A process for separating propylene glycol from aqueous conpositions
Background of the invention Anmong publications on the subject of the
pr epar at ivo9 2e7/0p400py| ene oxi de, there are only a few WRECHERN®/069647
concerned with the treatnment of the waste water and recovering

bypr oduct s Af grepedhmorisepsatation propylohe glydbl 200V RAGE ZohRieitsorisO a
process of separating 1-nmethoxy-2-propanol and 2- nethoxy-1-propanol
from aqueous conpositions, conprising: dewatering of the agueous

conposition conpri si ng 1- met hoxy- 2- propanol and 2-net hoxy- 1- pr opanol
to a conce%@%j@gﬁ—@%—?@—%’” 4QBxy- 2- propanol and 2- met hoxy- 1- pr opanol

of at least 90 percent by weight in total and isolation of

1- net hoxy- 2npngpahixatio?s oethecupiett griopampbration nf pbpylese thids, elodre laye only
means of diagbwldiaéd amr. cocemedinth he NBmEI4F QDVEste WR¥RARS tdtBvathgttie

aqueous CORRRSLELIHRM FafeR8oRrHiENed by a nenbrane separation. Thereby
the aqueous conposition conprising 2-methoxy-1-propanol and

1- met hoxy- ﬁvgﬂ ?éff}%nm s contacted with a sem perneabl e, hydrophilic
menbr ane i HURB7 & dpfESr & Gs p'é’iC?TfePf_ i?ﬁp?rﬁﬁlﬂ d- 'Bﬁtﬁg’é‘/ Zgropanol and 2-
per vapor at M&Nydprropaniah frefeaghesos® gSMppriliensa SONRIFINY: gerrieand o thet aqye-
Acr oss t he osemopeesitab | cnmperig aheeth y-@sgopanotlisntie?-emgieoxyst -propanocl to a
est abl i shedoncEagafier SEahRtVdxyl2-SidpstArRhl A-h¥theRnt drépanat 6f atiRdsto] ¥erd
m nor amu%nt\(/ﬁ%vaa LN l%t&%%l'i AB8lo —ﬁ%"ctb%%ﬂéfl ér@étﬂm r Sanol o

According t

na 2ot nppyire SRR el o dREloR AdPRIG i 20 B0 R R o
menbr ane aHH’ E%H?OH% CEBPP%‘H%Ga'é§’eaacﬂjéﬁ"éﬂtbé(t% ”?/ﬁ”?tﬁa%? Pelffalay Mﬁ@by the
cont ent . USqB:d599:008Hsiipo\dotwessing J-medgrat etenanoceys 1frogthetye2-propanol is
pr oduct i oncoftaged pythenssroigechesabie Myamophilid eenatand i@edsiitmernpachuasither

synt hesi s gasquid Bhéé’éﬁa@b@ﬁ/@ﬁémtuﬂ{ Ryl @NR 1R igleedus dH=08 WeathpbF gBArReation
feedst reamsféB”RE o§é b@qﬁle%bf‘ﬁrrebéjﬂreg urgech eTE'r?tbepra%QYajbﬁ d. The

streamis e Vgt,[ t?(’{ \Btomg] tano{%

from hydr of rﬁ“eae &’ afed 116 5"% 8Y't oR" 6F° th ?‘é%'agt FEZHY ”?Bboﬁ%’ -
wat er str eQFﬂpﬁP@(ﬁﬁ‘EeQdeVO’i‘Yfé REQRAPH ACFYAINE da¥E? 8R04/800/7dathednaigy amount
renove heaeltomippwehropar andtdmabaxy-o-préranhlyidd doére prereoxtueavill not pass
pr oduct i ontreonembrEhe ane cye be rgllate dsqpemntetavaite withraoertdel epoxddahadnit.on
reaction zone and the renoval of heavy conpounds elimnates a | ow

val ue wat eUSSF%Q g5 Ao LEHRY, éﬁéd%ro%ﬁs@vﬁﬁr %dﬁr%ﬁaét%ﬂnc% ;5&’9%@]:&’ 8%

produces a ua uct

R T a1 o
zone or a §Wﬁ?%ﬁ°’i‘&1@edﬁ5‘~’%e‘?ﬁUlWBVCH?QﬁH Yeed C%"b%r%ts’@l {e propyless
f or subj ecsirergn ét endxistiredt withchtdabgani rergade phiak das kedapicgncechiere ydrogen
obt ai ni ng eéﬂsarh@ﬂero@xhd:ertamobfaamséemgtrédrh.STreat fpene nated sirdemt wod@@atby the

Wi th wat er chhedflY rebdiahni RearlnY ! 8Revah¥S9! contibnbhe MORUFEEPR BE hy-
et hyl ene g'dyo %ﬂe\l& [?eoﬁ%/dﬁgt%% PC%EFZ&% 0919 ”é?n %er*}?onwpe% ox?c]catl?n

t he aqueous ene tﬁ u| %1 onc §[

the mul ti- E1%°E¥T 280& Pa BriemoNd Het TRy @Wé @H‘a ?J W value water
2002/ 010378!"¢&P 2N A EHIeEEREY Phheayy herpprdaas 51%61"" BERpreSse ¥aluahle regang
as the soudew pbdhdaflhmgpant ekststream ispEckéd (o st sypatdienstopansuch as an
generat ed etagdigtoaldidtitleddnemine @y aporibAkond US 6, 288, 287 di scl oses a
process for preparing a glycerol froma crude glycerol conprisi ng a

gl ycerol, %Sdé o%@ %E&Bse é)%ﬂ)c%itm%rgc%gg%opgulgjggtm% (ﬁ-ltllgﬁer%l tg {a?ytla gas

a preparation appara

B BB oL b k2o e S Soiar P G et
t ower, wher@chwih peterdherepuebiamindotthdatharadsin thereadupion of gtiaderepglgeol
subsequent flash tower. According to US 6,288,287, there is provided
a process for preparing a glycerol froma crude glycerol conprising a
gl ycerol, a diol and water, conprising the steps of: feeding the
crude glycerol to a preparation apparatus conprising two or nore,



WO 2007/ 074066PCT/ EP20061069647 3 and a liquid bottomfraction
contai ning the non-vol atile contam nants; and (b) condensing at | east
part of tWe208(8dt%6tis top fraction into @ |iquid streamBAR/BIR0P6L069647
subject to a stripping treatnent resulting in an overhead stream
cont ai ni ngby theatifdpty wakhkeacqoeganeibyikat @ivicall schutidn poral ¢anedntvaing rireasndéri et
l'iquid bot MG kitREN evipbtH tHeNbod BRePbiaid B UsAaBOIJ1088s SRR Blo-
options fog,éifRakkRgicNBRolnSlrise® TR 40n 9 5880L 6r ﬁ%@%%s} one spe-
It is an ojecl-qf, Lag Present, Nent Lol Lo, provide a process for
recovering propylene _aLB'gq ycoa1 d1‘rom a mxture conprising propyl ene
glycol and water. It is yet another object of the present invention
to provi deU$ HreHe8E dispipseee GURSEEN &P PFroeyine Redlyfleyd dlont g Grrdg giyoeral cem-
conpr i si ng ppsiopyigdrerayl sydiol araindatag tcempusitdnfeenpyave druge elydeanth a prepara-
i nproved | @8gap@irauPeEMBRARNE® ol rhoreSseflly anpber nakl fklerdind Heistilation
Gl yool £ o e PR ARAPIAEE sl o FAGHBF i O PR R oner s
Thl s %t uffs ol SEESIHRIR TRe Y- BERIS O S R ARk 28 et paﬂvl%gcga&%c-
wher e pr op&Reior TeRRT By 2 SHVCEtP! BB FrUpe Spgerehecraxisiis @ SRtral ¢ X! apRave-
i nventi on fer, Terepiding ¢he slieps pfeteedingithe entdeoalygarolvicde serepayaibesppdraps
separ at i ng cahptisas two be nara padriabe oenrgkpd dlash nonara anidxd drsalidtivh tower con-
conpri si ngnu¥@beto antaSiis tBveRWHeRSh 8lRsaeh, frexdbd oPEAGLESNAONEY kFed® a
() evqgo_rg&g,srégu mglagﬁﬁé\}gre in at |east two evaporation and/or

g ec

distillation stages at reasing operating pressures of the
evaporators _and/or distillation colums obtaining mxture (M) and
m xture (MYS5E89.93%aphFRt] Pf PPRA Miselose @ aingd Ehsapaiaton of g Mpxtyrp ohan
| east one Pugentvaifuidiped waltext slarh 83 erpootit @cide nigclading xtonegarfiple]l fcetic acid,
conpri si ng paipidn@asdid, loifatic YndfesyRicREingNtbr 2xafiiel B silifdviphlholC e Giyséritg
less t1han e Whethdd &f a WBHREnatidN&r R @StiBkior], BV 8- ABIefEOpdreh - fifont £hdBa
process for.3enalaldng, A | SaARLIADE #PJb‘Pe%:r%e e%'aYa(EBh offr@%aan%‘\kfétéﬂf. The
(M conprising water an §| % Fene, %/gso, . sald. P cess
Compr i 51 ng PR B F §TA GRS BeTERIE A d0% FURUE: ReTeRnG @ we-
m xture i niedtse|sERE PFYRPEFERTOCAIIER RIREYE b Treratthe AisEiaige $tegt to ob-
decr easi ngtaiperatidurgamt egsweats applyinbe revaipo patosis taaldeast tids ditiillateatoi aon
col umgsobtah BiregduE Kidip@n{bite), aBatedting HE ee(dVe) sbidifdd Jro@pas adveng dshf-
m xture (M) @bhaidifnd thedddn tHa @EtilﬂaﬁéﬁBteBP@uéHJfﬁab%E%r@bﬁeU|c%r Hi@Ruid is
step, obtapni g & MALW FolhVhE)WSOTRILGL0GLREoLERSE 0 YarodRi0) WARLSL
and a mxtare 71y Conprising 1ess than 3 .-oo?_vvager,
wher ei n ni RISFFR' F1)° P%rrr%ﬁ‘r“t FTBE‘ UEpkar BT GCRPRPEIEN EAAP & well as the
conpri si ng PAtMEasxEeMJoe (RversEmSBisgi@er and mixture (M1 Db) conprising
| ess than 95 wt.-% of water by neans of re- verse osnosis. The
present invieséiRg @ESD 82 g1BE, VA PIREREs dafhesRPparadd Mg abubRaTblu-
one propyl gges 9+ ¥SRhctioh URdbrHigthibidh; (N QOB &5 BY pYRicils 20hc8Rtfed by
propyl ene %\)é(r:s% C)srr%oaslisg reo\s':a?l_lsa%lel?n%?eq’}%[sl ésrlengparated solely by distillation following
concentration of the solution by optionally multi-stage reverse osmosis. According to

35 the process disclosed in EP 0 324 915 A, the valuable material leaves the distillation
colume with the bottorn stream or the top stream.

US 6,712,882 discloses a process for treating waste water from an industrial process
for producing propylene oxide, which process involves the steps of (a) subjecting the
40  waste water to a multi-effect evaporation treatment resulting in a vaporous top fraction



(i)evaporating the m xture in at |east two evaporation and/or
distillation stages at decreasing operating pressures of the

evapor at o¥9 24HE7#¥6 di sti || ati on col uMmssaobt ai ni ng m xt UTET/ERANG/5AEHT
m xture (M); 20 (Il)separating the m xture (M) obtained in (I) in
at | east omedhuiguidgntidinstactibmatomdainsigeps nobyaiatie rgntaminaxtied (Hdopdens-
conpri si ngirgf atl8@s tpatbf Wie vIpPEuI@b EFacBiting Bli%lib®cbM Lhith GOARIdcE g
l'ess than %QI tr@a%e%@ﬁltlngz%(ér{ Q/erﬁ 5@&%%9&@%.@ vcl[gt tva 1% organtc

propyl ene E east “one furt
distillati g'lna)(sfl 3hd gurncL'Ia Wat?reas?’gh E'|ur'1c\j/e?1t oﬁt %0 relates to a pr ocess

for separatl ng at | east one propylene glycol froma mxture (M

conpr i si ng ARBRENIntregriod ap deps/Iben eergrolcultions ir freplinscwaye 3G MEMPSHing
(1) evapor atdgan@g dohwonhad.ure in at | east two evaporation and/ or
distillation stages at decreasing operating pressures of the

evapor at Or $t @%q/dziecg'oﬂﬂej ﬁ%&émn\%‘n&}m@ PR £Qb%9r 95 E)?Q}Bglene

DX ar 3o eoriidnt & b m“”r%ﬁﬂﬁﬁf%%vgeﬁegﬁwaﬁ of Fna'x?ﬁre (1)

conprising at least 70 wt.-%of water and a mxture (M11) conprising
| ess t han 30s wgt.angghef oigelerf the NBSQUOTYOTA0 BEPCTIHERINOGISE 69BAFOVBring pro-
wher ei n m pyleneglybélipn s nfidutchempsiepa hadsbniely@onand water (i ingroved yield

conpri si ngaad irh®aedd 19Ry Wrmrpeophaat er and m xture (MI b) conprising
less than 95 wt.-% of water by rreans of reverse OSITDSIS 5The present

i nvention Iso reI tes rocess, .for separatin st one
propyl ene E‘(?H)g’eﬁji gafttﬁ)‘? REERY IOSRERS & awﬁﬁ%é)rr O?fﬁa %ra{fg‘&ove“”g pro-
propyl ene QW%%E’VC%'JW BrofkiEs CUBRYISPIREYIeNe SYEY! asdayrieatingEein Hes mix-
m xture intue i$ ehlginedvas a\papguedict drmaan Eoexidhtioni droetss orhese ageaenglatoxi-
decr easi ngdapetadihing ppomssieresieof t he evaporators and/or distillation
col - upps obtaining mxture (M) and m xture (M); (rn)
separating the mxture (M) obtained in (1) in at |east one further
distillati gn Steﬁ{ftﬁbtal n! ng a mxture (MI) conprising at |east 70
W . - % of re (MI1) conmprising less than 30 wt.-%
of water, wherein mxture (M) and m xture (M1) are conbi ned and
further sepaeafae thapesenkinuediofMrdddescoppres fngsegardtemsit | G5t woe phaplf
wat er and phxyuyed oM & Byixtc@np)icsmpgsih@ 8ater BaM s&8 prdpyichedfyconkeil piytess
means of rey@psehPsSnosi s.

()  evaporating the mixture in at least two evaporation and/or distillation stages
at decreasing operating pressures of the evaporators and/or distillation col-
30 umns cobtaining mixture (M} and mixture (M");

(i) separating the mixture {(M’) obtained in (l) in at least one further distillation
step, obtaining a mixture (M-} comprising at least 70 wt.-% of water and a
mixture (M-1l) comprising less than 30 wt.-% of water.
35
The present invention also relates to a process for separating at least one propylene
glycol from a mixture (M) comprising water and said propylene glycol, said process
comprising



20 The present invention also relates to a process for separating at

| east one rﬁg}ll ene glycol froma mxture (M conprising water and
sai d propyPeétfE’gt¥tol , said process conprising 25(1) evafoVBRIMPHE
m xture in at |least two evaporation and/or distillation stages at

decr easi ng opeflat i agpperangdresidiretinat lesw por araposatendhdior dis§lidtibh atagen
col utms obt ai ni ng & adagRilgd\peratng préssutlsaof (M gvapbldigrs SRRRK alstimgiok RE!-
m xture (M) obtai pefs bBtalidg k@t (hsass n@@@ef{w-{;her distillation
30step, obtaining a mxture (M1) conprising at least 70 w.-% of
water apd a m xture (M]I1) conprisjng |less than 30 w.-% of water:
(N7 aBoarati Bh't Feakinelsn€ oV By rane o hBgt 44cbAre Rt SEliagor
(M11) in at |eastSEReCT @GS MitWe (M AcoBRrisiicesf leas "dker-& of Watkt ardea
(M1) is further sepdurat(®ed)icotrprisinglassehgp\d @)-%oimpatesi ng at | east 90
wt.- %of water and m xture (MIb) conprising |l ess than 95 wt. - % of
wat er by MRABRIPMGY IS Fis AHTRS 58para PO Ak OEARBES ES AR ONGL Q8 9644 -
The preggent, bﬂ)é?é&? éﬁé‘p%ltérg (gvf?!bﬁ]k&%ﬁ]ﬁs?nqﬁue% %ﬁ%% L0k, 3ERALALL A Al (¢ o
| east one Qrogy ene glyco roma mxture conpri sing wat er-eand
sai d propyl'8RE°GIYE!S! , said process conprising 5(1)evaporating the

m xture in at |least two evaporation and/or distillation stages at

decr easi ng Toperstenhigpvprtessalse slathbs the peaass fat mparasing /20 teagi sté blaplliens
col ums  obgakai P i Hixaire Y Jondnidingl wdtt 8nd Maik; propyIdRLpRES! bAg drftRss
m xtures(Mgdmpfdigi ned in (1) in at least one further distillation
10step, obtaining a m xture (M) conprising at |east 70 wt.-% of
water and a mxture (MI1]) conprising |ess than 30 wt.-% of water
wherein the ni &t ur 8\@%9;8%*19 e 3dea Rye BraaiRtion R pisgiaies sgps
t he epoxi dati on of 2pFaspsASEPcORSHRITEI PSeIsyrasHe tha eyRPRBItgra jandisa distifajion col-
propyl ene with a hyuanepetatiigdeixture (V¢ apd ebeumedMof, at | east one

sol venggand at | east one catalyst to obtain a mxture (Ma)

compr i Sing PrORY! e0gchiiirdne Z0INE BF£50Bheh IVANKIATA 30 FEl AL BSlBof

process for separat)ng af. | east. one pr ene a ture
(M conprisi ng vat §Feafie0gRd BPRG GRES NG N =tdEr oot weter'end o
conpri si ng (1) MERIB VAN REPEIRET 1RSR A3 W2t of waiet t wo
evaporation and/or distillation stages 25at decreasi ng operating
pressuegés of tliB) eveppoatigohs anedsdondisbpyldnat giptol Gohr the mixture (M-11) in at

least one further distillation step.

