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; e3el1J1FFAH41 66J61 JTJhp3-1 As originally filed f
BASF Akti engesel |l schaft January 20, 2005 B02/ 010
| Bl AT/ cca 5 Continuously -dperated purification b rm
distillation of the 1,2-propylene glycol forned i
opLoductysfr ntheS|s of propyl ene oxide 10 The *Mmm*
ASp9 gmau)'eﬁiea relates to a continuously operated
process for the purification by distillation of the
BASF AkférpeydiBoieafoxi de fornmed as by-product in the January 20, 2005

preferably coproduct-free synthesis of prEmYO®3PCSG IB/AT/cca
oxide, in which the mxture forned in the synthesis

whi ch contains the 1, 2-propylene glycol is separated

in adviding wall colum into | ow, internediate- and
Cdﬂtﬂﬁlobﬂ? lopBatéd pﬁhﬁmmﬁdtshﬂaﬁmzomnyi PREPyIENECELY col Formed

taken off gg thé‘E@ﬁﬁﬂﬁbtafr@e thédis 6f pyopifenk bRidei de
of ftake of the colum. In tl e custorrary processes of

ol k. e M|

LR AT ) I UI art, MT U'J_yl CIIC UAT UC o Aarll IJC 'JI Al CU lJ_y

reaction of propylene wth hydroperoxi des, and these

The'r:;%@s?etrﬁ %\%lnﬁ@t? ﬁﬁte‘s: Q{) I gézhtfﬁ%uélg g&%te r ésbe%} @lgee%ﬂg@atlon by

dlst@letlmgB@e fl&pq@pelpm oﬂge rcm;ilae m-mmnwe pecderablygoproduct-free
syntREQO ¥} Fn I@h& Bxﬁe hidy RieR rtﬁB(hﬁiﬁufeSfoﬁﬁEd ineﬂle%;}ﬁthesm wh1ch contains

accor d reacti on scheme conprisin | east
the §2gpepylene slascqhm soparatqd) inaiiding Wik C?IHEmHS}@r e}yerlesena ate- and
highabdiling I ﬁbty(brﬁl’widttﬂe gj2vsropylpicogiycdl iitakedroff avimpringdiag Whler from

IO and unreacted hydroperoxide, (ii)
theggﬁgﬁ FSE 8f° YW unr eact ed hydr oper oxi de fromthe

m xture resulting fromstep (i), (iii) reactlon of the

f
i YOS BB 50 gy ocion.
proptlenswidhby mﬂo’slﬁes, phgproicastians Cﬂrakeearﬁ%@@t in@ngpr more stages.

| east two steps (i) and (ii1), with the hydroperoxide

separ ted off .in ste ij]) hein u ' he .
For jegqiplFo f1° MR RPBRS deteregnd WO OGz0¢h fatsprepsing propylene
oxid¥ BY e¢aetihy pedpyléredwihita hydroperosidpas airgied @mc taocdsdingSo a reaction

er ab xed-bed reactors, with the reaction of
SCh@?eﬁon(‘?r)‘SI%gr%tl%a}sggﬁefgetpgﬁlﬁgcbg%'ace in an isothernal
reactor and the reaction of step (iii) taking place in

() an BdiRRYrike hEREPQbxide w1fthr$BﬁeﬁB’ & gne racﬁifb(ﬂﬁ:t lﬁﬁﬁt@ré Eomprising

this sequence 1 s preferably hydrogen peroxide,
pr dP9REeRe 9xdd %@F%P%Wﬁ&?ﬁ?ﬂx‘q%to cont act W|th a

(ii) hetsepLeRAL he GRleatyd hycduperagde henf tfha(iﬂhk@:ﬁ‘e whoilehg F®m step (i),
t hanol

...carried out .in Here, .t . ey
(nl)hycff’%fg“é?ﬂ e s PEPODG RS FHIS HEC P eriricd (ff i s, ) with
85%romyl@®% and that in step (| [ |) i s about 95% based
on step (ii). Over both steps, a total hydrogen
per oxi de conversion of about 99% can be achi eved at a
Accordipglyethe readtive ofairerxiens with dhe hydgperoxidgsakes phoRgniap least two
steﬂs% ﬂld}plﬁ elvRE tthe ihiropbrok i e?@:%fddoéff ih REepSHINt BESd $euséd in the
| so referred to aS coproduct10 free oxirane
‘fm§VcheS|s As secondary reactions in the formation of
propylene oxi de, subsequent reactions of the propyl ene

The }'eggt‘i"onvsvI LIn stﬁ%s g?gagllu C(tllyaél%vp%?eq%ﬁy Fclraﬁrge%fq oRt O{‘k(g %ﬁé&@‘gt% reactors,
preﬁewdvty ﬁhad—bgd reactyy | witle th w@etlom@f rsteactil prefmblyrt@@mgtmace in an

isothermal reactor and the reaction of step (iii) taking place in an adiabatic reactor.
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15 net hoxypropanols are forned by addition of methano
onto propyl ene oxide, 1,2-propylene glycol,

di propyl ene gl ycol and ts3 propyl ene glycol are forned
by addition of water and 2-hydroperoxy-1-propanol and

I f
The ﬁg}(ﬂ%@éﬂ?ﬁé gl)rsg%d)'( o C}st%g@ﬁ?letr: g‘r gfe%ﬁfg ﬂx&%g?rggefréiéﬁg 4hd p(rﬁ%ylene is
preférghly dpeughk ynta|contael with athetdrogeneewy easalyssrdugsing the reactton which is
carridd 8uﬁh%&¥ﬁ§1%?a9§o¥\¢e%t For exanple, it is possible to
use the methods 20 described in DE 101 05 527.7 for
the reduction. After the nethanol solvent has been

HereS errbanﬁiregbnolse‘roﬂaei cbmsrsi@mhrattepl (1)t1§1 €rofrealsduit 3% to 90% and that in

s 3P St RV PR o skeP oot Fot ofl S8 Frarogen peroxic

conveesidr aftdbant 966 ean bd acmﬁew:dlauaa prmpgkeabxida s¢lhativiysif abaitr-95%.
is 1,2-propyl ene glycol which has a variety of
applications. For exanple, it can be used for

Owipg &ptheihigh priecivithiof the reeeftnns theasynthesis s alise zefpised to as coproduct-
free 6QRRNGHhedi POl yester syntheses, for the preparation

of pol yuret hanes, as reactive solvent for syntheses of

pol yur et hanes for use in coatings and pai nts/varni shes
As setorRiary kdatib@r ﬁﬁaﬂhb aBrraatibn & gﬂ'cbppléﬁé foyide/ subsbqrat gdayions of the

pronyEa R eRe S ERANCL et 10 hydBenlnetiid® SHEF Pt B o products
havi® Hmlnngrpduﬂs theghper thnirthatobf fpropryldI&:O okwle2 20Creaftien by-products,
metl}%%&éfok&&ndl? %&%Hhé&@ Sidditi Pﬁe&lﬁﬁ&%n?c?hfbﬁglgpé S&GSCI 8%ropylene

Series have to use or separ at
glycpk sligropyleng iglycel apdtriprapyleae gb@pﬁ dyr addition of water and

2- hygggéfﬁ)@cﬁ &g Mafd Mﬁ&bx@?ex@@?@-lﬁop;ﬂfoh &di tdraRd B?gﬁfdltton of

to 43 wever i ble sses for
hydrSgemh, GO bRy il 8 CRuE JB HAEPERPoelcas. which
likewBe Uparts f1Q2-ptdpgled glyeglarfat i exampfe, at dpypossiblegtoy aed ,the methods
h bed in WD 99/31034. To
de“%@%%ﬁb ?PB%E7W%%B%§F%§§EE+yCOI fromthe wast ewat er
obtalned in the preparation of propyl ene oxide,

