; e3e71 6=71 889: N ; <6<T6=HWEv 23 DEC 2002 Process for the preparation of
epoxi des fromolefins Description The invention relates to a process for

t he preparation of SHWHmmﬂwmgmmmlepOX|datlon of ol efinic conpounds mnth
hydr ogen peroxide in of a tltanIUﬁ18I|Ica|lte as a cataly

Prior art It is known fromagP-B 0 100 113 t hat ol efins can lasl}ECegQBle zed
w th hydrogen peroxide and converted to glycol ethers in situ

presence of alcohols if a titaniuncontaining zeolite, generally called a
titani um silicaPrbeesssfenpthyecprepsarativnl 9§t epdxides pixdm cdldfins
preparation of epoxides, the acid properties of this catalyst are a 15

di sadvant age, because sone of the epoxide fornmed al ready reacts further
during the reaction by acid-catal ysed ringopening to give the diol or, in

t he presence of an al cohol as the solvent, to give diol ethers. It is known
fromEP 0 230 949 that the epoxide ring-opening 20 reaction can be partly
suppressed iTIHEF A yst is neutralized with a neutralizing agent before
and/ or during the epoxidation reaction. Strong-bases, such as NaCH and KOH,
and weak basls isuchtaeonanmimites abkalprmebab carbthat psepakhkalibnmetal

bi carbonak es, ang k3l e@%ta'da%io%a Hiele BofpRBARLONednAfyarogen
neutral|2|ng agents in the ent specification Ri's document 1 ndead
inparts a dR{HIHET dm Hhe tprr@@teﬁa@ﬁt oéf at Iré taadamy st larehikepaseabef ore the
epoxi dat i on,cdud1ydt gi ves no suggestion as. to how the catalyst is to be

neutralized during the 30 epoxidation. 23 DEC2002 MG derici, P
I ngal l'i na dq§cr|b%nhp J. Catal. 140 (1993) 71-83 the process of the generic

type and the 5% fence of acids, bases and salts on the catalytic activity
of the titaniumsilicalite catalyst According to this, it is 5 known that
the effect oft a=shdwmaval ifxony Edgént0 éﬁotHéBC&P&KyPﬂéfpnépéﬁﬂle depends

greatly Qp thiso:anmuity ofi theHidldgainn e%&ritae Whigl @oht}@ruéa eb §15881 !
anount of the neutral i zi ng .agent | eads |ncr%ais : the, selectivity,
t

i f the ampurfth&rs od 1ShJe thdhe P§e§ﬁnicﬁhi° i f-6R 281 Ban i

containing zeolite, generally called a titanium silicalite,
is employed as a catalyst. In respect of the preparation of
epoxides, the acid properties of this catalyst are a

15 disadvantage, because some of the epoxide formed already
reacts further during the reaction by acid-catalysed ring-
opening to give the diol or, in the presence of an alcohol

as the solvent, to give diol ethers.

It is known from EP 0 230 949 that the epoxide ring-opening
( ’ 20 reaction can be partly suppressed if the catalyst is

neutralized with a neutralizing agent before and/or during
the epoxidation reaction. Strong bases, such as NaOH and
KOH, and weak bases, such as ammonia, alkali metal
carbonates, alkali metal bicarbonates and alkali metal

25 carboxylates, are mentioned as neutralizing agents in the
patent specification. This document indeed imparts a
doctrine for the treatment of the catalyst with a base
before the epoxidation, but it gives no suggestion as to
how the catalyst is to be neutralized during the

30 epoxidation.
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lo catalytic activity for the epoxidation, up to conplete blocking of the
activity of the catalyst. It is furthernore ' known that acids present in
the reaction nediumcan increase the rate of reaction. It is known fromH.
Gao, G Lu, J. Suo, S. Li, Appl. Catal. A 138 (1996) 27-38 that 15 this

adverse effect of the neutralizing agent already occurs at IZ)@/ DEC %%%2
concentrations, and that concentrations of NaOH or KOH of |essS than ppm

can already lead to a severe loss in catalytic activity. The known process
f_olr_ t hle_ epox daf i@I’e:@i_‘.th)J ef.ﬁ]j n_&agh@mhir?a) cha/sf,trf d 1gRN ipﬁmxicéaaaﬂd mothi(tl@@iwm
silicalite st. with the addition of basic substances. t he

di sadvant agg?]{'ra]éa:{ T R p%gstr}bef 199395 Ka&ih a&‘fia& eerlﬁﬁ%ﬁfiuﬁﬁcﬁefjgr ehand
in an indiviakids cases¢hearadoamt t Dfomeutte addtz vy iagewtt i i-€yr eduiched for the
desired ef feci of; LfRIOVI N 1018 ZRIACt IAddoL Ay A [ s3ale igme not
reducing or only noderately reducing the rate of reaction. For carrying out
t he react PorkKRoWpriedt cleie t9f Eedasof He i Sadh/dmidge ags&t R &hgeutral i zi ng

agent is usesht# $tBd | pEhisage éd ddisertiialdrhan tafy e tSicdaihong tSvigst ances
and/or the propertjes, of the 30 @?at al ysé can al ead%‘al}ﬁ?d to a rr%r k%d and
unf or eseeabl&® 2309 (3ekt i WhHAP g e &y PAGUPRe Ot the
epoxi dat i on.ndinerahioxiang rddgeante dl ekot nentan gineraases liggediel selastiioigw t he
anount of b b . e . ont k ; itk arrow
fies, O 5°5F e MndueEad el P R B e N ol b s e &
process &0 tPrtylels caeybel W tFrmhike epnxidleddPrantiyds gesediebed for the

process Whi ghy bSk fhd el Y Hd Ot TRt P& OUEHL Hita lhistshawl d sbeupensirhbeet 0
realize the process by di scﬁgntl nuous 5 d, in parti culdtal(rhl,mbcontl nuous

oper ati on. OWIVERR T iR IR RTPITRL Ui IO 1R PretedE &3Carried out
such that w ilctdesdighestapossi bteactnicrreasia: iis deloeut ifirioty H.t Baocomver si on

changes in & mngerg ,'Cé;. o ,fgf-t eéé‘ﬂa{‘le.d.ppﬁ{a% e(*ih%%-) 5o _Subjget matter

of the inveniion It has been fo , surprisingly, that 'the object can be

achi eved %5n thbe adecnskli efbrcoiof HO o RUUEHd 21nh RISHExiPd&ERE reactor is

fﬁr[' ]frd O?L a&é@f]érg&lttpéw r@ox@ée_rgtﬂ%tpi'd)@é’\,dda{ﬁ& tﬂf&lﬂth 'Honf[éfenl&&&?iﬁ&gcb(fsen such
at for e r n_per oxi enpl oyed or e.mxture o rogen

