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20  For example, the multistage process described in WO 00/07965 for preparing propylene
oxide by reacting propylene with a hydroperoxide is carried out according to a reaction
scheme comprising at least the steps (1) to (iti):

(1) reaction of the hydroperoxide with propylene to give a product mixture comprising
25 propylene oxide and unreacted hydroperoxide,
: (i1) separation of the unreacted hydroperoxide from the mixture resulting from step (i),
C (iti) reaction of the hydroperoxide which has been separated off in step (ii) with
propylene.

30  Accordingly, the reaction of propylene with the hydroperoxide takes place in at least two
steps (i) and (iii), with the hydroperoxide separated off in step (ii) being reused in the
reaction.

The reactions in steps (i) and (iii) are preferably carried out in two separate reactors,
35  preferably fixed-bed reactors, with the reaction of step (i) preferably taking place in an
isothermal reactor and the reaction of step (iii) taking place in an adiabatic reactor.
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I n the preparation of propylene oxide, separation processes enployed
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25 A particular material of value present in the wastewater is 1,2-propylene glycol which has a
variety of applications. For example, it can be used for preparing polyether alcohols, as
C' esterification component in polyester syntheses, for the preparation of polyurethanes, as
reactive solvent for syntheses of polyurethanes for use in coatings and paints/varnishes or as
film formation aid. High-purity propylene glycol is otherwise produced industrially by
30 reaction of propylene oxide with water at pressures of from 15 to 25 bar and a temperature
of from 180 to 220°C. The work-up is complicated, since three columns connected in series
have to be used for separating off the propylene glycol (Ullmann’s Encyclopidie der
technischen Chemie, Verlag Chemie, 4th Edition, pages 425 to 431). However, all possible .
processes for the catalytic addition of water onto propylene oxide can be used for the
35  preparation of propylene glycol, for example the method described in WO 99/31034.

To separate off the propylene glycol from the wastewater obtained in the preparation of
propylene oxide, separation processes employed hitherto make use of distillation columns
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20  boiling fractions and the 1,2-propylene glycol is taken off as intermediate boiler at the side

offtake of the column.

The distillation process of the present invention enables the 1,2-propylene glycol to be
isolated by distillation in high purity directly from the wastewater stream obtained in the
25  synthesis of propylene. Compared to the distillation processes disclosed in the prior art, the
. new process of the present invention leads to a reduced outlay in terms of apparatus and
C— © energy costs combined with improved product quality. Furthermore, the dividing wall
column has a particularly low energy consumption and thus offers advantages in terms of

the energy requirement compared to a conventional column.

30
At the same time, the novel process achieves a large increase in value added, since the 1,2-
propylene glycol formed as by-product in the propylene oxide synthesis and present in the
wastewater stream can be isolated economically. The novel process is extremely
- advantageous for industrial use.
35

Distillation columns having side offtakes and a dividing wall, hereinafter also referred to as
dividing wall columns, are known. They represent a further development of distillation
columns which have only the side offtake but no dividing wall. The use of the last-named



Distillation colums having side offtakes and a dividing wall, hereinafter
also referred to as dividing wall colums, are known. They represent] 5a4AN 7007
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Dividing wail columns can also be used successfully for separating mixtures which boil
25  azeotropically (EP 0 133 510).

C Finally, dividing wall columns in which chemical reactions can be carried out with
simultaneous distillation of the products are also known. Examples which may be
mentioned are esterifications, transesterifications, saponifications and acetalizations

30 (EPO0 126 288).

Figure 1 schematically shows the isolation of the 1,2-propylene glycol formed as by-product
in the synthesis of propylene oxide and present in the wastewater stream in a dividing wall
column. Here, the wastewater stream from the propylene oxide synthesis is introduced as
35 feed Z into the column. In the éolumn, this wastewater stream is separated into a fraction
comprising the low boilers L., which consists essentially of water and methoxypropanols,
and a fraction comprising the high boilers S, which consists, among others, of dipropylene



colum. Here, the wastewater stream fromthe propyl ene oxide synthesis is
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more preferably from 15 to 30%, and the lower combined region 6 of the inflow and offtake

part of the column preferably has from 5 to 50%, more preferably from 15 to 30%, in each
case of the total number of theoretical plates in the column.