Afte? %Eé%?tﬁlh[%l sBhe %%er? E@gp%'&fjoﬁ‘ Lid ?é’cfr@ulgﬁb Ethe ?&cﬁgn by-products

distillation co avin sid
remgip |1mth¢§va§tﬁwaéf‘étae@ cambeeplaeg th%&@‘?i‘eﬂs a Se¢q atyrsaelédur e,
too, requires reIativer conpl i cat ed apparatus and a
reI tively high. ener
aieBenielial o R ket FOBE e R b dronyTensietyagt which has o
varlﬂgtaframhcalfonv aFawee)iam[ﬂaf eiq eam bk yusedrifort patpanmg polgether alcohols, as
este%ﬁ@&nﬁﬂé?&gt%p&ngntm' ?&Préstter ﬁ/nE{e AT %r th%h@'@%a}%rf Bf polyurethanes, as
reactive elvend for syndhgsgsral pelwrféh@@p érrratsr gheasings and panaﬁ/vawshes or as

filmOforfBon ,a%prm@rrlp%ﬁey Pkt Mnel €560 dis asthérwisy Bﬂidﬁ&ed' [hdhEt@ially by
reaction p gP ne with hydrop rOXqu ?g pro(g ¢

reacljf gy PR eag PaLE i HRISE BhPrEFIGSRS TRl 3 i 20 PR B4 fmperature

of fidm W) fo2208eq] ’EMEwardeQCfsemﬁfphbﬁtecﬂ héncetthree woltenns goahected in series

haveegg“ y hps 3 et(s?u n%%%rgp ine o f Yl\% leng ué;?cog r‘t‘?';lJtlln]tatl‘ﬁn S gg%;ﬁ:ﬁpgdie der

t|nuou ope Process
techpischieni ClzenionVeflag ﬁberme24thli1b§xd>re peged 4250 43d). rhbevexsr, all possible

proc@?sep MOWET cdely Elg' dﬂﬁﬁge&@ghﬁér AR Bﬂﬁglefné ik @51{1 B8iled for the

propyl ene e an presen I n wast ewa
preparation of BSPPdleél? rgbrcat frexampleghe methpddlesgyibgg in V%%Pﬁ@d 034.

15 The present |nvent|on accordlngly provides a

conti nu rat r ce for . fication
To {5paie P e b esized 6 ifs offsichiss blaiggd @ {nd préphration of
propgl}emrmmhlnctsepanattdmepmwssdsseah]slopéd pitloipl make vsei efedistillation columns
wherein the m xture fornmed in the synthesis which
contains the 1, 2propyl ene glycol is separated in a
dividing wall colum into | ow, internediate- and high
20 boiling fractions and the 1, 2-propyl ene glycol is
taken of f as intermediate boiler at the side offtake
of the colum. The distillation process of the present
|nvent|on enables the 1 2 propylene glycol to be

o o, -, . o, r
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Distillation colums having side offtakes and a

dividing wall, hereinafter also referred to as

di viding wall col ums, ar¥-known. They represent a

further devel opnent of distillation colums which have
haviﬁ’%h)ﬁldt: Rgrakeds cefufrﬁxﬁl%%nf?é&edniﬁ sehidd. gioR@vi¥tiis Pf&@dﬂi‘@ Qo®frequires

| ast - naned -4 conventlona e of colum i
relatiyglie vemplicaied @pparalys patda gse1atye ypﬁltﬁ@me?eggr S9OATBPOny which is
unecohémichl Fop tHit adaesn,ahe isdtitidn ofanislitelial diuatie ik Tregbiently omitted
diﬁse of R¥odu§t§. ‘aken qﬁg agﬁ%ﬁgn3|q§ gfftakes in the
and Qg WA RRISE IR AHS SFCSPRES B GRFRHYr e usual Iy

taken off in liquid form the side product still

It is %ﬁ Q)tbfégpgf e gs:egft egéntgip tlnglhprﬂi glggggﬁmﬁ)ﬂgﬁglgﬁiﬂ?f the 1,2-
propjleae ghycs! featieh ab by-Paedust Hethe reaciRe ! poppieae St pysiropgroxides to

prodﬁ@&f)ﬂoﬁfﬂeﬁé 0ki0€ afk®@piéSeht inHe GlastintitdtSttddrh Yo bateedth@dve aldecrease in
the(gaseous orm the side product still contains

WHBS*ﬂFWH§n8$yﬁP§WHHEP ers. The use of conventiona

si de of ftake coI ums is therefore restricted to cases

we bibvduiaid ol BEORB S R efrIGF A o BulchBEOARY Brfess for he
purifi¢etios eyf ahaﬂ 12qproayiem®glycdrf0baed apbypeyiuanin the phaferahkyscoproduct-
f

free grftﬁésl?é &f déﬁ?ﬁéh&&mﬁ% ?%Ek?%%%ﬁﬁe\g%%tﬁ sftrr%hlgdwlﬁlllatlon using
ad“ﬂ@gﬁ@ﬁ-é@@#@“and bel ow the feed point and the side

offtake This can be fixed in place by melding or can

ushed ace, s off the
The JBietane dnfsion: AeoripelsnpOLtes oh SRAFIEYeppgied’ podSS for the
purificarivarhiyxdistjlatbn bf thei l2-propyleap gtycel foemed asabyeproliﬁclt inehe synthesis
of p?o(ﬂty'len% %:%]:Js%hregg 18 zl’zcs Qﬂ[%él'eo dtull1 l#es Bﬁl Ptams the 1,2-
prorxytﬂna rghycot eﬁqmpa@d:m ina diegid‘imggwall @ﬁhlmromtq)fow- 1ntermed1ate- and high-
boﬂ{g‘ig ffdcﬁeﬁgjﬁﬂieﬂ% 1. ﬁrtoggll%ﬁe §Eis GUTRAVIE A idiRbGiak 15'81le§‘5t the side
?0|nts typeé “of colum has been used,

offtake h#hecolyrgn.  he separation of an initial mxture of
20 t he corrponent s net hane, et hane, pr opane and but ane

The glRIBE" Troraesl BharpraeerOe G Bty bETB gyt to be
isolaep hy alistidlatio nahrghxpumtye docthy fremaﬂne wastdvmram@amn@btamed in the
sl S 6 CbRraE) e BB, ELLHLATER £ i, e
newypedss 9bithe stm! dpyengpn é%ads yo @ppderced 3mitlay dy termsifi apparatus and

enelgyvédgisn&)ﬂ'i\ﬁhéd GAt roved \Widdildt GgiyC Furth€medré, 08 Gidflling wall

cohin et B oY S EREHR copS g s A i Sl Bhabin teams of
the ¢refgyi reqeicenadre cembaed to £ adrventonal b@lnsmst erifications,

saponi fications and acetalizations 30 (EP 0 126 288).

Figure 1 schematically shows the isolation of the
At the samg By Ga@oytlynsedess achigugs adatgy ipnrensadn valge added, since the 1,2-

pro%&l%%oz f&gr%eragégﬁnﬂiy:-lﬁﬂgu&:ﬂ\ll :ﬁﬁ:l ﬂﬁgylﬁﬁéﬁﬁﬁé syﬁth&sh@and present in the
g 9‘&2 col urm Her

t he
was(EHRiCEWSHAM <3 B PR IFSORBINFIE nd hex s sm?ﬁése% extremely
advxﬁageeﬁgmlmgtrﬁsus% feed Z into the colum. In the

colum, this wastewater streamis separated into a

fraction conprising the |low boilers L, which consists
Distilsientcohinng havingaiderofftakbsrant racmylpirrrgrmdbllgreilmfutr also referred to as
d1v181§1%c\}v£l? Qoﬁﬁﬁmr 'a(%' {elﬂo&lh erﬁyny%PFé%ﬂte{ Surther V&%g@l%f)ment] of dgtlllatxon

ers
columrispyhigly mvﬂeoryv yeopide phigake but gp dig‘gﬂrl@ﬁéfv@jl 9181@ usg aﬁ tlaf‘elast -named
taken off fromthe side offtake for internmediate
boilers M To take off the product at the side
offtake, it is possible to use receivers in which the
l[iquid 5 or the condensi ng vapor can be coll ected and
whi ch nmay be | ocated either inside or outside the
colum. To carry out the process of the present
invention, it |s p033|ble to ‘use custonary d|V|d|ng

