.a P.F. 53764/ Kg B02/0267PC I B/ AT As originally filed Continuous preparation
of propyl ene glycols 5 The present invention relates to a process for the
continuous preparation of propylene glycols by reaction of propylene with
. hydrogen peroxide to give propylene oxide with sinultanegus %g /K%Eequent
glycol formation and joint work- up. The glycols are separate ? t he
product m xture by distillation, with 10 propyl ene gl ycol and di propyl ene
gl ycol being separated off in a dividing yall colum having two side

of ftakes and tripropyl ene glycol being separated off in a colum which is
thermally coupled with the dividing wall colum. The B@g@@@ngn g0
relates to an apparatus for carrying out the process. Propyl ene gl ycol
and polypropylene for exanple for
produci ng pHs . ) hei r

i ndustrial preparation has hrtherto nostly been carrred out usrng a 3-stage
process. 20 In this process, propylene oxide is reacted wth a

st oi chi ometric excess ofContinapuspreparafien ebpropyleneelyeols a pressure of from
15 to 25 bar in a frrst stage Tube reactors connected in series are
generallg used—fc C TE : I oo red—ar e then
present *n the formof a ntxture conprrsrng propylene egcoI al so known
as nonoprop r Qpy, | y§:0 | yeol and
tripropyl enseﬁlg :"Yﬁﬁeé‘g&/’éul"é Tt’Rr gft)ldoﬁg) esg’bo(ftjht 4hfogdn%89§'¥4 $ g?a%ogt%fe IS
transf er r ed prapy eae sglyenls &yt aepstion oofa pewntener with layslsegent ugrorqdevm @ivet he
excess val eprophfeng %Rﬁfe%lﬂgmﬁfufltahébﬁ o%ﬁsbgﬁﬁggh%%%%d% Bfht viork £t ur ned
to the reac Finally, 1n a ene _dlycols are

di stilled tBPgl ifje 53M¢<é8 rf'rf‘odiﬁﬁﬁtf%te Atserar thenprodug mrréturfr E/’brdlé# atwtlh“gth s

carriedigut p Rﬁet &R 48 M hé @y ®e nn:esrtaera o 1§0a arAdigs wild each
have a side o In the co ene gl ycol obt ai ned

umm
fromthe si a%luslnataérkre BNFHSIFFré‘ §aﬁ% t%rr@pﬂaeeehfceﬁbe%Se@%ﬁtjoefdmm from

whose si de @Mi.lhﬁk\ehibhﬁs dtehh@le&ﬂﬂetﬂleIﬁQhe dEvidRE A aNeeblumRETHE Mivefitonl rom t he

bott om of thi ﬁecon col um |§ gassed to.the third colum from whose si de
also relates to an apparatus for carrying out the process.

gl ycol s are |nportant |nterned| ates

n'

l-n‘ o

15  Propylene glycol and polypropylene glycols are important intermediates, for
example, for producing polyester and epox¥y resins and also polyurethane forms.
Their industrial preparation has hitherto mostly been carried out using a 3-stage

process.

20 In this process, propylene oxide is reacted with a stoichiometric excess of water at
from 180 to 220°C and a pressure of from 15 to 25 bar in a first stage. Tube
reactors connected in series are generally used for this reaction. The propylene
glycols obtained are then present in the form of a mixture comprising propylene
glycol, also known as monopropylene glycol or 1,2-propylene glycol, dipropylene

25  glycol and tripropylene glycol in a weight ratio of about 100:10:1. This mixture is
transferred, in a second stage, to a dewatering apparatus in which the excess water
is separated off in a multistage evaporation and is returned to the reaction. Finally,
in a third stage, the propylene glycols are distilled to give pure products. According
to the prior art, this is carried out using three columns which are connected in

30  series and each have a side offtake. In the first column, the propylene glycol is
obtained from the side offtake and the bottoms are passed to the second column
from whose side offtake the dipropylene glycol is obtained. The mixture from the

bottom of this second column is passed to the third column from whose side



. P.F. 53764/ Kg of ftake the tripropylene glycol can finally be obtained

(Ul mann's Encycl opadie der technischen Chem e, 4th Edition, Volunme 19,
pages 425-432). The process described requires a high outlay in terns of
apparatus and energy, 5 particularly in the process step 4ﬁtthe
three propylene glycols nmentioned are sgparated by distiIFatlon nce
three colums are used. Furthernore, it requires the wuse of pure propylene
oxide as starting material. It is an obLFct of thebﬁresent invention to

provi de an Pifakevks triropyees ghyeol aap finallyabe Abtained ( lompnenEBngiclepédis. | n
particul ar, dé,ngdﬂdégﬁg,?@r&{net h& m{lmmomlﬂgqug %a y?ﬂ make it possible to
eo teria

use propyl ene oxi OW purity as startjn and all ow t he
separation of the propylene glycols nentioned to be carried out with a

reduced out *Tﬁé’g'r&e&se%&nﬁéd ?&@%@% ﬁl%‘ﬂtl@}ﬂ?ﬁ Ymslof a%Yseaﬁd)UﬁQ *hat this

obj ect is achi rocess in prep aratlon of propylene
oxi de .nSmp@;rﬁcglaﬂiéupﬂ@m;p%qs&stspywhschéh@thr@@ n@@ylﬁge Blycplsgaentioged are coupl ed

wWith the regGhifd ©f dffshﬁatmnomb@n@e@eﬂlﬁ&ﬁn%&ms&@wnheﬁﬁt%em PRYirB§ heOXi de
is preferably prepared reacti on of pr opyl ene wi th peroxides, for

exanpl e, hyﬁr‘lfd@FF W@P&B@F‘éﬂ@x'd%&“ﬁ?‘@]&ﬂ%%ﬂ glycols are separated off by
distillation in a 20 dividing wall colum having two liquid si de of ft akes

and a col urm which is thermally coupled therewith. The present ventl on
accor di ngl yltpFodh fbdecs g’EeE‘aeS%/"ér‘“Yﬁ%‘O@oFﬂ iPFRYdYRs an pimapsayes: IPW%‘f ‘Hr opyl ene

gl ycol s10 V\Ihpﬁ: aﬁﬁgmfel p‘rspylaﬁe gloasis. rhhﬁrtsauw@sm(elp}ode@s 6f thb)preszﬁt iniventigmact i ng

pr opyl ene OXI de to f.orm pr.opyl ene oxide a | ene

Ol ool o (! Mo Hake HEPaRBIe i Ry B HEOE Y AP utih e rfing SR et e
to give pr @myhlane tigd separation 3Pthei propyleepelvadls n@ntibiedttb depaniedlcnevigl ycol s
obtained in_st ferred enbodi nent, the separation

in step (ii F)re %é‘f‘}ﬂyelﬂq?{&k ‘}J;?PP;*}%&”FE‘I’@??%%Y ina dividing wall colum

having two side offtakes and a coI urm which is thermally coupl ed
nereu i, W yRTS SOE 0 PESLEILE P LR 5105
3 P.F. 5376pfifylene oxide in which some propylene glycols are formed as by-products is

coupled with the reaction of the propylene oxide with water. The propylene oxide

is preferably prepared by reaction of propylene with peroxides, for example,

hydrogen peroxide. The propylene glycols are separated off by distillation in a

20  dividing wall column having two liquid side offtakes and a column which is
thermally coupled therewith.

The present invention accordingly provides a process for the continuous
preparation of propylene glycols, which comprises at least the steps (i) to (iii):
25
() reacting propylene with hydrogen peroxide to form propylene oxide and
propylene glycols,
(i1)  reacting the propylene oxide obtained in step (i) with water to give
propylene glycols,
30 (i) separating off the propvlene glycols obtained in steps (i) and (ii).

