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propylene with hydroperoxides, and these reactions can be carried out in one or more stages.

20  For example, the multistage process described in WO 00/07965 for prepating propylene
oxide by reacting propylene with a hydroperoxide is carried out according to 2 reaction
scheme comprising at least the steps (i) to (iii);

6)) reaction of the hydroperoxide with propylene to give a product mixture comprising
25 propylene oxide and unreacted hydroperoxide,
(i)  separation of the unreacted hydroperoxide from the mixture resulting from step (1),
(i)  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 (i), 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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variety of applications. For example, it can be used for preparing polyether alcohols, as
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 conpected 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 columuns
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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
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 coxupared to a conventional colump.

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 syutbesis and present in the
wastewater stream can be isolated economically. The novel process is extremely
advantageons 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
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Dividing wall columns can also be used successfully for separating mixtures which boil
25  azeotropically (EP 0 133 510).

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 (EPO 126 288).

Figure 1 schematically shows the isclation of the 1,2-propylene glycol formed as by-product
in the synthesis of propylene oxide and present in the wastewater stteam 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 colwmn, this wastewater stream is s¢parated 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
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25  The sum of the number of theoretical plates in the regions 2 and 4 io 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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25  concentration of the feed.

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
cxample, 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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as regul ating paranmeter is provided in the conbined region | of the
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0.6. 20PF%the UpRetERd QT theicalvaant | owing |iquid is preferably collected in
a régeiver which is located in or outside the colum and from which the
liquidi fed.conti,nugusly intp the colum. . This receiver can_ thus
take. on APRISHAE SRECOE e Bpelbnds then, Py in B addtiasing dory Fvmihe

st a]E i c Fegieh bbelngglividediat the uppkieand of thestivitiing walt sd ﬂlﬁt tliequ'tig of thdbBqrassed
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col | ect 89r¢ prefesably frogr 83 498.6: r om t here conveyed to an internal or

extgpnal receiver. The vapor streamat the |ower end of the dividing wall

7 i t /
IS S ein R!Ys rsﬁg{hgﬁ, t'hg qoan ov?rlrng liquid is preferably collected in a receiver which is located

in or outside the column and froxn which the liquid is then fed continnously 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 régulating devices, for example valves. When packed
columns are used, the liquid is firstly collected in collectors and from there conveyed to an
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
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pressure-reduci ng devices, for exanple orifice plates, so that the ratio
of the vapor streamin the inflow part to that in the offtake part is
preferably from0.8 to 1.2, preferably from0.9 to 1.1. In the

abovenens profrrebly donateslt from Joini 6)aigrt preferasbBnRenat 16, FaFHcal bRk SBYIE Gehi ch

utilizeg %5:11 mD“y taken off at the bottom as regul ating paraneter
S provi%we |E%ﬁ¥ey@omer' conbined region 6 of the inflow and of ftake part.

The bottom product can therefore be taken off under tenperature control.
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present invention. To be able to operate the dividing wall colum in a
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mi xt ur e Yehoi | i ng, internediate-boiling and high-boiling
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per m Ssj -0 0RAr{: | -of | ow boilers d.Qigh hoilers in the mddle
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specifi,i;ati')on for the high boilers in the internediate-boiling fraction is
0 be abic to operate” the dividing wall column in a trouble-free manner, the

25  abovementioned regulation mechanisms are usually employed in combination.

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 are/is specified.

Adherence 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.
33 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 ig the
stream taken off at the side. The liquid division can then be set so that when the
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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 onme 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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dividing wall colum, S alsop sible for the inflow part and offtake

part which are separated from one anot her by the dividing wall 7 not to be

35 present in one colum but to be physically separate from one anot her.