o, oy o o
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It is |ikew se advantageous for the inlet for the feed
and the side offtake to be arranged at 30 different

heights in the colum relative to the position of the
theoretical plates. The inlet is preferably |ocated at

convg l{i’@nség‘i}"q%ﬂoef\(’;&é ) ca? II({ a%lé résgré Ved %Q&%S(F el }F&)ﬁ@éty dz[kreﬂ 'Bff at the
side offfakakere MEwRy @nmlmlwgmwa IIn thelasthel Rredurts wk@rheff Bt theeside offtakes
in thQ nﬁ&ﬁn&ft %@&f&l of MEEB1IAR, WRicRaR LA kP oFfQﬁ‘fh'qﬁMrf%ﬁn the side

her as packed col umn contai ni ng random pa
PYOdB?th@ﬂlé‘d’nE?HbskFrﬁ@OIBPn%%f lgwrbailing gompenientsgyhigh élmsﬁ% be' Separated off
via thé ta0 1§ ki @asé @f Bfodusts eadenBFE & sidd offRkEs B sippliggvdeddon of the

coluglpefv@fll {18 Su%ﬁ/g%&g% ecgggﬁt%r%}élﬁ)ﬁwn%he s1cf<):6prg§1q§ still contains

propottibas exf lplgh Kiotlgrs. Silnehuqaa@ﬂ{cmglepmmail adelke afffakglrolumns is therefore
C ssure
AL i BRI A e Bl BE L
conflguratlon of the columm, the region of the col um

Whéﬂ' & B PWall NG i talied ifl kit M@&lhmﬂ; tﬂé’fhbﬁzﬂaﬁ&ﬂﬁdtﬁ)‘hscaﬁfbe improved

he enrichment section_ 2 of fhe iInfl art
and gthepgrﬁpﬁaowé% foide B‘Pd‘ﬂ% ib¢ faken Oﬁfgﬁ urg nﬁ%mgtf’r dpyifing wall is
inst8led ﬁﬂl e rdidafe fefieniabbleomdisyléw atidfebd pomn amd:hﬁaitie offtake This can

arts th reof is prefer I
be F5Ef i g8 rragEE frota3r oS Qe PRaER R, PR 1GNP ghe omake
sectioalftone sire inBowhsectied hnd pnesedtatmdsnumrtgt’mfslﬁ]mé gncb mapor kgreams over
the %Rl?e E\@gﬁﬁ"@&% seSidnSi@This 'baW‘Hf(iEb Eaﬁmﬂ' @R'j;] sROMckDhe total number of
are_present ‘together

dlstlh!atzorp celymsneeqyirgd on the frmdionatign d&u@@&l@ﬁm@nwemxtms whose
comPOrAhavB sinhitar beilifePoirithie feed stream Z. This feed

Streamis generally |iquid. However, it can be

advant ageous to subject this feed st reamto
Thispiypé bfitelamy hagpeén aseidi fop eamip&u fnmmu septatationifrandnitial ixture of

the ?(}ﬂtal?ﬂntagt%,ﬁ? zmeeetg?ne R@%‘E ?ui(f} R%ltg?e U§ Q%Zgggﬁg?(grt trhe s%;l)aratlon of
a mighute ofileenzempy taduc® ant xykene (Th |4323Qr5é8) andwfaxr yhe separation of a mixture
| 734 & Rathhs e ¥ 8gpf ul when the feed

Ofng%$§§h1c%ht5?%s reFat?gily ?argg anmounts of | ow

boil ers. The prelimnary vaporization enables a
Divid@ips Wik lcaliinths| @acali® b aisédkestesfillyt e separamg Mgxtures which boil

eCthﬁé@ é Iurm The feed streamis
azeo %l ered by neans of a punp or via a

static |nflom1head 20 of at least 1 minto the inflow

Flnarl)l?rt Abink NG afl! o6 A hick Wndic lTllahcﬁlo:nEfJaHWDé Sarried out with

erapry regu at ed V|aacasca regulation iIn

SIm@mmuﬁaﬂlsaHamrt it the proguetatdrenalse kneavn. j Bxanapleseehich fmay be
mentiBRed N O\Qét&‘"i‘ﬁéatloﬂ‘e thafEdtediticAionsS SPbnificatidh8t ahdleacetalizations

liquid introduced into the enrichnent
(Epﬁg@z%ﬁ) 2 cannot drop bel ow 30% of the normal val ue.

It has been found that such a procedure is inportant

I f
Flgutég gc\é}ﬁ I’%aglfél a’% sls.hé)nlilvt% otﬁéc' ? ﬁpau]ph et hléalti ﬁﬁﬁ)p eﬁ %ﬂ%oﬁﬁpﬁ% ?9%3( -product
in tHeorynthiesis of piapytene okiderrad| pr@plqntjmfth@waﬁfngmtr«fam i @ ldeviding wall
colufd, IR Qﬁﬁ%ﬁ&:\v‘ﬁfér %r@?fnll tehgn Qhd f)l%b?leﬂé‘rohd@fsyhﬂﬁs@@i iHifdbduced as

etween the sid for internedi ate boilers M
fecdgf,dnipriae EoTah KM SUETR G SWRTEYHE matrh;ééea%rﬁedtlatowefractlon

con@ﬁﬁm?)ﬁh&?ﬂﬂ %oﬂérséL r@igith @bhgddts @ﬁ%‘éhﬁzﬂlﬁ@f gatek had nﬁeh!ﬁoxypropanols
and TP Qo b R RS < S S, SPRE bHERERr cpropytene

prerequi sites has to be ensured by neans of
appropriate regul ati on net hods. 35 Regul ati on
mechani snms for the operation of dividing wall colums
have been described, for exanple, in Chem Eng.
Technol . 10 ( 1987) 92-98, Chem -lIng.-Technol. 61 (
1989), No. 1, 16-25, Gas Separation and Purification 4
(1990) 109-114, Process Engineering 2 (1993) 33 7_
34 Trans IChenE 72 ( 1994) Part A 639 644 Chewnca
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conti nuously operated purification of the

1, 2-propyl ene glycol by distillation. It is readily

able to cope with fluctuagsions in |oading. The

distillate is thus preferably taken off under

e 0 I 0
elyobCHRE TG RV, 1ud L EplsBRA Ayt shf B, ke from the side
offtakefonintermedige bpilgs Mer abl y the quantity of runback as

regul ating paranmeter is provided in the conbined

n 1 of the inf]|ow, and offtake art

To tﬂ@agfg therrspguchat the sidsrotftples. dtdpassi] EI?%“%@EFI‘&?YF hwhich the liquid
or tlﬁfcﬁﬁ@é@bﬂgWabﬁﬁ@dn% dolletled ah® whichag be Iehedaithyr inkideo# outside
h g} theoretical plates below the upper end of the
the COMMAm. 15 Appropriate setting of the tenmperature then

results in the liquid flowing dowmm fromthe region 1

Jﬁﬁg[&&% . Vbr%?gsgaotgftflg ﬁreﬂ?rﬁqﬁvegl@:gp o{t il ES%S%I%/ %cgh ?I.Yg?clrha@ QYividing
wallgglumnsefor frstance gwj qodpraes deh@lwdfll‘l HI@@rpmﬁft is preferably
from0.1 to 1.0, nore preferably fromO. 3 to 0.6. 20

n this net t he owi.ng i ref rab
Suct 1R 41 h el B Gp PR T X et 1 (6,60 e gesferaby
front D§ te SO HROREICAIf FlaKes. VThecﬂsrotdme dflthtu présérs 1hh&moﬁe>dn be carried out
continyously into.the colum. This receiver can thus
pamtcﬁf%gygavqni%?%g%u%flg 5“‘%' Y 18servoir or provi de a
sufficiently high static head of quuid whi ch nakes it

The g@fﬁéﬂ %lﬁbfngg r«}:_égn L &Nhg idffow ‘?tn(? QB it Sf%E tﬂ‘?\?ldfng Wall column

means o atl ng devi ce
preﬂpr@blyé;aa AN Vaﬁ%smOW@ﬁf%ﬁ&k agme @ epielment gection 2 of

the 1Lnt|;lgw|;ﬁrt| p?etfefa'bg‘ haé fFdh 586 50%, hﬁr&ﬁﬂefe@@lﬂ? lfl%m'ﬂl[ISjtdc 3029 the stripping
er onv.

