%% um

application.

Titanium zeolites with the MFI structure are known to be identifiable through a
35  particular pattern on determination of their X-ray diffraction diagrams and, in

addition, through a skeletal vibration band in the infrared region (IR) at about



30 At the inlet to the reactor 200 ppm by weight In the mddle of the
reactor 200 ppm by weight At the outlet fromthe reactor 100 ppm by wei ght
21 The organic carbon content was 1.3% by weight. The renoved catal yst was
then heated in a nuffle furnace with C|rcul ating air at 550C for 2 hours in
.order to ' remove, the organi c deposits 61y conbustion. After the conbustion,
the organi c %8rchvh adntimst diffes fedim lalkalby metil gHitanatise erat etlygielling| eand about 5
g used for the frﬁh(ﬁlﬁ ggggs Was returned to the reactor, and the reaction
_was run for a er ours No decrease in the act|V|ty conpared with
the first run was detectable. Exanple 6 Epoxidation wi th di cesi um hydrogen
phosphat e agnb@ie cdriecds ithg féllbvhhg? shBMGnISd ﬁm%tla'ﬁtﬁl fitanfilm £ URrAniganpl e 3

was repeate After 300, hour the pro e dr oge erOX| e an
G cest amny dFBEBIT-pHEINT PrabbryerBtiSy et RabifR s Mbnano
was carri ed theitpehaasil 1zdobiter strilibtere aino partizulgt hthe hiypesh ovithc raentgenmgraphibS

recer ot Sl BRI 00N, NG, FIS SR XES, i JORIEIND L 01

washi ng wit h‘\FﬁstmElTLoAFXaﬁFébn%HﬁuébUf o‘hP@ ABDx AS&f tAeFNt A Opret Ha il T, had been
di scharged, Ape¢ agfa) XWWV‘@%AdrBIKd HGG aBFltIrBRE‘ @%N“GAQQGFI TGP, 'cegaml e 1.

The cesium contents wer he inl reactor |00 ppm
by wei ght® | rpItIﬁeCHIdQPQ @pNah@Z?eQéF@PQ%ODBQWWJ \R@IthOM EAB. BRL et from
the react or ENI®, BRINERA, BEVY BUCITA O] BER] GIS; EMENGUOIEPU, 1FRs 18VOYiThy

OO0t g BRTPKFTERL LA B S SR o TS MRS L e

by conbust i (EPAMER, Mg MESHMAIN oMOR,WSEY, dAHF,cMAH, MITHoMTWN MWW was <0. 1
% by wei ght e t t e apqut r I S
o Dy ght N Apengal NR! Oﬁ?'F t%f]SI PRy P'?\@ P'ﬁ?(k]flé Pg}@,aﬁsﬁfﬁ??)%% Hour s.

returned to the’reactor, actio

No decr eldse RWT fﬁféOaSﬁTvSBﬁ eSBlSpﬁB(IdSW,t WTh@ODb SEF, $Th SAds TR, ddtQbl e.

22 Ve cl ai mT(iN 7Ia\S@r\?TEQ*SSVFfIOVNtI WSVVWWEI‘J“Y@G aZOﬁ%bﬂ?e hﬁl‘l tidgegpr esence
of azeollte5catai nels react

I N I
hydr oper oxi cﬁérupwr@csnzaf tWPé%réH%ré qs“ft ¢ %tor%ramoyg SYWEtYsE- N ﬁﬁ@neamtm at
| east one aId@ﬁia&mﬁ@etzablltSSalwlt}bmengrQ-ad SSTE-4, t EM- BauTDon CIT-atod €¥B5 one
precursor str

stmgtr[rl]res are concelvagle for use in the process of the invention. Further titanium-
20  containing zeolites which should be mentioned are those having the ZSM-48 or
ZSM-12 structure.

Ti zeolites with the MFI, MEL or MFI/MEL mixed structure should be regarded as
particularly preferred for the process of the invention. Also to be mentioned as

25  preferred are specifically the Ti-containing zeolite catalysts generally referred to as
“TS-17, “TS-2”, “TS-3”, and Ti zeolites with a framework structure isomorphous
to B-zeolite.

Accordingly, the present invention also relates to a process as described above,
30  wherein the catalyst is a titanium silicalite with the TS-1 structure.

The term “alkene” as used within the scope of the present invention means all
compounds having at least one C-C double bond.