The present invention also relates to a process for separating at least one propylene
glycol from a mixture (M) comprising water and said propylene glycol, said process
30  comprising

(I)  evaporating the mixture in at least two evaporation and/or distillation stages
at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M'} and mixture (M");
35
(1) separating the mixture (M') obtained in (I} in at least one further distillation
step, obtaining a mixture (M-I} comprising at least 70 wt.-% of water and a
mixture (M-I} comprising less than 30 wt.-% of water,



ums obtaining mxture (M) and m xture (M); (I'l') separating the
m xture (M) obtained in (1) in at |east one further distillation
step, obt¥PAPHE7H6M xture (M 1) conprisgng at | east 70 RET/EBHOF06AGHT er
and a 30m xture (MI1) conprising | ess than 30 wt.-% of water,

wher ei n i nwgieegn (ixturt iVdpisdu@porsaparatzdIttagastiufcaiN-1a) cboplidd) atiegst 90 wt.-

carried outy, af waRe bR@HINGreORILRELMBrdMERIH RS dTWLRE of RRELBY FREEL bf re-
1.5 to 5.5,bAL Alodst enperature of 111 to 155C, (E2) 1.3 to 5.0 bar

at a tenperature of 107 to 152C, (E3) 0.7 to 4.0 bar at a tenperature
of 90 to 144C. WD 2067/ 074066PCT/ EP2006/ 069647 7 The present

i nventi 8n dN§F PENhIWentics sprizies &0 pairowsparataratptiag 4t deest comeropylene
propyl ene g@lygelofrorhraomidungi (M)urcenfis)gceatpr asd sgidwabeylerandlysali daid process
propyl ene gbyending sai d process conprising 5(1)evaporating the mxture
in at |least two evaporation and/or distillation stages at decreasing

oper .at ' ng pr esﬁrr eg forétmg tﬁé’%&ﬂr@j&%ﬁ %ﬁ?r vzgj;o?étiolnla%td-}o?%'s%%t%m% es
obt ai ni,ng m xtufe and m xture ") (l eparatin he, x_turge
(M) obPained in ( @Cﬁewa WRERInG R F%Shoé#f%? Rordags; /o] it lggion ook
obt ai ni ng a m xt ur EMORPPRIEEHPPFEE ) abd mbdge (F0hiwt . - % of water and a
m xture (MI1) conprising less than 30 wt.-%of water; (1I11)
separating the(at beasitingnee priopid @NEoghbyie®lin {iy Brattidest Bhy furer dMildtibn
in at |east one fugkpesnsihslyid h@&mrewslie&hp#sﬁqgﬂﬁ%smo'm% EPwALE) and a
three eyaporation ﬁw‘iﬁ&%ﬁ#lﬁ C)on) rigigng%"é h%@&qﬁ,} bfvgatout at decreasing
e ranges 510

operating pressures 1n-t 55 bar at a
tenperature of 111 to 155C, 20(E2) 1.3 to 5.0 bar at a tenperature of
107 to 152@&he(aynigure () 2ng nipspreatM-f are gpepiedrasddirtiory separpdergnto mix-
The presenturerenl conpedino af Eaat 3 wit.o% aof pradeess! Mixturs gpaibatomgrisng less
| east one map®A e 6 waet by meahofitevdrsl 6srhddis.conpri si ng wat er and
sai d prgpyl ene glycol, said process 25conprising evaporating the

m xture in I . .evaporation and/or distillation stages at
decr casing et S s ELIRRLA 21 8 ee e AL ST U vy
col urms. ob@FR T i REUE (M OTERTIG SRS ENY 9615 PTPPY §as BPSly PR RIeReSS
m xture (MEPMaB¥Bgned in (1) in at | east one further distillation
step, obtaining a mxture (M1) conprising at least 70 w.-% of water
and a mexture (IM | byapepamgited RGthress at 183N 1380 eVdporodfant@d @istillation stages

at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M'} and mixture (M™);

()  separating the mixture (M) cbtained in {I) in at least one further distillation
30 step, obtaining a mixture (M-1) comprising at least 70 wt.-% of water and a
mixture (M-II) comprising less than 30 wt.-% of water;

(I} separating the at least one propylene giycol from the mixture (M-I) in at
least one further distillation step,
35
wherein mixture (M-1) is further separated into mixture {M-la) comprising at least 90 wt.-
% of water and mixture (M-1b)} comprising less than 95 wt.-% of water by means of re-
verse osmosis.



35(111) separating the at |east one propylene glycol fromthe m xture
(MI1I1) in at |least one further distillation step, wherein m xture
(M 1) is YUPPHE 4 %8parated into m xtures(Mla) conpri siffg/ER20Pe@%Et790

wt.- %of water and m xture (MIb) conprising |l ess than 95 wt. - % of
wat er by neafPrefent svautiopedlse relalap 49 § pregeds faideparating at least one propylene
2007/ 07406 g8PATHER20 06306964} Tcontpersignwatar ahdpaid! probfisee gevapesiatpradess
stages (El komptiéng E3) are carried out at decreasing operating
pressures in the ranges 5(El) 1.5 to 5.5 bar at a tenperature of 111
to 155C. (E2) 3 to 5.0 bar at .a tenperature of 107 tq, 152C (E3
00700 5. 0 oo Ohe &VasRialinpdhe Pl e G RERR TG BuPorati o Sfffpatbi Hages
i nvention al so rel 8t Crt35NY REREYPreHHrese At yangraiers|asgiy distigation col-
propyl ene 10gl ycol uftnepb@inrigmixtuze (W) asdmirtirsi(Mgr wat er and sai d
propyl ene glycol, said process conprising (I') evaporating the
mxture in at lhpastedarirRVaeokidtiiOm fstaREd H 8F inl dt3ddPBnsFARS uBtilation
dert 2asbng operat] 08, PhIsHGES kb N CUAROAMOL Se AT oin A 8F b ALLPE
col 15umms obt ai ni ngY. xt&]rlﬁ (3 _an Xture 12] '") Séparaiting
the mixture (M) oBPSREY-THForPsing ege hadd WoHa Ok W#tPher distillation
step, obtaining a m xture (M1) conprising at |least 70 w.-% of water
and a m xt whergirvhiel hixtuoarfyi} isiobtpinesisas ¢ her@Qciit & Breoodss\iat the ;ep@ddation of
wher ei n m tapyené Mbmprisisg fHardtéyer separated into mxture (M1 a)
conprigsng at |least 90 wt.- % of water and m xture (MIb) conprising
| ess than 95 - % of .. r S i S; 25wherein
the mixture (M™) Je%g%@év%ﬁe gﬁfé‘@?ﬂgﬁ%aéﬁ%ﬁfﬁﬁh%ﬁg%%%ﬂgs o 3PEH S8 so
epoxi dati on of propyI'éhd & &Hist PF ﬁéta YRBIOERIN @ mixpusg (Wegd epinRgsing propyl-
propyl ene with a h§d 8Pe?-oxi de in the presence of at |east one
solvent and at |east one catalyst to obtain a mxture (Ma)

conpri 0Nng Tpe QipydedOeRentaxi dey ramds wWhearebdess forsdepRrdihy &t W=8€one propylene
evapor at i og8bia@5s o ﬁi))turteo(l\z()l-:é}n;ﬁfsﬁlg?\)%t)ér' %%595?%1 %B%ﬂ&% Sgtgélggaid process

operating %ﬁf’ﬁéﬁ s in the ranges 3 bar
tenperature o to 155C1 (E2) 1.3 to 5.0 bar at a tenperature of

107 to 152C, (E3) 0.7 to 4.0 bar at a tenperature of 90 to 144C.
40Det ai | ed desélti peyaperangttirenmiriyennt pidpast two evaporation and/or distillation stages
25 at decreasing operating pressures of the evaporators and/or distillation col-

umns obtaining mixture (M') and mixture (M™);

(Il} separating the mixture (IM’) obtained in (I} in at least one further distillation
step, obtaining a mixture (M-I} comprising at least 70 wt.-% of water and a
30 mixture (M-I} comprising less than 30 wt.-% of water,

wherein in step (1) three evaporation stages (E1) to (E3) are carried out at decreasing
operating pressures in the ranges

35 (£1) 1.5to 5.5 barat atemperature of 111 to 155°C,
(E2) 1.3 to 5.0 bar at a temperature of 107 to 152°C,
{(E3) 0.7 to 4.0 bar at a femperature of 90 to 144°C,



WD 2007/ 0740669PCT/ EP2006/ 069647 According to the present invention,
the process for separating at | east one propylene glycol froma

m xture (WP 286/F+066i ng water and sai d propyl ene gl ycol RONPPINSES9EAR0
steps. In a first step (1), a mxture (M) is obtained, which is then
subj ect ed tToeagpreenomdebtionsaiep rdlhte to AQEedFRsAg sdpatdifgpit @s80bne propylene
i nvention, ¢fae G amh@r (VMERMFINAOwAEr hERShidONBpREAPYLERE sali%iHless
froma m XtoHFn%riéi conprising water and said propyi)ene gl'ycol

conpri ses (I')" evaporating the mxture in at |east two evaporation
and/or distillation stages 10at decreasi n? operating pressures of the
evapor aPors and} or R Fing4be BlxtésIn atippy Yep exantiratip ANt distiiafioy siaegs
m xture (M); @l docreasiray ereraiygt ftessurest afitiee ¢Wpprabtsadnniéd distillftioh coR
at | east one furthemndiosididih@iix@ne sepnd altttadening a m xture (M)
conprising at least 70 wt.-% of water and a 15m xture (MI1)

conprising lesg;th . - 0%.0f er..ln step. (1) m.xt ure ).
i's obt 3i0ned Wn?'gh %%bna\?z%én,t’;]?fﬂ%g%@%g@??ggd%ﬁﬁ@aﬁslé% OP%@%&seédgmgt'on
osnosi s° 20The pr e8ERt CPAVESLT B RV gparafingat lspst/Osvi-¢° o wrlstaxsa
for separating at Med4e (Bhd gerppgine mssdhacd! wirori watai:xt ure (M
conprising water and said propyl ene glycol, said process conprising
(1) evaporati ngif hespgarxtingl @i 21 18dst|oR3SIropWehceMaRD Tkl @2 ADEer(vV-1y in at
distillation stagega¢hdle HRLSANMDbARES: At i ng pressures of the
evaporgtors and/or distillation col- umms obtaining mxture (M) and
m xt ure (Mr"‘i‘?; L %II) segarati ng. the m xture %I\?{/I) obtained in (1) in
at | east oM&CSFR} IMEPP i S¥PF PUIRBTION EHSSIBT hioniEry 25 FAed Pt qtderigasing
conpri si ng cagrafiggBesygenin theyafgedat er and a 30mi xture (M11)
conprising less than 30 w.-% of water; wherein mxture (M) is
further separated hmte sma xdrste éivbrajure eimpritsiigecat | east 90 wt. - %
of vatep and med)uf§ (EMd b £ TR SLAG {J@ﬁﬁttBh‘}?" )5 Wt -vbof water by
nmeans of rever 0 [ cordi : e mxture is
evaporated in g%)l @@? 4t%\/\%area\t/3§%rp%?rla@%e %f(r)lgé}/stc?ﬁg'éiés‘ti | I ati on stages at
decreasing_operating pressures of the evaporators and/or distillation
col ums obtTaf mreRgnirin¥enticd Fae yelalae tovpyaregess fon'yepaptiod ait &asisy one heopylene
m xt ur e i s giealpiorrateechiititre2M)occoinmeismporaiet end aaid/ wopwersd glyba@lt saia process
st ages2at degbgasd Nng operating pressures of the 40evaporators and/or
distillation colums, in particular 3, 4 or 5 evaporation and/or

distil- WO 209?/ Og\ﬁla%%t?a]tggﬂé T%II:;(%L(PFQGII’/] gt ggsl%zwo evaporation and/or distillation stages

at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M} and mixture {(M");

30
(II) separating the mixture (M’) obtained in (l) in at least one further distillation
step, obtaining a mixture (M-l) comprising at least 70 wt.-% of water and a
mixture (M-11) comprising less than 30 wt.-% of water;
35 (I} separating the at least cne propylene glycol from the mixture (M-Hl} in at

least one further distillation step,

wherein mixture (M-} is further separated into mixture (M-la) comprising at least 90 wt.-
% of water and mixture (M-Ib} comprising less than 95 wt.-% of water by means of re-
40  verse osmosis, and



l'ation stages, preferably 3 evaporation and/or distillation stages.

It is also possible to conmbine the | ast evaporation or distillation
stage accOPdHEt% step (1) with the digtillation accor¥FHEPIE/ P&
(I'l). 5The evaporators and/or distillation colums are operated at
decreasi ng operating pres- sures and tenperatures. Preferably a first
evapor at i owhereitlinsdtep (iatHred esdmgatidnSstaRer (&t b @&B) ardPtRB81I66t DfdedreBsih

5.5 bar, progg@r,,a@bbésgﬂgstrpthérgjg@@r in particular 2.5 to 4.5 bar, for
exanpl e 2. ) .1, or 3.2 bar; and at a tenperature of 111

to 1560 prefer I o1 in jcular_ 127 to 148C, nore
preferably 130('?@ L?é%% él'ﬁ)a ﬁ?@ft‘:é'r'%?fﬁ ‘IQEJH S@vapor ation or
distillation stegeliPdofgebatata iemrea F%@fsm7é06152£33 to 5.0 bar,

preferably 1.4(E3 8.70cBdr hariah apempereivract 90 16 116°Q3. 0 bar, for exarrpl e
1.8, 1.9, 2.0, 2.1, or 2.2 bar; and at a tenperature of 107 to 152C,

preferablyid réé?sn{]-ﬂ'r@er%on' alscp?élatbé:% @rpracjejss (78] é'e%%%tlng%g?eagf @ﬁ@b%bk\éne

118 to,425 i ra an, qr di st

oper at & agvstLFE SRR G AFyRERANAH O o iibyet B S8t
in particul87P83®to 2.0 bar, for exarrple 1.0, 1.1, 1.2, 1.3, or 1.4
bar; and at a tenperature of 90 to 144C. preferably 95 to 135 C, in
parti cul ar 90 tlp 12&Qorativgeheg méfterdinblieddbvtd evdpbbdionlamdtasiestitatibo ytdghs
evaporation or di skiddorddsiiy §erfifrg fretardsi @thdBapotdisrsfamrdr Ristillation col-

evapor agi on or di shmhgagramgsraaﬁermeﬁ@ma@ gpefat ed at a
pressure of 0.1 to 1.5 bar pre erab y bar |n particul ar

0.3 to 1.0 bar, for exanp ; and at a
t enperat ure of (¥o ?%‘)aﬁ%@ thﬁrnei‘téfeaw %/017‘5'”?6 '”.Lﬂb‘”(?t "’r‘??t B&?F‘i‘rﬁ’l‘ﬂgrs“'ﬁ'on
to 100C. M xture (&P epteiningtaaibte M poraprisita elapyrdtWiofe ahddtenend a
distillation treatmzntre (Mil)Swhsegine tss Shagiswall pregeessi vel y | ower
pressupes. Due to the pressure gradi ent between subsequent stages

there is a e HMGQI@!C! % er%gp%r%tetaqrrtblnﬂgtur: %%EMBﬁsnirééat [e?st 90 wt.-

successi ve,
one secti on/sP?Q%tera Xt'grea( %EE%TD'H%%Q ﬁ?gﬁr} n)eﬁgw@ieg me?ﬁﬁg}, "3
stage as ué’%r&eoﬁmf)ﬁ'ﬁs context is a section of a rruI ti- stage
evapor at or heated preferably by vapour, preferably steam and al so

rel easikhg whpain the raixtud gdpidentaiseCid ® by-pwduacien iat prosessFadihe @psxipaioy of
at | east pardpyRhelb@pada®Meadiépn heat needed. The renamining liquid
prod- 35uct from one stage is the pr ef erably m)re concentrated |liquid
feed to the next stage. | vvoev [ or

G stil Dation silger b raretnuT A iR r AR P R8s SRR o priasong -
can be operated i nv&'SHdE9a8¢ oS FREYAL @é@éﬁ'ﬁﬁd@'*tt{r%é"ﬂrﬁa\ﬁo'ﬁ“@éﬁw gropyl-

i ntro-38uced i nto emecfiflg;sindst age and is passed from stage to stage
paral lel to the vapour, pref- 40erably steamflow, while the liquid

