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hydroxi de in glycerol or sugar water. From such process, propylene
oxide is obtained which is essentially free of nethyl formate.
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30 US 4,691,034 relates to the purification of propylene oxide by treatment with calcium
hydroxide in glycerol or sugar water. From such process, propylene oxide is obtained
which is essentially free of methyl formate. Glycerol or sugar water are used as sclubi-
lizing agents to improve the solubility of calcium hydroxide. As in WO 99/26037 A1, the
stream to be treated with base essenfially consists of propylene oxide to be purified.

35
US 3,477,919 which is cited in US 4,691,034 relates to the use of calcium hydroxide
slurry to remove methyl formate contaminant from propylene oxide prepared by the
epoxidation of propylene with tertiary butyl hydroperoxide. In this process, the calcium
hydroxide is used to produce methanol and the calcium salt of formic acid from methyl

40  formate.



30 (a) reacting propene with hydrogen peroxide in the presence of

met hanol as solvent and a titanium zeolite catal yst and segar ati ng
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consi sbng of Pd, Pt, Rh, Ir, Os and a m xture of two or nore
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proces o { raking nmet from 15m xture (M) by
distil ?atp%}%llegﬁﬁg Mé r%écg"gecrgﬁgﬁloon Oo thetni@rgglentl on 20Accordin to

the pr esentsaidnv@ﬁﬁli%n Mak oy | @mraaies edomi t &1 hydr dgevitfer eki

t he presenggdbedR) dﬂ@ﬁ(ﬁbi fas sqlﬂ«p@f@;be@saﬂa@atnbmnbumazefﬁlktu?ee et al yst
rated fromthe

t Addi t | I oxi de i
0 Stage (b pelt P P s ShrL e  fromhe
m xture (Mi)a) & odsigioniedredenstioncainptangesaturetdidanol 65 Watere @t dteast
e oot PO BaBE b HBING L B 30 3L ORGP AN B kgL one

car bonyl Vi'ng 5 om Poms O Wielei i
car bonyl cd@rp'@@ﬁdﬂfxtsremr@mm@i&hiy@e1 fort. thké’t d)rﬂe St age (a) 30The

epoxi dat i 0r@i|ﬁy@ﬁ‘)9§rérgﬁbn%f th%%?@l%géﬁ?a)uopgatélpﬁ cbﬁ:}ﬁﬁﬁﬁd ¥gat9|9ﬂ;%ﬁ§§ctf\1§ carried

out in nmethanol as solvent. Opti sol vent m xture conpri sing
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aqueous hydnigigenofgeinekifden 3dsiglicuhydtgenation by adding an aqueous solutlon
comprising hydroxide ions to this mixture to obtain a mixture {(Mb) which
contains at least one compound having a boiling temperature lower than
methanol and lower than water and which is selected from the group consisting
of formaldehyde, acetaldehyde, propionaldehyde, methyl formate,
formaldehyde dimethyl acetal, acetaldehyde dimethyl acetal, and a mixture of
two or more thereof at a given pressure, wherein the molar ratio of hydroxide
ions introduced relative to carboxylic acid comprised in the mixture obtained
from catalytic hydrogenation is from 0.1 to 10;
(c) separating methanol from mixture (Mb) by

(c1) separating the at least one compound having a boiling temperature

lower than methanol and lower than water from mixture (Mb) by

distillation at a distillation pressure of from 0.5 to 2 bar to obtain a

mixture (Mb1 ) and a mixture (Mb2), wherein mixture (Mh1)

comprises from 40 to 85 wt.-% methanol and from 10 to 55 wt.-%

water and at most 0.1 wt.-% of the at least one compound having a

boiling point lower than methanol and water, and wherein mixture

(Mb2) comprises from 5 to 50 wt.-% methanol and at least 0.1 wt.-%

of the at least one compound having a boiling point lower than

methanol and water;



The reaction according to stage (a) can be conducted in one, two,

three or nore stag’ Preferably, the reaction is conducted in one,
two or thVeS'SYH4®S, nore preferably ingone or two stagBSTERYIG/6SS
especially preferably in two stages. 40~ WO
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in the preseHte “grPe 't &l Al Pe g ag&t & Bl
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separ at1gd Qfiktutdynid)agQidiliddor t h hydrogen peroxide. 20 Therefore,
stage (a) of the inveéntive process can conprise, in addition to

stages (i) and (iii), at least one further reaction stage and, in

addition to stage 00, at |east one further separation stage. 25As to

stages (i) jledidiepgripti e specific restrictions as to how

the reaction is car- ried out. Accordl ngly, it is possible to carry

out oneogof Adaerdirgaetth® Pseshapesntion, balbehe MOBRCRE Wilth BRIADgLOFErbHY® WSthe

mode or i n eaRhEOUPHRIHRERaRBEvdNdRRENESAL Y cbite @0flyst t18tagt T Addition-
ally, propylene oxide is separated from the reaction mixture resulting from the epoxida-
tion reaction wherefrom a mixture (Ma) is obtained which comprises methanol, water,
at least one carboxylic acid having from 1 to 3 carbcon atoms and at leasi one carbonyl

256 compound having from 1 to 3 carbon atoms, wherein the carbonyl compound is an al-

dehyde or a ketone.

Stage (a)

30  The epoxidation reaction of stage {a) of the inventive process is carried out in methanol
as solvent. Optionally, a selvent mixture comprising methancl and at least one other
suitable solvent can be employed. Preferably, a solvent mixture of methano! and water
is used. If the epoxidation reaction is carried out in a solvent mixture comprising water,
the water may be introduced as such andfor via, e.g., an agueous hydrogen peroxide

35  solution.

The reaction according to stage (a) can be conducted in one, two, three or more
stages. Preferably, the reaction is conducted in one, two or three stages, more prefera-
bly in one or two stages and especially preferably in two stages.

40



30 reaction stage in batch nobde or in sem -continuous node or in
continuous node. According to an even nore preferred enbodi nent, both
reaction ¥PIGYE7HIY and (iii) are carried out in conti NBISTEPHBEs9865
The epoxidation reaction in stages (i) dnd (H) is preferably carried
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are preferably smaller than about 0.9 nm The network of such

eolite made S| A and A104 tetrahedra which are joi ned
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Types", El sexb@ing btahstiedirtticd preféiied ehbonmen)lnredael ipt@®nk s ydpzedtedd at

al um numl$e&{%E§§@§lé atbniglagehi ch part of the Si(1V) in the silicate 5
latticeqis repl acedpby titaniumas Ti(IV) are known. These titanium

zeolltes i rt| | ar those having a cr ructure of the IMFI

type, and poeEBEe! ge%weﬁ%ﬁﬁ.%&ptfﬁ%ﬁ S et TsuleTonoe SRutap et
in WD 98/ 55=E8s (P (0')311 983 A2, EP 0 405 978 Al, or EP 0 200 260 A2.
Apart fromsilicon and titanium such nmaterials can further conprise
addi tional (gl enegdctiod bEPropEn@WHRHAMBYerZpdrEABE Ihthe biddentd 6 titeMDA! deolite

ni ckel 4sgal | i umeaQ@Q)s: t&wlaUMthQQr%&fsmﬁnﬁJob B WM, Qfrddotar | bf%sene
It is known thatnettﬁén%n%u&nwzpol ites having't structure can

identified V|a ’X-ra diffractijon pattern and al so V|a

a lattice ¥oratPBHbAhe tl“?l”FrﬁéC'ieHPF%ﬂeéﬁ frepgiie muguisTesitingfeRiy sege (-
cni'l and t Kk dir¢gatipn pf mpapreakiwhigh kas heen saparetedaf g siagedli wilhehyvaragen
15 anor phous Ti @8rgxiteses. Specific nmention may be made of titanium
cont ai mpong zeol ites havi ng a pent asi | zeolite structure, in

Fgrtlh gulsﬂ ﬁhgﬁef$r¥f)§§ éN(y iHRAR D .%chéte&n%ohﬁ%s&nx%tja J;r%r Qéttsgga'néf
AFR, AFS, x&fr%l{ %6‘5 f”é%reiﬁt’” ANE a”égt‘f @EB” t&é%geﬁé\/"‘“ i O“Rﬂf‘her
ATS, ATT, R’Praté\‘W‘f'ta%Wv BCT, SEA, BEC, BIK, BOG BPH, BRE, CAN, CAS,
CDO CFI, CGF, CGS, CHA, CH, CLO CON, CzP, DAC, DDR, DFO, DFT, DOH,
DON, EAB, FBitp sEdes (ERhg (IBREher&EShN, ndTiRcifiEUE3tridhidhs ab ERhoWw R re@hbidn i&ckl-
, GON, @®ouHEU, IFR 1SV, ITE, ITH, ITW IWR IW JBW KFI, LAU,
, LIO LGS, LOV, LTA, LTL, LTN, MAR
Accordingly, it is possible to carry out one of the reactions stages in batch mode or in
semi-continuous mode or in continuous mode and independently therecf, the other
30  reaction stage in batch mode or in semi-continuous mode or in continuous mode. Ac-
cording to an even more preferred embodiment, both reaction stages (i) and (jii) are
carried out in continuous mode.

The epoxidation reaction in stages (i) and (iii) is preferably carried out in the presence
35  of at least one titanium zeolite catalyst.

Zeolites are, as is known, crystalline aluminosilicates having ordered channel and cage
structures and containing micropores which are preferably smailer than about 0.9 nm.
The network of such zeolites is made up of SiO, and AlO, tetrahedra which are joined
40  via shared oxygen bridges. An overview of the known structures may be found, for ex-



25 MAZ, MElI, MEL, MEP, MER, MVFI, MFS, MON, MOR, MSO, MIF, MIN, MIT,
MW MAW NAB, NAT, NEES, NON, NPO, OBW OFF, OSlI, OSO PAR PAU,
PH , PON,WRRO7ROY RRO, RSN, RTE, RTH, RUT, RWR, RWY, BAUEPBABICIBAT,
SAV, SBE, SBS, SBT, SFE, SFF, SFG SFH, 'SFN SFO, SGT, SOD, SSY, STF,
ST, STT, HeRle, TH®. MONeierSO, HIED|scblnd CKOABaddStherlJIdtjas\E FeoWe! Striodire
VSV, VEl, WEbes YNGkvid s GindadNdandosd.so m xed structures of two
or nore of the aboverrentioned structures. Furtherm)re

titaniumc |mn es, havi ng t he 4 SSZ

aTn o CEpbREE T Bl A A Rind Y Rk el 6 et Sh e P Sge
of the ?’nvéﬁ‘ﬁ"fedﬁ reﬁi%ﬁqdrié/rt't%‘”“t‘@rﬁsuTrﬁ'\é)oﬁ{ﬁéﬂﬁ‘i‘”ﬁr T“fé@l“ﬁ“é’é“ weR s WaRﬁ"Efé”ar
ment i oned draseteying manvﬁhagsttmrzmwe%ttyzsmnﬂzvqwbtecwaysem B&p#Fog théte
pur poses ofard Hesquibes.ebdt ekaipis] inOWO gB/esBeHE® 3151 GVAR, EP (UEISHFSTAL, or

zeolites had ngoansdlab. AbaMELHT Rlicod hnlEtarinh USEH Heatedls M fuMBE: BriSle

structure Qg A0 AN, rﬁé"%ﬁéﬁr& alEH]Hun?rZIchgn%rﬁrtg'{]grg?'s Vt%!t,\érﬁ&éer[,ega]hum, ger-

specifically to the -C Inn fe cat

ggneral1 Pé‘néWeb(?r?'bor 'E@”T"m Qf%%c’ﬂ © TS-3", and also Ti zeolites
havi ng a frarre 40 work structure i sormr phous Wi th beta-zeolite. Very
parti cul ar lipedhewe s titanign zenlited hagnithezidbl sttuetwatcah st idedftied v 3 8art
structure abdat Reay dirMABMGS it N, algeavik iaasttias hprdtion wWshogn 2ROhfréed (IR)
catal ysts fgist LHGbAI RehS! ana/\ﬂL%O&EéfQF&JQkBm&BZtQQ%Qé8#3@r§séna?§9%nd

titani ym zeg £ 63t and still nore preferably the titanium
zeolite cataO{/FBstéigha@l %%ts -1 or M/\Wstructure can be enpl oyed as

powder, as granules, as mcro-spheres, as shaped bodi es having, for

exanpl e, r?@eg'ﬁ%ﬁt?”wn pel | betrgades g ti"%@?’s:ontﬁﬁé@ %‘30“??&?95{'“93%?%1{%%' Z&Alie
so forth, &FuggreeittRanirasshesivehs woichxen heassgndtaX-ragcry$ietogsseigsiie o the
5 | engt h ofstrfictores IARW. 200, idrleABL eABNABEY, 8FGf ABMAFN, AFD, afftR SARS | AFT,
nor e pref errd, YWR, AHTGNMAILAL 6PE, ARD,andiT,aA8Y aneENeTal, ATMOr,1AT0, AWO,
mor e pr ef erablvy BOT, fBrm €EQ, BX, BardBrEpeaEaldan, pres ecabl, ycrof ciromas,
0,5 to 2 moHA, Tl deD, EON, BzPease, DR, MHd oremsidhy, Mot bies exbir BRat es:,
it is pref @rFﬂeELC.‘I/OEWtEubeFﬁKJt FEAaERS, Wid iR, SRS 88I8 Ik YiFR) |sv

cons 3; "? 5% ﬁ%ﬂé{;rv@nweﬁw g‘“ . M@fl_%f\ﬁﬁzld LGS, TonA L9, H%ﬁ? %%
for exanpl %Wr‘\gip ;(Teq\l O T am; r |an9 %F% @;ﬁ% | PON
hen f

ext 1 udat os JOR ”F ﬁg §?E1§Téoéﬁza@ Pl e b
shapi ng methdd - B5 ST ER SEAL AT s Pl onbret SI%Y Theedbetll W JER

gi ve shapeJH&)dT% E%%hu § Yfilc KOs e4TL.e¥& Tudfat &8l ‘én\’)’IEésWEN YNU,
pel | et 80 an¥G ped FPReand glspanigesbatiystuses of twger arore ehibe abrremeltionkd Alalc-
bi nder andtwes.atuitfeamprep idapastaonigirdge aeoldasd hayinatthd dagi4, o3RZ-por €TM-1,
form ng agefiD-1,REiTer ot OITuS ishigettteeare &l sal gesiteivablée e ep-in 20: eockekat ofahe in-
reaction ofettl®. pueisenitarinvedhabing dcblites wh@sshd} Be hensstddadk Yhose having

pretreat the zatalewsizsM-A2easauiche catal yst is used as supported
catal ysk, carriers can be preferably used whi ch are i nert, i.e. whi ch

do not reaﬁ)r We ur&ysgg%g [Q'SE é?l e!f@ren e%ftlo %E\ol s hav—
The reactions_| ft g% MEE ik Q carr
suspensi on "HHEVEFS “fr?’x & rH‘BH CtFrr? ‘?ﬁ%‘i‘ 8"“‘3‘
node. | n tHEei FHERE PKFéerBF‘éﬁ:ﬁﬁvenl%peP‘ﬁcﬁﬂﬁé%Vﬁl Té'CPEbta[ﬁ’éz@ %Q?étes%ﬁﬁw%? which
di f ferent weypesnavdllyrretectedris agiTS8t1ades-A'i 1S-8hangialdo) Ti ZBhiitss hating 8 frame-
possi bke t wosasiryctaret isomerpBbus Rethr eAs bédite. StaPesiticllaabréBRncé hegiBh to
or adi abat WSing %@glﬁté)rcat%%tst Senetiel shreatll M tﬁé%ﬁﬂwwmﬁng%!léﬁlarl&tp

t her eof , q}?ﬂng id 894 Q{s%‘ﬁlstrﬁ’&uu%dr‘épat' c reactor. The term"react

as used in S respect conprises a single reactor, a cascade of at
| east two serially connected reactors, at |east tmo reactors which
are operated in parallel, or a nultitude of reactors, wherein at
| east two reactors are serially coupled and wherein at |east two



Each of the reactors described above, especially the reactors
according to the preferred enbodi nent, can be operated in downfl ow or
i n upfl oWBpeYd7+8h node. 40 WD 2007/ 074101PCT/ EP2006/ DGUBBHIGIGHPEHS
case the reactors are operated in downf Pow node, it is preferred to
use fi xed- béd titmach cesiiwhéathlysts enprefl enabl prefetdblyl &re, titanibin zdaliteubaaly s
nul ti - pl at @atiegatser $r MWBL stpiceirel &l ve efididpBe ds WoldieAtas! ®a8lIeHNE micro-
cooling jagkgires & sIthéd b&%és h&xfu\g; ?cﬂ%&érqﬁrfe' 8 sﬁqﬁé&&‘ rganlefs cﬁlﬂ?érFe\ghéHig
at a_tenper %tréj rs%hg es aE?@o%ngr 0{ as ef%rua%Pes sucﬁ as eg{)eéa?esui[rawrpga%r examf: e, a

the 5 reactorg

the cooPi née'rﬁ?ﬂh? JFH i ¢ A% B8 Firﬁfﬁfﬁbévc%’é"tf’g‘ [ é?“r’ é%@orz?d”@ceéﬁ’i’ér’ ¢Heom 1
maxi mum terﬁ?)ér*’amu?@ priiarheiecal Ty i1 toel meyegoeferabhnoideane Ot todbamd Perve-
oper at i on efally heeferebigtodfrem 0,6 to 8 neasisi ditie tb inctdezesiee bhié deesict dfaine extru-
condi ti ons dsiehitas ptIEPRe] & biitethe RKESSHEL with @EEkrd=Al @sadtdallebasisiRy of an
amount s of w?érﬁdals' ng materials such that the reaction is carried out
in a single phase, nore preferably in a 10 single liquid phase, or in
a nul tiphase system conpri si ngTL for exanp hases. As to the
downf | ow opEIshPraeraRde, TS qrs 'é\é\ﬁé‘é%tﬁlvfﬁ Er%‘ﬂfé%‘@dwgﬁhd%ﬁmﬁ’@?eq R first
epoxi dat i orferrrérar micypsphares. fierl exapivés migrespbeiesfomed acerdioampy ESTi hgoa 260
| i qui d agquecusndipendgenngedioxiictespticeds tplbasin sapeaibbdiag, prefehanoéxtaddtea
l'iquid orgaBisesélehiaBovd.ch phase, preferably a propene rich phase. 15
In casggthe reactors are operated in upflow node, it is preferred to
usefrxed i S str further preferred to u ast
Pwo 11 xed- BEUePERE: BpSe SRS aPo AT BRGNS ke wh8 Hie obfdgs
(iii). AccHffcA¥Fae %V@s't"?qlqutl?fdteﬁér“c‘éﬁﬁﬁa?rﬁﬁ?ﬁere% [fEtriadatese HEInUlsRp pellets,
react ors used thalikst &ifepqssiplatosissat legist gnecatiitaotedndar 2opér at ledstiame past-
paral | el , nay eggnt ehepabl parepsiratechinignadeat. d#riceto usted ereaddialystiit tHeSep-
necessapy TerdQﬁ?drH Radbon! &a@é pr@BEntvehiish, rtesaﬁés%rb?e sKlabip %t@geth(elc&aryst

and/or (iii) uidh, eacgtgr[;, {ggué@a&s ;_'éb(ryl?: ?a]fs?oé r&s) caa?u l?s% lpré?ergﬁlg

to renove at . | east t he I n

SRR ML M AR T r?/”?rrsr%wgﬁ?vé'marﬂ Beaérﬂet Sty
enpl oyed in stage (i) which are connected in parallel and can be

oper at ed alTherrpagtiohy in Flageadie anthdiily emcprefesabdy earope rcat edsuspeupbi owde or
nmode, 25 t liRed-B&d MlodeDnEstipREetablySn Ggstiest @ddé.n parallel in stage (i)
are particularly preferably tube reactors, nulti-tube reactors or

nul ti-plate {hee"%ﬁ\'} Q{) quflcr $:r 9{ SIJJ::%%g@le}{o Tl %He éa"l’rpe of GRELR! t%/gg%lgﬂ reagtors in

especi al |

o7 Pt ubos SaAeRd) FROMD: e J00 GBDIOIE (e PAtH P ROM UG F Braedson fotes
pr ef er abl y tha"e@# 20 igkptiggeRstomgsicetnpodias reastign siagm indeendsnBobhereghdn an
par ti céblar lispthEreblecragligbatic oeackPOlh¢ @rnBOreABLP, ad udreisin e respgen@ingtrises a
t he cat al ystngisedctbara ¢drea@poxitdedst o E@aly icOmectdd lescprs st ke tharreal
| east one %rsm%hreﬁé%Eera%ocrg%Q%qIEIegr 4 FhuRRS Rl clf‘?eac,ttrprs %ér@rk%@le‘égttm%freac-

operation aFQ?er[abigglgﬁlea/Sné %gll LY I%ésqg/?? eac o gre peia I?eef /&c-

inthis reac one reac%or 2R Y
bei ng avai I8 P& PPERE |eHrP°8F“?rPi’e3t%qea(r‘)tqu’& ‘?Fﬁ?%"rt Inyenten iscarierpyt in at
mat eri 8Ps ilgRsEer (pagiperguhid piengpardied foraraliel. sindistrueddin ef ha eursept ioeerdion
35 I n st agés €driied outpan tsingld @actpr.ef erence is given to using a shaft
reactor, nore preferably a continuously operated shaft reactor and