per oxi de Wi tlﬂaglflneg’()rlgﬁlgr%Ps{ﬁ%n&arénéﬁ%M Caa%&?srtefﬁﬁ gﬁagettér i ned

bef or ehand bgewvere okos®mrintestabxtphe iaritwitesul ts. The invention thus

provi des a process for the preparation 20 of an epoxi de, conprising

epoxi dati on @ﬁe%%f%%&e&@%%ﬂéﬁb%&gﬁﬂ Jreldrded fitkhe presence
of atitaniumsilicalite catalyst, wherein a saglution containing h&%r]ogen
per oxi de ZndYRECSPRIPRF X EIPPOUA P aF LM YD FliddF s t satedyssubdtinces

periodi cal | yrhe &QaitHoRUSEYbasi® @lib2tartfaxiltsd ithe Hactidvantadea thage 1S
additionally_e ed i oces I i 8 ri i t he
base is int rt(__‘) lq@%ggi i OB ?%%%’B%%(ﬁ%gafsl o%wé‘gtgc%fzr& i regltrﬁe‘.?1 %§g§§ Qgl;n%i%)%it ure
Wi th one or horanoindheidualt¢age stipetameent of teyaddmingl agerd pH

¢ontrol is caeghefe@UiokNthleqseastd Off Ot ot Uingrvildy the m xtures) with
a starting substance,conprising the base,, and pHdn.theran from4 to
0.5 I's edtiabPPLRGHIKhEY BBt At FF | A Rept RO Ak e e i n t he

reacti on m xmoderdeelygi vetlycing| tieacest¢ hef sstatiarn t Fendarhy iognwartsi on,
the optinmum ppli fe3ac d6hei PES-LELO! efd s Aife i JIHARRYY dabicon £ est

a neutralizing agent is used, a small change in the quality

of the starting substances and/or the properties of the

30 catalyst can already lead to a marked and unforeseeable

change in the activity of the catalyst during the

epoxidation. The abovementioned documents give no

suggestion as to how the amount of base to be added to the

system can be controlled within narrow limits.



2 ~nF ~ 2002 4 experinments carried out at different pH val ues using the
sane starting substances, with subsequent determ nation of the selectivity
and the conversion. By choice of a suitable, constant pH, the epoxide 5
sel ectivity in the epoxidation of olefins wth hydrogen peroxide with a
titaniumsilicalite catal yst can be i rrprgved in a repr 0d®8b0£@ﬁm2
while at the sane time the activity of the catalyst decreases only little
and in a reproduci ble manner. If a constant pH is established, lo

vari ati ons et lodjggdl iofy the plfessnar thmgnsupst anceo oprovidaea conposss$ i on
of the catalysthaversss eliect,ien mﬁcﬁoeﬁéed%awsneg&&y@@séﬁfﬂeaf a

constant anount of the neutrializing ent i s added. According

preferred efodditsnProCRs Sp#dd chs lédégaeﬁéylgna‘ﬁnaﬁ%o]a% %Ye’é%]%%usI'érganl c
hydr ogen pers@pmﬂ@ e wiodseibaed tbheeam&zﬁuﬁhal-brdeées nbpedi scont prebhsi nary
experi rren% qor exarépl g 2 pH— de %reQLenE)ut este]sfggl Jﬁﬁ esrtlabl shed and
kept cons ar?ln ThEE &tl o ‘obtairned 'R Yhs vvay “inThe"tE8e 9 the
aqueous hydstgen el @él’@w wbupnfoneshetopbermﬁrpi-!ecﬂsouh sheh range from 4
to 6.5, and t a o d i ol ution

W th at | east i e e b cuarar A bl e (rUSel Vet iis in the
range from Sonyeysson ﬁ@aﬁlﬂeﬁellﬁgab5}§§ﬁeénwﬁé§]§u‘13§%e]ﬁ? BoteErkRedf a gl ass
el ectrode. A2 ranagl®e- stick neasurenent chain of a glass electrode with an
i ntegrated Ag/ AgCl conmparison electrode is preferably used. The process
accordin nve t| Qn | ui t.abl [ the epoxidation of aliphatic,
cycl oal i g%a%u S ARSSRAL i© c,tsart%lma falge%f;egl ni ¢ conpounds. A efins having 3
to 8 carbon 30 atons are preferably enployed, particularly preferably
propene and It- BRSeReenTHOUSICef SHERTEEAPELH BAAT cBRE aPR) ofke @20 et e

functi onal &r&ﬁme@tﬁh tal%te the BWEREX¥h, obatﬁgeﬁasétl koxy ©6 &arbal koxy.

Al'lyl chloride a ‘%ﬁz al cohol, can be (riea 16 ‘% ﬁOXI di zed.in t€ 1grocess
accordi ng t FRKS FRACSRT 1s5-c3rplpdoyp oWl B AR AT IR P hetixi de i s
enpl oyed i npuharm ades smeeodr difnpase tibechosent soohi thabeféorrhof an

agueous I‘O e n %
p(r:]gf elrJab?y ?’y 51 \r}]@teq"O?Qiz@iﬁnd%g1 rt ?%gf(gﬁ §'ﬁ8 Itn?% % &E‘,O&&P%%@n QOo The 5
hydr ogen pemﬁqa@d@aw% ORS GFeBOLR EREVEBERM Glf‘P%%e‘éoni‘m‘F@P%ﬂ#Wt PH

obt ai nabl e sicalidnizRE LfdricdRnd NeNshabbki A6deagHeOUSXBYEIRGERHs pEr OXi de
sol utions such ﬁa are obtained in the anthraqui none process for the

preparation TS5° ‘ogen peroxide are also suitable. As an alternative so to
this, hydrogen peroxide can al so be enployed as an organi c-aqueous sol ution
or organi ¢ SHeutinrenticef diaisl proyigescenprotreed &gueble R¥eRRROLER or gani ¢

hydrogen ;peraxife Rh:Ulden aoqxpwsqhgaegaﬁdae&ohega addetlefsnpdded to the
epoxi dation reactor, 15 Crystalline titani um cogt ai ni ng%zeolétes of the

conposi tion ‘{oﬁw Bydragen, pexordder i BRBORT €D ghd an MFl or
MEL cryst al tsitrarcitum aﬂlﬂmﬂnitas daitbaristtim whereahi desdlabilon | ¢emtathing

i I icalite- ul.ar h S T.

