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process for preparing 40 polyether polyols in a mcrostructured reactor,
whi ch pr océkavever, i mpcrosteuttwodpapparatuses are very difficult structures; even in

manufacture, the tolerances are such that, especially for reaction systems having an

25 appreciably increasing viscosity over the reaction time, as is the case in the present
preparation of polyether polyols, the pressure drop in the individual capillaries relative
to one another leads to maldistribution of the mass flows. This problem is
comprehensively described by C. Amador et al. in Chem. Eng. J. 101(2004)1-3, pages
379-390. The avoidance of maldistributions in tube apparatuses connected in parallel

30 was studied as early as the 1980s. Approaches which promote equal distribution even
in the case of viscosity-increasing systems have been developed. In the same way as
the pressure drops in the individual capillaries have to be taken into account in the
feeding of starting materials into the microstructured reactor, this effect also has to be
taken into account in the introduction of further material.

35
In addition, the process for preparing polyether polyols requires very high pressures,
which force a reactor design capable of withstanding up to several hundred bar.

In the light of this, it was an object of the invention to provide a process for preparing
40  polyether polyols in a microstructured reactor, which process is improved compared to
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25 The preparation of the polyether polyols in the process of the invention is carried out by
reaction of the following starting materials:

a}  one or more alkylene oxides and, if appropriate, carbon dioxide and also
b)  one or more H-functional starter substances,
30
in the presence of a catalyst.

As starting materials a), it is possible to use all known alkylene oxides. Preference is
given to using one or more substances selected from the following listing: ethyiene

35 oxide, propylene oxide, butylene oxide, pentene oxide, glycidyl ether, hexene oxide
and styrene oxide, preferably ethylene oxide, propylene oxide, carbon dioxide, and
mixtures thereof. In the case of butylene oxide, pentene oxide and hexene oxide, all
isomers can be used in pure form or as mixtures of the isomers.

40 Carbon dioxide is preferably used in an amount of up to 25% by weight, based on the
weight of the polyether aicohol.
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radicals, particular preference is given to those having C4-C+s-alkyl groups.
25
As catalysts, it is possible to use, in particular, muitimetal cyanide complex catalysts or
alkali metal and alkaline earth metal hydroxides, preferably potassium hydroxide and
cesium hydroxide, and also other basic catalysts such as alkali metal alkoxides or
amines. Apart from soluble basic catalysts, it is also possible to use insoluble basic
30 catalysts such as magnesium hydroxide or hydrotalcite. Furthermore, Bronsted-acid
catalysts, e.g. montmorillonite, or Lewis-acid catalysts, e.g. boron trifluoride, are also
suitable.

Suitable multimetal cyanide complex catalysts are, in particular, double meta! cyanide
35 catalysts (DMCs) which are known and are described, for example, in WO 01/083107.
They usually have the general formula (1)

M, [M?(CN)y(A)cJa - fM'gX, - h(H20) - el ()

40 where
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20 and
a, b, ¢, d, g and n are selected so that the compound is electrically neutral and

e is the coordination number of the ligand or 0,
25
f is a fraction or integer greater than or equal to 0 and

h is a fraction or integer greater than or equal to 0.

30 The preparation of these compounds is carried out by generally known methods, by
combining the aqueous solution of a water-soluble metal salt with the aqueous solution
of a hexacyanometalate, in particular a salt or an acid, hereinafter also referred to as
starting solutions, and, if appropriate, adding a water-soluble ligand thereto during or
after combination of the solutions. Such catalysts and their preparation are described,

35 for example, in EP 862,847 and DE 197,42,978.

The multimetal cyanide compounds preferably have a crystalline structure. Their
particle size is preferably in the range from 0.1 to 100 um. A particular advantage of
crystalline DMC catalysts, in particular those which have been prepared using
40 cyanometalic acid, is their relatively high catalytic activity. As a result, the preparation
of the polyether alcohols can be carried out using a smaller amount of catalyst. The
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25 undesirable odorous substances can occur as a result of thermal decomposition
reactions and, secondly, a deterioration in the foam properties can occur as a result of
the partially damaged alkylene oxide chains.

The concentration of the catalysts is, if they are multimetal cyanide complex catalysts,
30 frequently in the range from 5 to 5000 ppm, based on the total weight of the starting
materials, depending on the H-functional starter substances used.

Alkali metal alkoxides as catalysts are usually used in higher concentrations of, for

example, from 100 to 50 000 ppm, based on the total weight of the starting materials.
35

If the reaction is carried out in the presence of multimetal cyanide complex catalysts, it

is advantageous to use, together with or in place of the alcohols mentioned as

H-functional starter substances, their reaction products with alkylene oxides, in

particular with propylene oxide, preferably reaction products having a molar mass up to
40 500 g/mol. Here, the addition reaction of the alkylene oxides to produce the reaction
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Mixers suitable for this purpose are, for example, laminar diffusion mixers,
25  multilamination mixers, micromixers having structured walis or split-recombine mixers.

