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- Cont rnuous preparation of propylene glycols 5 The present inventioﬂ Léﬂ%ﬂ%ﬂ;
to a process for the continuous preparation of propylene glycols by
reacti on of propylene with hydrogen peroxide to give prophFeh#/tdidgle with

- simul taneous or subsequent- gl ycol formation and joint work- up. The glycols
are separated fromthe product mxture by distillation, with 10 propyl ene

gl ycol and di propyl ene glycol being separited off in a dividing wall col um
having two side offtakes and tripropyl ene gl ycol bein rate ff ina
col urm which is thermally coupled with the dividing m&qa?@gﬁﬁﬁn%gﬂé
invention also relates to an apparatus for carrying out the process. 15
Propyl ene glAscoigimaily fijed ypr opyl ene gl ycols are inportant internediates, for
exanpl e, for producing pol yester and epoxy resins and al so pol yuret hane
forms. Their industrial preparation has hitherto nostly been carried out.
using a 3-stage procesCodthuonstpheparation ®f propylemyglecds oxi de i s reacted
with a stoichionetric excess of water at from 180 to 220C and a pressure of
from15 to 25-barinafirst stage—Fube—/ reactors connected-i-hr—series are
general | § used for this reaction. The propylene 1 glycols obtained are then

present in e formof a .m x risin r | 2 glycol . al.so known as
nonopr opyl e?@%??é%}t o t}“?— %eﬁ%t%,ﬁg% pé? fé%lf,gr @?%r%ﬁ@?‘%ﬁ% Pt gar81i1 %6)}% and
tripropyl energpyesl glycols Wi rphetianabl gropyletso withl d@dibgen . peTintide oxgivee i s
transferred,,.} Seg : i s LR L he
excess wat erpfbé%&?eog%‘?’é;ﬁe@%gﬁﬁt@%%%nﬂ@%ﬁégﬁ%%%ﬁ#% Ll GBLTE
to ﬁ]e r eactuporilherglyspisyare separptachifiom dhegaoduchanigiuspyhye distiffrijen withr e
distillaeg t q)rgpﬂ@mo%ry@opmﬁ Hﬁﬁ@pyleﬁ_fé(:%’j{gélnlﬁhiné Qepaife®ofOin ardivididY ®alls
carried out qléfl ng.three C%lgijmf%gﬁhl ch” are conne ;5%]3 in 30 seriges .and each
have a si de SOfYRhREVIDE AW HFiler phltakes ad irprom) epﬂi betng pyiatnd 91f in @pt ai ned
fromthe si dehahi lich Bnberfniiiyioupeisyigh theplisigat wall chbRngediRdnealismm from

whose si de. o1 ake, 0. RLORY kS 9IAS8h ke QRLE) ned The m xture from the

15 Propylene glycol and polypropylene glycols are important intermediates, for
example, for producing polyester and epoxy resins and also polyurethane forms.
Their industrial preparation has hitherto niostly 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

C 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



bottom of this second colum is passed to the third colum from whose side 1
2 JAN 2007 P.F. 53764/ Kg -2- offtake the tripropylene glycol can thpyAwﬂﬁp
- obtai'ned (U I mann's Encycl opadi e der technischen Chem e, 4th Edition,

Vol une 19, pages 425-432). The process described requires a high outlay in
ternms of apparatus and energy, 5 particularly in the proc®EsS¥tdKgn which
“the three propyl ene glycols nmentioned afe separated by-distillation, since
three columms are used. Furthernore, it requires the use of pure propyl ene

oxide as st afftik@aheRdiSlobdene ;gqydois cah fRRIIP Gk PhaihdtE(BNASENE En@}s‘@lﬂf)iidi’é‘ to
provi de an i ycols. In

roved. process r- .10 ar i t he propyl ene g
particul ar, 'an]E@dB’rl%f@E%g%G’fm‘?’ﬁ Eg‘é@@f\{’gli%m? ? PYFYS 42&&3% make it possible to
use propyl ene oxide of low purity as starting material and allow the
separation ~the pr | en | vcol s nti.oned to be.carried oyt with a
reduced out 149 ARCEEARETRRT Bmhies 4 LERop B (oo 87 WRbraE R St har this
obj ect i§ aphitievkdyliy the prooessstepi in wilicle thetthee prepyderat glpeolomentpomndydrene oxi de
in which so el . f - 3 : d with
the react; oRBIAEReY SR ke dhe CORTER 2w PRARMELR, 1ErcafOHEC, 3
preferably psepbpwd phpylagexidsrhsstariimpmgtesiab with peroxi des, for exanpl e,
hydr ogen peroxi de. The propyl ene glycols are separated off by distillation,

in a 20 dividing wall colum having twg |iquid side offtakes and a_ col um
which is tHRedsman Piegupt dbe PreseRRVENtaHh dO ravida an APRIAVES PIaeessr @ ngl v

\% _ovihdesma PiEEREHS thoprophRné ghicolRUBLISartipklen Aicpiodsss Aff thY Ry Meveaitiyao! S,
I ch conpr

i ses.,at .least the steps (1) to i), C25 (i) reacting.propyl ene
Wt hydr 6o eRONABAEGE PPHIE 155 BiATISRG Sedect lonaPordy s v RREE g Y )
re i ng t hanpraipylthe sepaxitiba ofbbhapropdicne ghicols rientioned o bataried ougwith
pr opyl ene glayg 1,|1c Oﬁﬁ?#idgehnfgp%r gxtaitu.%an fefnelt e propyl ene glycols obtained in
steps (i) ald (?I %ﬂ a preter 24 ‘enbodi me , the separation in step (iii)
is carried out by distillation in a dividing wall colum having two side

of f t akegsandya ha@! t44Ad YUt Bf)s bBject is achieved by a process in which the preparation of
propylene 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 distillaﬁon,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):
C .25 |

(i) reacting propylene with hydrogen peroxide to form propylene oxide and
propylene glycols,

(i)  reacting the propylene oxide obtained in step (i) with water to give
propylene glycols,