silicalite é‘ﬁﬂlr ;:‘;;setshu e@%&dfo el }tclr)l%e efi‘ﬁl& %ﬁ?&@#aaér% S %%%%@%éac?al yst
in the formad rafuinss, S@&W@%ﬂ‘-@héaé Ybhedi esntfproysbyi Hato tae

cat al yst ;eang@mddSion! datdr- 24 a Bb@é%s%d&ﬂ@ﬂ@ﬁéll@t &t Bbyed 1iln

bi nders and port materi aI whi c 0 not .react en_peroxi de or
t he epoxi de %h‘%é?rcfc?%ss% |15n t&l‘t?ﬁ cteghge séﬂ%%?tt%%qu%% d5ti on bei ng
suitabl e. Gianutetuestdrdinghe cpoxAdat§ed te8coorediredatesomiah a

di amet er of it Qe W ol Q‘Irern%l}]ey o%myh%yggarting substances, with

pPH control, the pH control is carried out in the reaction

30 mixture or in the mixture(s) with a starting substance
comprising the base, and a pH in the range from 4 to 9.5 is
established and substantially kept constant. Since the pH
in the reaction mixture decisively influences the
selectivity and the conversion, the optimum pH is

35 determined beforehand by one or more epoxidation test



Suitable solvents are all the solvents which are not 30 oxidized or are
oxidized to only a small extent by hydrogen peroxi de under the reaction
conditions chosen and dissolve in water to the extent of nore than 10 wt. %
Sol vents which are of unlimted mscibility with water areéfﬁ hifred
Suitabl e solvents are al cohols, such as e.g. nethanol, Ca 4002
tert-butanol; glycols, such as e.g. ethyl%éne 2 3D E C 2002 gl ycol,

1, 2- propanedi ol or 1, 3-propanediol; cyclic ethers, such as e.g.

tetrahydrof ug ;Perﬂﬂn@fié@ecgfrpé@w&@”&t Oéiﬁfer&la/%i NS uSY @k €. 9.
et hyl ene gl ycol nononeth et her, ethyl ene glycol” nonoethyl ether, ethylene

gl ycol 5 non%%‘ﬂ?y?t%¥ﬁé‘ﬁgo?u}f’ﬁ‘éa‘b‘ﬁ%‘byl"éh‘i—:h g?‘%cﬁq‘%ﬁ}ﬁbﬁﬁqﬁqmé’fw fnd

ket ones, sucBbhassel@ctacetPnendr e badanoneiodet hanol is preferably added
as the soI vent. Bases which can be enpl oyed for the process according to

t he inventi OQYaEﬁo%é Lhe, sy ]Pﬂgg s %ﬁlé g_&tl an ?%Pﬁl’%d,ng(:h t he pH can

be raised tothé're U|red are a
hydr oxi des, aﬁh@ﬂtaVlE\Ykallll tln%t%poé%dm e@,f arefoiiuwiddy Bordtagenal kal i

metal bicar b%@%ﬁ%eaml é.'”tbt&@{&ﬁ)r@iﬁ@eﬂﬁl@é kad tl o IRI @l AN heammoni um
salts of car lic_acids. Alkali metal and ang);fm salts of 15 pol ybasic

m neral aci ds™P° ﬂi‘fﬁdaﬁn gFeRRedpRtR e BRRRE LN oS diide are
al so suitabl eheAqueﬁ)u$t§Obﬂt thascafalet bﬂa&a@s)rcﬁﬂqr athtiytlealTTﬁri@/Qd). a

particularly pr O?ﬁuggb¥?qgg§€g§ SP# ut i nr§stoa1:nt CP%_{ i I H or

ia
According to TaRother Al fernatT ve ase use 0 €es Se'hthe pHis a
buf fer m uverlstlthnasllbotlaﬁlmllmr@ﬁ(/wmrwmmﬂdme AlY irhe

physi cal paraﬁgteeﬁpagﬂtﬂ@ﬁsyfe@i@@tcar@aﬂ% VS M Sy & B JRAYY RNt val ue
whi ch depends on the pHin a rep rodum bl'e_ manner and varies wth the pH are

suitabl e forCQBr%-%taBI Fléﬁl ﬁﬁa‘t"ﬁborbl-F R s ehiGIHEaN e et &ferdthsni th a

gl ass el ect radetyvhl thihasagept: depaddledt potential is preferably enpl oyed.
Commer ci al | y avai l able pH nmeters with which the potential is displ ayed
directly on e

reproduci bl e %8%3 rel‘%ttl: rguﬁf%ﬁeeﬁg%%e%ﬁ%% %gcg\gr}&g%r]%lx%/edé%s%lﬂ%dgns or

m xt ures 1heRBoRAWPPWSt HE BONORWS - AFEARARG t%@g%@qm&m EStudroNof

hydr ogen peraﬁadehénsp@pmu@ | Yas@dMeited afﬁ&m;%glrlaﬁnmypotentl al
additionally occurs a{_@ E g ass iectgﬁﬂ‘g (fl oLatl on to the pH dependent
potential . TREPSEIBEPHBashPEISHRTRLG T HISP QST RHF 55 i 1t r unent
., 23 DE Oeéﬁeﬂlnhheéf anéd kept at@ss famm ithetleeta@lutpiign iockbdaimed dommon
| ogarit hm of [ ogen n cent i t he

9 5&&@ PYYr ogaNL1HQ QNo£0005H £l 1 ﬁ %gam}m A rgatl % Orae

amount depending I n”a reproduci bl e manner f wat er,
hydr ogen %fer 8RiHELIQRJEBBt PBRAME) BH sbF vight thergrangs dgiah iy dicoferd pétski de
sol utions, tli]hStﬂ@VbaéeOGfOéntbﬁg&lrimmcﬁf@rﬁydﬁdgfbrﬁ Hmess @ ect rode

conpar ed vvlth act ua i 0 fro R._ Kol czy.nski
S. Shanley, 3° ﬁ%O{‘:h‘g nlht! f‘? %Vg% Chngin DML rbé“@%’% ! shad
t(o 'achi eve t Aelugnanibgésatvotbénpange oftdre § rvertion tepaitideaima he

conposi tion ghskheoHl %éﬂéﬁreﬁxeﬂydﬁ?gﬁ’é‘aﬁ@r@%'éjeglé@é d1and-Rpignal Iy
sol vent and can be m ne e exanpl es denonstrate, 1n a sinple

ranner byt SLRPLS-OF SHpBPRABREERN GhALh Qhe F19% clectrode with'an

integrated Ag/AgCl comparison electrode is preferably used.