35  Examples which may be mentioned of such organic compounds having at least one
C-C double bond are the following alkenes:



(i1) during the reaction the addition of the at |east one alkali netal salt

I s stopped and hydroperoxi de and al kene are still fed into the reaction. 15
2. A process as clained in claiml, mherein (tii)the addition of al kene and
hydr oper oxi de is stopped, and the catal I's washed with a solution

.conprising at |least one acid with a pKa of 20 less than 6 in water. 3. A
‘process as citangePrppenst al fpEne.nwRehuens, (iispputene catturtadieney esupentengss r om

(iii) is \A/a?]sﬁ%%& meﬁ&néseﬁessadfeﬁ@s %@ﬂ)ﬁéﬁ‘é@t oct&%es4duﬁbﬁfeﬁ@ - Qfifnef1fehfnfEd in
-claim2 or erein t he catal¥ resultin rom(|||) or (iv) is

" brought int d‘O@S?RSachOW?IFF o¥tidssencyr ted oﬁ/g%‘ﬁo%g?ﬁ’ afthi pdgdetrapranReife. 30 5.
An i nt egrat esb ljaﬁmdeeﬁ:sf @blyﬁd@huﬂéﬁ@p&&@ﬁrbm aérpaitese pexdnild, 1alol,i Hhalgl st ages

I 1
L), it et teelple, g RRect R GBEr L2 Mfenet o ibpioRered Fhlkaofor
reapt i ng t hecysloheptenasi t vinfilesieloheaosi deinaboximng,i ) vinylcpdoliexene,pr slyess, as
claimed in %}q?%tﬁﬁé ai %ﬁcl&oété’dléne m@ih?fnﬁrﬂo?ﬁ‘enEat qhdsk, | SefallyldtAdedn)

silicalite tructure. 7: process as claimed in any of
claims 1 to met Wﬁ%’?‘%ﬂen théh‘é)fmétaﬁsen?‘)r opeﬁéVlnié ezene, nr ocexsdododeedns; ned i n

;{Ry of cl ?I r@c[bdb(&j’ecﬁtrléﬁger@hlbeﬁé‘e &‘pﬁér?ﬁﬁftﬁﬁié&e lﬁtdﬂ}iﬂ?pgeﬂetﬁl%@iﬁjnsel 9.

e use of an acid wi an er tor ve al kal i
metal | 0% roYH‘g df@?)l |fi"é’r@§’t a%kl t. LQ@S’A Hrbd el ‘}Aﬁ% r SARhALl L ﬁlj’r‘éiezeol ite
cat al yst, whlicllowbone,sesilyl( aglcotms,hi ﬂ@tlﬁllyleohicbbolpa&)ateyielrs u%eténed]ola, process
as oLl ed. | BeRBuBhetolns RhTigh, LSRilihl FERLMILOMSATRILS AGoRh | cas!

one acid wt th I s produced in
the reacti orctbﬁxyaﬂkemelsawgemld rmip@ptﬁxumeatu(aqu werbokylis eeids cach ags tfor

resulting fr d@’r}tlf& 284 hARMheryAB hekD drstbnir ddidl rﬂglefchﬁclﬁa‘;/ﬁ!ybé%&tlc
resul ti n]g5 fro i it 0 _cont act th Xygen .or .an o ? ’f .cont ai gas
m xt ure. aci unsaturated fatty acids such as, for example, oleic acid; linoleic acid, pa mlt c

acid, naturally occurring fats and oils.

The alkenes preferably used in the process of the invention contain 2 to 8 carbon
atoms. Ethene, propene and butene are particularly preferably reacted. The reaction
20  of propene is especially preferred.

Accordingly, the present invention also relates to a process as described above, or
an integrated process as described above, wherein the alkene is propene.

25  The hydroperoxides used according to the invention can be obtained by all
processes known to the skilled worker. To prepare the hydrogen peroxide which is
preferably used, it is possible in this connection to have recourse, for example, to
the anthraquinone process by which virtually the entire amount of hydrogen
peroxide produced in the world is prepared. This process is based on the catalytic

30  hydrogenation of an anthraquinone compound to the corresponding
anthrahydroquinone compound, subsequent reaction thereof with oxygen to form
hydrogen peroxide, and subsequent removal of the produced hydrogen peroxide by
extraction. The catalytic cycle is completed by renewed hydrogenation of the
reformed anthraquinone compound.