30 (iii) separating off the propylene 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



thermally coupled therewith, with propyl ene glycol being obtained fromthe
upper 35 side offtake of the dividing wall colum, dipropylene glycal? gl ng7
- obtai‘ned from1l 2 JAN 2007 P.F. 53764/Kg -3- - the |ower side offtake and
tripropyl ene glycol being obtained fromthe colum which is thernmally
coupled therewith. In the novel process, it is thus no | orEr33Véddssary to
~use pure propylene oxide in 5 the reacfiron with water, -but instead it is
possi ble to use the crude product, which already contains anounts of the

propyl ene gl Riveor i afffRd dnd fripeoSidien@std Wiing PHARKHEREM OkE ARIfHOM

propyl ene and.hydrogen. peroxi de. The use of the dividing wall colum in
conbi nat i on"’aﬁ 15¢ mﬁﬁgr"ﬂ‘éﬁi?‘gﬁ’@ ﬁ’ed colum can, in addition, enable

consi derabl e savings to be achieved in terns of apparatus and energy 10

con tion,c r t he .pti or_ ar in ly two col iLhstead of
t hr Zg rrgr Ig %}‘%2@2‘5’%@ p’f:%?éss gtpl %ﬁl}i%i R\l g§%$?r84eﬁéssgﬁ§gg ésg ; “Iﬁh%(’ﬁ%ﬁchﬁ%]i fpr ocess-
t hus of f 8r s thereadiiemwitl exaten phinstéad ot ishwsg awse dhe ttude prodnct, avhich The

ti . . . . : 15
Perox de 1 Lraly PRMARESERL RSOl FAFHLAT Bl R P ee. Both
si ngl e- st ag@remdenaizids ffagepippyicas gad hydrogpe paeaide. Bl rige 106 thendividiag ononi ¢

advant ages RgHIf bcthA8an ROBHDDIRDE WHHE R BESAAIBAeoupRid &1aNR!@n, hRidMdd | st age
process descrihed in, V\O@O/ 07965 provi ﬂjgseior t he %0 reaction, of propyl ene
wi th hydr og&feereoRsiderap F%YF‘FSSpF’oEWB& Ve B e ObApPRaRs apd FREIBY the

steps (ap t @ohstimiptiod)coirgAcdd BIhPPARYIrE RIcohlY Muiod@eds PetcaX bifirdetargi Ve a

m xture conprisin f(ﬁroe%éll_ca?ne 0, 't?;e ng un@gact%g h%*dro en pﬁ{‘]‘om&e C 25
((3) separ att*{gT e YUnt 88 ?@d 89@‘% Hr T8 FORPPRGHS: ROCHIS IS O 1 t i ng-
from step (a)yvariydesrcomphieddo thecprhgeds ofjthe ppier ati de whi ch has been separat ed
of f\.in stage ((3) wth propylene. 30 Accordingly, in this reaction
sequence, the reaction of propylene with hydrogen peroxide takes place in
at | east twolhst preparatipn agfdpropylengi exide iy Fpdtiemed proppirielevitls dwdrageed of f i n
step ((3} DPgleRskidtS fflsteh (R KRAGE bAd cBYPeearried out by known methods. Both

single-stage and multistage processes can be used. Owing to their 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):

(o)  reacting propylene with hydrogen peroxide to give a mixture comprising
propylene oxide and unreacted hydrogen peroxide,
C'_ 25 (B)  separating the unreacted hydrogen peroxide from the mixture resulting
from step (o), ‘
(v) reacting the hydrogen peroxide which has been separated off in stage (8)
with propylene.

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



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

het er ogeneous 35 catal yst, optionally using a solvent such as neth gf @

~ JAN 2007 P.F. 53764/ Kg -4- - The reactions in steps ((x) and (y) p éﬁ% pi
take place in tw separate reactors. Fixed-bed reactors are usual

enpl oyed for this purpose, with the reaction of step (a) B rﬁ@wﬁ%ﬁgled out
“in an isothermal reactor and the reacti8n of step (y) being carried out in
an adi abatic reactor. 5 The hydrogen peroxi de conversion in step (a) is
general ly fremm lebmﬂns 80 %icpe (89 Und gnchrtfeadbly mietgac in) twd ssparaaé)matto%% based

t 0 a h b bot h
otages can BEEpLisaBmrs ORI REIOIBy 05C BURLE: M 3rbn 37 68 5506 10
The m xt ur e (ahbaingechriied phein adilenmglereactat lapd donteaicthon bf stepalppbeing to 10%

by weight qf pro kfﬁ?acﬁ%a@ﬁr edddyt her conmponents present are, for exanple,
met hanol as so ven wat er,  unreacted propyl ene as organi c conpound and

hydr ogenS peroxi de and al so acetal dehyde and nmethyl formate. 15 The water

present in tHg R ﬁt emxmeuécﬁwefsi(gﬂlﬂ%t ?E@Q@ﬂeﬂﬁl rfﬁﬁﬁfabeﬁtss%&m)%hydrogen
peroxide with ro e and al so gecorrp Si

of th drogen peroxide.
Fur t her nor e, ang{h aéqﬁétsasmﬂ;eﬁ@geh rRgden gep Eﬁ)r Oerall g%&@r@gatbwoe@ed in
steps (a) an@ntathionWiddout De%PERY Both BEg@onal bd attievedadt & propylefi€agidewi th 20

propyl ene oxi de.to form ene glyco The gl ycol forned In this way as
by- pr oduct f? PWW?J"??PWEQ‘?%%H her with additional propyl ene oxide to give

di propyliéne gl ycol and tri propyI ene glycol. Thus, nonopropyl ene glycol,

di propy! ene gyl ang kb 05 OBY 20 JGoLyy SoRESoREh WPAd iBnpho the

propylene oxlI de ese ] can'r be separa tion
CQ t he prodeight @mwlem @nde riuathai mpmnpmwneme, fox cmnlslﬁ,rmethaméy have
I

i vel'y hisgByek! ivader, p&ir@ééed \Mg@z&ﬁ&e afll @gaﬁlb a&dzgﬁsbdna R4 c}igﬁgpogeut in a

colunn t hey are obt ai ned e propyl ene oxi et her
wi th furt herPejexide ppdal é%ﬁ%f‘éﬂé?hyge jagd methyl formate.

15
The water present in the product mixture originates from the reaction of the
hydrogen peroxide with propylene and also decomposition of the hydrogen
peroxide. Furthermore, an aqueous hydrogen peroxide solution is preferably used
in steps (o) 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

C 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
distifled 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 botioms. 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.



distilled off via the top of the colum. This propyl ene oxide has a purity
of from about 95 to 99% and is referred to as crude propyl ene oxi d‘?'l?ﬂ”ﬁhﬁ
- 1- and 2-net hoxypropanol s obtai ned as further by-products by subsequen
reaction of propylene oxide with nethanol under the reaction conditions are
also obtained in the bottons. Further by-products present Pila58Fe/Bgtt ons
are 2-hydroperoxy-|-propanol and 1-hydfoper oxy-2-propanol which are formed
by 35 addition of hydrogen peroxide on to propyl ene oxide. 1 2 JAN 2007

|P" E 5376;1/ ﬁ&eséhydroﬁ&?&? Mlbgpﬁ@qﬁ%feedbﬁo RQhuSe B ff tﬁ{]@gﬁg gf@?}éﬁgda o
i kewi se form ng propyl ene o] .. For, exa ods cribed in
10105 527. 7 ELAL 0T GEHDIEo hediods descrthe ﬁ‘?% ]que‘?g?e LR REASH WEC hod i 5
catal yti c hyeduegenad ipedterr&d teduotien @ethod ineindlyidd hidieggatdesss of the present

i nvention, the propylene glycol obtained as by-product in step (i) is

accordingly fornmed by reduction of 2-hydroperoxy-I|-propanol and

1- hydr opér oxy-ode pndmdohent Tofethe preceshef dfeopreseat smeation,the prdyyenseglyod