In a preferred embodiment, the separation in step (iii) is carried out by distillation
in a dividing wall column having two side offtakes and a column which is
thermally coupled therewith, with propylene glycol being obtained from the upper
35  side offtake of the dividing wall column, dipropylene glycol being obtained from



the |l ower side offtake and tripropyl ene glycol being obtained fromthe
colum which is thermally coupled therewith. In the novel process, it is
thus no | onger necessary to use pure propylene oxide in 5 the reaction
_wWith water, but instead it is possible to use the crude ppgﬂgg% /K@ich

al ready contains amobunts of the propngpg gl ycols, obtained’i ?%e
synthesis of propyl ene oxide from propyl ene and hydrogen peroxi de. The use
of the dividing wall colum in conbination with the thernally coupl ed

col um can, the dowdnd side oxfftakee padb tépropylenel ghvsbl beiog\abtajned Hopethecenlemad i n
ternms of ap&ﬁ&ﬁqyﬁWHﬂﬂhﬁ&ﬁ?EH el @gﬁsunption conpared to the prior art,
since only two colunns ‘i ns eaé OF three are necessary for separating off
the glycols. The continuous process thus offers advantages conpared to the

process of ¢ oV Al prédss, if REnlé EBS&%@ ﬁ&eggarf’ifd)ﬁ’éél ]ﬁEﬁ 8§ﬁygﬁlgl?)\kideeiﬂc'[ ion of

propyl ene with hydrogen °15 peroxide 1n step &é) I'S can. be

carri ed ut theyeagtionrith MasasbutBaslpadsit iy passiile de ustnidie amndel REded. WhisBesses
can be used,, nfabhst ABbENtE 6P M hFopyRAY AN QA bMhdd ff AECsRERGRSSTES are
preferred. For exanple, the nultista e(grocess descri bed i n WD 00/ 07965
provi des f oPropliene zeldieef&rﬂinswmmpwﬁw PRENPAIAXIAGdFRsgRTe Hethediveingo  or m
propyl ene oxhfl@ohfnt M BsmhBRatich wikaké hdiaRy @BEpled@koluthn( dak; id hdditibgact i ng
propyl ene with hydrogen peroxide to give a mxture conprisi ng prégyl ene
oxi de and uffablic cerpidarehle feKinge e ey achiond m jerms pfr sparius AR FAFEYct ed
hydr ogefy pegshshfiptibn edmbired i tielprdr kR SHhdd sty twé 6dMufing Phsteat of (htpe arRaCt i Ng
t he hydrogen peroxi de ich h%? been se[)ar ted off in stage éﬁ gy\/lth
propyl ene. BEFCRREL AT fgParating, offyithe elyeors: Jies Copfmens PreRess dav PHRSof
propyl ene wadvanhiped agitpare@ Y B peieésa(@he pli@cer.i n at | east two steps ((x)
and (y), with the hydrogen peroxide separated off in step (f') being used
in the reaction again. In this sequence, said reaction is preferably

carri ed out Tay giregarivtdreod qaopders: olhlechy atasion ofpprapysnkywithi Inglregesiol vent
such as thanol,. -4 P.F. .53764/Kg ,The reactions.in steps nd LY)
preferabty PEREIS MR (D) “g‘é’ﬁa&gtceanr%ea figied out By xlgné’?“ﬁ“egl(eﬁ}é)g%t %?é’ are
usual | y enpkingledstdger andimsulfistago peocesdes hcanhbe nsadt Osmngfio shep economic

advantages multistage processes are preferred.

For example, the multistage process described in WO 00/07965 provides for the
20  reaction of propylene with hydrogen peroxide to form propylene oxide to comprise
at least the steps (o) to (y):

(a)  reacting propylene with hydrogen peroxide to give a mixture comptising
propylene oxide and unreacted hydrogen peroxide,
25 (B)  separating the unreacted hydrogen peroxide from the mixture resulting
from step {a),
(v) reacting the hydrogen peroxide which has been separated off in stage (B)
with propylene.

30  Accordingly, in this reaction sequence, the reaction of propylene with hydrogen
peroxide takes place in at least two steps () and (y), with the hydrogen peroxide

separated off in step (f) being used in the reaction again.

In this sequence, said reaction is preferably carried out over a heterogeneous

35  catalyst, optionally using a solvent such as methanol.



.(a) being carried out in an isothermal reactor and the reaction of step (y)
being carried out in an adiabatic reactor. 5 The hydrogen peroxi de
conversion in step (a) is generally fromabout 85%to 90% and that in step
(y) it is about 95% based on step (3). Overall, a hydr ogepmggm/ﬂg
conversion of about 99% over both staggs. can be achieved at a propyl ene
oxide selectivity of about 94-95% 10 The mxture obtained in the reaction

generally cgntains from about 6 ta 10% hy ht of propyl ene oxi de.
Furt her conp¥nERENONSI8HsRS @e’m f&pr@f@arﬁiréa FfatfiolVO SEPARMG (RIRIOTS-wat er

unr eact ed pFlﬁ@cYb@:Dﬁaaaﬁ)rﬁﬁrﬁaﬂhzﬂl}C@ﬂg@ forfiels PMEPOSE] SFith (herenctide ofBEpal so
acet al dehyd d nethyl format %_@'uj telrp ﬁJl’Oesent in theo(g{ dugt

Tt e on | G RS AT e an BB SRR et anﬂy FFeHohaf sk

propyl ene a@dn@d o4t ifias atipbaid le@tof the hydrogen peroxide. Furt her nore, an
aqueousfydr ogen peroxide solution is preferably used in steps (a) and
(y). Under the prevailing conditions, water may react with 20 propyl ene

oxi de to forhe pydwgdnqmo:gﬂg/cmivcrsﬁrmngite@(@l) i§ geneedlyi fioorh hbsutm% &s890%

by- duct t th ad I de to

o ve i pr oot il g1optal Fh bt DRy HLAm G e Ve, EnbRE Pedir. ©

gl ycol, di q:nmrpgsi(mnﬁ ghope b %aoretrthotipsiapsd emmebg hghioledan e pogslent okideaddi ti on
to the propé/e %%H?ﬁ!ﬂgoqlwl@%?ezgl ycol s can readily be separated by

distillation T roduc 5 m xture containing the propyl ene oxide
since tHey have relatrvely high boiling points. Wen the distillation is

carti ed out il Wilineh YRS LB Chokdif BB AP o1l ey ByoDY! ene

oxrdetoget er vol atl tsIs |athe
top of the weighhof prqulgnqam@gg:lfém@ebmmneoma&s paessnr areyfopexdmplm matlb@nﬁ 95 to

99% and i s fLBRERT FRASuREHIRY 3{%‘%@% Oitific. IdifdLandWhdrogen

2- nethoxypropano s’ obtai’ned s by subsequent ~reaction
of propyi enEﬂrg&lﬁﬁlémﬂ/\PlMa%Qlﬂ%MéF apéhmethyl Iﬁ@ﬂraé%ctr on conditions are al so
obt ai negs in the bottons. Further by- products present in the bottons are

2- hydr oper oxy- | - pr opanol dr oper oxy- 2- propanol | ch are rmed by
35 addition rB’&é‘?Ptp‘érkdbﬁl gre 'éﬁ’i W RS IBHES gSﬂ"Hé reaction of (he

hydrogen peroxide with propylene and also decomposition of the hydrogen
peroxide. Furthermore, an aqueous hydrogen peroxide solution is preferably used
in steps () and (y). Under the prevailing conditions, water may react with
20  propylene oxide to form propylene glycol. The glycol formed in this way as
by-product can in turn react further with additional propylene oxide to give
dipropylene glycol and tripropylene glycol. Thus, monopropylene glycol,
dipropylene glycol and tripropylene glycol are present in addition to the propylene
oxide. These glycols can readily be separated by distillation from the product
25  mixture containing the propylene oxide since they have relatively high boiling
points. When the distillation is carried out in a column, they are obtained in the
bottoms while propylene oxide together with further volatile components is
distilled off via the top of the column. This propylene oxide has a purity of from
about 95 to 99% and is referred to as crude propylene oxide.
30
The 1- and 2-methoxypropanols obtained as further by-products by subsequent
reaction of propylene oxide with methanol under the reaction conditions are also
obtained in the bottoms. Further by-products present in the bottoms are
2-hydroperoxy-1-propanol and 1-hydroperoxy-2-propanol which are formed by
35  addition of hydrogen peroxide on to propylene oxide.