The process according to the invention is suitable for the
epoxidation of aliphatic, cycloaliphatic and aliphatic-
aromatic olefinic compounds. Olefins having 3 to 8 carbon

30 atoms are preferably employed, particularly preferably
propene and l-butene. The olefinic compound can contain one
or more functional groups, such as e.g. hydroxyl, halogen,
alkoxy or carbalkoxy. Allyl chloride and allyl alcohol can
be readily epoxidized in the process according to the

35 invention.



s5 varied. In the case of a pH neasurenent with a glass el ectrode, the

ef fect according to the invention on addition of the base to an aqueous
hydr ogen peroxi de solution with a content of between 30 and 50 wt.%is as a
rul e achi eved when the pHis raised by 1 to 4 pH units and 20_t he

di spl ayed by the neter after addition of the base is betwde} B 'E;(r}cé)[]ﬂz\a In
the same way, the effect according to thé invention on addition of the base
to a mxture of aqueous hydrogen peroxide and methanol is as a rule

achi eved wh ]_%qﬁ t it n 5 | ayed
by the net e?ﬂl%ter adddé% d[% ]%fggq%dépmzﬁ%S%g%%%&% ak O%si% cess
accordi ng t dq he§ nVéfﬁf}"oerf? o tthe &l @t iaen aghregiust |S|¢§u|t§0@aiwrl| aput at
a tfermelr3 ?t u%?&ﬁo%;é@ ;;éa:oin@%or&reafteroafbhy t;); 9?0 wttﬁ %7gpé:€fe¥la%191 afi go' S
preferably n exces spe 0.t he rogen perOX| e, in
order to ach% “ﬁfd?lé' e&%r‘ léi'e3(90rtf\?e % 5h&fol ar

rati o of ol eliydrdgjemyphngardqommmhm el Iy e U al t:fn@/gma\t ef than 1, and
broferanty Mol e, 'AN0A A0 Lebdid ko Hordhi0pganisol vent 1 s

added, the 3 anount I'S prefera Ehosem such that only a 23
D E C 2002 |sféﬂhﬂdlﬂp4ﬂ%eaqlse0p*9e§émrqqm rp@rroefa@a & Lytiomse suThe asobyent i s

preferably agseadiidy qmr@tadtaiﬂaz;@nohet ?n:%@:er <@ &UrVtheop&aga%t@iBh of
hydr ogen per ox i.de eTPIo yed, e anou

yst _enpl oy can he varied
within wde % IBYAE IS PP &b ag:\}@n ﬁﬁaﬁ%ﬁgéFrPﬁéer@actl on
condi tions appltlteds, amydadfgygerpqmuwdede:acmra\lsrosmn eobp lalyeudt aQO_a% preferably
more than 95 fééﬂ}éiJ%§%ﬁﬂ£\@&iqﬁgéh'Hﬂ]1ﬁ§5ﬁﬂ& SBHUEQOQFG%ngQEh gﬁbglllng

poi nt under ssure Ow the reaction tenperature c
react ed, théﬁmﬂﬁmﬂl%d FrBITUED 19F muqoe@-ma@mhyéﬁ@ggm@emefldﬁder an

at nospher e Wb Tt Setb st ARfH il Vo GREY iSRS Jete walroys akekkntoarnel ef in
partial pressure in the range fromO0.1 to 1 MPa is suitable. The pressure

here is partSRUFFFH IS bly chosen between 50 and 100 % of the
saturation vapour pressure of the olefin at the reaction tenperature. In
one enbodisnetrtystfalhine rbidren iom-adnadatialgy steals tegs péndbe compbeitdant i on

m xture dur 0 405 @9} 2] ODRLeACK! £, el 141 G0 2358 4 s PHAAL iGges

hydr ogen per oxi de he m xture drogen peroxide and solvent can
optional |y ber @§Flatreter e‘-i‘%’ﬂ’é‘rt%'orké‘%m %t & temd uad gildiiealéterie
cat al yst. |faﬁd{16tﬁmxiLdﬂts!ﬂrh.dmﬁidm lasce:wurlltadn@utlnl @aattlaquaugatsy m xed

reactor, e.g. a stirye af%%rl 100D J %.%ta the rrgasuregent can
opti onal | y al so T Bfﬁ ace TR Sadr S AT Xf £8F &St abl i shi ng
the pH can b@mbme@lﬂ g ectpowder tdre Feactstepad Aaalaé-ysrtn ianthkefopmebdr r ed

embodi ment %réﬁ@léé‘v%&ﬂﬂf&aéﬁ SRt MG AT, 0%%@ ishablfgf, Okmeof a heap
or packing in a tu bul ar reactor and the mxture of, % rogen peroxi de, 30

ol efin and opRtoheET ISR IRE daded overt B &1 i R§. SHRPPKE case of
ol efins whi ahaterighsenlls bintiyrd khd eaq:tpcmt mméﬁuaarss whgaﬁedbsmltefl n and

dptional ly a@? lia Yoiiih-d e % d t he gaseous
olefin or ol |ntE Vglgtﬂm rec'Peq ean,B,]%{e 5%’?1: d% t tgeE C 2002
25 reactlon condltlons used for the epox1datlon belng
suitable. Granules according to EP-A 0 893 158 or
extrudates with a diameter of 1 to 5 mm are preferably

employed.

Suitable solvents are all the solvents which are not

30 oxidized or are oxidized to only a small extent by hydrogen
peroxide under the reaction conditions chosen and dissolve
in water to the extent of more than 10 wt.%. Solvents which
are of unlimited miscibility with water are preferred.
Suitable solvents are alcohols, such as e.g. methanol,

35 ethanol or tert-butanol; glycols, such as e.g. ethylene



countercurrent to the liquid m xture. The gaseous ol efin or ol efin-gas
mxture in this case is preferably passed through the reactor fromthe
bottom upwards, so that it is dispersed in the formof bubbles in the
solution flowng in 5 countercurrent. The anmpbunt of the gas streamis

chosen here such that unreacted, gaseous olefin or, in th 2 npl ete
conversion, the inert gas is renoved at the end of the regc:fijg UBZe

nol ecul ar oxygen forned in the reactor by deconposition of hydrogen

peroxide is djsch rg d.fromlo the reac with this gas stream If the
catal yst is ®mfdyed l% ‘P’ﬁ%p"fl%‘?‘lgﬁ%} %rh];a ‘iﬁfhﬁé Y Rihsdver be
condi ti oned meélmr&stéegstaetr@mycﬁh@f@pmj d@i@:@emef eactpmpy]tanéordmgid}g

wat er, optio t sol v to a 15
constant pH %&’%%%F%?@%r%v} gah%és% a% pas&% 41%%0 ﬁrggnba ;LI% The
abovenent i oneth®ubbeehypleeedutvcel menoaihel tﬁﬁhﬁlf/oretthlel%m)ﬂlqulon

accor di ng st OndA6h HYENEE RS USHEEROH, Iéﬂe dor ﬁd&teﬁfz{ﬂ%ﬁfe%sof the
generic typ or exanple 20 those In cat al is neutralized or