‘product” iymeWid h‘rdsft fHreel drddst stadaaqe) iot(E'S? afd &0riedQut at decreasing
2007/ 07406@5&;{Egg?&ébg%ﬁtﬁglréng%gssr ble to operate the evaporation
o)

process in counter current node. Alternatively, the

mul ti- stage evaporation may be carried out in a so called parall el
node, wRich in{Elvés 851e ‘?Et'"raﬁ@t?‘ﬁ@“ﬂh‘ﬁ‘%@ﬂ/@ét"@ﬂ%&d over the

di fferent stagé&s?)of 3tthe. Evarpdpdeiperaturapin 0750 NA2eneral , a stage wil |
have a vapor otgd)et.7and.(abdrisguitemparhives o taeldh-@s heat i ng nmeans for
provi di ng the evaporation heat. Such heating neans could, for
instance, be in the formof a reboiler arranged at the liquid (i.e

botton)opart olfdthe stage. Al terpatively, heating nmeans can be in the
formo Qﬁ%@—éﬁ?&ﬂ&@%@—eﬁ%&i@%ﬁ%or plates. Al such 10 heating
nmeans have in conmon that their heat input is supplied by the vapor
fromthe previous stage. The heat supply for the first stage of a

mul ti- stage evaporator will normally either be provided by fresh

steam or by another process stream capable of providing the heat at



Preferably, the mxture (M conprises less than 99.9 wt.-% of water,
for exanple 70 to 99.5 wt.-%of water, preferably 80 to 99.0 wt. - % of
wat er, nmove e Eiably 90 to 98 wt.- 259% of water. M xREF/EPONY069G47
furt her conprises preferably | ess than 30 wt.-% of propylene glycol,
for exanple 0.01 to 25 w.-% of propylene glycol, preferably 0.1 to
20 wt . - % ofacpsrapyltenee glasenl invemion, peefredaabliyr fbpardtifg kb 19Mst offe @fopylene
propyl ene @lw60tom iaNmBakki ch%ﬁ’tp;s@g%téroan‘ﬂtsalg/ FBc BEQ JC%D@OFQ;!)F)Q%Q"(WO

nost prefer ?éll}} Yink Rt &eé(lgﬁ ml@uﬁg (I'H{)(Ps*oé/ t?ﬁgd qvtygnolﬁ then) n%éc%aeto a'\@ecopd

further 5C0

r mbly P SHFPab ORI o WA O RETO, o oD (Lo g st o5
w .- % M xPlRRYIeermgycsbiram meaiyreSMe sorpyisice water $89 sgicoprpPeaee glyge som-
and water. pPsef erably m x- ture (M) conprises 80 to 99.9 wt.-% of
water and 2.5 to 15 wt.-% of propylene glycol, 35nore preferably 85

to 99.0 wt.-%q V‘@@@d’oré’tﬁ@ tl5e Frﬁ&tl.lr% |t$a%astot/ﬂl9fev£fo?£t§6|n%%/c9ld}é‘fi thon st}iges
partic bar 88 to 9

gl ycol . °M xt ure ( easmrc[; cd)eratlng pres(,js E“)S c% the (Ievaéaé)gat%rs an@yog dYSPgaQW cob/
of water. Preferabl ”ﬁto?ta‘rt‘ @”?‘N’/FW&B m'ee@ 0¥t o 99.99 wt. - % of
water and 0.01 to 0.5 wt.-%of propylene gly- WO

2007/ 07406612P(T/ ERB0&IQGB64Txtoa! (M'yrobteinpd &f g) abityed ohe fidthed distillatith
of water and 0.05 tstepootaanwtga%mrenmpytrﬂnfelw 0ehst 7ionwinas bi CatbRinPS

to 99. 5wt . - % of V"ﬁﬁ)ﬁureqmi)q::opnzan%ﬂ Qesjs tl‘MmSO/ P_% BNQ ¥ ene gl ycol .

Accordlngto step (Il), mxture alne I's separated in
at | east one further bdistillation ste obt ai n| n a mxture (MI)
conpri si ng "aftePdast mpguig (M %%?btme%whehdzaa br?if%ftﬂ?rese@mqtﬂ by. B198PF 8T 19
| ess t han 3ers@osmesisf wat er . The distillation according to step
(I'l') can be carried out in any suitable distillation colum.
Pr ?L e[ ably Taefpaésleanﬂgwlte?ﬂ.dﬁTﬁ\éad@aeaetlaf rekfted &beldr@éesart@t SRl RqeHPRed
Wi rays r u
(M 1) T oI o e R B B B o LB RP e bk
bot t om st r&am ot the distillation. 15Accor di ng to the present
invention, mxture (MI) conprises at least 70 wt.-% of water and a
m xture (MI 1) (onprarsesingde midieg B0t Ipest 196 efansatiion anPfoe istiddioy stages
m xture@s(M 1) conpai seseddhg @eB&indPradsurdd dfthavatapiorand Hddt disbiidfiob col-
wt. - % of propyl eneuahye@damlr@mwéaﬁ%a@th@ré(tva@) 99.9 wt.-% of water
and 0.05 to 0.25 wt - % of propyl ene glycol, in partlcul ar 98 to 99.5
-% of water 07.t0 ene
B 2oL Vet NGBS bl 174 S REIRYN o S AP0 2P cigon
to 90 wt.-% of prop{PePiiaigingcomixtyrg (M-1hpemeisils §t sagtd 014 i of watef and a
vvater dAd 60 to 80mimturedd/of) qorrmpyine fess dghanc¥l wii¥nofpaeatei;cul ar 7 to 12
-% of water and 65 to 75 wt.-% of propyl ene glycol. 25According to

t he pr esentuhbré(reﬁﬁﬂt&@ (V8§ 8 RutHek berateh $hid HRGERI VPGS %rPlb:“QniQt iLA8 00 wt.-
present i nV/eBtI\}v%tgt ur%a(Wb?go Fnsn%}e%gg l'ta¥| Q%f\}vte:afs 3‘} V\eJQtTeﬁ %Hweans o?re-

al so pOSSIb
treat ed bet’%rregoﬁq«gf)'s(ll) The mi xture can be heat ed or cool ed, or
otherw’8e suitably treated. 30It is al so possible according to an
al t er nat i vécearbioditorelep (Hhtae rmkiateuis @vdivrdted & dfi leasttilvy evaporation and/or distil-

lation stages at decreasing operating pressures of the evaporators and/or distillation
columns obtaining mixture (M*) and mixture (M"). Preferably, the mixture is evaporated
in 2 to 6 evaporation and/or distillation stages at decreasing operating pressures of the
40  evaporators and/or distillation columns, in particular 3, 4 or 5 evaporation and/or distil-



introduced in a separation step by nmeans of reverse osnosis. It is

al so possible that m xture (M) obtained in step (I) is further
treated DEPIPY N HES separation step by mmans of reverse YSHBRIAH/069HE
m xture can be heated or cooled, or otherw se suitably treated. 35The
present i ni@innistroesheieédrabie 3p¢\(ﬂbpt¥é'9” angioodistiwtiporstagepalt &t elng prassible to
| east one pooplyk-the et glayreohtiohramisillatont dage 4ddordiaimar $tep Ny wiBlties diaiich-
sai d propykienacé¥e@to st8@iid. process conprising WO

2007/ 07406613PCT/ EP2006/ 069647 (Oevaporatl ng the mxture in at |east
two evapor |on and [on stages at reasin peratin
pressur gs 0 "%poef% i?ré({/ Or C!sSt'é o ﬁg‘f'rfelogﬂ %OCE Y '”8b‘-‘tpgf%i“ﬁg’r85‘
mxture ( MS)’reér?(ﬂ‘drf?WPﬁrraé"ﬁxﬂ Brefesiq'w 7 SER &VaRITAPT PreciphlIrtiqrr Blaghfs) operated
obt ai ned i @t @lpyesspreadt 1. 2is%.5dre drefetarer2.0ite 50| Haat in partstiep 2-50bt4h Pampr
a mxture Ekarhplecon.9,5.03B. glorl3enisdr; At wita tebhpefatwatcdri 1 amRe 156°(T, Kictdrably
(M11) compdsd Nk %S phianarsdMb. m%@c@fm%@tpeerferamﬁf 1A6GQK go-ag to an

al terngpi ve enbodi nent, the present invention relates to ? process
for 105eparat| n t one e froma, m xture

conpri si ng WA g'ya%aecea {Z?“e‘ﬁyfj qu 1‘?:O%IS‘){ 9P ¢PRrAERE RERTF ég? i’@ to
(1) evapor &4 bgj- ew&erﬁwwtﬁ 4 inp %%?U]@F\Abf’é‘%/ﬁ'&d?aétﬁobﬁx%(ﬁldﬁd@ 1.9, 2.0,
distillatied, Qta@é@r.aandd@ateamemjur@méﬁa‘f intpyCessiarayy ofiC thed4 °C, in par-
evapor at or sicaiad! ariodizatd, | rhatippsfeedly-118usmss abt ai ni ng m xture (M) and
m xtures(M); (Il1) separating the mxture (M) obtained in (I) in at

| east one f t t I

Comprising & #Héf&#&%r adéh% gﬁﬁr@% osra%‘?uat%ﬁ %d& i9g ?ra{gd %ﬁ‘?ﬁs'vlﬁé %ﬁ:?r?tscﬁ“n%
| ess than §6r \Bfe er‘? g’f &P baﬁd”\ﬁ/ﬁ@'ﬂé‘f“h t?(tzgi‘r rgp'Fdrot Aeb 12 1.3,
separat ed Phi'd BATxeRs 8l § kREraldenph I%siontf43¢- iP"é@ﬁb'Q@’f’\m 135 46 o meaticetar
and m xt ur 0¢ 2B, conppiesraiggy188& t1H46. 95 wt . - % of water by means of
reverseoposnosi s. 25According to an alternative enbodi nent, the

present | nVr?EEéeOJ‘fo[iﬁh @@@&r&t%naormé?ﬁﬁ%% Fe 18 @Q@E@Bbp%@ﬁ)uhﬁ@%poﬁ)ﬁ%n or
propyl ene 9 syﬁ;acﬂlon s{ FQféﬂ'EHl% eccﬁrg);gregédpg {?tl Efo 1asnbar prg?i r?tﬂ)é() 210

|
mgﬁﬁrgn?nng e@sﬁa”t' Qtl?aéno'éﬁ’éa/”g?'e 8[ Just aetl on °§t g@ gpget @

decr easi ng'BpRAAMTNY T@rt@é‘éﬁrcésaf@‘?fatbli\(e?@?éﬂ@r@t igroartigHtr ¢ tQﬁ%Q"pl | ati on

col - u@hs obtaining mxture (M) and mxture (M); (rr)
separ at i ng MitiereniX tiitr€atédvtq a 8Bictl diedtapdialidn)aridn oldistiiRast remhehtsih BBSse-
di stillati @Dent stages at progressively lower pressures.

Due to the pressure gradient between subsequent stages there is a resulting decrease
30  in boiling temperature in successive stages. This gradient allows the condensing va-

pors from one section to be used as the heat medium for the next stage. Thus, a stage

as used in this context is a section of a multi- stage evaporator heated preferably by

vapour, preferably steam and also releasing vapor to a subsequent section, where it is

used to supply at least part of the evaporation heat needed. The remaining liguid prod-
35  uctfrom one stage is the preferably more concentrated liquid feed to the next stage.

The at least two evaporation and/or distillation stages used for the purpose of the pre-
sent invention can be operated in a so called forward-feed mode: the raw feed is intro-
duced into the first stage and is passed from stage to stage parallel to the vapour, pref-
40  erably steam flow, while the liquid "product” is withdrawn from the last stage. It is also



step, obtaining a mxture (M1) conprising at least 70 w.-% of water
and a 35m xture (MI11) conprising |less than 30 w.-% of water,

wher ei n NVREHMTET{HNF) and m xture (M1) fre conbi ned andPEUERITI69647
separated into mxture (Mla) conprising at | east 90 wt.-% of water
and m xt ur @o¢diblk ) oponjerths engodraRs drbcess ¥ba wb caleddounadr etirrbiyt MmN sitef

reverse oshmfiety, tidmulDsRR dVaF4a86H ARG DR A69846 AREQLIiING hdue,
anoj[ h,er en%%hﬁﬁv@lve%fquigiﬁ QH@?«%F@ v{/en%ref@Hi Wer t“uQ%tf%E’&‘ﬁ%? eg%[i;tqe evapora-
addltlonall.ﬁ conprise a s?ep I'TT): 5(TTT) separating the at cast
one progyléE e"8ycol fromthe mixture (M11) in at |east one further
distill&dtion step. According to step (I11), the at |east one

propyl ene ¢ gewirali 3 stapaviabad 4 vanor ohidet@ing adigeid(duilel §s well ag héatiag megne
further di sdrigrbatihgmhstepordicafiemaButh rebipy (kbhy cbddcr Msemcoe in the
using a 10 &thvbih Rebanal hrrSlcdMit thé Mg S qPe.(Bditoln) JBISURE stde! Intidmaiidia
m Xxture Corﬂrre}%ﬁrg;! :ngar?éégrmbga} lth P({r gfj I%L%F lsm:i’ %\ﬁsa![klg Bé?bpﬁgtesl. rfaxll%uch
preferred odi ment m.ste&g‘%l ; mF re (M1 al, mxture

(M-I 6§ anGeY 9T AVENR PGBt PRI RY WeE dhEiRRIPy P fspYAReR&em the
gl ycol ar e PEYi%S &S PP erlBIPP!y T the firs sfawp 1of pYMdl- sinog eirapo(atenwil ayr-
conpri ses t@lyeit7d et proYided byditeeh stegaredrermadiotherHroaess Sirabm-ddpeie of pro-
wat er, in paidg eelhabt AQné GigdOteMperdtaref TH@EREM rbodvetxpaPiHe 13P rhbidh f&dm
‘F’ﬁ e]: /e? g}c yW?eI Rkt itgéfﬁseftﬂglb?f/l 53&@elﬁ’§edl \g;%iEochggiquéﬁé}pi‘hgi'agn@éor%é(a‘%lostreeapnths
Ss°o; grel eVl ot gl HE T Ep I B Y bt gy RS-
exanpl e 99 PIERGENGE FPRYEd glgeunaie iydie pregesg gl Emgved gy § WplighMediyn. 99, g
% 99.9 % 200r 100 % nost preferable in a range of 99.5 to 99.9 %
Pr ef er abl y Gengtally eal( ddapbiatyrs iasd olidtiiativedccisnias sardiee stse®imthel hecess of the
distillati aiveass0rrdeReatP rBIrRPfilfd EVapotadrsbas edbhérehrRUtoniels @B&ppddMith

three op MpLes SLpL8SN THoRhEMAPAYS drd uOREe Or two stages, nore
preferably in one stage. 25 All" suitable distillation colums can be

used for the distillation according to step %Ié Preferably a

di vi ded wal EOUBGHR Reppa AU R GRtEe (CIaTR SR PR SN ey
Koch d it scheferabhn e sixtwre (Magemerisealdssitat 9 hvdvapd matey foogsarapledO to
with 16 balRSstwaf oB3dthe pdifetablyl & tb @3.0cwl.-Yof wated niare Stefgrablly|90)to 98 wt.-
pref er abl y sopenaicedvixturd (I astier CombridbsQkefematl k8s B, 3weleabldpylene

0.03 to O. %Q/CQI,a*or e&gﬁp@(@:ﬁpltc?ZQMQﬁl%QﬁrpropgieQé ng:'bl, Qefglﬁdb%.ﬂ thQszt.b%rof
0. 08 bar, 09 u

or 0 ar, and a .bo enper re ofp 120t o, 200
pref er abi y o ol o8 pPdBbh L) i Pl i Brfhyene Gl e e 1.0
propyl ene” & Ve ¥t % 5f BPaY'SRF §lvaR: MPRIAIFEOM 1-P T Wii% obBioRYIRE® 9XECla
side streamof the distillation. Preferably, mxture (Mllla) is

obt ai n&d adiguteo(d)standammarfcotripeise bgiznld stveats. orlftirthes cdd@Etc pesssddke, draf-

the cont exterdifly hh@ dHRmeBE lebONBADAN.-fh R par iR @Iss SAreRFB-oar €
obt ai ned such as bottom streans. Preferably m xture (MIIIb) is

obt ai ned a‘?ﬁ/]iggget c%tgi%gglﬁn s4tgp (I} comprises propylene glycol and water. Preferably mix-

ture (M") comprises 80 to 99.9 wi.-% of water and 2.5 to 15 wt.-% of propylene glycol,
35 more preferably 85 to 89.0 wi.-% of water and 5 to 12.5 wt.-% of propylene glycal, in
particular 88 to 95 wt.-% of water and 6 to 10 wt.-% of propylene glycol.