I
ol Gt TS A Sl A8 RN 0 20%
the stripping esbcthm Sef elet bffakapdit grefdfabtli hesnBomn ng50%, tivge preferably
frorr‘? ?9 % %%9@16 gﬂf!gﬁrﬁéﬂé%ea[&/ § 51% fhg %?ﬁﬁ%ﬁb&‘l‘ I%Qfe?ibl)é haﬁ fr?m 5 to 50%,

sure-re
morg pretfctrablnfrmn 15t $0%f andnbe Iﬁamrcombmérwgmn ored thmmﬂ@w and offtake

partrb?rtﬁe é(ﬁuﬂlﬁ‘ %}eféﬁ})m Cffdfrﬁ 3kg 59%’ trndrt? f@'f&%ﬁlﬁ%rﬁ 15"t8™0%, in each

Cas%ﬂfébf‘emp%lﬁ@@frté%ﬂ&%ai elégeg]m ﬂ‘@lcﬁl"é‘m a tenperature

regul atl on device which utilizes 35 the quantity taken

off a ot t as re ti.n ar amet .S, prqvi ded .
ThelsHm[ R the bb S g 8,%% Jélgt reglony 2 8\/6 grh ¢ {nflbw part is
prefedablyafkem Baro 1 lﬂ%embmt preferahd y troot 9@l 00e rof ther sinbef the number of

r The neasur enent
theck R IR n e R Rl A B BT PA devico o 1
preferably located from3 to 6, nore preferably from4

It lstmceﬁuset Jaﬁ%tsgéo@lglfoﬂhetlﬂa R ANE fde Bint AME §ide Btk thNR arranged at

dlff(‘d‘ g ?:héllng)g{e{ag&g (SJP Vereilé)sée U| ah?:g}r% %eglcglepqates 'I%e inlet is
prefbllfab]yl lz&ﬂea‘ atra Ifoegmhaﬁhlctglstfhﬂn d ua B} inbye frafeeab]l ofrébmad tot Xy éheoretical
[ o purpose, the liquid level in
platg'%ag)%vgo{)éeﬁéxgrthe S(s%&euse Ys r egul ati ng paraneter. The
differentlal pressure over the columm can al so be

The Ydivldife %a@ls célﬁﬂiﬁl ﬁgédnﬂl R BRRES' of Qhe PRReMCHIVERGon is preferably

jower . [lation 1s advantageously carried out
congigured githes @&ﬁ@a@edwpmlscq%alm rausiogh packing @rsdegpgd packing oras a

trayf cfdhﬁﬁlﬂ- OF(tnO exdEblEbRris phEEDbIRr ©SELer ShebS mM¥BASIH &’idslﬂbadldil{g havmg a

el e S 1oB75 5 PR, g E o &0 i

selected to maintain this pressure range. Under these
pressure conditions, the distillation tenperature is
then in the range from50 to 15 200C, preferably from
80 to 150C. The distillation tenperature here is the
tenperature which is neasured at the side offtake of
the dividing wall colum. The pressure at the top of
the colum is thus from5 to 500 nbar in the process
of the present i nvention. 20 In addltlon the

T o, " I _[IL_._ - r
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conponents, or else the sumof a plurality of key
conponents are/is specified. Adherence to the
specification for the higéh-boilers in the
internediate-boiling fraction is preferably regul ated
Vi
as ofed B SR bt Dol plabWptiafion, BIIRiLRD TopPfta with o
lowvrmurcld@pqzm&@mertmhnmeof key conponents for the
hi gh-boiling fraction in the liquid at the upper end

of the dividin nts to from10 to 80% by . .
In (ARG RmETiOBF P EPTaIOBA A Cobi BoolE Pk SfFhe Cofurtiyivided by the
dividia weal M iveltich Sortsﬂstsb@f the Rhestankernt Bedtion 2561f tharnfiak eartohé stripping

h The gui.d di vision .
sectfi 4 OFnd e b e ool eft e 67 et Y Buh g B grichmen
sectioned, hvrr ghartd tierdofig gs preémlvlg prowddd with roxdtm:r} padkingiddrandom packing.

[ ?eré?o en the
The d@‘h@@ﬁ@% agﬁkg?ér@gll& ms{lﬁggrqgﬁﬁies?s on%r less liquid
IS introduced into the |nflom1part 5 Accordlngly, t he

Thes&%&‘v&fa't&%hbﬁﬁ lf'l Q&Vhlémﬂle“ﬁ’g’l’l B&ilih e b§- Iir&:ldctbeare resent together with the

2 S S bt B b el A 483 s

This/ feed sirgah id/geserabt liguid t Hawvetdagit canbe ratiwattagmumo kl&yect this feed

ntsfor thelovv- I,
sref P TR iy by o a0 Gl ARt A U iChnl e sofiifes o o
phaskQi.e. ogasmzbs btyd Weguigh mixfureepreinghe ﬁormr ohesogaseowBGue iy and one liquid
streéﬁﬁ' ”gfﬁts @'oﬂ?ati’gﬁ' is g;agﬁuiaﬁ’lgtl?seﬁﬁ Rite%&fe Fdtdl dRam contains
rod uc en 0 hus, .t he heating

rela m.larg%a@e@nt&@f lowaloilge A he Reelisepry vRPeRiFagAN spahl%sya considerable
loadc®RAN@AE BE sirppingebrdr dfiBe Eslamhi on i s higher, the

heati ng power is increased, and when the concentration

of key conponents of the lowboiling fraction is
Thel fewBStreahhs ddeattageguslp wistered by entiaae df a phmpornde atratit iinftow head
of § et BEDRY b5 5 I 0P S FBHR, TR ety
reguteted otisa caondeetcgniption ir mmlanet@brswébtthmmuéyoc an thﬁellqmd level in
the YRSl fafe. 48k %gﬁlgﬁon Y ga §oh fhaf Qﬁ@%%ﬁﬁt BY ‘Pi%lﬁfalt mura)dh&ra into the

reactlon m xt u elng dentif 5&5
enrighaen{ Seeliqns £ canngs ssem Pelows3 O%Wéébe RE% n{tsh%:m%éound that
sucle ar proeeduaeltis iimpbitag @i et byt tmublhﬁ)rﬁmlfmmmatldﬂﬁwﬂie, amount or
ren given to using gas-chromatographic
Conﬁ%’%ﬁg%(’ﬁ?’ﬁfﬁeﬁr s case, sanpling facilities are then
provi ded at the upper and | ower end of the 20 dividing
It 1Mk%w1515'1 ?FﬂaﬂrfogQE@%ﬁsﬁﬂ'ml tflé l@fq] gﬁ\ﬁjﬁo%ﬂkﬁ;}n the stripping

I nuou I nterval s nm_and

sectignad 9 e qf%al@etaétr@ﬁthe colyainrbetwennde sidg wéftakefer intermediate boilers
M 48 @ﬁ@&fricﬂhﬁmr REHOAS P Eherﬂi‘ftﬁl&n[ba?f% BeaRt by Ri2aeof a regulation device

so ity be errpuner ﬂl@ﬁ%ﬁﬁé@ﬁsﬁeglﬂa%ﬁ%ﬁh@mpﬂv&w 305 pbthe normal

valqerow de 1, 2-propyl ene glycol 25 having a purity of
preferably at |east 99% nore preferably 99.5% wth
the sum of desired product and the key conponents
Adhsrenserio theser prereqpisitesg ha 6vdpyensited Hhy, mpaes of appropriate regulation
methgaicentration of the key conponents of the | ow boilers
(e.g. water, nethoxypropanol, hydroxyacetone) and the
key conponents of the high boilers (e.g. dipropylene