In laminar diffusion mixers, the mixing of substreams of the fluid which has been
divided into a multiplicity of microscopically small flow lamellae having a thickness in
the range from 10 to 2000 um or from 20 to 1000 um or from 40 to 500 um on a

30 microstructure occurs exclusively by molecular diffusion perpendicular to the main flow
direction. An approximate design of the mixer can be effected via the Fourier number
Fo = ttp. If the residence time t is at least in the order of magnitude of the diffusion time
tp for transverse mixing, i.e. if the Fourier number is at least 1, virtually complete
molecular mixing is achieved at the outlet of the mixer.

35
Laminar diffusion mixers can be configured as simple T- or Y-mixers or as
multilamination mixers. In the case of a T- or Y-mixer, the two substreams to be mixed
are fed via a T- or Y-shaped arrangement into a single channel. A critical parameter for
determining the transverse diffusion path Sgx is the channel width dc. For typical

40  channel widths in the range from 100 pm to 1 mm, very short mixing times of less than
100 ms are obtained for gases, while the mixing times are in the range of minutes for
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m xed wi t hidfewa Opfymicresecendsi cr oseconds. I n microni xers having structured
wal | s, secondary structures, for exanple flutes or ridges, are arranged on
t he channel - : t] e ' Lr | ap,
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the diffusion path are thereby halved. 25 It can be advantageous firstly to
prem x an al kyl ene oxi de, for exanple propylene oxide, and the catalyst,
for exanpl Erliregampinge Mixers yhayedstagenpifelecllingl peparatignd ag| gorplgination o
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the thickness of the lamellae and the diffusion path are thereby halved.

i vi ded

25
It can be advantageous firstly to premix an alkylene oxide, for example propylene
oxide, and the catalyst, for example, a multimetal cyanide complex catalyst, and only to
add the H-functional starter substance or substances in a second mixing step.

30 The residence time in the premixing step is preferably in the range from 1 to
300 seconds.

The premixed starting materials are fed to a reaction unit which comprises a plurality of
parallel microstructured layers of reaction channels and cooling/heating channels which

35 are arranged alternately above one another so that each layer has a multiplicity of
parallel channels which form a continuous flow path from one side of the layer to the
opposite side of this.

Here, a layer is a largely two-dimensional structural element extending over an area,
40 i.e. a structural element whose thickness is negligibly small relative to its area. It is
preferably an essentially flat plate.
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i ntroducti gie Rllowé®byphddyer A9 mMaterials 20 and the catalyst is provided at

one end of the channels of the layers A and a collection device for the

reaction mxture is provided at the other end of these. In one enbodi ment,
t he di st ri Becodmngdndheioieriton adistiibulior devieeiop inttedudioni of threcstadieg anaterfasrber
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25 chamber c%ane?e ﬁt r%lﬁ’ghtmort f or oei?g"ﬁLt% Q_fa?\ée g iﬁg circular curve. It is
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i s achi evedn one embodiment, the distribution and collection devices are each configured as a

chamber arranged outside or within the stack of the layers A, B. The walls of the

25 chamber can be straight or, for example, have a semicircular curve. It is important that
the geometric shape of the chamber is suitable for creating flow and pressure drop
conditions so that uniform flow through the channels is achieved.

In one embodiment, the distribution and collection devices are each arranged within the
30 stack of the layers A, B by the parallel channels of each layer A having a transverse

channel connecting the parallel channels arranged in the region of each of the two

ends of these and all transverse channels within the stack of the layers A, B being

connected by a collection channel arranged essentially perpendicular to the plane of

the layers A, B. The same basic requirement of uniform distribution as indicated in the
35 previous paragraph applies to these channels.

in one embodiment, a distribution device and a collection device corresponding 1o the
distribution and collection devices for the layers A are also provided for the layers B
through whose channels the heat transfer medium flows.

40
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achieve a significant increase’in e ., reaction rate“and a reduction 1n the
resi dence {P3RION Seranska seduchonein eJgsidencs tMecemthat adyehas tRrgdystivityceaneved.
20 | st ar frequentlydeawbiesesvhi ch have been reacted with propylene oxide in a
precedibgg reaction and have nol ecul ar weights of | ess than 1000 dalton are
used fromthe beginni n% t he reaction proceeds ver Yﬁn%m ckly and steadily
n

and is i nddpeadensubsianses which Baye besn facisy wih aRpianeotxide i 8rRigFedig
addi ti on ofreddtioen sinalr haveg muldoaitar akvaiglas ofeless charatiDOddalton are used from the

beginning, the reaction proceeds very quickly and steadily and is independent of all or
only slightly dependent on the order of addition of the starting materials or recirculation
25 of products.