-5 P.F. 53764/ Kg These hydroperoxy al cohols are preferably reduced,

| i kewi se form ng propylene glycol. For exanple, the nethods described in
DE 101 05 527.7 can be used for the reduction. A preferred reduction

met hod is catal ytic hydrogenation. 5 In one enbodi nent of r.f—hgymﬁggss of
the present invention, the propylene glkycol obtained as %’yl pr oéuc in step
(i) is accordingly fornmed by reduction of 2-hydroperoxy-1-propanol and

1- hydr oper oxy- 2-proanol. There is therefore a second possible way of

propyl ene gliese hydwpegxy cfeatglsaare preferably, resduged, likewasgdforming pwpyleaer eact i on

of propyl engyai g ethinpleVHeGhethd Rl debiibeBYh PISEFL & STAT E4ifbe dRAGri L, 1t 1S
extrenely advant ageous_for e _crude | ene oxide to be able to be used

th propyl €
in the prodeduction. fpaeisrred eduction mathpd s caillyliohydroganatied. purification. 15
The crude propylene oxide is then reacted with water to give a m xture of
propyl ene ycol s: The reacti on can vant ageously be carried oyt using the
process%deg'{?r‘?“ﬁefant?(}#?@ﬁ%‘ r‘iﬁ"érpr%cieﬁsa etmésqnéwpé%“:égﬁcﬂmﬂy ?iYﬁPTreactors
indicated dHghed s boweydict ial kiepogyiibl ccidif@yS Rfime@r by heda@ich Yifi c
addi tion of %er on to 20@2%0[%{&% oxi de .can al so be enpl oyed, for
exanpl e, t HENHUPRIAXHdRIPRANLY2 rogeo3Y 3328 le crude propyl ene oxide is
preferably reacted with a stoichionetric excess of water at from 180 to
220C and a pressure i.n the r e from15.to 25 ba r. 25 instance in a
Cube react oPiegk e tdte adpek! Eowhlscyahof hbedieng elvesh BEipk SppRRR B351 y oot s
formed 18 e firhéuct ot akditidn forthe heacfiar of wbpdemd ootide eithovmerst i ng essentially of
propyl ene glycol, dipropylene glycol, tripropylene glycol and pol ypropyl ene

glycols. 30 In one enbodi nent of the process of the present invention,
propyl ene oborcke ipyrpaste pé further reantioeditvis el tromtbr advanfageoms 180 tho c2@deC and a
pressure of r, | ke reshde LRBStbR the
reactor or Qrég@?}éerlgx%igp%gbda g@geﬂﬁ)ﬁiﬁls‘% (‘)dnIt e’ gss'?i (r?fZ{ @%geélt(t)r%verglbgns. They
are gener al Wighouws SerthenpuriBcatitonr s, preferably less than 3 hours, nore
preferalgly |l ess than 1 hour and particularly preferably about half an hour.

The crude propylene oxide is then reacted with water to give a mixture of
propylene glycols: The reaction can advantageously be carried out using the
process described in the prior art and the reaction conditions and reactors indicated
therein. However, all possible processes for the catalytic addition of water on to

20  propylene oxide can also be employed, for example, the method described in WO
99/31034.

The crude propylene oxide is preferably reacted with a stoichiomeltric excess of
water at from 180 to 220°C and a pressure in the range from 15 to 25 bar, for

25 instance in a tube reactor or tube reactors connected in series. The propylene
glycols formed are then present in the form of a mixture consisting essentially of
propylene glycol, dipropylene glycol, tripropylene glycol and polypropylene
glycols.

30 In one embodiment of the process of the present invention, propylene oxide is
therefore reacted with water at from 180 to 220°C and a pressure of from 15 to 25

bar in step (ii).

The residence times in the reactor or reactors depend essentially on the desired
35 conversions. They are generally less than 5 hours, preferably less than 3 hours,

more preferably less than 1 hour and particularly preferably about half an hour.



P.F. 53764/ Kg The m xture obtained in step (ii) is preferably transferred
to a dewatering apparatus in which the excess water is separated off in a
nmul ti stage evaporation. This water can be returned to the reaction with
_ the propyl ene oxide. As apparatuses for dewatering, it i§épg§-§(H?k to use
conventional distillation colums in WHCh the 5 water is di'S off via
the top as a lowboiling fraction. The 'glycol mxture can be isolated at
the bottomor via the side offtake of such apparatuses. In a preferred
enbodi ment The mhvaunpr(ﬂxtm@i infsteph(@) pr peferadly tremsferrasiio atdeavaieaingrapparatus

accordi ngl yTO picK ?@ﬁ LiQm §9e, [ %)Hl(r? (ﬁﬁ M Q%Iflﬂ?get &Qpéithbn befiQWadrhe

propyl ene S are separate in st e m xture obtained
in the dewatasr bmgetslmm pr dfee reabtign h‘aﬁl ther empdh:af: %@f‘erA%@ﬂP!ﬁhWSGSofOfl ess

than 5% by p\&t O{ﬁ gﬁ ?égo%ﬁblé S0 W@ RS ARt ?Halt&lstﬁlp;ﬁxoﬁpdbﬁlﬁﬁéjﬁl Whidkhireh the

propyl ene g e separated o S obtained in step
(i) and st e}z’ia(er iy diatikbed off nn%@ngapma@a I@Wquﬂwgsfrwom § slycpleméxtuserf@ng| ycol

m xture whi gh; Bl%?edlb‘ﬁﬂ%lﬁb%ﬁl fea andigenanrt soswef hpgsathggondary yield in

step (i), as descr above, Is conbined wth the glycol m xture obtained
fromthe dewatering step and the two are distilled together to separate off

the 20 i ndiyk ghiékrrgd Béﬁfﬂoalmﬁﬁfo@rtﬁe pRseesd Y€ e g@nuﬁﬁ&nﬁbmhst@aer( ls) and
step (ii) are cgnbined, the nethoxypropanol s and t@k\pt?eéo' Y

met hanol | pﬁ@@%ﬁglwﬁemﬁéedrrfrﬁeﬂh% mpsgie oblatged i) step ot 5|P§/° i‘ﬂ‘ﬁr at ed

of f. 251(ﬁccgry@!byggmtg@ hRRdUTERSKD (iiiyention, a feed stream conprising the
glycol mxture is ﬁen fed continuously into a dividing wall colum.

According to the present invention, use is made of a dividing wall colum

ha;/l ng \tNh Wo Ehéiﬁuﬂﬁfé(ﬁkﬂﬁed/\m mblde\amenhg)@ta pfkfﬂﬂblyaia@u@esﬁdlml ofatee cotont a
COol umm 1 C

sther |l ed therew 3 t o _whi.ch .a.s reamfrom
the | ower 6:136?1 than g% % &Ljﬂﬁ?lt?ﬁ Qfath 18 t&"ﬁﬁ‘l’?e mqgﬁ appaﬁl'tgs f‘hé‘ffﬂ%ﬁl Ff coupl ed
colum is apﬁipmeﬁéltglyaﬁalards&)cttds‘epmteldmﬁf colum which is operated without a
vapori z?% The heat required for operation of this colum is introduced
via the vapor stream 35 Dividing wall colums are known fromthe prior
art. They rdhe gheots ebthined festepdey aidstep i) ofe Wies separaied off ostepniis)whi ch

have only aI—IS(alreq(?heOélyEglk&}Rﬁ% \Dlﬁclq 'hXé gée'?lgobtamed and separated off as secondary
yield in step (i), as described above, is combined with the glycol mixture obtained
from the dewatering step and the two are distilled together to separate off the

20  individual glycols.

Before the glycol mixtures from step (i) and step (ii) are combined, the
methoxypropanols and the solvent, namely, methanol, present in the mixture from
step (i) are preferably separated off.
25
According to the present invention, a feed stream comprising the glycol mixture is
then fed continuously into a dividing wall column. According to the present
invention, use is made of a dividing wall column having two side offtakes which
are located one above the other and a column which is thermally coupled therewith
30  and into which a stream from the lower region of the dividing wall column is fed.
The thermally coupled column is a conventional rectification column which is
operated without a vaporizer. The heat required for operation of this column is

introduced via the vapor stream.

35 Dividing wall columns are known from the prior art. They represent a further

development of distillation columns which have only a side offtake but no dividing



. -7 P.F. 53764/ Kg wall. The use of the |ast-naned conventional type of
colum is, however, restricted because the products taken off at the side
of ftakes are never conpletely pure. In the case of products taken off at
. Side offtakes in the enrichnment section of the col um, V\p?cgg.%&@(éjsually
taken off in liquid form the side product still contains 5'proportions of
| ow- boi | i ng conmponents which shoul d be 'separated off via the top. 1In the
case of products taken off at side offtakes in the stripping section of the
col um, whiwdll. dhe use afithelast-akmnd gbivenhionm sxpeud cbbwmm ist heveyie aegtrigedict stil |
cont ai ns ' | L her [ i of f t ake
col ums | sl%:te ﬁ%&rél#e(‘ﬁgdgéetgﬁ rk ?@? el ltlt[k% %%ségggll(ér%%\%?%vﬁ?g@ﬁ?@%ﬁ@?ﬁeﬂdﬁgﬁge
product s arcaspek prodegty faken off apwislg clftelios gl thegenpghmentssertion ef thegolumnsuch a

col um, th%ﬁi@l?%gt ﬁﬁﬁu?cfak dtfn P& ui§ ”fb"rﬂyetﬂezcﬁ% gﬁodﬁ%i:%@ips cBRgias bl e for
side products to be taken off 1 n pur orm A dividing wall is installed
in the & ddreperdgiogl noheiling gompprsnty whichsgauld derpepaiagd ofhwadheitomf f t akes.

