; e3euppg<s4pst 6t Tu/ AS ORI G NALLY FI LED Process for the manufacturing of an
epoxi de The present invention relates to a process for preparing an

epoxi de (epoxidation). In the process of the present mven';“lm Wﬂ “nmml M
reaction m xture obtained in the reactign of an organic co

| east one C-C double bond with hydrogen peroxide in the presencgegbs at

| east one catal ytic active conpound and at | east one solvent is worked up

in such a ways bRa&INAYS. Y@rh gy oper oxyal cohol s forned as by-product of the
epoxi dation remain |argely undeconposed or are converted i

correspondi ng glycols. The term epoxides is used to refer mmmmmmmm
which are formed by addition of oxygen onto the two carbon at

doubl e bond. In the custp %g ﬁheesses of the Pl Qo t, the corrpound to
be epoxi di zed, generally" 2% r!%S JoARUfagrne o ARCPOXIAE « ¢ doubl e bond, s
reacted with hydr ogen peroxide in a solvent, for exanple nethanol, and in
the presence of a catalyst in an appropriate reactor. The general

principles of this reaction are described in DE 198 35 907.1, 100 32 885.7
and 100 15 2H Bresenhinveption elates ione aracesssfop arcppree an epexide (Fpoxidatianget her

\tf)w th tge unrmagfeeﬁim@wn@ pRséf 1ﬁp§ﬁio@l% Zl&d,rea‘éﬁaﬂﬁﬁxﬁﬂéi dbmﬁerd kovhedoi | i ng
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e bpoxi di 2§ AL oS HEEKED b Yafich o S WS Aot e S n e o e
mai nly of sofoymed asvint mdutépwfxﬂ@eemcdabyn ppmdmctasgelyr anfepoimposed he atkesi red
epoxi de i N piSeftQ Mo thB osidns m%%@gblghe top of the distillation colum

and the output fromthe aft rea are worked up further. The nost
i nportant by-products obtained in epoxidations are oxygen and products

whi ch can berm@teﬁﬁttpbx&dasiﬂldsb@tb feBrqb icompoidstWieicts aleVibrthed BY additie oor of
hydr ogen 2 - eromﬁe vvlthb Ei g E ae flo{’?&ig Exanpl es whi ch nmay be
nenti oned ar¥Y® '%8%95 ¢ Brbfacbongionmg pka degble, roper oxyal cohols. 1f the

sol vent used is, for exanple nmet hanol and the conpound to be epoxidized is

th h
g;rgf ﬁg)e(y 1epfrﬂg§1t§nb]@ %rﬁg%éﬁe%r ijgt? ?8812 %%)ti fhe QQMZ %@degF)X%eﬂr €
2- hydr oper oxgelwparllapmompan@ﬂ ilahl}’lér%tp nij(ynech€ bomh. ﬂsereacted with

met hoxypr Opaﬁ‘ﬁirége%%r&ilgé)){ﬂ %rk%l\&hf/ Cf@i e;?f{n?plé’ %e\fhzfnbiibin@ 1HQh@?HJs@r§>e dthe
hydr oper oxypro anon are thernal nol ecul es end .t o deconpose

to formfurt p%cwemrlaf@ &agtf’br @swaleprl%el@a|qa°ew§,5déea%9fb&§ﬁ ene

gl ycol and haeie@mdane)mm%3§m1qfoomm Toandi0odd@4s.5.n turn tend to be

converted into further, secondary by-products. Exanples are fornal dehyde

di ret hyl acetal, formc acid and nmethyl formate from fornal dehyde or

acet al dehydeThk epoxidé faveedlis sapasated cffiall thedopetopstherapathathe fnreaated

acet al dehyde | use
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particularly serious m; I'n r \Wor pr oduct
m xture. For PIORGHHENE0 §Q}5§Ilta1r‘i'cﬁ§ y@éhuhsb}’aééﬂg‘lltt}@hy aﬁallﬁﬂnhwtqr@fr mat e

caln be fﬁpar éﬁn?fét b?cff di ﬁﬁxthxleabb@ﬁnél nihhﬂﬂ @bwbﬁt(rj QN&@ﬂTplEﬂrédcﬂQl h?ieroga?xh de
only w grea i ffi scribes.a co i cate
s oot o2 E&heid bt e KoiFE B pradichy RdeRE bf roRE adidh 3
nunber of cotiththe foompexnd ao:tbevepomdlietdant ammﬁtler chiastor.| Thas | @vescopnadbticed i n

Series. stream composed mainly of solvent, water, epoxide and by-products.

To isolate the desired epoxide in pure form, the stream from the top of the

distillation column and the output from the after-reactor are worked up further.

The most important by-products obtained in epoxidations are oxygen and products
which can be formed by addition reactions of the solvent, of water or of hydrogen



OMng to the close proximty of the boiling points of nmethyl formate and
propyl ene oxide, a high outlay in terns of apparatus is |ikew se necessary
for separating them Thus, US 5,170,002 describes the renoval of nethyl
formate with the aid of suitable basic hon exchange resins over which only
the formate is reacted and thus fenoyed. The recovery nd reprocessi ng of
economi cal | ype\‘)%ﬂl%‘ab’}’léh é@fbselp%’@és formeg {dzﬁ@m ddviich gy emﬁﬁgorﬁ‘iie?"re reuse
in the epoxidliddyaltohdls, gydls dndtop r@pdiegml@ﬁsxgcr ated with the need for
relatively conplicated apparatus because of the presence of these

by- products. 3 For exanple, preference is given to using nethanol as
solvent in eI;ﬁd)ei sbdstenousedas doi exampld; aretlemohamd the ceaponsl, to ét fepotidizead & nade t o
recover this u r and to return it
to the reactf ci ?@eﬁ ’I@S‘t‘gﬁlgg thﬂ B%P{egdé?tgs(gﬁntﬂgedagwe%e}étlb&ed %Frér)rrg %r ocedur e
by, in part |reeﬂhexy-1tme>ap¢1e@z§inbeﬂedfoxw+i’eplbwmdmmenerelq@sén%hydtppergem in the
product m xt{bRypafelInd AARUAIRRIRYDEpropafdial dehyde di met hyl acetal and nethyl
formate. It has hitherto been nécessary to enploy conplicated apparatuses
to achieve virtually conplete renpval of these interfering substances.

Thus, US 5, 8%1189111e1$bﬂ)t}ﬁ6patnb3t ad padpykdacglocor :rrembt stabld hleaps) dd on of

al dehyde froh meth anol ca Sonl%I rbe llfclhli?ifeveglebfﬁes Eé ctt |%§ gr %tr Ioleair on
carried out yrﬁj eP (?XlYP%ﬂprart‘%/ 6% YFLP) A oM O EEH TS Yorihe & € MRO%% es. The
process desciorhelrther BDEpHd032,8885. orineldehyte, awaaldehydcmpropylm Blycolf oxdmat e
from met han r t L Of resent

i nvention tglllyrgfrr 0\?'% %%@p%%%%ggﬁﬁésgﬁiﬁodﬁ%ts \}\ﬁ tglﬁl %ﬂhq?o?é;ﬁ?{‘%gtegflﬁ%uch

by- product s {ithety Swoédﬁiybﬁmﬂuﬁst Bxagaplrs ap formaddehydeidimedty] pectdlt fosmie i s

conpl etel y ayqd @lﬁﬂm@ﬂh ff%ﬁﬁ&t@Qroﬁxpfcﬁmﬁld@hyﬂérﬂr%&alh@l@yder&hétﬁ?ﬁac@ﬁf %Eétﬁd to
above in the dis rt are thus also very largely

e pri a
avoi ded. W X %“ IBE Hpﬁcﬁﬁfe{;?fpécgﬁﬁd‘élb ® s achi eved by a process for the

epoxi dation of an organic compound having at |east one C C double bond by

roans of 1 deaRe s IRLO5abd SI5RLESSACRSL Aol RN oARRUARLYBLE 1Y

active conpoun
conpri si ng aprablemspa i fuathen worleup of rlmdmoé@btusuxnge £or|eeampl%ﬁ®smd@8cr ng

agent. For térehrayaea 1@@1&& ahﬁ"?ne‘?ﬁﬁsf%até BUERE {eBratdd mﬁlzﬁf&ﬁﬂ%ﬂ% havi ng

at least one CC bond are "all organic ¢ oun Ich contaln at
| east one C_@:@pr@&gmppﬁmgﬁ@ spogideval Yo‘f’“lﬂ geat difliytyon, pr eference is given
to using organi c conpounds sel ected fromthe class of al kenes, which

contain at | east h. ar ou, In th rocess of the resent ntion,
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al kenes, nenfromprogyeneexidedsy méamsloé amatbembinglumns for extractive or fractional
distillation connected in series.

Owing to the close proximity of the boiling points of methyl formate and propylene
oxide, a high outlay in terms of apparatus is likewise necessary for separating them.
Thus, US 5,170,002 describes the removal of methyl formate with the aid of
suitable basic ion exchange resins over which only the formate is reacted and thus

removed.

The recovery and reprocessing of economically valuable substances from the
product mixture and their reuse in the epoxidation has also hitherto been associated
with the need for relatively complicated apparatus because of the presence of these
by-products.