25  The sum of the number of theoretical plates in the regions 2 and 4 in. the inflow part is
- preferably from 80 to 110%, more preferably from 90 to 100%, of the sum of the number of
(:/ theoretical plates in the regions 3 and 5 in the offtake part.

It is likewise advantageous for the inlet for the feed and the side offtake to be arranged at

30 different heights in the column relative to the position of the theoretical plates. The inlet 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 offtake.

The dividing wall column used in the process of the present invention is preferably
35 configured either 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’,
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enrichment sectmn 2 cannot drop below 30% of the normal value. It has been found that

such a procedure is important to even out troublesome fluctuations in the amount or
25  concentration of the feed.

C It is likewise important for the division of the liquid flowing down from the stripping
section 3 of the offtake part of the column between the side offtake for intermediate boilers

M and the enrichment section 5 of the offtake part to be set by means of a regulation device

30 so that the amount of liquid going to the region 5 cannot drop below 30% of the normal

value.

Adherence to these prerequisites has to be ensured by means of appropriate regulation
methods.

35
Regulation mechanisms for the operation of dividing wall columns have been described, for
example, in Chem. Eng. Technol. 10 (1987) 92-98, Chem.-Ing.-Technol. 61 (1989), No. 1,
16-25, Gas Separation and Purification 4 (1990) 109-114, Process Engineering 2 (1993) 33-
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20
In this method, the downflowing liquid is preferably collected in a receiver which is located
in or outside the column and from which the liquid is then fed continuously into the column.
This receiver can thus take on the task of a pump reservoir or provide a sufficiently high
static head of liquid which makes it possible for the liquid to be passed on further in a
25 regulated manner by means of regulating devices, for example valves. When packed
columns are used, the liquid is firstly collected in collectors and from there conveyed to an

C'  internal or external receiver.

The vapor stream at the lower end of the dividing wall 7 is set by selection and/or

30  dimensioning of the separation internals and/or incorporation of pressure-reducing devices,
for example orifice plates, so that the ratio of the vapor stream in the inflow part to that in
the offtake part is preferably from 0.8 to 1.2, preferably from 0.9 to 1.1.

In the abovementioned regulation principle, a temperature regulation device which utilizes
35 the quantity taken off at the bottom as regulating parameter is provided in the lower
combined region 6 of the inflow and offtake part. The bottom product can therefore be taken
off under temperature control. The measurement point for the temperature regulation device



internal or external receiver. The vapor streamat the | ower end of the
dividing wall 7 is set by selection and/or 30 dinensioning of the 15JAN 2007
separation internals and/or i ncorpo_rg'gi on of pressure-reducing devices, for
exanple orifice plates, so that the Tatio of the vapor streamin the inflow
part to that in the offtake part is preferably from0.8 to 1.2, preferably

f r om 0. 9istpeeferably Jogated éroan dierfe mare pedereblyuiremidie Grihenseiitad plates shavethe ur e
regul at i pReHend senvbbighhaitilizes 35 the quantity taken off at the-bottom as
regul ating paraneter is provided in the | ower conbined region 6 of the
inflow and of ftake part. The bottom product can therefore be taken off

under t dﬁmlﬁﬂidﬂ mmlemélrmgulaﬁbe ieegion 6 rmdtthpoiontthd bottdhefttherpeluainucad be

or of & g W etgtyd O APl el Bl BCUROV AR e g, 88 1™

col um. Ibmlamdlemapmzetrh@u:ted\ﬂsIregtégmaarwtﬂm region 6 and thus for the
bottom of the colum can be 5 utilized for regulating the quantity taken

off at the side offtake. For this purpose, the liquid level in the
vapor i zéFhe«cg fersndal pEeSsBELPUEE theo ObYRRA ARl also crﬁ@h%ﬁd@é%mm PasRBeBIfOE they er
the col ﬁo@érscrhs@hsaﬂlahbgwamnfagwﬂsw édtfed htedTRl HEsshiRS oft f#6m NRAI00NY

