-1 - Process for preparing polyether polyols 5 Description The
invention relates to a process for prepgri ng pol yether polyols in a
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As starting materials a), it is possible to use all known al kyl ene
oxi des. Preference is given to using one or nore substances sel ected
fromthe followng listing: ethylene 35 oxide, propylene oxide,

butyl ene oxi de, pentene oxide, glycidylsether, hexene oxide and
styrene oxi de, preferably ethylene oxide, propylene oxide, carbon

di oxi de, and m xtures thereof. In the case of butylene oxide, pentene
oxi de and h&le¥meproResges apdl inj paskmwas, aidsher [slueesi maldisirbution i the mess
m xtures offidWee i soners. - 3 - As Hfunctional starter substance or
substances, preference is given to using one or nore al cohols having
a functionaljty of from1l to 8, preferably from2 to 8, particularl
o ef or ably THBHHSCS agneverity Hprabes A5 JordomPabpBeisouss o iR are
subst anc®s foflowing blartihgimatatialsg | i sting can be used for this purpose:
et hyl ene gl ycol, propylene glycol, diethylene glycol, dipropylene

gl ycol, glycerol,, tri I o] aeryt.hrit al ucr ose,
sacchar ose, gl UA 0s eo,negf h@ Yeoéwér}?go%ﬁ@g 3832%)@[%8? ,e' (f;f’gbodrnoci% ekgiﬂdaqlsé’d
(meth)acrylic a¥i doneor ere Vddnchienal stelensubstare®sder i vati ves of 10 the
abovenenti oned H-functional starter substances up to a nol ecul ar
wei ght about; t Wee ; '
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sat urat ed or unempavaitredf deknebcticariy la, mxeabltyitie the cHauptlampnd thadidak is

par 1 oul o one. SESEUERNFIGR 8 tho chitfiel nhe GyelsOH 87 bng SRt thS and the
Pot hanol - but arBRCIORITAFE S kel o5 e BeLser of B e ot stel icium
dodecanol or trisdetirothe chamneideiddanss B geangad aternatply it theadanssfobn one
hept adeganol , ogiadeaanel andist BREN off@jasNoh thd &fHet tle, o0 B8 Olherein a
ln_onenol 1 depeno&istﬁﬁﬂﬁﬁ%ﬁéﬁﬁb’ffﬂ |nﬂ¥éuc%rf %ﬂ% ?tgrlli Im r&?shgﬂlc’ tr%eéﬁﬁgﬁlis
i nal ool , citronel[ol, enol or non enorl . a aryl “radical's,
particul ar pref BPYAREAY ‘g‘eg‘?"{?e?{ tF%"'ﬁ%\%‘%g oh3he pignesA ens a soflgatioy deyienstor
25 As cat al yst stheireactign modige isl provided.ad ¢he dtherpad of thesear , nul ti net al
cyani de conplex catalysts or alkali netal and al kaline earth netal

hydr oxi des, -pI r abl Lum hydr oxjde and cesi um hydroxi de d
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Apart from &gctipn & thedfellwingstartipg materials: j s al so possible to use
i nsol ubl e basic 30 catal ysts such as magnesi um hydr oxi de or
hydrotal cite. Furt i %p% S1.S g
mont nori | | oni tei5 o%&@%ﬁ?&ﬁ%@?gﬁﬂ # : ﬂ.dﬁg{gf %arlrs?r??'%lﬂ%??d el?o are
al so suitable. P sfegmeradnfynciopalstatensibslaNesSnpl ex catal ysts are,
in partid8ul ar, double netal cyanide 35 catal ysts (DMCs) which are
known and aigthégreendzed a cilysexanpl e, in WO 01/083107. They usual ly
have the general formula (1) WIaik42(a)b(Aycld flvliligXn h(H20)
eL, (1) - 4 - M s a netal ion selected fromthe group, consi sting of
Zn2+, Fe2+, Ae@,tawgzmatemé, ibi§ Pessikig Je PS‘PB%',“"’WD?“‘%'& Xijesof (pherendggs.
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and ML and ﬁ%%%d%%%%ﬁfe%r 'yd? t?@er}een 1%9,1%%@9&1 e .l ahic(%@aﬁ eq'%’J(':({feeg hd
from the gr HWRUEs Rl Inghecasmpl braylens, exids:ngateng @xida@pd hexpnsopiides all
cyani de, t hisames@dnche usedy@anaicem o yambitwes oldhdBrykst e, oxal ate and
nitrate, Xis an anion selected fromthe group consisting of halide,
40 Carbon dioxide is preferably used in an amount of up to 25% by weight, based on the
weight of the polyether alcohol.
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25 fis a fraction or integer greater than or equal to O and his a
fractiom or integer greater than or equal to 0. 30 The preparation of
t hese conpounds is carried out by generally known nethods, by
conbi ni ng the aqueous solution of a watgr-soluble netal salt with the
aqueous sol ution of a hexacyanonetal ate, 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
conbi nat i onAsfH-tuhetiopal slartay sebstSuehorcaubsthesssprafederichés given épasiag ooa or
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further gr ocessing. 10 The nultinetal cyani de conpounds are
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by the bgmted heat renoval rate of these types of reactor, with both
reactors haying [nternal cooling coils and those having external heat
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t her mal 3Qec SHBYRESUEH 3P JBRANESHT Bygkoxidecerohyirgtalcite. Furtheqmere Brgpstedragitle
f oam pr oper tiatalystsadrgomontmozgtioniter ershewis-adid catalystar ¢.gabdrgn diflaripzd are also
al kyl ene oxigebghai ns. The concentration of the catalysts is, if
they are multinetal cyanide conplex catalysts, 30 frequently in the
range from5 to 5000 ppm based on the total weight of the startin
material's, GE{RRRIMHENMSHI CYRDIdS SAMRI9X Gflysts argy ingrartiyissrdaybledmelakgyanide
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concentrat i 9pgy Kually Rive W8Nl 1drm@@ (300 to 50 000 ppm based on the
total weight of the starting materials. 35 If the reaction is carried
out in the resence of nultinetal cyanide conplex catalysts, it is
advant ageou M (GiEAklogd Ber AN ek i n flace of the al cohols