35
A review of the anthraquinone process is given in “Ullmann’s Encyclopedia of
Industrial Chemistry”, Sth Edition, Volume 13, pages 447 to 456.
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]ng"]cgflcgai aﬂacff_}] alisehsdbsdl sabealalEabedl e haahisl 43 Galangsel cal cal
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| el o2l cal cal cal el calial SabSRRak ahefl R FPale MOMH L) naQ Akt Y1 ©

u& ()-Dr! cvaEIr@s)amm O -WE 9(8)54086,3D§'-A(4%2@d@& qr) WO 920648 digis( bikawis® % u- ug&

()-1(" s!109 i o~ ik GR! a)]aﬂ@lﬂhyqé‘r oving atzl toﬁ@s&lﬁ@nch is present in the
10°/eu&( - 1 S'lOO/GU u& 5 10°/eu& ()~ sO! 10%wunué&

s0O! 10% u SU & hydroggnaperopadg dplyteon by ion exc]aangc rom the hydrogen perox1de solution,
10-u! 1LL! 10(V%&e(n) t‘hé 'apparhﬂa@mt lehst dn8 nohddidfc Qof&xéhanger bed with a cross-
1 &L0%008 (b STHRE i i am atheight H, where the height H of the ion exchanger bed
is less than or equal to 2.5 x F2 and, in particular, less than or equal to 1.5 x F'2,

Within the framework of the present invention it is possible in principle to employ

20  all nonacidic ion exchanger beds with cation exchanger and/or anion exchanger. It

is also possible to use cation and anion exchangers as so-called mixed beds within

an ion exchanger bed. In a preferred embodiment of the present invention, only one

type of nonacidic ion exchanger is employed. It is also preferred to use a basic ion

exchanger, particularly preferably a basic anion exchanger and particularly

25  preferably a weakly basic anion exchanger.

The present invention also relates likewise to the use of an acid with a pKa of less
than 6 in water to remove alkali metal from a zeolite catalyst.

30 The present invention also relates further to a process for regenerating a zeolite

catalyst, which comprises:

(a) washing a zeolite catalyst used in a process as claimed in any of

claims 1 to 8 with a solution comprising at least one acid with a pKa

35 of less than 6 in water, where the acid is produced in the reaction of
alkene and hydrogen peroxide,



10- uxj WUB? 10- L510%0& () - ! 0y2GLO%OO% () - T

L. ! 109BOBC& () - S! 6" LL! 100%=0=C& () zI'1°
@10- 109% & ()-!v F&lO%/(V(&' ()-f
10Q/810%)&() M9 @

@&s! 10% (& ()-11°° I100/«1(&'()-'(

: ) fZlO%{ & () - k} gt Marigag 10- the1o( catalyst resulting
+s! 10%1(&' ()-' ,
" sl 109&

10(7GL0% & ()-T 5s! 10% & ()-!,
C & ()-tU I"xY: RG<_10- ! y#YLO0%& () -
3810% {& ()-!qj é@l@%ﬂg&g@@ catalyg

521 100& ()-1; s)! 10‘V&'o@gén1@)ntahﬂﬂfﬁagﬁs)mﬁitde%&' () - VRXBZEE@ i
109%<& ()-3 y10%& ()-! Y&L0%<& () - g! KY&L09R<?<& () -

1 109%=&' () -
10( () *+d++aBl<

LL! 10%3080& ()-z!, LL! 1098CBQ& () -z _

109 & () 9*s10% & ()-s 100 100

“110% 1 109 ﬂ&'

& ()-! -s10% &
%rom 2a) w(lth methano angi) &
s 10% (& ()- , T @s! 10%

s!10%& ()-!1s! 109 () -
kl% contags Widh OXxEEN 0OGR’ () - ! ;
K' (0P1<

109%<& () -

11 10" F10%<& Thi investisn 0sqRine)l-ih 6oirs daaivinthe liowing esnlys. s F10%<& () -

10%<& ()-+},, T---1.~ @< 1l 1s510%& () -
6 s@s! 10%h *&
& ()-1q & "()-!1 0&10%ss& () -
" s510% </ <& () - @mLH2K2233aBM<

10  Example 1

)-)!1s@s! 10%<<& ()-1.w. X.y.z..