Mixture (M") obtained in step (I} comprises at least 70 wt.-% of water. Preferably mix-
ture (M”) comprises 80 to 99.99 wt.-% of water and 0.01 to 0.5 wt.-% of propylene gly-



WO 2007/ 07406615PCT/ EP2006/ 069647 According to the present invention,
step (I1l) of the process according to the present invention can be
carried o Pzﬂff"f"éiﬂ“{?y after step (11). I42is al so possi bPE/ERRRP6/069647
m xture (MI1) obtained in step (Il1) is further treated before step
(1'11). The cpb gt ereferablb &5He 88 Edvtofe efowdtetanddd. Oothe2five e%saiipralylepe gly-
treated. | toi, 8 @Hrisalgpa@sd bbe wihad offiatériang oV tol0).1 ive-%6 efbicpeidndrivtd. at
| east one other m xture obtained in the process according to the

present i n Ejordfn a8 Jgegj 82 m%(ttLﬁQ (K/IL Idt)tgne-zrchﬁlr@f grs% al= @\Laeﬁgélstt opg Jurther

t
LPXﬁgs'ngd Waotﬁaﬁ R AR Dy SRR a0 e g o
| east one ;5'?’ BiA Ohi ‘@m}ﬁﬁlngf'?ﬁﬁfﬁ%’méoﬁﬁtxéﬁfwa@mI 1) in at |east one

further distillation step. According to the present invention, the
m xture (MThp diiliationesbebriirgt @pstép (1)) arbebearfied bian aial;‘o%apﬁt@tﬂ%dnainah Qol-

m xture (Myhf) Pe&ERbIyS @Ilr@tflirlnetﬁf%bo%%r% reBBiRt M eHwaPdgibsddiiveh trays,
(M1Db) 160%% ddéllﬂ'lih ﬁ] @% g)% -% of water by neans of reverse
resen

osnosi s. Accor invention, it is also possible that
m xture (MF) obtal ned in step (1) is dlrectly subj ected to a further
separ at i on FE¢Tefgblyy Mieries(Nt) 15 &R B iapstigam An mixthies(NCHE i, obigined ge
(M) is sepatiatesttcamtodthe distiliaor(M | a) conprising at | east 90 w. - % of
water and mixture (MIb) conprising |ess than 95 wt.-% of water by

nmeans qf r AebEMgAS 'ﬂbsbl%sent inventib, thtfé a9 [P&ﬁ%rgleg at RaSOPPIRS, of water
mxture (M )n %nlqllx%lé (lelﬁ dr egngs tﬂ&rﬁ‘ 36%1 ‘9 of wrg'ter Clprﬁqﬁarabosy mclﬁtu?{a Nhl

m xtures to a

a

step by ne&ﬂ@%‘?ép %Vé’r%geg é’ﬁonzpé Wagerﬁnﬂfoema"ﬁl @S%r ("l‘gd’r%?ﬂe“&tghéﬁ?’ more
oper- ati n§'{eesk Rodo®P-S vorte S0WeIGT 22tH0RAM0 0FbefiePalf Boriefa @naobon per-
110 bar, ndrgapRtebacedt. 6 of water 80d .07 190.1bar% Epagianklglycof about 90
bar . lee separation step by nmeans of re- 30 verse osnpsisS iS

preferably P@@‘Erra'b@/(jrnQHftre Bﬁﬁm?&r . yi@z@&w fo)fg QP2 TaRd %8 t&90 WL of pro-

f d
Gopect al |y HFPE G 5@%7,@%&%@[9;5%"1” & ugpPgp0 1968 3 2 of ropyien
Accor di ng. EYCPhE RFISUERY TP A 2dfie o Wi nd Spde 46 wan/osoe‘aisvaﬂﬁ@a{ﬁ@ of

reverse osnosis is 35 preferably carried out using 2 to 8 stages.
Rever s@50swpsordingsioghepessebt ynvestian, etkpolliy ofltHengro2edsoa&onintty ke Biesrages

connect ed iifvep@dratdrebe c@rrn@ti &Juk abéotly Uste P gtep (t)0|t6s. QEQLHo§§b1§ttﬁe§lefﬁlo<tufr@ M)
exanpl e 5 RO L8SHSE %"P further gleglteg%%lﬂ)réts 111) Frf’%ﬁ%r% Qf £& ggattaﬁ) or
or ex npl e

retentate |s refe bout
55 or 50. %Ociﬁ W%géi%%#ﬁ%‘g%/ 069647 Preferably, one of four

different types of reverse osnosis nodul es, which are generally used

for reverséd ipspestossipleortsoriing td an géwsnativerentindimeddesismipfure ') pr disatly
i nvent i on. irfrdfierdainl &y seganbiidrastep ply ateanand révease psrapsis.al js ass pbadidlomat
fiber noduhegur @ UsREine® in step (1) is further treated before the separation step by means

of reverse osmosis. The mixture can be heated or cooled, or otherwise suitably treated.

35 The present invention therefore provides a process for separating at least one propyl-
ene glycol from a mixture (M) comprising water and said propylene glycol, said process
comprising



Tubul ar nenbranes are not sel f-supporting nenbranes. They are | ocated
on the inside of a tube, nmade of a material which is the supporting
| ayer forWPHEYMEHSF ane. Because the | ocegion of tubul ar PHERBIAHEE6HS
inside a tube, the flowin a tubular menbrane is usually inside out.
Tubul ar nenbr afiés gesrsraingythd mpdurg inlEblrestéwo efambaion dhdto di@lBiomstages
Wth capillary menbrésesadidieopeatigaiesstedsVe Sh@svapos@beClndue didiNdtiotcol-

whi ch i's suffi- ci gmhbYoSifiRNGte (89 iahl rikthicr@i-f;0n pressur es.
Because of this, the flow through capillary nenbranes can be both

i nside Qut and,qutside in., K The diapeter of capillary mem _15 branes
is rruchgs mal | eFBt hSFPAAAY 18P PR @Eg H@ﬁﬁ?grﬁbgi n r%‘?? Dﬁ?gurfrl?rg'sﬂlﬁ"\t'on
Because of the snaPFie8roRipiggtemitye (MHarewR Y pl lagdi fgValechyethr and a
hi gher with a capi hixue (NMelibiwoamesinGpéssdham¥ibt. &hebwatensi st of two

| ayers of menbrane, placed onto a perneate collector 20 fabric. This

menbrane envebarg thanMiBRREM BrBBRMAL GBIl iinRBse hiREs Pl cess for

drain. .Thi t i I f the ne anes.to be higher.
The fedd cRaRae a8 86 M8\ RIPll ity b e I BB o g S
t he menbr aRERYEE 91YC0l §7E PHAESS GPTRE i xt ure flows al ong the

external surface of the nenbrane sleeves. A 25sol ution penetrates and
flows within tle spramratslgdly enittowan disletidiewe erdpoadtiopi gpel/dr iatilldteads:det
out of the nodul e. aMyEsRNRSopd@IngGRESIUESs &Ffthd badpopitalsem dtr @istifdtioR &ol-

pi I I owghaped nmembaRe$ptatisy MBHRe Pi) LAMsRARR]M-Tenbr ane cones from
the pillowlike shape that two nenbranes have 30when they are packed

together in a ranbrane unit. Inside the "pillow is a supporting
plate, which ati!endPEFMIINE >4 B hoXeRad it €) mifi'easiras Hithes Histilatien
pl aced with a cert &ef. ehi@nHacebéiradir) corepysivghaicdhad ePemidde ohwatheand a
di ssol ved sol i ds comnttert{Matl) dohrerisiog idsisomn Jthet. Sobiwaten fl ows

35t hrough the nenbranes inside out. Wien treatnment is done, the
per meat & | Srerdid Bek&d (WP iEha%ﬁ%‘??%SaeréB‘éYﬁS%&th;% (RIDEARBSsind BAL Sstigh viiS
S\f‘{ L' g d?\gﬁ/% {:)Fe \?gtgk’gﬁ% g&b%gyﬁw ﬁt.)r%\;’)\/résrjr#g %%@%%561 v@te.—§/o %Ir \,%atrgrs ¥ rm%%%% of re-
2007/ 0740685 7PCYMEP2006/ 069647 As nenbranes, all nenbranes with a
sufficient stability against organic conpounds for exanple nmenbranes
havi ng2a celctetingdacetaitmaticoaposiitrent theppleyantiitheattn weatbayes peaBsd or
USﬁg. Pr ef eegdibthgmnbasanns %@%&n@@éﬁé@fﬂr&n %Cﬁmlxﬂﬁ? kray@%m@fﬁ%@g\!vétar and said
menbr ane [ usgd- g, to a preferred enbodi ment o

t he prese%%veﬁ??’%ﬁ,étﬁgrmext g@é &SM@I) obtained in step (11) - or
according to an alternative enbodi nent m xture (M) obtained in step
(1) or m xturell M $varsrEindde WPtedi Rtiard byppraroration ane/cs Ssdialice gtages
into mPRture (M| apt exsmgasing oRpratingl reessturead0ofifte evapofatwstamd/cadichtitation woe
(M1b) conprising bessoblaamdibixiOe Wr) afd afixavat(ery,by means of reverse
osnosi s.

(Il) separating the mixture (M’) obtained in (I} in at least one further distillation
step, obtaining a mixture (M-I) comprising at least 70 wt.-% of water and a
35 mixture (M-11) comprising less than 30 wt.-% of water,

wherein mixture (M") and mixture (M-I} are combined and further separated into mix-
ture (M-la) comprising at least 90 wt.-% of water and mixture (M-Ib} comprising less
than 95 wt.-% of water by means of reverse osmosis.

40



M xt ure (I\/Ha) conprises at least 90 w.-% of water. Preferably

m xture 3 com prises at least 95 w.-%of water, nore

preferabl‘yoa"f’ MYt 98 wt.-% of water, 4gq particu- |ar BET/ERASYIOG7
-% of water, for exanple 99.3 wt.-% 99.4 w.-% 99.5 w.-% 99.6

wt.- 15A), 99. 7 W.-% 99.8 w.-% 99.9 wt.-%or 99.99 wt.-% nost

pr ef er abl e AlcBor@ingad gRotBér Shbdimhentdd Hbpraksnt YveMiotl, tHeGoroddst@hn additionally

preferably.copped segpl@gs than 1 wt.-% of other organic or inorganic

conmpounds, m)re preferably | ess than 0 5 w.-% in particular Iess

than 0.25 w. 20 M xtur | b es less than 95 wt.

wnter . Brefer ably RPREHD (Rid(H5-% SROTSBLT SO0 S8 e, Sirgt e b Bri =

in particular 82 tt?%@ﬂﬁtfurthﬁfd#*ﬂwtoélrswﬁmre preferably 85 to 90 wt.-%

of water. Mxture (MIb) further conprises |less than 25 wt. - % of

ot her or gaRicgor@ingitB@tPagmiiCthetisHsndse pRISIAE @Blcy id sbPard@dWkam Yae infkture

_ﬁ’_ﬁ; 'e]?m Zr (la l irl Ot l%g%t}[’gnlenf@érh&?@{lghowﬁér‘?rlﬁgj yab%/ tsge I \Aé cax/rtgd ggtc li’lsli

above, qb dlwcengfnwaﬁ colum Yr] tte (ﬂlr)n mﬁ%urg E}‘I\/P alac]i nEBB)((FLU? gogtm ngc%s}%fntﬁn\ia
with mixt urpéop(vm“?)g’vcgl araPPr?éwedsérb%Paﬁt%raeqw FpRetuinesign! g yrixture (M-lia),
conpri si ng mftuteedstlibd@ndta migiyre (Walller centeining esegrdia(WridpyleBe glycol are ob-
conpri si ng tdiess Préfarmb85 mistture%ivieill) wamixturd Mg e mpfis¢eVets WSYDSsi Bater,

Accordi ng fpeeféhaslypIsas eBtwt-aVEidtein Jdruli 2086 80 a8.-Aes Watd?edr apve 30
can al sg ccpcg@gme,/ St &Rk 111) and additionally the separation by
reverse osnosis. 35T er efore, the present invention also pr ovi des a
process as descri bed above, wherein mxture (M1) is further

separ at ed PRTBaRIYDERE SERE PP POBHIRRS SivRY): RIETeranhs s gtxtiie, (Mrllst invabtained
and m xt ur & ¢ REIitYPF gerpineg iSagel resieratamogshan 98 9%, of Pawicdar myrerfbames ¥f
rever se osfimsExsmpingd.t be 9ero%e S8.322d099.4 0% &lol5y%c BP ok SES7 Bh @9t Bp99.9es:
2007/ 0240661 85V, Eﬁ’@&%éf@@%%ﬁ 4 fehb) o5 @pA Bdon . [FRertathERSurBNOLIIC) is
propyl ene ghyepl Sraognjé Qﬁm xture (M11) in at |east one further

distillation step xture (1-b) conprises preferably |ess than
5 w.-% of _organi c conmpounds such as 5nono propyl ene glycol,

di pr opy! end"gldrtHpioNnBtREIYD 1D BERAIG, Car DhGaIFiet \PHE ét SRR, WPhdtres oF énore
accor di ng wstroapatréferabbnib edie e fvo stBgeheope prefarebly nveret stege. t hi s

m xtures(M | b) can be conbined with mxture (MI1) prior to step

(rer), t hem@f@n@bs@rﬁn%@al S6IRSHESA BE usBd &} theRIANRDnYdBb@irRf to ste (.

propyl ene gyl 0 ERENELPERamh USuREEP G o %e%gm& %oﬁﬁ» el Qi:&phﬁ
rocess as d P

B e conby nEFeREIisPT Yo %e%dlfﬁnalnf A o e (s %ﬁnem?
in step (1), the mxture is evaporated in 2 to 6 15 evaporation

and/ or 3@i sﬂhbldaitillaj’wnsioagmumd id sstare@ly)iin gredgyebla topAgptgst @iss preesurefof Dl to
evapor at or 9. @t ofre@dradly 0.baté ONo®al, WeMSamiple Qa4 baig 0loamas, d.@s Bar, 0.07 bar,
evapor at i o gyl o8 cbibdr! bt & 8BucHh a8soratFEdraRa kb Yo@- @rpréfe%@ypgfﬁg 18H
and/ or di sthl | ation S LA, 170 °c.

35  Preferably, propylene glycol, preferably as mixture (M-llic), is obtained as a side
stream of the distillation. Preferably, mixture (M-llla) is obtained as a top stream of the
distiltation. It is also possible in the context of the present invention that further streams
are obtained such as bottom streams. Preferably mixture (M-lllb) is obtained as bottom
stream.
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Therefore, the present invention also provides a process as descri bed
above, wherein 20in step (1) three evaporation stages (Elj) to &

or three UPSHYVelfon stages (D1) to (DB are carried offfT/EWPRFEPHEI y
the three evaporation stages are carried out at decreasing operating
pr essur es. AZSOPINgftertad Pjesenkinvntion. eigadbh af itkmprocetfesceardng i ecpresant
at decr easinvgnipes=at bengarped ssidiestly aftdriséep @ndeis adfo dosbibteothbt fixbhas (1adll)
a tenper at sbRield it kled Q1) 158 @ned trdate® baidle BRIp @1). Ané SNREFALAH Be BEatO6r

to 152C, OCZOIEQ 04 o%é%rse%h.@m; &HREh airt %rﬁscpigo&%lé n g‘ﬁﬁ%reg( T}qu %B!%B%Ed
the pr egenkwtb a\{?e one gt ar deure o%%éne% |R(% %rlo&%ss %:cgEdgnﬁ t()l Feéent inven-

wherein 't he oration sta

carried oult'o’éPEfEf?c?t%%El hg operating pressures in the ranges
(El') ) 1.5to 5.5 bar at a tenperature of 111 to 155C, 35(E2) 1.3 to
5.0 bar at Taetetmpethatpiesenohvaitibntasda@@ded EDroddsd ab @edcribebaiboad, vaherein
t enper at ur eneObro8&stRIdtidASHy compfiBss PEeENt I nvention al so provides a
processgpas descri bed above wherein the three distillation stages
according to s arrled out at reasi eratin

o eoa0sures i nlhe Tadied FESIGt: A e S bdgu0rBsoRS (M) 1 %
to 5.5 bar at a tei?ﬁé?%ﬁfPﬁh%fd'si’ﬂi"'ot”ogtquSC (D2) 1.3 to 5.0 bar at a
tenperature of 107 to 152C, (D3) 0.7 to 4.0 bar at a tenperature of
90 to 144CAcborAingas thengresant ifveniidre seniixtuny et anaingd ki 16 (I()Men be further

conpri 96s abpdr8RatineNExRFO MDY at 1LBEESEHABL Yir whiek bHE enikie (M-b)

conprlses r n ess than 3

- % for%ér;?gr‘%rrafn}lﬁETJ Eegggjfpl ggg%tl ;% &\g%/gﬁgr e!?erzaacgl y ggg&stngés .- % m)re
preferably 0.5to0 15 w.-% in particular 1.0 to 10 wm.-% rmst _
pr ef er abl y APCHding te thg presgnt e dfivplso pprriblp ihad etituierVEh pbigined irsgen
provi des a(lpiodiesdy asbigeted rtp relirthbosaparative rsédmby heeans xof uevergepsmosis. In
conpri ges hidtaden nidGurst (M Yispseppidt@nRicgny@ant (M-la) comprRingexadgst 60 wt.-% of

m xture (Mya€hinbUhtddes (GMIRIChTRisY JEQVEE 85 M. orditaMHRE
150.2 wt . éfl%egndl p[r gpyl(ene gl ycg M| n an anount of algout 0. 29%\/?%9%(9

Sui tabl e mxtures can for exanple be obtained as by-products of

i ndustrial processes, for exanple in an epoxidation of propene.

Pr ef er abl y,'tF')?r?B‘éP gPEsiplgyo P%mb'ﬂ?ng”'ﬁé@ &%) Q”QWXWﬁdHH&ﬁﬂ‘P ﬁ’%é! %F;'P@@é@§ cpor

t he ep@ki datredmigirgsriopeeparalion bheebnaoibensrke ofmobdie present 20

invention it is also possible, that any m xture obtained as a

by- product tha s8pRLRGESEp bYmdMe &P&)ékééaéén%sqfé ppéfgd%r}ecarﬁeofwﬂa*ﬂsﬁ oper-

:(r)eta:]gdpPgtsa% Eé@éuﬂ‘g of ﬁ%ﬁ\oﬁy%eﬁdrﬁa S;B%Per AI oﬁ rortn tgrﬂ% ar m?reoorefe[rg%

provi des a Ef} Qbog’é’é’c‘%SPB@ﬁ”yaﬁcﬂPQ ut %lé?reme g%ffaﬁ%“% %?%P)é MRS Phre-

obt ai néfl ageraeWmﬁﬁlédme&efqrﬁblacmé@ghatfaotﬁrrtpﬁ@twfs@ifra@tii%tﬁ &8f G mspe fes:-
ferred of from 30 to 60 °C, preferably of from 35 to 45 °C especially of about 38 to
42°C, for example 39°C, 40°C, or 41°C.

According to the present inventicon, the separation step by means of reverse osmosis is

35  preferably carried out using 2 to 8 stages. Reverse osmosis is preferably carried out
using 2 to 8 modules stages connected in parallel, preferrably using 4 to 6 modules
stages, for example 5 modules stages.

In each stage, the ratio of feed to retentate is preferably about 20 to about 60, for ex-
40 ample 25 to 55 or 50.