4 - - ethene, propene, 1-butene, 2-butene, isobutene, butadi ene, pentenes,
pi peryl ene, hexenes, hexadi enes, heptenes, octenes, diisobutene,
trimet hyl pent ene, nonenes, - dodecene, tridecene, tetradecenes to

ei cosenes, tripropene and tetrapropene, 3polybutadienes pol yi sobut enes,

i soprenes, rpenes, geraniol, |inalool,, Ilnaé%g acet
met hyl enecy BpPEgnie Pr&éﬁq"@ﬁéﬁtgé‘ffé‘ toc%%ﬁ%% 3 oY° V&Phé%épo’&‘g?ﬂ%‘hept ene,
vi nyl cycl ohexadiins detydc@mma:nleasows rk}ffdnsCalrehmderte reaivyf e frofy the a®gdecne,
cycl ooct adi ene }norborn dene tetr ndene H? | st yrene,

i oyel opent PAd TGP0 HERY & s oyER TR BN KRB R
stil bene, di ;prhmn;ddblmt thi esegcling pmcedurd bybét @axtra:ukat cthe pre/sengd Dﬂ(ﬂlﬁebf’-l uori de,

al |yl halid , t al |yl
a1 conol - mor R iikpuealty reseiin B Bk miEhid'e f Secl i fluey PEHIERGe

pent enol s, o‘éltn&ﬂly(b reete] and inersky niormatey fis hasu hﬁh@@ b@ﬁélr mmsarye {hempihene,

i soeugenol , &Jﬁ%ﬁ&@ﬂed aFﬁﬁﬁthk’Js% %th@@er ﬁ%mhy onﬁlﬁllefésreﬁHGzh AIhAE imbi&rimc d,
nethacryllc lé , crotonic acid, nmalefic acid, vinylacetic acid,
unsat ur at ed ¥ F@?“EC|ds such as oleic acid, linoleic acid, palnltlc acid,
naturally occurring fats and oils In the process of the present invention,

f al k t t )
hccording. t orte Ui 28875t ReeR R g SuisBebRh Rhain UR bpatefied 20 aREhh onec
or gani ¢ conpizemdsethandl neanaonly dmsachmved GyCeximghive distillations carsied icatl iowt  usi ng
hydr ogen perﬁiﬁaﬂ@rr ofT&lstmq‘ﬁBﬂrc%lJrﬁ}ﬁ &Yﬂé Qe Qe HSHdSKS dgéctnble& uPBES' bl e to

make recourse exa ant raqU|none process Y nmeans whi ch
virtual Iy thtI08R8%52 fﬂbﬁh‘iﬂ sppasefify PHrAnghyln{ramaise frope methanel jis SHP’é‘H ced
Thi's processconpiRag@d on the catalytic hydrogenation of an anthraqui none
conpound to formthe correspondi ng ant hrahydr oqui none conpound, subsequent
reaction of this wth oxygen to form hydrogen peroxi de and subsequent
extraction ol ig dreotjyel rod genprpeeno iiveatidrotonrdvidé lagreasaby sieancyfowhich she
conpl et ed by, r nat i h thra n oun s been
f or med agal nfo?rﬁ&%’cﬁl 89% %i b&&) r&;u&{s %hm ere 81?#1&% ?(f hrdggu%ngl}l\gglﬁ’?o ttlagls IS

gi ven in " Ul lepgtions lEnwmlﬁpledawldﬂd bnd@duccd db Crmeinimumyand gieh pradlemison,

vol ume 13, 7 I c e

hydr ogen pe%%ﬁgﬁyaﬁgéﬁg hgxﬁh%éltg%l%%%gfthgffwoﬁﬁrﬁQgcﬁl \;a\a)?étohwS Jgegjneous
evol ution ofa ogen at the cathode to produce peroxodisul furic acid.
Hydrol ysis of the peroxodisulfuric acid forns firstly peroxosul furic acid

d then h d f th d. It
1o of cour senaiege RO HanRtGL i MR R GLaoRt S e P B ER G ement .
Bef ore use odrgimidrcoppnupkhosinglet laast oree ﬁF@Gbsbled:fontlHaf preeseof hydrogent i on, it

i's possible RJT@ Vi r

per oxi de soléje??%ﬁgg}thfe%eesgﬁr&rﬁaglfagtng o‘rélgh lg acwﬁbwtﬁdgﬁgr@?ﬁg this
out are, foronsxaalpen, whetsie aderdprhadxiure WemoEsisg ordydmoperaxydcaipls) 30 or WO
92/ 06918. | trelgcedivki Pﬂaﬁﬁaﬂ%@réﬁu@m%@‘gmﬁt | east one salt present in the
hydrogen peroxide solution to be renpved fromthe hydrogen peroxide
solution by neans of ion exchange in an apparatus which conprises at | east
one nonaci diForitha pevpokmrtgahbpfbshauhmnan Lcorgssc ecinpounals having 4t heasugde whi ch
fl ow occurs ange bed
is less thangggogugﬁe ?%dga%al Olsggﬁllgf%ﬁ%u |cu?$}'ttalF{a9fea% %gﬁlcgr%%éﬁ‘g to 1.5
F'~2. For the purposes of the present |nvent|on all nonacidic ion exchange
beds conpri Sl'n“tﬁe GREdeS o M RDERIOH, ﬁfé@'ér@ﬁce%@'g@%ne% @Fgﬁn&ad&n{ﬁ&uﬁdé ncipl e
be used. It f aI sgpﬂgosm bl e fgr Catbﬂﬂ and, ani on exchangers to be used as
mi xed beds wietasted theglass RE plkenss. Whigh conpfaig %Feéi‘té’r‘\eéﬂc BBt nent of the
present invention, only one type of nonaC|d|c ion exchangers is used.
Further pref rtﬁnce S lven to tthe use § %[ #On exch an?t

particul arl yI%p BfPéP%Fﬁ% 3" REGSEN a‘ﬁ‘n“é’h“"é’xc?ﬁ {§GBT PXRETCDET ¢ BT R UISHe y

pr ef er abl y apropaielag aka@sé.c ani on exchanger. The reaction according to the
present invention of the organic conpounds having at |east one C C double
bond with hydrogen peroxi de takes place in the presence of at |east one

cat al yti cal 14 examnles @@Hﬁé&ﬁa@entlﬁng?@ﬁ@madeézﬂhecfaklwgngts known to those
skilled in the art are suitable for the purposes of the present invention.
However, preference is given to using zeolite catalysts. Accordingly, the
present invention also provides a process of the abovenentioned type in

whi ch the catalytically active conpound or conpounds conprises a zeolite
cat al yst.



6 The zeolite catal ysts which can be used in the process of the present

i nvention are subject to no particular restrictions. Zeolites are, as is
known, crystalline alum nosilicates having ordered channel and cage
structures and containing mcropores whigch are preferably smaller than
about 0.9 nm The network of such zeolites is built up of Si04 and Al104

t et rahedra weihels, drepenei hbytopp.a2-dutenediseRutenas byfadinges pentenesy BiPgTY8HCof t he

known StrUCthkfx%ﬁeﬁﬁﬁéxQﬁe[{eguﬂébteﬁe@r o@t&ﬁ&pldﬂsouulfhnw trithethBip @ﬂitené:) noffendsl son and
Ch. Baerl och Atlas of Zeolite Structure T§ El Seé 4t h Ed|t|on

London 1996. S‘Z@S‘F‘}% eLidggrne, tREdecRnRs S SICOSRRSmITRTEPSTS AR ctﬁfri‘WBP%ie(l ~in

L he sili (r:]at epcblgbatachendss g@@ﬁidb)ate)napl Bop@ndsy tt:rptem ugaragol] | l(dah‘jolarlmalql SO
nown. These_t| anl um,ze0 it |.ne.par] t ho avi ng

structure. of ety PRI T rote” way it ine, N SRNRGNEY, BoBATEE, | peo,

for exanpl e, cyolohgpicne,0 SinyloyeloheransP- Ainjiexiong, Apathyclbh@mns,l | istypeneand

titani um sughdmiae] a'cﬁ/cl%é’ta(fhl-,'ﬁé hegiq ?%%dr?% eadd fi Lnal o hﬁi&?&h&en%‘mh as

al um num zi rconl um IL.ron, cob a ni ck | am oron or small
amounts of fMmgHwishaene, n t hdicyslencatadiang, regedwf%lb@@l%m i t &ydadedegancs used

in the pr Ocesﬁclcczfod&dfaﬁldheesenbemdwempue@samutaa&nél t gifdrbiin OA, t betazafliédee can be

partly or whol |y replaced by nadi zir hrom obj um or a
m xture of tWoY %‘?e"ﬁor’i uqridey 3}/181 Tﬁ%l af™ ?ﬁ ‘g’%ﬁ‘ Gt Héﬂﬁ? ncgl:l

vanadi um zi dichlorabngenehr aﬂylumaloohon olmetinallyb talnehslumbmfenslsl, i dmtenadldlsti tani um
and/ or vanadi ir a r d/ u

general ly i nk*&ﬂ&é)%?%ﬁg&o 918&3%1 89/38)1811@9’ C{H}?&{%@?Um&@%@ aﬁ’%)d gpe]!()%ds
particul ar tﬁbgéyeﬁmmnqoalgenylstaabthgh runsaturagedotarborylivRacidsy puch @SndCfpb(SSI bl e
ways of prepggj riﬁethﬁﬁﬂ‘i@zfc‘rad @ﬁﬁ&ﬁlb hed, mﬁféfc a‘a@@myﬁweﬁ@aé{p u%ga{t@%?e%gfattw

98/ 03394, WD 98703 3 ose rel evant
contents aredqidy puf .%&?lﬁ@% élaow ?%epaé%@ ?%@ o“at“HéllﬁbP%“é’éWﬂg pradati on.
It is known piat titanium zeolites having an MFl structure can be
identified by neans of a particular X-ray diffraction pattern and al so by
means of a lattice vibration band in the infrared (IR) at about 960 cm1
and can in thi shenpsockss df shd prpserthmateritiomn peéfemince netgistent fot asiag edkanes
crystalline gnd..a ﬂgrfm%)g% ?’ & 02pbhases: Specific nention may be made of
titanium, gernmani £elrur um, vanadi um, chromi um, niobium and

zi rconi um containing zeolites haV| ng a pentasil zeolite structure, in
particul ar tR@cdriigdo arsShrefatintehifn; ﬁfe&é?)bi?aldh@&{ SR ﬁ@édemehﬁoﬁéﬂl%réﬁw