particul ar lgg.prefes "f’é)alcy r& o%ggﬁde'a%%laye%%faﬁ& % ré’%sg{??%&&diﬁpﬂatth% pre-

reactor. Acc resent. 1nventl 0SS e

use two or??rgere 21?0 C{rﬁpérétecerrg% PR eed it OwnfB Or in ’fl%ffoeveo%erra OSJPO%’ t hese
react o8 which are seriall y 40coupl ed or coupl ed in parallel, nore
preferably in parallel. W 2007/074101PCT/ EP2006/ 069865 10
Therefore, the present invention also relates to a process as

descri bed above wherein in stage (i), at |east two shell-and-tube

reactors each having of from1l to 20.000 internal tubes and bei ng



10 and (H), the catal yst used for the epoxidation reaction is

enpl oyed as fixed-bed reactor wherein the catalyst is a titanium
zeolite cHPAMYE410%pre preferably a sté or Ti-MWWV cab@l’§iB00¢egs6s
even nore preferably a TS-1 catal yst. pendi ng on the specific

char act eri $t cese e rehetocatial grstratethiire Howsflans eddasit s predbrizeidtolfse fixed-bed
catal yst, iréadi@y viEciN@@ESSRIALIY QUbUER, AlltHEASEr NAuBGMHE irefAdrs] Mt pref-
conpound 1 RrAHiHEduib L ERP af BEstGHeobRlg kiRt IBXATRLSe, [HE epaL@ R lreddlion
L .he form Ofi §%}QQ§$ tbé)tdal fern Seyﬁnrea& f%ﬁ 56‘?@%@500 nc} 91% tl F’nﬁgr‘attlirg rofile jn. the
fi xed- bed ssfa e. . lﬁus, at HECAST one | ayer —of “shaped Bo res cc?nsls,{ln
or essefti &FFGOTE ShEPLLTRES 82 ?ﬁ’f@‘ 4l th@&é‘?tteﬁﬁﬁrainﬁgrof NeotRAS iR aCA el
arranged béEPBWRIdRCkeOE &t Best] dnarthiheanmdraurg terapelpipse inl thy eptalygiched is 60
form ng, fG€. bxeasplod doantandpeetioR0f bt resxtars gt isThissibEonadpbschr radgion
be appl i ed cbaditiersi RAtR leyhpafdtaiag BebsE@RC tR@bSrate And RilSive GMhdMks of HBrting
par 11 ci,at a1 o dith Il aelcn 2 PR IR, 3l réﬁ%%?h“?feepmeaer%b%;n y
PR wht OBt RSOl IR BERE 6 B AR e iel iy chdmple” 2 0P S Pndkes.
epoxi dat i oSG FHo r%Féﬁi'PB&“qdﬁeﬁtié SeRpalmieegrd to ¢ydugithpspexidation
steatite, KeaHOR iT2MUAIRPRSE Eaghehaixtwa chingasing §ilinbigi aggouminstdrogpasyerox-
oxi des, phids ridbptpisateesiaintar awirespl arana Bqiidbgaglcassmssicrsphidsapbreferably a
met al s suchr@snstieebsag. types 1.4306, 1.4307, 1.4541, 1.4571 or
conpar ggl e materials. Such inert conpounds can be used in at |east
one of the reactors used in (i nd/ o H). As to th eonetry aof
The shaped beete 'raFS =it aberpBltuPlodt Fole, (B aid® S Risibedssac
the cat al yd2i 'S s@Biuinerirsieget iytse atleast S et -preieastosyiBrptage () and at
pel | ets, spHfst ere raagior fitlgiege dild Acherding ke acdilh fwthee pplbogiewnt. Prefeleagdwo
di anet er s asatdrs oseRintva@h(imr: sendlig cprefcerdadyl opefat@mnIatr4lleB Charapasietably
nore pref egblayed ih @atick GehBraMMit iJ ABcLAKE IGBRuIPAE RELUS el oF tiSRdcthbR Jhe

process acgp tgbé‘ﬁ) 5 /&}Yﬁi} Wi & %b lln@args}1ﬁlct1%rsr9 %o[iﬁ?ia%?et%#ﬁ:%y% re{nove
sol ution vvlée a, % glglgt%g lgeeqom e cont ent of .rﬁg%era # of ronkl 0

90 wt.% pretBrabfYalr PSR! 1O 7 W SA9RN Mhiliee e apetit 4515 FORACRYY
to 60 wt.- PIETHAB| Bt'PIT MMRATRATH OPETIRIPIED R Stape &is Whigh s ooniectedyi paral-
hydr ogen péai @il ¢enibs oparated altetndtplypinefese tiedreactorshereormdraigd trourdloot hege,
enbodi @ent tef twcher pioes exdctdri eontdoas indpataletier sigyeqyrdpdriogeny preferably
40per oxi de ygfal kHabRfs, GAMtiRIG L PRICRYE B rAH-BIEHIRBRHE AHS YRR multi-tube

per (r));icffoﬁ%é#gtdgg%n)tgfesﬁjgkiléﬁ%&f&%glﬁblﬁleﬁ%ﬁg—t#&ie% s QOhRLARY aP¥uttitude of
2007/ omm%%@%ﬁé%%?@g% f@’1%eﬁt§b%§g‘%e\§nt°¥g@;ﬁ? 'SE‘P[Ffr %’iﬁ&é%t{‘ﬁ "trfi;%ﬁ’)g; ‘10
froma pro ABWA RS™&ERhFach (2 1Y rlygprgieraily rera o
EncycoPBpedi7@0&ftubasdlistregealerath dr sttalyst uSedh fadie epoxjdavioh veeetian, (itli9 $83sible
pages I4|47- A5 legznﬁtﬁésh@ gm&?f cortr]téaetehyl? pOGes t(ﬁ_ﬁé @éﬂedf)u; _@fm;dzrtiqs. for the
generally $&RtieC@alliorfthh@Ght ARe lh@ITst DRes¥R ik tAE R4 PP rdd¥nBrated,
bt en e e T D e T
enbodi ment ° i’PyHBat88@§éfﬁ?"ei%%‘é‘H? FBIN PRICSUER QRS SOMIRHCHR PESASHe

enpl oy@d without further purification. To prepare the hydrogen

per oxi de whi stage siilpireftienabpefersack isidivanstopeswi Hkiaft caettpl mye froferdbly a
exanpl e, t kentmobisiRgpéraRAGHaf 0SRS5S oY pARRISHP bretdibbih aohtimalubly dpBRited,
entire wor LgiaBERo04Hek 08O A'E!é’&ﬂﬂ@%‘tl”@ear%pgﬁwérﬁicﬂf ﬁg%ﬁﬂp?s’émé)ﬁé%!' W/

of the ant S (R I n I n's Encyc dlaoft
ndustr pal “io Qﬁ*ﬁgsé’”e%%ﬁ%esgiﬁﬁia%mgﬁeﬁem%? 5 et sl vE s sty
is |ikéi sé%‘g‘%}c‘éﬁ ‘iF%/L’B‘eQ 7 g5 AR B RPN PEFdRl de by converti ng

sul furic acid into peroxodisulfuric acid by anodic oxidation with

si mul t aneous evol ution of hydrogen at the cathode. Hydrolysis of the
peroxodi sul furic acid then | eads via peroxonmonosul furic acid to

hydr ogen peroxi de and sulfuric acid which is thus obtai ned back. 200



Bef ore hydrogen peroxide is used in the process of the invention, it
is possible to free, for exanple, a commercially avail abl e hydrogen
perOX|de‘§@PUUW6ﬁmbf undesirabl e i ons. Concei vabl e nmet heEBERIB:/ 06985 er
alia, those described, for exanple, in 19 5,932,187, 25 DE 42 22 109
Al or US 57TB8rkfetrépthe lpresesit Invietiinsspessddioe bmcéﬁ?@/@eﬁhbécﬁaﬁdvemrem

sal t p{j esem staBe (ifext Masde Q@?Qﬁéﬂ%’r@&bg@m’%@{dﬂé E&dh hAviHy bion Y db 2880 inter-
er oxi de s e
p Q1Ia‘J{u'bQ£' apé{ bgﬁlg%nﬂrfu d:! cﬁf&?{}l% ubfl%mﬁx%g@ Pa; cﬂe“é%tov\‘%]t \Evg oper-

contai ns at

r Dse, Sect Pl Paralat aRoRmPiEY R o WS CHEd? i BY R e KA
H of the i & &iakahgehabdaagiersi t&%@ CRAIUBYS!: PR&Tateh I UBfiqw [ode; gre em-
parti cul ar PBOe{e88l mpgnpreferatduahe repcliorbin 1445t oReof these peaqiers emousf pref-
the presenteraify @nihean ledst tws réaatgds ioNelapé ¢) pas stibheré prafs@b@lih all reactors
non-aci di ¢ jsedire%eRaNYaRd l@ﬂﬂ@ CRIRKESENG thEtih Mk @sgamg%a%t@nglsﬂrgm lig-

ani on EXCh% flade lé E)Eés nfa E%QEIR%@ péfgraf)f} inG h%@trﬂ% %@ &DSG%XI?I é}@
'FEG1TT

to be e exchan

enbodi Hont 07 0?%@ e PR T S By Gt f?w@p‘i?vew Rerare
exchanger s\ r%&f catelysien rureraentie hsbgneerPreisrabhes (se of Th¥{v¥
i on exchangetalyshand exdnantere nefefablyabT§-1tdatalysdéf a basi c ani on ex-
changer and nore particularly preferably that of a weakly basic anion

exchanger . D'Qaen&ﬁ!@%' 8 s'p@cuﬁ@%hér%@l%h&fc% RGO LIRSt ch%teégj%eQ Iag f!x%d bed
prefer 3g| y Cgé‘% ?tdeyEe %Ec s%@gito% %?{é dit 6:%”&«?&5?@ %3@ Pang%lm%/i o??ergg

eroxi de conversi on
% and stil C&I%¥93Tf§bﬁ>§ﬂraele|ﬂéea%%ta'% WANSTHED G RGOV SHE 5 oxt
react ors i atpsriethg ke, imfitadedqdatigle: b pbiepraioonedagy dhahapasphasies consist-
pr ef er abl y ifg @mestBnttady 26ndigting of ltfee atWer2 007 /r@TdLOdRCTY ERPZ 06 6B 69865eId R
t enper at ur er @boteher EAONidhg amdl/era daalydl Idyke si@Ng@emply, fIrekemalel ¥ Jahelich
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i nvention gccordj reactors 1

(1) ar e 1 DEIBEIPT BREHR0S COHIAAE AL RGP U Weree CHEPRORP™
essent i al | Ployshstsiostheresenpependation irersionrmreizeed dast epeprindaerh dprotx-
wat er, and ample ageaite, hidn-Ggeinalpea-aiindes, @mdidept silbuis| yitpdeaspaneles, phos-
Accor dBg bRatebagRarics) noruBEigia GlRdefIQRENE nictals @par at ately M, bdre1 4308,
mxture r e%liﬂsb'r n94§£fpm4]591%tr@9rﬂp£r'a)3!e Jélle&@%f.%érp%n‘?&@m!?&&%&'%éﬁﬁ
by essenti {% %gstd)\ﬁ%réf uljeggtlgl,seusrr%tm gf r]dpor 't” I's separation 1Is

carried ou stll At on using one dlstlllatlon col um.
The reaction m xture obtai ned from the at | east one reactor,

pr ef er abl y ABrie e BeoEetrY efbiSe sharrd beiieothere sexing ﬁpfsftifétg@s(ric)i?ﬂs as long as
conpr i $bng thencatalptted kppopeixed-bpt apaté edieapexitdeies nethanqlelletentgteras dylin-
unreact ed hygr rgehepREQENds: angioppd.i By dMriRaReareiforh BHCRUGERH ridle
15 the di stpwfé,abryqaanww@lmn{s'ﬁ F’]'o?ébrls\le?éd&?b forfiQlgAB . Preferably

operated at a top pressure ar, nore preferably of
froml to 5 bar, nore preferably of from1l to 3 bar and still nore
pref er abl y 18P N¥{GRPA Peigxisiey psed igHhe grogess aceordingpto the ventiop, in ghasform of
1.6, 13%, angaugowy splutniydin a lebrogati pryoxide apnteipd oeadialy pifafrer te@0 wt.-
enbodi ment %.tihefedibst ofl ftaat ifOno ¢oMaA% ., hasre forerfarabiyt feor® A0 tpBETWLAbD IRy fUtieom
1? to 50 angviegperbrabbYo Rsetmaly wt.-b1 eMylRgkR pdRARIiN BRMiSlIE SR referred.
st ages.
According to another embodiment of the present invention, a crude agueous hydrogen
40  peroxide solution can be employed. As crude aqueous hydrogen peroxide solution, a
solution can be used which is obtained by extraction of a mixture with essentially pure



The tenperature of the product m xture obtained fromstage (i) is
preferably in the range of from40 to 60 C, nore preferably of from
45 to 55 CO2M¥G#10io being fed to the distillation col uPEr/&P2004496P§65
the product mixture is preferably heatell' up in at |east one 25heat
exchanger twater Wedrper @ituniurd redidtsriange ebcddsomdath b9 aBthr&ahidBbE Qrocess

preferably efe, fé’leﬁQnérﬁ’l 87@n%coﬁﬁe9%r gi r}giu%f?aﬁ@h%pﬁ&@t 2 dhenPresent 3

i nventi on, r t a

carried out usi ﬁﬂgeyai%m%?'? IRdtH% e f}:% ?P%of?%ﬁ yo?rmé%%% %h%ene?a”y
st ati AP R R oL Fage B0 o FRa S ey TR CGPAR G de P
overal | 5epd‘5{‘ihd%‘%3i96‘i‘?”k$r%%é%at?rs anfpheae’ %@ewﬁuhwaros@n Pepréiecisreliained.
enbodi nent ,Acgérdingdmobe enebotiygerqof ther wepare frereatidny tfo$ cfudersoB@on 0arl 06 eA)
and especi alidygd pritaberradihar pafifidatiomm 90 to 100 % of the bottons stream
obt ai ned fromthe di sti | lation colum used in (ii) are used for
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the ra

e e e e R SR P FeENS T SAck ol bl B GRS wors pro-
stream esséNEiA] Crfy}"yér@ﬁ@'i‘ BEIOlYeds PiSFeRA éﬁé"/%r%led’eof”ﬁ\%@'ﬁéf?@lﬂ'ﬂoaﬁéfocess is
unr eact ed mivepeine Ulimganglst ahaetbpedle vhedusipaloChemestrgbl Rhmedidnm woluneutd®e
i s obt ai negaheviasmoxssat er content of not nmore than 0.5 w.-%
preferably of not 40nore than 0.4 w.-%and still nore preferably of

nhot mor. % t htaig li g\g‘sg\ﬁconc&va% e toh WEIRQ}y%rogfgqlr%g&mc{%g%g%V% Omlfgrlc aCId into

not rmre tha
2007/ 07410 PPEIPERY '6/%%@@%@“?@0 ppigateny with jsimuliagpaus, pErdieRppyvErogss et

nmore than 1t gpheds ﬁ'yéa&w%gfstée@a%@dléwfw'ﬁ@cwdﬁam lapes gl Pey@xaniamosulfuric
m Xt ur e obtaaidriedydibgéinperbeige @hd shidurcelcidnrhichis thlseottahé®badi t he
distillation colum, a streamessentially consisting of nethanol, 5

wat er %d @%@@%%MHM% o@ﬁp&zs%@lepérax@@hmﬁgeuemenm@agggaggm@.f

the columm, a mxture iI's obtained having a propene content o
nore than 50 chgyd referabl of not nore than 10 ppmand still nore

or ef er abl y BRBYARBFR PRRAEES iR ARTIPIREGTY B° SEPUATES BRI 1O free
content of fic*afpie at IeaNnFGiapp AYailspEefvesiey Pefoxist salios af wadesh@blspans.
and still Sonecipateé ensiidds ok, inddr atiar ehoshalrsdbeppfor exameicin U8sE kA s&N
on thezsot WE 4Dpeighini1adr WS, 3074760 @ i9hkaine doadibib e rd¥fdfc0mm 18hsttdhe salt
col um. present in the hydrogen peroxide solution from the hydrogen peroxide solution by
means of ion exchange in an apparatus which contains at least one non-acidic ion ex-
changer bed having a flow cross-sectional area F and a height H which are such that
the height H of the ion exchanger bed is less than or equal to 2.5 - F'2, in particular
30 less than or equal to 1.5 - F¥2. For the purposes of the present invention, it is in princi-
ple possible to use all non-acidic ion exchanger beds comprising cation exchangers
and/or anion exchangers. It is also possible for cation and anion exchangers to be used
as mixed beds within one ion exchanger bed. In a preferred embodiment of the present
invention, only one type of non-acidic ion exchangers is used. Further preference is
35 given to the use of basic ion exchange, particularly preferably that of a basic anion ex-

changer and more particularly preferably that of a weakly basic anion exchanger.

The reaction in the reactors according to stage (i) is preferably carried out at reaction
conditions such that the hydrogen peroxide conversion is at least 80 %, more prefera-
40 bly at least 85 % and still more preferably at least 90 %. The pressure in the reactors is
generally in the range of from 10 to 30 bar, more preferably from 15 to 25 bar. The



Theref ore, depending on the respective point of view, distillative
separation according to stage (ii) can be described as separati on of
unr eact edVBrOYEHEYSr, alternatively, ashzsepar ation of p?%ﬁ??@ﬂ@%)s“”
oxide. 15 According to a preferred enbodi nent of the present

i nvent i on, ®Meeraiksp et Hegrooling water ds &t thelrangeonal erefaiaily froed2d tp 9 4gencre
(11) is at prdasblygerm Rald §6°Cpedataetitulasly pefatblydast 3paradcal |y a top
stream (Td). Preferably, from5 to 60 % nore preferably from15 to