Preferably, the epoxidation of propene is carried out using a

hydr operoxi de in the presence of a catalyst. 30According to a further
embodi ment 03P E%hHr esent i nvention, nmisgure (M may bePOHEPPEI/ 87 as
a by-product in a process for the epoxidation of propene. Preferably,
the process for the epoxidation of propen conprises a stage (a)

(a) reacti rrgefprablyy bemer folit differehygip@perrovdree osModidiopuiesemeen afe gdnerally
| east one seéPRYeBerddsmbsid BRREsRRECISGRLA Y Sthe (R0 @RE Bk hePorBt et Wvention.
(Ma) Compisbng ARk pIRDENAXhAR, spial, EAEHEAAL foor i REHE NLeq
inventign also provides a process as GesCribed a ove, erein the

m xture”( IS obtained as a by-product in a process for the .
epoxi dat i o uBLFIarpfr@mﬂrq@ér%ewﬁggfﬁqu@ﬁtqgemgmg@@esv@ey are located on the in-
2007/ 07406 626 RCH/ &P 008106 Fo2Zte(ial) whidaist the guproning leyes foi thlh neembrane. Be-
hydr oper oxicdéese thetibestipn 8 antearoherafrah@aBting8€ as0by ané flaRdn attub@asiem-

one cat al y$taneQs QRIAY thsfieBuX ItfbBiat Mefor& RS eheiaNg ni PP IafR%rAX LElS 530
I'n the,gontygxt,,0of the present invention, the term"hydroperoxide”

refers to a conpound of the formula ROOH Details regarding the
preparation of hydroperoxides and regardi ng hydroperoxides which can
be used, i NYiycapliey, Membranesiae Mednuena pRIVPY 88 érfeldchve heirieh whigh isesuffi-
found i n DEieAty 9Bor8btcO@3ist filatims pecturee Bantenbf tfis, whd dbwitsrough capillary
i ncor por at etknidtaddy tde be astiexisidel odthehaps@siaatin.i Thee Blair@ierhyr d=pfiaremes
E?ggglnﬁgi g%rmgﬁ&ﬁ@mmg@é H RBt SADoRS: Mérﬁgiafnﬁé, ia@%é;?%.%ﬁ%%%mpéeéﬁ@e
ethylbenze%gﬁ%f%ﬂggésgwﬁgiﬁﬁﬁ@%%@gﬂyﬁ&%¥gﬁ%%gfg¥?ﬁg,‘%dﬂ%ﬁ%damuavrnem'
hydr oper oxPt8'" cycl ohexyl hydroperoxi de, nethyl cycl ohexyl

hydr oper oxi de, tetrahydronapht hal ene hydroperoxi de, isobutyl benzene
hydr oper oxiSgeal re¢thyanep bartsist efievohyybropemexbee, petced dific apedsese chllcarr
peracekdc &irid. BNSl nidychrageanRipeXs deappdidrilirRiSa 8dntiap pREedBE@neate drain.
hydr oper oxirlgs.6a8s @Je%c?ﬁg‘b%ﬁgaﬂ%ﬂé Hdbrbed PRGN L RYRNEHRRe! is
Preference lafs:engl tVI%Qdérgte S(—:!i tgﬁ erv% Fr]u el[s O()D(]Jt em%%w %der oper oxide 1n
the met hod”SFeT Re pregent: 4 mvanti on. ~and 4 arf A8 Y 2t hce is given
to using an agueous hydrogen peroxide solution. Mst preferably, the
aqueous hydFegesspérasingbire §pys alona dompriceab stifage of e permbrangesi¢ayvea A
20 conéént saltiionpemettdies nad giewsfwifhirorhel spicel 3@Gevanowargs ehercabilrayl mfe that
from 10 tolefQsandt estpeeicaluley preferably of from30 to 50 w.-% based
on the total weight of the solution. It is also possible to use a

m xt ure of or re diffe t . hydroperoxides. Preferably, hydrogen
per oxi e i Melfbios Rotednslol 8L B0 i RRSUER LS spucd FRBRiahes ie RelRE
i nvention AI'QE-SHEBRA BET DS errerssTers o stipwvike SapRsy Bat iremembrangs have
stage £8) when ikl apaeskedivgethenide owerPraes i deside the 'pillgwg'de pdiupgotiog
stage (a), pptaopylichnstenss sa@gy.ed with a hydroperoxide to obtain a

m xture 30(Ma) conprising propyl ene oxide. According to stage (a) of

the procesgyiif aRVb&ENE mma@ggﬁm Wiet Bad VR QPSS gf%lxag@et%ﬁreen them,

presence of a. solvent. cor,. to the esent._1nven ) ,
suitable s&Vén %“?ﬁ%ﬁﬁfﬁﬁ ?ﬁ%ﬂgﬁrg%wss {#$@d#fﬁePﬁ@“g?tP@%ﬁ°B8°%§8H§
A sui t 4BI e TEBYsfehe mynhrgreingdpiost it emkeAtmenys Thae.dhe PeTMedie ispralisend
i nventi on &ltye sprenhetesemthgrovelanes wiescit istradiealrwey, thwhegh éransi. n
stage (a) the solvent is nethanol. The reaction according to
stage (@) tRMLWELEaHEHSANO brel HerAHanes wilk b iHASES beldw AsbuRbS Qm.
40possi bl e to separate off one or nore conponents of the reaction

m xture between the WD 2007/07406621PCT/ EP2006/ 069647 reacti on
stages. It is also possible to add one ore nore conponents to the
reaction m xture between the individual reaction stages.



Accordingly, it is possible to carry out one of the reactions stages
in batch node or in 5sem -continuous node or in continuous node and

i ndependei® 2 {iE6éeof , t he ot her reactign stage in bat cRCTBRREOGI6O44

sem -conti nuous node or in continuous node. The epoxi dation reaction
in stages (a)mersbrpned, el atdnybraagy witda eulticibmt stdt@litpagseneeyic @mpoeass for
one zeol i t exsdpdlivshbradés HAM LS BEIRIosEAGIRE SR osOV RN MNd BLBR layer can
provi des aberteegsee?eﬁaaswmesﬁesamrg?ryt RS £l lu@eﬁgees.re(]@}@) Qﬁa %

catal yst is, at |leasf one titanium ze cat al yst

in stage (&1°°&°P¥&5t one titanium zeolite catalyst is used as a
catal ysP and 15the solvent is nethanol. Therefore, the present

i nvent i on Alcsedipgdvialpreferrgst evbsdimant dfeibe rargesdt ab/@v@ﬂ,vt)hﬁené*tnrei {-1) ob-
stage (a) tdieecCiatsadpy@l - ios aadordie@ st a0 Bkerhith@rinbodiealtintigtueatal) ystairaadn
the sol ventstépsmrmmﬁnré (M3 QodBRbl s naktare @ 1)l §arkt5@¥‘§bar§t6¥$ﬁt@h’|nktﬁ‘r% (M-

I | do
al uni nosi | | ﬁ, Egli%r\,ﬁ ,C agﬁa;% v ‘éBFnBFr gtBan 95

cont ai q\%g rOpo FF %ﬁ smal | er han

The net Uer’ (5“‘?%"3 feéfe c?é”l?ﬁ'sof Si 4 and A104 tetrahedra
whi ch are joi ned vi a shared oxygen bridges. An overview of the known
st ruct ur es Mgyreb@/H=0 rvdprices atieasRBanyil-¥, ofi watey. AvefelHilemixtDe |-la) com-
A son and EhseBaaesddohan % Atwas, BbreZeetdriy St ieastogre. -Fyesdter, in particu-
El sevi er, t@r%@@‘sig@ﬂt erstvsredaaaﬁ@ aeg@@wttogzggmmmmg ethai/oug@ B
is presgn Whi [

 opl ace§ b)é/atl t'%ﬂ/t AR sﬁlﬁtzlfv) gér ?af or '9¥)ag! /h‘?néét &?Fa%re Atd LfGe' ot
zeolites, A8 9%d’"ttr"cul ar those havr ng a crystal structure of the
MFI type, and possi bl e ways of preparing them are described, for
exanpl e, | MiEReO(NZ1l} 98B rakly gpmEfRsel 1495 tHN81 Alt.-%Agastherf organisi driicoganic
and titani gbinpsuteis, Matepredrsoly RAs tHaht® Wt oo R HasieuRHRES tranal 2l erent s
such aggal um num zirconium tin, iron, cobalt, nickel, gallium

ger mani um )9[[[% b cgﬁtl isggr%ggnt anOESS Wl l‘onro\‘ Q/% erI Bre?err%@%errﬁ)rj(tlu'#ee M-1b} comg

catal ysts I ch een regener b cess ot
catalysts LSl B ST oLy Doene e Ao ke
been repl aé‘eﬁow %a?fa’mtﬁfm“ﬂ"ztpfec%lmrﬁmhﬁﬁP@WPU?R%P%F@&W@% af other or-
m xt ur e of gemo corinamparec threpewfds, feteramy drio r28twio%ofin pattianbumsSandbowt.-%,
vanadi @B) #idr€ pRiféHEblyGhbamividmyor ni obiumto the sumof silicon and
titani um and/ or vanadi um and/ or zirconi um and/ or chrom um and/ or

ni obiumis to. 0.1 1.

2007/ 07406%%%%%%1%%@6‘%/%2%&%@% o B2 nfodeds s des%‘"'rbtergcaﬁ’lo R
havi ng a cMPEHE (M rciEedi™i Re “Nfi‘Pret Vo, Goar'?area ‘§'§'7 ’gu‘iﬁa%")d? further
prepari ng thesrRigtdnigesisiurpddialfcomnasiaast easi 90 WD % &f 98P @nd ERxigre3iviib)
983 A230EP cOmaiSn®E8s Alan ERvD-%200vZ &by Rear df reerdenosmmogihat titani um
zeolites having the MFI structure can be identified via a par-

ticular X- r/ﬁ?lor@lntgftﬁaﬂet br@@erg%\;eﬁﬁéh %ﬁ@%:%kéé% M @es%rrt;@&éd&/% AN i téfo%rlse

band in the d [”r ar é: IO%aH e,ge L cnt |

from al kal i*" al anates rsecPrayas‘togl P’lr%versa %Snécr’?‘brphous T| G2 phases.
10Speci fic nention rray be made of titanium, germanium, tellurium,
vanadi 8 , Tohreferenihamresent olvptlian, alsa mr@mideemmmﬂsaiaﬁid@gcrﬂ@dlabpee wherein
havi ng a petiktasi {M-peelfurtresr siepactady i@to mixtypar(viFrleykamptidieg by past dhmeres of
can be assiwgiehnd-hirs (IMsh dnﬁtﬁ?éﬁr@heé‘sathhbl gtscrvttaeofs,tétaﬁwrreanﬁBWeverse

ACO,  AEIl, BB osi&EN 4 hE rocR &dﬁ%n’all gfm AFS, AFT, AFX, AFY,
AHT, ANA, ABCSRAPD, AST, ASV. AN . ATV, AWD, AW BCT,

15 BEA, BEC, BIK, BGOG BPH, BRE, CAN CAS CDO, CFl, CGA, CGS, CHA
CH, CLO CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMI, EPI,
ERI, ESV, ETR EUO FAU, FER, FRA, GS, AU, GVE GON, GO HEU, |FR
ISV, ITE, ITH ITW IWR |VW JBW KFI, LAU, LEV, LIO LGS, LOv,

LTA, LTL, LTN, MAR, MAZ, MElI, MEL, MEP, MER, MWFI, MS, MON, MOR,
M5O, MIF, MIN, MIT, MW MAW 20 NAB, NAT, NEES, NON, NPO, OBW OFF,



25 nore, titaniumcontaining zeolites having the I TQ 4, SSZ-24,

TTM 1, UD-1, CIT-1 or CIT-5 structure are al so conceivable for use
in the prd@e8¥/dt%the i nvention. Furthers titani um cont afAl/BRAIEYPTH es
whi ch may be nentioned are those having the ZSM 48 or ZSM 12
structure. 30F@H) t hepgsaingoihesatdéadt maemremdane ginscditoimothe predrer(®HEdnias
given to using Ti keeldriecfariha\distillagpnasiedFl structure, an MEL
structure, an MFI/MEL m xed structure or an MMV structure. Further

pr ef erence . Y LEd i= CORt ak ni.ng. '
cat al ysts Whreh !?% BB fRrdp ol o G0 8 BRI Rge syon oo
and al 88 TIMTEGTTRATEehgon e RNk TR POPET S ARV RS eR e
beta-zeolite. Very particular preference is given to 35using zeolite
cat al yst s dhetefge, 8:cording tpcanptieer ambodheerTiof M@INresant dtventon, Thg mixture (M-
cat al yst s, iBspadtieaddmpbimsdeiier altyret(etpribani siap zep lthdrefoeap@ferstis resting
still norepsehgiravedd)idta bhgrop@bad ¥§ts, having TS1 or MAW structure,
can be1§rrpl oyed as powder, as gran- ules, as mcrospheres, as shaped
bodi es av'é_ﬂg, for exanple, the sh%pe of gel |l ets, 40 Cél i nders, ,
wheel s, st a5 TUBHEP SLEAH YEOFrR$E PEYIdEs 2 SXeTega 48 S8S YR apgve. wherein
ext r udat es MEyierf-bh apd awdris! (B-1Npre epgPiRedPrigtofieRdBUt 1 to 10, nore
preferably of froml to 7 and still nore preferably of from1l to 5
mm and a dicasraingr toothe firosanabodntiéh, lintgled (1), MBE eniRiLeé is eV¥porated in 2 to 6
2007/ 03406 623RTFR2AAS/ AGAGHE SIARIAY o Ofred i hridebrds AL SSREGAblaY
preferabl y Gt JIOIP Qethalin 2olns. T YRlich & O 08E, 106 Db IRkt
of the extrudates, I@EI referréd to cut. the extrugates Win a

st ream ess&KEPHIATG® H‘P’s?g’tp‘f’ RYPROFEUQR aNASF fisygdon 8fegPS-each of t hese
formng nethods, it is possible to use at |east one additional binder
and/ or at [Teasforenbe pastenhgvagi@ntalsmpibodeat dresst aones@ired dhoveriwigrein
agent . 2Br i of stbp () &ireg etdpraminadiygds (EM) fohesppokicdadistdBtidreaegdsom19to e
present i Nkt @& odit 1S possible to suitably pretreat the catal yst.
In case the catalyst is used as supported catal yst, a carrier can be
preferably used E\;h'hch are inert, i.e. which do not react with

hydr ogen p&rFxieGe, N8I'EFP FVeRIAHY BPEFS Ao OWrRitdesTarBp Apr{pting pres-
Ti -TS1 or FH™RMIWV cat al yst is enployed which is produced by first

form ng5m crospheres, for exanple m crospheres forned according to EP
0 200 260 AZsfe@Bl thbefrebavapo@tisAbEgsd 6fc0SPNRT 6% dtQicRiagIng cphaRag pres-
nglcieisbngrg&%&ﬁ{%srseggiwgté%ﬁ Bar GEPRNIAARG, ARRYS (o NES-R! 1o sldEir o
1 xed-bed AogEPSALEe fSroef Br’asglcgﬁg%|%’85%té’dteF?SSFea.E“rid’Fﬁbli?cgﬁp%?si bl e
to carry out one of the reactions stages in an isothermal or

adi abaBPc reaeiore.one grebenhieventivaralserioviienha prerges ap nidepiedaobs, wherein
t her eof , i theathrdesoisheratiah sageadialidiby @ ste@d) ore cafed bldrandacreasit @operais
used in thiry gresesd inGRNGSeS a single reactor, a cascade of at

| east two serially connected reactors, at |east two reactors which
are operated i arallel, or.a.nultitude of .r fors wherein at |east
two reactors aﬂzeﬂsqe'?)itgsré’/baiﬁt:SG%T%%SF&H%OmérEEﬁﬁgﬁ? | east two reactors
are opérated i fFpal 3P &tV PEALR tgPPerAkre ol dP45¢Escri bed above,

especi al | y t he(EFBak¥dr ¢ Glerrait ditergparatirdel irteflddt@d enbodi nent, can be
operated in downflow or in upflow operation node. 30l n case the

react ors arfie QRAYeAt AdehtdnANNblOWeERdRocdst dsSHREGIRI ARl s8R the three
fi Xe.d' bed E%ﬁl@athgﬂ %téfggsc&cglro%gogoeétggqmﬂe tcgplléhgfu’t .amlegrje_a%ng%l g‘lratiﬁé pres-
mul ti - bate reactors, nost preferabl'y equipped wth at Te st-one

cool i ng j atWEt " 'R T4 case, the epoxidation reaction is carried out
at a tenperature of from30 to 80 C, and the tenperature profile in
the reactors is maintained at a | evel so that the tenperature of the
cooling nediumin the