This can bepfihXedsd Br Bl Rikaeb i 3idRr off@ResPR KB sRippifd $O8Mn 1ot that O
place. It seals off the offtake part fromthe inflow part and prevents

crossnmi Xi ngcoé‘ﬂ?!lai vhirly a@d&“@lﬂa}b@ke%?ﬁé&g'ﬁs_e@%ﬁ’f@h@'eéiﬂei radych S ROHAIBSE s
section in phpérfioRAlt HEh HA8eRO I HETuse THF SonRAUSRA §ile offdIR! cHlUmRSis Of
distillation cgl ums, required @q,the fractlgn, tion, of nulticonponent

m xt ur es wHBSTEIUR ARSI qasRedn ViGh qoRfanyghte ﬁ@e@mqﬂlﬁ@.arwmﬂ? Fype of

col um fgas been used, for exanple, for the separation of an initial

m xt ure of e coppgonent s net hane, .et hgne, pro e and butane (US

o 471, 134y When A PRameowaN B IORIER if SHitt spBSE Hesdamion BPGR R BRd xyl ene
(US 4, ZBOkSa@)ovéggrnd 61t letoﬁﬁD?bﬁiﬁlﬁfbr@ideaprbﬂumslfoﬁ;eahk&h&f@ifﬁﬁﬂﬁlftjﬁﬂng@t ?ne and
n-octane (ER 0.1 7. 5.fof t eparation of. azeotysopiga i 1ing

T tures ( Ebvging el Soinsufied e 0B TRAGE shO i FAGH pE R R A 1
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required in the fractionation of multicomponent mixtures whose components have

similar boiling points.
20
This type of column has been used, for example, for the separation of an initial
mixture of the components methane, ethane, propane and butane (US 2,471,134),
for the separation of a mixture of benzene, toluene and xylene (US 4,230,533), for
the separation of a mixture of n-hexane, n-heptane and n-octane (EP 0 122 367),
25  for the separation of azeotropically boiling mixtures (EP 0 133 510) and for
carrying out chemical reactions with simultaneous distillation of the products
(EP 0 126 288).

Such a dividing wall column, as shown schematically in the figure, preferably has
30 from 15 to 60, more preferably from 20 to 40, theoretical plates. The process of the

invention can be carried out particularly advantageously using such a design.

The upper combined region 1 of the inflow and offtake part of the column
preferably has from 5 to 50%, more preferably from 15 to 30%, the enrichment
35  section 2 of the inflow part preferably has from 5 to 50%, more preferably from 15
to 30%, the stripping section 4 of the inflow part preferably has from 5 to 50%,



. preferably has from5 to 50% nore preferably from15 to 30% the
enrichnment 35 section 2 of the inflow part preferably has from5 to 50%
nore preferably from15 to 30% the stripping section 4 of the inflow part
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of ftake part preferably has from5 to 50% nore preferably from15 to 30%
the | ower Bt peferallyi Bamelaftot Hie, Hio sifipping wremid opdhe offtakenpatol urm 5

preferably ﬁl@ﬁrﬁﬁlf'ﬁh? filogh 5%50@?9%0@&%%%@} YroB{ @@t&@()%) tRO Yarictikd he

regi on of ther coupling two sid ftakes preferably has from

5to 50% ﬁﬁ@ﬂ%ﬂé?@ﬁ%ﬁw HW@?bﬂbh@cf%mﬁrroéQ% mose predgrablydramydal nunber

?L t he;)r et : ©H0%)| thé ﬁﬁvér']:onib'ﬂﬁédc‘r@glﬁm of ife Tﬂfﬁ)vﬁhﬁﬂ Offtakd Balt GIFBRS coPhimn
eoretica

ates in_the re I nf rt is preferably
from80%o Wﬁ%?%b?hﬁf‘%frﬁme? B}g@fymﬁ%ﬂﬁe&@ﬁ{lﬁ ié %b@hén@mre&mme nunber
of theoretlmaimaoloatlpﬁng 7 dfhBe tegistlasofRakds @OMrably Rad omos fid esb% megre. It is
| i kewi se adva t%%ggr Bg %(Pffee 0|n }agtlglg fdg of f.t akes f.rom whi ch
15 the gl ycRJF¥r {8 A8 386 op thefofal pymgeref theqretical plalgsdight s i n
t he col umm thekealumne to the position of the theoretical plates. The feed
point Zis preferably |located at a position which is from1l to 8, nore

preferably from3 to 5, theoretical plates above or bel ow the side
of ft ake)l ZDhelfiem abif vhel nmpbevadf theoreticad plgedin thetrbgions daadst of the Heflgresent

nvent i on | sPLSLERARY raBo8l LOMRE A5t braRRERLHSR AT, FRBE Arthdygandom

packi ng or Or dere I'ng or  as d

possi bl e tooﬁlhensmbatofmcaetlcmi plates hn ﬂaakglngtsSrﬁaandn'gxnethspﬁftaﬂcﬁ ipertsur f ace area
of from100 to 1000 n2/ nB, preferably fromabout 250 to 750 n2/nB, as
ordered packin Such packing provides a high separation 25 efficiency
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20 The dividing wall column used in the process of the present invention 1s preferably
configured as a packed column containing random packing or ordered packing or
as a tray column. For example, it is possible to use sheet metal or mesh packing
having a specific surface area of from 100 to 1000 m?*/m°, preferably from about
250 to 750 m’/m’, as ordered packing. Such packing provides a high separation

25  efficiency combined with a low pressure drop per theoretical plate.

In the abovementioned configuration of the column, the region of the column
divided by the dividing wall 8, which consists of the enrichment section 2 of the
inflow part, the stripping section 3 of the offtake part, the stripping section 4 of the
30  inflow part and the enrichment section 5 of the offtake part or parts thereof is/are
provided with ordered packing or random packing. The dividing wall can be

thermally insulated in these regions.

The product stream is advantageously metered by means of a pump or via a static
35 inflow head of at least 1 m into the inflow part. This inflow is preferably regulated

via a cascade regulation in combination with the regulation of the liquid level in



The product streamis advantageously netered by neans of a punp or via a

static 35 inflow head of at least 1 minto the inflow part. This inflowis

preferably regul ated via a cascade regulation in conbination with the

. regulation of the liquid level in -9 P.F. 53764/Kg the inplp M/ﬁ The
regulation is set so that the anount ofgliquid |ntroduced |nto §
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processlibf ohthe poasanaluei nvention. The regul ation principle described bel ow
has been found to be particularly useful for the continuously operated
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t

quantity, ratio or preferably the quantity of runback as
regul ati ng paraneter is provided in 30 the upper section 1 of the col um.
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Technol. 61 (1989) No. 1, 16-25, Gas Separation and Purification 4 (1990) 109-
114, Process Engineering 2 (1993) 33-34, Trans IChemE 72 (1994) Part A 639-
644, Chemical Engineering 7 (1997) 72-76). The regulation mechanisms described
20 in this prior art can also be employed for or applied to the process of the present

invention.

The regulation principle described below has been found to be particularly useful
for the continuously operated isolation of the glycols. It is readily able to cope with
25  fluctuations in loading. The distillate is thus preferably taken off under temperature

control.

A temperature regulation device which utilizes the downflow quantity, the reflux
ratio or preferably the quantity of runback as regulating parameter is provided in
30 the upper section 1 of the column. The measurement point for the temperature
regulation is preferably located from 3 to 8, more preferably from 4 to 6,

theoretical plates below the upper end of the column.

Appropriate setting of the temperature then results in the liquid flowing down from

35  the upper section 1 of the column being divided at the upper end of the dividing



_ Appropriate setting of the tenperature then results in the liquid flow ng
down from 35 the upper section 1 of the colum being divided at the upper
end of the dividing -10 P.F. 53764/ Kg wall 8 so that the ratio of the

. liquid flowwng to the inflow part to that flowng to the pgf P Egart is
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In the abovementioned regulation principle, 5 temperature regulation device which

20 utilizes the quantity taken off at the bottom as regulating parameter is provided in
the lower combined section 6 of the column. The bottom product can thus be taken
off under temperature control. The measurement point for the temperature
regulation device is preferably located from 3 to 6, more preferably from 4 to 6,
theoretical plates above the lower end of the column.