propyl ene gl .ng., 1 as - 40P i,n it k.on . he r-eaction
of propyl ene()\¥sg3>%!16 eea\'%/i P%E)\%ac{%?.lﬁFS@%tH lgué%gglgéglgf fcﬁ%&?h‘e)? ?etedg% (lihor?,rf it is
extrenel y adveyireppoxislimppanebaed hdgdropetopyiZeproagnli de to be able to be used
in the process of the present invention wthout further purification. 15
The crude propyl ene oxide is then reacted with water to give a m xture of
propyl ene gl\hes 1 thagforg asseonshpessivlawon ot apwslieare glysel being fagned as B&i ng t he

process jdes GrbdiRdid aditién R thOkeadfién aﬂﬂoFﬁend@ﬂaémve@adi tions and reactors
indicated therein. However, all possible processes for the catalytic

addition of water on to 20 propyl ene oxide can al so be enpl oyed, for -
ex | e, theFarehé @adrmess of fedhdr redfiond 8/ i8 HiBdmelfhadvantageoysr fopytheeadexi de i s

preterably r L& ichi o rle. e e f.r 180 to
220C and a ?@&slgr?ee%%lﬁi Qt%eﬁ% gh%eiof frs%t‘nﬁséé lrf)é}?ezé%gggrs, 0%6 {ngérit nllsl?éz;ﬂrtl%’g in a
t ube react orwithout fyéher puufiodiwnconnected in series. The propyl ene

15
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 stoichiometric excess of
water at from 180 to 220°C and a pressure in the range from 15 to 25 bar, for

C’; 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 Iess than 1 hour and particularly preferably about half an hour.



glycols formed are then present in the formof a m xture consisting
essentially of propylene glycol, dipropylene glycol, tripropylene gi2youl 207
and pol ypropyl ene glycols. 30 In one enbodi nent of the process of the
present invention, propylene oxide is therefore reacted with water at from
180 to 220C and a pressure of from15 to 25 bar in step (F-F)3371&g esi dence
" times in the reactor or reactors dependﬁessentially on the desired 35
conversions. They are generally less than 5 hours, preferably I ess than 3
hours, nor @hphakrradbiyinke &ssiep i) i$ phdembinchnpterdet cah dewyteting hppaaiihy about

hal f an hour, _1. Al P..F. / -6- q.T L Xt UL e tain in ste
(1) 1a profwhidhyme PufaR Sk S sopat e ofitar mptishBE Thatetich, TWARE e = °P
excess wat ecan besepaned dal thé freaation Wﬂhtthstmgleylmﬁa_pmidat iAsnapphkdtesesdoer can
be returned dE\Qatteﬁﬁ%gfg gIE ltjdlogélltﬂg" thugeh@on%ﬂ?aﬂa% txglﬁfsx?:? FPI%.?Q@QH%@%H Sgs for

dewatering, It 1S po to use conventiona ) atron colums in which
the 5 wader Waterds dtstiflpd @tioyin the o dfer topbeiding frastiom othe glycdlrmaieduregan The

gl ycol m xt W @ofAlH atife bo@bi R diAthe ke ORI QNsREh Miparaikigs si de of ftake of
such apparatuses. In a preferred enbodi mrent of the process of the present

I nvention, the water is accordingly renmoved fromthe m xture obtained in
step (ii) bed argrefdedpsmpodigBg: ofl theghryCek Hfahe pidpa mivestiod fihd wasdrap (i111).
The m xture obtg.i negd in ta det ter.itgl?e Sltétef Br.ef{sriﬁg) has .a residual water
content of FEESERAITTEYP gﬁc\’ﬁﬁi e oPRAmEd it Step 196 0% BrOPKERS ppar at us
i N whi chot helycolsapy bgraeated yffah step(igi)t o be separated off. 15 The glycols
obtained in step (i) and step (ii) are then separated off in step (iii).
Here, the glycol mxture which has been obtained and separated off as -
segondary lihelmixiwie eblgprediil theadewidssing staadprefseabdy hissa weidpaleaeneantent he

gl ycol  m xt yrqeQhthi B4 by QB BiGoread Gahdterrsd &P iR Nthphffud #OwAIE @estilled
together to separate off "the 20 i1ndividual glycols. Before the glycol

mi xtures fr HOEHES glysolysg tabegenaratsd afe conbined, the met hoxypropanol s and
t he sol ygnt, nanely, nethanol, present in the mxture from -

The glycols obtained in step (i) and step (ii) are then separated off in step (iii).

Here, the glycol mixture which has been obtained 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.
C_ 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



step (i) are preferably separated off. C25 According to the present

I nvention, a feed stream conprising the glycol mxture is then fed1 7 JAN 007
- continuously into a dividing wall colum. According to the present

i nvention, use is nmade of a dividing wall columm having two_side offtakes
which are located one above the other gnd a col um which PE. phirHiae| v

- coupled therewith 30 and into which a Streamfromthe l'ower region of the
dividing wall colum is fed. The thermally coupled columm is a conventi onal
rectificati ovlk@hese vithe bast-sameq eomteationl typeutf calunaps) havesver, theritiedt
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35 Divi di nown esent a
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pr oduct s 5t akBePBtiensel lowe @11@&%@@@@&%@% shevldibecsshppiedatf visthe fon. n t he
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stripping s n_ of . the ch,are usu n o aseous
PormPing & fife B of R TR L R Rttt SR plod S Bimibdh 87 Thn® s
of convdbti onal side offtake col ums |s therefore restricted to cases in

whi ch cont angyat @ddlﬁldfh% &?ﬂ%ﬁ{sﬂea &n e&éﬁql SBIuRE the ;&a}éﬂﬁg a%nﬂh‘é'm‘.i’ g wal l

| s installed in suc ion actl gr oved and 4t
c(fmes pos sipreveigndds wowéagm@ef@%mﬂws tﬁbe iakepel én pwierform, Adi vi di ng

i's i nst@liagth Wil Rmsﬁn&ﬂ hﬁtheeﬁﬁeela @g@ﬂ%béwaﬁkﬁb&%ttﬁé féee%lﬂ%at and
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this part of the column. This reduces the total number of distillation columns

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 seperation 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 p-hexane, n-heptane and n-octane (EP 0 122 367),