ACO, AEl, AEL, AEN,, AET, AFG, AFI, (ﬁ b @5@ =S, AFT,. AEX, “AFY, AHT,
ANA, APC, APBSMPERds kgKing gt dpashpad ?Td"“ 0 C%WQ opERsinghgdrogess  gp,
BRE, CAN, CAfgrokide, CGF, CGS CHA, CHI, CLO CON, CzP, DAC, DDR, DFO, DFT,
DOH, DON, EAB, EDI, EMI, EPI, ERI, ESV EUO, FAU, FER, dS, GWE, GOO HEUY,
| FR, 1SV, 1TE, JBW KFI, LAU LEV LIO LOS, LOv, LTA, LTL, LTN, MAZ, MEI,
MEL, NMEP, MERo mEpare N hysragen Nisroxidesosedvie, is NOSSIbITT, nyakoyrepampge, N,  NES,
NN CFF. - Obanfifito Bdm: Rlbuin iiBroBoy b EnickTiuafRihe S0 wolf. SBE.
SBS, SBT, STT,” TER, THQ SC, VET, VFI, VN,
VSV, WE, VERdyetian ofBpsrages perowideds Ao BhiAPRISGESP Pated Fdle B8NS si ng
two or nore BjydrbfhafibioVvefiTet laﬁﬂﬂﬁhtﬁﬁdn@CbUﬁlpﬁund:Ubt feriTothe, correspondmg
tltanlum:ontalpEgdzeolltes havué] the Z%B iEIM Dl CT-1
or OT-5 strBUfHFEEINnas RO Wﬁq‘{"ﬂ%“ﬁf%‘bgé b HReOTBRE dih

i nventi on. Fhydrbgan pérozide wnrdcmbsiquentgeleeoﬂlort ef thmhydnogmypdyemderfmnmuled are
t hose havi ngy @4-4 I r pas pr esent
i nvention, priéger en |80 lrgel \zlsgn%fn us |n ria]ydﬁgefl{nggl %gv@%gggg&bgﬁgﬁe
structure, MOMpeundevhigkehasbegaformed agpin dgthetoxidatiognes. Further specific
exanpl es of preferred catal ysts are the T| -cont a| ni ng zeolite catal yst S
which are generally referred tp as

ool 1t as. havints ey af S ahGraaiReds erocsti ghERd o Himames Bashtipastia o |
Accor di ngl y, Inidostripl €semmiktry’ h\iﬁretiitmn wilsme 1B opagdesd AtoplS6cess as descri bed
above in which the catalyst is a titaniumsilicalite having the TS-1
structure.




Sol vents suitable for use in the epoxidation are in principle all solvents
whi ch are known for this purpose to a person skilled in the art. Preference
is given to using organic solvents such as al cohols, either individually or
as a mxture of two or nore thereof. Al gohol/water mxtures can also be
used. In the process of the present invention, preference is _given to using
met hanol as &ds \}lécﬁwsrerpoelﬁ@%tﬂ%ﬁ Phiaipdyd m&nmmesbbfan%wéﬂg atig8eRf can be

varied w tpldﬁrl]fﬂhdfﬁcidl with SimBessol @oﬁﬁ?ﬁirﬁﬁ% oge@l A and caBedt foop rlotﬂi&

pur poses of the i nyention are from ano r gram
b hyar ogen REvRisiRuns ot TSy me " poraqirfic) ecl® rithn fufflnd o
from8 to 16pegoxn‘sullﬁmd1amdlandeherghydmgﬂn pardxidg end pelfod deidusbith is tBus
particul arl Y, &;@E rabI y from10 to 14 g of nethanol per gram of hydrogen
per oxi de used e epoxi dation reaction under discussion forns a product

m xture which includes, inter alia, a-hydroperoxyal cohols. This product

m xture is rl@ﬂ“cﬁ"%gursé Alsb ?b&ﬁl@%‘ﬁ%bé}ehy&rﬁgerf’péwﬂﬂé’%&%é’ BlehRhRl s are
reduced selectively to the correspondihg glycols (1,2-diols) so as to
prevent the formation, by nonspecific deconposition, of the above-described
primary or sBefefedageyobMymbgdupmxidei i(ﬂhtheqsﬁéésﬁlw the @belselﬁtsmnre:mdnorieck above
in the further \Mg fueﬁ @)fr t he l? odouct %11 ] ur e, IEY({’O d wor oi\gto
product mi xtRIFEPEAR ThHu" GEBRFYT &ABEAN 1Y e vt de § ‘r‘r‘anner
usi ng appar atfusmdesirabédionsdPassibisl methbgs cf)oq;anl@ltlma)outme poi exanaple,. thisee
reduction c B?oc?lafn WS %%ﬁg@é' pE-Aldb ?Edﬂﬁ' &QW%P(%ﬁ@Sﬁrfhblﬂ&vaﬁ this
purpose in the [iIterature wever, preference is given to those which can
be enpl oyed passihle faguaioleast renchsatio presens onuthe diydropea pesenids selutigeriobecan be

used indi vi didalol¥d QFonﬁ%he”hﬁrHée%s é}Bx1H¥\QonhoHQIyemE£}ﬁr&0fon é@Hﬁlg%ei?lUfﬁll ng
agents and reduction net hod SUI?a ble for e present Egéﬁoses are

descri bed byanmagﬁu@fwféﬁlaﬁ%n%n%émﬁﬁstw np ¢ iexehange VIRBAWPSF 0 t hose
skilled in tda:eu@fatl afe@rthtrdsughrvelslpleﬂbwvazcngcmmd Dheight B guéthhat thd helghg Hagent

chosen in eagh x%ﬁw%%eﬁ@{e‘é’%ﬁgn gt Oal ?odk'g“ﬁ‘” B %Eéuﬁ%rclhsosstﬁ gan be

carried out COI’] | nuous espectl ve
a- hydr oper oxgauk tshi5- t &it.aFori tlhg purpedesc of thiexpraseat mnben,raéhu@tmmrsmg

phosphor us (1 chy ”P&ién %§t1d3nc%§¢haﬂ § pJ?l'dRﬁ Sarfi6h @xchangers can in
trlphenylphosphl tr| | ne horous acid or "Its salts or
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In general, all catalysts known to those skilled in the art are suitable for the
purposes of the present invention. However, preference is given to using zeolite

catalysts.

Accordingly, the present invention also provides a process of the abovementioned
type in which the catalytically active compound or compounds comprises a zeolite
catalyst.



Furt her possible reducing agents are enediols, for exanple ascorbic acid,
or conpounds which contain a B-H bond, for exanple sodi um borohydride or
sodi um cyanobor ohydride. In the process of the present invention,

preference is glven to reduci ng ahydropgroxyal cohol - cont ai ni ng product

m xtures by catal ytic hydrogenation. Accordingly, the present invention
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whi ch the regdibgdche mosiicuddr radeetidghsconpri ses at | east one conpound which is
suitable for catalytic hydrogenation. An exanple of such a suitable
conmpound i s hydrogen in the presence of a suitable hydrogenation catalyst.
For the pur pbssisesadret dsas finewantrystaliee aluominosilitatdsyitavinghyrdered ehatneband s t hus

e et ! et IaBeR Nl BRANN RN SONLEL MO Tkt
hydr ogenat i o@»%lat dihg setwark @f suchi zsplitea is l:blelt up oh8I04redulEn é@i@be@ﬂ which

het er ogeneouge jiREd Wﬁ%hﬂ’éfl BRyER Rfdghd] %rp(ﬁ\%%% of W&tm%ﬁ?es%%é’ tic
hydrogenation is preferably carri eg out_ in the presence of a heterogeneous

catal yst. ThiOuRgdsdiopsEaEPleotn WatM) Ysierc Dbt |(§1§§1 aitd ChaBeerlogberacptlgeohet al  of
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present invention, use is made of palladium (Pd), platinum (Pt), rhodium
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| east one suPpdrt material. The active nmetal content is, if the active
netal is selected fromthe group consisting of Pd, Pt, Rh, Ir, Ru and GCs,

generally in a range fromO0.01 to 10% by weight. If an active netal
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vibration band in the infrared (IR) at about 960 cm™ and can in this way be

distinguished from alkali metal titanates or crystalline and amorphous TiO; phases.

Specific mention may be made of titanium-, germanium-, tellurium-, vanadium-,
chromium-, niobium- and zirconium-containing zeolites having a pentasil zeolite
structure, in particular the types assigned X-ray-crystallographically to the ABW,



The conposites which can be produced froman active netal or a m xture of
two or nore thereof and at | east one support, known as supported catal ysts,
can be produced by any nethod known to those skilled in the art. 11 For
exanpl e, such supported catal ysts are gegnerally obtainable by inpregnating
t he support or su orts with a solution of the active nmetal qr mxture of

two or nore DREs ML ABLt AENe A, AFG, Al AFNs WES), AER; d&Snédtd) AFXhese can
be added si muFyaaenyNA CAPCPAPDCASTSATN, ATO, i ST OSET, W EVIAWOK®ImAat e t he
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presence of | eaSt one suitabl'e support material by nmeans of alkali or a
reduci ng age SUUEHe.c at al yst precursors obtained in this way can then be
brought into a shape suitable for the respective appl i cation, for exanple
extrudates o essed n g al so.be .fo y the
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out by all drying nethods known to those skilled in the art. For the

pur poses of the present invention, the drying process is preferably carried
out at from AGcdrdingh)he jrasent Me&ﬁcbry a6 @k@ridds| &/ pfocesn B esa@ibkd Bovel e

cal ci nation . . . t in any way known
to those ski f&}nch'?ﬁega?:ﬂ tésf%t}ﬁf}%?ry%ﬁgd’l%%fr}%}gn ﬁle ¥]E”|tg&[t)l§gsent i nvention, the
catal yst precursors obtained are preferably exposed to a gas stream
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organic solvents such as alcohols, either individually or as a mixture of two or

more thereof. Alcohol/water mixtures can also be used. In the process of the
present invention, preference is given to using methanol as solvent in the
epoxidation.