25
In addition, the level regulation in the bottom of the column can be provided as
regulating parameter for the abovementioned regulation of the quantity taken off at
the lower side offtake and a temperature regulation in the divided column region
can be provided for the quantity taken off at the upper side offtake.

30

The differential pressure over the column can also be used as regulating parameter
for the heating power. The distillation is advantageously carried out at a pressure at
the top of from 5 to 500 mbar, preferably from 10 to 2({) mbar. Accordingly, the
heating power of the vaporizer at the bottom of the column is selected to maintain

35  this pressure range.



the top of fromb5 to 500 nbar, preferably from 10 to 200 nbar. Accordingly,
the heating power of the vaporizer at the bottomof the colum is selected
to maintain 35 this pressure range. -11 P.F. 53764/ Kg Under these pressure
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HS conprising the tri propyl ene egcoI TPG can be obtained at the bottom 25

of the col upRe giVRido tﬁ@ﬁﬁﬁﬂ%&ﬂn@%n%'f?drﬁ%ﬁﬂﬁﬂh g SLetiol3eSt the bfftake
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or examp ¢} the product stream in which the propylene glycols are present can be
divided by means of the regulation principle described so that the low boilers LS
20  comprising, for example, water and solvent, can be taken off via the top of the
dividing wall column and be condensed in the condenser K. The intermediate
boilers are taken off via the upper side offtake in the form of propylene glycol PG
and via the lower side offtake in the form of dipropylene glycol DPG. The high
boilers HS comprising the tripropylene glycol TPG can be obtained at the bottom

25  of the column.

In the separation of multicomponent mixtures into low-boiling, intermediate-
boiling and high-boiling fractions, there are usuvally specifications in respect of the
maximum permissible proportion of low boilers and high boilers in the middle
30  fraction. Here, individual components which are critical to the separation problem,
referred to as key components, or else the sum of a plurality of key components

are/is specified.

Adherence to the specification for the high boilers in the intermediate-boiling
35  fraction is preferably regulated via the division ratio of the liquid at the upper end
of the dividing wall 8. The division ratio is set so that the concentration of key



.35 fraction is preferably regulated via the division ratio of the liquid at
the upper end of the dividing wall 8. The division ratio is set so that the
concentration of key -12 P.F.. 53764/ Kg conponents for the high-boiling

. fraction in the liquid at the upper end of the dividing pglé ts to
from 10 to 80% by wei ght, preferably fysom 30 to 50% by weight, of”the
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gaseous sanpl es can then be taken off continuously or at intervals _fromthe

col urm and BHAEIPEPAVST deineremserh apd avhendbspeoncenirging of sy copmosents &f e

regul ation théRANBHIlIHETFracAen Is16We R ErefdatiN@pOferds rautetnct i on of the _
conposition. 30 An objective of the process of the present invention is to

provide the internediate boilers propylene glycol PG and di propyl ene
gl ycol DPG The @npetittdiipniof 1e@chd higieboitths pr ik dnehhadige datlmg frdvaion @56 nore

prefer aZBl Y 5 e(?cttg'ﬁlirgertlianbyggg/ﬁstomary analytical methods. For example, infrared
spectroscopy can be used for detection, with the compounds present in the reaction

mixture being identified by means of their characteristic absorptions. These

measurements can be carried out in-line directly in the column. However,

preference is given to using gas-chromatographic methods. In this case, sampling

25  facilities are then provided at the upper and lower end of the dividing wall. Liquid

or gaseous samples can then be taken off continuously or at intervals from the

column and anatyzed to determine their compositions. The appropriate regulation

mechanisms can then be activated as a function of the composition.

30  An objective of the process of the present invention is to provide the intermediate
boilers propylene glycol PG and dipropylene glycol DPG in a purity in each case
of preferably greater than 95%, more preferably greater than 99%.

A mixture comprising the tripropylene glycol TPG is then taken from the bottom
35  of the dividing wall column and passed to a distillation column which is thermally
coupled with the dividing wall column.



. A mxture conprising the tripropylene glycol TPGis then taken fromthe
bottom 35 of the dividing wall colum and passed to a distillation colum
which is thermally coupled with the dividing wall colum. -13 P.F.

. 53764/ Kg According to the present invention, energy is inggogigamgkyia the
dividing wall colum by neans of the_ jpporizer V. Vapor and liqu

exchange d and f occurs in the |ower region of the dividing wall col um
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sheet net aﬁﬁgtd?ﬁrlgg% g?%ggﬁid;rlégafxﬁggji %%mge{%eac@?ggggtrlf %%gS%f ea of from 100 to
1000 nz/nB, preferably from about 250 to 750 n2/nB, as ordered packing.
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20  The thermally coupled column in which the tripropylene glycol is separated off can
likewise be configured as a packed column containing random packing or ordered
packing or as a tray column. For example, it is possible to use sheet metal or mesh
packing having a specific surface area of from 100 to 1000 m*/m’, preferably from
about 250 to 750 m%m’, as ordered packing. Such packing provides a high

25  separation efficiency combined with a low pressure drop per theoretical plate.

The coupling of the continuous preparation of propylene oxide with the preparation
of the propylene glycols, which is likewise carried out continuously, helps make
the continuous process of the present invention extraordinarily advantageous for
30  industrial use. For the purposes of the present invention, continuous means that the
steps (i), (ii) and (iii) of the process of the present invention are carried out

simultaneously.

A backward-integrated process starting from propylene is thus provided for the
35 continuous preparation of propylene glycol, dipropylene glycol and tripropylene
glycol. Since the purification by distillation of the propylene oxide and the



. Sinmul taneously. A backward-integrated process starting from propylene is
thus provided for the 35 continuous preparation of propylene glycol,

di propyl ene glycol and tripropyl ene glycol. Since the purification by

. distillation of the propylene oxide and the -14 P.F. 5376ﬂ/FK? %@klgl | ation
in three colums described in the pri opart are di spensed” W %
conparative saving in energy costs of about 30% can be achi eved toget her
with a reduced |ayout in terns of apparatus. 5 The process of the present
i nventi on wdiptillagienoin threegobmans descabed i théyerigr dirbfare Kispetseduwdh, rn zone
A, hydroge [ LSol; | : I oxi de.
This gives ?Cdgﬁagarﬂ‘ﬁvé\gsﬁ kﬁlgﬁﬁ%ﬁ%ﬂe&%%%epgﬁ?%?%fgbégﬁllgeg]ﬁgéétﬁée% ng?lggyl ene
gl ycol's  10redneps! 1ayqus iriterms of enparatthe crude propyl ene oxi de PO(1) is then
passed to the zone C where it is reacted wth water to give propyl ene
glycols. In_zone D the water is renoved fromthese and can recifculated to
the reacti ohN&PIOReSS b e RsEend Jvgatiopl] be guigedrpRiedpyieatigh thf@lfgpfj |'s. The
st r eam obt afj _fromzone Dis conbined with the secondary yield of

propyl ene glycols G and fed into the dividing wall colum via the feed
point Z. Propylene glycol PG and dipropyl ene glycol DPG are separated off

in the diviHifge2) h\yafdgeﬁEbmmca@ﬁbamreﬂWiﬂy;ireﬁﬁeﬁﬂ y eoforhRopHesepddat ed of f

in the col ump which'is ~t | | | ed t hth, It is al ible t
branch of Aty dish oG mudh PO e et ORoe trneloPyEng BOBRR; n” *°

zone B 1 gGwe speondagyryagdl ene oxi de PQ(2) which can, for exanple, 25 have
a purity of nore than 99.9% "Chem cal grade" propyl ene can be used for the
process of the present invention. Such propyl ene contains propane and has
a vol une r aThocwmfle pragpydrernxideoPQ(lgpatien passetriothabenet C9vhede itas g@cted5. 30
The hydr 0geR;Rey Xl #1505 Bbol e WftolCRELLAMD die BRSE WihyvddTrdhqni@rm of an
aqueous hydrogen pe_rc%ud PG | n. [t can be prepared, for exa e, by
means of t & eantraeizenlated rethp reastior with prepylendexide RO(1) 'lorfﬁﬁﬁ'PSOIg'E@,@cl opedi a
of I'ndugq ri glycols.

The stream obtained from zone D is combined with the secondary yield of
propylene glycols G and fed into the dividing wall column via the feed point Z.
Propylene glycol PG and dipropylene glycol DPG are separated off in the dividing

20 wall column and triproylene glycol TPG is separated off in the column which is
thermally coupled therewith.