C_ 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%,



required in the fractionation of nulticonponent m xtures whose conponents
have simlar boiling points. 20 This type of colum has been used, f?UAN 2007
exanple, for the separation of an initial mxture of the conponents

met hane, ethane, propane and butane (US 2,471,134), for the separation of a
m xture of benzene, toluene and xyl ene US 4, 230, 533), forP.Ft33¢64&gar ati on
of a m xture of n-hexane, "n-heptane and®n-octane (EP 0 122 367), 25 for the
separation of azeotropically boiling mxtures (EP 0 133 510) and for
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pref erabl y BEderpblyfrom g tgé@% n Qacy/se&ﬁez@me totalmunshey of thegretigal Pla‘ierﬁ)%lb
preferably fHeQ#lddnto 30% the stripping section 3 of the offtake part
preferably has from5 to 50% nore preferably from 15 to 30% the enrichment
section 5 of the offtake part preferably has from5 to 50% nore preferably
from 1510t 0 TBO ¥umt dsfethbmnmbeccﬂﬁiameailcabgiams 116 tlwef retgl'[tﬁlsimfnhcbw ianhk afffosake part
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pr ef-erably héthcfmmrbeBOE theb@Ugcalipdates mph@fegmbI3y5fandﬂm151etqfft3b@/part n each case
of Mt he total nunber of theoretical plates in the colum. 10 The sum of the
nunber of theoretical d?;l ates in the I’%?I ons and 4 in the inflow_ part is

pref erabl y firisdikgwisedyaniageqys dar thede H%lmpzf%ﬂdrﬁhgélqed)fﬁ!@]@%ff@ﬁw jel sum ¢

of t he m51 nbege @cdmp@rﬁd@pd} aR} Akestd vt atrfh%]gé&ﬁlﬂ Afteredt hégﬁt@q!u thelcoldnye of f t ake
part. s |ikew Sten advant agequs for ed_n?m nt an% I he fs %‘f of f t akes
from V\/m ch relative to the position e theoret1c plates e feed point Z is preferably

located at a position which is from 1 to 8, more preferably from 3 to 5, theoretical

plates above or below the side offtakes.

20 The dividing wall column used in the process of the present invention is 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

C_- 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



15 the glycols PG and DPG are taken to be arranged at different heights in
the colum relative to the position of the theoretical plates. Thefeesh 2007
oint Zis preferably located at a position which is froml1l to 8, nore
preferably from3 to 5, theoretical plates above or bel ow t he side

of ft akes. 20 The dividing wall col um uged in the process bf 3 ¥é4f®sent
“invention is preferably configured as™éd packed col um contai ni ng random
packi ng or ordered packing or as a tray colum. For exanple, it is possible
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regulation is set so that the anount of liquid introduced into the
enrichment section cannot drop bel ow 30% of the normal value. It has been -
oiq;rd t hat dgreacytoclash dreredquisiissrhasnto be easeigdoby meassnleapnrepriate
tuati ongedulatidnBesd@yINt or concentration of the feed. 5 It is Iikew se
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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

Ci 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



Adherence to these prerequisites has to be ensured by means of appropriate
regul ati on nmet hods. 15 Regul ati on nechani sns for the operation of d ﬂwmﬂ?
wal | * col ums have been described, for exanple, in Chem Eng. Technol

(1987) 92-98, Chem -1ng. - Technol. 61 (1989) No. 1, 16-25, Gas_Separation’
and Purification 4 (1990) 109- 114, Process Engineering ZIP(EL $G364 /%8

Trans | ChenE 72 (1994) Part A 639- 64410chenical Engineering 7 (1997)
72-76). The regul ati on nechani sns described 20 in this prior art can al so be
enpl oyed f owalb8 sapipdtitiedratio of hiee lpquid Bswimyf tottheinflossent to thavéoingmo thehe
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of ft ake par ec'%i%e{)referably from0.1 to 1.0, nore preferably. fromO0.3 to O.6.

In this net "he down flowing liquid is preferably collected in a -
reﬁi ver which 5 is located in or outside the colum and from which the
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In the abovementioned regulation principle, a 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 produét 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,

C 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 200 mbar. Accordingly, the
heating power of the vaporizer at the bottom of the column is selected to maintain

35  this pressure range.



receiver. The vapor streamat the lower end of the dividing wall 8 is set by
sel ection and/or dinensioning of the separation internals and/or N 2007
i nstal lation of pressure-reducing 15 devices, for exanple, orifice p%%\ g
so that the ratio of the vapor streamin the i nflow part to that in the

of ftake part is preferably fromO0.8 to 112 preferably fromf-H¥OHRke1. 1. In
t he abovenenti oned regul ati on pri nci pl 91 a tenperature regul ati on device
which 20 utilizes the quantity taken off at the bottom as regul ating

par anet er i $qdeoticde grassure tdvaditionsrthe didbillagoh sewperatnrebisathen hve theotangs. The
bot t om pr 0dyh, 85t 304, BA G hodbh ISP LEMRGLALURE sOMML, The
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provi ded fo he qu take e upper side offtake.
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P.F. 53764/ Kg. mllalig Weaels thd&ge gssure conditions, the distillation
tenperature Is coupll gt he range(ﬁf’arom 50 to 200C, preferabl y from80 to -

180Q€, neasured at the side offtakes. To be able to operate the dividing wall
colum in a THcQHWs@nfdeEe H@tﬂﬂ@fomﬁé"@owﬁ ﬁ@?@ﬁﬁ@ﬁﬁm@g‘?&ubﬁgtﬂf%é efftagCchani sms
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part is 1pr efgfiakd yart i0s0t8G Mmeadsléi% re¢gatation device so that the quantity of liquid
flowing into the enrichment section cannot drop below 30% of the normal value.

For example, 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
C 25  of the column.

In the separation of multicomponent mixtures into low-boiling, intermediate-
boiling and high-boiling fractions, there are usually 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



preferably from90 to 100% of the sumof the nunber of theoretical plates

in the 10 enrichnment section 3 and stripping section 5 in the offtahqm{mw
and the region of thermal coupling 7 of the side offtakes. The division o
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The concentration of low and high boilers in the intermediate-boiling fraction can
20 be determined by customary analytical methods. For example, infrared
spectroscopy can be used for detection, with the compoﬁnds présent 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 analyzed 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. '



and when the concentration of key conponents is lower, less liquidis
introduced into the inflow part. Accordingly, the specification foq%égﬁgh@w
boilers LS in the internediate-boiling 10 fraction is regul ated by

the heating power. Here, the heating power in the vaporizer Vis set so
that the concentration of key conponents for the | ow boil ikil§ 5376&4&g on in
the liquid at the | ower end of the divildi-ng wall 8 anpbunts to from10 to

80% by wei ght, preferably from30 to 50% by weight, of the value which is to

be achi evedcidtdidgeroPing §entt Eiﬁ%tl@flf eldrgd RE istt@iRiced RUS thel BRidISRtWANY POVer
is set so that 15 when t concentr on of k1 g gPX one

| ow boi | i ngSHFRARYFREGTS ¢ %@POHZ% apaTiang ngenfia%(ggeacur%ﬂld when

t he concent fhat lodRr @égik@wqumm@m‘gs\wﬂt colubth hovithgi dfl thg dohasi iviich & | ower,

t he heati ngg{)omgﬁ IS ﬁ%gﬁced The concentration of |ow and high boilers in
the int er meCERELLEMPISHFERUP on can 20 be determined by customary

anal yti cal nethods. For exanple, infrared spectroscopy can be used for

dot oot on Y ) SOm SO RALRAS R SpL tﬁg}?@ﬁsn{)g@s&' P o Kk UG e

identified means o I'r chardcteri’s tTons. €S€ neasurenents
can be carr V@dthodﬁp oA the paduninrai gt pxesguse toﬁ@r‘ifgﬂabl‘m ooy 600 m‘pirrem@r@ence is

given 1O UShRge Ry SHLOIRGOB0ANIbS, HRE N0 Hinpel duleNbS pfefcfoly SR 1R0;2S ng

facilities n provi ded e omer

er

wal | . Li qui 400 %%@@w@raébfnm@s ?@atﬁf G- Bés thercondgmsed dhilierreadensst or - at

intervalg, K amwhi® theQlrdam Mdipaipdtenstlyddd DIRG el BeCudel &is codPROBhd | ONS.