The amounts of solvent used can be varied within wide limits. Possible amounts of
solvent used for the purposes of the present invention are from 5 to 25 g of
methanol per gram of hydrogen peroxide used. The solvent is preferably used in an
amount of from 8 to 16 g of methanol per gram of hydrogen peroxide used,



Activation can be carried out by all nethods known for this purpose to
those skilled in the art in which the catal yst precursors are exposed to a
reduci ng at nosphere, for exanple a hydrogen-containing atnosphere at room
tenperature or elevated tenperature. Fog the purposes of the present
i nvention, catal YSt precursors conprising an active netal selected fromthe
group consi S@rtiylasky poeferaply frem 10tp 14 ofyRethaol pahemm efrhydraggn RetoKidsy dr ogen
at from 80 t,Re®50C, preferably from80 to 180C. Catal yst precursors
conprising an active netal selected fromthe group consisting of Fe, Co, N
and Cu are preferably treated with hydrogen at from 150 to 500C,
parti cul ar | yTherepbeidatibny rehctom wider discud&iofforizse todut nmixcundf whibke itcheles, ment
wi t h hydrog t .00 r gl.ev. ter atur p .on the
concentrati gﬁwgfal{ahe%&?@goﬁ%ﬂ%o%f fnﬂlgtﬂﬁ)g&éf S%%{eoﬁyégc?uecg@h??gg?. For
t he pur posegedictivhethp oebyitoparoxyalvohols are teduchdrsglectivelpfo theecornespondingt i s
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the group cdheaBevendsserbadgprimery qrsecqndaryrby-groduets which eayse thesproblemsat al yst
precursors GAeAtonsd BSbvaNnakd fuvBeNWbik-uss 6f @6 tpestivct Mk thRE THE Bithet MASK-St i ng of
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vel ocity of usygyapganatusmf rddacattam@Eexigrneongrarddad tleupridrart. t he pur poses of the
present invention is generally from1l to 100 1 kg Icatalyst h 1, but
preferably from10 r ~ to 501 kg |cata~ysth-1. The hydrogenation catal ysts
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invention i singivifuallpbt i wBtireeof thstorinfora tHereefd bed. Pressure and
tenperature ranges 1 n the hydrogenation are chosen as a function of the

substance or m xture to be hydrogenated. In the process of the present
i nvention, tSmmdiedncigengtitomd sdpetehemethbds satableddr thetprésentapyspesssaree r ange
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f
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30 s to 5 ni \tezs) Wihe catal yst used in the catalytic
hydr ogenati on of an ahydroper oxyal cohol - cont ai ni ng product m xture formnmed

in the epoxi ion.a ing f{Q .pre j I I.S..Sel ec omthe
group consi sfllﬂ}r?g f((}f g’g&éﬁ%gglﬁee()rﬁsp%g% eal(%gﬂimfé%@ﬁdg ﬁﬁlgj&%ﬁe}lg’ﬁg, b%glu &ert ,
ei t her i ndi vintiiuarelcgn be reslucesl wsing phosphwirus(h comppunds supleastfls;, phosplunésve net al
on a suitabl shal i [ | t QiS¢ S o4t ed
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used for theSOdiidR BYRAPAPS #O2 hydr oper oxyal cohol - cont ai ni ng pr oduct
m xture. The hydrogenation of the a-hydroperoxyal cohol - contai ni ng product

epoxt dat | on SELERT 15heo WipBup blupetRaty ki P EHES, L 4Bhsor oo
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conmpound havi iyt | Safin WBsitEbte IRUN,H,P 81 ull¥s "RHIRTY HHPLRRRN for
example sulfurous acid (H,SOs3) and its salts, sodium bisulfite (Na,S,0s) or
thiourea S-oxide, also leads to the desired result, viz. reduction of o-
hydroperoxyalcohols to the corresponding glycols.

Furthermore, a-hydroperoxyalcohols can also be reduced to the corresponding

glycols by reaction of the product mixture in which they are present with nitrites,



14 peroxide in the presence of at |east one catalytically active conpound
and at | east one solvent, which conprises at least the follow ng steps: (i)
reacting an organi c conpound having at | east one C C double bond with
hydrogen peroxide in the presence of at gl east one catalytically active
conpound and_at | east one solvent to give _a product m xture P1 conprising
a- hydr oper oxiPal €%HBPS; sedipm Julsis aef rifoanyle pHLifedeOF dPXreigastiont math e@cti on i n
step (i) andhjdiexy¢aiboat @anudad)ifor eL4msle iy dfyhditond! dihgasiysRfne; & doubl e
bond fromPéy(ﬁr P ]1 %‘? ive %ro ugt xture P2 or Ft?d vvher? P2

conpri ses ¢ HEYUOTFHIBRATERDS) EHEPL)s G S dRhespite c(EdiRe €408 1 on i n
step (i) andarfPothersedwmitgebypats.ee of a- hydroperoxyal cohols; (iii) treating P
1 and/or P2 with at | east one reducing agent so that the

ahydr oper oxyal cohol s are converted into corresponding glycols to give a
product ni xt Bughepiposgiplepgeduting ageatst a@nequl@s,e%r(wsanm apeoreigr 2iddobut in a

reactor, pret@hgiinds dRichRRBAAN FBLE Ibnd, 36F H8HTPN sciiidh borddPridddi&olRart or, in
which the reaction js carried out under superatnospheric” pressure without a

gas phase bef¥gobprelwdside. The product mixture PL fornmed general |y conprises
t he by-product ahydroperoxyal cohol, the solvent used, water, the desired
epoxi de, proportions of eact ed argani ¢ conpound. havi ng at ] east one C-C
doubl e bond Tby REICER Of e RFER AQTeangth, BIECroncs, s pshle bsdygE dnd
product s whi bydrapezotyatowbol-dnntamng gehiductomixteachy catalpfic hytrogenhtv@nt or of
water with the epoxide. After this process step (i) it is possible to
reduce the a-hydroperoxyal cohol contai ni ng product mixture Pl in the
above- descr i Deeprdinghye thepreseat inpendon also Prastides g piocyssifar iei apaxidaon of
a- hydr oper oxyl eRahsntdhed §PBViaWIAeh tHtedidiy &%&hf SSRRARI BehpPikdCAllsast 0 gi ve
a further product mx(tiure 1L, HEV\Fver, t,hbs step.can also be omtted. If
step (iii) i9nceamnoyd gihichys switabie for fatalytic hydjogsmation-ne pr oduct m xture P1'
used in step (ii) is largely free of a-hydroperoxyal cohol s. 15

An example of such a suitable compound is hydrogen in the presence of a suitable

hydrogenation catalyst.

For the purposes of the present invention, catalytic hydrogenation is thus the
reaction of an a-hydroperoxyalcohol-containing product mixture with hydrogen in
the presence of a suitable hydrogenation catalyst.

The hydrogenation catalyst in question can be either homogeneous or
heterogeneous. For the purposes of the present invention, the catalytic

hydrogenation is preferably carried out in the presence of a heterogeneous catalyst.

The hydrogenation catalyst comprises at least one active metal of group VIIb, VIII,
Ia or Ib of the Periodic Table of the Elements, either individually or as a mixture of

two or more thereof.

In the process of the present invention, use is made of palladium (Pd), platinum
(Pt), thodium (Rh), ruthenium (Ru), iridium (Ir), osmium (Os), iron (Fe), cobalt
(Co), nickel (Ni) and copper (Cu), preferably Pd, Pt, Rh, Ru and Ir, particularly
preferably Pd.



If the step (iii) does not directly followthe step (i), then Pl stil
cont ai ns ahydr operoxyal cohols. In step (ii), the desired epoxide and the
unreacted organi ¢ conpound having at |east one C C double bond can be
separated off fromthe product mxture or P1'. This separation in step
(i1) gives a product m xture P2 or P2'. The separation can be carried out
by any met hobhees 6athalse be meeskingnawder formn Thp actiye meigh pewidey Gambe psarador

exanpl e by CBySHriJu@trﬁéﬁﬁbdsa@@it@rﬂﬁﬂy%&h@dse&b,pﬂo'& e&ar@mermaﬁﬁm qeéom@sitf@ctl on
and al so menmbrane p
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present | nvm}/\%mns using hfer em@de dg»ﬂraaum ﬂﬁmamehymphytlru@nt@ dthee redueignt
| nvent| on I n |

c ted organic
compound havieraeaacteRER Ere et ShERah el st BF PR o o0
by di still atmore.théfhef. separati on by distillation can be carried out using a
distillation apparatus known to those skilled in the art for this purpose.
It can be carried out either continuously or batchw se. The distillation of
a- hydr oper ox4@if¥eomstal bpdies saw @lsetbenkseduior shes rdroganapan. lobis ¢se. fodlse to be

carried out wWiekerméshys PRhich Cdahae prRPGMeH NFeatihg GAD KDGiGSY, rgrzﬁﬂlléiuéndunder

t he general di stillation conditjpns in ect of ressur nl“perature and
oot dence. t iSRG, vy GG BB, ert ARE SRl el BT Mot BOhe ar

i s fam | i ar.theleofareprefehblyteniploy@dhydr oper oxyal cohol - cont ai ni ng pr oduct

m xtures such as P1 are distilled, then certain conditions are necessary.

The distillation is carried out in such a way that it can be ensured that
a- hydr oper ox§uthsohotes it dsralse pessgié yio useeactive metabxaxddes, d6r grafpleat y >

80% parti Cuéu'éﬁérbélo% ebmpARhY ofic 48¥e MQQPSPM?&% Of twdy & ﬁBx%bthé’reGPrf&l etely

undecor nposed present Tnvention therefore also provides a process
according to ?ﬁ@abP§§&WPg@wveﬁt|on in which the epoxide formed in step (i)
and the unreacted organic 16 conpound having at | east one C C doubl e bond
are distill sure the bottom of the

Shoararus ucldRt BrocPedtiRe blesdn el hrédfenc RABVEE R Blnd RErgRbEM °F in®
hours i n t hecataystombath ¢cdmmisappermpasite of g acEst detad eorta mixtire ofhisvobat t om of

the distill aﬁlg%q%lﬁrgw a't’?eabtsongc?ﬁ{) Phh¥%ihess than 2 hours, particularly

preferably le hour e tenperature at the bottom of the
distillation apparatus is preferably below 75C, particularly preferably

bel ow 70C. | PhORKMOE Metal lcBRte iSLiF tHeactiPmbtl FaklecRd fowt thétgr(ﬂlptc%ﬁﬁ%rfgt ure

which i's est athL(l i’helﬂx (irn qul asntdI (le %gllle?a yulrllldaerrange t[;rcl))m%h()ertloclOgr by welgﬁt If an
active metal selected from the group consisting of Fe, Co, Ni and Cu is present, the
content is generally in a range from 1 to 80% by weight.

Support materials which can be used are all materials which are known for this
purpose to those skilled in the art and have sufficient chemical and thermal stability
for the respective use. Examples are porous oxides such as aluminum oxide, silicon
dioxide, aluminosilicates, zeolites, titanium oxide, zirconium oxide, chromium
oxide, zinc oxide, magnesium oxide, rare earth oxides, and also activated carbon or
mixtures of two or more of the compounds mentioned. Furthermore, all types of
support materials described in EP 0 827 944 A1 can also be used.