The process is advantageously carried out continuously.
The invention also provides a process for preparing polyetherols by reaction of the
following starting materials:
30
a) one or more alkylene oxides and, if appropriate, carbon dioxide and also
b}  one or more H-functional starter substances

in the presence of a catalyst,

35 in block operation with
two or more reaction units corresponding to the above definition being provided,
wherein

1)  the starting materials a) and b) are fed to a first reaction unit to give a first
40 reaction mixture,



25 of prodfE0800638916/Kes8ess i s advantageously carried out continuously. The
I nvention al so provides a process for preparing polyetherols by reaction of
the following starting materials: 30 a), one or nore al kyl ene oxides and, if
appropriate, carbon dioxide and also b) one or nore Hfunctional starter
substances in the presence of a catalyst, 35 in block operation with two or
nore reaction 2nitthedbstreagtiondinixure ¢s pleterablg\veokaihenied after hedvirg ediitded,
wherein 1) the stagbifigh rmterlals a) and b) are fed to a first reaction unit
to give a first 48 reacti on m xture, PF 0000058016/ Kes -10- 2) the first
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P rount 45 1 ioaasein: aﬁonFWT'taﬁ@n DL gSaaNbY 1 PEoos, AarAEG! T 2R I0RE | n
order to awos;slb@cbq unadrat dfane afeniteand pesess! el datdlysaticen¢gntatuist recycled aken
fromthe r%CFé.a%fbr,smﬁ E'sr?ﬁallzgmounts;, in particular in the range from 0.1 to 3%, being
discharged in order to avoid accumulation of residues. The filtrate (product) is taken
from the reaction system.
20
Suitable membrane processes are microfiltration or crossflow filtration and
ultrafiltration. The membranes used have pore diameters in the range from 1 nm to
1 um, preferably from 2 nm to 0.1 um. The separation layers of the filter membranes
can comprise, for example, organic polymers, ceramic, metal, carbon or combinations
25 thereof and have to be stable in the reaction medium at the process temperature.
Preference is given to inorganic membranes. For mechanical reasons, the separation
layers are generally applied to a single-layer or multilayer porous substructure which
consists of the same material as the separation layer or at least one different material.
Examples are:

30
Separation layer Substructure {coarser than separation layer)
Metal Metal
Ceramic Metal, ceramic or carbon
Polymer Polymer, metal, ceramic or ceramic on metal
Carbon Carbon, metal or ceramic

As ceramic, it is possible to use, for example, o-AlLO,, ZrO,, TiO,, SiC or mixed

ceramic materials, and polymers which can be used are, for example,

polytetrafluoroethylene, polyvinylidene fluoride, polysulfones, polyether sulfones,
35 polyether ether ketones or polyamides.
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the processes, the products obtained by the process of the invention have, in particular, a
lower viscosity at the same molar mass.

Examples:
25

Comparative example 1:

Under conditions of continuous flow, a DMC suspension in a trifunctional polypropylene
oxide having a mean molecular weight of 3000 was introduced directly into a

30 microreactor (crossflow reactor module having an integrated cyclone mixer from
Forschungszentrum Karlsruhe (FZK, No. 1250-X-0.0) and fed individually to the
channels. Catalyst agglomerates led to blockage of the channels. The reaction was
incomplete. The experimental results are shown in table 1 befow.

35 Table 1:
Product properties
Pressure | Temperature | Residence Catalyst Viscosity OH PO
[bar] [°C] time concentration | [25°C | number | conc.
[min] [ppm] mPas] [%]
3825 158 8 1050 - - 91




i nventi on BRAOPRESEOAEHEEt e conversion to be achi eved and the content of high
nol ecul ar wei ght by-products to be reduced conpared to known processes which
| ead 20 to no conversion or a very IOM/ﬁ%nverS|on Conpared to products from
known processes, the products obtained by the process of the invention
have, in particular, a |ower viscosity at the sanme nolar mass. Exanples:
25 Conparative exanple 1. Under conditions of continuous flow, a DMC
suspensi on f al pol ypropyl ene oxide having a nean nol ecul ar
wei ght of %@@#ﬁ:@k@#&ﬁﬁgged directly into a 30 mcroreactor (crossflow
react or nodul e having an integrated cyclone m xer from Forschungszentrum
Kar | Isr uhe AsaKdifféiencd R0 donipadativenskairitt it Ntte\statting Imaténals vere prearite i.
Catal ys¢ a

b Qﬂlfﬁéf?éaﬂ{ Etﬁréd%s&érﬂ h'al/mg ‘é%‘ﬁm‘?é ccSﬁéépSR@H&fdag lm-g?@%é f‘ﬂ%é %E %bl e 1.

i nconpl ete e exper| ment
Pr oduct prB‘ﬂfé?’te?%tQ’ befoes; Beipg fﬁ‘éf%‘él‘% G‘I‘%O"Régtpbleﬁ@ereéﬁtﬂ% stoppegl wpsatedy o4 PO
[bar] [C andieddoonlgetiowicbover§iddC nunber conc. [ m n] Ipprr] nmPas] 3825 158 8
1050 - - 91 PF 0000058016/ Kes -12- Conparative exanple 2: As a difference
fromconparative exanple 1, the starting materials were premxed in 5 an
upst ream sﬂ"‘i’P&P’W&%ﬁélresr%{%?wgs@%%ﬁﬂeBGPP&spondl ng to 6 tines the vol une
of thet10m croreactor before being fed into the mcroreactor. The reaction
stopped repggtedly and led to only a |ow conversion. The experinental
results are shown in table 2 below 10 Table 2: Product properties
Pressure Tenperature Residence Catal yst Viscosity OH Boducheieperties ti me

concent r af Peassur® CTemperitureolResidened [ [ pCalalydlas]| Viktosilp| 158H7 10RO -| - 85
[bar] [°C] time concentration [25°C number | conc.
[min] [ppm] mPas] [%]
25 158 7 1080 - - 85
Example 1:

15  The experiment described under comparative example 1 was repeated, but the starting
materials were premixed continuously in two microstructured mixers, with propylene
oxide and glycerol firstly being mixed in a first micromixer (multilamination mixer, LH
25, from Ehrfeld) and the catalyst subsequently being introduced in a second
micromixer of the same type, and the reaction mixture was then fed via a distribution

20 chamber into the channels of a microreactor (a crossflow reactor module having an
integrated cyclone mixer, FZK, No. Nr. 1250-X-0.0).