Regilla¥iof meaRghisis Fdrithe btﬁﬂﬁofghsﬁ@ﬁig)walhcdlhmndﬁﬁder&dn described, for

exalffee 1o Fh e Hip yfeaﬁmﬁ§<§%§a’ﬁb¥v%§r AemCfg-TeumbLIE 9k, No. 1

16- iﬁ'rm&cpmatlmf arichBurifiicatidn #ngﬁ))llO@dllGanocq:ss Brgingesng 2 (1993) 33-

possible for the inflow part and of ftake part which

are separated fromone another by the dividing wall 7

not to be 35 present in one colum but to be

physically separate from one another. In this specific
enbodi ment, the dividing wall colum can thus conprise

at | east two physically separate colums which then

have to be thermally coupled with one another. Such
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Figure 3 shows a further variant of thermally coupl ed
colums. In this enbodi nent, the energy is introduced
via the vaporizer V of the-colum into which the
wast ewater streamis also fed as feed Z. The | ow

! hathld &d ia ik - Qf. i
4, TS S0 e, TR 00 ! Ao Oq el KB lnidl 409 26, The
regumt'@h neshhmsms Sesgribe bt[aisnjg'm)r iar cqana@lsp dﬁtmoyeggoL OVAp plle d to the
proc@é%iclf é;;ﬂeseg@[ﬂvg W th intermediate boilers are then
e

transterr to the upper part of the downstream col um
and high boilers S enriched with internedi ate boilers

The Qé?ﬂiﬁdh Riple Ues@ibel DelowvBis Bedht fodhd td1Be Pamratarigaeful for the
C

olumm. The high:purity 1,2-propyl en l.ycol. can. be. . .
contraRBY spPrarecpiats b s F2 et Pkl eisdRion 1 is readity
ableltoidope witl flddveations i dbadings Tharlieitateaisgbus preferatdpdaken off under
tmn%ﬁﬁH}Qmﬁﬁ ; d and f. 30 The colums of figures 2 and 3

an al'so bé configured as packed col unms cont ai ni ng

random packi ng or ordered packing or as tray col ums.

A diferf¥RMBbRatiGN 8 icd Rhith |iliZEPHe RAGKIR ghﬁiﬂtﬁgtha reflux ratio or
specific Surface area of from 100 to 1000 n2/

peci f /18, . .
prefeyablyeths fupniityoRh BI9bAtK 8% PauiptingoParpMFHRr R B jaeie gombined
regi®i deoe dh@ aafidw dandSufftake agii. IMThep hdsidede® Poigh for the temperature

aratiaon 35 . efficlency. combi ned w | o essure
reauERR npiet R BratseE S S 1 Tnd s e Ramck B Thestefeal placs
beloswtht ppdrsendiof die cotwmi.des t he feed for the process of
the present invention for the continuously operated
purification by distillation of the 1,2-propylene
Apprapriagfl geiong 0b ﬁ%ﬁs teaperayrepther gesults rin tthes ligsidy ﬁwwg- dqwp from the
regib QMEiRN@vRKH A€ tIRYIpReeh of tedididvighival sWahdt tROkaHdof the liquid

can be cagried out. using the hydroperoxides k fr
flowings oy e RIS (PAreQ i) Levipg @ (Reroighs Bt ey pm 01 to 10,
mort @réferabllyytornpdrioes.oxi de and et hyl benzene 5

hydr oper oxi de. Preference is given to using hydrogen

per oxi de as hydroperoxi de for the propyl ene oxide
In tigy ntetiedl the domuflowiing liquid & yefebablyicaltbcted inm racpirenwehich is located

in oﬂayﬁggiagﬁ{é RALAX B‘S;gfrﬁﬁl Mgm bhe 17 gd dﬁrtﬁéhai"e@_tcbﬂt‘ih&‘ﬁsly into the column.

_ rogen per oxi can be carr out using, for ) .
Thiseleseiyplecan: thas takeon the dagk ofoh BUPPJEEELILYr ROYje pfufficiently high
statiétHeadd of iliuitBwhycht akenit ipossivterfofl iy NGwiattb We gdssed on further in a

hydr ogen roxide i rqduced. .This. process IS ba
regd RRE Sy et gh BRERITE Shvist df SRERPRqunGheFen packed
colurmrspoe nskd; thefloquid tshigrstp coléspoinidicotecions and Hyadn gt eorveyed to an
. uent reaction of this with oxygen to
lnm?%?ﬁ%ﬁ@%?%ggﬁgggroxide and subsequent extraction to
separate off the hydrogen peroxide forned. The _
TheCRpdk YsteSmCHCIR 1owes | pacr B aﬁridiﬁ% ayad 7hid§QasNaéle@idn and/or
. of ‘the ant hraqui none coqpound whi ch i s ohtaine q$ck. )
dimppsienjag OF B SSParpiRn WRTARLS 41/Ab HISormordier Ol jpsesgprgardycing devices,
for éxdnpi@BfificEplaies) aptdi the Ghitid oflthetvapad stfdagninsthe ytiflowbpért to that in

i tion,.Vol 1 S, 447 10 .456. t, ks
the E&?&W%'%@ﬁ%&ﬁ%ﬁ@@%&ob?’aﬁ rﬁ{eﬁ%@’f grﬁréli&gpleor 1o';l('l de by
converting sulfuric acid into peroxodisulfuric acid by
i RGeS0 ORIAT BT USRI B B it i
the gBaRitydaksn pifr atcthgcheitony &y regylalng, pgrameter is provided in the lower

conidc@rOFTON 6% kielinfl6wat GfftdkeHaelr DBEBotRe Proidder can eherefore be taken
ffs%%;urlc aci d, mht%g I s thus %ecovg;e . .25 1t is_ of . device
off sy lempgralire fiontrphy The meagiement PARIJPLTE PRI AR ISR RURR

the elenments. In the synthesis of propylene oxide from

t he hydroperoxi de and propyl ene, one or nore suitable

catal ysts can be added to increase the efficiency of

the reaction. Here, heterogeneous catalysts are

preferably used. 30 All heterogeneous catal ysts which

are suitable for the respective reaction are

concei vabl e. Preference is given to using catalysts

whi ch conprise a porous oxidic material, e.g. a

S -, o T T - Y T T
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AEN, AET, AFG AFI, AFN, AFO, AFR, AFS, AFT, AFX, AFY,

AHT, ANA, APC, APD, AST, ATN, ATO ATS, ATT, ATV, AW

AWN BEA, BI K, BOG BPH, - 8RE, CAN CAS CFI CGF CGS
CzP, DAC,

48 oy 5 B 4 g e

lowet:@sdotmacowm LTL, LTN, MAZ, MElI, MEL, MEP, MER, MFI,
MES, MON, MOR, MSO, MIF, MTN, MTT MTW M/\YN NAT NES

NQN, OFF, OSI, PAR PAU, PH
I elon Shbe b B (Aol ina 5o 1 o5l e el can e
utiliZzedlfor Téglatihiglthe Eﬂﬁﬁut}? %en Vi Tat thdide Wfftake \E‘d{ thiWIﬁrpdéENhe liquid
1 Yuqh ZON St{“C%%L Qr it nm xed gfructures conpri si ng
evel e YAREEIET SHS¢HE f% g%%% Foned structures.