I n this copmn. fThis SMMzﬂhﬁs&h&radv bt €@l tHéhalig ol p%g d se
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Thi sespeci fic enbodi nent has the advantage that the thermally coupl ed
columms can al so be operated under drfferent pressures, which can nmake it
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thermally coupled colums are shown schematically in figures 2 and 3.
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further THER g of ther coup Igil col umms
energy 15 rﬂ‘r e‘ffn\ﬁxﬁ V%%&F‘ gpidwigd apd& col unm into which the

was#kwat er streamis also fed as feed Z. The low boilers L are distilled
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boi | er seHETEis |1%1F1@<!!°Vd via thewanoniaei Wtof thoedlems intoavhittethetw ARS8k s t he
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conﬁeuseg % 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
downstream column apd 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 f,

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*m?>, preferably from about

250 to 750 m’/m’, can be nsed 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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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-, germanium-, telluriurn-,
vanadium-, chromium-, niobium- or zirconium-containing zeolite as porous oxidic material.
35

Specific mention may be made of titanium-, germanium-, tellugiurn-, vanadium-, chromium-
» iobium- and zirconjum-containing zeolites having a pentasil zeolite structure, in particular
the types which can be assigned X-ray-crystallographically to the ABW, ACO, AEI, AEL,
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reaction. Here, heterogeneous catalysts are preferably used. 30 All
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are al so conceivable for use in the process of the present invention.
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20 The use of a heterogeneous catal yst conprising the titanium containing

si | 2@ al The uiéSofl ai IRterogempowsdontalya @Resisinkt the sjm@ﬁi&hﬁigjﬁk YgiRariBerg2prious
oxidic O@'&%&%e&ﬁfl f as catal yst. However, it is of course al sogo? i
possi bl e for catal yst used to be a shaped body conprising the porous
oxidic material. Al
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
porous oxidic material.

Noble metals in the form of suitable 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, iridium, platinum, rbenium, gold and silver. Such catalysts are
35  described, for example, in DE-A 196 23 609.6.
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Preference is given to u5| ng al cohols. The use of nethanol as solvent is
partic ef erred. eneral, the reactlon tenperature in the
pr epar ;ik] ag(r)héh}?hfeheacﬁl% %"‘EX‘P?%‘ PrRPtiQNsol the propylene oxideiin Stepss(i) andt he
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25  The concentration of propylene and hydrogen peroxide in the feed stream is generally
selected so that the molar ratio is preferably in the range from 0.7 to 20, more preferably in
the range from 0.8 to 5.0, particularly preferably in the range from 0.9 to 2.0 and in
particular in the range from 1.0 to 1.6.

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(lll) compounds, for example phosphorus
trichloride, phosphines (e.g. triphenylphosphine, tributylphosphine), phosphorous acid or its
35  salts or sodimmn hypophosphite.

Reduction using sulfur(I) compounds such as hydrogen sulfide or salts thereof, sodium
polysulfides, dimethyl sulfide, tetrahydrothiophene, bis(hydroxyethyl) sulfide or sodium
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active netal or a mxture of two or nore thereof. As reactors for the

propyl eA‘nse OXI de ﬁlet hesis, it is of course possible to use all conceivable
propylene oxide synthesis, it is of course possible to use all concejvable

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

Fixed-bed reactors are preferably used as reactors for the propylene oxide synthesis. Further
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  (iti), with the hydroperoxide being separated off in step (i) by means of a separation
apparatus,
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t he reaﬁef@mon'zo The I nvention al so provides an apparatus for carrying out

a continuously operated process for the purification by distillation of
the 1, 2-propyl ene glycol forned as by product in the synthesis of

B:?&: g mi:ﬁ%g?ﬂ b vﬁ::gg%h f‘;{"’dlo?\'/rl din \éval Irae@diﬂtnﬂﬁmj %ri_purl fpyl ng t he

2o pr opyf“he AL ? on %91 Qn o glycol ormed as by-product in the
synthesis of propylene oxide, which comprises at least one reactor for preparing propylene
oxide and at least one dividing wall column for purifying the 1,2-propylene glycol by
distillation.