in which sel%‘&% FPE9RPRduting 3Ri e $un%‘f‘?to‘?%e o‘?r the %ﬂ%ﬁst Mgthanol
neutrali zed by phefierably eadfiednas Ttiee ptrolesst according to the invention
renders a continuous operating procedure possible, wthout the selectivity

and, 25,1 o U B0% o ersh o0). Db gy asvesselie Ll st vl 0y,
according totlﬂﬁelﬁl‘ﬁ@ém@@naw al bakke upides LD dlhﬁjm%glltqipe of
epoxi dat i;on, wlgi&@t fRatpRfcahepsaial ysd tlk@ftﬁgl_@tﬁ ﬁlﬁéd\fizélhﬁe flfsmlt%lieon i's
unnecessary. es.Titaniumsili i.t.e granul es
orepar ed by PFE e‘br%’é‘éséfla%[)fi:r’f‘%‘é?il By RO B i tadad as
the catal ystcanboradatesheamanpﬂxmscaﬂhmqom)p;a]dmel:omeiﬂaJS lsleﬂaemdnatf_tases (PO
sel ecti vi 1Y) o h5h S VB1 £a LBLELLA! £ 381 kDI LD Und NEnERNSRNILAWOD

e t he pr.oduc

propyl ene oxi he sum_ o e concentrations o ts propy ene
oxi de, 1- met FRRYPFBPEAORCLSS nebHeadbrivpledb| Akt ANy Ffdd I Exanple 1

(conpari sgh E3ByBASIciRiSEPal ABLASNObua ead b I AldnodpHdmiduerd d Ring a

t her npbst ati cal I¥ controlled | a ﬁEorator aut ocl a %[P%aw t %asm n t| rrers at
60 oC under B B]ﬁ?/?@h‘érh?n?)gb erd %?es"élatt f e LI teBSunder
an excess preﬁstlhe bisé& ampe. pﬁefremluly,- afipbhded), Shrtiwtulédiydr ogen per oxi de

s (disti] | cghoe200010 HEL5808I oo 105: SndMBE (G L DU oxTehiiln ot her) 253

g water and tit ite1s n met'ered I n at arate of 290
g/ h, while sMWFﬁgngAt:Otmoglaﬁé 2l ernaehive i oheribass a15ed ehoved via a

valve in AN esesBliSHCBhéhpll iBeaViehghér ahithier€onhe adfbdhe /meact or 2o
remai ned [sig% ?x?'ﬁagﬁtor[ya%l%g%é%eo tering, propylene is topped up via a
a

pressure regu ofder he pressure in the reactor constant.
At regular intervals, the hédrogen peroxi de content in the reaction m xture
renoved is délérﬁhﬁeﬁhmlc@ oRarame ber s rang dnedrureHathimesthogls phgig ene

gXIt de, 1- gehgwa a- xﬂéQQﬁBQx‘r\en@ GEi@QXNhﬂc}Dr@eEE’éﬁ&s syl chegitf apanedi ol is
eterm ne

a stationary oper state is r ed. Tabl e
1 shows the F5EFBGRRLBLPcRABESE cAULr Cableanth thellh i 14k BHPLe T
sel ectiviasy eatédbhgishahgohheypBpehapongnsiatetric measurement with a

glass electrode which has a pH-dependent potential is
preferably employed. Commercially available pH meters with
which the potential is displayed directly on a scale in pH
units and electrodes which give a stable and reproducible
30 potential in the aqueous hydrogen peroxide solutions or
mixtures thereof with the solvent are suitable. Due to the
content of hydrogen peroxide and optionally solvent, a
concentration potential additionally occurs at the glass
electrode, in addition to the pH-dependent potential. The

35 pH measured with a commercially available pH instrument



30 For the hydrogen peroxide enployed, a pH of 2.8 was neasured with a

singl e-stick neasurenent chain of glass electrode and integrated Ag/ AgC
conpari son el ectrode. Corrected by the concentration potential for 50.7
wt . % hydr ogen peroxi de, an actual pH of 4.6 results. 11 2 3 D E C 2002

Exanples 2 to 5 Exanple |I. is repeated, with the di fferencg t@g@bgggz
hydr ogen peroxi de enpl oyed i s brought to7the pH shown in tab

addition of 1 N sodi um hydroxide solution, the 5 pH being neasured with a

singl e-sti ck IBASHS vfah?és‘ﬂ ord! @RS ae‘étfr‘fatlr?ﬁ‘ie gnd i RLEILARGERAI/ AJC

conpari son el ectrode. After 4. a stationary operating state W|th t he

hydrogen pertsdael elgnvet st Ib}fﬂfqgrﬁé‘ prdh\ABEnSEadd oe| BYt AvICORSERASH t abl e

1is reac hedam&mﬁ Abt ige Jar@iﬁ{mldieg&rhd:ﬂ‘ngt he, H2Q2 i3 G e sheirPon
select|V|ty 2.871. 0~54. 9 24 ~34.569. 5

29, 7565, 3 B IS GES At P O SV PERT S ArE) CBSAABRALY | s
repeat ed Wi tdolhentdi fFfer enpeedimthysbdigen Wedwxiider ad uits caddedhtis t he

hydr ogen pergi) e, £0p! O cthd TRh AU HO R Al 1 oas e 3o sod um

concentration as the hydrogen per i n“exanp rought to pH
4.75 with so%wrem@mr%wlaet |3 § Bﬁtlesr Mlqwrh £ oxy a‘&. 8nai<§»16|5¥r1§h1mg
state with aghy™r ogerh per 0x¢ desnicgnver sizen ¢hedd. 8c%.and aipsgpykene

oxi de sel ect'%i%ty of 68.0 %is reached. 12 2 3 D E C 2002 Exanple 7
(conpari son nple) Exanple 1 is repeated, with the difference that a
different titaniumsilicalite catalyst is used, the reaction tenperature is
654C and 1a rfilx¢ wk o HOSgtaldl ilshad Wb dgdreonge it hee edviadé ager adeopdadgct

f rom t he a_nt@(g é n%eﬂf&?sééperﬁsdf%rg Rt r?,Q':Pr@c>’81§].l.o MEB%h@nﬁ]u%%uQe

titaniumsilicalite is netered 1n at a rate After 4.
stationary db‘érlék’qlh‘@g%@ RLIRLGRaMRET PN épflé%’é\?ogyt ﬁé’ll’f?&l’:ogéﬁ EéPoxi de

conversi on apd d&eephDmyd enes %@%ﬂ&nﬁ&dsﬁ@émdris)tﬂamet hensraabmpaéy
operating state.

h
0 TTor ence. (TREOEheo R i ST et oA BTG bd ™ PHESUSRE PY tho

0g€en peroxi de enploye roug tlﬁ‘e pH shown
in table 12 byaniedti bm e 25ask . of abbumeamvnerient widhpR glass

electrode, the effect according to the invention on
addition of the base to an aqueous hydrogen peroxide
solution with a content of between 30 and 50 wt.% is as a
rule achieved when the pH is raised by 1 to 4 pH units and
20 the pH displayed by the meter after addition of the base is
between 4 and 6.5. In the same way, the effect according to
the invention on addition of the base to a mixture of
) aqueous hydrogen peroxide and methanol is as a rule
(~? achieved when the pH is raised by 1 to 6 pH units and the
25 pH displayed by the meter after addition of the base is
between 5 and 9.5.