Furthernore, titani umcontaining zeolites having the
The ldIf%reera?ﬁtZeg%Jgee og :al;mléc?l%or > ucéne a&% -Ete %telﬁferdgs-geé.llac‘tirfg;tﬁaﬂfﬁ&er for the
heatingepoover. Thedistillasion iFadyaneageousdvpartiad @b‘fn*!taﬁ pressgre of from 5 to 500

mba#f gﬁlef bbby Woht [0 BRY0P MbEE MiHe GR&AuRS i€ nidagsed af th%h@p of the column.
4}8 or, ZSM 12 st rftjfg ure.. 15 Parti.cul ar

Accp@rga Yl hEFmE PRBH Pt B8 VRERTIZR Yo Ao REES el B reecred o
maiftainghis MrdsbiMElrangexed structure. Very particul ar

preference is given to the titani umcontaini ng zeolite

catal ysts which are generally referred to as "TS-1"
Undemthes' pressngs gondatiensathe alistillatiem fsmpetatirg\is tgnan theai@ngifrrm 50 to

200% T ptefettiy FRRMBORY C115§°(\1VI Tﬁb §3cARRN ﬂeﬁlpel%gjré_ MBreUt §hOterfperature

hét'er ogeneous cata npr.i sing
whigh is agagwred @h&haﬁmewé%/ takie| qfé%ﬂ qlw@lmgsvaﬂ F%lumér y
advant ageous. is p055|ble to use the porous oxi di c
material itsel f t al yst ourse
The JREGUI o 1ED 060G PR 318t Bk 1 oG SR4Bdross of the

presbodyveniopr i Si ng the porous oxidic material. Al I 25
processes known fromthe prior art can be used for
rodu0|nglthe shaped body fromthe porous oxidic
In additien.ith¢ distibaion tﬁ@pwa&um At the side offakefs Fom: P 20RUpinethe process
of thBfrddentRRBRIANt s, for exanple in the form of
wat er - sol ubl e salts, can be applied to the catal yst
mat eri al before, durlng or after the one or 30 nore
To teapblg tet 6p@aﬂen thehafieidpigooedl edlunihi i nettivadleHfsee manner, the

aboRaBerof bR RSPl L TR e B ©

having a zeolite structure, and it is thus possible to

In tHQts atf(%t & Mﬁﬂt?coﬁ@oﬁ@ntc@fﬁﬁéy ufltf)olmlvooo%l-n%1 Qnt%gr{EcﬁMe -boiling and

one oOr re no e netals fromt (Pﬁi)
highsbIbNg t (FAGIATH. HATheHF UHSUAIN OBREGHICAHNY 4B EAREThsoh Ghg maximum

perthiskiBiel propeitadnl BE Mowr B@i[ﬁr@ rﬁhd glﬁigﬂ Evtﬂlér§ lid WB¢ .middreh fraction. Here,

t Sts are 3 escri
indi5 gl Koot §Rish 6, frUe! 10, B FRIBEOB P Borc JRIepBY to as key
componerts, e dlsé thet duar of pluratiet bty cofnpooents aretis speciied.
concei vabl e, for exanple splitting or crushing the
shaped bodies, as are further chem cal treatnents as
Adherencelde dhe bregification forythachjglboidsrariptke imerpiedintesbeiliag deaction is

prefRPBYy REuftel! WA ?He'dx%sﬁ)ﬁ S5RPEf the 1ighid M aRLipper &Rk & thé Hividing wall.
It/t'hey can, after deactivatign h?E occurred i

Thedisisicuicralip 1§ A $9r BuelE CORBIAHEM O beY ComRnmns: tg“y high-boiling
fractieh o ehel 1 umlaﬂhletdmeﬂembﬁf the diddimgnsalbhmotms to from 10 to 80% by

act t of f t e hi

welgtit rreg?rg I &n(g;n ggrtp I%ré)%egxl erlgpt %tath% %laﬁl% \g R) lge%ac;;l dv&d in the
stremnntakemlcrfg aprtbei sdd. yThefignidd divisdemtcgn dhen be Set so that when the

oxygen-donati ng substances. This regenerati on process

is described in 10 DE-A 197 23 949.8. It is also

possi bl e to use the regenerati on processes nenti oned

there in the discussion of the prior art. As solvents,

it is possible to use all solvents which conpletely or

at least partly dissolve the starting materials used

|n the OX|rane synthe3|s Exanples of solvents are

A - - .
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-14 thiosulfate or using sulfur(lV) conpounds such as
sul furous acid and its salts) sodiumbisulfite or
thiourea S-oxide is al soossible. Further reducing
agents are nitrites, for exanple sodiumnitrite or

conc%f}tg%&% 81? E{‘% ﬁgmpap?{é% }5%3{/1 X g Chaf)mﬁﬂé/ | fracOR 3¢ rfﬁigghelc',ur%lt‘ﬂre‘rj‘?iquid is
intraduénddnmxthe yflovppart, and e ghelmmpcntm)ipn of key components is lower, less
gqﬁngadipoin) gl ucose and ot her
hqm%lpﬁg&ﬂg&ﬁﬁggﬁggare al so suitable. Enediols such as
ascorbic acid or conpounds which contain a

Acc&ﬁ[r%my hyé rs@ékﬁ‘ﬁc:i@f@)ﬁdfor fiRd 1o DORER OGhE Uglehﬁé(ﬁhlﬂb’dﬂdﬁg fraction is
S€ De use

reeu LD ek o PR TR OB LN P BOE I gaporier V is st

so thay d[e(lgﬁbcnttdﬁbn fof ke chrapasntsi fecl tlmubwmmlangwfrmn@ana ohesliquid at the
lower}%t gle ncﬁ%fiﬁnp#’ @%? Slinoﬁlﬁtg 1 erInef(ﬂp)l 8095 B}? %%hh %eitelr'h%ly from 30 to

|on 0 m Xt ures contain

50%abxc m@m of Tthe vhlud rwlgjelm &t foobe achtiededsn thﬁsemdhetrteken off at the side.
Thu§ EPhd58 \/? Ip@@ve}' ﬁ%étt sootﬂﬁ \9‘%‘1 tHE c&?cteﬁ‘tlratfcfnqukgl ODpbIAA of the low-

groups an Periodi ¢ Tabl e
boiligg fqu@mErSelﬁéhﬂrsthe bestierpovisa P%/’i“ﬂ‘i?&?eldya%ir when e gpyqeqiration of key
comPbndntdofGhe [ - Boﬂllhg frabfion EAweaXiMesting povies iPRdadddl e to

use pall adi um (Pd plati num (Pt), rhodium (Rh),

rut henium (Ru), iridium(lr), osmum (GCs), iron (Fe),
The cainaéritratiGo)of hiwclaed High boderd/ ior tlmoin@mc@i@g}boiling fraction can be

dete%fglff b§b+ tcféga:y ?ﬂalﬁcaﬁylflgd;%jsf’og gﬁ Use dﬁé [Ig]ectroscopy can be

use mmietecfl@rr, Widh thescommponnds preseat i i reactioprmaixgyre beimgiidentified by

meafl$ b€ '?héno chhdgridiRi dbRorplibA€ SFhedd m¥BSHESent Al We irddiout in-line
crystall |te powder produc?d fromat | east one active

irefilt dn B SOIHMR( HQWent MESTESPIGHo e B ¥Gar Wpfising gas-chromatographic
methads! hethi¥ass, sﬂﬁpllmlgefaﬁmhai axexhedxe[&ocﬂed al the upperuad towdrend of the

..exanpl.e as. ens ons f at n tiv | . or
iGN B S EREE P L PR @R E BT by BE b py@lots from
the ooyl enéd zmxlydesd 39 neteepiing, their cempésidensr Skhepappsoiate tregulation
mec&i&{ﬁsxﬁk barFBE 6L ¥aRafed%s rfﬁﬁ&foﬁfo% i ichiboRfienbesSt suited

to the respective reactions. A reactor Is not
restricted to an individual vessel for the propyl ene