50 % and e%@&jdﬁ"llgltbf thy Blfe?err?etal mbd, AL TTON ﬁ@en%ﬂ)ﬂfacég;g%]gqg SntRede tictor

operate.the evaporator of the 20 distillation colu of stage .(I]).
This tof oot DA h Sae 1B dperar vodiass Ed T U A g tere-
epoxi dat i offOPt BEEEWRNY (£ogsifis Ak PIRPYSIE GE AN 8a5RY ARSI aetEaprlr Weteh and
from a m xtareactedye iogien gevxicer asthobtivhaliverrpeansl as referred

her ei nunder as stage (c2). According to a still further preferred

enbodi ment Ack&@ingits tdgeali, QRre@let FopehBth sdbatdtbd b tRe nGADI @UIREh ASm
divi di ng WaldgeGR! HID QL &h dLantuQng bf lo0&sraLhf Qe ?[H{a%[?%éﬁlaéf. FIEE

si de-of ft ake,, , Pr.ef er abl the divid ng 1 calu referahbly has

rom 90 o Seph- 15t Shaadan & ARuci b bt Bhen biind BleBorae dlidian Sotmn.
di vi di ng wdlF "eHlARA L LR Neh o i dideah Pre FracH ersfaraimentinoat Ipast
pr ef er abl y teordactis esekintsiege @ls campraiigedhreadtedrropens. airobyieer exiido metha-
packi ng or nel, det@dchrpackeage® hyd®gan beyidedndndptiokr@ily @¥aa, 6s intrbdii®d in
pos- 30Qssi BhLdibNause csN/RL THBLRLIAON FBRhnRa GkéBGbla 853 bieSsure

idle@ oB R
surface ar Po@frgrﬁ’n HoO{B ESQIO e peq aHFﬁ’o‘Fﬁo P & §5§P|n¥ rgrpp ,%9 thf fr% 01 lit)OS
750 nR/ nB, a3 orqued eé)ac I ng. O\A}Jc g?c i,ng provi gpezsj a |g

separ at i on "&f FPEFBhRY CBETRY MR L' oWApredsit & & op2pdr: T4 1.5 16,
t heor et i call st'dhyd:® P12 PHe AUSEVENHERN IREE2WOMETEHEH &Mberdinggnt the distillation
col um, t heoluayifes fofm bhe 68 oprefematdy UPaleld thypOtane adipetidivnpreissatly frowiiSho
consi sk oot retnni sthgent section of the 35 inflow part, the
stripping section of the offtake part, the stripping section of the

i nfl ow par ri .' : f t, .or part

t her eof | s;r gr@ggmpgr\%ﬁ{gdﬁ f%ﬁéﬁ ?%ﬁ%ﬁf&.ﬁ&%a%a,hg]& ﬂ?’Fnr %%é% rﬁsq%&?fﬁra.b@fﬂetﬁe
divi di ng wiTTSeICBLY Rt ISPTE REIPAPEA! TR Eof BHAO pifed o the
di f f er ent i §istifies A@ENHERLD the RIPIHEINIYURals| Pretgrabhn hestad e intat|i¢asé@ne
as regébat hagt panamisrde aftempetaéurh dathierngnpowiirom Bieo @S, Inheat ipoxferiasly of
advant ageo@ishyscaraoied out at a WO 2007/ 074101PCT/ EP2006/ 069865 14
pressure at the top of from1l to 10 bar, preferably from1l to 5 bar,
nore prefer fr still nor referab of from1l
[0’ bar oOgpo oty Th boleds o P& hroB0A Ry, FRGreRlish 87204 oy Bl S
bar. The diSFl 1%t ()dRcret Ruhusicerblea RrrialyrNaaotRbs Sream piifpdisiiaiPe
range PPomcBSMNoof19ageC(ilmbiies. pieat Etegstipnt ofghe TOetad @Bxi@atiorherocess is im-
di still ati orveerpacating & 5 pefesasemieatimentt biefrdyo 50 don 06 %4, meort eweerablyrof
case such a&ofi 80 @erbovldndCpusmily Sretés@ily oftork B té @00 9f of the bottoms stream
or opyl ene. aenecHid Mo bblatod %@“ﬁiﬁ%ﬁﬁ"("%@%'n%%d%"‘ﬁ%&‘f{g“gaﬁ“fwm%%
top of hegg% ur?%&”ae d?rflpoxr? G gmriﬂsa1 %B}paefaﬁ%rg "ﬁéh\?f) rﬁag%ot\ﬁ?rgr4t5§ % et OGFlem-
not 10 °3for BSPHER 586 "PIHA O'F1081 87 MY %f not nore than 400 ppm and
still nore preferably of not nore than 300 ppm and having a hydrogen
per oxi de caéntrentopaf theotistifatien thliamn50 (ippmstrparefeasahiiayy ebnsiaihg D p@plBas
20 ppm andogitik| hetfBhE, @ﬁ@ﬁﬁe@&bbffﬂjpeﬂgi is Bt ddN AR thEGop RIthd dhIBAS b mix-

case basedq0p id Beraln@l EHavnW?i egulrateQ coﬁ@ﬁt Of dgt Whdre ngérﬁb%e\gt—% CPtrg'fSratbRpofq{ot
th | - Furt h , t :
cont ent lor MEFEIEHS{ § 5% e Hsg ity g5 Ve i 36 4 o

and still R¥YEIY BFRKIABISPNEN Ph tthge tproE0Qnprmy, Prafenakin ol Befanegitaan 20
content of from50 to 80 wt.-% preferably of fromb55 to 75 wt.-% and
especially preferably of from60 to 70 wt.-% and a net hanol content

of from5 to 20 w.-% nore preferably of from7.5 to 17.5 wt.-% and



At the side-off-take of the distillation colum, a streamessentially
consisting of nethanol and water is obtained. At the side-offtake of
the col un? 28" M7%®lre i s obtai ned having, a met hanol conPEHEFPHPE/eP86S

| east 95 wt.-% preferably at | east 96 .-%and still nore

pr ef er abl y patm angiadill ng7re wrefegdlyarf dotravierigaral haprer incenl ease iserdon theto!
than 5 w . +8ighppethe maxtubothbivie® bt hotio@rties tdemn3. 5 W . -% and stil |
nore preferably of not more than 2 wt.-% in each case based on the

total wei gr}\tt }Qg 855'&71 er){ ewE:i tlﬂ)%ﬂ)ﬁld% a'ft gtne% ggen?g J?&%ESQLQ otf'%ﬁethanol

col um. _At the

ossent] & | 4GRS PTHES 8‘? TR GPo R o %ﬂn%d\t i BALYRG" HyRFRlR: 2

per oxi de i @‘%feaisrfé’é?‘”‘?l& heiRg BEYRRSFESTONIERE OL BPIURPIE thamPR tARFe Preferably of

obt ai ned hawet mgreathpr dferpen soh s@htosf praterabipeendt maore ZMarppprpmpered bavild ¥

of not nor erddyane Hidepionaant oshdtlrhoreaiish §U phrar plfeyatly ohedt ridre @hdrhanphm

ppm and h@wurwu Fndie GRMLRRE Wh&em@r@nh@moqipnn% SABF @2t BB 20 oP R total

pr ef er ghl y 8th“?£ %d{&%.ﬁ@d Horﬁtoh 3 rrﬁ'w preferably of not
ase ol a

nore than I'n each case 35wei ght of the

m xture obtal ned at the bottom of the colum. At |east part of the

st r eam t ak R FerRendingeorothetrreradtive BeiRigefwiaY. ddillaine eparaien reegyding
cl ed as solwetrpei(ift@ndicagesc(ibdd e sefmatianveninresstqir poess: oRPré¢matEy as
at | east 9QeParatidat &f Powficicaddide. at | east 95 % of the streamtaken from
the sidg-offtake are recycled into 4OStage(|) WO

2007/ 07410¥\Pg/d'1?1p2t806 %@%ﬁe%ser%gog P@hte cf.)fot\"\g n~13 it nrvgﬁt‘?cirgwt trlm? gwo}g@or ?f the

eln a e

relates to a

the streamy éﬁaéﬁ”fclofﬁ‘%‘”t WP FERgsr it 'ﬁl@é'e@ﬁt E’EHB i e ALPIBR 2t 5PERatially
used in (i Bcarsgepdcye) dueieratdy. Jioayé o BP. %bmeee bisfarably font daky BAKemnd
from t he diespédidiigtprefarabd ftrm 200 60 & ab(Ty) lea.sdtive dpargtenhk levdpgator of the
tillatizon cekilmn esenbi ahdey (ii5.0N6d &l t@aef (Taptshaaﬁlpreré/aatw of&ifled in the
?Inlr IG)aCt E’SGMHE%B cﬂﬁfa@éﬂl F‘oce!3§mt£'%r l%jstrage Whgrd ﬁt@ﬁ'}raﬂél iOf eﬁér%@ from a
i ntroduced nﬁﬁ? %mé)tr edc 3?” E\‘/nldacrcf ”?eetl'-'aanoll EY rel?erfedgjnéem r}feé agg%lg gﬁz)or
two-stage cooling, nore preferably to a tenperature of from20 to 40
C, still nﬁtcéorﬁwgft@raastllifgrﬂmrwr@f@rrad teethgdinant ribe @istifiatom @moug® ig. (i) is
Still @bre cpnffuerdabs yividing stallpeaiypenenaving addeddtomel siye-aticed, dicfeeatly yne
into the reretsamaief Pedragely( e dioiirgdiadediomb PeBRblyORE S6HERAMo 60, more
obtai ned f r%r@bfy)fro?ﬁ '3@rto £g tﬂé&ét&%&b&& TAER; v'icm Wtﬂlhgolﬂr%ﬁ%% irpﬁche&')roc—
stage (”I) Ah&i‘aprese\{ en?onls r%rtﬂ cif j e)é 8crl|< Beorofm -
can be adde e sel ec IVIt B RIS °F a‘?é’f oﬁ h 9§t € W e
respect to HYAY éﬂlé’r?”b%?%ﬂgdﬁ ‘ir%erﬁ‘i’ afcking ofAsA Trﬂy FHEMP AR PP IR: 645 PRS-
99 /0, ShRor éibf efuseabEgt Matat premesingrckingoraving a epeglicEdack artof Gaingitoyo
pr ef er abl y 1000 tiien® arejeably drony 5bdwd 287 18750 m?/hive as eldetd padkheButheack-
overal | praeessyviti8s §thgesedatatich@fddnby WotBink8 SR 10WOnBYAFOERIY per theo-
per oxi de I SeREeLEREDIYinb L0 .gﬁeé Lom Zﬁatlbﬁygghéfso!%etr@ %gﬁr]}agfl the

in the ran%e % an

ange 11 ooy L9-Re oG g@ﬁ%ﬂ?taﬁfﬁ A e shotad of the
pref er 381 y HEW R8s thegsirigring sppiqn ta?@ e pagt theey{drpingg section ofesinflow
pr ef er abl y patt ang &zt elg@hmeds sgrtiopaf thealitake|pzriperafasisabéngobis/aleasyid 0@ wah

% 25 ordered packing or random packing. The dividing wall can be thermally insulated in
these regions.

40  The differential pressure over the dividing wall column can be utilized as regulating
parameter for the heating power. The distillation is advantageously carried out at a



The reaction mxture obtained fromstage (iii) preferably has a
met hanol content of from50 to 90 wt.-% nore preferabl%/&of from 60
to 85 wt. YO MW "Ebecial Iy preferably 0{4 from 70 to 80 WtT/EB" ¢4
on the total weight of the reaction m xture. The water content is
pr ef er abl y Frepstieeatibmige bfropy bip B b3y, @rsfeigbly Bpmiided karehereatipigrapfy from
from 10 t o 136 33arwind-s% arvde esphaablaldf roprefoe? binl sucbfasfr, am, 132, t18, 254, 1.5,
w . - %l; baseads,aw, tiheg 1toérad paerabbisofatbhe th@rasﬁeif@amgr}:aﬁn@a @ut ihhftemperature
propyl ene o r :

Qé(r‘\g%ef%&tq B %"R@(% %%%?p%féra%@ \I{Jﬁ?gé HGL-© TI‘Te. &ﬂl[g%tiénqe&glg%aﬁ r?/

w. - % re prererabl ro .-% and especi a re
of fr omgli {0 §EW?‘?/§t %32’880%@?}“%0‘9"6% al wei ght of Itohe react !Oon
m xture. The propene content is preferably in the range of fromO to

5 wt.-% noteagsrvifchrrabivigedvall cammo is osegl, at the doranidhe sijsddtatahloplumn of (i}, a
35pr ef er ablsyreah dss@itially tonslsting .of Wophraedxias, hbeahol ahd weiegbied @fogehe, is
reaction mostdieR, ATIHR 1Bh et colintl, W Sixt Ak &ott£iRBa hheng 83ek& cofent bagR

(111) a8n B aWaleaietfl FERHY oM NRUL AVadd IS TEY Bhi%nsib 3WGerab of

t he propyl ene oxi de ar on of s a) .

50071 0410 TPCTPEPIg0 L H 66555 9 & A NGB GRS FRE Bk @Re i 50
t he m xt ur @PTaRECTPPY @ PREMPEIBED L0 FPMsarfdill mare preferablyedf ngbsicreabpe 10
to at | eastppairt eadH gassapsedioe the dpanesifhtantiichmsture xdbtairedoat toe témof the
separ at i on cofunf epithe@nRraXhéep dtikatbiRaifes fas alpré@astcodtepobl réh 16fo 35
the st r1%amv$t.a%§£[effér9mbhﬁoﬁ% ©f3d PEoALsd bl RbicOReRPAMNBr P5m $03885 wi.-
(i) can beﬁa,cao b &0k Wi Qc&ﬁgntpcgfqg%c%o {Bégv\ﬂ{—%/ ,tpqgi%ﬁqbgr il e %Q?o 75 wi—%
react or of staege ,|{| o%%vea xture o|cf"||s n fed ofprong)ene
separ at i on 2"AISPRFFRY| RIBIF{APY ff frym gBégiml"@"t/"an%ﬁe{F%tf‘@T'?} cPalEg! pieem S o
product ni ¥Puyie o B AP megferabhneiSiony -3 1o 175 whde and|esageially preferatbn obiom
the top stri@am bfwvttteindiashich$eabased codhetutal efeigt alfbe fop 3trdant.0 pr opene
separatipon. 10Either fromthe m xture obtained fromstage (iii) or
from the maid SaQBkakdSAnE LRMIRIA coRFME 2 SERAT, %&g&ﬂiau,ﬂéorg%%ﬁé bP&thano
above, pr 0%}% %?erqg( B?tginlea ﬁtetﬂgrs%te-eoqféé@ o%é%%ceol&r%)], aOInExtture EI nt%‘rgtjpateglg ﬁev'ng a
process. Thi s separat | on c%n ¢ ‘conducted by every sui fia‘cb?e et hod.
Most pr ef eBI3NC SYPER R i 1PAsE 9% ShdlGc'elf ]y &l ‘6871 90w oh 2ihslhmpee pref-
pr ef er abl y @631y fidea 3 WinYagnd 88400 grveateri contant af nad e tiamd wingpeorefera-
pr ef er &bl y biynofome nabretthdd ats win-% ahdistil merepefabbly of hhi siclbtheal Uwn-*has
of from 30 eheh $d&h baRbePheltelfRbynobr the OMkdR: 6Maih09 200E asdesbrd bithe
pref er abl ycgp‘urfnr_om 50 to 90 theoretical stages. The distillation
colum is preferably operated at a top pressure of from1l bar or

| ess. Especi al | referably, the distillation columm is operated as a
vacuum col dri"&Poiem &b th dsdipien e & siFRaM £stritliaiernsisiipe oé mginapol,
at not 3for evatdiaandouigedeied hixgiogep mefaxidabk ybiainagotht iing eotidraref QNS chlamn, a
nor e pref emabilne atobrobeBaving e frivgmezoitdpant nandotthhh 50Wpen, preferably of
pref erably nat moed theRM® Shaand sfl Bafe porcpdy bEsbt M8 &8arDh Pb[h:,eaﬁ@ﬁaving a

pressure arp&pgfe%%ro%ﬁ%@bgerntB}Fdlqwn(?oré thsh & SoR3bres |f oPhét rﬁ:fr@thl\e}’ 3§ E?;S’Hm

0.4 bar to . ed tQp _pressures are or exa e, abou
0.4 bar_or ARail s ASPhl duitmgeanEh 0 Pk SECe ST aros OABBuL!
0.8 bar?® 28%&LbPHINAFUIXEeCRBES A EA PelYB @l EfPIUSTN-t he present

i nvention, the evaporator of the distillation colum used for

separ at i ng Aprezsy banef wxisteainrtalsdnafgem (i) sitis otthe ldeadtg @an tol@inhytan be recy-
gpter a% gd mf%li%sgéc?deazﬁﬁo e@@bl(alo]lg quaaavm%@ bro%@gg.(ﬂe(a?erad?y, eag ?éz@pfd oxi, rnqmé

(0] . (S 7.0

especi %IOI y IDFr)r e'% I|ya tI ya?t[gc))gm%zgi @%%Peﬁ Eaé%é @?P Og"r EIB% &ir%\éﬁ%&{ia? [ Eeﬁwlyd%
used t §"st &M% tHe operation of the evaporator of the distilla- 30
tion colum used for separating propyl ene oxide, and preferably from
50 to 100 % of the conpressed top streamof this distillation colum,
still nore preferably from80 to 95 A of this top streamare used to
conpletely operate the evaporator of the distillation columm once the



17 nol. According to a preferred enbodi nent of the inventive process,
the mxtyre ﬁol\_{laﬁ)])7 obt ai ned conprises of from55 to 85 wt . -% nore
preferablv FPomt% to 80 wt.-% and espepi al l'y preferabl@CT’%WGf@%%
79 W .-% of_ nethanol, and of from10 to 40 wt.-% nore preferably
from 15 t o '3ersjire. Gippiesssd jrenten plaipeier Sopseas fdesrfibey ahevosvifreinogt
of 5 wat er ledFh80 (3 oplflecsimaoxialien fromt ba sidefofttdkesofth istikatios cphuefrenssldl iy
at nost 506ippsechBe®ings ebgs ahl y at nost 300 ppm and still nore
preferably at nost 100 ppm The propene content of this mxture is
preferably [ ref bl no m.and stil ]
nor e prgf erfﬁ %Jbgﬁ grtns#gg?rg%genn%rﬁi%A@%tg%g?nngd%n’a%r%faelr%og¥ ﬁ%t?“\'/'g'n%fw all dl's'
stage (a), "tHENE 6'1‘]’(S’ﬁs‘?ﬁt'ﬁ{?ﬁ?‘g‘s%?%%@ﬂthﬁgﬂrrY"ETleéﬁéd pniepyted Qygioger per-
opt i onal | y oxiecigrifemigdite thaviaastor 9ésteap (Ek Peefaiadyt Hienedtofmsotineam is cooled
separ at i on pstagebdild jntrodncdieingu bjeeretetdr via, forfaxasiples epaisatigectvoiqgetwo-
wher e propergeaidify, elyé gnrgerakiyds aas@psdidiabl Yo @pas abed, t@ORbRIrefera-
Dhearna e el i o6 & doot, Secloplid ol GFLPAR, '
. o of 120l kR AR B RERTRY LBLER el uR iR sipam oo
propyl ene GXPHLIOP (Ek P17 4P i"BIPALENG SBMENARI e £2A9T R SHpe (?"r)r falterpaiiyely or
one di sti | Pafitienrpllydrasmhydingee pgraxfderaabloy sddedne di still ation col um.
Preferably, this colum has of from30 to 110, nore preferably of
from 4@st o ThEGernthvigSPask abidtioRiekeigaltliy wah réspem BOnieodd tdieaietd sal-
stages. Di gtdd) atihOfargs ﬂ%?%;@ﬁ@@é %,%ré%[)é?@rgalgtin SRERSEHER & toldoWNahg
to 20 bar, iprg RUElSLablY from 2 £010 bar, 0 and SITTT ‘rore

pr ef er abl ypfarom Y PG 7 har" TEraM T hE" 3t @ "mi xt ur e, propyl ene oxi de
can be separated. Propene thus obtained can be recircul ated as
starting ndferspigFtivitiodthelmyesioxpekss irosiagesa@ttp O, Wiy rebrecit fydregen perox-
stage (i) &edié@refstaayen (hid tange fdoxt 18 & {9Vi) nidhe sretdbaly metheptederablag to
conpri 2es of o éaﬂrbé%c@@nﬁﬁemam%n HP kR es@R 96 §f om 65 to 80 wt . -
% and especially preferably from75 to 79 w.-% of nethanol, and of

from 10 to- 40 - 25 % nor. referably from15 to .-% and
especi al | yTh?é%P@ﬁ%?/ge&p?r?’Sﬁ? E%'“ﬁe&s'%'svﬁ”?{era%yo?t,I%Sttég:g\gﬁngmﬁ? L
oxi de cont éhEao%his MArk PiRfaply apleasictSabloangt Parissiarg roefpisky ahtrest 99.8
preferably%t nost 300 ppmand still nore preferably at nost 100 ppm
The prapene content of this mxture is preferably at nost 100 ppm

nore pref empblyachbn A&l Bt RAH stlgie(di) profefaudy £1£%5 aRkNARE cdfRsH: ofiffom
e N s
havi ng frofieT TbCPLITarboet a8 Unir e Ul TheaC PR o cafpeRe
havi ng froff™ g breferaly Bothedenss of fipre Sefrrf ot We Yo dpt5e iy e edhpefurmin 19 @RS
al dehy@é omwt.arleatmspecidly HPefefabhadsl fiom md i 2 el.(MEDased wpthesesal fuegimt of the
0.001 to Oséactibn nifitured Tae prefyedrabdyidd Eaed), FrbidrablQ irbthat rande andomdr & 5
pref erabl y yk LRMnBrelprefrébip oiforn %104 Wihe, Bla d<BaSLIONBRFAIPIYdH § A8~
wher ei n t he/o,gﬂagg@ﬂw&{ma R/%{ %gg1tth5§@aq:%c§n H%Iu‘?r%. Il'r(?e L r%e rslé-'”c}?) qf ttiQpe)referably
car boxylic.agcids av]g]p(?rB to Gar bon at]pn'riq copt arned i n I-(Ji?}fa). ,
Specific e%&?ﬁlr@@g%f’er e Whi7e, MICLCEHRICOHE YARd BhopAohegrecially
aci d. Phus PreiaEply pAffoRdhicdi wtfomsped aefhe telel welght & taciegcitnn Pixbpe- WO
2007/ 074101PCT/ EP2006/ 069865 18 onic acid or formc acid and acetic
aci d or fomAk@ratctmiide pAKeRifRM teathdorst sagpl(ifcathél saishigd @iﬁgdﬂff',ivﬁth—
acid or f oM ghyAktefnédiste a6Rl! fa@QF%pg@qeekgplsgﬁgrsﬁ@%f%fad%r@ erably,

m xture (Ma) conprises from0.01 to 0.2 wt.-% nore preferably from
0.03 5t0 0.15 mt.-%and nore preferably from0.05 to 0.1 wt.-% of
the at | east one carbonyl conpound, wherein the given weight percent
ranges refer to the sumof the carbonyl conpounds having 1 to 3
carbon atons contained in (Ma). Specific exanples are fornal dehyde,
acet al dehyde and propi onal dehyde. Thus, (Ma) may contai n formal dehyde