The appropriate re uI ati.o fms can then%tgazlact ted as a function

of the conpf¥ TPPYfe %HSB’??F‘E@? V\?b edipd pyFiGe ‘?ﬂSt @ present invention
0 provide the i nt ernedi ate boilers propyl ene gl ycol PG and di propyl ene

gI col DPG 0 fer a 5% nore

preferably gllg)r eﬁ[cg%avi%n B@ﬁ/ggﬁc’l%?ﬁ thIhgg r| SI rXPﬁ Eﬁél profﬁgv%é%l ycol

TPG i s t hencomdesse dutong teccidated dogetlss with thhéotﬂoms diongthedldrmedy aomplethd passed

to a di 5' ! 'c@l"u\I 2%501‘?&&8@&%?%& Hf%‘?dx@@'v&a}ﬂc R'ﬁﬁkn\!“thgy Efenfling gi ng wal |

col umm. 53764/ Kg . - ccor pr esent [ nvent| on,

energy i s i ke it ag ]l}glbbPH@TSdHSNé}l he WOFHS @Gllnu eups Avd pAssedhdoy apori zer
V. Vapor andximgld] ¢ enxcehbaas. Exanthlds OF SethSbttbm products are polypropylene

glycols.

20  The thermally coupled column in which the tripropylene glycol is separated off can
likewise be configured as a packed column containing r'andom‘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

C 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



the lower region of the dividing wall colum and thus of the colum which is
thermally coupled therewith. 5 In the thermally coupled colum, the1 007
tripropyl ene glycol TPG can be distilled off wvia the top of the CMI%AP%& a
pressure of preferably from5 to 500 nbar, nore preferably from10 to 200
nmbar, and a tenperature of preferably from 100 to 200C, mbF&3ybéfkg ably
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For exanple, it is possible to use sheet netal or nmesh packing having a

speci fic sunf ﬁ&%&!%ﬁir@éenfﬂe%ﬂié@ﬁ b1k DR Eh %neﬂ*t%ff@fr@ﬁ%}dﬁyiéng@xi&bom 250
to 750 nR/ .as ordered

acki ng, Such packjin rovides a high 2
separation &S @Fehefercy --%ms#etmoaﬂpg%mfisg’éﬁﬂ)eaﬂf @5 pﬁ@%yl%%a%%ﬁ? cal
plate. The aHcthladf ylehe continuous preparation of propylene oxide with
the preparation of the propylene glycols, which is |ikew se carried out
continuously, helps make the continuous process of the present invention-
extaor di narfihkcradivianpgenasidé ®O(BPisi the passediko theezonE @t whire ipisrpaged of t he
présent inv j ' t j I} 1ii) of
the pr ocess%‘mH \?ﬁtgr gosgfsd gﬁ#&?ﬂ%eng ?%%E'QEI ezotélgﬁ? iﬂgetzl%g%{ i %Plr?ﬁ'Hl grr?ggglse%y. A
backwar d- i ntead can egipplatedde tha weetiangwith prongylawyixédeePOC) th fymppiopylgadl for t he

35 cont ilguogycg[s_epar ation of propyl ene glycol, dipropylene glycol and
tripropylené ™ glycol. Since the purification by distillation of the
propyl ene oxide and the 1 2 JAN 7007 P.F. 53764/ Kg

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,
C' 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 “Ullmann’s Encyclopedia of Industrial
Chemistry”, 5th Edition, Volume 13, pages 447 to 456.

35



-14- - distillation in three colums described in the prior art are

di spensed with, a conparative saving in energy costs of about 30% mn lﬁel 0
achi-eved together with a reduced layout in terns of apparatus. 5 T JAN'ZS
process of the present invention will be outlined once nore with the aid of
the figure. In zone A hydrogen peroxide is reacted wthRFd¥béle P to

f orm propyl ene oxide. Thi-s gives, aftdb-work-up, crude propylene oxide
PQ(1) and the propylene glycols 10 G as secondary yield. The crude

propyl ene oxiid&xBsd keohdeit dMdGRSRhyiR del DerdXide &y WhiRetidd sulfriceRi ed Wi th
water to give pr%{%l en ch%eg. In_zone D the water is renoved fromthese
and can recHHe pesRodispiuRf @kl 8% 1angRicuP T At Fjihe HEbRNGAYS pyelytianook or m

propyl ene hhggscal the ddifodet Fydroipdls af nied péroaodiseingidadis tea@badesiav th the
secondary yield of gOﬁ%U endet(%,% ols G and fed into.the. di jﬂi.nghwall
Sol um vi &’ PREPROIPIRE 10 Bakiioed, dedmiecindolitiy o BBPRd T ycol oPG
are sepas at estowdred.i n the dividing 20 wall colum and triproyl ene glycol TPG
is separated off in the colum which is thermally coupled therewith. It is
al so possible to branch off a substream fromthe product stream PQ(1) and
process it [tis ebeu® alsp possblpigrpepre bydregen potpide Pofthe whingtscan, f or
exanple, C 25 have a purity of nore than 99.9% "Chem cal grade" propyl ene
can be used for theafprocess of the present invention. Such propylene

Q

contai ns pr égsabeaisdonthe prepastinfect BrOPBlent opidepy isprelareply popale 1 gse f r om
about 97p: 3gIitElvats which SSingleRINWHEA88R pRElQUissdB e URE draftBiy hi@rikI8AGEd ON 1S
preferably in the formof an uequs hydyrogen peroxide solution. It can be
Pt cpar od, 1 B Qe Byt dDUGRRIES 6 SRR YRR o JeBb e Hibor | bed
i n ~U | mannakobsisypietepaiy dowér hlodhsis,rmate prefeeatls taiopholsHakingdictd dan 6/0l une
13\ pages 4%&?}:&8 al%élgs, §0§ éxzanfﬁ‘é\,' J%th%noll,a'elt:hangﬁ7p6ré£)a'§%13, butanols, pentanols,
diols or polyols, preferably those having less than 6 carbon atoms; ethers such as
15  diethyl ether, tetrahydrofuran, dioxane, 1,2-diethoxyethane, 2-methoxyethanol;
esters such as methyl acetate or butyrolactone; amides such as dimethylformamide,
dimethylacetamide, 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.