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 columns.
35

The invention is illustrated by the following example.
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speci f1 ¢ enbodi ment ratus f'or carrying out a'c
operated process for the purrfrca on by distillation of the
1, 2-propyl ene gl ycol formed as by- éduct in the synthesis of propyl ene
oxi de c rises at |east one isothermal reactor and one adi abatic reactor
for stegggPﬂﬂ‘euml(iii) and a separation apparatus for step (ii) for
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gl ycol andg had %geﬁ? Wé@%%on& ‘glﬁ‘i}ﬂ YWQWW water,

| ow boi PFRGXIRSAPAESn hxdoryEceioneg the key conponents water,
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was di sglyMladdmmbpylhmgycblof a dividing wall columm into which the

m xture was continuously fed. The 1, 2-propyl ene glycol was taken off as
internediate boiler from15 the side offtake of the colum. The objective

of the Hhismpixuge wes distilled wvithuthe fajd bhe dimﬂﬁngmﬂpddlﬁﬁﬁ lﬁioYﬁthhstEe ﬁ:ﬂ%
|1 S
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t hr ougfeaeenfation bithe keysompduents it el prodiion takem 5Ef 2t iR sidd PAIRIRALS wn in
the takjggspere selected: Columm configuration Energy requirenent }‘%k / h)
Enezrogy savi ng Conventional colum wth side

The required energy content of the distillation was used as a measure of the effectiveness of
the separation, It was calcnlated 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
(kW/(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.
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two conventional distillation arrangenents, since the energy requirenent
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20
Horizontal and diagonal or indicated diagonal lines in the columns symbolize packing made
up of random packing elements or ardered packing which may be present in the column.
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21/28 18 W clam 1. A conti nuously perated process for the purification
by distillation of the 1,2- propylene glycol formed as by-product in the
synt hesgﬁ glm_ropyl ene oxi de, wherein the mxture fornmed in the synthesis
whi ch ¢ *the 1, 2-propylene glycol is separated in a dividing wall
colum into | ow, i nternedi ate- and high-boiling fractions and the

1, 2- propyl en stak off as.internmedi ate 0|Ier af the side
offtakeﬁ)of tﬁe %sfl Ed3pr°f§5528§'5“8 catioms 3y; qiskliation) off thej 1.2
process as cpmpwbde g]r)’colmedas birpreefuct intthe slyntheitsng’pw;b}l]cuacﬁmwl ses

g; E?a\i;terey\ﬁletﬂﬂtgﬁwwwltﬁe %R({hggrrwn%ftaé ?r om iéhgslofgﬁpgﬁgﬁrg& °i3% mi
plates, A pr¥Pesichin @ éwﬁagu‘ﬁaﬂslcalum:s intphlomai inteteediatessudt digh-bailisg t op

f the dividf |aky d
'n claim 4 mm&e@?g e géﬂ“?’?ﬁ?f%%éi%%?‘ﬁ?ﬁ?%@t%‘%ﬁﬁﬁé (e

t he di viding from50 to 200C. A process as clained in claim
5, Wherein the sum of the key corrponents inthe purified 1, 2- propyl ene

glycol ks le WLLh e sum of ropyl ene col
and keytconp'ei ea{b %%l ng&lefgﬁsﬁg}” "' ﬁdﬁ?‘ﬁ%%g@ﬁﬁé San”g?%t of
claims 1 to Wom@lmwnbdmkmse cont ai ni ng 1,2- propylene glycol is
prepared in a process conprising at |east the steps (1) to (iii):

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

4, A process as claimed in claim 3, wherein the pressure at the top of the dividing wall
column is from 5 to S00 mbar.

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

6. A process as claimed in claim 5, wherein the sum of the key cormponents in the
purified 1.2-propylene glycol is less than 1% by weight, with the sum of 1.2-

25 propylene glycol and key components being 100% by weight,
7. A process as claimed in any of claims 1 to 6, wherein the mixture containing 1,2-

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

30 @) reaction of the hydroperoxide with propylene to give a product mixture comprising
propylene oxide and unreacted hydroperoxide,
(1) separation of the unreacted hydroperoxide from the mixture resulting from step (i),
(i)  reaction of the hydroperoxide which has been separated off in step (i) with
propylene.
35
3. A process as claimed in claim 7, wherein an isothermal fixed-bed reactor is used in
step (i), an adiabatic fixed-bed reactor is used in step (jii) and 2 separation apparatus
is used in step (ii).
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