W thout wanting to be bound to any theory, it is believed that the at

| east one_car box |lic acid and/or the at |east one car bone/
can resul YOg& S’y Btoduct fromthe ep- 15, oxi dation react Hﬁp%fﬂd‘)(d?("’as
products fromreactions of side products or by-products of the

epoxi dat i ol ¥EaRAeGRATCPENE ffePresaNtt indhe pikigaeken rp@albe ireacter efestage (i), it
and/ or dur immy desirkblapo of lesheparéalyt separate xtapeee fresuthtsi mixtdre bt toesepara-
epoxi dat i ofiok 88§iobPBne Bxife. 1A UL BEse @PRbALd PHHiGh oltRE aesRdaIrORSN & el tBp
stage (ii) oamt/ &tgnugwd e&upﬁﬁmaatgqu Qfn Y e&ﬁﬂﬁecpmtmhé Bro%ea%amr@tbkgt

propyl ege ?r)t(jl’n tﬁég tor of sgage[]ﬁ a atmnx mBn ISHM%%%% togrope{le Sgg‘%F?UOﬂ

t he process n eg I‘ r oce
one conpouﬁ&emﬁ%‘é!r yt 'étpofs%B'?ttor?EPWéF?& feefigh% i?&P‘at'B&tLH%PPW@%W gigoe

and reci r cliilagetal lsee a pertipn of distoptsyeaa of| tea slistitaiien cetusox 91 $tagadi) dhto
and/ or t he paipeheasparoti@n.car bonyl conmpound can result from any ot her
wor k-up step which carried out after step (b) and can be recircul ated

into theg pmamrﬁ%&m&@m&@ﬂeﬁ fﬂtmtsttaer(ﬁwm %B%d A Bro-
as net hanol 25 St e gp?rﬁte Sltﬁ%’\ée(gs oftﬁe

eng se ara (a crlbgé a%r Inrg ygen
process, the Ao TEA" SRS RLPSE, AP Y A 80
| east part |'ré‘t’FFS/"en%FBF?S§t| E@oﬁeﬁﬁ@é‘aa@ﬁ@ bg %’&%Ct% aneXFtXr%“tG‘Wﬁ)m?tBOd Most
obt ai n 30a prafellyes¢mtionTheradeated by distiéadioh ivhigreistpréfetdbbnsarded pot in at
whi ch base lezst wihe dibtiltixt aslemaf mbes pefdrabliy sethd distbtibreagtmpaPiefaakdly, this
neut r alibze chligndasl @aaim 8080 Q3 DAY hreferstiiyfor F5H MUQHH@EJ'a)hdFHs%E&éI@bArL‘ﬁ

the base d ?%l;ﬂ&tfro?rpgg? b ﬁteowgﬂgtagég T atﬁ&ﬁﬂa%n ccmrﬁltl %O;Erggr%w 8 rated

contain alk i.ons

cesium or &f R4PH R eS%‘é{?tqﬁ ToaY ﬁ’af 8h '§S%tﬁcsﬁe‘é§@n%r %é%%ﬁt“géttﬁﬁﬁ'aﬂmcwmn s
bari um EsP8gidfid 35 prafetT eojuRrat BderR 8rarpiErpf (‘ﬁ?ﬁt“éﬁ"lﬂ &Pk aAnqre pegfarably at
i ons, nor e npt@peertapn 9.9 barhinare rsefesaidi aimodmopothas Siduparomotrapretematdy atanot
M xt ur @0of niame thanhl. Beaniant sl mote pleesebipbkadtimaretiadn 0.0mar. P+MEd €anges

t hter edar edr@om%nsg Féseurreea%tarﬂo%kaﬂ@ea@orﬁ 0.3 36.58%, 58 §rd8SBE 1AF0.4 bar
i ntroduce

sol ution. %8; Péé%&@ %é P%%%ée"%%é?fet JEa Brall BB
i nvention &P% P%{r Oésa P‘dt Po¥ePOULES §85cri bed above, V\/nerel nin
(b), an aqueous al kaline solution is added as base. Preferably, the

base céapr fsewgdinggeanpefgrreciagordiment oribe phgsend geantcar fenataporaosef tbe
hydroxyl i arsjation calufirktisdderopbedat@tinl propyién cObxidd1RSRaGPRYIIS St ledftUsartidlly
is preferrg eta%detnmt@sét %‘aEﬁbért:Ql[y Alikakicdien ¢a)t br&étalagn@srﬁ% %n% Q.-% of
2: tg: : ngre rtaH F!eepu%?err%@%ﬂor rP%e{b &z?rOP%EﬁId?%né‘@Qé cﬁa|i§PE§ferab fram 2.t 30
Fur cher - pr ek o W e, seuarouade sg eae‘tfsﬁ%ﬁ? Sy ghpine distia-
sol uti 8R cERpEPEMAgiseddPoserasatingrigopyieneTonde fane refe re@lyptf@r@eﬁﬁ)tto 100 % of
i nventi on #sscompkatagistop straamr gidbis Slisiatasatuine it pove prefhebi from 80 to

(b), an aqueacusf ®ltoh EPEars @RPHS 1BGoRpRtaX bektaicaRs el gpratdesr tAs dRak@ion
column once the distillation column fully operates. Therefore, (Td) is partially used to
start the operation of the evaporator, and the compressed top stream obtained from

35 stage (c) takes over operation of the evaporator. This top stream (Td) is most prefera-
bly obtained in the inventive epoxidation process in a work-up stage where methanol is
separated from a mixture comprising water and of methanol as referred hereinunder as
stage (c2).

40  According to this preferred distillative propylene oxide separation of stage (a), a mixture
{Ma) is obtained as bottoms stream comprising water and at least 55 wt.-% of metha-



Even nore preferably, alkali earth hydroxides and still nore
pr ef er abl i ym hydrox15ide. In each case, it is especiall _
preferred%f%g‘g’l#glmgf/ the respective al ka}} or alkaline e%?pﬁp%'g%%ffﬁd
as aqueous solution. Therefore, the present invention also relates to
a process &S-f¥seidingeld apwiTedmBPRTimenhol Hp invaitivy aEsass. ANk AlixtHe (Ma)
sol uti on coRRnesi Fniipde ok irde $ivs8d wi.dbldedreawetsaaay oW §2to 0 ws-% and
possi bl e t espedidly pufergthagem( Dy tof7otiievd oivesthade, RhOGES M MO tth&o wt.-%,
presence Ofnde JRESEBOTich 09 1Le @H. ¥5bnd bé@ﬁ_up@f&ré@%@f tr¥mprsab eshadyt
?‘dd thesba%atér.n']“ é"Srogglﬁﬁ@S%dQ]::o@teﬁjtecﬁmmtﬁrjqu r%?ér | %E mogtséb%c@%,lr%re
in the absenege g g g ositron ﬁlgta%st conprisrn groug Tl
metal or ak"Bxide THEPRSPY PRRLALDAUERPrEPieEHaRY & Hg’s’éq% 8- JBF REGR5A®
enpl oyed i §OREALE {B)MikiHERG RoPfEAPHr FXTere 1P RBM: 8105 Bfeésrably it mest $eppm
range of fromsll 26ra prelbampaymoestiiOrempreferably from1 to 17 nol/ 1
and still nore preferably from6 to 11 npol/1. 30According to stage
(b), the atackearl ©nR ARFRANY O S8 i), e RbcARaSkuR@bblafddYrom stage (iil),
neut r.al I Ze%ion-grbqroﬁtigﬁaqlc\i ih tcozlcriﬁing{i Sl ﬁﬁ% ttog s'tajgg%o&lfé:lﬁeci ﬂgmast%ﬁgr%ﬂgn stage
solution c .gprl sh q @% I gél e, Lons In an, rmugt suc at e Irml ar,
Fatio of hytr 621 B8 SHONGER P Aole SeP A Ho (ogRe M PRSP e b BRGYFE® A¢iR
conpri sed B PWEP!YI SePRIENA Botthed PIerahtry dstdpiqraipla) Iqasbangdistillisgion col-
and still mome tppefegr abhiytufe (vie)lcaroprBing3&niinisingl\water abdat praes&fitwt.-% of
i nvent iten aheibarog| ateandteraniplues eSSpasngiaspeidat sopyene vhes edisuikiie: is
nol ar rati ¢rQbraByHaMdddst irP BSte bt tdn@ HikGifstich Lol rn@:!r@p'réf@rab@ in one distilla-
car boxy. \ © 4Bl sOuiRTBHS Sty il Mileh Ral LPILA 5b 918 000A008R NG, O Mo
base according to stage (b) of € progess can be carried out’ rn a
Sui t - abl ¢ RATAPE] ESRRELKPreIFapl Rt Fm S tocesh VPRister] Sl opistliation is pref-
di scont i nuGRPhasrfremed|at 5 rreaguse op g blwe2q sandbre veeferably fiwm 2He 10 bar
st r eam2@hi @hdis§ll frede prefarably digen 8 ¢ 7ar.sftropl the faedimguteh eropWlne oxide can
2007107410 LBGELERZL0 PIOEIRGRuL Obhase AR det BEIrGlfeR B triOMarrist idld e
m xer int o ¢ShAdRidhChactMAr %Y&Ebly'iﬁto'&ag%off‘)sérm;'ﬁ stté)%e_f(fﬁ .Mﬂﬁuét(ﬁ/%g% Oob-
be treated t%déch gfé?%?lt %mln ﬁseatof ﬂ%ﬁ'ﬁgS on§5 %L“%}O,I r{'lcljrae ;:Ivro er %(P Tl'rltgnm1 6% 8 !wr}.—
stage (c) an SO al Pntroduce e Dbase’ ds 'separ afe ¥ eed”'nto’ thi’s
di still ati gh2COPERARTETAPEIEZOY TN ARt 61 Whi% ChBSE3RRE RBAST irampddei48vE -
so thaid e’ y.morg Ryefetabbniren 16He 3ade’ andfespesis/orrefsantaly etifremri@dm2Pmto
the at | ea$t obnetedi Wieidrogtierenoxtdd comterofof Bisagxiyre)s @rtrattp bh@bstE0-ppm,
tion of E h@wcﬁé%ﬁefi@;alfy%d n‘i&@@?@@bmﬂr{d%tfg Wors tpFsrambly it @hkesh 180 $hat iTe pro-
m xer into ; [
Ihe“hase nEZPIEAE e B ) B T o
di stillati (S’Hma%”cos’r’gimnoée o stagé ¢y, "1%¥"""n the range of from greater
than 73%0and | ess than 10, nore preferably of from8 to 9.

Additionally, mixture (Ma) obtained from stage (a) after separation of propylene oxide

comprises at least one carboxylic acid having from 1 to 3 carbon atoms and at least

one carbonyl compound having from 1 to 3 carbon atoms, wherein the carbonyl com-

pound is an aldehyde or a ketone.

35

Preferably, mixture (Ma) comprises from 0.001 to 0.5 wt.-%, more preferably from 0.01

to 0.5 wt.-% and more preferably from 0.1 to 0.5 wt.-% of the at least one carboxylic

acid, wherein the given weight percent ranges refer to the sum of the carboxylic acids

having 1 to 3 carbon atoms contained in (Ma). Specific examples are formic acid, ace-

40  tic acid and propionic acid. Thus, (Ma) may contain formic acid or acetic acid or propi-



Stage (c) 15According to stage (c) of present invention, nethanol is
separ at ed g)y distillation frommxture (M) which results from add

the base Y8 MK (Ma). More preferably, methanol is E%BQF’&W@%"”?(}”om

water. Still nore preferably, nmethanol 1's additionally separated from
at | east ofBICESFHYURENIRAFIIR) drIHF PEA G {Emjserdd anePIopinsic adicher acetic acid
met hanol ardd Ipowwernit heith ondtreic satd andgicetnapd esd propidoic abicstil lation in
stage (c). Specific exanples 20 of such conpounds are carbonyl

conpounds  RayeRs J LA )3 i éh A &O@th% rdfe H\éﬁéraély%naé 03
formal d%hngo 1%C\/9t %I Qﬁtﬂ}é%?? ﬁrefepriaglg ir na{) gg%’%ei r‘]ﬁ P&%naq Ief*ahs on? cgt%anyl

of thesée co

wat er. Ot hé&P 8% I"&er%? t'%%&’l‘f“*’%éfﬁ%‘uﬁarsceﬁtr @”ﬁﬁ%feé?r ‘edipSUmdY e EAPgeY!

f or mal dehy d8M@PWRtsHAVAet & 3 cadenAteenyeriadpddt MYdaeeslic examples are for-

pr opi onal detsjdnyde rmtehaycuezwee ahd propibnaRishytehyhud,, (Blafl mexchataen forodidetiydg

aceot r opes cpfacttarBay®0 5P propdH aMieh Bt danabeOfdeidNaddddi@snyae oM ibinalde-

et hangh aW}de‘!‘@E@broanIaméH?dé’\@rnédewdé@d@%n@%%ﬁa%eﬂ%e B%%Mdeﬂfde'aﬁd

bel i eved t Q@éta gi&t &coeér%t)ﬁga %n s are formed as primry, secondary
pro e

or higher b di ation reaction 30 duri ng stage (a)
and/or are forrred during one or nore work-up stages prior to stage

(c) and/ or Véifeut waRing ta%ﬁh@gﬂ@mwthwvet beleveg teatdopest lagstene sedgeylic
(c) and r eekidcaridairede ehkeastt dve qaromessorhogetinen resdlhasmeg-h@dott from the ep-
reci r cubat eglidafiérorestf@an@dr ACEBBEHNFohesdtidgs of sde p%’iiﬁ@@afr%ﬁ/ldﬂcgj WRfs of
net hanol b¥héjb|§c§>énc!a]t|@{w r@ébtlﬁﬁ\r}wﬂ@r ﬂetﬁé %fsjgﬁgatfoﬂ 8 |ont1t\§’9|f a& ret?urlng%rk b

nore distillation.co

separate met REHSFCiC ”(B'ﬁté”ec'b u”'ng fmm th%e‘g?xéélagf’gé%?%%g S Y ”%rc’e‘?agﬁéot” of
two col uMméN&EFEIRIEORSAS, ‘”tsFﬂg€e(”) %}d"?f&h'f'“%éﬂeﬁfﬂ%o” of Pr%rmi%@) papagation
first altemohardpylene mideaamsyori durigg sapaeten bt piepwere gkide ( Rbye Wie prlocess is
cont ai 29 4QatricHaas bs dnegretupoucebshaaiat(eaat boe comgodrenpematylbteedsd Waitha-

t han net hanel, s’ﬂ@ﬂvaﬂiwﬂuﬂiH@ﬁﬂor’ﬂ@ﬁp@fnd&&c@uﬁi&éﬁﬁiﬂtoﬂﬁ@%ﬁd&%@s thY at least one car-

distillati [ ]
2007/ 07410(13%6#5%%0 oggoH . 5%'”8%8 i ﬂ%m olfR can resuttfrom any othor work

the at |east Wi C%rlrj'nd taa\ln hg egti%)oﬂdc% cﬂeﬁ[fcufg 'P? th‘aﬁr%ﬁ?%%%?”'
and wat er t@“‘é‘@ﬁét"éf"@de?'%‘fﬂt?ﬁ ‘;H“ﬂﬁcém@l\ﬂ})‘?hlaﬁ ”&etgi‘%e (c1). Then, water
is sep@Pated fromnethanol in a stage (c2). Wile there are no
specific ré&dga{®) 5S5tions as the respective separation nethods,
distillative separation is preferred.
According to stage (b) of the inventive process, the at least one carboxylic acid com-
prised in {Ma) is at least partially neutralized by adding a base fo mixture (Ma) to obtain
30  a mixture (Mb).

There are no specific restrictions as to which base or which mixture of bases is used to
at least partially neutralize the at least one carboxylic acid. Particularly preferably, the
base does not contain a -NH; group. Bases are preferred which contain alkali metal

38 ions such as lithium, sodium, potassium or cesium or alkaline earth metal ions such as
magnesium, calcium or barium. Especially preferred are bases which contain alkali
metal ions, more preferably lithium or sodium or potassium or barium or a mixture of
two, three or four of these alkalt metal ions.

40  While there are no specific restrictions as to the how these bases are introduced into
(Ma), it is preferred to introduce them as an agueous solution.



Preferably, according to the second alternative, nethanol is

separ at ed, frL.oMm L ure (M) which contains at |east onepgﬂgtt; H&Wagsa
having a boiling tenperature | ower thansgrethanol and | ower an water

at a given_pressure, by 10(cl) separating the at | east one conpound
havi ng a bdiFIHyet Bfipe Sff“aﬁﬂée%wgéﬁ%%fﬁ!i'ﬁe%ﬁeﬁi%m%?ssa?ﬁmsaw 4R Wareip
from m xt ur(NE) agipods gkplinesdwian isadstsd gisbage.mi xture (Mol) and a

m xture (Md2), wherein m xture (Mdl) conprises from40 to 85 w.-%
et hanol  amdefermm, 16 basd domprise¥ wata@lonABakbahatdDss, Gydrodkn <Herdhatehens,
at | easp OMGAERMGHNE: DRVl & thQidk it BthBe égsa@f'ers. *rﬁ@gg HTEpRANRL B
wat er, and ?/ Iiec!r%ﬁ?% ggr‘ﬁﬁ QYBQ tgggpd’/&)r.seﬁéalfaotr all%ﬁSt eartr\aml;n'c%rﬁ)emccaI c?-
at | east oﬁ? compound havi ng a 0111 hg DOi nt- | ower than nmethanol 4 d'
water: (c2)7 %Se?fﬁ%{ﬁ %‘ﬁﬁ%ﬁaw erﬁf'g%wem(%?s?f P ot mpgalBereghdt is
di stillati GWiher irferred dbrag Hy@orids tieise eepelly rieirpabiys Belgticn corerrisinggisy-
wt . - % of nefrdxigeobns.up to 10 wt. - % of water and 200 ppm or |ess of

car bonytb conmpounds, and a m xture (M2ii) conpris- 20ing at |east 90

W . - % of  wWarhgfefork Nink s cF s SentinStidd leatdOn oL A N L0l ElAbol8, wherein
preferably r re

perf orned at ressure. of fromQ0.5 .10 a no
br of or abl y 1 1 b P SR R EPBwoleg e s 8P 7 $9%m 0. 8 to
1.5 bar, the distillation colum used preferably having from 10 to
60, nore preferde profeehiy28lkdi eattiaydrérédasetridcdill nplraresferablystodiumabydork-
accor dithg fde. (rc2pch sagw, éf iereapégiallygrréferrae do atmpiypihe ssipeetiaf aiksloon dikdline

15 bar, norertpeehesd s dd@BuSsbiaickd bar and still nore preferably
from5 to 12 bar, the distilla- tion columm used preferably having

fromb5 to re.preferably from10 to 60 and stil]| 3Q0nor .
b of er ably PSSO e TSE] Redpion Ra a8 FtesSis degPbenieoys, wherei
obt ai ned af” &Dgré‘“t pesrs BRaINEAAHIAN FemPEtiRg PutioXide IvaF i atislse we Paset op
stream?PTd). Preferably, m xture (Mdl) obtained according to the
second al t &viriletii Bepossibiertbsesy fouoamrd (H)mf & Wentie phddees Pt eikesréddnye of a
from 60 ]'E 0 dggzrﬂﬁgsit%w(l‘fatmt,hi@-%artidilﬂ&fyf:l’r@@?r%d ks o 4R Eé%eaﬁ ltf@aﬂ@enbeo/%f a
nore prefer : - 00 r .
01wt careped e, el (e Al oF 0 oL R byl £
corpound hatH HFCHP BT MERY) Obat RE'OF BRET™t han et hanol and wat er .

Pr ef er 4B y, mxture (M2i) obtained according to the second

al t er nat i véhesepedndgort pbine4B85otnsgolid smploged imostage (e foesabby hfdorde
90 to 99 wians% @fefamreblyanahe raprgef e rfamad 9.26rtoms0madint Mold pisteraly fida € to 17

pref erabl y n{dipadst rhdrepraverabipiRim vad €1 rd preferably less than 150

30  According to stage (b}, the at least one carboxylic acid is at least partially neutralized.
Therefore, it is preferred to introduce the aqueous solution comprising hydroxide ions in
an amount such that the molar ratio of hydroxide ions introduced in (b) relative to car-
boxylic acid comprised in (Ma} is from 0.1 to 10, more preferably from 0.5 to 5 and still
more preferably from 1 to 2.

35
Therefore, the present invention also relates to a process as described above, wherein
the molar ratio of hydroxide ions introduced in (b) relative to carboxylic acid comprised
in (Ma) is from 0.1 to 10.