It is also possible to branch off a substream from the product stream PO(1) and
process it in zone B to give pure propylene oxide PO(2) which can, for example,

25  have a purity of more than 99.9%.

“Chemical grade” propylene can be used for the process of the present invention.
Such propylene contains propane and has a volume ratio of propylene to propane
of from about 97 :3t0 95: 5.

30
The hydrogen peroxide used for the reaction is preferably in the form of an
aqueous hydrogen peroxide solution. it can be prepared, for example, by means of
the anthraquinone process as described in “Ulimann’s Encyclopedia of Industrial
Chemistry”, 5th Edition, Volume 13, pages 447 to 456.

35



Chem stry", 5th Edition, Volune 13, pages 447 to 456. 35 -15 P.F. 53764/ Kg
It is |ikew se conceivable to obtain hydrogen peroxi de by converting
sulfuric acid into peroxodisulfuric acid by anodic oxidation with

. simultaneous evolution of hydrogen at the cathode. Hydrolpysisz7ed
peroxodi sul furic acid then | eads via _peroxononosul furic acid to hydrogen
peroxide and sulfuric acid, which is thus 5 recovered. It is of course

al so possible to prepare. hydrogen peraoxide fromthe elenents, As sglvents
for the prebdﬁ &@?we&mww@q @@t@sﬁagroaev PF%“EH"&?%?%PS}“HSO??PBF@C'@O use
10t al | Isol vV Bité qaewaioﬁrsuﬁ@ﬂalaeideby a‘hﬁdi@t o;haaﬁin ﬁz@cht émfuﬁhﬁiﬁﬂh \ete'otu\ltl}ﬁns?]fartl ng
materials u I N oxXl1.r eSI SO ent s | C can e
Coed are waBBiokeh, i tecradiods, ERUMRINS of siopoareguitic® iy T, lshey £ ¢

al cohol s hapérogomesssulfofa atid wahpdrogai pmmdfe@rndemmmbeacndmﬂnamdk it hanol ,

propanol s, butanols, pentanols, dials or polyols, preferably those having
l ess th 6" C8YYEY atonms; ethers such as 15 di et hyl ether, tetrahydrofuran,
di oxane, 1,2-diethoxyethane 2- nethoxyethanol esters such as net hyl

acetate or Quty th r ]

i et hy! aceldhP LR AT R PR Por R ol RhO B SBiemise i crifes
such as acetonltrlle sul foxi des such as di methyl sul foxide; aliphatic,
cycl oal i pha r t re of

t he aboverrehtl onegt %&%?Tnp[garqul &CF‘%@%%%%B? rsn i(sl#éﬁ%b? Béél’éﬁ)]@[ {g%hol S.

The usel®f akspanats vetsclsmmldmelm or gdeast pmlardlgsolvmtbef gartiog. m@@tlads ugesk al yst s
for the Pr eRRIRL b@Rakf SPIORK. dq mgﬁ@r&me& qaﬁ oY b& bR Wajepg those

whi ch conprise a porous” oxl cata ysts used
pref erably @Eﬁmls,s@reﬁtrahlr éWanalcolg%? rmtm:m eratb@r mpht@lmhavmarla%ﬁ tian 6

chromi um , _ciibeRidiihs,Ofor 2 xabfI, UFRHARIAHa6, 706dnbR, b%&n&e%ﬁaaﬁo@entl on

rray be rrade of titanium, ger mani um , te UI’I um, vahadi um, chrom um,

ni obi um an@i% PR/l ersfﬁr%hl)ﬁ ithese havingdless tha P rarbonuemssthers suh %

struct ur®, dieardthél t@ﬁaﬁﬂ%ﬁ%ﬂe%1Mh§h 1@6@e@1@x9@ﬁarﬁn@memx ethanol;
X-ray- crystallo

hi caII tot T, AFG AFI,
AN, AFO,  ABHErS Al as mekhy! pqetate @‘Yf)ﬂtwﬁmnﬁf\ﬁ“ﬁ%@c%ﬁﬂlmﬁ@ﬂﬁ ‘é?‘zTO ATS,
ATT, ATV, dlmethylacetamlde, N-methylpyrrolidone; ketones such as acetone; nitriles such as
acetonitrile; sulfoxides such as dimethyl sulfoxide; aliphatic, cycloaliphatic and
aromatic’ hydrocarbons, or mixtures of two or more of the abovementioned

20 compounds.

Preference is given to using alcohols. The use of methanol as solvent is particularly

preferred.

25  As catalysts for the preparation of propylene oxide, preference is given to using
those which comprise a porous oxidic material, e.g. a zeolite. The catalysts used
preferably comprise a titanium-, germanium-, tellurium-, vanadium-, chromium-,

niobium- or zirconium-containing zeolite.

30  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, AEN, AET, AFG, AFL, AFN, AFO, AFR, AFS,
AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS, ATT, ATV,

35 AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFl, CGF, CGS, CHA,
CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMT,



35 AWO, AWN BEA, BI K, BOG BPH, BRE, CAN, CAS, CFlI, CG-, CGS, CHA, CH ,
CLO CON, CZP, DAC, DDR, DFO, DFT, DOH DON, EAB, ED, EMI, -16 P.F.

53764/ Kg EPI, ERI, ESV, EUO FAU, FER 4dS, GWE, GOO HEU, IFR, 13V, | TE,

. JBW KFl, LAU, LEV, LIO LGS, LOV, LTA, LTL, LTN, MAZ, ME[::, 5%'4/1(

MER, MFI, MFS, MON, MOR, MSO, MIF, Nﬂ-l\i MT, MW MM NAT, NES, . OFF,
OSl, PAR, PAU, PH , RHO RON, RSN, RTE, RTH, RUT, 5 SAQ SAT SBE, SBS,
SBT, SFF, SCD STF, STI STT, TER,__THO_ TON TSC, VET. VFI VNI, VSV,
WE VEN VS ERONSY, BUOR AU TR, G5 GMES GO T ST ITRGBe oF wor o

of the aboveFemAIONERVSTIOC OSSO FULIAS IR L. TN MAZ| MBICMERI MEPY

Zre o oo ol M it i ne S s N ool b et 16

Further ti tNipS UNODQIOEF,NDSY RAR| PARS RHE, RHORRODE RSN} RAES REH, eRU'TOSE Of

the ZSM4 S o e [-C r e ] ' usi ng
Ti - zeol i te?‘ﬁé«/ﬁy éﬁENéégoéﬂbEﬁFgﬁ%t’t %H)é SE’F’ éﬁfﬁg&f@ r%ixl@dnréﬁr ucture.
Very parti dEB(arVﬁﬂ‘ef\dFIeﬁéNI iB’S@ﬂ, \WlEtWEN;eYim;cZOi[\b stthctitet anitaummigedht ai ni ng
zeolite cat raI I err " TS 1 "TS- 2"
"TS-3" and grlug@ |C°mrPo'ISl es hévr ra 05 ?% ’FF‘ resrlgl(i)rﬁhc?PB ous wth
(3-zeol i t e litAiiemumataghing zhdttwhige@bﬂsff Qaft alSys24, aﬂ"mqb-rlr, Biliby 11 GH-1 or

{han um el Bfiudiahd 63 bhfteivalie 1Or duelif (NPl Ad VR IEARERNPIn Eigiener al
the reaction terrper ature paration ene oxl in
steps (18) aﬁruthey)ltarsumﬂommm&ﬁg@htw o\rhmh myl@@@enpom@mbtfgm mftthe range
from1l0 to %%&%mrzestﬁﬁﬁkerabl y in the range from20 to 90C. The
pressures which 25 prevail range from1l to 100 bar, preferably froml to 40
bar, nore preferably from 1 to 30 bar. Preference is given to working at

pressures Ungeculpréfrdiee SasvaN@SRing Bi-RoB&RMaving 28 MPF@lelﬂltELaglf&fhr@f
propyl ene and h dro en peroxide in the feed stream i.S ner al bg
7 to 20,

sel ected sd Lowixed stryetuge. ety partigylappigt qf?Pqu%gera’hé%t ek
nor e prigf ertﬁb:hmmLcmnrdiﬂngaaegﬁtef dsa@:rryas SHich areDgenpadlly eafbmed Yo pE effgrEhly in

h ; I h . 0 . 6.
Inthe brepshatr oot prbApP eRc- RGeS actisiolf sURRRE: PROMS? cact or

or react or swith g-zeolite.

lTJ

The use of a heterogeneous catalyst comprising the titanium-containing silicalite

20 TS-1is very advantageous.

In general, the reaction temperature for the preparation of the propylene oxide in
steps {a) and (y) is in the range from 0 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
25  prevail range from 1 to 100 bar, preferably from 1 to 40 bar, more preferably from
1 to 30 bar. Preference is given to working at pressures under which no gas phase

is present.