The composites which can be produced from an active metal or a mixture of two or
more thereof and at least one support, known as supported catalysts, can be
produced by any method known to those skilled in the art.



The distillation is particularly preferably carried out at a tenperature of
65 2C at the bottomof the distillation apparatus and a residence tine of
about 2 hours. Apart fromthe desired epoxide and the unreacted organic
compound having at |east one C C doubl e;pond, oxygen which may be present
in P1or P11, other |owboiling by-products and a small proportion of

sol vent are BHorexampicssuckfsuppertadiratalysis e sanasalit ohtaineble Ry &Bprgamatingiee ot t om

product frorrm b cﬁ%hbﬁﬂ?ts' \$1tE RRoREBA 6 the Aokt mtfr % EO 86 thd or ARdkd Y of

sol vent, nrea roxi.de .and hi gh-boiling and er
by- pr oduct s. ﬁ‘ﬁ qqulnbp Po%ﬁﬁl 8{) |P§UI§ k SHUYE LERS, |tﬁe§§2 carpe aafed
a- hydr oper oxsdaiudx@ﬁﬂﬂuslgmtlalgucmssmn oltl U possibid wr empEgean theesuppot dellly by nmeans

of the reactign (itii) to give a further product mxture
P3, with thebrg I?yrg r%u%}éll%goﬁ%ﬁs bei ng converted into the correspondi ng
glycols in this reactl on. For economi c reasons, it is desirable to recover

the solvent propy dx%@%t ﬁ%{%ﬁ&ﬁi’é’@ éﬂé}xﬁﬂérrgstpe&We' Jo)iltiorn (ﬁv\gpfoﬁhﬂtrerhch{re to the

process. To avol r he out set occur when the
sol vent is rBEHeerg thmswert&yé%the rovenpat e 96 to ABRLY dinantive metals &) vent

is generall Ythre%‘ﬁﬁy&f 8¢ vfiﬁ&rﬂ bation @ﬂb?%leﬁﬂréfdh'éﬁﬁca\l\/ﬂbﬁd’sumSTﬁé ﬁ@ﬂd:ml&egn :
L. oducC

reduced, i. I e free of ah er oxyal coh

ixture P2 o0 I 456K Relsd one ﬁﬁl&%ﬁ@f by &7 B REteSE G 36 Be Faurielpol i ) <
advant ageoustHeananner déscsibddyintEP 1h827 @tused as descrl bed above to gi ve t he
pr oduct 17 m xture P3 so that the solvent can subsequently be separated
off fromP3, purified and returned to the ocess. The product m xture P2’
i s al ready fHebotbf mathegsirtbp alesixgranlkelh anefal ﬁnémgcﬂfvtémsupmt fihestetiarthe be
separ at ed of fofckpmtich dHikesdivy R sORLIPEHQT IR ch&f cdsguse. The present
invention therefore also provides a process according to the present

i nvention in which the solvent present in the respective product m xture

after step (Idihe daﬁllprielclyrs@lfs p@@ddchcy i e ay, eﬁb &ftfveaﬁtdal drfmistast beevo
recwculatedtos%& g ﬁ laﬁtﬁ&i %remrcu%eated tInthe
reduction of RMNUMSHOf 533 br LgHETIY Sistby BV qius, pr ¢ai Resprepent i o) s
advant ageous higher coocemiratipn tilme shelhyiol lthmﬁesmyedsemsﬂeﬂ i an beter exficd @egitut al so

any residual of il QA BREGKLIRY gé&\%iﬂtv}v]ﬂl  13%c E{z@ﬂ}é e;&aﬁ%ml%%freduced

to water. This reduces uncontr
deconposi t i oRorsENEtipnIhEMingbe etarsgions PB‘thhC@tﬁ g@ﬁecwrésqpﬁ%)am cularly
advant ageous when the reduction of step (| ii) is carried out only after the

separation of ste i Bot.h econom ¢ an Vir consi derati ons
rmke |t dosi PRBIEREGY s RS EPGHLG OF op e iR i SHREECReE ro be
utilized in dryng pesaididr aeeaneeatment dandalsprasakiatioogep. process, the glycols
(1,2-diols) formed by reduction of the ahydroperoxyal cohol - containing

product mxture can be separated off as further useful products and be
passed to ot Reppqtedceatalpts cimpgemsallphlso e ahizined hy precipitatiag it deassonwent s.

Accor di ngly, ,tdagrsBf 884 abWee'E}Ie'té?rEna*Jh%Opr%e‘ﬁEé %?Sat Aedit %@%%uﬂl%%ru?bé}g to the

present invention 1n which the glycals obtained in a reduction
a- hydr oper ox ytesish By awarsetalkall gragdesingngent rrlgle&aﬁlyﬁbpr%‘ﬁé?ré?@'@“@flﬂn as

L urthe ][ useL tHis Rapducthsn bd bmughyaﬁi_ st}ﬁlpél SLbfab&efoamatre@eafvfe alpph@mysn,nfat hod
nown ortls rpose.to ose ille n the ar
distillation’ gﬁ@? 55&?%%“0? Wﬁﬁﬁﬁgﬁg tf)%*ﬁ%ﬁ?'] ) nera%l'lllxeals ycoq%mvﬁlbg %ave
been separ at ebovehfentiancd farthexrsieps yudhf asukysg, HéolrtrWamplaad calnisgtieran be used as
starting materials for syntheses in the plastics industry or for
As precursors of the active metals, it is in principle possible to use all water-
soluble active metal compounds, for example readily water-soluble salts or
complexes of the active metals, e.g. nitrates, nitrosyl nitrates, chlorides, acetates,

formates and sulfates and also chlorometalates.



18 the synthesis of naturally occurring conpounds and al so generally as
solvents in large areas of industry. The present invention therefore also
provi des for the use of the glycols separated off as further useful
products in the process of the present y;nvention for further applications

in all field kno to those skilled t he ar roc f the present
i nvent i on isB spyaﬁéferae%mwm%wﬁm aﬁfd% ﬁ@dﬁ gn‘b‘m
oxi de by neatmesa)fsklnydi rmgﬁe apie 'R tHe pufposed bankd presem| itvéraion] mhe deying esence

of a titaniumsili.cali b of the
bt ocess. of 1 Mockss dS Biekeribly Sred o2 ol oo BERtYG ealblip Ry BRE ot

a- hydr oper ox§atoc3Cs f ormed as by-products in this reaction are

lhydr oper oxy- 2- propanol and 2-hydroper oxy- 1-propanol. They can be reduced
by means of the reduction according to the present invention to propyl ene
gl ycol (1, 2pFepedieigatinm ofghe @ntalyahpngeurserp&aege@a@mfl Oy% iy VY, KROWR &F u|

product. ProgmskeBEi1ISH M Qhe RAS Far wfer p@wse@fomesmeg‘eﬁf i aid, Qh@%af&[}lst freeze,
as brake fluid, for al_k Yester resins ast|C|zer

ra g

for vinyl  pobhssds ST saopfoio ool 18 fsffe jomplsu L of ot o 1
t he food i ndnistopsn atfromp¥5@ toe5S0P° ¢ opdrticidardy profersbdyl from@00an 4601, as sol vent
for dyes and flavors. It is also enployed as hunectant for tobacco products
and in cosnetics, and also as carrier in various ointnents, creans and

phar maceut i chi genetal, ththealcipatianapriogesacan befdllowediby thepelivatieniobthe catalystan be
used as chir ec@k’éﬂs@biﬁﬁheﬁln? {,Vg various organi c syntheses. Propylene
glycol is also, quite generally,” a conpound which is very frequently used
as starting material in the synthesis of further auxiliaries or basic

chemi cal s f oActivitios N&Ri 82 barkivd Wt by a11T Méshodaf kndivnefor ethisl huiBbdeOd hose

etherlflcatl n.o or, both.h r is fre uentI used as

sol vent , ﬁi%“s‘{ Rgeetarto’r" ﬁlﬁl@iﬂﬁ ’}/%}Pﬂg %rleglgs%{g B fBP§S ‘I‘ﬁg Ucing

pol yaddi ti onatnfos;ﬂrem@fbmmn@ﬂqmb}zdragemecdnmnﬂsg tondsphdrhat rqonﬂ@mpamturpot ynmers
whi ch can be used; l.pLRgdystrial processes. In a preferred embodi ment of the
process of tfie pr eset? Imvention for the epoxidation of propene to propene
oxi de, propene is reacted with hydrogen peroxide in nmethanol over a TS-1

catal yst in I:&ethé %fpo@és &mé mewsm;eﬂuan MGty sk Eﬁ%ﬁﬁérs(&%&@fﬁ%%ta@h%
i sot her nal she

ube reactor uynder s nos ure,
without gas PWHS eqt%c% éﬁm(thf) grouB SaRsiYE of E)’Hoﬁ‘ugi‘ ﬁ? %8@911 ¢ freated s
reaction, fl’@/ﬂh7ﬁ>ydr@geﬂ5% @fbnt 3@ imydsmfgenpxﬁ&imy dfonarsd teasosd. C@camst ream

of the main reac tin deto et reacted
propene, oxy@’@ﬁ”&?{& C?’E}Pf’ﬂgg a?SW“S%“@?Iﬁg%S§H?T tgéou na %Sﬁ%?ttPh rSporti on
of net hanol Ni end Eparapreterafly treated watht hydragenat @1081 130 @tﬁQﬂnCcpﬂrumar@step
(ii); leads x(éfe?a %gggﬂpjoo%&ggf@ P2, the distillation bottons). The bottons
fromthis co b? consi sts rmi nl y of methanol, water and the unreacted
hydr ogen per OXI de toget her with high-boiling by-products. This product

mf xture is tTROHubitiotoft thefredtBamt wﬁHehyfdttfgeh&dt rb@ﬂlctdﬁ{perdtﬁl@m ésvaed
after-reacto

r-reac refer an a oxi mat e adi abatic
t ube react or{engag‘frgﬁa?ﬂ?Bg§ o1y &Pﬁ?ﬁ?@‘éi}%?ﬁa@ éfté‘éﬁslagtpf r%l‘ I‘%W 08" gas
phase bei ng moestheteof. There, the bottons (P2) are reacted with propene again
(corresponds to a step (i) being carried out again). This step produces a
further product m xture (P1l) which consists mainly of nethanol, water,
propyl ene oxFele tim@uippsesr ofLbe spresent linsinkgn.t the dhiption i Biey HEiBIEBY 45 such as

1- hydr oper oxyfe?ermgmﬁﬂpb ﬁmdzﬁhwgrm@aew ﬁaf&ﬂﬁg%m hrto asimdrs Qf.thd hi s
product m xture gener al contains 1l ess than O ){ H % unr eact ed
hydr ogen per %@Fd;g catalyst precursors comprising an active metal selected ftom the group
consisting of Pd, Pt, Rh, Ir, Ru and Os. In the case of catalyst precursors
comprising an active metal selected from the group consisting of Fe, Co, Ni and
Cu, the duration of the treatment is preferably from 12 to 120 hours, particularly

preferably from 24 to 72 hours.