40  Adding of the base according to stage (b) of the process can be carried out in a suit-

able separate vessel or reactor in continuous and/or discontinuous manner. It is also
possible to add the base to the siream which is fed into stage (¢) by simply feeding the
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ppm of the at | east one conmpound having a boiling point |ower than
met hanol ¥AGWATEC! M xture (Md2) obt alé‘!}ed accor di ng t oP ¢ HEPRBYYHRSS
alternative which contains essentially t he conpl ete anmount of the
at | east ombeseanpterstchmihreggh alsbiticimigerpop stadedwe Morérver, igs hesedile trfdd
wat er whi clihéhstebdae enbe bestad neéitl Habe 1 teldt éedsMbye aatilldien abluh@asied in stage
partially suRineGluesbiy Mit@B8cOMhePRES a8 YbhARIGSERA Rld ARIBEADESUBRNAILS a

be_at | €astuoal bl Liinbes nidhds zseésn 1908 RIS r?%vr\eéfymyﬁg Le s eg s
10Di sti LI at nmed

o o by seSaRang oA B{E’Jhﬁ?ﬁ%‘ e d'%fwaf LGP o2l R aoaines Sor-
distill ati §AN PEihe£RRe @d‘emg#h«er@%ﬁh%mﬁwhma 3 SRl ke AR BR9Y ED)

can be the sanme or different. According to a third alternative, the
at | east offeeferizothetbHaMthagtréarad whin tiEobatle Haewat bhbn atibearnewianlto

and wat er ixg sappatedt §iftiamdihodo iy VY etg &l iRfke MinkB ofBbh eil tHarf
stage (g1) o 14 @q%miclﬁg (oS8 %@ﬁ%ﬁﬁ] e o el BRee sy

conmpound havi ng a ing poin ower an net hanol and water in a
stage (c2). Wile there are no specific restrictions as the
respective separation nethods, distillative separation is preferred.
20Pr ef er ablSyggegccording to the third alternative, nethanol is
separated from m xture (M) which contains at |east one conpound

havi ng 48 b%cbbr@&gt@%@a{cﬁ%ﬁ 1eQURintdh@Bn, RLIAENAis a8h-Lwel, didmb:nedSh

at a given nRx@?eS 1), w R¥n rgé)lttssf?m@%ﬁ h ta%é tBrrﬁQ?u'Pé E%gq\ﬂérlgbgrepe}lably

distillation
mxture (MSNYG ﬁe’gé?t%c{%'@d“éftte OF%’E?Ferﬁ@Y HARGR °‘2%ad%O“tEBV Fepe-
Wt . - % of watied reAYakieasiate SrARoUNGhhsvinghe bailing mareralHeE evrpBiandnethanol
havi ng a bentiloverpioamivaleoaca givieapresst: lramodisiliatiornet sage GndsSpeltdic examples
m xt ur @o( Ma2 su@obRhpSesisalre lcamhyOébiounde Ghvingtnem and 3atarB®s htdhsleon-
w. - % of thenat id esi sgae a%wmﬂgseghmv'ae&a@eppdé bpg)rm&aﬁdéhw@rmmaﬂg
rrrrgt Egzg: apagec\ﬁlaopets o?ﬁ-le % ;EOWC}MV{MW methtarr;rgl Oé WI SV¥:% I‘(at I[’gl mgﬁlgnol g wa-
obtain a m¥%t & r?P S QAP €9 “é‘f’sIaéG‘aéﬁe*%§°mp°U5/8’%?““1‘?@1%“8%?'“*1!59
to 10 w. -%’r@?thm/aﬁ@f &et=aEeh Y rinethylaeyalo frrerienstdafyde gfipeimgsetannd 4a
m xt ur &5( Moithyl-1chdiprolsnen gchtlingeasbirgpast of-tBésef cdniteuat!s Méthstetbare! or with
conpound haatdt@r avithehdthapbl pAd QAhtdrower than net hanol and water. 35 In
this case, distill ati on according to (cl) IS preferabl y perforned at
a pressure bar 0 to 14 bar an
Still mor e"%ihg# S?}f” 8 kel 15/ Bspy 178 BRIl itk Sesfh e Sl
preferably aﬁe‘a\ﬁrﬁ'& f3SoPhMaYt eFIY2fp?Te 'B'F%ff'@ﬁ'%ﬂ%t? o ePPgliasign reaction
t heor et30caldupihehstage (2 GNAADAEORTN & AUTLROF/ FERROO Bb068 668 ges prior to stage (c)
and/or are formed during one or more work-up stages after stage (¢} and recirculated
into the process together with methanol recirculated into stage (a) according to stage

(d).

35  Separating of methanol by distillation can be performed in one, two, three, four or more
distillation columns. While it is principally possible to separate methancl in one column,
it Is preferred to employ at least two columns such as two, three, or four columns,

According to a first alternative, methanol is separated from mixture (Mb) which contains
40  at least one compound having a boiling temperature lower than methanol and lower
than water at a given pressure, by distillation using one distillation column.



23 Distillation according to (c2) is preferably perforned at a
pressure 5to 5 bar, nore preferably fromO0.6_to 2 bar an
still \ggﬁf) 8’5? gbl y from0.8 to 1.5 bar, the distill a?‘%%ﬁngg(/?fﬂ?f“
used preferably having from 10 to 60, nore preferably from 15 to 40
and still nore preferably from15 to 30 theoretical plates. 5
Pr ef er abl y Acadrdingrie o Mxbnddaiieriatieel the ebdraishgne cotmheunchhadnabtteslinatpoud
corrpri ses fovamtBin heti2Bobad wally isTsdparfisefremabbauré (1ap) B0 t@g8eH. Then,
- % of W%k@ﬂ@lse &5@&&%@'@@&&@%0 g (48, \Mmae Yed0LE nBrs%fegh@Pésvr.c_
LL?L” ERLAS Pt 039 %‘ RUISPBPIER B oing
havi ng a 10boi I i ng point |ower than nmethanol and water. Pr eferabl
m xture (MEX¢TRrely: areradingde dhelispgencoaeieativai mgthanpeisrsarriaiet SR migdige
from 85 t o (9B} whish.cobainspaidepytafer @ipippuhd Gavieg at i@ wmpelstok lower than
met hanol , picgghRioabhyicivepfal whtdraat 1Qiveh.prdesurbg preferably from 0.5
to 5 Wyp- %oy W %tlﬁdﬁ%epétqggé’taﬁtﬂeycdn%%n@ hafind 20bJRRP-M d@%\’t@re Iower than
prefer abl y 1 €55, 4130, 100 BRI Rln gm aﬁﬁe 6 P08 RALOR B
boi i ng poi nt )t %
according to tﬁ‘éretM i a?ﬂ ?é’?ﬁté{fei Wr&:erﬁe’E(S‘Hftern@/'tE'§§ PPI'2RS EPFE‘ ﬁg s
conpl et e anountvtoe PRE2EP! Greiglsrm dRdC Enpotmatea@na Gt aaso Pl wig et the at
| ower than 20 nestshaneko@mpduwabaingyaibolingadinbeewrr demt methadoli amdnvattu med
(M) cae be at wWreasth npatitd @MUy comMbiigit 80eds0 5WE%08f tABRLElSWI drdddtnpound
separati on sta%%nara%%g %.r@tovdeeﬂ% m&aéacﬁlghawfaﬁe@ to at |east one
energy T ecg 2§er Fgara uag methtanoitflrcir?l%ti%tgr% (%9?‘ a; one élstv\%]atlon gtagst- F_cly c(;b%gm

can be als

pressures under WHER ("dF<it FITRESoNAteask &P 1 %metham%éleﬁociewmﬁ e
in (cl) and/ or §cZ F¥neRse of Ifes SARRbeRY! goMperdss andpagistu(<l M) Feropnis-
stage @6), a netdatnedst 0 meathdfsvatdst ai ned which results from
separation of water and the at |east one conpound having a boiling
poi nt | owejp, ¥H@&§EEE|Q§1%QIDH %Bgorwﬂ &8 016\%;9‘%%&% erféth%dpeﬁ Sﬁggsure f fro
[vention, el g Banob el LEOR S s e A A prg%ra%,ﬁg beny

conmpounds mhlch SS ures

conprise 352%8 Bl fagen F%'§€“” user |rrefRigply W@ﬂéﬁ%ﬂ?ﬁqé@ BRI Ftﬁ?fereéévsfrom
such a§5frdﬁﬁqe0ﬂ@0¥ﬂ@abﬁﬁ$@f these at |east one conpound having a
boiling point |ower than methanol and water. Mre preferably,

m xtures ( Mmén&oﬁébﬁd&% Rl (ch eapher@RbM perfimEPaEa BFe%E@r'éaeh'fbbrTQ5 1V 5 AP,

f th Iy f %
of Xgﬁream @ggrééeal fW§t&ﬁ$bsr YirFhoro GASErabh, #m 5% 95 tngaehua-

ot ocess. | pidh EPBny R pEsTFob g %%f emrs p%?ﬁ%rfi'ﬁ%%ﬁ@ (i 3 st
where pPopaifse Péef%’EB'lerﬁP"k%%th Reprptird e spdrerigere (Mc2i) Obtalned at the top

of the column is referred to hereinabove as top stream (Td).

Preferably, mixture (Mb1) obtained according to the second alternative comprises from
40 to 85 wi.-%, more preferably from 60 to 80 wt.-% of methanol, preferably from 10 to

35 55 wt.-%, more preferably from 15 to 30 wt.-% of water and preferably at most 0.1 wi.-
%, more preferably at most 0.01 wt.-% of the at least one compound having a boiling
point lower than methanol and water.

Preferably, mixture (Mc2i) obtained according to the second alternative comprises from
40 85 to 99.5 wt.-%, more preferably from 90 to 99 wt.-% of methanol, preferably from 0.1
to 10 wt.-%, more preferably from 0.5 to 5 wt.-% of water and preferably less than 150
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any t heor & Ls believed that adding the base in stage o]
at yI east ‘%grz q7g)l7§1r%ut ralisation of the 2f;zar boxyl i c aci ds? Cé(ﬁ%’é’ﬂm(gs“
neutralisation in turn prevents at |east partially the formation of
acetal compBlnTS ARG VR K58t RFORAT ST the@é waa%orfeocrqm%ﬁvééng a boiling
di met hyl acetak lowac thealndehgrde add wetehy| acetal , propi - 5 onal dehyde

di net hyl acetal or 4-nethyl-1, 3-di oxol ane, in the work-up stages of

met hanol amﬂxtnmm@r) QYR 5&&@@@%6\9& eaédn%:@f-na& b@%cﬁ%ﬁ@ms essentially
conpoungs fyr( OEBdﬂ&}é!e”aqn?&Q % afy %% oth% éo% S ﬁﬁ%&ﬁ bc|>|l?neqvgoant Iﬁw?r han

is recircul ate

Lhi s 8l | onSSEnchAnEus ery%i 5 Beah SRR Tk R Gef BF ot Inge aertaly
| east one EBRPTARALP PRR/PTHCE BERRIP AEPPBIN SthgRRe Ui &E atiearbpRslialyried to at
| ower t han lagst eve enfrdly @sodd@eg anbonyl conpounds having from1l to 3

carbon atons |ike fornal dehyde, acetal de- hyde, propional dehyde,
especi apl y Eﬁsftiﬁétﬁfe@p)ﬁra@x@ﬁtl@tg?gxg@r (CM %bHHE ddPderMiinel it Sv@RhARENE hore
fromstage oglﬁ)nng wI-Ee gn%% (r:“essgur%s utn & \Bé%ﬁ%mnllétlno%egtc%g%dc%rt] in ﬁacl’hcolumn

addi ti onal | secondar

by- pr oduct é‘g%‘f'”zg )taf?@/%ﬁ Cﬁ‘gtbleé'ﬁe %?"6%8 sQifergplaci f i C)al.l ly, corrpounds
conprising at |east one hydroperoxy group, i.e. a -0-0-H group, are

t o be nent ifopnedinghb rahispaitkrhatyal thy at Gespowncdsn@uedthavibeg anetfitnggoed lower
whi ch aent &ian r&éthbﬂ@&&tnd&ﬂ@teh)&diébébétgi aoh Prdraivbeagbinenaith yeEtRaRN axy
group wher gidaet B8, TR MmN PEYsePh QR frérﬁﬁi@&ié&t%n@)ﬂgﬁ@é%@ﬁ a bail-
whi ch i s n(I) %%IQ E%/Iggn?gfmétﬂgnaya%[do etrirg?ﬁy %{ o c2)'v9\ﬁ'nieq|:|ere aré neo’ specific

m xture rom sta

2- hydr oper6 &‘BB%ﬁ%TelreS&eCHS’ng‘?P&é? Yo 8'?*"?“6‘? sepapiian s erefrresl
hydr oper oxy- propanol -1 and 1- hydr oper oxypr opanol- 2. According to
an espédi alPrgfemablf eccoeding hdo i thieeh blt@hativee metresienit separetdd faom méxture (Mb)
m xture (MahichbicataiedatlieddlNost 38@pbdd h ¥4 bSiliMPethRARRUANeMALE hhetha-
cont ﬁl gs agoﬂgr@qgwgﬂga,h @%P?gh@ﬁ&&%ﬁ%pb more preferabl ydat | east
one ro X

one ydr oper BLgLaNg, SO, ol Senic 195 i Fhegt Pty e a2
a mxture of 2“?1?%?90%"59(‘9“%’!96‘&%{8 {MBcomPrisge AbISaF 04 - o‘bé’ﬁﬁl?”ﬁano;
i s subpécted t¢Pdodaivtalsl @ watslipddiabmost ayd-"prof the at teast anfecqrbyouof! hekieg
i nventive pr ocessoiltgygranttitvesrctoan awtdasiocamnpwaer,nghdathdreiashixane (Mb2) com-
hydr oper oxy 30grigspataEgsta@dMCOrof Watdh ¥ed bhRosEBPatLd R tl §0BY: one com-
compound, e. g. pB[nQ(Pﬁiﬁ% Rhoiil BLRE,EPFBON M) Slk 21 BFs SORLANSE of

in mxture (M) can esu- jected to reduction to give
respective al coho npound i s hydroxy acetone, 1-130- CO CH20OH. It
i s bel ?@ve&ci’ohé?PﬁﬁHW%thﬁee&fmm'§Uf§ (MBI ey leznbens: digaberdsipge lritap

35hi gher by- pr gdugturefMeiecepwisingaatilesst B ot of oretharoulipdouentt.-% of wa-
wor k- up st age. tdraeidezc® pdoh yy Id3y @r oxrpome ebopeunds, bedl deeidiutad (ME2HE compris-

propanedi ol . A8t BLAES Sut.-BSorIHe L Rlagt 5@1%@@%{%@ a boiling point lower

phosphorus( 11 ), .cf s PCl 3, phosphines (e
tri pheggl phosphl ne trlgﬁatnéllé&ﬂorgphl ne), phosphorous acid or its salts

In this case, distillation according to (c1) is preferably performed at a pressure of from 1
to 156 bar, more preferabiy from 3 to 14 bar and still more preferably from 5 to 12 bar,
the distillation column used preferably having from 10 to 60, more preferably from 20 to
50 theoretical plates.

40



400r sodi um hypophosphi te (NaH2P02), sulfur(I11) conmpounds, for

exanpl e H2§ its salts, sodium pol ysul fides (Na2Sx, x>1,% di met

sul fide, Y EP‘HH&ﬁ%t hi ophene, WO 2007/9374101PCT/ EP200679 5%@%”%3

bi s(hydroxyethyl) sulfide or sodiumthiosul fate (Na2S203),

sul fur (1V) RoHpEtImPEsordings todgahnip Peeferably iregasnetatc? preesos P! Hﬁ@ q $ 4o S bar,
salts, sodimare prederbblytien( NE2S2®3) and stillhmaeamesfeSbyXraeD.8ap 1 bari thesljstil-
for exarrpl €t®a dolli i dedi grefe by B0/ ForR 1D td B, moe melaybnoxys asheryland

conpounds, stuprno@&@mreowgfm%wa%@twemq! ;tm@& oxyacet one,
2- hydrogycyclopentanone 5 (glutaroin), 2-hyd roxycyclohexanone

(adi poi n), uc and o reduci bl e su ars enedj ol s r

exanpl e asé’g thag’?yaét”ﬂ“redw’ﬁﬁ)H‘btatTﬁ §°%?ﬁ"8ﬁ Bt %Q‘EF@‘M%SFT@“S%VO'“ 85
exanpl e sod® @WWF'%WFP@éef@rrabb’dtﬁrﬂuﬁpé‘yﬁﬁ@b@r &/h?fdﬂﬁtﬂénﬂfap’@fqr@b'bé” om 0.1
ment i oned. tAdCertedlongictepiefearaidy frooth @hiboiwiehts vaitertdne ppefesabnt from 0.005 to
i nvention, 1nedegintge peEgatsiydERdobartc bisenvi-eduiche aniesiage @mpaahd having a

cont ai AosulpbikgBsinABidr RNy drPaer, sul fite, sodiumsulfite,
10sodi um netabi sul fite, sodi um borohydride, potassium borohydride and

sui tabl e corrbl- ations or mxtures thereof. In the Erocess of the

present i nVeREIAEH; "harE MeRA PRGERaceneR tq the Wissh 257 1YG FORTPHPSS TR 89
(Ma) obt ai ﬁ@agﬁrvﬂnt’/ewe peedgrably feom 8P ya PR whyd ob getizanob mreferianty fepm 0.1 to
sui t abl e cdipeubd ridegnefelabhgfrivydr. D de Aatti-nofofvatet xbdipexi¢rivbiy, less Bant1be
at | east CoEROHML ew&b@hm tAdn A @ASEm enely H=@PeTxm AL hatiag hajonag
in (M. A Dﬁmt m%Hﬁ%l%n§Wa fabl e conpound is hydrogen in the

ro

presence of a suil ta genation catal yst. Preferably, for the
pur poses of the resent invention, catalytic hydrogenation is thus

t he 20r eactM¥H < OHSFH}ESWBBG’WI ted'h%‘lh'fl%é'ﬁtr&? Pﬂ‘@h'ﬁfﬁ gariins egpsitighethe
wi t h hydr ogemplete Ehwupt e drc @t dfash osgi qoatpicenthydriogendellion et dbyst than
Thus, the prsis@El ahdwardr iWdilchalRithgah@oh e gdan pibaces®basades ar icksitbartially
above, WwhelsgbiBcRE it®@bnd 8r bde subXbBESarb) sthesSaii @ Wetd 1dRt satialyYtd © at

hydr ogenat i Qs ;32 eddt § E%(, gpation catalyst in question can be
ei t her honbgeneous o t geneous. For the purposes of the present

i nvention, the catalytic hydrogenation is preferably carried out in

the pr esen&istiptive HREACETI9g dh ESUSNERY 413 SN @W&Pﬁ%%&e%é‘t’? dhree or more
cat al y€6 coapiminsegheiein|tbapressaeesatdey whightdigtillafongs gapied] ¢us in waeh colpmn
or | b of theefercodirel/drabt)eaafbetthesdhepedtisrenei t her 1 ndi vidually or
as a mxture of two or nore thereof. In the process of the present
invention, use is nade of palladium (Pd), platinum(Pt), 35 rhodium
(Rh), ruth ti um Ru), iridium(lr), osmum(Gs), iron (Fe), cobalt
(Co), nick =y and copper (Cu), preferably Pd, Pt, Rh, Ru and Ir.
Accordi®flg to especially preferred enmbodi ments of the present
i nvent i on, ARemistageofc). s wettasokbgitdareismitaihed Fiigh remte foresenaraidnid walve
use of Pd. ahd te@asleRst drie ¢tSeEbuAs haeihy \eebdimigerdirdliowdritRar aiedlayst artBRater.
addi ti onal latc6@MNgAbNhé\Present invention, this methanol stream has a content with regard to
carbonyl compounds which is 200 ppm or less. Preferably, mixtures (Mc2i) comprise
35 150 ppm or less, still more preferably 100 ppm or less such as from 10 to 100 ppm of
these at least one compound having a boiling point lower than methanol and water.
More preferably, mixtures (Mc2i} comprise at least 90 wt.-%, more preferably 95 wt.-%
of methanol and still more preferably at least 97 wt.-% of methanol. Mixture (Mc2i) is
then recirculated as solvent into stage (a) of the process, preferably as solvent into

40 stage (i) and/or stage (iii} where propene is epoxidized with hydrogen peroxide.