po at .S usly carried o sur of from
o050 GRber PRSI R dOds AP0 Pbae 15¢ PiFeste %’gﬁsurﬁat e daB 6f Be Ty ur od
at the tAx]m:onﬁngliyt,ethe bkatrg pAcararfdhargdpprizéhé ahgrtbongmpeiile calfimintie saleqiet tozer V

at the %&h&m&j%ﬁ@&u&o gg}f‘nl is selected to naintain this pressure range. C

Under these pressure con ons, the distillation tenperature is then in the
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process of the present invention. To be able to operate the dividing wall

colum in a trouble-free manner, the 25 abovenentioned regul ation
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20
In addition, the distillation temperature at the side offtake is from 50 to 200°C in the process

of the present invention.

To be able to operate the dividing wall column in a trouble-free manner, the
25  abovementioned regulation mechanisms are usually employed in combination.

C 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 fraction. Here,

30 individual components which are critical to the separation problem, referred to as key
components, or else the sum of a plurality of key components arefis specified.

Adberence to the specification for the high boilers in the intermediate-boiling fraction is
preferably regulated via the division ratio of the liquid at the upper end of the dividing wall.
35 The division ratio is set so that the concentration of key components for the high-boiling
fraction in the liquid at the upper end of the dividing wall amounts to from 10 to 80% by
weight, preferably from 30 to 50% by weight, of the value which is to be achieved in the
stream taken off at the side. The liquid division can then be set so that when the
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conposition. It is an objective of the process of the present invention to
provi de IEL iszé.nD Bﬁ)j@é{th%ngf glleyﬁ:t'Blcess of the present invention to provide 1,2-propylene glycol
25  having a purity of preferably at least 99%, more preferably 99.5%, with the sum of desired
C . product and the key components present therein being 100% by weight.

The concentration of the key components of the low boilers (e.g. water, methoxypropanol,
hydroxyacetone) and the key components of the high boilers (e.g. dipropylene glycol and

30 tripropylene glycol) in the desired product should then preferably be below 1% by weight,
more preferably below 0.5% by weight.

In a specific embodiment of the dividing wall column, it is also possible for the inflow part
and offtake part which are separated from one another by the dividing wall 7 not to be
35 present in one column but to be physically separate from one another. In this specific
embodiment, the dividing wall column can thus comprise at least two physically separate
columns which then have to be thermally coupled with one another. Such thermally coupled
columns exchange vapor and liquid between them, but energy is introduced via only one
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l'i qui d \Bigurd 3a8Kbvs a Z@rther variant of thermally coupled columns. In this embodiment, the
energy is introduced via the vaporizer V of the column into which the wastewater stream is
also fed as feed Z. The low boilers L are distilled off via the top of this column and are
condensed by means of the condenser K. The high boilers S are obtained in the bottoms.

25 Low boilers L enriched with intermediate boilers are then transferred to the upper part of the

C _ downstream column and high boilers S enriched with intermediate boilers are transferred to

the lower part of the downstream column. The high-purity 1,2-propylene glycol can be
taken off from the side offtake for intermediate boilers M. The two columns can exchange
vapor and liquid via d and {.

30
The columns of figures 2 and 3 can also be configured as packed columns containing
random packing or ordered packing or as tray columns. For example, sheet metal or mesh
packing having a specific surface area of from 100 to 1000 m 2, preferably from about
250 to 750 m*/m>, can be used as ordered packing. Such packing provides a high separation

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

The propylene oxide synthesis which provides the feed for the process of the present
invention for the continuously operated purification by distillation of the 1,2-propylene
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hydrogen peroxide and sulfuric acid, which is thus recovered.