After the reaction in the after-reactor, the resulting product m xture is
wor ked up further to isolate the propyl ene oxide and, if desired, the
propyl ene glycol. One possibility is firstly to reduce the product m xture
(step (iii)) to convert the byproducts q?ich cause probl ens

(a- hydroperoxyal cohol s) . i nto propyl ene ycol . pyl ene oxi de and

unr eact ed prajé@ﬁeaceazﬁl%uw&awgﬁgwnﬁbe Iyation %rl ptfor theurnqses Pldhe (st ep
(ii)) for fuptdient imRinkiotis geiSlyi fforh al tba00d Ky .LeCwY, &y preferhble from vent

met hanol and sgygﬁailon of the ?urther useful product propylene glycol from
t he renalnln&) gPﬂ@@?on bottons. Another possibility is firstly to
renove propyl ene oxi de and unreacted propene fromthe product m xture from
the after-re [ n ve for
distillati on 5F %&dﬁéﬁnﬁéf&xw Pty ESReRLA B B P 5

(ii)), then tacaredasiehy %e@iamrlslbyaanyomelhodtlmnwn(tgttbqse(slqlle}l)lnah@alttofor 20

separate bot Qx&xﬁﬁeﬁﬁ R hi '130@1 ?ﬂabé@oﬂn Jﬁ&@@@e& Br tnli"sﬁsﬁé@éioﬁ“ﬁgd tlﬁ‘@hesﬁbt‘(@vm
nmet hanol fromth uce al so possihle to conbi ne the

product ni xt Gede OJ\HPYYH AV dnestst EPW&‘éFTa‘IhE@V drogenalip i tgPreqes Lt ?Pljes%d whi ch
are |l argely fneation isdpréfgeibbpEdedy@lt drodfiked bdd. opyl ene gl ycol and met hanol
can then |likew se be separated off fromthis conbi ned product m xture. O
course, each of the steps to be carried out can be forned a plurality of

ti mes in sucPessirorapndwemperttues pngeiuint therihydnogenation medchiasere as h fenntion wéi ng

col l ected angyt Q@? %HIIEPI Hethi Qﬁ&d%tbenhgdry\%&ﬁﬁhhq? tﬁg d&gcéggsgfegw g}g

subsequent step nore than 0.1 gen perox e I's found
in the out putinveption tthehydreganatiemisipseferably %rlqﬁ oW dly ﬂ@éesgwgarzﬂeefrqr@ A ®he

bott oms obt a'106dbérrl,s,t §rti@h§1¥lkr| bﬁfférﬁ’cﬂ (&bRP 1(Itb))_ot15hrgg§ bR CHrEfrddIE EatNOY €

Wi th propene in a her af @ % Sf t he ahov escrlsbeg g(guence of
steps, thus ﬁe?mﬁrﬁarea if diecipEe Fauch i 180G, mai P ?rs BB 2§ SBnt

i nvention, prpefienknéem 40 ©i8080. to the follow ng reaction sequence (A): 1.
an organi ¢ conpound having at |east one CC double bond is reacted with

hydrogen peroxide in the presence of at |east one catalytically active
conmpound and lmwa hydsagengine easticdeaut inma fixed bed, (thy resideney img qfrtbelliguidniisxt ur e

P1 (a- hydrop?foﬁmaée%&m)kﬂqenf Abh [19) preferabl) Srdth ADUE o @Uxﬁlﬁfuﬁesp(n;m) Snt reated
with at | east one reduci ﬂent I step”(1i1) to convert the

a- hydr oper oxyaxtw@bfrem%*%tq @k or respondi ng glycols to give a further
product m xture P1' (a-hydroperoxyal cohol free); 3. an epoxide fornmed in

th t t d h t
| east one ¢ Aot sl dn' 0 "R IR At n G g e
product m xt llmyéroB&'oxyaflcoltoheoxghmurgl sproahrqt espxinch nigrmed time the epoxidation

a- hydr oper OX%%&&Q & ffd ggé &gotn*g@n@ YERLIeGRE oY {% @%H@r&InEfétn?é foff rom

P2' in the manner escrib wever , Ipartl cu ference’is gl ven
to the foll O\A)pﬁ‘,gogeg%lts, ol ¥y gampesipg)Ru, Ni, Pd, Pt elther 1nd1v1dua11y or as a

mixture of two or more thereof, as active metal on a suitable support material.

Preference is given to using supported catalysts which are produced by one of the
above-described methods and are used for the hydrogenation of the a-

hydroperoxyalcohol-containing product mixture.

The hydrogenation of the a-hydroperoxyalcohol-containing product mixture can be
carried out within the various process steps of the epoxidation according to the

present invention.

The present invention therefore also provides a process for the epoxidation of an

organic compound having at least one C-C double bond by means of hydrogen



21 1. an organic conmpound having at |east one C C double bond is reacted

wi th hydrogen peroxide in the presence of at |east one catalytically active
conpound and at |east one solvent in a step (i) to forma product m xture
P1 (a-hydroperoxyal cohol -contai ning); 2j4 an epoxide formed in the reaction
in 1. (step (i))..,and the unreacted organic conpound having at |east one CC
doubl e bond &‘Q‘Q%Hb?@t@ﬁs%?"f o Hdasp ety ﬁatgltywq& gefive GRRIPOIEdng b drast

m xture P2; &e dobenprmddeicionpristsistdedsPthefolloveiagedpwi th at | east one reducing
agent in a step (iii) to convert the a-hydroperoxyal cohols into the
correspondi ng glycols to give a further product mxture P3

(a- hydr oper oxyal c@hoteadtingedn organicheomyiopod havingrat degsbodé €3Ct doubkeebond

a- hydr oper oxyal cohol g; : vant : from P3
in the manner descriﬁlet_léilr}g'l(oigd\%lfP p%ﬂgui&ér)lilneﬁ{%i %ﬁé’elrﬁgé‘l% I?Bg%égtgg%%%tgg’tn&;eﬁyexanpl es
bel ow. Exanpl e (B1) #iixecpwRoWd #dopidenst one sPL¥apd Fogiae a peodust aextpretRipe
reactor (length: 2 myomravit @ hydrdperoRyalédolt ded with cooling jacket and
pressure regul ator was charged with 620 g of a TS 1 catal yst in the form of
extrudates (produced as described in WO 98/55229). A m xture of nethanol
(1560 g/ h), aqueo(y separatgeranpepeidedosmdduin oire &sfon/ih, step (i)t arkD%hddy

wei ght in water) and ne .( 24 ) e o} i eact or at
a pressure of 20 bar?rﬁgéﬁcgydt%%%nelé ggrﬁ;rngngfha?ﬁé agaﬁ%@io%a@ﬁg# g%eitbrghéﬁémr eact or
jacket was set (depeRHonBl'ow giveea predudtysixture PRor P, wherd P2 rormprises t0C) so

t hat approxi mately 9&%@{0{2%@%%&8&{0%%9@5%- dhéadn lﬂgaex‘gaétﬁﬂcfn%ﬂn@ t he

out put fromthe react A onversion was ‘determ ne y neasurl t he
concentration of hyd®sigeh iplergsky fee efo-hydropgropyplcaliglshg the titanyl sulfate
met hod.

(iii) treating P1 and/or P2 with at least one reducing agent so that the a-
hydroperoxyalcohols are converted into corresponding glycols to give a
product mixture P1’ or P3.

The reaction in step (i) can be carried out in a reactor, preferably an approximately
isothermal shell- and-tube reactor, in which the reaction is carried out under
superatmospheric pressure without a gas phase being present.

The product mixture P1 formed generally comprises the by-product a-
hydroperoxyalcohol, the solvent used, water, the desired epoxide, proportions of
unreacted organic compound having at least one C-C double bond together with
further by-products, for example oxygen and products which are formed by an
addition reaction of the solvent or of water with the epoxide.

After this process step (i) it is possible to reduce the a-hydroperoxyalcohol-
containing product mixture P1 in the above-described manner by carrying out a
step (iii) in which the a-hydroperoxyalcohols are converted into the corresponding
glycols to give a further product mixture P1°.

However, this step can also be omitted.

If step (iii) is carried out directly after step (i), the product mixture P1’ used in step
(ii) is largely free of a-hydroperoxyalcohols.