It lsoaﬂ asjeamt dswteallesprod%@g delthe pﬁetsérﬁ lﬂ‘l(’jﬁﬁ’lﬁO@Q@ %lrdilh@e 1Q- pylene glycol
stirred.Vv
having o Db PIETRD af By el RO BHETL LS For PriEe Sum of desired

progucoad tha&eyprordporeytstpresnsthereinr bdieg 1@ py efeéghénce i s
given to using fixed-bed tube reactors as fixed-bed
reactors. In the above-descri bed pn%fylene oxi de
Thegypnednsatien b thedeeytdomponentp ob ghel lewebailern(esg. water, methoxypropanol,
hydf&k?ﬁ&ﬁﬁfe?’éh&j %é"l@é}p&brhﬁorﬁﬁ@fcﬁrtﬁ@ Ihthel')mie%’&dg (ﬁﬁ%b&l%h’é 8lycol and

préference 1S given to usin
tripiopylens Eyge)) i 4t SFSITFS progughys P}d theR P@ﬁﬁergghyahﬁal?q?%w 1% by weight,
mork ipXeferabBthel 3201598 by akight.ep 35 (iii), with the
hydr oper oxi de bei ng separated off in step (ii) by
nmeans of a separation apparat us. -15 Thus, the
In awpetiBormbpdisent afbatdivdingovall ¢ademn.lit 2 dsopedsibieefagitheisflow part
and ad?ﬂal{espé’f? Gthi@s a.lfc%?m%\%dt ffﬁmp&ﬁ:c 2oyt e d?{'llﬁﬁ'lgn&/all 7 not to be

|nvent on 1s pre e t al ned ron1an i soth
present B OB goluatt bl toa kel Piwsigdllvapenarate fiom eng agothercknothis specific

emboQirhdie, e QRIS WAll ebluRinOi! Bk céﬁﬁpﬁlﬁ‘/ ataeés'ﬂ tiO§hysically separate

ol 1 P bR e e Sk Ral copled

coluisi éxetlarpeapos and Siquidrbegwesy them, tbheynagp id imsododednvid only one

hours, preferably |less than 3 hours, nore preferably

| ess than 1 hour and particularly preferably about

hal f an hour. 10 It is also conceivable to use a

plurality of hydroperoxides for the reaction. If

propyl ene and/or a plurality of hydroperoxides are

reacted with one another in the respective steps,

varlous products resultlng fron1the reactlons can be

T o T A ~
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distillation. 25 In a specific enbodi nent, the
apparatus for carrying out a continuously operated
process for the purificatipen by distillation of the
1, 2-propyl ene glycol formed as by-product in the

o R A3 g oo
can §ls) banpergied upderrdifferesepassardsowhigbran anake if mSS@teeq@ 8(Chie)fe better
settlfccllé){)f t@[a ?@ﬂé\%ﬁﬁr&éf@%@gd :f% utlr:ilé( ?félﬁgg tﬁ&n inEI_ﬁ% E:%sgy'?ﬁ a r(}:gnventlonal
divigjng well cewnen stillation. In a specific errbodl ment of

the apparatus, the dividing wall colum can also

ris | east two t her nal | ou d colu
ExarREE | o G 0 FPESE g 08 e fR e BNBRTHGY dierpiy, coupled
columni@re@havmlseheﬂmlcabphﬂﬁigmés2 aek3.pr epar ati on of
propyl ene oxide from propyl ene and hydrogen peroxide
by the process described in WO 00/07965 produced a
Figue 8 tsbowas ervasianteiarwhibh ehergp i mitioddced via 2hepyapeyicein¥ of the column
whi@ i>§cl8$at@cf]g?wbﬁ’sqre5ﬁﬁeoif @k | BWnip vﬁoﬂﬂﬁﬁ'tﬁé %ste@’%k‘%tré@r/‘)ipf’ed in as

ow- boli | conponent s i,n¢l ud |n

feed GriBoMin EangEIER:, HoRRURY D BATEH & lf%rsswa@a lawea low-boiling
fracﬁ’chpéwﬂd BhikhHoi v ﬂﬂé’Utloﬁfeal;h f Phdhydlsoeor@Aiis Mterm@AthtelBoilers, in the

irs R G e SHiseasmD ST TENE B U ofcog|golomn, with

the lowi-twilimgy frectiongloympoising Thiesmediate bodemadsingi fed inl dtatie wppdn end of the

seco‘ilg %?ﬁllngl égd ifle mrﬁ\ﬁ lgdlﬂ%ﬁ@éqpng:%t-#l 1nfrigt%r ET]Q btongrs bemg fed in at

re was cCo ene
the m@r cad dinedow bedeisd: ate ml@ﬂ@fmanm tqprqf qgoltlm @idd@lated via

the QInbERELKOThE RghGRIIERTS ard lbBtaBRIdeR tthev&)ttbﬁnstﬁ’(ﬁn the column. The high-

purie " promARRSCE 7 cBb PRI b B R B4 e Rplers M

The tw8cblyimie icghéxchbfge tdpbsaliiqis eia d &l theat i ng power of
the bottom vaporizer was regul ated so that the total
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advantage over the two conventional distillation
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Thedéo‘lﬁrhhé of ifipiredf 2 tahe Flesi raﬁd 23] erhﬁigurdbﬁﬁs ii)h@fwf d:dlﬁmhé Yontaining

han f qr the I n . conve

ranciylné Prilqkll grgfilmﬁ ing or as ?ray columns or examp 8& metal or mesh

packing having a spec1ﬁc surface area of from 100 to 1000 m%m’, preferably from about
250 to 750 m*m?, can be used as ordered packing. Such packing provides a high separation
efficiency combined with a low pressure drop per theoretical plate.

The propylene oxide synthesis which provides the feed for the process of the present

invention for the continuously operated purification by distillation of the 1,2-propylene
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distillation of the 1,25 propylene glycol forned as
by-product in the synthesis of propyl ene oxide,

The wrepasiatiort e hydrogere pecomided can behecasadt 9aiusinghi fon example, the

anth%f?k'i/] ng r&c@fs by t%eﬂfs%?%lﬁ&?wgﬂum?the' eﬁtlﬁeﬁaﬂé‘bﬁﬂubﬂ‘btﬁof hydrogen

colum into | ow,” internediate-

perogjdgh lso@rcpd%‘@df Thist PEWSSsany haged ©no Ihe SBIMMIGe h@j@&?&%lranpg of an
anthfa’é]lﬂﬁﬁbn@f éorﬁ;i)unﬂt &f nf’@ﬁhl atie loirtgpondinhg t Mh&hﬁﬁoqﬁlhbmk eompound,
G 18, i PSR SPS D, A IBE Sl vcauen
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eor trcal ates. 4. A process as
claimed in claim3, wherein the pressure at the top of

An 6%%1%\(% %%t%ﬁﬁm&&l Mﬁ&sb $s él’if&m& W18 &R Erefdlopedia &F Industrial

gcess as cl ai ned erein the
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All heterogeneous catalysts which are suitable for the respective reaction are conceivable.
Preference is given to using catalysts which comprise a porous oxidic material, €.g. a
zeolite. The catalysts used preferably comprise a titanium-, germanium-, tellurium-,

vanadium-, chromium-, niobium- or zirconium-containing zeolite as porous oxidic material.

Specific mention may be made of titanium-, germanium-, tellurium-, vanadium-, chromium-
, niobium- and zirconium-containing zeolites having a pentasil zeolite structure, in particular
the types which can be assigned X-ray-crystallographically to the ABW, ACO, AEI, AEL,
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35 8. A process as clained in claim7, wherein an
i sothermal fixed-bed reactor is used in step (i), an
adi abatic fixed-bed reactl@r is used in step (iii) and

a separation apparatus is used in step (ii). -19 9.
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39%4.0% u& Yo U& g 100/ % g fg)
MOIgSHaRINS S )m ese process Phis method i préferably employed for producing
oxidation catalysts based on titanium silicates or vanadium silicates having a zeolite
structure, and it is thus possible to obtain catalysts which contain from 0.01 to 30% by
weight of one or more noble metals from the group consisting of ruthenium, rhodium,
palladium, osmium, iridium, platinum, rhenium, gold and silver. Such catalysts are

described, for example, in DE-A 196 23 609.6.
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e
defined amounts of oxygen-donating substances. This regeneration process is described in
DE-A 197 23 949.8. 1t is also possible to use the regeneration processes mentioned there in
the discussion of the prior art.

As solvents, it is possible to use all solvents which completely or at least partly dissolve the
starting materials used in the oxirane synthesis. Examples of solvents are aliphatic,
cycloaliphatic and aromatic hydrocarbons, esters, ethers, amides, sulfoxides and ketones and
also alcohols. The solvents can also be used in the form of mixtures. Preference is given to
using alcohols. The use of methanol as solvent is particularly preferred.

In general, the reaction temperature in the preparation of the propylene oxide in steps (i) and
(iii) is in the range from O to 120°C, preferably in the range from 10 to 100°C and more
preferably in the range from 20 to 90°C. The pressures which occur range from 1 to 100 bar,
preferably from 1 to 40 bar, more preferably from 1 to 30 bar. Preference is given to
employing pressures under which no gas phase is present.