The process according to the invention for the epoxidation
of olefins is carried out at a temperature of -10 to
100 2C, preferably at 20 to 70 2C. The olefin is preferably
30 employed in excess with respect to the hydrogen peroxide,
in order to achieve a substantial hydrogen peroxide
conversion, the molar ratio of oclefin to hydrogen peroxide
being equal to/greater than 1, and preferably being in the
range from 1.1 to 10. If an organic solvent is added, the
35 amount of solvent is preferably chosen such that only a



15 being neasured with a single-stick neasurenent chain of glass el ectrode
and integrated Ag/ AgC conparison el ectrode. After 4 to 5.5 h a stationary
operating state with the hydrogen peroxi de conversion and the propyl ene

oxide selectivity fromtable 2 is reached. zo Table 2 | Exanple pH of the

H2O2 H202 conversion PO selectivity 72.4258.5~66.8 ~85.1 )

~95. 3550. 5~92. 1 ~25 105.5541.2~92. 2 ~11587527.1~92. 7 ~ iig @Ef@ﬁﬂ?c 2002
Exanples 12 to 15 5 10 15 20 25 30 Exanple 7 is repeated, with the

di fference tlh@iuit&%)}fas}@ Ui p&feéyﬁtr Q@€ it e r@%lcde onMRli Ranek . andeMTBE

enpl oyed is br ht to the ho table 3.by addition_of 25 wt
aqueous ammotil & Bt ore Rrr?efeefcﬁﬁsjty gf‘}ld@% A ¥EIEPE: Fatfe o Beltﬁgzrqeasured
with a singlmIsttiicke neadiiree remtunthaifn m’fdr@lgas:s pelrextidedempidyied). egr at ed
Ag/ AgC conparison electrode. After 4 to 5.5 h a stationary operating state

with the hy ngf q%n i t pk.Qp 0 e Ivity
fromtable dﬁr%ge%héac tpgjﬂ‘el;aab e\ygt'S Qd&)l1 g '&%n Fl)g ﬁ%%g%ﬂ gﬂiqgéﬁvlévf%g%onPO
select|V|ﬁbe@}4ts and is preferably osen such that under the

m xt ur e74. 395k ditth &oldbi (Ao %:piﬁlféﬂlB@ &ix@&o@eE:Op@Tbﬂd%ZéBn%é%-'131%1157- 6

956. 3~86. 7~88. 1253. 2~88. 5~108. 2341..2~92. 86 7~ Examples 16 to
19 65.7 g tita %fﬁﬁ%l%q & RS &R :ly)lst“‘orl’fn3 t%‘gnf g%m Bof léxtaFHd‘ﬁf’& of 2 mm
di amet er arevithin dl Imin Mta &ddced into a thernostatically controll ed
tubul ar reactor. A mxture of 278 g 42.9 wt. % hydrogen peroxide, 6672 g

met hanol andr 55,0 M@d %nltﬁ'lpbhg%ﬂﬂ.ntgh%oﬁlﬂtsnﬁ%r' RotABhepfeiPe2S W . %

aqueous anmoni a and then saturated W ene under an i hcreased pressure
of 3 bar 4t RV Hhe sa3qRH® |tse“’cpr'f‘erﬁtb’é§s€ o§¢8r ifh&epgtsPysthat 39C at a

rate of 900 wHdttAn rieg Wt drdlany dagrilelde ohyduogen peeexude andt aAllekn the
an atmosphere which substantially comprises the vaporous
olefin; an olefin partial pressure in the range from 0.1 to
1 MPa is suitable. The pressure here is particularly
15 preferably chosen between 50 and 100 % of the saturation

vapour pressure of the olefin at the reaction temperature.

In one embodiment of the invention, the catalyst is
suspended in the reaction mixture during the epoxidation
reaction. In this case the pH of the hydrogen peroxide or

20 the mixture of hydrogen peroxide and solvent can optionally
be established either before or after the addition of the

(0 catalyst. If the epoxidation reaction is carried out in a
' thoroughly mixed reactor, e.g. a stirred tank or a loop

reactor, the pH measurement can optionally also take place

25 1in the reactor and the base for establishing the pH can be
added directly to the reaction mixture.

In another preferred embodiment of the invention, the
catalyst is employed in the form of a heap or packing in a
tubular reactor and the mixture of hydrogen peroxide,

30 olefin and optionally solvent is passed over this paoking.
In the case of olefins which are gaseous under the reaction
conditions, gaseous olefin and optionally additionally an
inert gas are preferably fed in, the gaseous olefin or
olefin-gas mixture preferably being passed in



14 2 3 D E C 2002 energing reaction mxture is determ ned by redox
titration and the content of propyl ene oxide, 1-nethoxy-2-propanol,
2- met hoxy- 1- propanol and 1, 2-propanediol is determ ned by GC. After
operation for 8 h the hydrogen peroxide 5 conversion and propyl ene oxide

selectivity shown in table 4 are reached, Table 4 Exanpl
H2Q2i H202 conver si onPO sel ecti vityMeOH rr|9xt ureso 165.594 ?gHgEg 2802

~178.574.3~78. 6 ~188. 765. 9~86. 6 ~198. 956. 1~92. 4 ~ 15 Exanpl e 20 (conpari son
exanpl e) 68cougtieirtamiremcsithi eaki teégaatiahystura.t href gaseohs extafitlates of 2

mm di anet er dnitiall |ntrodu d.intg a.th t cal | ntrol | ed
tubul ar rea ?8 HPATRSX ﬁ%& 5f i§3gﬁls Eaﬁewng§ﬁng§5§%iyp%r%X| e, 6600 g
met hanol an¢h20ugh thWBEacsotedrpm shet hetFomenbeaddef shethahctbriamt 50-C