The concentration of propylene and hydrogen peroxide in the feed stream is
30  generally selected so that the molar ratio 1s 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.

In the preparation of propylene oxide, the residence times in the reactor or reactors

35 depend essentially on the desired conversions. In general, they are less than 5




35 depend essentially on the desired conversions. In general, they are |ess
than 5 -17 P.F. 53764/ Kg hours, preferably Iess than 3 hours, nore
preferably I ess than 1 hour and particularly preferably about half an
. hour. To reduce the hydroperoxy al cohols present in the d Fxture
fromthe 5 preparation of propylene oxjde, it is possible to en@% y the
nmet hods described in DE 10105 527.7. For exanpl e, phosphorus(lll)
conmpounds such as Phosphorus trichloride, phosphines (e
t ri phenyl phosphipreferably Hassy thsinodphoure) mq@ﬁdﬁpﬁoﬂb&wsle‘écl@noﬂ hew and salts
or SOd'U”‘Zﬁﬂﬂﬂﬂﬂgﬁﬂ?kgﬁﬂfﬁﬂnﬁﬁaﬁ%ﬁﬂomREdUCt'0” using sulfur(ll) conpounds
such as hydrogen e salts thereof sodi um pol ysul fi des, di nethyl
sul fide, tetrahydrothi ophene, bis(hydroxyethyl) sulfide or sodium

thi osul f at erPredish: NHe SHkifopetdxy) al@@lﬁmmﬁ?é&.@nﬁwmh@&pr&iﬁu WiiRtiSe fff?dlﬁi thd5 and
its salts, sodlun1b|sulf|te or, t hj our ea- i:OXI e is alsqQ possib Furt her

reduci ng adueRasatigneotpropylers OXIfﬂ@yrlt é%(ﬁ?ﬁé! tos@IaPIgnthe memoss éﬁsqr%ém
nitrite. PENdIoxgearrbonyl conmpounds such as hydroxyacet one,
di hydroyactone, 2-hydroxycyl opentanone (glutaroin), 2-hydroxycyclohexanone
(adi poin), glucose 20 and ot her reducing sugars are also suitable. Ene
di ol s such rs asmpllal cPlﬂfspnbreg(Ill): oamgwndss whichh asoph@sphom btm’clmoﬂidedr ogen

ri

bond, for roh odi,.um.c or ohydr | can

" Rewi se b aamtines, o HPhery RO i, TGP R o KBRS 2o BF Uper oxy
al cohol1® arsaltpoefodiab hyphophosphite cenbbysadeans of catal ytic hydrogenati on
usi ng hydrogen, which can be carried out in a honbgeneous or heterogeneous

phase. The hydrogenation catal yst conprises at |east one active netal from
transi ti on Rednatien sing,sulfui(Il) chmpamatis| suchfas hyldmgéerSulftdecorTatbﬂsehaﬁot he

El ements, ej ' al

exanpl e, pgﬁopgﬁf dﬂcﬂﬁg dﬁ')id%lé dll et‘i’l&l as?m té%ﬂ{a%r&fllgkﬁ% {(irﬁ)é{ élﬁ (Ru)

i ridium (I roplfidgsorisg u('-tﬁ])osulfpt@mr(us!@)g SUE@%WR%@P“W@I@@B SEWTPU&WH copper
(Qu), pref einﬁtils%flﬁg sodiim lﬁBLbrgﬂlgu}e% -S-PaE iCHlPpdskibRy ef erably Pd, can be
used. These catal ysSts can be used either i n powder formor as bodles made
of active netal. Preference is given to using foils, wires, neshes,

granul es a"FhrtHéF Yeﬁu@inh'ag@ﬂs@ﬂé’\ﬁli@rﬁt%s rrbpslmlqﬂ fqroamnahuh@a&tnm@lmhte/e net al
or a m xture o nore thereof. It |s. al so E%gs'&hydto use active

nmet al oxi de% Xygﬁéﬁﬁye cofgpounds such as hydroxyace
2-hydroxycylopentanone (glutaroin), 2-hydroxycyclohexanone (adipoin), glucose

royactone,

20  and other reducing sugars are also suitable. Ene diols such as ascorbic acid or
compounds which contain a boron-hydrogen bond, for example, sodium

borohydride or sodium cyanoborohydride, can likewise be used.

However, the product mixtures comprising a-hydroperoxy alcohols are preferably
25  reduced by means of catalytic hydrogenation using hydrogen, which can be carried
out in a homogeneous or heterogeneous phase. The hydrogenation catalyst
comprises at least one active metal from transition groups VIIb, VIII, Ia and Tb of
the Periodic Table of the Elements, either individually or as a mixture of two or
more thereof. For example, palladium (Pd), platinum (Pt), rhodium (Rh),
30  ruthenium (Ru), iridium (Ir), osmium {Os), iron (Fe), cobalt (Co), nickel (Ni) and
copper (Cu), preferably Pd, Pt, Rh, Ru and Ir, particularly preferably Pd, can be
used. These catalysts can be used either in powder form or as bodies made of
active metal. Preference is given to using foils, wires, meshes, granules and
crystallized powders produced from at least one active metal or a mixture of two or
35 more thereof. It is also possible to use active metal oxides, for example, as

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




suspensi ons of at |east one active netal or a mxture of two or nore
thereof. -18 P.F. 53764/ Kg The present invention further provides an
apparatus for carrying out a continuous process for preparing propylene
glycols conprising at |east one reactor for preparing prpgyksre/R ?I de, at
| east one reactor for reacting the propylene oxide wth water to form
propyl ene glycols, at |east one dewatering apparatus for 5 dewatering the
wat er - cont aj_ni ng propyl ene glycol s and at Ieast one dividing wall colum
havi ng two SiedRreynf inieaton &#ﬂ@é@&f‘fa@qsrﬁ@ JPprabiisoloy camuing ok 8 [CoRtRpous

di propyl eneprgbesgoﬂoramepmpgobwmleﬂel glrycols @&n@prmhg Yt qemlm frduetoeviorh f or
separating off the trip ropg %g/ E ﬁgrtl%u arlé ref rred
enbodi ment RIFPAHE RISPYIEAE Q ldﬁf a't a8 tp‘?r@s@ﬁ?tof elfefiyle the  HEPYENS 8XKF one

react or congltbtwatef t@rfonﬁoprbpyleﬁd gﬂyoom -dreldast et dmitermgaippgmang font the

b f d
o O ey p e e G g e #RkolE2ha 5 s dtle SBRLERY ¥ %00
propyl ene m(ﬂllrrnhyhla\owrmmerscﬂel déftalaasjtfme se_tpa;mmga))ffapcbp(y;e)leagblcobandl ed out
in the isot cfﬁer maieﬁ Iyé alch & Oﬁﬁl I{ﬁi% i t'hgl%:al r m(‘[)ﬁ&f QRéﬂe%ﬁ yfor

Unr eact ed hny"é’a is separat rm-step (P)

the separ asapmtlag)pﬁfrthemprqndlenegly@ﬂ.ct ed once again with propylene in step
(y). -19 List of reference nunerals for the figure P.F. 53764/Kg 1 Conbi ned
region of the inflow and offtake part of the dividing wall colum 2

Enri chniéht kex paiqulaflytirefertad lcowogiamant of tist rppspatug of Bist presenbinvenbonf f t ake

part 4 St rihQ%’t c[bgstscﬁﬁtﬂaﬁmopéongﬁ% dfr%c[]ll lgé/l’h?‘?rfatl firedEBEd FAPRR ForS&Elyiof the

of ft ake part regl on e 1 nflow and offtake art Regl on of

ther mal coutbeisiRp GbiaRi %ﬂlﬁt@tlﬁeﬁxed@eﬂr BRGIPEAY parpreg oph thﬂnﬁ‘éh Gk 3/ Rene
oxi de i s prepaf@En apparatus for carrying out the step (B).

15  The reactions of propylene with hydrogen peroxide in the steps (o) and (y) are
carried out in the isothermal reactor and the adiabatic reactor, respectively.
Unreacted hydrogen peroxide from step (o) is separated off in step (f) in the
separation apparatus and is reacted once again with propylene in step (y).