35 cooling jackets is at |east about 40 C and the maxi num tenperature
in the catsl XSt bed is about 60 C. In case of downfl ow operation of
the reactoPF %% possible to chose ttee reaction condr® VB ¥5H 7 as
tenperature, pressure, feed rate and relative anmounts of starting
materials such that the reaction is carried out in a single phase,
nore preferabl Y01)n1& teibrigha dt Bgernderphiasef, 11drtoi1B5E, mul t i phase system
conpri sing, forD®Xx4.340aMPb#atd i@hpstaisises7 st he downfl ow

operation modepi girSoagPes R b ¥mPESIAL BRsh 10 44ME
2007/ 074066PCT/ EP2006 080647 34 eAnauLt L he Q888 dati on reaction in a

mul ti phase reaction m xture conprising a |iquid aqueous hydrogen
peroxi de r ﬁ‘fﬁorﬂﬁﬁég HRESPH 'H@W@P’h’aﬁ%m MUcAPisGai A 'Gchane erdyens gy
ri ch phase copFesfeiaglyl yiduisr Gbetrannrisesh aplegsleonsspiopglase otyise! inescappgnt of
ar e oper at égsithaupblvaw?nddeexdnple ©.Qr ©f 25 nmeebol prefisebl ioceds Bedvir-#acrore
tors. |t igrédably of8ict 10t 104,64 partiGelat Q0 US € @ .-oh GRSt pttrabiyxesl et -o%.
reactong. According to a still further enbodinment, the at |east two
reactors used are serially. connected or. operated in parallel, nmore
brof er abl y BB AT eRS I Ral IFPAIN REhBPLPFY S A icors 2R dEsuDsr Fobe e
at | east oH¥ FFUYHE} eARREE O ARh PR’ SPeans such as a
cooling jacket. Espe- 10 cially preferably, at |least two reactors are
enpl oyed whioc hxange coineet(Bil can firdrealchelbrisn tydraxyabetoape mataecbunt of about
al ternasel p,2 Wﬂ%ﬁﬁ&dib%yfeﬁ@@h@éﬁn ah @nfRRRT &tedut 04 Wptd,ow node, the
two or nore reactors connected in parallel are particularly
preferably t reactors, multi-tube reactors or |.ti-plate
Peactore ” sultalis FERGISIRY) TP BE Bl Fecb gt oL Pl processes,
pr ef er abl y "¥feRMPenE - AROX{d8HRT B RIOBRIf FrEFiRg!Ya e (Ml decpined e s by-
such as 15pfadosi iabroarocess for 200 600 xigatieh exf abdpgner onthé Grareewkdi0 00 thenpeeent
pr ef er abl y ifveotonli0 dig SRMe, mModtaanp makieradbtyinéd amall0fotigct 800 Qraxaes for

particul ar kne gystkial by pfopent 30RBNE O RO befbBSng HiolEIRNGTRA LT Hehe
cat al yst “239%5050%”96{5%% AdpnateggLion, it is possible for at
t

| east one e reactors connected I n parallel to be taken out of
operation for the respective reaction stage and the catal yst present
in this redfEEP e FRHEMEPHICERISUPOHISDAPTIEES BS GiRecTibed @baYe. NRESHS
bei ng &bai thebhixture (M) ie @btdirsd asfa bherositicirit amgpasas & itted epmxicetiar of propape.
materials in every stage during the course of the continuous process.
As cool i ng pragiaum %ﬁ%eéﬂ)o&igéti&'f)é’fldrﬁ&r{eh@cérﬁ@@hh%é@h rbPeroxide in the pres-
above- ment i,pned: I eagt.grs equipped with cooling jackets, there are no
specific restrictirons. Especially preferred 25 are oils, alcohols,
liquid salts or water, such as river water, brackish water and/or sea
wat er , 30hi CRCXHRYIA elERecasBodifgat ekikapTresen invpaliathInixbee tMKkeaY e sthr
a river anifingd halkebangtoet ivem pojoese farahe lepogibatmincal ppbamé. FPrafendting ihe
t he react opragbsd e tHenaperideooh eiopdiccdpiwieess skigetide i nvention are
used and, after any necessary suitable renoval of suspended materi al
by filtration d/ i I di.rectly wthout further
b i rcgirnt ) cOlt! b@ﬁ@%‘i&ﬁ'ﬁ%ﬁ??fﬂéﬁﬁ%ﬁa& e hsaes Rl ar P e
is prefBrably convEJBG HAGURT ANe PoBE g 8 Tistupaiivhad GPRPTISING BOPY
for cooling purpos®’ oFf-s secondary cooling water is generally
essentially deionized or dem neralised water to which at | east one
anti f oul i nghagent, thaprgeaf Rrakioy dreeproadees prddese apluet&iballapovd, RirErein
secondary §R0hixAge ) R orfibih 6l b8LASHELNE a bSLERE AL o0iddiBp of prapy:
i nventj,gn %HQCO$§rrEsiext%rer%¥aee_ a cooling 35tower. Preference I's Ik EWree
given to the sec ndqaq'y cool’i ng wat er being, for exanple,
countercooled in at | east one countercurrent heat exchanger by, for
exanple, river,wa- ter, brackish water and/or sea water.

According to a preferred enbodi nent, the hydrogen peroxide is used in
the process 40according to the invention in the formof an aqueous



15 in European patent application EP 1 122 249 Al. As to the term
"essentially pur e water", reference is made to paragraph 10 a‘?e 3
of EP 1 189294875 which is i ncorporatezd by reference. Tol/pPapsdst ne
hydr ogen peroxide which is preferably used, it is possible to enpl oy,
for 20 exanpl e, the anthraqui none process by neans of which virtually
the entire worka prezdticd popylone Witd e dgdvppeixabeiin the seprrodwt edeadione sol-
overvi ew of the antditacdi Nonst PhOCLSHsi B MMER rhitturd(MBRBMBrising propyl-
Encycl opedi a of | ndystgik@l Chemistry”, 5th edition, volunme 13, pages
447 to 456. 251t is |ikew se conceivable to obtain hydrogen peroxide
by converting sulfuric acid into peroxodisulfuric acid by anodic

oxi dat i on W ' OPHKf Pfa'i’i'ﬁc‘}iﬁ%seé'w)‘l"ﬁ‘?tioﬁntr@ftemd"rygé@ﬁroa‘fdet RSP Rothgnpound
Hydr ol ysi s cbthetfhenye REE Reikifsuteperdiiei the prapardtiea @s hydraperoxides and regard-
per oxonono$g Hivdroperaddes vilochhyetr logesedpiatanalidlen drednstubd ot the paciedt ke reibn
is thus obihalynedrdaagkn DBOAK 98 s S, thehesiceRAEStERNLf Afnidly BriRERPorated in
peroxi g f M I e« e B PlelehSn@rton RYSSIRiRe, BRIRLIES B?/FM&Q oQ&ésO\?%hEﬁ
S used 1N LR RLOL 83 N0 buleiSed BMRR IR hleni3nROS 1R Sid Ser ST nycp-
exanpl e, a Comerct all'y- VA rabl e nyH6gen  Perex ae Eop ift fgHOGY! hvdrop
undesi r abl EPGHs ?fheﬂ&ﬁe%?f\?atwﬁ@%wﬂ%gerﬁ?r@y' "YHEoRET%deaCurpeisslaydroperoxide,
descri bed, cyeehaxxarpHeperaidgsS BeBgRydgrxy3hydRra@xRR, 1109anidranapb/Balene
5, 397, 475. hitropsrokidkelabls@ylpeissinb| reydtopereiday etgtnabbidsienengdspktoxide, per-
presentsi natiae st bOPerkcRR) 8%d GRd FQkBLEPPelok@B) (h&urbY df REES PREFONIdHS-
Sl ution DY JRANS.AfalPBe BXCHABAGAhE 1A APRAL AR Gl LONA!DSNAL o

| east one nonacli dic | on _exc r n a OW. .Cross-secti gona
area F and 8 ACYRECHPRIRKER S BOMREFARAT 1 EOHGE Phina Paper favenfif. end
exchanger B&Her 89 wERc ifgvegric g0 @NEgueCys hysiogen Repeyie $q/¢pnaMost pref-
40l ess t harrahly. dheidqueeusl hEdrogen ReroRige sdiidiopusgpusisss divdtoen peewdtst in a
i nvent 20n, cbiceingaiion iprtheécdnge oDoRO0 W AT, 40656 26HETELERE 6] 06 6AY afd espe-
possi bl e t @iakp BredrabPAN AGHABE td 6 we X% hBR@arorPBESoEONBEhSbNEe SALEGN 1t is
exchanger s ;anq,0L;,30% A mﬁa&g&rfnﬁo of %ohes%ﬁédéﬂt I'ngﬁcﬁa'e KaesOr cation
e use eds wtni'n

and ani on exchangers to as m xe one ion
exchanger bed. In a preferred enbodi nent of the present invention,
only one tfﬁ“efe@P'YnB\*Fg%%i RErPEAS BXSRA ARG SR PEREe- Fur t her pref erence
is 5gi¥en to the use of basic ion exchange, particularly preferably
t hat of a basie®ranthemresent thampearalansrones apaddeiss Bk akkaribpt efbetablherein
that of a weakbyhHasd I‘(x}gc@éﬂe@éki@é‘i@%ﬂ‘:%@én peroxiBe selectivity of the
overal |l process according to stagé (a) 1 n respect of hydrogen
per oxi de i referably in the range fr 78 to 99 % nore preferabl
P the. r anSCIPBE 81986 G ) PIORYSIITS SRFETL A By oFaer e ol SHiein @ X Ure
range PPomM®)cempesiog PrrrderdedFehydr ogen peroxi de conversion is
preferably at |least 99.5 A), nore preferably at |east 99.6 % nore
pref er abl y Aatorbiegst s@9e (aPorams paesd, pripglehy iPreatetabihya BfdrbeastidOf. Be
OS/OOI \];gn;rhepméégﬁéﬁol( Mséﬂ/er%bh@éd?@iqg e& @fg‘fer]gtqaveggﬁf,%ﬁ]%gé(%%&a@nts klpgwn
) : : . . =90
pref er ggl yliogghg %or%}q é’g]”gg‘rggg\%bc%&)@gﬁ%g%s p%l‘(':[{ag{pl Sf?vﬁrn fe)'F z?ra%"r"‘? p(')éfmgtfqgrﬁ?"
70 to W.-% based on the total weight of the reaction mxture. It
further cadheEfitraihe RERsent ingeBieY|adsrerrexiferea Porcep? 8paigacrived appee. wherein
m xt ure ( Mrejtagshtzaithreegbfembimrs¢thgerl(a) has to be suitably treated to
obtain m xture (M. Mxture (M according to the present invention is
essenti al | ynkreg:i8h aB8br@hgdhiags )R helRrikColt §5 oL NABR] sta@d it is also
Propeng,or ,RLaRY ltoe 0& a?é(tledoq‘f onl\t(eI Xrt Mo éo%p@negtanof ghee SeuI % abrlnﬁst(trr %%%ﬁe%nttﬁe
separate of any_ or gani ¢ sol vent, 'propyieng 8 propylene™EXi ae”
Sui t abl e net hods for separating of solvent, propylene or propyl ene
oxi de are known to the person skilled in the art.



30It is for exanpl e possible to separate of f unreacted propyl ene from
the m xtug y distillation in a stage (b). It is

to separ at e gw(ﬁ%)or(gpyl ene oxide fromth&l m xture by di s]'ftra\L ?‘%’HPE{%HE
stage (c), eferabl after the separation of the unreacted

propyl ene. "SFIPY SASPEDITYS AP IRASSIPITS A AR BiFATSES EHRPUCE T @i thg reRption
st ages (b) rra#elre(!@twe@m@enﬁldw@w%rwm pteges.wat er and the sol vent,
preferably methanol . The m xture obtained can further contain
certain by-sReedughsitiestddiiat E4r8Mm e iHOrRERSIRRS iRbalch8node or in

overal | Sep‘%éhd@&dtgﬂow %%%sor lh%nﬁﬁgﬁ@%b&g aﬂgllm%eacﬁ%ﬁﬁ t Q%Bf tt other

propyl ene roduct s es suc

P or” exanm Loty GHR I b eess B ek B OB Ss oo 2t B M e or
f ormal dehyde. These by-products can be contained in an anmount of up
to 0.3 wt. - gpesitialicibtepciign inostausz0(amis potierally sspiedi alt liy ther pesrasl of at
up to 0. 15astst 84e badietcatalydthe total wei ght of the m xture and
referrifpg to the sumof the respective weights of these |ow boiling

conpounds. TEQr%fchbxﬁwH ‘?es(é?nm(/é;%loﬂga %C:d?&g ?oc%%\ég%aﬁ?rﬁnréﬁfa% a0 Werein

met hanol ,

separat i on pn%% Eaé ar%?%ég%( '?%IE)E% °Pﬁ%ﬂl“8h2%9"m€@?ﬂ¥% (Mdi)
conprising at |east 85 wt.-% of nethanol and up to 10 w.-% of water,
and a secoffdefaiakivuirestatig (A)iat leashrpné dianymatedlitasatal9e igused@ofa amelet and
are obtlai néd sdbiesit islrhatha@n. i n stage (d) can be perfornmed in one, two,
three or nore distillation colums. The m xture (Mdii) corrprl ses at

I east 90 WtT ré)fcgg ﬁ@f})‘ﬁ%ﬁenm(@nt%%e;iﬁ g% Me?rg c?c%%g ag%e [beé \{)%Aavsheereln

ey e.c'safiéégg FHE BRVEY BB oTtet e tiar I <eoity feipys! ot i

content of M % han 5 ppm nore pref erably of less than 1 ppm
AdditidRally to water, (Mdii) can conprise certain byproducts
resul ti ng fromoae, os [srmroemst@gtemn@haumaasw@téahbv@@emteé@;d:mnareﬁ@&&ge
Exanpl es f @fruc‘ttk‘r%@ Y- oheHISS Si@bSores VAR a@&ffﬂa%’rﬁg SALRBr @énparbgwé er\?n

glycols. %emol? Bg E'Ewsze%ﬁt%? l?segngggvflo? d(/&@)dltet athegrahwhlgh areeqomed

t 4 Wt
of tﬁe reg'é‘r&“af)%%w gk, B i otahe KA Haciires T herbrgt Tockt-

i nto stagea(e: @b%rMsU@'%prﬁod tees 9e defudeasripphadt "Alleast’ Jonbtestiapiure
of the overapes” dpexiietabinoulitpnosmseraauchO®s gl ycol ethers |ike

met hoxypr opanol's. 25 Stages (b), (c) and (d) can be applied to

m xture (MzadisePALRERhY AlmihBinG sBAL A RN i & ;%r@gll the STV grtﬁe I%ﬁg

It 3 fslt (;St ? c%% ?%Ijéc%dso&atggm&lp s TF(??) arg?alrjslotlén%?.ramﬂ%( s t?anlung&goi%% PR

RO MAINE LA M IS MR MG R M G L o
m xt ures bg‘t@\Wkérr‘ia JereiReh deisexeaple. (IhFP Q&)1 Hisafd of 8P,0 4% SEAhphmr ez
t hem or addiligyn gEpheauer, slith amyerfaly tdrefurtoengoneisesaddPoediexrabénts sach as
st eam whi chiurasurbegifodnieat 86 Bst AobaBgnicRel S halem( @bmdtlm, 66don 8Ndmall
(d) is Usegméﬁntg'o?ﬁlwrﬁﬂe( MthEQEoIFtQEathy%%ﬁcrﬂ%@r & kaD&HQeQérl%?ﬁE& by

i nvent n. (0]
pr esontSi n rér&fs@ A R i R e L e A
the pr esenP aF?fi’/ HtYaSHd'HPE&"F%'F"éT‘eghrf’H"Lﬁ” ;?Fd&%@'émf%ra SpHrea el fp gt more
| east one Pressyl Biremglagcetio ofr tianiam rangdtan vengdym cormoniusi, rehromeiting ror anmbium
sai d propylethe sghyaicdilicosand tjjarowe se1deo rphiadim@nd/or zirconium and/or chromium
and/or niobium is generally in the range from 0.0%:1 to 0.1:1.
40



40 WO 2007/ 07406628PCT/ EP2006/ 069647 (I|)evaporating the m xture in
at | east rat| on and/or distillation stages at decreasin
operat | ng‘kﬁg%@s/ﬁ%gs of the evaporators Znd/or distillat |%1HEP28?(UW%§7
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conpri si ngat®rgicyevidpareseéng the m xture in at | east two evaporation
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evapor ahor $pank a{en%@wyl@et ir@Be %@'nfém% ogérfsnamuﬂg fBuaMﬁevéMc).urﬁn@mo-
m xture (Mpigm2Gddi) rﬁe%ﬁé’ﬁlbrﬂgcohﬁﬁn dl‘ﬁéas §Nidg 2 e"i’t'ta@ﬁcke e ( tl)JC{UFlB ah

Lﬁﬁ;ﬁ.?.”ﬁg%‘:@g““@ éé %E%%g&%é%gﬁaﬁ %N@géﬁfa”g%%%ﬂyu S

| ess t han t
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enbodi ment ELEQ]é:A;H edaht FRAwElt: |Qih' Mp G@NaBe0 thHEW, ITRed®YsITEofTH, ITW,
separ at i ng MR, W45 tJByeKpl 6Pyl eRE, §ICdd?S. fLn larAn LLuEEN( MAR, MAZ, MEI,
conpri si ngMBEIMEP, EER, $MEl, prieHylione MDPRCHISO, T, [iToic &STT, DT iMi/Wg
(1) evapor ANENQATHNHFEXINIDE, NRCAIOBWASFF| @81, YSPOPAR| pAUARH| OPON, RHO,
distillati ONtRRESREN, GEE, 6aH, RUPPRVE, IRVIY PERSS BES SAfT, A&/, SBE, SBS,
evapor at or sgandfer seissibl @tHoeFﬂoémG@bé@bnsgg @friﬂ gre S )rEﬁnq*Ho
mi xture (Mpbn, 38 UB), bﬁﬁp@b@t (/80 JTfaevﬁﬂrX\W@N ;aw&%i Y'uaa zbﬂ
at |east opgy fa?é'btrﬁ% g&réétb aéf't% o?fn‘?ci?e o‘P aé%@%eﬁt;% “ her-
1o%§f§5p G

compr i sing,at qa@%rgfomnér}g HRis T ppdba s dopet

| ess t

separ at i ng CﬂTfé siuclug 8t Blie GOPERVARMET gispdBItng Persether Hiexiverdiop Lvrrr)er

in at | eastitapin-Eemainen zépkes Whihi oay Be @pentioned are those having the ZSM-48 or
ZSM-12 structure.