The experimental results are shown in table 3 below:

Table 3:
Product properties
Mixer Pressure | Temperature | Residence Catalyst Viscosity OH PO
type [bar] [min] time concentration [25°C number conc.
[min] [ppm] mPas] [ppm

Multi- 20 158 3 1050 2035 56.2 410
lamination
mixer
LH 25, from
Ehrfeld

25
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1, fedl®ia a distribution chanber into the channel s of a mcroreactor (FZK
No. 1250- XT&pl@u; The experinmental results are shown in table 4 below 10

Tabl e 4: Product properties M xer Pressure Tenper at yre—Regidence_Catalyst

Vi scosity PO type [bar] [mn] tine concentrationiat 25 Ry EPP% .
[ h n]\lll{qypn] Rregsure | Temperature Residence Catalyst Viscosity OH PO
type [bar] [min} time concentration | at 25°C number | conc.
[min] [ppm] [ppm
Dynamic 20 216 3 890 653 57.42 25
mixer
(Stirred 20 170 3 420 1085 53.2 60
autoclave)

Example 3 (with recirculation of product):

15  The experiments described under comparative example 1 were repeated, but the DMC
catalyst and recycled product from the microreactor were firstly premixed in a multi-
lamination mixer (Ehrfeld, LH 25) and this product stream was subsequently mixed with
propylene oxide and glycerol in a second mixer (Ehrfeld, LH 25). The reaction mixture
was subsequently fed, as described in example 1, via a distribution chamber into the

20 individual channels of a microreactor (FZK, No. 1250-X-0.0).

The results are shown in table 5 below:

Table 5:
Product properties
Mixer type | Pressure | Temperature | Residence Catalyst Viscosity OH PO
[bar] [min] time concentration at number | conc.
[min] [ppm] 25°C [ppm]
Multi- 20 150 2.7 2200 617 56.2 > 1000
lamination
mixer

25



pynani ¢ 20 2T80WSE8KES 57 42 25 mixer (Stirred 20 170 3 420 1085 53.2 60
autocl ave) Exanple 3 (with recirculation of product): 15 The experinents
descri bed under conparative exanple 1.ware repeated, but the DMC catal yst
and recycled product fromthe mcroreactor were firstly premxed in a nmulti-
| am nati on m xer (Ehrfeld, LH 25) and this product stream was subsequently
m xed wth propyl ene oxide and glycerol in a second m xer (Ehrfeld, LH 25).
The react i The ekahples fonascovblyseltrnthilybedy masmormer crogstionwn figstioplverd, via a
di stributi r-%p@%gr lloWko the 20 individual channels of a m croreactor
(FZK, No. 50- X (S? he results are shown in table 5 below. Table 5:
Product properties M xer type Pressure Tenperature Residence Catal yst

Vi scosigy T hicdudtimixtlrd o the éwmesmarﬁmmémrﬁtommg@ﬂw r{uﬁ’iU@e]’ | ppfﬂ

25C [ m i - iéndi 5 0] o) er
50000560168 an BH #ﬁ%"g“g‘t pO8 §f aorfort o4 pard B Thne Jt st as o
crossfl ow quslcf'l'r’f&’c fsexample, ing Pﬁ &R Mt orddE-Ag 37&259785Wﬁ§0'ﬂﬁ%‘&@@@ bMtBW ure
fromthe syasirbeSactooby andgadk ygircepythie tabe mahebrafsd fromaatechl Innov@esn GHbH3, an

COH f t t of

desclrJ|ngel:loﬁ]‘iwl'gt n ghe&a?ﬁgnﬁé%oﬂ @n@ f?ﬁa%rﬁmﬁﬂeé%fc@%ggwESIG@HCOZM rat ed
by thel delsqqoéﬂmf Bm PYLrape §eatEig e theninper walkohrpibe éy ofdep i Ablakh

| nnovat i onreGydthle bmpehgnoaranexheasmlﬂcdjeaﬁeéte fluRds WErergubsedquently eéu@ahmdu anmet er

of 6 mm ang, g, rf‘ef‘%id?iutﬂfws Jrg{c;a%bobé]mvalrﬁde)ﬁ%rr@?é@ /8, rﬁ&%}a'ﬁgs%yhg 'e%@ﬁr val |