40 WO 20071074101PCT1EP20061069865 26 Therefore, the present

I nventio |.so provi des a process as descri bed above, wherein the
hydrogeng?lggrg{w{:ﬁflﬁfyst errplooyed for catglytic hydrogena‘f?gﬁm@gﬂ%ﬁ@es
a catalytically active netal selected fromthe group consisting of
Pd, Pt, RnhWhile nabgvaiiligo 4o mexpannd isranyvibeey. ot ecfayer dbat, addhgethe base in
pr ef er abl y stegpribllesds tasat thestpdria dedbdizetionidne carbohdic Bhiyierdgenediitatisa-
cat al yst enphayedn essents &l lbystpanrilip trie Bfmidbrvitdtete gamdol st diRi/or ester
catal yti- eahbyudet k@ fPbahaddhRieGRhahyibéaal hietagbivee JREALS-GaN RS-
use_d ' n5p0\gﬂglr elfu%r %imlﬁ'jgla%gga\ ¥?4-§Fe§l§)l-1,%9c¥}g%rlan%apn tllpng vPrrﬁjaErs?%erémetha—
vari ous net 85 Gust onary - et hods re, 1or exanpl e, Ther mat> - 10!
deconposi t 'Bh=&t TS TOE I CURPRESIopIRL thess AP FOBIPOHRTR BE fing too
non- aqueou$9ct ¥&/ee ielhgimethpiol sBeIP MO b seagulatesrintexsdigs @) Additionally, it
hydr azi ne, if belies¢digtay tids algudy togen essiotohsr accedwisheyl segertdtion oAdtd atdeast
netal powdens compo@@Nviriea boitnsdihtMevdrah@tl m&tharfdl Bha Iowee ifHh Warer Qich as
nor e t Rer eQhirpok A&atn‘lp)é@mH@th@l/inEQﬁinesi 528 AR REmyFHiRd 1hiRaiddiGde, acetalde-

hydrogenat oy cbobidiith oGR8 GuspbObiy SiretMdLiPaceMESGH (WN! Ch can be
Wed ne'tf3 g),” granul

prepared by ving and ittrn es and’cfystallite powders
produced fromone active netal or a mxture of two or nore thereof
are pref er &Bxtyreelifit) oyfdeh isxurzipethEpmoTiege () of &eaprepegsoddhppeesent ingention
active net ahn extitieslly fcompasanipeepdary Espen Seans agoarordiighgr operattiswe
nmetal QB a g ¥pdxcRtioh piotesrspEeitieallyhesregiundt ebmbhang at Bhittdne hydroperoxy
hydr ogenat ig@ls 6. 4 IR REQSERS t&Be%%ﬁ@ﬁe%@We S PYSN O ofh& £2G6
|s given to.ysing hydio e%%fa'irﬁ’gt |Ze§§tfi§n%'r$%%§< L CPIRCLSE 8 |
conposite of 'an ac rve et al or a mXxture of W6 31 fore t%gr_ggppg?%y
at | east oNEPSUPISEE HALYUM AYIrornarayet rfersre @ally o ERLP waichiis el por-
active met 8Pn o theehseRadIoRy gL hMogir riaigranbh siistuien vaf obteinedfromRitagy (a)
and Os20genematises i2rhydrarengepfopeneld., Ol-hydodddbsipyopseioght or bf nanurecbi \2e
30net al  selhggloperoky-propERe- DaRUP-hGABEEBLypMep=Rbl-Fe, Co, N and Cu is
present, the content is generally in a range from1 to 80% by wei ght.
According to an especially preferred embodiment of the present invention, a mixture
(Ma) obtained form stage (a), comprising a compound which contains at least one hy-
25  droperoxy group, more preferably at least one hydroperoxy group and at least one hy-
droxy group, and stil more preferably 2-hydroperoxypropanol-1, 1-
hydroperoxypropanol-2 or a mixture of 2-hydroperoxy-propancl-i and 1-
hydroperoxypropanol-2, is subjected o a suitable reduction stage prior to stage (b) of
the inventive process where the compounds comprising at least one hydroperoxy
30  group are reduced to give the respective alcohol compound, e.g. propanediol.

Another compeound which can be contained in mixture (Ma) and which can be sub-
jected te reduction to give the respective alcohol compound is hydroxy acetone, HaC-
CO-CH20H. It is believed that hydroxy acetone is a primary and/or secondary and/or

35  higher by-product of the epoxidation process or a subsequent work-up stage. Prefera-
bly, hydroxy acetone is reduced to give propanediol.

Among others, as suitable reducing agents, phosphorus(lll) compounds such as PClg,
phosphines (e.g. triphenylphosphine, tributylphosphine), phosphorous acid or its salts
40  or sodium hypophosphite (NaH,PO;), sulfur(ll) compounds, for example HzS or its
salts, sodium polysulfides (Na.S, x>1), dimethyl sulfide, tetrahydrothiophene,



Support materials which can be used are all materials which are known
for this urpose to those skilled in the art and have sufficient
cheni cal BR"YHSI WAl stability for thed%§- 35 specti vePuYBPHEHSes
are porous oxides such as al um num oxi d&€, silicon dioxide,

al um nosi | ibEaRESoxYel) istilige o ispdininumcaiate (NazBr@ondranioXivdecmphvs tam
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support ed eairdd ystign boarnybedepeoshdged cimnoanphpdideo drekiodwnmentidnk ds&ccord-
skilled inind® pieterrelFamb@xasit &f tediplessntipedtiod, @atahy ssnidliRed for the
gelne: al | yogé&ﬁhaa@dage B doﬁasﬁgfraaéuaf%ué I&@ig?é’c{?ﬁmﬂ'ﬁ me,@ﬂfogégetgﬁgr, go%f}bﬁw:'éﬁﬁite,
sol uti . Ve . . : _
he 5l ol SRR ALHE A e e o
si mul taneo&@ﬁ?/%o‘?’" ”i”ﬁtué‘%‘c‘%r?g ‘on. It is possible to inpregnate the
support fully or only partly with such a solution. 10 O course, it

i s al so podsthsl motass sptreypredmnt irespiot, perics ot prefeoamoefis givpn apredatemixture
active net ala) epfaMetiTeons WRRR ta) by daRdIRRASy dEHRNBLRIE UsiBE 0EuitaBledghpbund
ol ct  achom TR IRGE AT e P ins EDBS coRbolio Bmpiro ot leas
m Xt ure of %\%\gb%r s%?%btﬁgrcggg?nc%ﬁgwgo %eexgajrplrel %dsugﬁta ﬁuﬁa@%g%%r’e(ﬁs
de- 15scri BEYOPRN EPNG PEsonem ot apuitapls yEfoRepRiioRsaleysthe desired al kal i
netal | oading of the support is set via the concentration of the
active net &refsabiyt foothesplrpctasdfithe masdnt casetion? Ohtalytidieycadalayist is thus the
precur g0r s rgdcfighl e Gini Rydrbbsiod@ytohbbenadidihy @rdibal mRiurdivwit UkRir@fent Wothe

or more thereal-CcaMn, B8R fRFYekaflisdhdyt ed over the radius or can
be present in higher concentration in a shell. In the present case, a

shell is an outer radial region of the catal yst precursor (support)

in which t H8YSdbs PEPSRBYRYENtEN BiseERides 2 Bragpeat dessrbethebaie: whereHror

in the ot héy (Degikbing () is Bebiecied toyeatalpicddrasenalimupport). 25

| npregrati on or spraying can generally be foll owed by further steps

such as a dngigrogtefioandtoyst i Heatiot EARbIBMer HOFhoRAESELA & Rt blhbons.

step. SuPPRbE il ALY of iRl AR RREAIDY 1Rl fIR BIRLASAY proferaply car-
- cursor of the act SPSTRVY e

precipitating at. lL.east one pr ive met

presence of'egtou{'gég‘%prgﬁ%ncs?u?qtagﬁlteem%ﬂ]g&ﬁ F3R¥Peri al by neans of al kal i
or a reducing agent. The catal yst precursors obtained in this way can
t hen b&0br dhghvdionerntign shtaust sehprisssat feest aisacties et Pl groap plibcdtli lerer
for exanpl ¢ ekthelrkatogi: Tablgbe seeHemehisether ThiigdeaR qeies alitiyreadis@o e
fol | onwed byhdrbacahgvenenti oned further steps such as drying, heat
treatnment and cal cination. 35

In the process of the present invention, use is made of palladium (Pd), platinum (Pt),
35  rhodium (Rh), ruthenium (Ru), iridium (Ir), osmium (Os), iron (Fe)}, cobalt (Co), nickel
(Ni} and copper (Cu), preferably Pd, Pt, Rh, Ru and Ir. According to especially pre-
ferred embodiments of the present invention, Ru is not used as active metal. Even
more preferred is the use of Pd. In case Pd is used as active material, the catalyst can
additionally contain Ag.
40



As precursors of the active netals, it is in principle possible to
use all %%ﬂﬁq% bl e active metal conpounds, for exa"pﬂ)&/ﬁﬁﬁ)ﬁi}/wﬁ 65
wat er - sol ubl e salts or corrpl exes of thegctive netals, at 8s
nitrosyl chl ori acetates, formates and sulfat es and )
S0 oh or JHBEITS: 8 Prés! (e aB A A pba PO EPEoD 6 GEeHls. FEOYS Y efh
of the cat #18/BYIrpeesgiips 6715IvehpmpleYehiaricatrdiathyBipoanstionr samngispe e yti-
known to t ltelyeadtike Metad skigctehdroar the dfaup ¢dneisting piodk $t.0Rh,t1h © sparelsemixture
i nventi on, of heo dr yidg tipresie storé praie@berablosesans idederett Alovér 98D the
150 C, par hiygibaddipn RagiRrk aRlkbybd @RBRalyOcokdRisCor BT Rfn ?@éa@t‘j RRIHe QW Mii-
t he cat al y%,ﬁpgceﬁgg% S can be’'carried out in any way known to those
skilled in't art or the purposes of the present invention, the
catal yst precursors obtained are preferably exposed to a gas stream
conpri si ng TAF reatA YRRy }5e mefialp combeseeddn Rowder fopar The aftiel petal powder
pr ef er abl y cén v (260ared 4 5@riQis ti@thpdgefestatnant methods cireabi exerprlecissnal
can be 1bol ldex@fpdiytiohhs aald atd eaIfthé Reducadaby sGuddiue-or HahSRSous active
obt ai ned i Rdil)i shiEYtioAS Lk tmrbxg%|eb%y9,%&{nbe%ragrdewdﬁlhw LRQHS ther

known for ﬁ‘éﬂ&mg%ﬁﬂ%ef\%ﬁ{le 8?8?p§0 IS edugmﬁr[se ?ne acth e metapor a gmxture of

catal yst precur ere, for

15anpi e a RYIPOYBW-1BBHLHI ni ng at nosphere at room terrperature or

el evated tenpera- ture. For the purposes of the present invention,
preferréd éatiad ystal ppdies csn rsodmMmsddsionihearydagiehei®rmdt dlis sadee fdiledwires,
fromthe ghispes QRBicStdaRObedbrdp@redPby WRvinhl arN@nifdhg§; adtafBed hAAtREIARe
W th hydr OQ%\W/d@rE Jr&@f&gQroWor?eBQcth n%tglf tﬁ'raamxl'urg @m/cggr rtnBrell%greGFI are pref-

Cat al yst PLEGW SOLS, &PMPri sing an active nmetal selected from

group conS|s%|yng BFYFe, Co, N and Cu are preferably treated with
hydrogen at from 150 to 500 C, particularly preferably from 200 to
450 C. 205 THeheioosg.iilon alsp noreiblerte geerentivevinethl dxjdisotpe axample @ suspensions
t enper at ur ecoprighguad ecliveengerataunigsire epends nome tHeeedpive Bet dagdytarhyafo-
the activeggréwh. or m xture of two or nore thereof. For the purposes
of the present invention, the duration of the treat rrent is preferably
30 fromO. arti ular pre er abl fro

"n the pr efb) Foficetnob pebaesr d Mok F S EFE R S Teor e BudPlior
net al §5| e CERY ST YR ﬁ%maP%ﬁJﬁ Ceﬁwg?ﬂﬁ PRy Betivednetplor ERH"X“I"F frfgo s M9
the case ofhatenfanyg st lepplerneryopert owigial.si ng an active netal sel ected
fromthe group consisting of Fe, Co, N and Cu, the duration of the

treat ment itheRe@feematl Yot 12k cheOmBaM [sSselddd fréit ey b%uﬁ&:@ﬁﬁétﬁq@'o\f
from 24 10 pG2pN0M S and ckige ﬁ&%ﬁf.nvg'r%e Yorftlo.OWEY A9y b i an active

act | Vatsbon me arirslel?actecc)!"%rom %e group gons%?ng of IQ éo Rl gnéaCu is present, the content is
generally in a range from 1 {o 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 re-

36 spective use. Examples are porous oxides such as aluminum oxide, silicon dioxide,
aluminosilicates, zeclites, 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 de-
scribed in EP 0 827 944 A1 can also be used.
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sent invention is generally from1l to 100 | kal catal yst h-1, but

preferablyqhrpm4Q,to 50 I kg- catalystll 40The hydrog 069865
catal ysts Brzé{pare in the above-describgd way nake it pﬁ??ﬁ#ﬂmmsm

carry out dr oge i on y any nethod known to those skilled in the
art, for e% g“ 09&? 6?%‘?2 1@%@; PHcTEES "R & R R itge o
phase, in g?cr"?meqj@ad@flqaﬁt YIPSTHERSLOTN ORI RS| WPPPIES LT3 P Agd degiroduced
downf | ow nmbdeny Helkedamownhe thopd isbigechatthearti n t he process of the
present invention is preferably carried out in a fixed bed.

sDependsng Fh ekitRo8PStarf dpobRal deleRlsisskrbCbnBfal ARl K9 imBlRGhbiSe
used as 1 xedsed, SabaltShan LI o5, DECERSAT Yoo i I

addi ti onal

the catal yéffef??i PHBGPB?WB? LR ffﬁﬁ*amép &rc! Heaf‘scaék%% aﬁ%&%%rrwrtaq%és'v
li ke, in ficxbEUseepsiaraitds Pasfifde odmpresmste HaeuPREFEiuIGPr @HEB@@Y iitlisegh a
consi stingsolutigssentially consisting of the at | east one inert
conpound can be arranged below 10 or above or bel ow and above a

ggtn 2Iegtst CL@%@%%EJ%%&Q@% fﬁrqsp‘fl Zt'gglrés e@ttmoﬁgﬁ% mghyté%cn@.hét-
this cont e%s rﬁtﬁth %%Qﬁ ‘LDH i %nown&er ?5 ?Jasppﬁwtﬁs agﬁv 'Betr?gs t\Milhe fi'P-
does not p&PHiP é.\’ﬁa‘ef deipﬁs'[“ﬂ'éoF %E‘FF%‘?F“SF‘"%%’?C{SBW§ i ‘F‘ﬁ"%‘ﬂatéﬂj”t“ the aike
react or i nmgRlch a metiraerftive mipotiadhérgolesanl Pyede cAgiadoouthie tpr eisengr de-
epoxi ddbi omcritegich IEGT] 8% @4eAted i nert conpounds are, for ex- 15
anple, steatite, high-fired al pha-alum na, carbides, silicides,

nitrides, mgﬁ%etra!@@ssmr@ﬁsépedwam&a 109(99 aﬂh@' g&@&i&z gﬁt‘ﬁbtc%mé%

metal s such

conpar abl e A ne?flttg?gm'@uc%tgpso u“fmggﬁﬁfgu%l% df*?sﬁe used in at |east
one of the reactors used in (i) and/or (iii). 20Pressure and

t enper lur & HEneridystrpretiastiy drotyenain s wre tbh@stve astah of midtieoef tof or
t he subst ancee drerenixtaorte tdfoelyhiistrimgenatredhe raditdier parobe seseht inhrégher
present i n¢emddn@Btior Mea RYEN 8aRAHHRBNI SadRl &f $elbd ¥n Cidr iBfiaPkgidnNo@the

Pgeigurbgr [ %gﬂxf‘ysf Br%mu%oxt @u%&&’t)bﬁ%% th@QEﬁJeCrHétgr [ls)f)régeﬂ ﬁareﬁp I}{%néogxg%r:llira—

:
180C, m)re 30 &R eraﬁ—|e Ot%”ﬁ?’é%s? ?Lg% ys{wef)lﬁ??rqﬁlﬂﬁpﬁigfrom 65 to 85C.
25 The ﬁydr ogen partial pressure during hydrogenation is preferably
i n the randmeprebniticomrmprayinchean genesalyDchttiowed bY &urtiler piebs surmes @ driiag
1 to 20 bastepsameiorasheit peatetDartlalbas cakinptiaf ge@bly from 3 to 20 bar,
and nore preferably from2 to 15 bar and still nore preferably from3

:)?oégsbar %gpgﬁ%g%g s ctan Ereaﬁf Cat{é ?&%mQQ b@ﬁgﬁgﬁaﬂq? %??ea%t one pre-

carri ed®oufUsp" 8 Y%F\? "b% HVBRATES o 6t RSN BPIeSYRpa Gisural by
partial pr8%$0F & gikal pbmrsdydnpecamhr Thess it dF erusors Rbtajieddie fitis way can
i nventi on #lsdgrovgltidstioa Prape ssialds fadise rasbedivabopiEsation doreexample extru-
catal yti c dywsagenadseomeilsts Caifis ic@d gebérat aRo berpeivaldusethef ator et fnte

85 C and afurtheh¥dpo96sh N6t 8! nddk fesH Pt o E4iQRARHt 0 13 bar. In a
hydroggpation carried out ina fixed bed, the residence tinme of the

I|qU|d|sfrom1 40s eogg étm) to 1 hour &Ac:plg referably from10 s to

20 mi nut es rrr=.-| Ufs‘?rﬁ arpetlalsmiﬁl%@*: possible to use all water-solubie
active meial compounds for example readily water-soluble salts or complexes of the

active metals, e.¢. nitrates, nitrosyl nitrates, chlorides, acetates, formates and sulfates
and also chlorometalates.
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s to5mn. W 2007/ 074101PCT/ EP2006/ 069865 30 Accordingly, the
cat al yst in the catal ytic hydrogenation of an cc- ;
hydropero\gégﬁ(géohgl“!cont ai ning product mxture fornmed i nk ¢ HEP2006/069865
epoxi dati on according to the present invention is selected fromthe
group consi¥YPHG’ e FrIPFOEREsYS EatkE FATi’d sEbRpel siveg rRipthads knpyn to
Pt, either thasdiswilgd &l thy aokr Fastha priposes ef e presenbinvendios, thheineod progsss is
active met arefeably catticidadut et o BoKd 1 HBLE rHaslculaly fFErabg@rons8@iov eI o
usi ng supported catal ysts which are produced by one of the

ﬁ;’ﬁrvgbg?iﬁ%ﬁ?g@“iﬁ g Q%"taﬁ{f"ﬁ?r%§&g°f§?%?tgggﬁﬂ' VRO O Luh 8 ose
T e o BRI, 11 A1 o P 0TS B TSy 2 i (95 &P LR GEUTegEE P

1- hydr oper GXY55t DF RSP Y0P¥PRSPH let a8 BreapL CHyRISBISEt 0Ny I RIS P01 %2rid

1- hydr oper 6%¢ f€ oparti@lary. préfedittyi forral2D§ too4501G.er nat i vel y, (Ma) can

contain hydroxy acetone. 15Thus, the present invention also provides

a procegs asgelRsar inkediRheys pheteldh td@Itled W Se(dViatRf G tHoRRA Y pre-

conpri ses %5 éng%qﬁﬁé)&%%ig%nol-l, 1- hydr oper oxypropanol 2 or a
-hydro

m xt ure of per oxy- pr oﬁanol- 1 and 1- hydroper oxypropanol- 2

and/ or hydroxy acetone, and wherein prior to (b), the mxture (M) is
subj ect ed t\6tEtieacan yei @riRfde s gy it Peficdsokngivpelonthig Rurapes wofpes shilleg in
1, 2- di hydr theypt opahieh tHROcafhlgstmratwisaes wh elpossd tbd adduethgf atonsgteng dor &)
and whiteh iagpldemysidjeecbrtiding amtcbiéreCat Myehagepatdted drslevated tempera-
subsequent kyesubj ected to stages (b) of the process of the present

i nvention. Thus, according to preferred enbodi nents of the inventive
process, m'Fxt res cor‘rgri Si né;r 1, 2-di h_drox‘%/gro ane are fed to .
separ at i on "8t HFePHRySes 25 e gEent iy erber FrefPeed SpippiRIEFfaogcofmpasing an
i nventive PFBEgEsabeerphEEMAReYEUP£OBYHIIR] Rdo PG Y st Baaen be yeated
separ akéd fwitornydiogeoraé frog0 whitadh* G prdfarably fatm Beast 8@ N@. Catafysiumdcursors
having a bebibAgng eﬂaﬂ@qrfé@; ie%h@éd ﬁ'tﬁ\'ﬁﬂjd@bh@ﬂ@ﬂé&gisﬂﬁﬂg of ¥eto, i aRd At £E
at a given r d t e :

1, 2-di hydrS%ggi%éﬁgti sW'se'E%’f 4 Aot M08 PP e pebipial i BRfi 45 200
m xt ure (I\/bcj. he resulting m xture which is essentially free of the
at | east one conpound having a boiling tenperature | ower than

met handP arfieldgudien ohie tieataentodih ereaghjas ceadl tanaperatkitcherrelevated tempera-
purifi cati anestdagesiswhertied mpnargrationret tenattiviesmeepar abtiedrd bomvd lve nadre
| east one @@mpsgund having a boiling tenperature | ower than nethanol
and |l ower than water. 35 According to a second alternative of the

i nventive pr ogess descr ifaﬁd abOVﬁf ageor %i ng to V\/r“lfitﬁh rreh%a ol i S rabi
separated from m Xture (MY "W ch ¢ont’al i Cg{ratl'oé‘a%t giga ‘?PB&%HE? erably
havi ng38 bdPM tig ¢ éhperse Araicriaieprefeiably fiefhioP hawg: indie praferase Grsesy
at a gi vencpieyssnregurspis comprising an active metal selected from the group consisting of
Pd, Pt, Rh, Ir 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.
35
The space velocity of hydrogen in the activation carried out for the purposes of the pre-
sent invention is generally from 1 to 100 [ kg™ catayst B, but preferably from 10 to 50 | kg™

1 -1
caiaiyslh .