PQ(1) Crude propyl ene oxide B Wrk-up zone for propyl ene oxide PQ 2)
Purified propyl ene oxide G Propyl ene glycols as secondary yield C Zone in
whi ch propyl ene oxide is reacted with water D Dewatering zone for the
propyl ene glycols Z Feed point LS Low boilers PG Propyl epg %-ygf@% DPG

Di propyl ene glycol TPG Triproylene glygol HS High boilers n %nser \%
Vapori zer d Vapor f Liquid Horizontal and di agonal or indicated di agonal
lines in the colums synbolize 5 packing nade up of random packing

el enent s orLléteré‘F%EF“ﬁﬁéRmﬁ{jﬂW&lW’fﬂW be present in the colum. -20 W
claim P.F. 53764/ Kg B02/0267PC | B/ AT 1. A process for the continuous

preparation of propyl ene glycols, I.C conprises the_steps, (i) to (iii):
5 (i) reactlng prop Pg’ll?énea/i%ﬁ‘oﬁﬁrtggé‘?ﬁ]%PB&?’&%"%‘FOP%PH%B@WF%‘@ xi de
and give propyl ene gbipgal s as by-products, (ii) reacting the propyl ene

oxi de obtained in ste i) wth water. to give propylene glycols, 10 (iii)
separating off the EP@E}%P%H@G%HO?%I“? @bf’gﬂﬁétd in steps (i) and (ii). 2. The
process as %l ai med Baippim section wfhe efftake/partr eacti on of propylene with

hydr ogen peioxi de igtrisptpc]erpg iC}wncg%EiiIﬁFs at . least the steps (a) to (y):

OWw part
5 Enrichment section of the offtake part
6 Combined region of the inflow and offtake part
7 Region of thermal coupling
8 Dividing wall
P Propylene
A Zone in which propylene oxide is prepared

PO(1) Crude propylene oxide
B Work-up zone for propylene oxide
PO(2) Purified propylene oxide

G Propylene glycols as secondary yield

C Zone in which propylene oxide is reacted with water
D Dewatering zone for the propylene glycols
Z Feed point

LS Low boilers

PG Propylene glycol

DPG Dipropylene glycol

TPG Triproylene glycol

HS High boilers

K Condenser

\'% Vaporizer

d Vapor

f Liquid

Horizontal and diagonal or indicated diagonal lines in the columns symbolize
5  packing made up of random packing elements or ordered packing which may be

present in the column.




15 (a) reacting propylene with hydrogen peroxide to give a m xture

conpri sing propyl ene oxi de and unreact ed hydrogen peroxide, ((3) separating
t he unreacted hydrogen peroxide fromthe m xture resulting fromstep (a),
(y) reacting the hydrogen peroxide which has been separatpg. §ffed/Kgst age

20 (P) with propylene. 3. The process _a@g.clained in claiml or 2, wherein
propyl ene glycol is obtained as by-product in step (i) by reduction of

2- hydr operoxy-1- propanol and 1-hydroperoxy-2-propan@2/&%7C TBEAPr ocess
as claimed in any of clains 1 to 3, wherein, in step (ii), propylene oxide
IS reactemi*@th.mater at a tenperature of from 180 to 220 C and a pressure
of from 15 8‘%§Hbar. 30 5. The process as clainmed in any of clains 1 to 4,
wherein water is renoved fromthe water-containing propylene glycols
obtained in,step,(ii). _hefar th are _separ.ated off Jin st idli)e -21

b F 53764 kg & ARIgERo ol Atofusc R PRALRD 8 Bioplfiy YRR Shhe: i

t he propyl ene gtommises theatapst(®po (ili): are conbi ned with the propyl ene
glycolsf§r0n1step (ii) before they are separated off in step (iii). 5 7.
The process as clainmed in any of clains 1 to 6, wherein the separation in
step (iii) is caf)iwmdcting piopyktne twith ydregen pemxifleviodiong pgpyleevlosids havi ng
two side offtakes : I I $y 1 |y coupled therewith, with
propyl ene egcoI.pelng?g%ngxg@egg%ﬁ?fﬁgnggggﬁgide of ft ake of the dividing
wal | ~col umm, ~ di ptidpigeeing teypropylses pgidsmetizined it s§m Mhwithoteer & geof f t ake

10 and tri propyl ene ﬂty&ﬁéggﬁbﬁg obtai ned fromthe colum which is
t her mal Id/ coupl ed ?h ew Th, 8 The process_as c]ained jn cIa&m?, wher ei n
|1

the di std 11 ati on(iibhsepatiae fidthagropyiane shsplaabiaaed: 4 FieRDAM WY a pressure
of from5 to 500 nbar and a 15 tenperature of from50 to 200 C. 9. The
process as glai dinclaim?7 or, .8 wherein the distlllg%ion i

.8, n th
thermal Iy ctupl edNGBIOGRS as<claimediin glag 1, yrherein thesreqetion et propylene t”b‘?‘5oo

hydrogen peroxide in step (i) comprises at least the steps (o) to (y):

15 (o) reacting propylene with hydrogen peroxide to give a mixture
comprising propylene oxide and unreacted hydrogen peroxide,
(B) separating the unreacted hydrogen peroxide from the mixture resulting
from step (ar),
{(y) reacting the hydrogen peroxide which has been separated off in stage
20 (B) with propylene.

3. The process as claimed in claim 1 or 2, wherein propylene glycol is
obtained as by-product in step (i) by reduction of 2-hydroperoxy-1-
propanol and 1-hydroperoxy-2-propanol.

25
4. The process as claimed in any of claims 1 to 3, wherein, in step (i1),
propylene oxide is reacted with water at a temperature of from 180 to 220
°C and a pressure of from 15 to 25 bar.
30 5. The process as claimed in any of claims 1 to 4, wherein waler is removed

from the water-containing propylene glycols obtained in step (ii) before

they are separated off in step (iii).



nbar and a tenperature of from 100 to 200 C. 20 10. An apparatus for
carrying out a continuous process for preparing propylene glycols,
conprising at |east one reactor for preparing propyl ene oxide, at |east
one reactor for reacting the propylene oxide wth water tprfsymy/Ky opyl ene
gl ycols, at |east one dewatering appargtus for dewatering the 25

wat er - cont ai ni ng propyl ene glycols and at | east one dividing wall colum

havi ng two side offtakes for .sepgarating. off propylene glycol an
G br opyl o ol yaADe BIAESS 4 QIO & PoCeHet ha 3 VBB HEPUERS h 1 or

separating of f togoly frgah @Ryl (Bnee gbnibiakd wil thd prophnagpbrohtftem arpglipi med in
claim 10, wherein thﬁ1 at | east oneﬁreact consists of an isothernal

fi xed-bed react GFfASMeY e SAPAISIA l‘}-ﬁi&e%@@p ((X), an adiabatic fixed-bed

reactor for carrying out the step (y) and a separation apparatus for
carryi ng Ol’bt. t hel“hsetpergce(sg %g cﬁﬁsmg(? En' Qr?ydo% Eﬁaﬁrllsai B %‘, wherein the separation in
step (iii) is carried out by distillation in a dividing wall column having two
side offtakes and a column which is thermally coupled therewith, with
propylene glycol being obtained from the upper side offtake of the dividing
wall column, dipropylene glycol being obtained from the lower side offtake
10 and tripropylene glycol being obtained from the column which is thermally
coupled therewith.

8. The process as claimed in claim 7, wherein the distillation in the dividing
wall column is carried out at a pressure of from 5 to 500 mbar and a
15 temperature of from 50 to 200 °C.

9. The process as claimed in claim 7 or 8, wherein the distillation in the
thermally coupled column is carried out at a pressure of from 5 to 500
mbar and a temperature of from 100 to 200 °C.
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10.  An apparatus for carrying out a continuous process for preparing propylene
glycols, comprising at least one reactor for preparing propylene oxide, at
least one reactor for reacting the propylene oxide with water to form
propylene glycols, at least one dewatering apparatus for dewatering the

25 water-containing propyiene glycols and at least one dividing wali column
having two side offtakes for separating off propylene glycol and
dipropylene glycol and a column which is thermally coupled therewith for

separating off the tripropylene glycol.

30 11. The apparatus as claimed in claim 10, wherein the at least one reactor
consists of an isothermal fixed-bed reactor for carrying out the step (@), an
adiabatic fixed-bed reactor for carrying out the step (y) and a separation
apparatus for carrying out the step (p) as defined in claim 2.