C 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, AEL, AFEL, AEN, AET, AFG, AF], 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, CFI, CGF, CGS, CHA,
CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMT,



-15- It is likew se conceivable to obtain hydrogen peroxi de by converting
sulfuric acid into peroxodisulfuric acid by anodic oxidation with

si nutt aneous evol ution of hydrogen at the cathode. Hydrolysis of tAd JAN 2007
peroxodi sul furic acid then | eads via peroxononosul furic acid to hydrogen
peroxide and sulfuric acid, .which is thus S recovered. |tP.Fs5¥f64d0girse al so
possi bl e to prepare hydrogen peroxide f¥om the el enents: As solvents for the
preparation of propylene oxide, it is preferably possible to use 10 al

sol vents whipgph gRIMESY SEYOOFAY, #Eqascﬁxspwhyadjcﬁ@wemmqsvt L] mwrrat erials

veber: et o3 LR L, P O L SR St ALV, YR oy 2 g

| ess than 6 MER[ MFI, MESyMON)'MORaE©, MER, T, METHhMTON, MWIPANAITS,

oo bon 51 onESTRbR, o St YaRSPARL TRl AEY, AROSRIRRHLRS hpasc0o ©

1, 2- di et BoxFAOZSWT, TBEESBBXYBTHSFB) SCT, eS(BB; STE.ET, 85 TydiER THOSTaNe or
but yrol act oRgie af-4eSHURANASY TR %(r)ﬁ gﬁ*ﬁ&%ﬂea&ett@%&@d

N-net hyl pyrro |done Ket ones' such as’ace dne es such
acetoni tri| strugures seipesingwh cignete r@éﬁhwaboggmb@tm@é Stractﬂ}:ﬁﬂaFlﬂrﬁlel‘more

cycl oal | phatiaCondh ATRLEAEYBRARANDING., 857 AHNES, BT YOCAE Bpre of the

abovenenti one Preference’i$ given to uding alco oI s. The use
of net hanol &4~ %8%@ aresalpe eenceiyable) for uﬁﬁrléﬁ]é‘%?féaess of ﬂf@a)r%enwtvamw s for

the prepar atfwRihed titHiRbEAMIAX izd6lited MHieH BMFEbE @itiveed bR Uis®®f thbose
whi ch conpri 348 or@ﬁ ﬁXl dic-material, e.g. a zeolite. The catal ysts used
preferably c@ﬂ e?ﬁ‘iuﬁtr‘r'f germanium, tellurium, vanadium, -

chr um, niobium or zirconiumcontaining zeolite. 30 Specific rrenti on

ey be MRl il AR B AEETBNIT e TELMIS YTy IS WL SRR, O

ni obi um and zitconl untcon nin avl n

structure, iaf apeMFI/MBIamixddémybefs Weiny phrticalar b@qumegﬂ g!dfcn to the specific

X-ray- cryst %tﬁlﬁ%%‘tfﬁﬁhkyzeoﬁfé Eﬁﬁyﬁ@\/éém@t?%e Ngﬁ{eral@ﬂ'cfeﬁgd\lto AEETARG AR,
AFN, AFO, AFR,_ AFS AFT, AFX, AFY APD,  AST, AIN, ’ATO,

ATS ATT. ATUS-Z5 “Ane” andhelspeli Z@W@S IB@&g BFEF#meerFQEk stEnsfuraCsemogpous CoF,
OGS, CHA,  Gilth pGeiteCON, CZP, DAC, DDR DFO, DFT, DCH, DON, EAB, EDI, EM,

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 (o) 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

C 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 concentrafion of propylene and hydrogen peroxide in the feed stream is

30  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.

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



12JAN2007 P.F. 53764/ Kg -16- - EPI, ERI, ESV, EUO, FAU, FER dS, GVE, GO0
HEU, IFR, 1SV, W, JBW KFI, LAU, LEV, LIO LGS, LOV, LTA, LTL, LTN JMAZGO?
MEI - MEL, MEP, MER, MFI, MFS, MON, MOR, MSO, MIF, MIN, MIT, MIW MAN NAT,
NES, NON, OFF, OSlI, PAR, PAU, PH, RHO, RON, RSN, RTE, RTH, RUT, 5 SAOQ SAT,
SBE, SBS, SBT, SFF, SGI, SOD, STF, STI, STT, TER THO TORF.53BE/K¥ET, VFI,
VNI, VSV, WE, WEN, YUG ZON structureldr to mxed structures conprising
two or nore of the abovenentioned structures. Furthernore,

titani um copual, NirB@raep| lefeshdna i Agushendrd Qréfersbdy-Réds a1l hobdTlnd, CIT-1
or CIT-5 structure %{e%hills% %?ln]&ei \ngle for use In the process of the
present i nPBHIGUGHYY B ¥ AR P ARPGHY cont ai ni ng zeol i tes which may be
mentioned are those of the ZSM 48 or ZSM 12 structure. Particul ar

preference 45 _gj ' | - |t ' ructure or
B NF e 18 RESpEE T iRyl SRk Syt th 10 Bolid Rl piby €L 1
speci fi § IBeparation efpropylend nkidg, i dédbossible &n alnplydshameatindsrdsseréwdrial | y
referred tgRY01 §53277. "TS-2", "TS-3" and also Ti zeolites having a

framewor k structure isonorphous wth (3-zeolite. The use of a heterogeneous

catal yst conprising the titaniumcontaining silicalite 20 TS-1is very
?ﬂvant agef)%r |eﬂgn%§!é@ﬁiosgh&lﬁs(’(lﬂzcéd Un@ P QAL Lh[sﬁ ph@§phbﬂ%f Rﬁ@lﬂgfigé,l igogf
e propylene oxide, in ste a)..an is in the range fror 0 :
br o ot abl y THRSPHESS (6 drip RS MBS A GO HRS), SEHBREBIAI OF 8 1 ange
from 2Q0t o A0Cor Sdtkurp hepaphesphtteicah bEug&d. prevail range from1l to 100 bar,
preferably from1l to 40 bar, nore preferably from 1 to 30.bar. Preference

is given to working at pressures under which no gas phase is present. The
cogze nt r at i Rerluefiop usipg | suher(@) domponodsesicpeasoxyiddegannsul fide bredtssthemafn is 30
ge

rally s e t g I fati.n. 4 | 3y e from
0.7 to 20, iﬁ@ %?léﬁ?%f?%h% ﬁ%ﬁ?ﬁe@%@%ﬂeﬁ%ﬁm@?@%ﬁ% st R5eti0r
preferably § hed Sog1igie Lhig CRIYSIng SA!

1.0 to 1k 6. gridutstAfs, ROGRA BREHIGR S thRueAVS-8RRIe fXAI88 podsitfe.r €si dence times in

the reactor or reactors
Further reducing agents are nitrites, for example, sodium nitrite or isoamyl nitrite.
o-Hydroxycarbonyl compounds such as hydroxyacetone, dihydroyactone,
2-hydroxycylopentanone (glutaroin), 2-hydroxycyclohexanone (adipoin), glucose
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 o-hydroperoxy alcohols are preferably

C 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 Ib 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.