The concentration of propylene and hydrogen peroxide in the feed stream is generally
selected so that the molar ratio is preferably in the range from 0.7 to 20, more preferably in
the range from 0.8 to 5.0, particularly preferably in the range from 0.9 to 2.0 and in
particular in the range from 1.0 to 1.6.

To reduce the hydroperoxy alcohols present in the product mixture from the preparation of
propylene oxide, it is possible to employ the methods described in DE 101 05 527.7.

For example, it is possible to use phosphorus(Ill) compounds, for example phosphorus
trichloride, phosphines (e.g. triphenylphosphine, tributylphosphine), phosphorous acid or its
salts or sodium hypophosphite.

Reduction using sulfur(Il) compounds such as hydrogen sulfide or salts thereof, sodium

polysulfides, dimethyl sulfide, tetrahydrothiophene, bis(hydroxyethyl) sulfide or sodium
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comprises at least one active metal from transmon groups VIIb, VIII, Ia and Ib of the

Periodic Table of the Elements, either individually or as a mixture of two or more thereof.
For example, it is possible to use palladium (Pd), platinum (Pt), rhodium (Rh), ruthenium
(Ru), iridium (Ir), osmium (Os), iron (Fe), cobalt (Co), nickel (Ni) and/or copper (Cu),
preferably Pd, Pt, Rh, Ru and Ir, particularly preferably Pd. These catalysts can be used
either in powder form or as active metal bodies. Preference is given to using foils, wires,
meshes, granules and crystallite powder produced from at least one active metal or a
mixture of two or more thereof. Furthermore, active metal oxides can also be used, for

example as suspensions of at least one active metal or a mixture of two or more thereof.

As reactors for the propylene oxide synthesis, it is of course possible to use all conceivable
reactors which are best suited to the respective reactions. A reactor is not restricted to an
individual vessel for the propylene oxide synthesis. Rather, it is also possible to use, for
example, a cascade of stirred vessels.

Fixed-bed reactors are preferably used as reactors for the propylene oxide synthesis. Further
preference is given to using fixed-bed tube reactors as fixed-bed reactors.

In the above-described propylene oxide synthesis by reaction of propylene with a
hydroperoxide which is preferably employed, particular preference is given to using an
isothermal fixed-bed reactor as reactor for step (i) and an adiabatic fixed-bed reactor for step
(iii), with the hydroperoxide being separated off in step (ii) by means of a separation
apparatus.
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p/r%ggl/ eHég‘ 'gf))col ca}ioal/goué‘e ()ﬂ)tajzned ‘&Qcoé%s?fﬁ‘l'l}( }r'o;n| &u‘ch mixtures by purification
by distillation in the process of the present invention.

In a preferred embodiment of the propylene oxide synthesis, hydrogen peroxide is used as
hydroperoxide and propylene is brought into contact with a heterogeneous catalyst during
the reaction.

The invention also provides an apparatus for carrying out a continuously operated process
for the purification by distillation of the 1,2-propylene glycol formed as by-product in the
synthesis of propylene oxide, which comprises at least one reactor for preparing propylene
oxide and at least one dividing wall column for purifying the 1,2-propylene glycol by
distillation.

In a specific embodiment, the apparatus for carrying out a continuously operated process for
the purification by distillation of the 1,2-propylene glycol formed as by-product in the
synthesis of propylene oxide comprises at least one isothermal reactor and one adiabatic
reactor for steps (i) and (iii) and a separation apparatus for step (ii) for preparing propylene
oxide and at least one dividing wall column for purifying the 1,2-propylene glycol by
distillation.

In a specific embodiment of the apparatus, the dividing wall column can also comprise at
least two thermally coupled columns.

The invention is illustrated by the following example.
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about 85% by weight of 1,2-propylene glycol, and

Exa

about 5% by weight of high-boiling components including the key components dipropylene
glycol and tripropylene glycol.

This mixture was distilled with the aid of a dividing wall column into which the mixture
was continuously fed. The 1,2-propylene glycol was taken off as intermediate boiler from
the side offtake of the column. The objective of the distillation was to purify the 1,2-
propylene glycol so as to reduce the total content of impurities to below 1% by weight. For
this purpose, the heating power of the bottom vaporizer was regulated so that the total
concentration of the key components in the product taken off at the side was less than 1% by
weight.

The required energy content of the distillation was used as a measure of the effectiveness of
the separation. It was calculated by dividing the vaporizer power by the mass throughput per
hour. As column configurations, the arrangements shown in the table were selected:

Column configuration Energy requirement/(kg/h)  Energy saving
[kWi/(kg/h)] [%]

Conventional column with side 0.99 -

offtake

Two conventional columns 0.90 9.1

connected in series

Dividing wall column 0.73 26.3

It is clear that the dividing wall configuration had a considerable energy advantage over the
two conventional distillation arrangements, since the energy requirement for the distillation
of the desired product was significantly lower than for the distillation in the conventional
distillation columns.



10

15

20

P17 3810%iu& () -!3%10% u-u&' ()-y"10% u& ()-9910% u& ()
- 10@ 10@ 10@&8" 10%@& ()-f;cfOr< = 11 X%
%40% u- u& ()-!f  339%40%Iu&7()- ! S33%0%Iu& () -
"10% u& ()--L10% u& ()-910% u& ()- O ~?4= |
. 10- ul.610% ug& .
List &gffg/%‘%e('i“?%{&ﬁ%ﬂf?f-’ P 0% u- ug () - g9&*
10% u& ()-'\ % %0%Iu& ()-gH= ! 10-u" %0%@& ()-!S
‘i/% Q:;éﬁ%@' r:é/gi% B fhcinridw ARGk péit OV dididinkQrdll column
10Eqgrichment Gegtion(of theiilewsnasie () - 89 10%@& () - & " 10%@&: (
) - StEflgABién ofhs O@Ke phrtSVkrbC | 10-u910% u& ()~ 10@
10%&’1&%@‘1‘8‘) of b5 SMARY PI a2 1004@ () - f &/ F10%@& () - J)
_ @nfichmdif-sectionddf 086 offtakd part N %40% {& ()-- @ |
Combined region of the inflow and offtake part
Dividing wall

~N N R W N

Feed

Low boilers

Side offtake for intermediate boilers
High boilers

Condenser

< )R ®uzZgr N

Vaporizer

[oN

Vapor
Liquid

—h

Horizontal and diagonal or indicated diagonal lines in the columns symbolize packing made
up of random packing elements or ordered packing which may be present in the column.
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A process as claimed in claim 1, wherein the dividing wall column comprises at least
two thermally coupled columns.

A process as claimed in claim 1 or 2, wherein the dividing wall column has from 15
to 60 theoretical plates.

A process as claimed in claim 3, wherein the pressure at the top of the dividing wall

column is from S to 500 mbar.

A process as claimed in claim 4, wherein the distillation temperature at the side
offtake of the dividing wall column is from 50 to 200°C.

A process as claimed in claim 5, wherein the sum of the key components in the
purified 1,2-propylene glycol is less than 1% by weight, with the sum of 1,2-
propylene glycol and key components being 100% by weight.

A process as claimed in any of claims 1 to 6, wherein the mixture containing 1,2-

propylene glycol is prepared in a process comprising at least the steps (i) to (iii):

reaction of the hydroperoxide with propylene to give a product mixture comprising
propylene oxide and unreacted hydroperoxide,

separation of the unreacted hydroperoxide from the mixture resulting from step (i),
reaction of the hydroperoxide which has been separated off in step (ii) with
propylene.

A process as claimed in claim 7, wherein an isothermal fixed-bed reactor is used in
step (i), an adiabatic fixed-bed reactor is used in step (iii) and a separation apparatus
is used in step (ii).
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r sTepgloxyaag |ajso a separation apparatus for preparing propylene oxide as defined in
claim 8 and at least one dividing wall column for purifying the 1,2-propylene glycol
by distillation.