22 The output fromthe reactor was depressurized and worked up in a
continuous distillation colum at atnospheric pressure. The distillation
conditions were selected so that virtually the total anount of unreacted
propyl ene and propyl ene oxide forned wagsdistilled off via the top. A
certain proportion of the nmethanol goes over at the top (approximately the
sanme anount as propyl ene oxide). The tenperature at the bottom of the

col um was apofhe $effC(idn Aok ol AFEEABNERIOW MR abp ()€ tkat PPRiNeHnaMRUE- 1 hour .
The bottom pE’}g(ﬂ_uct obl a:l aﬁd was a m xture having the foll ow ng average
t)

composi ti on OBRTRRY . nmethanol (81), water (17), hydrogen peroxide
(0.9), hydroperoxypropanols (sumof the two isoners, 0.4),

- hoxy- 2- | - - | .2, I
(o) "o LARERS b deshhen oo XTBE R bR 8BS Bfanickoflooud RRAACATAL Y 0L
wi t hout furt bes G:Celublerhondnian be scparated of6 itonn theuprodudt trhixkure iPdnorcBl’'um

operated al hARSRRALIRIBIHEGes d probllimiSRi-FBor phe M xture was separat ed
into a largely water-free thanol fraction (top product) and a |l argely

met hanol -free water fraction (bottom product). The tenperature at the

bottom was aifhelbefafftioandn bB@afrRdidieBg any ni¥ehodtkrdoka toahéserskitkd ialiidrt 1 hour .
Owi ng to the, higher terrpzrature ig’ :fﬁlﬁ §O| um. both h drtogen egaﬁ{‘OXi de and
t he ahydroperoéxtgﬁr%‘gg%sgr on, @AY 23 gL iaHon 4RPIORIALE, RESEIPHALR 1RRHAY ai ned
at the top cesttaiioednd dlso meirboaticrpgrmenpioni ti es (% by wei ght): acet al dehyde
(0.1), 1,1-dinethoxyethane (0.2), nethyl formate (0.002). In addition, the
i ncondensabl e of fgas at the top of the colum contained considerable
amount s of ok9uila purpesesad theopresenpriyentiane the spparatiamis pofferblycayied outhy s

met hanol strgam&fa, t herefore not be reused for the propyl ene epoxidation
w t hout further treatnent. 23 Nei t her acet al dehyde nor

1, 1-di net hoxyet hane nor nethyl formate were reacted in the epoxidation
reactors. Acgakeadrdiziglyd@hapiesdntl indenpidnh Giihet pacvedesoal lptlodebll acavediignub ahe i n t he

nmet hanol stream i 0es. . r , the methyl, formate

ol 8 oot e e pdehTFs 0 RicR e ikt ToRAdHih BB anh 15 AREA draliR e o)

appear in theompayyl kmvingoxti ldast age LG d bgndnmiecteparstedioff ircstep (iibby enove.
distillation.

The separation by distillation can be carried out using a distillation apparatus
known to those skilled in the art for this purpose. It can be carried out either
continuously or batchwise.

The distillation of a-hydroperoxyalcohol-free product mixtures such as P1’ does
not have to be carried out under any particular conditions. It can be carried out
under the general distillation conditions in respect of pressure, temperature and
residence time in the liquid phase with which a person skilled in the art is familiar.

However, if still a-hydroperoxyalcohol-containing product mixtures such as P1 are
distilled, then certain conditions are necessary. The distillation is carried out in
such a way that it can be ensured that o-hydroperoxyalcohols remain largely, i.e. to
an extent of preferably > 80%, particularly preferably > 90%, undecomposed or
preferably completely undecomposed.

The present invention therefore also provides a process according to the present
invention in which the epoxide formed in step (i) and the unreacted organic



The water fraction at the bottom of the colum contained the foll ow ng
inpurities (% by wei ght): 1-nethoxy-2-propanol (1.5), 2-nethoxy-1-propanol
(1.3), propylene glycol (0.9), formc acid (0.5), fornal dehyde (0.2) and
hydr oxyacet one (0.2). Al though propyl eng glycol is regarded as a potenti al
useful product, the concentration is too lowfor it to be recovered

economi cal | ycomprewnd Hiaying: atclgast omg 46l deyble Paad mrecdistiled pfninEttemds) bl | ect ed

and atnoult 5 moatv ROP € Othe WRFe Ms%g&gﬁﬂagﬁdwaaggﬁ%se@? %Qttﬁeaialﬁtgmard)andmgen in
an autocl ave unti.l n S u u u
hydr ogenat i oﬂacrﬁ?gﬁ‘%fmﬁ’égéle%g@ 41%9}'6%)’&4‘% ottom 8f PPt si ng 5% by

wei ght of Pd on acti vat ed carbon (10 g). The crude product fromthe

hydr ogenat i ide r enpy, cat al yst
by 11 1t rat | onne BT R RE bR AT 8t RRon PoneFl’ SPRIPpB eI

pressure |ntbhaulﬁ,aragmt&aﬂwreferéhlsek:smﬁiahdMurfamdcthe tempetadyre @t tetusttpmand a

| argel y net re at

t e bot t om vera s R iral 3¢ eV BN L P Pfdany B BeRl
distillati on’®CGre was about 8 hours. The nethanol fraction fromthe top
contai ned no detectable inpurities other than water (about 100 ppm). This
met hanol str amco be recirculated without fuyrther t nt to the
process for h%@nﬁ g)@ﬂﬁgﬁt tl?ﬂ 184 %dJ‘é‘Heat ATREPGRALE % %lb?leéﬁgfg}?ge‘m ng at

t he bottom cdlsmlmtmeuhnderlaymbst}ﬂaeﬁobieswrmg inmpurities (% by weight): 24

1- met hoxy- 2- propanol (1.5), 2-nethoxy-1-propanol (1.2), propylene glycol
(2.5) and dl_FropyI ene glycol nononethyl ether (m xture of isoners, in
traces). lsmldﬁﬂmlcs pastieulady prefarahly deripdeutein temperatuseefeisond°Ger e abl e
to be detect@dpolthif otf%etdieﬂﬁmeﬂhg)ﬁa@m hott J‘fe&'ﬂ@ﬁcquﬁl&mﬁiiﬁéhrg’f propyl ene
glycol in the water fraction can be isolated as useful product and
can be utilized further in an econom cal fashion. The exanpl es thus show

that the proggss fdim Ttl’ﬂﬁdéblil@&Eélibbxﬂd@%ﬂtth@mm?éé@ﬂeﬂsorgzhﬁc dbxﬁ?&mnﬁmegs athi ch
to,the a- aI c

occur in the rior hydr o er
by- pr oduct s. €A OAf Sg&rdé’ﬂ DoRsOXyerp &%fﬁh %Pf eéeq PF?&I’ g?eéi‘e"%s f or
t he epoxi datbahngby-poripots radd ahallngroportibe af soleere ae ﬁlsdmldehe)fbantrtde tapn whi ch,
asaresult al [ t g t. to the
i nvention, e e(ﬁ%% én ccgln\p@eo?lee g&é egﬁgﬁﬁfa f%n(i%ls f‘o(ﬂulﬁhl U '{ﬁf&auggef ul
product s (V| mlxtwé’%w@en%st&marréx pbspdyad waer, nereactwaydsmp@y@n@%m s) can
be obt ai ned mpRLLbIIRgHAH vARE b%%aueena»i{ya%ﬂemwgws%als%qgéfseﬁﬁq P20 a
si npl e fashion using apparatus which is |l ess Conplicated than in the case
of the prior art.

The o-hydroperoxyalcohol-containing product mixture P2 can be reduced by

means of the reaction described in step (iii) to give a further product mixture P3,
with the a-hydroperoxyalcohols being converted into the corresponding glycols in
this reaction.

For economic reasons, it is desirable to recover the solvent from the crude product
mixture, purify it and return it to the process. To avoid the problems described at
the outset which occur when the solvent is recovered in the presence of a-
hydroperoxyalcohols, the solvent is generally recovered from the product mixture
which has already been reduced, i.e. which is largely free of a-

hydroperoxyalcohols.

The product mixture P2 still contains a-hydroperoxyalcohols. For this reason, it is
advantageous for it firstly to be reduced as described above to give the product
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havi ng at | east one C C doubl e bond by neans of hydrogen peroxide in the
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sol vent, wherein a product mi xture conpgksing a-hydroperoxyal cohols is
reduced using at |east one reducing agent. 2. A process for the epoxidation
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and P2' is | &pvgafgn 1 QMY PpSEBhiphe BrsBecdive produst mixduseialigr MeR and P2
or P 1 or P2(ii)ti§ wiblly @aphrtyepiafbddffgndidedesifed, tdeatulalee to step (i). The

a- hydroperox§a1 cohol s agg conver ﬁd into corresponding glycols to give a
product mi xt dPECE{S PEfer yr%c}rcg\a% bcess as claimed in claim2, wherein the
solvent present in the respective product m xture P1'/P3 after step (iii)
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by distillatizar the separation of step (ii).

Both economic and environmental considerations make it desirable for by-products
formed in the epoxidation process to be utilized in a purposeful manner. In the
present novel process, the glycols (1,2-diols) formed by reduction of the a-
hydroperoxyalcohol-containing product mixture can be separated off as further
useful products and be passed to other processes, for example as starting materials
or solvents.

Accordingly, the present invention also provides a process according to the present
invention in which the glycols obtained in a reduction of an a-hydroperoxyalcohol-

containing product mixture can be separated off as further useful products.

The glycols can be separated off by any method known for this purpose to those

skilled in the art, for example distillation, extraction or membrane permeation.

The glycols which have been separated off have a variety of uses. For example,
they can be used as starting materials for syntheses in the plastics industry or for



7. A process as clained in claim®6, wherein the separation by distillation
is carried out at bel ow 80C, neasured at the bottom of the apparatus used
for the distillation, and at a residence tine of less than 4 hours in the
bottom of the distillation apparatus. &g A process as claimed in any of
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for fats, oils, resins, waxes, dyes, etc. In the food industry, propylene glycol is also

used, for example, as solvent for dyes and flavors. It is also employed as humectant

for tobacco products and in cosmetics, and also as carrier in various ointments,

creams and pharmaceuticals. If the optically active form is separated off, it can be

used as chiral building block in various organic syntheses.

Propylene glycol is also, quite generally, a compound which is very frequently used
as starting material in the synthesis of further auxiliaries or basic chemicals for the
chemical industry. Thus, after esterification or etherification of one or both
hydroxyl groups, it is frequently used as solvent, as plasticizer or thickener and also
as emulsifier. The polyaddition of propylene glycol also leads to further important
polymers which can be used in industrial processes.

In a preferred embodiment of the process of the present invention for the
epoxidation of propene to propene oxide, propene is reacted with hydrogen
peroxide in methanol over a TS-1 catalyst in the form of extrudates in a main

reactor (approximately isothermal shell- and-tube reactor under superatmospheric
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unreacted propene, oxygen and further low-boiling by-products and a small
proportion of methanol are separated off at the top of a distillation column (step
(ii); leads to a product mixture P2, the distillation bottoms).