(B hcampqwads seal agrsulfiraup ecidange from



35 depend essentially on the desired conversions. In general, they are |ess

than 5 1 2 JAN 2007 P.F. 53764/ Kg -17- hours, preferably |ess than B)fpoms,
nore preferably less than 1 hour and particularly preferably about half an

hour. To reduce the hydroperoxy al cohols present in the pgﬁg%ﬁ 6 pxture from
the 5 preparation of propylene oxide, Pt is possible to 5 % met hods

described in DE 10105 527.7. For exanpl’e, phosphorus(1l1) conpounds such as
phosphorus trichloride, phosphines (e.g. triphenyl phosphine,

tri but yl phoEkhpresynt ipyeniiondheher previdenan ppraratys fayagarmying owWgeQnnuous

hyphophosph?goeesg,afbrbgre ﬁﬁﬁi% {repedd Qycesl BEmPHAhET 41! le)astC%H@Q'é@&& goch as
hydr ogen sul fide or sasﬁts r'eof sodiump o% sul fi de t hyl sul fide,

t et r ahydr ot Hi°BifHtn BTS8P W‘fh‘f @é?%ﬁlpﬁle reagior 19k reseting § %H{qm%lﬂxﬁ e or

usi ng sul f uiith \QvaRe ngp OfeREhS ﬁip@'lbnas 1§e0l6,us0 Uistohel deixﬁtam@ pargad ttss  sodi um

bi sulfite or_thi ourea-S-oxi al so oss uci,.n nts are
nitrites fdF" ag W tgapmr{grprpgy pe gb(?ﬁﬁﬁn ?qs é’ne Vlﬂ?gr%zgccar bonyl
corrpounds scudhmas hhyldgonycacadmrtﬁftakbshymtr cymcitine off Zrbyvlemx ygiydobpent anone

(gl utaroi n) r.0 l.ohe ( o] 0 reduci ng
sugars are a]Ip cﬁ}g ul téﬁ@ﬂf aﬁﬁ %3&‘?\?@ s‘g’giﬁﬁais? ahs?(r:rg% &)ﬁgﬁg ﬁlra:Eje"%ﬂp%é]hnd

whi ch cont asepatatipgoshithn yuprogelanbglydol. f or exanpl e, sodi um borohydr| de or

sodi um cyanobor ohydride, can |ikew se be used. However, the product m xtures
conpri sing a-hydroperoxy alcohols are preferably C 25 reduced by neans of

cat al yt 1@ nimip pgeicatarnbreisried embndigen, ofjhe @ﬁp%rawswé the, proseRf inyeRtionn a
honbgeneousiiRrat MekL6RILASIOH Soldias 6f anl ﬁathlaﬁﬂﬂmaadeuqeact@lafoabyﬁym @efpri ses

at | east ong active, netal sjtio dIb of ~
e Peri od BT Loyt AdaptBxEDSL iRty HoR aRay sttty e tds 6 A ur e o
two—-or  nor sepatutioaapparktus fexenpligy oysahd step (Bn (Pd), pl ati num (Pt), rhodi um
(Rh), 30 ruthenium (Ru), iridium(lr), osmum(GCs), iron (Fe), cobalt (Co),
nickel -(Ni) and copper (Cu), preferably Pd, Pt, Rh, Ru and Ir, particularly
pref erabfy PHe reagtiohe of psegylerhwith lwdt(meyslesomémlmélmﬁeps G dnst (4 rrgowder
formor as Q%’e@soﬁaﬁle i l%cﬁﬁéﬂn\s? BRGS andTiRE SAMRAc RalbY SReshielyng foils,

wi res, nmeshes, granules an
Unreacted hydrogen peroxide from step (o) is separated off in step (B) in the

separation apparatus and is reacted once again with propylene in step {y).



crystallized powders produced fromat |east one active netal or a m xture of
two or 35 nore thereof. It is also possible to use active netal oxi q@sjaNfnr
exanpl e, as suspensions of at |east one active netal or a mxture of two or
nore thereof. 1 2 JAN 2007 P.F. 53764/ Kg -18- The pr esenl; |§:¥ﬁﬁ} on further
provides an apparatus for carrying outy@ continuous pr‘oce'gs I%gepari ng
propyl ene glycols conprising at |east One reactor for preparing propyl ene
oxi de, at |l east one reactor for reacting the propylene oxide wth water to
f or m pr opy Lési&f gifgieneenugeralsdgsthedigargienat eri ng apparatus for 5 dewatering
t he wat er-contai ning propyl ene glycols and at |east one dividing wall
col um having two sjide offtakes f separatin ff propyl epe gl ycol and
di propyl end gl ycol &ravmed SP&iRM ‘\%ﬁﬁweffog" ?%%P%ﬁ?‘?ﬁﬂg‘o‘?ﬁ%@dﬂ‘(lﬂg@e h for
separating off the dolappnopyl ene glycol. 10 In a particularly preferred
enbodi nent ,of the anat us _of. th r.esent invention, the at |east one
react or cor%sists o?ﬁ)]grc}%n%egfﬁeecpﬂélc’?ﬁ%ig@g‘géﬂﬂreactor for carrying out the
step (a), &n adi aba$trippiigsectidpeaf theafftabe paor carrying out the step (y) and a
separation ar at ; j te R). 15 The reactions of

b R hyar SueRne Bt SO o 2P L)Y

propyl ene wi th hydroge OXI | teps (a) and (y) are carried out
in the isothhernal réechorens peetionof thei offakd part eact or, respectivel y.

Unreacted fydrogen @ghBiledSedib®ot Mk Sldwhnd SfragPBhAt d off in step (1i) in
the separation apparatus_and is reacted once again with propylene in step
(y): 1 2 JAN 2007 k@?nsé%mlﬂgcwﬂ%ng Li st of reference nunmerals for the
figure 1 Cgrbi ned I’Bgii@llﬁg&fallt he i nfl ow and of ftake part of-the dividing wall
colum 2 Enrichnment section of the inflow part 3 Stripping section of the

of ftake part 4 Stripping section of the inflow part 5 Enrichnment section of
t he—of f t akeP part 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
C_ TPG Triproylene glycol
HS High boilers
K Condenser
v 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,



6 Conbined region of the inflow and offtake part 7 Region of thernal
‘coupling 8 Dividing wall P Propyl ene A Zone in which propyl ene oxi dﬁzi AN 7007
prepared PQ(1) Crude propyl ene oxide B-%rk-up zone for propyl ene o |(Je
PQ(2) Purified propyl ene oxide G Propyl ene glycols as secondary yield C Zone
i n whieh propyl ene oxide is reacted with water D Dewatering zone for the
propyl ene glycols Z Feed point LS Low boilers PG Propylene glycol DPG