25  Itis of course also possible to prepare hydrogen peroxide from the elements.

In the synthesis of propylene oxide from the hydroperoxide and propylene, one or more
suitable catalysts can be added to increase the efficiency of the reaction. Here,
heterogeneous catalysts are preferably used.
30
All heterogeneous catalysts which are suitable for the respective reaction are conceivable.
Preference is given to using catalysts which comprise a porous oxidic material, e.g. a
zeolite. The catalysts used preferably comprise a titanium-, germanivm-, tellurium-,
vanadium-, chromium-, niobinm- or zirconium-containing zeolite as porous oxidic material.
35
Specific mention may be made of titanium-, germanium-, tellurivm-, vanadivm-, 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, AFEL,
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Further titaniumcontaining zeolites which may be nentioned are those of

the ZSM 48 or ZSM 12 structure. . o o L )
20  The use of a heterogeneous catalyst comprising the titanium-containing silicalite TS-1 is

very advantageous,

It is possible to use the porous oxidic material itself as catalyst. However, it is of course also
possible for the catalyst used to be a shaped body comprising the porous oxidic material. All
25  processes known from the prior art can be used for producing the shaped body from the
C porous oxidic material.

Noble metals in the form of snitable noble metal components, for example in the form of
water-soluble salts, can be applied to the catalyst material before, during or after the one or
30 more shaping steps in these processes. This method is preferably employed for producing
oxidation catalysts based on titanium silicates or vanadium silicates having a zeolite
- structure, and it is thus possible to obtain catalysts which contain from 0.01 to 30% by
weight of one or more noble metals from the group consisting of ruthenium, rhodium,
palladium, osmium, iridiam, platinum, rhenium, gold and silver. Such catalysts are

35  described, for example, in DE-A 196 23 609.6.
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sol vent srefirghifid #R3hdge from 20 to 90°C. The pressures which occur range from 1 to 100 bar,

preferably from 1 to 40 bar, more preferably from 1 to 30 bar. Preference is given to

employing pressures under which no gas phase is present.

25 The concentration of propylene and hydrogen peroxide in the feed stream is generally

C. 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. '

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

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

Reduction using sulfur(ll) compounds such as hydrogen sulfide or salts thereof, sodium
polysulfides, dimethyl sulfide, tetrahydrothiophene, bis(hydroxyethyl) sulfide or sodium
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The hydpegeRabi 8o GRtadrY ShedSE Fukfnore, active metal oxides can also be used, for

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

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

C eXamplc, a cascade of stirred vessels.

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

In the above-described propylene oxide synthesis by reaction of propylene with a
hydroperoxide which is preferably employed, particular preference is given to using an
isothermal fixed-bed reactor as reactor for step (i) and an adiabatic fixed-bed reactor for step

35  (iii), with the hydroperoxide being separated off in step (ii) by means of a separation
apparatus.
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steps, foatheopiaiffracdn by sdistdktibh iofighd 1 @rpropyeiice glytolofosmed as be-podsetd then t he
m Xt ur essyn{ﬂ%@\()% rﬁro;}}}l]e%e_ oxide, which comprises at least one reactor for preparing propylene
oxide and at least one dividing wall column for purifying the 1,2-propyléne glycol by
distillation.
25
.. In a specific embodiment, the apparatus for carrying out a continuously operated process for
(, the purification by distillation of the 1,2-propylene glycol formed as by-product in the
synthesis of propylene oxide comprises at least one isothermal reactor and one adiabatic
‘reactor for steps (i) and (iii) and a separation apparatus for step (ii) for preparing propylene
30 oxide and at least one dividing wall column for purifying the 1,2-propylene glycol by
distillation.

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

35
The invention is illustrated by the following example.



1, 2- propyl ene glycol can also be obtained successfully from such m xtures by
purlflcatlon by distillation in the process of the present invention] 53k hm7
-a preferred enbodi nent of the propy#;pe oxi de synt hesi s, hydrogen peroxide
is used as hydroperoxide and propylene is brought into contact with a
heterogeneous catal yst during the reaction. 20 The invention al so provides
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Exanpl eglytblenddppegulene fshyweel. pr epar ati on of propyl ene oxi de from propyl ene
and hydrogen peroxide by the process described in WO 00/ 07965 produced a
wast ewat er stream which contained 5 1, 2-propylene glycol and had the
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tripr opyﬂopylbng kiseol so as to reduce the total content of impurities to below 1% by weight. For
this purpose, the heating power of the bottom vaporizer was regulated so that the total
concentration of the key components in the product taken off at the side was less than 1% by
weight,
20
The required energy content of the distillation was used as a measure of the effectiveness of
the separation. It was calculated by dividing the vaporizer power by the mass throughput per
hour. As column configurations, the arrangements shown in the table were selected:

Column configuration Energy requirement/(kg/h)  Energy saving
Q - [kKW/(kg/h)] [%]
| Conventional column with side 0.99 -
offtake
Two conventional columns 0.90 9.1
connected in series
Dividing wall column 0.73 26.3

25
It is clear that the dividing wall configuration had a considerable energy advantage over the
two conventional distillation arrangements, since the energy requirement for the distillation
of the desired product was significantly lower than for the distillation in the conventional
distillation columns.



This m xture was distilled with the aid of a dividing wall colum into which
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“internmediate boiler from 15 the siige of ftake of the colum. The objective
of the distillation was to purify the 1,2 propylene glycol so as to reduce
the total content of inpuritjes to below 1% by weight. For this purpose,
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that the dividi | 1. confi atio ad a consi derabl e energy advant age
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requi r erent boddibfevalli stillation of the desired product was significantly

| owar than for the distillation in the conventional distillation colums. 1
5J 2007 17 List of reference nunerals for figures 1, 2 and 3: 1 Conbi ned
regi on f theeednfl ow and of ftake part of the dividing wall colum 2
Enrichient sgab bgfe@f the inflow part 5 3 Stripping section of the offtake
part 4 Strié)_pi ng section of the inflow part 5 Enrichnent section of the

of f t akelpar tS18¢ pednfEgedatedolefe i nfl ow and of ftake part 7 Dividing
VV@@t S High boilers

15 X Condenser
v Vaporizer

d Vapor
f - Liquid
20
Horizontal and diagonal or indicated diagonal lines in the columns symbolize packing made
up of random packing elements or ordered packing which may be present in the column.
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separated in a divid 3 wall colum into low, internediate- and
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intermedi ate boiler at the side offtake of the colum. C 2. The process as

claimed in claiml1, wherein the dividing wall colum consists of at | east
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conponent s i grrtaREoPEIchigsh 1, 2- propyl ene glycol is less than 1 % by wei ght,
with the

( 2 The process as claimed in claim 1, wherein the dividing wall coluran consists of at

least two thermally coupled columns.

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

4. The process as claimed in any of claims 1 to 3, wherein the pressure at the top of the
dividing wall column is from 5 to 500 mbar.

5. The process as claimed in any of claims 1 to 4, wherein the distillation temperature
at the side offtake of the dividing wall column is from 50 to 200 °C.

_ 6. The process as claimed in any of claims 1 to 5, wherein the sum of the key
(wf components in the purified 1,2-propylene glycol is less than 1 % by weight, with the
sum of 1,2-propylene glycol and key components being 100 % by weight.

7. The process as claimed in any of claims 1 to 6, wherein the mixture containing 1,2-
propylene glycol is prepared in a process comprising at least the steps (i) to (iii):

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

(i)  separation of the unreacted hydroperoxide from the mixture resulting from
step (1),

(iif)  reaction of the hydroperoxide which has been separated off in step (ii) with
propylene.



sum of 1, 2-propyl ene glycol and key conponents being 100 % by weight. 7. The
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(i), an adi abuided it ptrpdilbed reactor is used in step (iii) and a separation
apparatus is used in step (ii). 9. The process as clainmed in any of clains
1 to 8, wherein hydrogen peroxide is used as _hydroperoxi de and propylene is
br ought % nt o T8 REEEs 45 daimgdriR ARy sheaRLS (b dicyaie hydineemgeronidoieatdiasn.  10.
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purification %{ H_I?Stl | ] ation of the 1,2-propylene glycol formed as
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propyl ene, wherein the apparatus conprises at |east one isothernal
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propvlene oxide synthesis comprising 1,2-propylene glycol is fed into the dividing

wall column, and wherein a reaction of propylene with hydroperoxide is performed

in the isothermal reactor to give a product mixture comprising propylene oxide and

unreacted hydroperoxide, and wherein the hydfoperoxide which has been separated

off is reacted with propylene in the adiabatic reactor.,