of the tube 1n or suspensi 1fic
perneat e ffasRedififeend SapgEatiqlAYeS @efré‘?rﬁﬁ"ﬁéfd)” U}?ﬂ@ra’ﬂ%@néo@fhltﬂ‘ﬁﬂ’féﬁt'Pﬂdl cated
bel ow. In mémm{r@ aé ihdicBledMenizaames the\exa@plesntogabbr withstie dbntértragioh

frgﬁg g{née;) act ?e?(;%gsm (% g‘c%'éé’fih ltﬁ%%h%&%mm{%ﬁg%ﬂ\ﬁgpw &éo%p{nb]toﬁ ;BMQ In
concent r at $d¢mn 1, the temperature of the membrane crossflow flltratlon in column 2, the flow
velocity over the membrane in column 3, the transmembrane pressure (arithmetic
mean of feed pressure and retentate pressure minus the permeate pressure} in column
4, and the specific flux through the membrane in column 5.
20
Examples 4 to 8 show that it is possible to concentrate the suspension to

concentrations which allow recycling of the suspension to the process.

Example 4: Microfiltration or crossflow filtration

25
Membrane: 100 nm Al,O; separation layer (separation limit: about 200 kD)
DMC Temperature Flow velocity Transmembrane Specific flux
(ppm) (°C) overine ‘ZL:)S“": (kg/m?/h)

(m/s) )

1050 120 4 2 13
1050 120 4 4 14
1050 120 4 8 15

30



15 achi eveFéIF P%00§g§%16é§§% In the suspension originally conmprising 450 ppm of
DMC in colum 1, the tenperature of the nenbrane crossflow filtration in
colum 2, the flow velocity over the_pgnbrane in colum 3, the
transmenbrane pressure (arithnmetic mean of feed pressure and retentate
pressure mnus the perneate pressure) in colum 4, and the specific flux

t hr ough t Hexampip 6a Microfjlteatjoner crossfiowrfitralians 4 to 8 show that it is

possi ble to concentrate the suspension to concentrations which allow

recycl i ng—of—the—suspension—to the process—Exanpte-4—M-erof+t+tration or
crossfl ow fi IMembiame: 10G niveAlbO aseparation fayeA\(separatmpdinaiti about2pekD)separ at i on
limt: aboutr—200 kD)7 DMC Tenperature Ftow et ocity Transmgnbrane Spetific
flux (ppm (@YCover| (TROpgradiyeul eFlowyerleeith) | mEmnsaembrans ) |* Specifiafiux) | *)
1050 120 |4 Z(E:g’m 1050 122%3 4 14 1pESChe20 4 8 1@ess0ePF 0 00%%8%@/ Kes -15-
Exampl e M cro}i | tirati on'or cfogsémbranefi|l tr at 'bgﬂbr\.l&\/lenbrane. nm A1203
separation | ayer (separation liﬁt:m?sl? t 200 kDS Tenperature Fl (fw
velocity [Transnmenbrane Specific]flux '(ppm| (C) over the pressure (ka/n®/h)
nenbrane |(barg,s5) (jnT's) 45} 5000 120 4 14 5 Exanple 6: UItra%Itration
Menbr ane: 20 q'qul 2| separationllayer (Porel dianeter: aboutl 10 nm C
Tenperature Flow vel ocity Transnmenbrane Specific flux (ppm (O over the
pressure (kg/ nm2/h) nenbrane (bar) **) (nfs) *) 1050 100 4 24 12

5 Example 6: Ultrafiltration

Membrane: 20 kD TiO, separation layer (Pore diameter: about 10 nm)
DMC Temperature | Flow velocity Transmembrane Specific flux
pom | co | e e g
(m/s) 7)

1050 100 4 24 12
1050 110 4 24 17
1050 120 4 24 23
1050 130 4 24 29

Example 7: Ultrafiltration

Membrane: 20 kD TiO, separation layer (pore diameter; about 10 nm)
DMC Temperature | Flow velocity Transmembrane Specific flux
g | o | o gy
(m/s) *)

5000 120 4 4 10
5000 120 4 8 14
5000 120 4 12 20
5000 120 4 16 23
5000 120 4 20 25

10



1050 110 £RH0PF58QWMEs o0 4 24 23 1050 130 4 24 29 Exanple 7:
Utrafiltration Menbrane: 20 kD Ti Q2 separation | ayer (pore dianeter; about
10 nm DMC Tenperature Flow velocity Thgosnenbrane Specific flux (ppm (O
over the pressure (kg/n2/h) menbrane (bar) **) (nfs) *) 5000 120 4 4 10
5000 120 4 8 14 5000 120 4 12 20 5000 120 4 16 23 5000 120 4 20 25 10 PF
000005801 dixample BoUlteafillsplien 8: Ul trafiltrati on Menbrane: 20 kD Ti Q2
separation | ayer (pore di arreter about 10 nm) DMC Tenperature Flow velocity
Tr ansnenhrane SlJC\.,lfl e—H¢ \lJlJII, \u} ever—the pressutre (I UII P h) rFenbr ane
(bar) **) (n1 sMéiﬂbr'éﬁemmmﬁoz?'a%pé?atlcﬁﬂ%eﬂ@aredﬂmetér a560010.ﬂﬁ|)3 32 43