Di propyl ene glycol C TPG Tri proylene glycol HS H gh boilers K Condenser V
Vaporizer d Vapor f Liquid Horizontal and diagonal or indicated di agonal
lines in th lize 5 packing made up of r ' el enent s
or ordered %éqﬁ‘ﬁgﬂé\?&%%%{%gﬂa%ﬁbe present in the col urﬁbﬁz&g Plg 007 BASF
Akt i engesel | schaft Decenber 28, 2004 B02/0267PC | B/ AT gai ns as enclosed to

1PER 5 1. A process for the continuous preparation of propylene glycols,
which conprises the steps (i) to (iii): (i) reacting propylene with
hydrogen peiQiXintieas éhcliséd t& IPER! Ur e

5
1. A process for the continuous preparation of propylene glycols, which
comprises the steps (i) to (iii):
(i) reacting propylene with hydrogen peroxide to give a mixture
10 comprising propylene oxide, and monopropylene glycol, dipropylene -
(h glycol and tripropylene glycol as by-products, wherein from this

mixture, a mixture comprising monopropylene glycol, dipropylene
glycol and tripropylene glycol is separated via the bottoms and crude
propylene oxide is separated via the top in a distillation column;

15 (i) reacting the crude propylene oxide obtained in step (i) with water to
give a mixture comprising monopropylene glycol, dipropylene glycol
and tripropylene glycol;

(iii) combining the propylene glycol mixtures obtained in steps (i) and (ii)
and separating off the respective propylene glycols by distillation,

20 ,

wherein in (i), an aqueous hydrogen peroxide solution is used and wherein
water is removed from the mixture obtained in (if) prior to combination and
separation in step (iii).

25 2. The process as claimed in claim 1, wherein the reaction of propylene with
hydrogen peroxide in step (i) comprises at least the steps (o) to (y):

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



10 conprising propyl ene oxide, and nonopropyl ene glycol, dipropylene glycol
~and trlpropylene gl ycol as by-products, wherein fromthis rrixture,1a=ZMNm[]7
m xt ure conprisi ng nonopr opyl ene gl ycol - 28i-propyl ene gl ycol and
tripropylene glycol is separated via the bottons and crude propyl ene oxide
is separated via the top in a distillation colum; 15 (ii) reacting the
crude propyl ene oxide obtained in step (i) with water to give a mxture
conpri si ng nmonopropyl ene gl ycol, dipropylene glycol and tripropylene

glycol; (iii,) copgbining the pro ene,glyco xt.ur es obt |ned in steps (1)
o Gy arth sendp arpress oy Beed Ui Teon, B SR BPp iR st ¥
distillation, 20ohtared as itry-priofluctam a;tppecﬁu)sbytwldmgmn pﬁrib]xydiepesok)uﬂi on is
used and wher ei n r m xture obtained in (ii) prior
to conbi nation aﬁ’cfyiﬁéglp%frzltﬁ%&m#{&gxi Qﬁéﬂa . 25 2. The process as cl ai ned
in claim1, wherein the reaction of propylene with hydrogen peroxide in

step (1)5CORPri Sgeah Jot@sesats LBfn &t §PEnY BF dfndsY] to(sa)wﬁ@reﬁlt iR Gt 9;/' ene
W th hydrogen per oxide tg@&lve a mxture conprisi n? propyl ene x e and

unr eact ed hydr og@PRYENS3ads isFeacteq With dyaierati anigmprEatyrs od Arme dS¢,

peroxi de from t heCrindtaliresstRSoflfidmas b poBuSt ep (a), (y) reacting the
hydrogen peroxi de which has been separated off in stage ((3) with

propyl ene. -21- 1 2 JAN 2007 3. The process as clainmed in claim1 or 2,

wher ei n progyl enertglgtcaiss ias chihed ixednyasf biyingy ddolell wiheredd ez f{eip}trahyn ieducti on

of 2-hydpoper oxy- er o ; T , Process
ﬂé din an )f egf(%l llg% %eg gb& dmmﬂat?(pn % Hlvﬂl?%%?%% umi hav1

as cl ai lﬂ)%/ ehe oxi de
is reacted with waieeoffakesaan@mpewlamurwh@h i rthennigly c@pkzbthe@vaﬂﬁ withr essure

of om 15 to 25 b € [FroecT o 4,
whe(el n the separat |Ogn0i}ynm %%ﬁ %% aﬁ[)ELﬁ]ihg car rtllléegﬁ%eftsq% df?% fljtg%i onin a
di vi di ng wal | coldifingawpalhgoluge, P@Byl@ﬂt &tyeek being ebtaped, lrvtthech“ies

thermal |y coupl edijde\6iiand hiti trihrdpylene glycol being obtained from the column which

15 is thermally coupled therewith.

6. The process as claimed in claim 5, whereitl the distillation in the dividing
wall column is carried out at a pressure of from 5 to 500 mbar and a
temperature of from 50 to 200 °C.
20 :
7. The process as claimed in claim 5 or 6, 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.

| (; 25 8. An apparatus for carrying out a continuous process for preparing propylene |

glycols according to any of claims 5 to 7, 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 water-containing propylene

30 glycols and at least one dividing wall column having two side offtakes for
separating off monopropylene glycol and dipropylene glycol and a column
which is thermally coupled therewith for separating off the tripropylene
glycol.

35 9 The apparatus as claimed in claim 8, wherein the at least one reactor for
preparing propylene oxide consists of an isothermal fixed-bed reactor for



nmonopr opyl ene gl ycol being obtained fromthe upper side offtake of the
‘dividing wall colum, dipropylene glycol being obtained fromthe |o Bgf
of ftake and tripropyl ene glycol being ob#di-ned fromthe col urm whi cnezi%h's?
thermally coupled therewith. 6. The process as clainmed in claimb5, wherein
the distill,ation in the dividing wall colum is carried out at a pressure
of from5 to 500 nbar and a tenperature of from50 to 200 C. 20 7. The
process as claimed in claim5 or 6, wherein the distillation in the

thermal |y coupl ed_col unm i.s ryie { r.essur from5 to.500 nbar
and a tenperatur ecagpqnlgroo%iﬁeo%% Qa)2g%g%%b%ci%e§fbe§r{e%cg%r LETREPUEF i ng
out a conti nuous swpoeesd Roepprigpaappatptyy yychommg qit yoostsp oy difingdt o any
of claims 5 to 7, ¢Rrd sing at least one reactor for preparing propylene
oxi de, at |east one reactor for reacting the propylene oxide with water to
form propyl ene glycols, at |east one dewatering apparatus for dewatering
the wat er-containing propylene 30 glycols and at | east one dividing wall
colum having two side offtakes for separating off nonopropyl ene glycol and
di propyl ene glycol and a columm which is thermally coupled therewith for
~separating off the tripropylene glycol. 35 9. The apparatus as clained in
claim8, wherein the at | east one reactor for preparing propyl ene oxide
consists of an isothermal fixed-bed reactor for -22- 1 2 JAN 2007 carrying
out the step (a), an adiabatic fixed-bed reactor for carrying out the step
(y) and a separation apparatus for carrying out the step ((3) as defined in
claim2. C .