40  The hydrogenation catalysts prepared in the above-described way make it possible to
carry out hydrogenations by any method known to those skilled in the art, for example




40(cl) separating the at | east one conpound having a boiling

t enper at han net hanol and Iower than water fr :
(M) by Ao o Tobra o x. B BB hH S

2007/ 074161PCT/ EP 6/ 0098
Chor e m T R USRIt d e rebhed PLf oy ”)8'0§§”\‘M” B e e drsipwpnem,
10 to 55 anOd% 'v!ﬁ‘t@fefatﬁa hygrogpeatiop in thgtproagss of thgeregent Eysptiagrig preferably

conpound hawiriag oat baifixeddgpegoi nt | ower t han net hanol and water, and
wherein m xture (Md2) conprises at least 5 w.-%of the at | east one

conmpoung SfD)%Man@ OPQhé 'ngmf?@'cﬁ‘éra!:t@HQTcstd?% RBLNRANGhiICANE L4BY 8L fixkG-Rkd
separating c%wﬁq BQ%% (;y%g‘ eabibrid c{o‘ﬁ[%%tai |BQ§§QII\}1\PBu%; :ﬁt F & 1o
? §

Stageto Ogtal I’ISIn

et hanol , (R BeFG " 9g SRS G0BRP polgs syidho extr-
conpounds, 9aiea o A ey inefERtaEd State o RS 8 ]ﬁQSté%”el'@éﬁétOf gtrRAY, bﬁ%et?fCO”S'St-
wat er, 10112 afidspeintedy perogisting offtriecdt least addirterlomaldoynd cat &k mednget below
(M), e sepabalett bagetangrabové b daiNANDler 3ikch wahh, MAGxESple, a sandwich
essenti al | ycamel ehel %n%@&t@énnﬁgo 'b@ e(}:M?élt) to ﬁtgﬁz%ﬁtaﬁ% %%nééhz eactors. In this

H2, Sty gyl opane %@%é&ﬂ% 3|&8¥P SLELY GO ALDETL D BLXLHEE i

more pref eF’éFoT Ctl‘cf%?ﬁ "Gagiang carigd, C’Lﬂ/drb%elr Lo 'Hy'tﬁl??ik&/ﬁr%%ﬁ%mp%‘d is em-
Accor di ng P@yad 1A% fodthalpresena epedaipn rerstippvrsatered IMRTOeWBROUNES @r: erdex-
above, 1accaengieangtéaitahhighfireet hlahalalunsnas e@abidde dsifatdms mitkdes; ex(deb,) phos-
whi ch cont ah#@saderhi@Rs! négciGiogRAEE NAMIATAaDRUEH BY steRIPSH 1Abds £4306,
| over than 1%b'?aﬂ%mamhé?@‘%?Eo%B%b%ﬁénﬁi gli o%;fo%ﬁb@ Ean tg%'used in

20(cl) separatin |st ation to obtain a
m xture (I\/I%E;%a%tnd gﬁﬁexrteﬁ?t rs(LI%a )In Wﬁer i‘n mxture (Mol) conprises at

| east 85 wt.-% of nethanol, up to 10 wt.-% of water and at |east 5
-% &P t reesatrd @ﬁ%&errtméatw@rfgmmdn eV ggegenbiitn areghpesnes & uastion pighe

met hanol asdbstaricergr mintiraviiebe hpdogariated 11f Me2procerypstitse preagent ieasttiod Gthe

W . - % of wa @‘bg@ﬁk{iloﬁtis BFé‘iéraQ!y]caMed'&@t@ﬁ atdﬂ@SS@Fe tR@straAne 16a0h pappoYad

havi ng a b%b hﬂgpr@@ Q;H‘rgwe{to @B r?ﬂ!% eerUQ—z éﬁgefrom
wt . - % of t

Ieastoone tgtg‘ﬁl ahod pr‘%‘gaé@tf@”‘g%% %Brff')?? %'a ggﬁp i sing at
| east 88 wt.-%of nethanol, up to 10 wt.-% of water and 200 ppm or

| ess of caﬁb@rﬁyﬁrogeméﬂﬁdsr,esam dring xydroger@bRild prefaraply irs theIengry ofafrom
| east 5 wt mdye dfant he Zi bdrepsterobig freonmpomertdamave ng bar, Bocih asntyopd w0t20 bar

| ower t han oRBidhagel frRRO3 Wt ®har, And Mt Y@fPXP ORI ML Rk Still more pref-
addi ti onal leYaD&Pf?&ﬁ' NEdsia, (M), is separated together with water in
st age %@1) and 1s essenti aI |y conpletely contained in (M2).

Prefer
Therefore, the present invention aiso provides a process as described above, wherein

catalytic hydrogenation is carried out at a temperature of from 65 to 85 °C and at a hy-
drogen partial pressure of from 3 to 20 bar.

35 Therefore, the present invention also provides a process as described above, wherein
catalytic hydrogenation is carried out at a temperature of from 65 to 85 °C and ata hy-
drogen partial pressure of from 3 to 13 bar.

In a hydrogenation carried out in a fixed bed, the residence time of the liquid is from 1

40  second (s) o 1 hour (h), preferably from 10 s to 20 minutes (min), in particular from 30
s to 5 min.



m xture (I\/02) conprises fromO0.1 to 5 m.-% nore preferably fromO0.5

to 3 w. we- di hydr oxypropane. According to eve :
preferred e%@ 'ﬁ)r mgﬁts 1, 2-di hydroxypro;njine is additi ozpﬁ%ﬁzsog(mm?h

frommxtures (Md2) or (M2ii) and is obtained as val uabl e product
for fur- ther use. Therefore, according a preferred enbodi nent, the
present i nYERPIBAEYal §e r gatalygl avead t & athpr getadyicashydeensnatiem abose o
wher ei n i nhdrppenmeydicomol-corgaisiep aredued ritamfoimed in\M2 epoxidation according to

2007/ 07410 1RCHreERRORRN A6 6 sdded WE@ thdVibuphbsdistr@nif dkitSofineb@Asdalpne
compound haujiREsiAy Bl N 7Y, b?rg?rﬁerarhéﬁ gtléi V@rastg1r?1&td?§li3hﬁv@er @rpr% thOWBS as

t han wat er separating t east one
conpound havtltvr?gm%agm %‘Sﬁ&%’? t'if:r'qlower t han net hanol and | ower
than water fromm xture (M) by distillation to obtain a mx- 5 ture
(Mbl) and &refesenae és givea)to usiter siprone catalysisMultirh conpradsiesdt oy omedd the
85 wt . - % mebbanodscabed friethndt @ntard bsad for Yewaidedsgeantbradf tre $iyd@pdrowfaledo
of the1at |h@ﬁ§c§nté?rﬁ'ﬁﬂgQﬂ%@élmﬂaha‘ﬁbr@gpr@fe%@ ‘Fd}gthgmy@];odeﬂﬁ\@tfn Bhﬁ{kture (Ma)
met hanol ~ anpd;; Wﬁéﬁ% 2= ﬁyrﬁrlo r%:arr%f(i]uﬁ% Ho%%sorat nﬁ?tﬁr %f 2-
W . - % of thedat ast’ one avi ?"H ﬁP N
met hanol ahd RBE'EFY pﬁﬂﬁ’(“@%’) ? gﬁ'ijrr?aerr?é 8‘?1%10 W h’r 8r ma}‘veiyn
at |east ofMabfastsonfain Pyhost ggee rteo obtain a m xture (Mc2i) conprising
at |east 85 wt.-% of net hanol up to 10 wt.-% of water and 200 ppm or
| ess oftscarmbhosythe @@é@aumﬁsnnoaarwls@prdwdeuraeprb&@@i 49 dERAPEd SbAG AherbRast
90 wt_.-%ofmrmreeamaara@dﬂm@arglaamrew@rhpmaemxﬁﬁb@grm @Cﬁ%y?fdrBHérEQﬁf anol-
conprising, §r(§)nﬁ§t9?er éﬁb'ﬂ?drﬁagé (39' Bjﬁ%ﬁgﬁ/‘rpé&?% g%&%@%é? 2(9% By

S t
carr ot ouf By ERPBATLH e %bﬁ‘ﬂtq"l i e -

extraction ffrgerre%ﬂtarwe@mﬁeﬁercemprwn@@rqrwrwampene have been
separat@d off have a variety of uses. For exanple, they can 20 be
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furtherf®applications in all fields known to those skilled in the art.
25 According to a first alternative of the inventive process described above, according to

which methanol is separated from mixture (Mb) which contains at least one compound
having a boiling temperature lower than methanol and lower than water at a given
pressure, by distillation using one distillation column, 1,2-dihydroxypropane is sepa-

30 rated together with methanol from mixture (Mb). The resulting mixture which is essen-
tially free of the at least one compound having a boiling temperature lower than metha-
nol and lower than water can be subjected to further purification stages wherein, e.g.,
methanol is separated from the at least one compound having a boiling temperature
lower than methanol and [ower than water.

35
According to a second alternative of the inventive process described above, according
to which methanol is separated from mixture (Mb) which contains at least one com-
pound having a boiling temperature lower than methanol and lower than water at a
given pressure, by

40  (c1) separaling the at least one compound having a boiling temperature lower than

methanol and lower than water from mixture (Mb) by distillation to obtain a mix-
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According to even more preferred embodiments, 1,2-dihydroxypropane is additionally
separated from mixtures (Mb2)} or (Mc2ii) and is obtained as valuable product for fur-
ther use. Therefore, according a preferred embodiment, the present invention also re-
40 lates to a process as described above wherein in (¢), methanol is separated from mix-



(d) and/or (e) of the present process, such as m xtures (Ml ),
(M2), 2' and/or 25(Mc21i). Therefore, the present invention als
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nore preferably of from 250 to for a tine of preferably from1

to 12 h efera at nospher e _under
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the present hayedlyidRBurrihg cbMpBlR® RRESLEH8ERILETBLIVENDN firge areas of in-
regenerati %Ustry The present invention therefore also provides for the use of the glycols sepa-
rated off as further useful products in the process of the present invention for further
applications in all fields known to those skilled in the art.
25
In case the catalyst used for hydrogenation according to the present invention is deac-
fivated, it can be replaced by freshly prepared catalyst. Preferably, the deactivated
catalyst is at least partially suitably regenerated. If hydrogenation is carried out con-
tinuously, which is preferred, the reaction can be stopped in the reactor once the cata-
30 Iyst is deactivated and without or essentially without interruption continued in at least
one parallel reactor or by by-passed for a short period of time. If the catalyst is used in
suspension mode, the deactivated catalyst is suitably steparated and suitably exter-
nally regenerated. If the catalyst is used in fixed-bed mode, it can be suitably separated
and suitably externally regenerated. Preferably, a deactivated catalyst which is used in
35 fixed-bed mode is regenerated in the reactor where the hydrogenation reaction was
carried out.

Therefore, according to still another aspect of the present invention, a method is pro-
vided which allows for regeneration of the catalyst used for catalytic hydrogenation as
40  described above. Such regeneration is preferably carried out if the catalyst is deacti-
vated to an undesired extent, i.e. if it exhibits 80 % or less, preferably 80 % or less or
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mxture (Ma

- % wat e l?qxg S r(tj%lor rB[ber%s W; WOQr brore ﬂ ﬁﬁe cwoun s and/or solutions are
2007/ 07210 1PesTMEPYYTE)/ Y6UBY e38MPigast one car boxylic acid and from
0.01 to 0.2 wt.-%of the at | east one carbonyl conpound. 3. The
process of Taskese BoterkdohixRiredVAARIANILR driployatNad QUEDES s@ldad Fdl@egen-
solution gration of the hydrogenation catalysts are, e.g., mixtures obtained from stages (c) and

(d) and/or (e) of the present process, such as mixtures (Mb1), (Mb2), (Mc2i) and/or
25  (Mczii).

Therefore, the present invention also relates to a process as described above wherein
the at least one solvent suitable for regeneration of the hydrogenation catalyst is se-
lected from the group consisting of hydrogen peroxide, methanol, water, propylene

30  oxide, propylene glycol, methoxy propanol and mixtures of two or more of these com-
pounds.

According to a second embodiment, the deactivated hydrogenation catalyst is regener-
ated by treatment at elevated temperature compared to room ambient temperature in

35 the presence of a gas comprising oxygen. Preferably, prior to this treatment, the deac-
fivated catalyst is dried at a temperature lower than the temperature of the treatment
for regeneration.

Preferably, the deactivated catalyst is dried at a temperature of from ambient tempera-

40  ture to 200 °C, more preferably of from 30 to 150 °C and more preferably of from 50 to
120 °C, for a time of preferably from 1 to 48 h, more preferably from 6 to 24 h. Drying is



5conprising hydroxide ions is added as base. 4. The process of

enbodi ne in the nolar ratio of hydroxide ions
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90 wt . - % of th§teentexbef the PraRenhiPKRESS. bis asrRRESIRENE @mtwe?téi? Regemeragen
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30 7. The process Wherein in (cl), distillation
is carried out at a pressure of fromO0.5 to 5 bar. 8. The process of
any of enbOdilfdhR SIENEHlioN rgeds FessiivacuploveMEBTeaaIEiien GAabpycarried out in
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hydr oper oxy,igs oup. 9. The process of any of enbodinents 1 to 8,
wherein prior to (b), mxture (Ma) is 40subjected to catalytic

hydr ogenation. . WO 2007/ 074101PCT/ EP2006/ 069865 36
In the following, preferred processes of the present invention are listed resulting from

25  the following embodiments 1 to 19 including the combinations of these embodiments
as explicitly given:

1. A process for the epoxidation of propene, comprising
(a) reacting propene with hydrogen peroxide in the presence of methano! as
30 solvent and a titanium zeolite catalyst and separating propylene oxide from

the resulling reaction mixture to obtain a mixture (Ma) comprising metha-
nol, water, at least one carboxylic acid having from 1 to 3 carbon atoms
and at least one carbonyl compound having from 1 to 3 carbon atoms,
wherein the carbonyl compound is an aldehyde or a ketone;
35 (b} at |least partially neutralizing the at least one carboxylic acid comprised in

mixture (Ma) by adding a base to mixture (Ma) to obtain a mixture (Mb);

{c) separating methano!l from mixture (Mb) by distiliation;

{(d) atleast partially recycling the methanol obtained from (¢} into (a).

40 2. The process of embodiment 1, wherein mixture (Ma) comprises from 55 to 85
wt.-% methanol, from 10 to 40 wt.-% water, from 0.001 to 0.5 wt.-% of the at



10. The process of enbodiment 9, wherein the hydrogenation catal yst
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7. The process of embodiment 5 or 8, wherein in (c1), distillation is carried out at a
pressure of from 0.5 to 5 bar.

8. The process of any of embodiments 1 to 7, wherein mixture (Ma) additionally
35 comprises at least one compound comprising a hydroperoxy group and a hy-
droxy group, where said hydroxy group is not a portion of said hydroperoxy

group,

9. The process of any of embodimenis 1 to 8, wherein prior to (b), mixture (Ma) is
40 subjected to catalytic hydregenation.
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carbourt o b O s s el Rl o
| east one car bRyl P E© b peixapleetisrmBriedP PRe group consi sting of
form tchaci g@ a;liéipiﬁt?ﬁci C:;m E;]O']P;I;EL(; agi d, andV;Qm rI>1<ture of awo or

nor e er earp, s€lofl ah @ aehisON TRMWIeIm tHEOMPXOUWB dMap addition-
sel ectgd from N cEMBHRCONGESHEBLREpdRE B HehY & ox @ SRS RY demixture

| dehyd ;
propi onal aeny dee 2%?{0%9%-@%%n?7-1 tg}[l\q 1\?&[@{5&5@@?&%@55}%1—’2, S8k dndlext B 1o

(Ma) further c [l ) i . _ :
hydr oper oxypr oﬁ@ﬁm?-ﬁfi"%{?rﬁ_ g} SpatRlast Banyey e Brdrgasnakipn i of spmixture
hydr oper oxy- pr 6BERBFOY 1&@ndMIreXy@ranser oxypr opanol-2; and subj ecting

m xture (Ma) to catalytic hydrogenation at a tenperature of from 65
to ?5 @g?ndsﬁt fme%%e@gﬁggﬁggﬂih@nt P2 eGIsHER Er_ﬁ)fc),fm@{ﬁlaaoltié)_s&_gar?@g,from réljxé
preterably of hiQmve)lhidBcibins b IghsY Bnd BB IHELhSMPE! sHilRg EAB0aH
to 1. 3 Wt -1, 2-I vgﬁqugaq'lrrgé%?ll:\&%%g%wérm% *\M%%P eanaagftl-:-r%);gr %sal}rg‘l t’ry?ts
conprising a c ta ytl- ca active netal selected fromthe gr oup
consi sting of Fd) BEPARHNY e aldgas] mie £OMPRI Yt B2YRY PSR trrgperature lower
t hereof; (b) at |edB3n Famenalang lawet tham patenfompaixire (Masky @atdlation to ob-
car boxgbi c aci d conpnisedxture (Niet)anxdt amextolst Qv dwheen odittadeyMict) com-
hydrogenation by adglisagfram AGEBUSL-SOMUIHaAN HRITRIT 0 RYSHULL RN drans
to this mxture to htal PR fioXidy & 1@%@0%"‘%%0&%‘5 ir‘?&a%tonihg%%t Rfer
compound having a el g, hemher bt e Loweroil han mejhanel, and Jovet 5
than water and which | s selected frdam Fhe group consi St | ngpp‘cfesa cas
for mal dehyde, acet &'tdénfude Bl 55FbR%E FERYPAETT FaYiRgI2 PeliRGtPeInt lower than
f or mal dehyde di net hygtherabead watetet al dehyde di net hyl acetal, and a

m xture of two(e®) reeperatihgnedfanat frém ghixters (Mba$ SudtdcasMoes eishlldtibe stagkas
rati o of hydroxi de do@ws airiikiufs teesh doplpiking @it 1s€88 W02y ok tre@fndl, up to 10
conprised in the ML & @Qélaér{a%ofﬁ Plggé”‘!)yéalr@orm/gtf g ) d Mixture
fromO0.1 to 10; (c)q\/lsgigarognt |r.niﬁ Fh (I;b%n 50 m xt ure [N cl
)separating the at ‘I'6a5t"°CIE® 8%83?\ Wi ‘h‘é}]\’éa Bt g féﬁ'ﬁ%?’ PRFE

| oner fRan net FARATESS 8REFOTREHSvat er from mi xture (M) by dis-

WO 2007/ 074101 KT/ EPREBEND 6S8ERyBSyPidplat from raiktuge tNeil.| | at i on
pressure of fromO0.5 to 2 bar to obtain a m xture (M1l) and a m xture
(M2), wheneai n Tk $rdbe8s 6VAY oMY diS& s fi tONB Abhdr&in 8% Wetr=% NBAiSRRGL cy-

and from10 to C@% |%(éf§90czﬁ?ﬁlr§és ggﬂﬂ?ﬁe t%éo&p&n MCE&%I’M céaﬂ&onﬁﬁtdsl east

one coggound havi ng a

15. The process of any of embodiments 9 to 14, wherein the catalyst employed for
catalytic hydrogenation is at least partially regenerated by treatment with at least
one suitable solvent.