- at a rategly %Q@ea/ Hn fhel I?_%rﬁ'nag@ EhﬂBlegOQngéﬂegééﬂ?QHJ?onQrPP&P?n@rfnadded
at the | ower en the reactor. The liquid reaction m xture and unreact ed,

gaseous pt oFONEteR CaFrERtunTheuBROPREL O&nthRcPRESEHT PRRSLFr EROFeRENEER | s

25 mai nt ai ngghahs thsitc hnreaeyed, abatbeudppeerendoof thetheacsos.oft regul ar
intervals, the g&g o%en er oxi de ontent of the rgg&gbog nlxéﬂre rgnnged is

det ermi ned GY™P F&ﬁnana Fhénggﬁtgnf of propyTend oxid
1net hoxy- 2- mh@pam@thZLnaﬁh@hy-mOQEGpénUIOaMdem Qogme@ropahb@|n¢a¢sor

det er m ned %é, fo%&t%%r Bl Bﬂ}cﬂ*eﬁeﬁ {aews%laxdaegemseﬁapéééeff&ﬂverSI on
and propyl en OXI selectivity Shown intable 5 is reached 15 3 DEC

2002 Exahpl é'—éﬂezrewt% Ei&kpltE1809RS FEBEARed, with the difference that t he
m xture of hydrogen peroxi de, nethanol and MIBE enpl oyed is brought to the
pH shown i n trfallhe Tahwnlgddi tisoemefl o¥edwWin¥%-heafuenus faamaan, ot he pH bei ng

T et RIS T e TRRYHE e HRN LofARL R oAl 0hBRS €, ERL | 008: 1Y
i ntegrated A§F "coMpari son 6 ect r ode € 0 era ron fo
hydr ogen pemme(ﬁpqudﬂQQQMOmeaﬁ@lpnopyyehﬁl@ziué yéte€t|vpty0@®bhm in table

5 are reachgd do wial & éoﬁx,%ml anelﬁoef hya%oblaﬁ%ekeggdsonwrél on PO
selectivity MeOH m xture 204.896. 9 8% ~218 ~15 228.593. 5~94. 8
~239. 0901p~§pns tant pHi@y addltlon of a base’ an pass1ng it over the

catalyst.

The abovementioned bubble procedure is suitable both for
the epoxidation according to the invention under pH control
and for other processes of the generic type, for example

20 those in which the catalyst is neutralized or in which
selectivity-reducing acid functions of the catalyst are

neutralized by chemical reaction.

The process according to the invention renders a continuous
operating procedure possible, without the selectivity and
25 yield (H;0, conversion) being adversely influenced by
quality variations in the starting substances. Due to the
separate metering in according to the invention of a base
under pH control during the epoxidation, treatment of the

catalyst before or during the epoxidation is unnecessary.

30



2 3 DE C 2002 CLAIMS 1. Process for the epoxidation of propene in the
presence of a titaniumsilicalite catalyst, conprising: (a) introducing one
or nore solutions containing hydrogen peroxi de and propene as starting
substances periodically or continuously into an epoxidation reactor; (b)

i ntroducing a base into the epoxidation rgact or as a m'xtur2te \Anmcszr
nore of the starting substances; (c) cont olling the pHin ae t Xt wth
a starting substance conprising the base, and maintaining the pHin said

m xture to bBxampiée range from4 to 9.5. 2. Process according to claim1l ,
characterized in that the base is added to an aqueous or aqueous-organic

hydr ogen peraxide. sol Ut t i i kept.gonstant in
the sol uti on@g ?Igll%gdyli%ﬂ%?gg%va ,arp#%%éﬁzéé%?ég%eﬁ{(}d eousesr%ydrogen
per oxi de sol defenipae pH BRI hg8ih e rearmge e cmare @@%,asaﬁdlei n the case

of an organi g3 84UeoL St Y ds DperhPesaisite $Oltd oMyt d:a@at 50 wt. % of
an organi c water-sol ubl e sol vent the,‘Ejs belsir%gal n.the range from5 to 9.5,
S

the pH bei’ngSBaSet: Bht Heds (FRnet e By freaf e were dFaeRed #5 process
accordi ng totkhéatatio osf 2the hasmodretrateitbr ro fi hatogyerep@uidiat iten the carri ed

out in the p enge i.C. vent I i '.gﬁof

| oner al coho%‘glﬁo?fa%lgée‘?ﬁréc?ésr?%el%\g% g trﬁae{ i%!(;?o; tssgfj&g"z)ﬁ’.cl%@‘% %5;4 DEC
2002 per oxi dé-m@tb@w@p@mben%—wh@mqmqla@g fln@mpropangdiol .20. 4.
Process according to one of clainms 1 to 3, characterized in that 5 a base

fromthe serkERsmpDaSiS{étGpafisbikadtanpgled hydroxides, alkali netal
carbonates, alkali netal bicarbonates, alkali netal phosphates, alkali

netal carhbox tes_and a nia is.us to, establish .the pH the base being
énpl oyed lé)ergég or™ gh%ﬂggg%]é%u%mrtbl%e%}ﬁﬁ%n?oa%c# 5r’e]:s°s %ccording to one

of claims 1 tbedposhaticablyzedntrolled ldtwmpoiviauterlasecaritibed out in a
fixed bed rgs&éein&étfﬁ&g ha i §@ni@nsdds %siﬁrtcf‘pﬁaérﬁi létst&ngs&ﬁl‘aer%' &g ¢ 15

COprOUI’]d an an aqueous or aqueous-organi C ogen per oxi de solution to
whi ch a base®h8sSBEBR2Ead ¥l b RFENEHRS dnd9He FLIPEES DPLESEITS & ng and
mai nt ai ni ng shpapH henigtpassesl $18 cp-5®r7 cailrd enelydgsit ddrosidgia t he

that  propgne (RACEEEESS) JcASE' QhEMANR P A Y Hhmk Geke ARV MRS (O

in the rangeethem eqlaB ¢ovarentardtHarg Ititamninm tsid igegiteatiisokhea ng

carried out jarbtP8d in at a rate of 290 g/h, while stirring. At the
same time, reaction mixture is removed via a valve in an
amount such that the weight of the contents of the reactor

20 remained ([sic] constant. During the metering, propylene is
topped up via a pressure regulator in order to keep the
pressure in the reactor constant. At regular intervals, the
hydrogen peroxide content in the reaction mixture removed
is determined by redox titration and the content of

25 propylene oxide, l-methoxy-2-propanol, 2-methoxy-l-propanol
and 1,2-propanediol is determined by GC. After 4 h a
stationary operating state is reached. Table 1 shows the
hydrogen peroxide conversion and the propylene oxide

selectivity in the stationary operating state.

30 For the hydrogen peroxide employed, a pH of 2.8 was
measured with a single-stick measurement chain of glass
electrode and integrated Ag/AgCl comparison electrode.
Corrected by the concentration potential for 50.7 wt.$%
hydrogen peroxide, an actual pH of 4.6 results.