5000 130 #3243 PF00600058016/ Kes =17- Cains 1. A process for prepafring
pol yet her{ polBMCs by Tempelatuie of Elmveloblhoﬁ ngransmetribnane nlt%mecdlcs‘tUXS a) one
or nore 4l kyI@%}g) oxi|des , i f| appverghéat g, carfpressudé oxi de¢ l,so | b) one
or nore H—furg onal staﬁqr substeanckrane (bar) **) a(llﬂ/n’?’/rﬁ
(m/s) *)

5000 130 1 32 47

5000 130 2 32 44

5000 130 3 32 43

5000 130 4 32 43




I n the presen%ogog?msme% alyst, 10 in a reaction unit having a plurality of

parallel layers A, B which are mcrostructured so that each |ayer has a
mul tiplicity of channels which are arrapged parallel to one another and
forma continuous flow path fromone side of the plate to the opposite side
of this, 15 in which part of the starting materials or all starting

mat eri al s EAMS  f appropriate, the catalyst are prem xed at a tenperature
bel ow the tenperature of the reaction in a m xer outside the reactor and

Side of 1T & PaRPepRe 1 dheer R pdifer By B YRR, B o RATRG <R

this and a hedbateBals:t r ansfer mediumis fed into the channels of Iayers B
arrangad alternately to the layers A on one side of these and is taken off

again on the qfher, si ??no?é aﬁ(plgﬁ(?omdgg]gﬁda '|f%p?hog)'rt§lter b%’r%ﬁ Bﬂxﬂg 4G SudO

i ntroduction of the Start provi iTed at one
end of the chd¥nelogesf ”tolﬁ%Hr goetionalstartay Sblbﬁé'l‘qeéctlon deV| ce for 25 the
reaction mxture is provided at the other end of these. 2. The process
according to | ayers A, B are plates. 3. The process
according to gﬁ me{ﬁ %sen‘ﬁ’@?'f gwﬁtas)é?n the distribution and collection 30

devi cdd are edA f%"l‘ﬁ‘l‘PFthed as a chanber |ocated outside the stack of the

Idayer 'Sb A B. hévun@fte?lpfahﬁﬁofspegalmta%fwAll eruﬁh aielmizfostruciiiey €6 that leach o
I stribution e V ck o
The 1 ayer s A, Ty Pk Chdlin O EERoR WIGRGR B4 Sfardicl W Bnd ol
transver se chaﬁﬁ‘ﬁépr"béﬁﬁ@éﬁuioH@ﬂ@W@aB‘d‘f(ﬁﬂ B¢ S@ﬁéﬁmﬂ Rjatgte osie ﬁ'H@ of egi on
of each of thehiswo ends of these and all transverse channels within the

stack @f the I 0 I 0, ranged
essentﬁ’al ly e'?mrcg'l CtTI (ﬁ th% E:[chrf‘:g HF]%%E%{ ?arF }naf'e%ks A}HCH%S»BE%QHQE
0000058016/ Ke§he ¢Rtalyst arwéefﬁwsé é&g t%%a@rﬁeelw {eraperatueg ofdha reastian

wher ei n t he alih ammigén cigsidatheasgoresiid of the layers A, B to be such that each

layer Ais f0'thgwﬁu%%gbse/q%rennﬂe%rmﬁﬂh& R ASh SR RIPRE YT S A

are foll owed Ive

fol | owed by a thigyad fhe reaction mixture is taken off on the other S|de of thls and a heat
20 transfer medium is fed into the channels of layers B arranged alternately to the
layers A on one side of these and is taken off again on the other side of these,

wherein

a distribution device for introduction of the starting materials and the catalyst is
provided at one end of the channels of the layers A and a collection device for
25 the reaction mixture is provided at the other end of these.

2.  The process according to claim 1, wherein the layers A, B are plates.

3. The process according to claim 1 or 2, wherein the distribution and collection
30 devices are each configured as a chamber located outside the stack of the layers
A, B.

4. The process according to claim 1 or 2, wherein the distribution and collection
devices are each arranged within the stack of the layers A, B by the parallel
35 channels of each layer A having a transverse channel connecting the parallel
channels arranged in the region of each of the two ends of these and all
transverse channels within the stack of the layers A, B being connected by a
coliection channel arranged essentially perpendicular to the plane of the layers A,
B.
40



5 6. The p'?%gggos%asgg:%%ﬁ?ng to any of claims 1 to 5, wherein a distribution
device and a collection device corresponding to the distribution and

coll ection devices for the layers A arg-provided for the layers B through
whose channel s the heat transfer mediumflows. 10 7. The process according
to any of claims 1 to 6, wherein the mxer which is |ocated outside the
reactor an® i nTWhireecesar accerdinthdoseny taf nejaimst dr taal4 whergin the aaltermaging

mat er i ?I S ?nd,ariréng_am@hpcﬁfrth@ta@erstmes BASSUBthaTach 18t Aﬁﬁi‘dli_ﬁw@d byalayer
m crostructur : ceor | in the
m crostructur 2% Orrngééﬁéti Qsa]cg_ t?’grﬁ-ﬂggﬁggvgiq?‘?&u% ?‘o%%rﬁgf)@%é gy %d%{%ﬂ%%r %@ﬁ agn