5| ower than net hanol and water, add wherein m xture (M2) com prises
from5 to 50 wt.-%of the at |east (c2) separating nethanol from

m xt ur@. (Mahp drdoedd of ersh 1@n&h§l‘éﬁut fhk | AtiR0 oﬁé %g@bteos&mnaissnsaed@m ure
(Mc2i) co r|S|n atIe % of of

th groun cons;sti drogen nl%)ﬂ tharlf'é? ter 0 Iene
wat er and 200" ppmPor?| €€8 carhﬁ Ayl £6¢C8 ﬁ aH’ H’f%ure
(ME2ii) corﬁmdﬁsqrmlem@ lyefil h@ﬂiﬂ@kwmmamé and at Ieast 90 wt. % of
water, (d) at | east partially recycling the rret hanol obtained from
c2 to tha ol i,.sin han 200 ppm of
Car ﬁonﬁ OB ieaes Oy LR RPReT S WA PORERE 1 SRSt ur e
(Me2ii). 131yqrggdnap¢r0|e@$Ea$tmartlaﬁ1,ereperrereﬁ¢obat restmett aheletséaiokmperetipr i si ng

at | east pa,qghba}elsgndg%pg E& do%npnénﬁ@o@&;eA east one carboxylic acid having
from1l to carbon atons conprised’'in a mxture (Ma) by adding a base

to m xture (I\/a) to obtain a mxture (M), said mx- ture (Ma) further
corrpri‘iﬁi ng Amgbtdean & thewatredatiamdf patpeheasthprtarg car bonyl com 20 pound

h f 1 t nd is an
o denyde ora kersiirion A MuodlRBE ‘ﬂ”ﬁ; E@.’%‘%@%’X BB ng

met hanol from mSEF’EFrté”‘E R/Bﬁa”'w‘ 269’%‘% taighet prehseperglingeornene Pafem | . A
process for the fepoxé Bhabitigyresdtio MALH &, cbBOTEINixG W=l B)mgrRRAGt | ng

propene wi th hydroaen, Bel.ox) d%th!arﬁ‘ tfr%% Rl §36NES, QeelRENANGY 135 O

sol vent and a titanium z&ol' and" separ at i hg propylene
oxi de fromthe réstlof atrh@%?@@@ﬁrb@w“c ﬁl&hwr@ from let3edarbon aipimestand et ( Ma)

conpri si ng met hagagt 1 camar@raor@burld&aslhg AER 16AE amm ét&n@@dheremawt n93f rom
havi n (0]

1to3carﬁ% a;?c ; Qne, o ound Isg s

car bon at onte 2 e B AP PREE 311D 5 SRGC T PR R A e & Ritone:
amd acetic acid, propionic acid, and a mixture of two or more thereof, and
wherein the at least one carbonyl compound is selected from the group

consisting of farmaldehyde, acetaldehyde, propionaldehyde, and a mixture of

two or mare thereof; said mixture (Ma) further comprising from 0.1 to 1 wt.-%

of 2- hydroperoxypropanol-1, 1-hydroperoxypropanal-2 or a mixture of 2-

hydroperoxy-propancl-1 and 1-hydroperoxyprepanacl-2; and subjecting

mixture {Ma) to catalytic hydrogenation at a2 temperature of from 65 to 85 °C

and at a hydrogen partial pressure of from 3 o 20 bar, preferably of from 3 to

13 bar, to give a mixture comprising from 0.1 to 1.3 wt- % 1 ,2-

dihydroxypropane, the hydrogenation catalyst comprising a catalyti- cally

active metal selected from the group consisting of Pd, Pt, Rh, Ir, Os and a

mixture of two or more thereof;

(b) at least partially neutralizing the at least one carboxylic acid comprised in
the mixture obtained from catalytic hydrogenation by adding an aqueous
solution comprising hydroxide ions to this mixture to obtain a mixture (Mb)
which contains at least one compound having a boiling temperature lower
than methanal and lower than water and which is selected from the group
consisting of formaldehyde, acetaldehyde, propionaldehyde, methyl for-
mate, formaldehyde dimethyl acetal, acetaldehyde dimethyl acetal, and a
mixture of two or more thereof at a given pressure, wherein the molar
ratio of hydroxide ions introduced relative to carboxylic acid comprised in
the mixture cobtained from catalytic hydrogenation is from 0.1 to 10;

{c) separating methanal from mixture (Mb) by
{c1}) separating the at leasi one compound having a boiling
temperature lower than methanol and lower than water from
mixture (Mb) by dis-



10(b) at least partially neutralizing the at | east one carboxylic

aci d conpkosesg7mom xture (Ma) by adding a base to m Xt g€ ebMad/odoDss
obtain a mxture (Md)); (c) separating n® hanol from m xture (M) by

disti'lation (d) at |eqghoPals bidiloh Bhashicnd fﬁo&ﬁo%%*m?' 8B
from(c) into (a). 16 tu FMIS}{) es urem) Y. %{1

conprises from55 to 85 W B hAf8Tre 14 ‘?8'”4'@Wre P prises
from0.001 to 0.5 wt.- oQP 4PHe BRtWi-éasethane a8 ek P |tfe;5éé~itd°/oazvﬁi9ff%inat
0.01 to 0.2 wt.-% of thwosit0.1 @dst drike ebkpaiung winiphint haging & deingdeint
or a ketone. 20 3. The poeeegmnometlafbinarkl otte?, avd@mheidh infixt(i2) (MER) com-
aqueous al kal i ne sol utlmegq%m Blth b G- NV B8t ONSs 1S added as

(e it oqubed e8] ShBLTgmUhES el B @l 01 b | Qa%zk?gon

(ant introduced In

L rom 0.1 o 10, 95 SS9 thPBELE TRtiny MsE) GORIAENe Hgsa Ynateh e
in (a), nethanol is seﬁﬁ?ﬁ*@@@ HP &l vkt ar @ Waltas) a2 Q0hPRIB 19F Aisa ST gerbony!
| east dﬁe conpound havi ergnpubds.|andge tnedgye (Bt eohrpweing tiiadihpdrblgnalane
and | ower than water atari fi¥n9PhessWr@atehy (cl) separating the at

| east one conmpqund NavidharidnQi rbéyRangd %@ﬁrea{a%ﬁo&@wﬁa R (E3a&ho &a) the
met hanol and | over ﬁQnég'%E%h{é gﬁ% ; Bpn?}éfcarétr'hvh Lc‘?‘r%k?g% 0

obtalnamxture( ereln mx

conprises from{@b t %’?t'{}\ﬂ1 ZoR T RYREPAER FOFYBHUD (Y5 wt - % wat er
and at ® npst 0.1 wt.-%of the at |east one compound having a boiling
poi nt | ower!St hanpiveedsaioo theamdifinatioargf naatilareheroeipnisimg et lrest ARy neutraliz-
conprises at | eapht léas’i&me d&fbox%d)éc@ heviag frb@asto ®BErbe e RRMMNELAGK:Ath 8
boi | i ng poi nt | Qweke s %%ase(t&%%xt% Wa?&; ma;%tmﬁ&Pé (nﬁé)oea.d mix-

Mol I I
Enl\/bXtZ:J; € E)rrpr|)5| nﬂvéjﬁafﬁ&h%n B %n'gojn {haﬁrcglt ?lvta?eg and %t Fatasl I bg}mgfcom-

water’ ZAd 200 FSHI 1aYiag ropy 16%?6&5%“ dersotersn @ﬁopaabqﬁykmréound 's an
40(Me2ii) Conprallcgsjhﬁge af 2 kelpse, Td process vfthepgaspprisingEeparating methanol from
mixture (Mb} by distillation.

25



The process of claim5, wherein the at | east one compound, having a
boiling point [ower than nethanol is se|lected fromthe group '
consi sting of fornmal dehyde, acetal dehyd 9 pr opi onal dehyde, net hyl
formate, fornmal dehyde di nethyl acetal, acetal dehyde di nethyl acetal,
and a mxtur‘&eofﬂlrﬂv\o or nore thereof. The process of claim5 or 6,
wherein in (al), distillation is carrled out at a pressure of from

0.5 5b Th wh
() addi 11 ol | 1 HASETE %@*?"ﬂ%% et g, ooy Ccing o

a
hydr oper oxy group "")ang‘?a&t IRy 8FapRYe &f‘ pAr °9Wn8‘ i dhe, ptasBRse %r’fﬁl%aﬂ%as
not a pori on of sai dolgnirmodartdenjunyreniie. caliyst pucbeepatting propylend oxidedrams
1 to 8, wherein priothd @s(liing rasctidrumeturdd) obtin aURiRE @fh) dmpaAting MetHa-

hydrogenation. The p g%ﬁir %t Iﬁéﬁ %E%arh%& Qi ﬁao‘ﬁg f‘%ﬂ{ qu RLhR atoms

catal yst enpl oyed for g r? 2’
catal ytically acti veaﬁféta!a ea opRchAving drogh Bmﬁ caiber §tqm$gwaqreiﬂdhe
Pt, Rh, Ir, Gs and acnmpumndesaﬂalﬁahy&mrmetemt.hereof The process of

tcl ai m 9t ap 10f f @re'aﬂleﬁaﬁ@drﬂéliy@em#ﬁﬂgmh tilgHat bfe 6@bENyRE a&%orﬁﬁns%d in
enperature of from gmn

from3 to 20 bar, pre era( m &ﬁgﬁp ¢ [;9%& Bié%ﬁino%é@%{hﬁ

of claims Ito 11, C\/\hé?%‘frﬂt' Pra Bl:l'?ytq' %‘I‘q corn-pri ses
2- hydr oper oi 4' pr(Mjan@llaaﬁmwmn@ﬂvmﬂmmﬂnmfrmm)mtmtaé: of 2-
hydr.oper oxy- propanol-1 and 1-hydroper oxyprdpanol-2, and wherein prior

to (b), 4ge gixt lﬁ.@ ms of e mhes,ﬁs.%mta.x@r& é)' éf.sze/%ﬂ.gw@téww

t
121 wherei n' i n ( EPIN4RBE AdO1C d0eale dalEr o QOIS B e et one

contai ns at Ieastca@nmhe@mp@uﬁd'an'eﬂ; hip &2 whith piibe abiepdone gpmpoupdwhich is
than methanol andnlafieRydd drarkemmiscr at a given pressure, by (cl)
separating the at |east one corrpound havi ng a boili ng terrperature

| ower th mitha I andlo an vvaf1 &rpmxtu g/

di stillatdon Pﬁ?cﬁs%" ?‘f’h & eV relaa'a e HPERPE ARRE SOTRR BT
m xture (Mol) covﬁpﬁmbﬁlfﬁ*@m@ﬂ%ﬁtﬂd 8‘!533/\'2353-% met hanol and from 10 to
56 wt.-%water and at nost 0.1 w.-%of the at |east one conpound

Rlax't B?ea ( Rg'zgx' QgTH?:pgﬁcekﬂﬁfla&rh@w&?ésh%K?eonholﬁf‘fiu%f fi droﬁﬁ@icﬁgﬁfgg%hgﬂg% '
havi ng a boiling 'ﬁﬁvelt&f/@?’o 'ﬁﬁc %PWB#??"E%?%@? 86}3&18 (c2)

separati #§ met hanol frommxture (Mdl) in at |east one distillation
stage to obtgin a‘hmedcuaﬁo(MyZﬁ)claunsmno 4] wigerein il @hghetBonoMis séamated from

nmet hanol , up to }Qaie Qﬁicﬂ@bﬂﬁm@ﬂﬂegﬁgnﬁéﬁﬁl&hnﬁ ﬁ§\ﬁr(1)§’£ b6 ffgmﬁbrature

co onds andam wat er
o0 255G iy o N é“é'g{’i"a?} anﬁa"?r A Pelet St o SRR oS BY (o)

separating 1, 2- dl(mdﬁw@’ﬂ'ﬁr@daﬁét W%WP@qmmaﬁqmmpﬁﬁmwﬂ
of any of3dcl ai ns 1 t thah3netivres] andioiveethar atenbmtiidele (Mb) be digtillatich forube

(a) conprises not miﬁntahﬁﬂd&QQMa R a GRRB@N b2 qmmndﬁmuw(mb‘i? come
process of ary of clapng fganégo}egs“w%éﬁ}e {n{l%&ﬁif’%‘%ﬂ 55 %yﬁa‘?era?.d at

catal ytic hydrogenat, |p8 v y regener

treatment with at | e&est BﬁéMStﬁ ofdhe a '§6$‘\Péﬁ?°mw{‘9 aﬁﬁ‘é %P Pging fower
cl ai m 15, wherei n t héhantmeétbandl apd evaten, anﬁlwhermmme (VMs2)seipdsascht feashh

the groupsconsi sti ngu@fesNaroha o Nederopsi ddtpolret a MMRINGT poidtIeweH MAS

oxi de, propyl ene QIW aq,‘rap met hoxy propanol. 17 he process of any

of clains 9 to 16 erern't he cat?r st, enp E‘%edf r catagﬂéI

20hydr ogenati on {(&) afePasating pethenol P%‘ 'P'é'ﬂ@n( Ligpt B’}?S't?r@a‘f' fionstage to

el evat ed t enper a- obtain a mixture {(Mc2i) comprising at least 85 wt.-% of methanol, up to 10
wt.-% of water and 200 ppm or less of carbonyi compounds, and 2 mixture

40 {Mc2ii) comprising at least 90 wt.-% of water.



ture In the presence of a gas corrprl Si ng oxygen 18, The process of
claim1, wherein said ' process conprises g reacting propene with
hydrogen peroxide in the presence of metﬁt nol as 25 solvent and a
ti-fanium zeolite catal yst and separating propyl ene oxide from'the

resul ting reacti pre ﬁﬂo&éddrt# claln 6kigergin md\duetautrm(cbhbowwwr@muﬁg @t

55 to 85 w.-% "[BWQF‘(E% flsoset{é%i ?qH:}M the rfj‘r(‘f(@t&'nﬁastﬁrf ﬂqlr'gé&‘hg!& Qc>

-% of at |east One car V.

atom; wher ei n t A8l &theea@P' \éﬂ@e@bﬁf HE"T?&? &or{ng 5@%&*@8{%%3{ RE
group consi sti ngetafdeB@ie dinethylacaty, and acrexture ofitwodhr mope theresfi ¢ aci d,

and a'm xgure ot tW or nore thereof, and at |east one conpound
having from% to r.ban a S
selected f ro# t hgﬁegﬁ%cgﬁcgﬁcié?@ﬁ %w%‘%}%hga ) &'ﬁﬁﬁﬁ&t aceﬁ'ﬁ(am%{g?rels
propi onal dehyde, S ’HP)&‘Brf’eb%f two or nore ther eof; 35said m xture
(Ma) further conprising fromO0.1 to 1 w.-%of 2-

hydr oper oxypgopamgé Erﬂecéssmf%hsa BREIERNSPI @ TaWRdrel nilktuR (Ma)< b@kﬂlﬁcrﬁﬂy domprises

hydr oper qxy- pr op 1

m xture ?P/ﬁ) to gg ?t]cf né&n 3ro cgﬂ?ﬁﬁ?ﬁy?h&ﬂ%{i@ r’eégf )@%@gqu
to 85 C and at a“A %rsa ar p‘%?@?ﬁ?ﬂ@"&f"'q‘ %”ef%‘ygé?}"’oar

pref. 40erably of from3 to 13 bar, to give a m xture conpri sing
front 0.1 togl. 3Thé proc%’ssloﬂarﬁf dswaﬁ:mmb(mmrm préor vy d)p vl (MA) is sub-

catal yst conpri Sl"%"% IR ,a/Hdm eﬁgmncal |y active netal selected from -
t he" grouq con5| s |ng of Pd, q%h -
r

ir, Gs and a mxture of two or
more’ t her'@of ; % | east ar‘t ially neutralizing the at |east one
carboxylic adPd bﬁ]ﬂfﬁ@%ﬁdﬂ ¢laimh8. wherein the busregenationraataivst amployed for cata-
hydr ogenat i on by jyeid ﬂydi@&iﬁtuaqcmmr&es 5 catalytidallpactive metal selagted frdmabd greup
tons to this m Xgy ﬁ:ﬁ@oﬁb& ‘?ﬂ‘trhﬁ‘ tr, Us’éh%?m:&hﬂ@of%cﬁ*?n&@ dis at

| east one . conpoun I'ng 'a boi'ling tenperature | ower than nethanol
and | ower than water and which is selected from the group _consi sting

of formal2ehyde, The sroseicsidRim Henl) whereicMaidic hydroasnation iseardsd oul at 3
fornal dehyde di minfipdrataeatl flom 65 &t 88 Wehnytiat adhyietgly ipadiakbpressurentiren 316

m xture of two pgggg,rﬁretfé}gﬁggfﬁg‘;‘ do 92 SN pressure, wherein the nolar

rati o of hydroxide ions int oduce relative to carboxylic acid
conprised in the m xture obtained fromcatalytic Ga/dro%ﬁnatlon S
xure

fromO0.1 to 18; (Tby prrspes eftarw @l saimahist 1% wbw\enmtm 9) #fitiopally corn-

separ ati kg t he atrisedadhydmpercgynropundl-)athydjoperdxgpioparg!-2eampar mixture of 2-
hydroperoxy-propanol-1 and {-hydraperoxypropanol-2, and wherein prior 1o (b),
the mixture (Ma) is subjected to a catalytic hydrogenation to gzve a mixture com-
prising 1,2-dihydroxypropane,

\11:(( N

30 13, , The process of claim 12, wherein in (c), methanol is separated from mixtura (Mb)
which contains at least one compound having a boiling temperature lower than
methanal and lower than water at a given pressuré, by
(c1) separafing the at least one compound having a boiling temperature fower

than methanol and [ower than water from mixture (Mb} by distiflation to ob-

35 tain a mixture (Mb1) and. a mixture (Mb2), wherein mixture (Mb1) com-

prises from 40 to 85 wt.-% methanol and from 10 to 55 wt.-% water and at
most 0.1 wt.-% of the at least ane compound having a boiling point lower
than methanol and water, and wherein mixture (Mb2) comprises at lsast 5
wt.-% of the at least one compound having a bolling point lower than
40 methanol and water; '




15 |l ower than nethanol and |lower than water from m xture (M) by
distillation at a distillation pressure f fromO0.5 to 2 .bar to
obtain a mxture (M)l) and a m'xture ( wherei n mxture (Mo1)
conprises from40 to 85 w.-% net hanol and from10 to 55 M - % wat er
and at most 0.1 (@) - separating meshanpbizar mirered¥hdn atilenstene gistilation stage to

point 20 | ower t hanobsihhkanidure(Mciyadoetprisiag dt ladd BE iw.-%iok ingthantiVbg to 10
conprises froms to gﬁ%fwa{ rﬂénatiua@héﬂas%tofgszgmwuﬂdm\mgn&m

{rom mixtar . (MoLy i (e Famedeng auRa el pReL anf EPBVUR AT,

frommxture (M)
m xture (M21) cw@pnosewgumerp@aaw% w.-%of 26 methanol, up to 10

wt.-%of water af) 2&dpapsting a)2-digsisoxypropandieany migurePMcdiils, and a
m xture (l\/DZii) conprising 1, 2-di hydroxypropane and at Ieast 90 vvt -%

of water, east artial |l c]| t he et hanol obt.ai ne

(c2) into (a) E‘E r‘RSP“Yc‘Ef X %J&EFPH}‘E‘E w‘ ﬁ{%"fycad'“"
car bonyl corrpoun(ﬁ COIBB'iSGQ)WDtsTE?far"aQH 3@ I’PWQOf(ﬁﬂley]GRlyp@lmdane from

m xture @braii).

15, The pracess of any of claims 9 to 14, wherein the catalyst employed far catalytic
hydrogenation is at least partiaily regenerated by treatment with at ieast one
suitable solvent, '

15 16. The process of ¢laim 15, wherein the at least one suitable salvent is selacted
from the group consisting of hydregen paroxide, methanol, water, propylense ox-
_ide, propylene glycol and methoxy propenel.

17. The process of any of claims 9 to 16, wherein the catalyst employed for catalytic
20 hydrogenation is at least partially regenerated by treatment at elevated tempera-
ture In the prasence of a gas comprising oxygen.

18. The procass of claim 1, wherein said process comprises
.{a) reacting propene with hydrogen peroxide in the presence of methanol as

28 solvent and a titanium zeolite catalyst and separating propylene axide from
the resulting reaction mixture to obtain a mixture {(Ma) comprising from 55
to 85 wt.-% methanol, from 10 to 40 wt.-% water, from 0.001 to 0.5 wt.-%
of at least one carboxylic acid having from 1 to 3 carbon atoms, wherein
the at least one carboxylic acid is selected from the group consisting of

a6 formic acid, acetic acid, .propionic acld, and a mixture of. two or more

' thereof, and at least one compound having from 1 to 3 carbon atoms,
wherein the at least one compound is selected from the group consisting: of
formaldehyde, acetaldehyde, propionaidehyde, and a mixture of two or
moré thereof;

s said mixture (Ma) further comprising from 0.1 to 1 wt-% of 2.
hydroperoxypropanol-1, 1-hydropeftoxypropanol-2 or a mixture of 2-
hydroperoxy-propanol-1 and 1-hydroperoxypmpanol -2; and
subjecting mixture (Ma) to catalytzc hydrogenatlon at a temperature of from
65 1o 85 °C and at a hydrogen partial pressure of from 3 to 20 bar, pref-

40 erably of from 3 to 13 bar, to give a mixture comprising fromi 0.1 to 1.3 wt.-
% 1,2-dihydroxypropane, the hydrogenalion catalyst comprising a catalyti-
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cally aclive metal selected from the group consisting of Pd, Pt, Rh, Ir, Os
and a mixture of two or more thereof;

at least partially neutrafizing the at least one carboxylic acid comprised in
the mixture obtained from catalytic hydrogenation by adding an aqueous
solution comptising hydroxide ions to this mixture to obtain a mixture (Mb)
which contains at least one compound having a boiling temperature lower
than methanol and lower than water and which is selected from the group

“consisting of formaldehyde, acetaldehyde, propionaldehyde, mathyl for-

mate, formaldehyde dimethy! acetal, acetaldehyde dimathyl acetal, and a

mixture of two or more theraof at a given pressure, wherein the molar ratio

of hydroxide ions introduced relative to carboxylic acld comprised in the

mixture obtained from catalytic hydrogenation is from 0.1 to 10;

separating methanol from mixture (Mb) by '

{c1) .separating the at least one compéund having a boiling temperature
lower than methanol and lower than water from mixture (Mb) by dis-
tillation at a distillation pressure of fram 0.5 to 2 bar to obtain a mix-
ture (Mb1) and a mixture {Mb2), wherein mixture (Mb1} comprises
from 40 to 85 wt.-% methanol and from 10 to 55 wt.-% water and at
most 0,1 wt.-% of the at least one compound having a boiling point
lower than methanol and water, and wherein mixture (Mb2) com-
prises fram S to 50 wt.-% of the at least one compound having a
boliing point lower than methano! and water;

(c2) separating methanol from mixture (Mb1) in at least one distillation
stage to obtain a mixture (Mc2i) comprising al least 85 wt-% of
methancl, up fo 10 wi.-% of water and 200 ppm or less of carbonyl
compounds, and a mn:ture {(Mc2ii) comprising 1 2-d|hydroxypropane
and at least S0 wt.-% of water,

at least partially recycling the methanol obtained from (c2) into (8), the

methanol comprising not more than 200 ppm of carbonyl compounds,

separating 1,2-dihydroxypropane from mixture {Mc2ii). '