25 presence of methanol at a tenperature in the range from20 to 70 ~C
under a propene pressure in the range from0.1 to 1.0 MPa. 7. Process
according to claim5 or 6, characterized in that 30 an ol efinic conpound

whi ch is gaseous under the , reaction conditions is epoxidized by operating
the fixed bed reactor as a bubble colum, the olefinic c

di spersed in the solution flowing in cou%]ercurrent ﬂEﬁy?Uﬂ?
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& ()-F 109645bi)w1tﬂiééﬁ¥%ﬂ)hyd¥%ﬁlde solution. After 4.5 h a

stationary operating state with a hydrogen peroxide
25 conversion of 69.6 % and a propylene oxide selectivity of
68.0 % is reached.
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Example 1 is repeated, with the difference that a different
titanium silicalite catalyst is used, the reaction
temperature is 65°C and a mixture of 708 g 43.1 wt.$%

5 hydrogen peroxide (crude product from the anthraquinone
process), 1743 g methanol, 51 g MTBE and 35 g titanium
silicalite is metered in at a rate of 200 g/h. After 4.5 h
a stationary operating state is reached. Table 2 shows the
hydrogen peroxide conversion and the propylene oxide

10 selectivity in the stationary operating state.
Examples 8 to 11

Example 7 is repeated, with the difference that the
hydrogen peroxide employed is brought to the pH shown in
table 2 by addition of 25 wt.% agqueous ammonia, the pH

15 being measured with a single-stick measurement chain of
glass electrode and integrated Ag/AgCl comparison
electrode. After 4 to 5.5 h a stationary operating state
with the hydrogen peroxide conversion and the propylene
oxide selectivity from table 2 is reached.

20 Table 2

( ] Example pH of the H;0; H;0, conversion PO selectivity
2.42 58.5 % 66.8 %
5.15 53.2 % 88.5 %
5.35 50.5 % 92.1 %
25 10 5.55 41.2 % 92.2 %
11 5.75 27.1 % 92.7 %
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electrode and integrated Ag/AgCl comparison electrode.
After 4 to 5.5 h a stationary operating state with the
hydrogen peroxide conversion and the propylene oxide

10 selectivity from table 3 is reached.

Table 3
Example pH of the H;0;, H;0, conversion PO selectivity
MeOH mixture

7 4.39 58.5 % 66.8 %

15 12 5.46 58.3 % 78.4 %

13 6.81 58.9 % 80.6 %

14 7.22 57.1 % 81.7 %

15 7.69 56.3 % 86.7 %

8 8.12 53.2 % 88.5 %

20 10 8.23 41.2 % 92.2 %

11 8.66 27.1 % 92.7 %

Examples 16 to 19

65.7 g titanium silicalite catalyst in the form of

25 extrudates of 2 mm diameter are initially introduced into a
thermostatically controlled tubular reactor. A mixture of
278 g 42.9 wt.% hydrogen peroxide, 6672 g methanol and 51 g
MTBE is brought to the pH shown in table 4 with 25 wt.%
aqueous ammonia and then saturated with propene under an

30 increased pressure of 3 bar at 45¢C. This mixture is then
passed over the catalyst at 392C at a rate of 900 g/h. At

regular intervals, the hydrogen peroxide content in the
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"1096|&f()'QQQCQRQYEéEtht of propylene oxide, l-methoxy-2-propanocl,
2-methoxy-1l-propanol and 1,2-propanediol is determined by
GC. After operation for 8 h the hydrogen peroxide
5 conversion and propylene oxide selectivity shown in table 4

are reached.

Table 4
Example pH of the H;0,, Hy0; conversion PO selectivity
MeOH mixture
10 16 5.5 94.9 % 62.3 %
17 8.5 74.3 % 78.6 %
18 8.7 65.9 % 86.6 %
19 8.9 56.1 % 92.4 %

15 Example 20 (comparison example)

68.0 g titanium silicalite catalyst in the form of
extrudates of 2 mm diameter are initially introduced into a
thermostatically controlled tubular reactor. A mixture of
1334 g 42.9 wt.% hydrogen peroxide, 6600 g methanol and

20 67 g MTBE igs fed in at the lower end of the reactor at 502C
at a rate of 600 g/h. At the same time, 200 g/h gaseous
propene are added at the lower end of the reactor. The
liquid reaction mixture and unreacted, gaseous propene in
an amount such that an increased pressure of 15 bar is

25 maintained is [sic] removed at the upper end of the
reactor. At regular intervals, the hydrogen peroxide
content of the reaction mixture removed is determined by
redox titration and the content of propylene oxide, 1-
methoxy-2-propanol, 2-methoxy-l-propanol and 1,2- ’

30 propanediol is determined by GC. After operation for 8 h
the hydrogen peroxide conversion and propylene oxide

selectivity shown in table 5 is reached.
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Example 20 is repeated, with the difference that the
mixture of hydrogen peroxide, methanol and MTBE employed is
brought to the pH shown in table 5 by addition of 25 wt.%

5 agueous ammonia, the pH being measured with a single-stick
measurement chain of glass electrode and integrated Ag/AgCl
comparison electrode. After operation for 8 h, the hydrogen
peroxide conversion and propylene oxide selectivity shown

in table 5 are reached.

10 Table 5
Example pH of the H;0,, H;0, conversion PO selectivity
MeOH mixture
20 4.8 96.9 % 81.7 %
21 8.0 96.5 % 87.2 %
15 22 8.5 23.5 % 94.8 %

23 9.0 90.0 % 94.6 %
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5 a base from the series consisting of alkali metal
hydroxides, alkali metal carbonates, alkali metal
bicarbonates, alkali metal phosphates, alkali metal
carboxylates and ammonia is used to establish the pH,
the base being employed per se or as an agueous
10 solution.

5. Process according to one of claims 1 to 4,
characterized in that
the epoxidation is carried out in a fixed bed reactor
filled with titanium silicalite catalyst, the olefinic

15 compound and an agueous or aqueous-organic hydrogen

peroxide solution to which a base has been added
beforehand for the purpose of establishing and
maintaining the pH being passed in co- or

countercurrent through the reactor.

20 6. Process according to one of claims 1 to 5,
characterized in that
propene is epoxidized at a molar ratio of propene to
hydrogen peroxide in the range from equal to/greater
than 1 to 10, the epoxidation being carried out in the

25 presence of methanol at a temperature in the range from
20 to 70 2C under a propene pressure in the range from
0.1 to 1.0 MPa.

7. Process according to claim 5 or 6,
characterized in that
30 an olefinic compound which is gaseous under the ,
reaction conditions is epoxidized by operating the
fixed bed reactor as a bubble column, the olefinic
compound being dispersed in the solution flowing in

countercurrent.