@F10%& ()-s. MLO%& () - +F10%& ()- g
(/ 0oMk 1l 1s5! =Lt ! 10% O
10/ </ < 10/ </ < 10/ </ <! ;

Epoxidation with dipotassium hydrogen phosphate as base (comparative example)

The epoxidation of propylene with hydrogen peroxide was carried out in a tubular

reactor which had a diameter of 45 mm and a length of 2 m and was provided with

15
catalyst (titanium silicalite TS-1 in the

a cooling jacket and which was packed with about 620 g of a fresh epoxidation

form of pellets with a diameter of 1.5 mm

and an alkali metal content of <200 ppm). The feed rates for the individual

precursors were as follows:

Methanol:

Hydrogen peroxide (40% strength
in water)

Propene:

K,HPO4 solution (1.25%
weight in water):

by

20

1834 g/h
332 g/h

224 g/h
4 g/h

The individual precursors were combined upstream of the reactor under pressure

(about 20 bar) and passed through the reactor. The temperature of the cooling

medium in the jacket space was chosen so that the hydrogen peroxide conversion

at the outlet of the reactor was about 90% (the temperature in this case was in the

25

range between 25 and 45°C depending on the degree of catalyst deactivation). The

reaction was stopped after 300 hours, and the catalyst was washed until free of

propylene oxide with methanol at room temperature and subsequently dried in a

stream of nitrogen at 40°C. After removal of the catalyst its potassium content was

analyzed. The potassium concentrations in the dry catalyst were:

30
At the inlet to the reactor

1 400 ppm by weight
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Sthe temperatureg y about 2§C ](compare wgt)n the first run) in order to achieve the
same hydrogen peroxide conversion. After the second run, the catalyst was again

10 washed, dried and analyzed for potassium. The concentrations were:

At the inlet to the reactor 1 500 ppm by weight
In the middle of the reactor 1 100 ppm by weight
At the outlet from the reactor 900 ppm by weight
Example 2

Epoxidation with sodium pyrophosphate as base (comparative example)

15
Example 1 was repeated but a 1.25% by weight solution of sodium pyrophosphate
(Na4P,07, 2 g/h) was used as base in place of the dipotassium hydrogen phosphate

solution.

20 The first reaction was likewise stopped after 300 hours, and the catalyst was
washed until free of propylene oxide with methanol at room temperature and
subsequently dried in a stream of nitrogen at 40°C. After removal of the catalyst its

sodium content was analyzed. The sodium concentrations in the dry catalyst were:

At the inlet to the reactor 700 ppm by weight
In the middle of the reactor 500 ppm by weight
At the outlet from the reactor 400 ppm by weight

25
The organic carbon content was 1.3% by weight. After the regeneration (in
analogy to example 1; the organic carbon content after the combustion was <0.1%
by weight), the catalyst was employed for a further 300 hours, there likewise being
detectable a slightly lower activity than in the first run. After the washing and
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5  Example 3
Epoxidation with dicesium hydrogen phosphate as base (comparative example)

Example 1 was repeated but a 2.5% by weight solution of dicesium hydrogen
phosphate (Cs;HPO,, 3.6 g/h, prepared in solution from Cs;CO; and phosphoric
10 acid) was used as base in place of the dipotassium hydrogen phosphate solution.

The first reaction was likewise stopped after 300 hours, and the catalyst was
washed until free of propylene oxide with methanol at room temperature and
subsequently dried in a stream of nitrogen at 40°C. After removal of the catalyst its

15  cesium content was analyzed. The cesium concentrations in the dry catalyst were:

At the inlet to the reactor 4 400 ppm by weight
In the middle of the reactor 2 800 ppm by weight
At the outlet from the reactor 2 100 ppm by weight

The organic carbon content was 2.4% by weight. After the regeneration (in
analogy to example 1; the organic carbon content after combustion was <0.1% by
20  weight), the catalyst was employed for a further 300 hours, a loss of activity being
detectable when compared with the first run (the temperature required for the same
conversion in the second run was about 3°C higher than in the first run). After
washing and drying, the catalyst was analyzed for its cesium content. The cesium

concentrations in the dry catalyst were:

25
At the inlet to the reactor 4 600 ppm by weight
In the middle of the reactor 3 100 ppm by weight
At the outlet from the reactor 2 300 ppm by weight

Example 4
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&10%&' () - s~yitlo Prethdn®l #¥E0GARIi&D 9@ €Or- 1 hour. Then about 2 g/h formic acid were
metered into the methanol stream. The catalyst was washed with this ~0.1% by
weight solution for 1 hour. The acid metering was then stopped and washing with
methanol was carried out for a further 1 hour. After the methanol had been