30  For the purposes of the present invention, preference is given to using Ti zeolites hav-
ing an MF1 structure, an MEL structure, an MFI/MEL mixed structure or an MWW siruc-
ture. Further preference is given specifically to the Ti-containing zeolite catalysts which
are generally referred to as “T3-1", “TS-2", TS-3", and also Ti zeolites having a frame-
work structure isomorphous with beta-zeolite. Very particular preference is given to

35  using zeolite catalysts of the TS~1 structure and the Ti-MWW structure.

The catalysts, especially preferably the titanium zeolite catalysts and still more prefera-
bly the catalysts having TS1 or MWW structure, can be employed as powder, as gran-
ules, as microspheres, as shaped bodies having, for example, the shape of pellets,
40 cylinders, wheels, stars, spheres and so forth, or as extrudates such as extrudates hav-
ing, for example, a length of from about 1 to 10, more preferably of from 1 te 7 and still
more preferably of from 1 to & mm, and a diameter of from about 0.1 to 5, more pref-



wherein mxture (M1) is further separated into mxture (Ml a)

conpri si WSQB%%"%@% 90 wt.-5%of water and mxture (MID) . conprising

| ess t han of water by nmeans of2¥e- verse osnosis.
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operati B9 %?§§w &Sh & ;cplﬁinﬁ]vrﬁ&ﬂ eSH Iggatdn%rko%ﬁi]”%nder
obt ai ni ng mé} te| é {) ,%
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and a m xt @r%re@MhBIC)atab@ﬁrﬁn casmigelcetadyst named s wppovedicalmgtst ., carrier can be
20wher ei n pheemblytusee wWhidh are iedt, deneticasioamobyesat @tiv 6y drbgerd pproriae s@efin,

for thepepextdalihorigef propyl ene conprising the step (a) reacting
propyl ene with a hydroper oxi de in the presence of at |east one

sol vent an on tain a )
conpri si ngq/‘préﬁyﬁ @He 3)’(?35—3 ﬁséh/'g\?\g' ??8813{36 '2°LP OV?éJWEf#H%F}O@”é?%PYQEﬁ
enbodi ment O PIEITIRErGSNIRE FXPOIR SaNisePSPEPRE 8MeS acoerdiee &s =P gy 200 260
separating Agt amcw.@tl fgmingosaip ylieesrhgrasdolobfairoshapedibrdias.eoréefably extrudates
conpri 9bng avatetribvad@bsad.d propyl ene glycol, said process conprising
30 (l)evaporating the mxture in at |east two evaporation and/or

distillati He l% getﬁ %a % gﬁaﬂas%é Sk W&?ﬁéﬁga n? on or fixed-
8 Peqciph Pl (et
o ot Chpsd Mt m&;s%@eﬁvn'a 'f‘ﬁ‘gf“r’ﬁ RedFe (M) obt xeure (?) " at

| east one further distillation step, obtaining a m xture (M1)
conpr i €Png tas possie to7Garm ot Phe bf hatrexctiansistages ntanrieotlidvinial pr ediatpatic séarg
| ess than 3§ amd. th@botierwabdion stage, indspend®infly itthersdfep & )sctHan®el or adiabatic
igapor at ' (r)]'ﬂeaﬁcﬁgﬁﬁe tfin) "raack @ @E@l)se@'frﬁth?safre%b&q Obridds 4eFRATLRGr, a cas-
r |
2007/ 074068 g@%é%ﬁ%é& ﬁd%?s%@%xﬁ?&i? of:c3t degsl two, reactars which gre oger-
of 111 to O7A (TUGE B pesklors W?‘é?‘?ﬂbr’"h{eﬁ‘?‘et‘”&‘r ropgrs GroL STl
(E3) 027 t Goupled ﬁ%ﬁwﬁ?feé‘ tdarsb et gpelotTarggpeigiedagaralielaccor ding to a
still further preferred enbodi nent, the present invention also
rel at es t o Eaciprodees sedcirs siepaibati aft@v@,t edreaially ElRerapRRY b@tﬂﬁ‘digi] Y6 @he pre-
froma m xtdire dModhREM! d1 DPoyRsBE iPRshiiRlvbr R ORISRk GRbde, Sai d
process conpri sing
30 In case the reactors are operated in downflow mode, it is preferred to use fixed-bed
reactors which are preferably tubular, multi-tubular or multi-plate reactors, most pref-
erably equipped with at least one cooling jacket. In this case, the epoxidation reaction
is carried out at a temperature of from 30 to 80 °C, and the temperature profile in the
reactors is maintained at a [evel so that the temperature of the cooling medium in the
35 cooling jackets is at least about 40 °C and the maximum temperature in the catalyst
bed is about 60 °C. In case of downflow operation of the reactors, it is possible to
chose the reaction conditions such as temperature, pressure, feed rate and relative
amounts of starting materials such that the reaction is carried out in a single phase,
more preferably in a single liquid phase, or in a multiphase system compiising, for ex-
40  ample, 2 or 3 phases. As to the downflow operation mode, it is especially preferred to



10(1)evaporating the m xture in at |east two evaporati on and/ or

distillaty s at decreasing operating pressures of % —
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conpri si ng 2a¥equsdyeropgnpereadeichidiese camrfdinmarmthand apial liqpidcerapiic siefig
| ess t han B36h nhaseVpeferaldly erprofdrielrichgepse.ati ng the at | east one

propyl ene glycol fromthe mxture (MI1Il) in at |east one further
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Faniges ?’Qrsz&%g%@.‘s@hﬁﬂp%%‘%r%a? U5 of A e Medped el Hegtigibpd o ol
25(E2) 1. 3T{iesembpdiment: the phisAsl WPUPRCIOE UFST 8% STrFly copresfedhororesated
4.0 bar at mp#rahgiemataupiefespblpopertefidn@arallel. garerally n§ it veagssary |ie equip at
further pré&faet oesobtnieosbaery usddheitipaeselity inasensidnasak soolrgl jaties. Egpea
processof okiafe pasraabRyatleabedit redb@rd bRPY BB WAl ark IR SLIEE i prBllel
Compr 1 o1 ng [ 1o ved DpedrdierRIC AL e FROeSiESte pBfaftcll 0BRSS mods the
andyor di oft7 PR Terduacaneqdy i See gS i SET L
evapor at or SYUHhYPE reHIYE A I i-BRtCERERTS MR AIFIFAREY MW EtHRE TeRptprsag es-
m xture (MPpcialBsprefgrably ehigh-ane-Hgpet ipecivr comeri(ing p obltikidreel fuheq Bych as
at | east offrenf aduter tad28DD0,| @tieoablys frep, 1@ 40 WOOgMm@raTprferaply (fMdnh Y100 to
conpri si nggabo,Iness pretbravly.irdta efooratarbo and partiBustpp@rd M frdmCRankd Sodt0
Separat i ng g1 JRael o corlit PO L aRALE F{a%%’r?’xﬁﬁ%ﬁ@é‘é R 2
P o bacteaBhat gl FRap P ST RrP efals © DR St RO b 1° fes
further sefBfAVeACIHPD SIFERATANE RAIPF! ISP ins hifgreatior ikt regignaiieteds with
of wat 8P antlleastxangrreactvt flypye beipg iavdilzglel foswartiamofdBe wiartir oéteviaitae stdnly
nmeans of réw eesas osemsy staga@ddringiee ebiirse Bf Sieepniduout Presevapor ati on
stages (El') ) to (E3) are carried out at decreasing operating

L L e g L R e

ns. Especially préferred

25 are oils, alcohols, liquid salts or water, such as river water, brackish water and/or sea
water, which can in each case, for example, preferably be taken from a river and/or
lake and/or sea close to the chemical plant in which the reactor of the invention and the
process of the invention are used and, after any necessary suitable removal of sus-
pended material by filtration and/or sedimentation, be used directly without further

30 treatmenti for cooling the reactors. Secondary cooling water which is preferably con-
veyed around a closed circuit is particularly useful for cooling purposes. This secondary
cooling water is generally essentially deionized or demineralised water to which at least
one antifouling agent has preferably been added. More preferably, this secondary cool-
ing water circulates between the reactor of the invention and, for example, a coocling

35 tower. Preference is likewise given to the secondary cooling water being, for example,
countercooled in at least one countercurrent heat exchanger by, for example, river wa-
ter, brackish water and/or sea water.

According to a preferred embodiment, the hydrogen peroxide is used in the process
40  according to the invention in the form of an aqueous solution with a hydrogen peroxide
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conpri si ngwater| weingbe wnixturggedultaditost aardeassxtnone Viehthyactowpe irsbaegs
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sol 35vent
conpr i si ng °pe SPYPimane oblp deeseahvarianelhis #Hde selgtiqn gan by eeployed without
evapor at i ofureagedficgfibr). Thet woduEdPn af seuatiaa rivgd solticats descrieas iforgexample,
oper at ifBg P ESBPESS phtant AsblicaRGESP 40122\0@3 A1. As to the term “essentially pure wa-

2007/ 07406%2P@F&éﬁpzﬁ’@ﬁ(agé%ézrag%ph 0, pags §Qr BpS1 b3 284 A7 V\Irﬁ‘dmerr%!éﬁ o€
of 111 to }éﬁgg:By O bar at a tenperature of 107 to 152
ar

(E3) 0.7 to aterrperature of 90 to 144C. 5In the

fol |l owi ng, pref erred processes of the present invention are |isted
resul ti ng fTPAFRAR ITEJIMdEEERPeenisisaviehePraferablyigerni isugispigletth@mploy, for
conbi n@0i orzaroplet thesmtterbgddmepriosesshenphng bt Whiclyivirenlly thelempireoeess pro-
for separ atugt@nalf hy@agén parexige aybenedghy eoérviehaintide A tkiadliRofdproessBis

10pri sing \Qﬁ%ﬁrmarﬂﬂ#nﬁﬁhg BRARMLERE & ME0LtriaShenREOCaRS &a@cfHN vl 13,
(|)evapora§ 8695[ @5 ture i'n at | east two evaporation and
n~s ages

distillati decreasi ng operating pressures of the

evapor ators and/ or d| stillation colums obtaining mxture (M) and
m xt ur 35( Mityis likewise conceivable to obtain hydrogen peroxide by converting sulfuric acid into

peroxodisulfuric acid by anodic oxidation with simulianeous evolution of hydrogen at
the cathode. Hydrolysis of the peroxodisulfuric acid then leads via peroxomonosulfuric
acid to hydrogen peroxide and sulfuric acid which is thus obtained back.

30  Of course, the preparation of hydrogen peroxide from the elements is also possible.

Before hydrogen peroxide is used in the process of the invention, it is possible to free,
for example, a commercially available hydrogen peroxide solution of undesirable ions.
Conceivable methods are, inter alia, those described, for example, in US 5,832,187,
35 DE4222109 A1 or US 5,397,475, |t is likewise possible to remove at least one salt
present in the hydrogen peroxide sclution from the hydrogen peroxide solution by
means of ion exchange in an apparatus which contains at least one nonacidic 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
40 less than or equal to 1.5 - F"2 For the purposes of the present invention, it is in princi-
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in at |eas St . .

enbodi nent t§h§&%68§5, R‘vxﬁgePeiE%&lﬁﬁleQrﬁﬁeéa%emF&fiasw?alljkr ht?f”]eslr?C Eéné%'}fxcgg?%ed' into
m xture (Mla) conprising at |east 90 wt.-%of water and m xture

(M1 b) conpresErgtivite$§ therpyigrdidrogess Bredrding te ptapy (earespeft ofdyetogen per-
osnosi s. 5Soxiflhés préradg irnfheaaygeofroreMBad iogent sork firefedgblninghe irdmgal fikinu B8

(M) and matuyeadd\bardRiiadriydrerefe®ith eoraAgsl rbmrdongoesgpar ated into
mxture (Mla) conprising at |east 90 wt.-%of water and m xture

I
M| b) co ising less than .95 w . -% of ter by ne of, revers
boros 5. _orReshsEaRe SR04 civeinierts B REbN B B8 s, BRI R
(M1b) and ameﬁﬁﬁ%eG #OMT PETRR)Y @bisBFEY rransrParsulariypreieiaply at lapey 99.8
2007/ 07406683PCT/ EP2006/ 069647 7. The process of any of enbodinents 1
to 6, wherein in step (1) three evaporation stages (El) ) to (E3) or
three di stirhkatikioR ®A-a065ai064 )n dt8gd @F prefdrBbIG ABE b&EIVRHE pre?&eldiD@ methanol
Becording Fanane T od o BRIl ol e Ry Y AORIA) ok 8L 8981 cspecian
pressur es Phef?rﬁéierogﬁr%%aﬂ?to QIS wt.- (%s)t.ed)onlt_ %??tala\gelgighocg’gh%feagggn mixture. It
t enper at ur &rHET AN CERIN BEEEr, pERYlene i O5PIPPER?- at a tenmperature of
107 t02852C, 10(E3) 0.7 to 4.0 bar at a tenperature of 90 to 144C.
9. The process noktuang-af oetained ifsanstagd (4)ha8 o WhalRatly trb&editX bbtag iMure
conprises @ul to 25 wt.-% propyl ene gl ycol.

Mixture (M) according to the present invention is essentially free of an organic solvent

25 such as methanol, and propene or propylene oxide. Mixture (M-a) can be suitably
treated to separate of any organic solvent, propylene or propylene oxide. Suitable
methods for separating of solvent, propylene or propylene oxide are known to the per-
son skilled in the art.

30 Itis for example possible to separate off unreacted propylene from the mixture (M-a) by
distillation in a stage {b).

It is also possible to separate off propylene oxide from the mixture by distillation in a
stage (c), preferably after the separation of the unreacted propylene.

35
Preferably, after these two separations according to stages {b) and (c), the mixiure
comprises water and the solvent, preferably methanol.

The mixture obtained can further contain certain by-products resulting from cne or

40 more stages of the overall epoxidation process, having boiling points lower than the
propylene oxide. Examples for such by-products are aldehydes such as, for example,
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Stages (b), (c) and (d) can be applied to mixture (M-a) separately or in combination.
Preferably, mixture (M-a) is first subjecied to stage (b), the resulting mixture is sub-
jected to stage (c} and the mixture resulting from stage (c) is subjected to stage (d).

Furthermore, itis possible to treat the resulting mixtures between the stages (a), (b}, (¢)
30  and (d), for example heat them or add or separate off any further components.

Preferably, a steam which has been treated according to stage (a), (b), (c), and (d) is
used as mixture (M) for the process according to the present invention.

35 Inthe following, further preferred emboediments of the present invention are described.
According to a preferred embodiment, the present invention also relates to a process
for separating at least one propylene glycol from a mixture (M) comprising water and

said propylene glycol, said process comprising
40
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(It

separating the mixture (M’) obtained in (I} in at least one further distillation
step, obtaining a mixture (M-I) comprising at least 70 wt.-% of water and a
mixture (M-l1) comprising less than 30 wt.-% of water;

separaling the at least one propylene glycol from the mixture (M-H) in at
least one further distillation step.

According to a further preferred embodiment, the present invention also relates to a
process for separating at least one propylene glycol from a mixture (M) comprising wa-
ter and said propylene glycol, said process comprising

(1)

(i)

evaporating the mixture in at least two evaporation and/or distillation stages
at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M’) and mixture (M");

separating the mixture (M'} obtained in (1) in at least one further distillation
step, obtaining a mixture (M-1) comprising at least 70 wi.-% of water and a
mixture (M-II) comprising less than 30 wt.-% of water,

wherein mixture (M-1) is further separated into mixture {(M-la) comprising at least 90 wt.-
% of water and mixture (M-lb) comprising less than 95 wt.-% of water by means of re-
verse osmosis.

According to a still further preferred embodiment, the present invention also relates to a
process for separating at least one propylene glycol from a mixture (M) comprising wa-
ter and said propylene glycol, said process comprising

0

(11

evaparating the mixture in at least two evaporation and/cr distillation stages
at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M') and mixture (M),

separating the mixture (M’) obtained in (I) in at least one further distillation

step, obtaining a mixture {M-l) comprigsing at least 70 wi.-% of water and a
mixture (M-} comprising less than 30 wt.-% of water;
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(Hl) separating the at least one propylene giycol from the mixture (M-Il) in at
least one further distillation step,

wherein mixture (M-I} is further separated into mixture (M-la) comprising at least 90 wt.-
% of water and mixture (M-1b) comprising less than 95 wt.-% of water by means of re-
verse osmosis.

According to a still further preferred embodiment, the present invention also relates to a
process for separating at least one propylene glycol from a mixture (M) comprising wa-
ter and said propylene glycol, said process comprising

(I)  evaporating the mixture in at ieast two evaporation and/or distillation stages
at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M) and mixture (M");

(I) separating the mixture (M") obtained in (1) in at least one further distillation
step, obtaining a mixture (M-l} comprising at least 70 wt.-% of water and a
mixture (M-11} comprising less than 30 wt.-% of water,

wherein the mixture (M) is obtained as a by-product in a process for the epoxidation of
propylene comprising the step

(a) reacting propylene with a hydroperoxide in the presence of at least one sol-
vent and at least one catalyst to obtain a mixture (M-a) comprising propyl-
ene oxide.

According to a still further preferred embodiment, the present invention also relates to a
process for separating at least one propylene glycol from a mixture (M) comprising wa-
ter and said propylene glycol, said process comprising

()  evaporating the mixture in at least two evaporation and/or distillation stages
at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining rixture (M) and mixture (M™);

(I} separating the mixiure (M'} obtained in (I} in at least one further distillation
step, obtaining a mixture (M-1) comprising at least 70 wt.-% of water and a

mixture (M-ll) comprising less than 30 wt.-% of water,

wherein in step (1) three evaporation stages (E1) to (E3) are carried out at decreasing
operating pressures in the ranges
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(E1) 1.5 to 5.5 bar at a temperature of 111 to 155°C,
(E2) 1.3 to 5.0 bar at a temperature of 107 to 152°C,
(E3) 0.7 to 4.0 bar at a temperature of 80 {o 144°C.