m xer, a m cr oPACRdWO sHGGasg Ve lavas: B predfoligwadsbyo layer Apl i t - r ecombi ned ni xer. 20
9. The process according to any of clains 1 to 8, wherein the pressure in

th h | A TS Nt . . ... 20 , | ut e,
the temperatuf® pisBes bRy iy bk 1103, A & difiin WBlicdand, 1t O
the reaction &fsiteghen devigecariespendingetorthe fistribuiorsand seliestirnsdevioestor thehe

process accor dafgs toartodlied forithes lajeisB throldrewRbse éndnasBar@huairansidri 1 e is
est abl i shed al [olafe} h_lhf%“%hannel s of each layer A by two or nore heating or
coolin zones W R &F T east one distribution and col | ection device per
heat i ngo or cooling zone being provided in the |layers B for appropriate

heat i ng/ ]E:OD.: | NDhedprotdes dveatding toaing ot tlaimdi toe, vikrdid thel xepwahSSioasiear di ngh
to any of clai At i - [ r r clied fromthe
col l ection dev&@g&f C}R? alrga%%g'ﬁgllﬂg\;ar{@db%ﬁg# rtggrr%?%@iﬁéjﬁgat_éi%%t?g%] ‘L't%g'.nBA
process for pr@pieripisgansh| i sprOPrigls) Jor §a§3yJSF SR tATRMIXeH if e MigostiuGtwgd
starting 35 nmbeer.ials: a) one or nore al kyl ene oxides and, if appropriate,
car bon1§ii oxide and also b) one or nore Hfunctional starter substances 40
in the presence of a catalyst, in block operation with PF 0000058016/ Kes
-19- two of- nofie POseSS #e0lHing 1o daimy 2 Iverein the misresiaickyead mixer isra lamingly of |

claims 1 to 6 diffusion mixer, a multilamination mixer, a micromixer having structured walls or a
split-recombined mixer.

20 9. The process according to any of claims 1 to 8, wherein the pressure in the
channels of the layers A is in the range from 10 to 200 bar absolute, the
temperature is in the range from 60 to 200°C and the residence time of the
reaction mixture is in the range from 1 to 600 seconds.

25 10. The process according to any of claims 1 to 9, wherein a temperature profile is
established along the channels of each layer A by two or more heating or cooling
zones with at least one distribution and collection device per heating or cooling
zone being provided in the layers B for appropriate heating/cooling of the heat
transfer medium.

30

11. The process according to any of claims 1 to 10, wherein the reaction mixture is
recycled from the collection device to the mixer located upstream of the reactor.

12. A process for preparing polyether polyols by reaction of the following starting
35 materials:

a) one or more alkylene oxides and, if appropriate, carbon dioxide and also
b}  one or more H-functional starter substances

40 in the presence of a catalyst,
in block operation with



bei ng prO\F g%DOO\gﬁ%tségﬁs 1) the starting materials a) and b) are fed to a
first reaction unit to give a first 5 reaction mxture, 2) the first
reaction mxture is preferably cool ed.hgated after |eaving the first
reaction unit, 3) one or nore further starting materials different fromthe
starting rraterlals i ntroduced in process step 1) or the same starting
materials as itWOEN Grase geaction snipcarjespandingrainegiafiatipo injamy efr daimstttnf t hat i n
process step IeirdyrodtiE®hHereih0 give a second reaction mxture and the
second reaction mxture 4) is fed to a second reaction unit, and the
reaction mxture obtained therefromis, if appropriate, fed to a further
reaction unit,wi tthe sladingrpatesals &) apd by prexfed 1oy sl fegctionyanit teivena finss
approprs at e nunberre@ftlohlmﬂnme 13. The process according to any of clains 1 to

Lo, wherein thg O Bl TBLAGR AN ot aIRD oAb dic@BAEPRALRL She SRYL0T

di oxide are firstly prem xe rst mx
t he m xer outside f?@ﬁi'oﬂé@&t or and the one or nore 20 H-functlonal starter

subst ances ar e3)n x@@é drimbre fanﬁacaantngtmata@a@HmrenHromTtr@ faaing hatasaer di ng

to any of ol aims t%ttcgautéd PRREEI kDS 3 Pl 418 B Aherigh os3h frcisaor Tore

substances sel ecte yl ene
oxi de,1hut yl ene oteRe]) iparibixing refig didereqy fm&f}ﬂ 'betfﬁéﬁiss ﬁ@(é}rﬁecﬂm‘ 'néﬁd 25
styrene oxide, prejiwrs @béoondiréadtion enidiietehd the epdraireadtivhdeixtugar bon di oxi de or

m xtures ther e‘Hf &édtggesep&%:ﬁa%u&c%{di ng to any of clainms 1 to 14,

wherein one or ‘nore functionality of from1l to 8 are used
as Hfunctional staid: e '@@BEQ%H&’%“’ otdgined theneiomy isc dsaprierriateli 1o oacl ai m