10  discharged, the catalyst was dried in a stream of nitrogen as in example 1. The

potassium contents were as follows:

At the inlet to the reactor <100 ppm by weight
In the middle of the reactor <100 ppm by weight
At the outlet from the reactor 100 ppm by weight

The organic carbon content was 0.9% by weight. The removed catalyst was then
15  heated in a muffle furnace with circulating air at 550°C for 2 hours in order to

remove the organic deposits by combustion. After the combustion, the organic

carbon content was <0.1% by weight. The catalyst (less about 5 g used for the

analyses) was returned to the reactor, and the reaction was run for a further

300 hours. No decrease in the activity compared with the first run was detectable.
20

Example 5
Epoxidation with sodium pyrophosphate as base (according to the invention)

The first run of example 2 was repeated. Ten hours before the end of the
25  experiment, the sodium pyrophosphate metering was stopped. After 300 hours, the
propylene and hydrogen peroxide feeds were then stopped, and washing with
methanol was carried out for 3 hours. After the methanol had been discharged, the
catalyst was dried in a stream of nitrogen as in example 1. The sodium contents
were as follows:
30
At the inlet to the reactor 200 ppm by weight
In the middle of the reactor 200 ppm by weight
At the outlet from the reactor 100 ppm by weight
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308 houts] Divfmikciehselinthesactivity compared with the first run was detectable.

Example 6
Epoxidation with dicesium hydrogen phosphate as base (according to the

invention)

The first run of example 3 was repeated. After 300 hours, the propylene, hydrogen
peroxide and dicesium hydrogen phosphate feeds were stopped and washing with
methanol was carried out for 1 hour. Then about 2 g/h phosphoric acid were
metered into the methanol stream. The catalyst was washed with this ~0.1% by
weight solution for 1 hour. The acid metering was then stopped and washing with
methanol was continued for 1 hour. After the methanol had been discharged, the
catalyst was dried in a stream of nitrogen as in example 1. The cesium contents

were as follows:

At the inlet to the reactor 100 ppm by weight
In the middle of the reactor 200 ppm by weight
At the outlet from the reactor 200 ppm by weight

The organic carbon content was 2.0% by weight. The removed catalyst was then
heated in a muffle furnace with circulating air at 550°C for 2 hours in order to
remove the organic deposits by combustion. After the combustion, the organic
carbon content was <0.1% by weight. The catalyst (less about 5 g used for the
analyses) was returned to the reactor, and the reaction was run for a further

300 hours. No decrease in the activity compared with the first run was detectable.
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2.
20

3.
25

4.
30

5.

35

A process as claimed in claim 1, wherein

(iii)the addition of alkene and hydroperoxide is stopped, and the catalyst is
washed with a solution comprising at least one acid with a pKa of
less than 6 in water.

A process as claimed in claim 2, wherein

(iv) the catalyst resulting from (iii) is washed with at least one solvent.

A process as claimed in claim 2 or 3, wherein

(v) the catalyst resulting from (iii) or (iv) is brought into contact with

oxygen or an oxygen-containing gas mixture.

An integrated process for the preparation of an epoxide, comprising stages
(1), (i), (iii), (v) and, where appropriate, (iv), as claimed in claims 1 to 4,

wherein

(vi) the catalyst resulting from (v) is employed for reacting the alkene with

hydroperoxide as in (i).
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6.
7.
5
8.
9.
10
10.
15
20

23
A process as claimed in any of claims 1 to 5, wherein the catalyst is a

titanium silicalite with the TS-1 structure.
A process as claimed in any of claims 1 to 6, wherein the alkene is propene.

A process as claimed in any of claims 1 to 7, wherein the hydroperoxide is
hydrogen peroxide.

The use of an acid with a pKa of less than 6 in water to remove alkali metal
from a zeolite catalyst.

A process for regenerating a zeolite catalyst, which comprises:

(a) washing a zeolite catalyst used in a process as claimed in any of
claims 1 to 8 with a solution comprising at least one acid with a pKa
of less than 6 in water, where the acid is produced in the reaction of
alkene and hydroperoxide,

(b) washing the catalyst resulting from (a) with methanol, and

(c) bringing the catalyst resulting from (b) into contact with oxygen or an
oxygen-containing gas mixture.