According to a still further preferred embodiment, the present invention also relates to a
process for separating at least one propylene glycol from a mixture (M) comprising wa-
ter and said propylene glycol, saild process comprising

0

(n

(i

evaporaling the mixture in at least two evaporation and/or distillation stages
at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M) and mixture (M");

separating the mixture (M’} obtained in (1) in at least one further distillation
step, obtaining a mixiure (M-1) comprising at least 70 wt.-% of water and a
mixture {M-I1} comprising less than 30 wt.-% of water;

separating the at least one propylene glycol from the mixture (M-ll) in at
least one further distillation step;

wherein in step (1} three evaporation stages (E1) to (E3) are carried out at decreasing
operating pressures in the ranges

(E1} 1.5 1o 5.5 bar at a temperature of 111 to 155°C,
{(E2) 1.3 to 5.0 bar at a temperature of 107 to 152°C,
{E3) 0.7 to 4.0 bar at a temperature of 90 to 144°C.

According to a still further preferred embodiment, the present invention also relates to a
process for separating at least one propylene glycol from a mixture (M) comprising wa-
ter and said propylene glycol, said process comprising

()

(In

evaporating the mixture in at least two evaporation and/or distillation stages
at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M’} and mixture (M),

separating the mixture (M'} obtained in (I} in at least one further distillation
step, obtaining a mixture (M-1) comprising at least 70 wt.-% of water and a
mixture (M-l1} comprising less than 30 wt.-% of water;
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(I} separating the at least one propylene glycol from the mixture (M-ll) in at
least one further distillation step,

wherein mixture (M-1} is further separated into mixture (M-la) comprising at least 90 wt.-
% of water and mixture (M-1b) comprising less than 95 wt.-% of water by means of re-
verse osmosis, and

wherein in step (l) three evaporation stages (E1) to (E3) are carried out at decreasing
operating pressures in the ranges

(E1} 1.510 5.5 bar at a temperature of 111 to 1565°C,
(E2} 1.3 to 5.0 bar at a temperature of 107 o 152°C,
(E3) 0.7 to 4.0 bar at a temperature of 90 to 144°C,

According to a still further preferred embediment, the present invention also relates to a
process for separating at least one propylene glycol from a mixture (M) comprising wa-
ter and said propylene glycol, said process comprising

(I} evaporating the mixture in at least two evaporation and/or distillation stages
at decreasing operating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M') and mixture (M");

(I} separating the mixture (M’) obtained in (I} in at least one further distillation
step, obtaining a mixture (M-l) comprising at least 70 wt.-% of water and a
mixture (M-II) comprising less than 30 wt.-% of water;

wherein mixture (M-|) is further separated into mixture (M-la) comprising at least 90 wt.-
% of water and mixture (M-lb) comprising less than 85 wt.-% of water by means of re-
Verse osmosis;

wherein the mixture (M) is obtained as a by-product in a process for the epoxidation of
propylene comprising the step

(a} reacting propylene with a hydropercoxide in the presence of at least one sol-
vent and at least one catalyst fo obtain a mixture (M-a) comprising propyl-
ene oxide; and

wherein in step (I} three evaporation stages (E1) to (E3) are carried out at decreasing
operating pressures in the ranges




0.05 0.09 0.03 0.14 0.02 976 RO retentate [Ww.-9% 91.24 1.38 1.94

0.73 4. 07\,\,@2@4,03&,(50 perneate [wt.-% 99.96 0.00 0.03 OPCOIQE,%Q(}“(QMQO
944 Exanple 2

10

15

20

25

30

35

40

(comparative): Distillati?on without reverse osnpsis

(E1) 1.5to 5.5 bar at a temperature of 111 to 155°C,
(E2) 1.3 to 5.0 bar at a temperature of 107 to 152°C,
(E3) 0.7 to 4.0 bar at a temperature of 90 to 144°C.

in the following, preferred processes of the present invention are listed resulting from
the following embodiments 1 to 13 including the combinaticns of these embodiments
as explicitly given.

A process for separating at least one propylene glycol from a mixture (M) com-
prising water and said propylene glycol, said process comprising

(I3  evaporating the mixture in at least two evaporation and/or distillation stages
at decreasing cperating pressures of the evaporators and/or distillation col-
umns obtaining mixture (M'} and mixture (M"};

(1Y separating the mixture (M') obtained in (1) in at least one further distillation
step, obtaining a mixture (M-l) comprising at least 70 wt.-% of water and a
mixture (M-I} comprising less than 30 wt.-% of water.

The process of embodiment 1, wherein mixture (M) is further separated into mix-
ture (M-la} comprising at least 90 wt.-% of water and mixture (M-lb) comprising
less than 95 wi.-% of water by means of reverse osmosis.

The process of embodiment 1 or 2, wherein the process additionally comprises
the step

(I} separating the at least one propylene glycol from the mixture (M-11) in at
least one further distillation step.

The process of any of embodiments 1 to 3, wherein mixture (M-I} is further sepa-
rated into mixture (M-la} comprising at least 90 wt.-% of water and mixture (M-Ib)
comprising less than 85 wt.-% of water by means of reverse osmosis,

The process of any of embodiments 1 to 4, wherein mixture {M") and mixture (M-
I} are combined and further separated into mixture {M-la} comprising at least 80
wt.-% of water and mixture (M-1b) comprising less than 95 wt.-% of water by
means of reverse osmosis.

The process of any of embodiments 1 to 5, wherein mixture (M-Ib) and mixiure
(M-11) are combined prior to step (111}
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15 10. The process of any of embodiments 1 to 9, wherein the mixture (M) is obtained
as a by-product in a process for the epoxidation of propene.

11.  The process of any of embodiments 1 to 10, wherein the mixiure (M) is obtained
as a by-product in a process for the epoxidation of prepylene comprising the
20 stage

(a} reacting propylene with a hydroperoxide in the presence of at least one sol-
vent and at least one catalyst to obtain a mixture (M-a) comprising propyl-

ene oxide.
25
12, The process of embodiment 11, wherein in stage (a) the hydroperoxide is hydro-
gen peroxide.
13. The process of emboediment 11 or 12, wherein in stage (a) the catalyst is at least
30 one titanium zeoclite catalyst and the solvent is methancl.

The invention is illustrated with the fellowing examples.
35 Examples
Example 1: Distillation combined with reverse osmosis

From a storage tank, 1000 kg/h of a waste stream from a process for preparing propyl-
40  ene oxide with the following composition
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water 97.45 wt.-%,
methoxypropanale (MQOP) 0.05 wt.-%,
hydroxyaceton (HA) 0.09 wt.-%,
monopropylenglycol (MPG) 2.04 wt.-%,
dipropylenglycolmonomethylether (DPGME)  0.32 wt.-%,
heavy boiling compounds (HBC) 0.05 wt.-%,

is subjected to distillation in four successive columns which are thermally coupled. The
streams obtained at the top of the distillation columns with a water content of about
89.6 to 99.7 wt.-% are mixed together, cooled down to 40°C and subjected to reverse
osmosis (polyamid membrane, spiral modules, with a membrane area of 96 m#?, operat-
ing pressure 90 bar, T=40°C). The retentate obtained after reverse osmosis and the
bottoms of the last distillation column are combined and subjected to further treatment.

The columns are coupled in a way, that the first column is heated with steam and each
of the following columns is heated with the vapors of the column before.,

The columns are operated at the following pressures and reflux ratios (RR):

Column 1 (diameter 0.3 m, 8 m high, 7 trays): 3.1 bar RR=0.13
Column 2 (diameter 0.3 m, 8 m high, 7 trays): 2.0 bar RR=0.12
Column 3 (diameter 0.3 m, 8 m high, 7 trays): 1.1 bar RR=0.15
Column 4 {diameter 0.6 m, 8 m high, 8 trays). 85 mbar RR=0.25

For the above stream of 1 t/h, 175 KW steam are needed for the distillation.

The streams obtained are listed in table 1.

Table 1
water MOP's HA MPG | DPGME | HBC mass
flow
(kg/h]
feed [wi.-%] 97.45 0.05 0.09 2.04 0.32 0.05 1000
bottoms C1 96.78 .04 0.10 2.65 0.39 0.04 767
[wt.-%]
top C1 jwt.-%] 99.64 .08 0.06 0.03 0.08 0.09 233
bottoms C2 95.35 0.03 0.11 3.91 0.53 0.06 516
Jwt.-%]




236 bottons 02 [wt.-% 95.31 0.01 0.16 3.85 0.60 0.06 529 top C2
[We.-% 99093,R706:0-01 0.00 0.00 0.00 235 bottoms 03 [Yrs¥oIks8
0.01 0.27 & 857%1. 89 35 B vriehdlo &

10

16

20

25

0.11
top C2 [wt.~-%] 99.74 0.06 0.07 0.03 0.10 0.00 250
bottoms C3 891.19 0.02 0.14 7.62 0.91 0.12 264
[wi.-%]
top C3 [wi.-%] 899.72 0.04 0.08 0.03 0.13 0.00 252
bottoms C4 8.51 0.00 0.13 82.64 7.33 1.30 24
[wit.-%]
top C4 [wt.-%] 99.57 0.02 0.14 0.01 0.26 0.00 227
RO feed 99.67 0.05 0.08 0.03 0.14 0.02 976
fwi.-%]
RO retentate 91.24 1.38 1.94 0.73 4.07 0.64 32
fwt.-%]
RO permeate 99.96 0.00 0.03 0.00 0.01 0.00 944
[wt.-%]

Example 2 (comparative): Distillation without reverse osmosis

From a storage tank, 1000 kg/h of a waste stream from a process for preparing propyl-
ene oxide with a composition according to example 1 is subjected to distillation in four
columns which are thermally coupled to obfain top streams of the four columns with a
water content of about 89.9 wt.-%.

The columns are coupled in a way, that the first column is heated with steam and each
of the following columns is heated with the vapors of the column before.

The columns are operated at the following pressures and reflux ratios:

Column 1 (diameter 0.3 m, 25 m high): 3.0 bar RR=0.7
Column 2 (diameter 0.3 m, 25 m high): 2.2 bar RR=0.75
Column 3 (diameter 0.3 m, 25 m high). 1.5 bar RR=0.8
Column 4 (diameter 0.6 m, 18 m high}: 80 mbar RR=0.6

Columns 1 to 3 use 16 m of sheet metal 250 m¥m?®, column 4 uses 10 m of mesh pack-
ing 500 m*m?,

For the above stream of 1 t/h, 256 KW steam are needed for the distillation.
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The energy costs (steam and el. energy) for the process according to the invention are
about 20% lower combined with an investment which is about 10% lower than for the
process according to the state of the art,

The streams obtained are listed in table 2.

Table 2
water MOP's HA MPG | DPGME | HBC mass

flow
[kg/h]

feed [wi.-%] 97.45 0.05 0.09 2.04 0.32 0.05 1000

bottoms C1 96.73 0.03 0.11 2.67 0.42 0.04 764

[wi.-%]

top C1 [wt.-%] 99.87 0.11 0.01 0.00 0.00 0.00 236

bottoms C2 95.31 0.01 0.16 3.85 0.60 0.06 529

[wt.-%]

fop C2 99.93 0.06 0.01 0.00 0.00 0.00 235

[wt.-%]

bottoms C3 91.69 0.01 0.27 £5.85 1.07 0.11 298

[wi.-%]

top C3 [wi.-%] 99.96 0.03 0.01 0.00 .00 0.00 231

bottoms C4 2.00 0.00 1.78 82.03 12.83 1.27 25

[wi.-%]

fop C4 [wt.-%)] 99.86 0.01 0.13 0.00 0.00 0.00 272

waste stream 99.90 0.05 0.05 0.00 0.00 0.00 g75

total [wt.-%]

10



waste streamtotal [w.-% 99.90 0.05 0.05 0.00 0.00 0.00 975 37
Claims A process for separating at |east one propyl ene glycol froma

m xture (M corn prising water and sai d 3ropyl ene glycol, said

. process conprising (1) evaporating the mxture in at | east two
evaporation and/or distillation stages at decreasi ng operating
pressures of the evaporators and/ or diGkind ati on cal -ums obt ai ni ng
mxture (M) and mkture (M ), wherein mixture (M) is further
separated into mxture (Mla) conprising at | east 90 wt.-% of water
and. m xture (MIb) conprising less than 95 wt.-% of water by neans of
rever8e dsnosi & process Eepepatdting dtheastioxe prepyléhe glybbbirtraca iikt(le) (M)tom-

at | east one f priingrwateFhhd baldi f?BpRéRP glyebl 351 ftecésdbarhPhidng M 1)
conpri si ng  at Ieastg 70 wt. %of&vv%s?er gr)l{g m x‘%}gre (Mlg)ﬁconpri si ng

| ess than 30 V\% % ofrcagllat ei‘r_' TheFérocess of claim1, wherein the

process addi ti Plﬁﬂvf'ﬁc’ 8 ingtdgast typ evapgeation; ang/endistitative stages
one propyl ene gl y’*‘é@'?chaéma PrerRiing gresspras of)therevapotadarst anuifer distiltation col-
di st1@l ati on st epmrEhebairingsdxtofe iy aal rikaire§ML' )0 whereinheikgird (M”) is fur-
mxture (M1) ishap ééiﬁ"rat&@%b%&ﬂ:ré f10a h&é&Bﬁ&ng%ll@Qst G b/sbf'g/fg% and

| t 90 wt.-%
eas Oim%}géMa@Si cam bg’gsosm)a s oot %tgr E\* meANsff reverse

-% of water
clalms 1 to 3, whBP&®F'mixture (M) and mxture (MI) are conbi ned
and further separated into mixture (Mla) conprising at | east 90 wt. -
A, ofSwater anfll)nseparatng Whéd mixtoeide’) sbiahddeias(itinan 195st\Wne AWtREr Wetiifition -

\?\}’l means of t r eVeE i{fﬁofmqiﬁg aﬁh&t&é?ﬁﬁ?jompré% &fe&d@dBy. J%tc{? w%ter and a
erein mxture re C ned prior to step

“(I'll). The process oPeﬂﬁl ())fa'b%'%%ﬁg('%\lé 2’ga‘m\/mterélotl W Step (I') three

evaporatlon stages (El) to (E3) or three distillation stages (D1) to

. (DB3) areZcarri Ee BrAcesyIps claip cle ydepgin dheypracgss aditionallyt tremplisesethe step

evapdration stages according to step 40(1) are carried out’ at

decr easi g OPENIRY $aLhrRfiRP T 86 |da3t LRE drapdese g?ﬁ:o: from the mixture (M-l in at

least one further distillation step.

3. The process of any of claims 1 or 2, wherein mixture (M-} is further separated
25 into mixture (M-la) comprising at least 90 wt.-% of water and mixture (M-Ib)
comprising less than 895 wt.-% of water by means of reverse osmosis,

4. - The process of any of claims 1 to 3, wherein mixture (M) and mixture (M-1) are

combined and further separated into mixture (M-1a} comprising at feast 90 wt.-

30 % of water and mixture (M-Ib) comprising less than 95 wt.-% of water by
‘ means of reverse osmosis.

5. The process of any of claims 1 to 4, wherein mixture (M-Ib) and mixture (M-I1)
are combined prior to step (lli),
35 '
g. . The process of any of claims 1 to 5, wherein in step (I} three evaporation
stages (E1) to (E3) or three distillation stages (D1) to (D3) are carried out.
7. The process of claim 6, wherein the three evaporation stages according to step

40 {l) are carried out at decreasmg operating pressures sn the ranges



(El') ) 1.5 to 5.5 bar . at ar terrperature 8% 111 to 155C (E2) 1. 3 to
5.0 bar at a tenperature of 107 to 152C, (E3) 0.7.to 4.0 bar at a
temperature of 90.to 144C. 5 8.The process of any of claims 1 to 7,

g’ﬂerTﬁ'en ﬁggeglsxg WiER) ) (Msfﬁcﬁ@%'aﬁﬁgté}ﬁg er@éoMﬂ%%W![ Epg (9:\0yclols
. e b E§y1%tocéelbg§allatt§n ?rg ur?lggl@?& Clz(on of propene.

.obtai ned as- a by- duct

10 10." The proce f 0P 49 b@Fﬁf Adempgrgtuge %Qﬁ%lﬁ“tqwe mxture (M

i s obtained as a by- product in a Process for the epoxidation of

pr opyBenes. conpmheiprgeédeofsdrggss claims 1 &) 7,Mvetebintie PhiRiyé eNG ciphisés 0.01 to
hydr oper oxi de 28 \{ihe, pripsfimesgipdorat | east one 15solvent and at |east
one catalyst to obtain a'mxture (Ma) conpri SI ng pro- pyl ene oxide.

11. The process_ of claim 10, wherein in stage % t he hydr oper oxi de -
i s hydrogen perBgirfgcessoof any ofrflaims ddeds "‘6‘!9"@1‘5 %"1‘6‘“6? (M is qhlainsdres a

in stage (a) th¥predudtysa orecess fbetistepaxigativn ahprapeneol i t e cat al yst
and tbe sol vent is-nethanol.

10. The process of any of claims 1 to 9, wherein the mixture (M) is obtained as a
by-product in a process for the epoxidation of prepylene comprising the stage

{(a) reacting propylene with a hydroperoxlde in the presence of at least one
15 solvent and at least one catalyst to obtain a mixture (M a) compnsmg pro-
- pylene oxide.

11. The process of claim 10, wherein in stage (a) the hydroperoxide is hydrogen
' peroxide. - '
20
o 12. The process of claim 10 or 11, wherein in stage (a) the catalyst is at least one

titanium zeolite catalyst and the solvent is methanol.