15, wherein one orfunfgrereattoahalits withvthe grécess whaiisi Hranid 8y béihg kepaatedhani ng t he

gener formula R turated or unsaturated al kyl, aryl,
ar al ky 5 or al kyl ary prorp‘ﬁgl nﬁftéa\%/)l ﬁrag Tom1l to 60, preferably from1l to 24,

carbon atons, in particular one or nore substances fromthe 35 follow ng
listing: me3 .har probedsaizodrdinges ang bf clhigft Aol 2, wheieiile, ond et altwe alkyléﬂéecan0| :

dodecanol or t&,&%&ﬁﬁolf a@%@ﬁ?ﬂﬁ&%ﬂ&'\ duoR%Bta?Q‘ﬁFsﬂ?g: er?&&d‘%ﬂﬁ?l‘?s{‘é’étalgst in

hept adecanol ,
decenol , undecrtst mixing step #bies mixen 9vts&9cttmreacgz§r%m dre gnengr 6@9"‘3‘
citrongg | ol, Mmbnastmﬂymhﬁmh areamixed Sreith sosecond wiidihg stiep) starter

subst ance or substances. 40
14. The process according to any of claims 1 to 13, wherein the starting materials a)
are one or more substances selected from the following listing: ethylene oxide,
propylene oxide, butylene oxide, pentene oxide, glycidyl ether, hexene oxide and
25 styrene oxide, preferably ethylene oxide, propylene oxide, carbon dioxide or
mixtures thereof.

15. The process according to any of claims 1 to 14, wherein one or more alcohols
having a functionality of from 1 to 8 are used as H-functional starter substances.
30
16. The process according to claim 15, wherein one or more alcohols having a
functionality of 1 and having the general formula R-OH, where R is a saturated or
unsaturated alkyl, aryl, aralkyl or alkylaryl radical having from 1 to 60, preferably
from 1 to 24, carbon atoms, in particular one or more substances from the
35 following listing: methanol, butanol, hexanol, heptanol, octanol, decanol,
undecanol, dodecanol or tridecanol, tetradecanol, pentadecanol, hexadecanol,
heptadecanol, octadecanol, butenol, hexenol, heptenol, octenol, nonenol,
decenol, undecenol, vinyl alcohol, allyl alcohol, geraniol, linalool, citronellol,
phenol or nonylphenol, are used as H-functional starter substance or substances.
40



PF 000005801%]4098801%%<€s1 7 The process according to claim 15, wherein one or
nore al cohols having a functionality of from2 to 8, particularly
preferably from2 to 4, nore preferablyg-from2 to 3, in particular one or
nore substances fromthe following listing: ethylene glycol, propylene

gl ycol, glycerol, trinethylol propane and pentaerythritol, 5 are used as
H-functi oidl dJiharprecessudenosdiogdo cledm Thewheromesre &t qoordi algohats dayingfa cl ai ns

gat gl )1/; Swher @ur’fbtlﬂhﬁlw va‘fr@rln @Yﬁggﬁﬁmﬂ@mb%rﬁﬂyq}ﬁh%ﬂ Qn&%e&%%?am% er e| ]
basic catal yodom 2ok a0 BERRES R irifate alarces o dbe, foloins, it
am nes are usethyigneqgircal, psopylen2qilycdh glyperot ddmethylotpratiang and pehalernthrﬁol V\/ner ein

the nulsti met alyr&ygel ALHIMIbEA stk 8libstindes. recovered by nenbrane crossfl ow
filtration of the reaction product 15 mxture fromthe single reaction unit

or the last of the plurality of reaction units and is recycled to the
process. 2B. Tie proeessf acdoeding |ty enfiedt gaimgol do pii7e pdreegin bypultimpiab cyarnide

according to aBimpRix cafdiitdBreluskd ad@afalfstsdr oduci ng pol yuret hanes. 20 22. The
use of the polyetherols prepared by a process according to any of clains 1

to 20 as: surface-active substances, |aundry detergents and cl eaners, m ning
chem cld@l s,19%:i [Thegirdcesheactaording, totaaxtof claines § its tl Znwisereindmisivecatalysis ssdh ag

auxiliaries, gepablithafdliad, Wi e BkoRide8 Br aMifel 6l LSS daril protection

agents, auxiliaries for 25 cosnetics personal care, tormulation
auxiliaries for human and animal nutrition, formulation auxiliaries for
pi gnent s, 00r rileapricoessaasedrdiag ite scldimr 18lr whereor thef meltinsadali ¢yaniele. complex

catalyst is recovered by membrane crossflow filtration of the reaction product
15 mixture from the single reaction unit or the last of the plurality of reaction units
and is recycled to the process.

21. The use of the polyether polyols prepared by a process according to any of
claims 1 to 16 for producing polyurethanes.
20
22. The use of the polyetherols prepared by a process according to any of claims 1
to 20 as: surface-active substances, laundry detergents and cleaners, mining
chemicals, oilfield chemicals, textile assistants, leather processing auxiliaries,
coating additives, formulation auxiliaries for crop protection agents, auxiliaries for
25 cosmetics and personal care, formulation auxiliaries for human and animal
nutrition, formulation auxiliaries for pigments, formulation auxiliaries for drugs or
fuel additives.