The bottoms from this column (P2) consists mainly of methanol, water and the
unreacted hydrogen peroxide together with high-boiling by-products. This product
mixture is transferred to at least one further reactor, known as an after-reactor. The
after-reactor is preferably an approximately adiabatic tube reactor operated under
superatmospheric pressure and without a gas phase being present. There, the
bottoms (P2) are reacted with propene again (corresponds to a step (i) being carried
out again).

This step produces a further product mixture (P1) which consists mainly of
methanol, water, propylene oxide and by-products, including the a-
hydroperoxyalcohols such as 1-hydroperoxy-2-propanol and 2-hydroperoxy-1-
propanol. In addition, this product mixture generally contains less than 0.1% by
weight of unreacted hydrogen peroxide.

After the reaction in the after-reactor, the resulting product mixture is worked up
further to isolate the propylene oxide and, if desired, the propylene glycol.

One possibility is firstly to reduce the product mixture (step (iii)) to convert the by-
products which cause problems (o-hydroperoxyalcohols) into propylene glycol.
Propylene oxide and unreacted propene can subsequently be separated off by
distillation (step (ii)) for further work-up. This is followed by recovery of the
solvent methanol and separation of the further useful product propylene glycol
from the remaining distillation bottoms.

Another possibility is firstly to remove propylene oxide and unreacted propene
from the product mixture from the after-reactor by distillation under the conditions
indicated above for distillation of a-hydroperoxyalcohol-containing product
mixtures (step (ii)), then to reduce the distillation bottoms (step (iii)) and to
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carrying out step (iii) and which are largely free of a-hydroperoxyalcohols.
Propylene glycol and methanol can then likewise be separated off from this
combined product mixture.

Of course, each of the steps to be carried out can be formed a plurality of times in
succession, with the product mixture formed in each case being collected and the

combined product mixtures then being passed to the subsequent step.

If more than 0.1% by weight of hydrogen peroxide is found in the output from the
after-reactor, it is of course possible for the bottoms obtained in the distillation
(step (ii)) to be reacted once more with propene in a further after-reactor in the

above-described sequence of steps, thus forming a reactor cascade.

For the purposes of the present invention, preference is given to the following
reaction sequence (A):

1. an organic compound having at least one C-C double bond is reacted with
hydrogen peroxide in the presence of at least one catalytically active
compound and at least one solvent in a step (i) to form a product mixture
P1 (o-hydroperoxyalcohol-containing);

2. the product mixture P1 is treated with at least one reducing agent in a step
(iii) to convert the a-hydroperoxyalcohols into the corresponding glycols to

give a further product mixture P1’ (a-hydroperoxyalcohol-free);
3. an epoxide formed in the reaction in 1. (step (i)) and the unreacted organic
compound having at least one C-C double bond is separated off from P1’ in

step (ii), giving a product mixture P2’;

4. the glycols corresponding to the a-hydroperoxyalcohols and also the

solvent can now be separated off from P2’ in the manner described above.

However, particular preference is given to the following reaction sequence (B):
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2. an epoxide formed in the reaction in 1. (step (i)) and the unreacted organic
compound having at least one C-C double bond are separated off from P1

in step (ii), giving a product mixture P2;

3. the product mixture P2 is treated with at least one reducing agent in a step
(iii) to convert the a-hydroperoxyalcohols into the corresponding glycols to
give a further product mixture P3 (a-hydroperoxyalcohol-free);

4. the glycols corresponding to the a-hydroperoxyalcohols and also the

solvent can now be separated off from P3 in the manner described above.

The invention is illustrated by the examples below.

Example (B1)

Reaction of propene with hydrogen peroxide

A tube reactor (length: 2 m, diameter: 45 mm) provided with cooling jacket and
pressure regulator was charged with 620 g of a TS-1 catalyst in the form of
extrudates (produced as described in WO 98/55229).

A mixture of methanol (1560 g/h), aqueous hydrogen peroxide solution (330 g/h,
about 40% by weight in water) and propylene (245 g/h) was passed through this
reactor at a pressure of 20 bar.

The temperature of the cooling medium in the reactor jacket was set (depending on
the catalyst activity, to from 20 to 50°C) so that approximately 90% of the
hydrogen peroxide had been reacted in the output from the reactor. The conversion
was determined by measuring the concentration of hydrogen peroxide in the output

using the titanyl sulfate method.
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selected so that virtually the total amount of unreacted propylene and propylene
oxide formed was distilled off via the top. A certain proportion of the methanol
goes over at the top (approximately the same amount as propylene oxide). The
temperature at the bottom of the column was about 67°C and the residence time at
the bottom was about 1 hour.

The bottom product obtained was a mixture having the following average
composition (in % by weight):

methanol (81), water (17), hydrogen peroxide (0.9), hydroperoxypropanols
(sum of the two isomers, 0.4), 1-methoxy-2-propanol (0.3), 2-methoxy-1-

propanol (0.2), propylene glycol (0.1).

Comparative example (CI)

The output from the reactor in B1 was fed without further treatment into a second

continuous distillation column operated at atmospheric pressure.

In this column, the mixture was separated into a largely water-free methanol
fraction (top product) and a largely methanol-free water fraction (bottom product).
The temperature at the bottom was about 99°C and the residence time at the bottom
was about 1 hour.

Owing to the higher temperature in this column, both hydrogen peroxide and the a-
hydroperoxypropanols were decomposed.

The methanol fraction obtained at the top contained the following impurities (% by
weight):

acetaldehyde (0.1), 1,1-dimethoxyethane (0.2), methyl formate (0.002).

In addition, the incondensable offgas at the top of the column contained
considerable amounts of oxygen and has to be made inert by means of nitrogen.
This methanol stream can therefore not be reused for the propylene epoxidation
without further treatment.
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the epoxidation reactors. Acetaldehyde and 1,1-dimethoxyethane would thus
accumulate in the methanol stream as time goes on. On the other hand, the methyl
formate would not accumulate but would, (owing to the very similar boiling points)

appear in the propylene oxide as an impurity which is difficult to remove.

The water fraction at the bottom of the column contained the following impurities
(% by weight):

1-methoxy-2-propanol (1.5), 2-methoxy-1-propanol (1.3), propylene glycol
(0.9), formic acid (0.5), formaldehyde (0.2) and hydroxyacetone (0.2).
Although propylene glycol is regarded as a potential useful product, the
concentration is too low for it to be recovered economically from this
stream.

Example (E2)

The mixture from E1 was collected and about 5 kg thereof were hydrogenated at
50°C and 10 bar of hydrogen in an autoclave until no more hydrogen was taken up
(about 1 hour). The hydrogenation catalyst used was a supported catalyst
comprising 5% by weight of Pd on activated carbon (10 g).

The crude product from the hydrogenation contained no peroxides and was, after
removal of the catalyst by filtration, separated in a batchwise distillation at
atmospheric pressure into a largely water-free methanol fraction (top product) and
a largely methanol-free water fraction (bottom product). The temperature at the
bottom was about 99°C at the end of the distillation and the distillation time was

about 8 hours.

The methanol fraction from the top contained no detectable impurities other than
water (about 100 ppm). This methanol stream could thus be recirculated without

further treatment to the process for the epoxidation of propylene.

The water fraction remaining at the bottom contained only the following impurities
(% by weight):
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Neither formic acid nor formaldehyde nor hydroxyacetone were able to be
detected.

Due to the significantly higher concentration of propylene glycol in the water
fraction, this can be isolated as useful product and can be utilized further in an
economical fashion.

The examples thus show that the process of the present invention avoids the
disadvantages which occur in the prior art due to the a-hydroperoxyalcohols
formed as by-products. It thus represents a highly valuable industrial process for
the epoxidation of compounds having at least one C-C double bond, in which, as a
result of the way in which the process is carried out according to the invention, the
epoxide can be separated off in pure form, further useful products (viz. the glycols
corresponding to the a-hydroperoxyalcohols) can be obtained and the solvent used
can simultaneously be recovered in a simple fashion using apparatus which is less
complicated than in the case of the prior art.
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- We claim;

1. A process for the epoxidation of an organic compound having at least one
C-C double bond by means of hydrogen peroxide in the presence of at least
one catalytically active compound and at least one solvent, wherein a
product mixture comprising o-hydroperoxyalcohols is reduced using at
least one reducing agent.

2. A process for the epoxidation of an organic compound having at least one
C-C double bond by means of hydrogen peroxide in the presence of at least
one catalytically active compound and at least one solvent, which comprises
at least the following steps:

(i) reacting an organic compound having at least one C-C double bond
with hydrogen peroxide in the presence of at least one catalytically
active compound and at least one solvent to give a product mixture P1

comprising a-hydroperoxyalcohols;

(ii) separating an epoxide formed in the reaction in step (i) and the
unreacted organic compound having at least one C-C double bond from
P1 or P1’ to give a product mixture P2 or P2’, where P2 comprises the
a-hydroperoxyalcohols formed as by-product in the reaction in step (i)
and P2’ is largely free of a-hydroperoxyalcohols;

(iii) treating P1 and P2 or P1 or P2 with at least one reducing agent so that
the a-hydroperoxyalcohols are converted into corresponding glycols to

give a product mixture P1’ or P3.

3. A process as claimed in claim 2, wherein the solvent present in the
respective product mixture P1°/P3 after step (iii) is wholly or partly
separated off and, if desired, recirculated to step (i).

4, A process as claimed in any of claims 1 to 3, wherein the reducing agent or
agents comprise(s) at least one compound which is suitable for catalytic
hydrogenation.
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heterogeneous catalysts comprising Ru, Ni, Pd, Pt, either individually or as
a mixture of two or more thereof, as active metal on a suitable support
material.

6. A process as claimed in any of claims 2 to 5, wherein the epoxide formed in
step (i) and the unreacted organic compound having at least one C-C double
bond are separated off in step (ii) by distillation.

7. A process as claimed in claim 6, wherein the separation by distillation is
carried out at below 80°C, measured at the bottom of the apparatus used for
the distillation, and at a residence time of less than 4 hours in the bottom of
the distillation apparatus.

8. A process as claimed in any of claims 1 to 7, wherein the glycols formed in
a reduction of an o-hydroperoxyalcohol-containing product mixture are
separated off as further useful products.

9. A process as claimed in any of claims 1 to 8, wherein propene is epoxidized
to propene oxide by means of hydrogen peroxide in methanolic solution in
the presence of a titanium silicalite having an MFI structure.