mentioned as Hfunctional starter substances, their reaction products
40  where



10 The starting materials are preferably used in a ratio of 1-300
equi val ents of starting materials a) (one or nore al kyl ene oxi des
and, if appropriate, carbon dioxide) to starting materials b) (one or
nore Hfunctional starter substances).-45In the process of the
invention, part of the starting materials or all starting materials

and, if app pri_at ) efrrstl %e Sd, 2+t
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di ffusion X1 f reams of the fluid which has
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| anel | ae having a thickness in the range from 10 to 2000 pmor from
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direction. An approxi mate design of the m xer can fected via the
Fourier number Fo = tap. If the residence tinet |s at | east in the
order of magniti§cRn gniop Helegleds M dhe troHp e@nsising ©f Aatidee hydrokids. sigfate,
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a singl e chapt®sand suffigkd cal parameter for determning the transverse
di ffusion path Sof is the channel width c10. For typical 40 channel
widths in the range from 100 pmto 1 mm very short mxing tines of
less th#A 1809 ns are obtained for gases, while the mxing tines are
in the range of mnutes for - 7 - liquids. In the case of mxing of
liquids, asaip B MESEBseRERE RS that tHe dof EEW:P{Q%%QF@HE rleftral and
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of the polyether alcohols can be carried out using a smaller amount of catalyst. The



35 are arranged alternately above one another so that each | ayer has
a multiplicity of parallel channels which forma continuous flow path
fromone side of the layer to the opposite side of this. Here, a
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process | s EaPRd B 0P o Odp BBE. e n e R EREL R iy T metefidS.

advant a@®ous to carry out the process so that a tenperature profile
i s establi shtane raotig is beriethaotie ke mrésanec bf maiewtafclanidewdmplexitatafysts, it
heating or %Og{ﬁafﬁibgé%he%o I%?% b@&ﬂér \g&ntﬁ Morah bl&@c{]fof QUL aftbREIE T REHEbASY as
devi ce and ?{t east. one coll'ection devi ce,Jaer eat’i n%]n or i )
-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



10 cogling zone of the layers B being provided for appropriate

heati ng/cooling of the reaction mxture in the channels of the |ayers
A. If the reaction is carried out using DMC catal ysts, it is, in one
enbodi nent, advantageous to recycle thggreaction mxture fromthe
coll ection device of the layers A 15 to a m xer |ocated upstream of
the reactor. Preference is given to recycling a proportion of from
0.01 to 75(V@m,du0t§icgntbeoﬁarfiﬂg opkHYNY @ny realalysise farcexampiex dasik o dtemis-acid
upst ream of chapsteeaction unit. In this way, it is possible to achieve
a significant increase in the reaction rate and a reduction in the
residence tine, so that a higher productivity can frequently be

achi eved. 26 1 bossPlsraiber 0 yge Balk e stralalkiens svde B8 siarting deateris! 1 o use 2
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carried out possitiié.nuously. The invention al so provides a process for
preparing pol yetherols by reaction of the follow ng starting

mat eri al s: a) one or nore al kyl ene oxides and, if appropriate, .
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bei ng provided, wherein - 10 - 2) the first reaction mxture is
preferably cool ed/ heated after leaving the first reaction unit, 3)
one or rer el tiermesess htha Ryenigb.craryelisthestaringonateriale oy gl stasingr maigtials
mat eri al s i ahd,c0appecpriate, freomésyst atecfystly) premixed euisiaehes tlanhelagwith it being

material s agniited it fRStenpefituiré)duhify BreMidihd'® bk haflithd SrtstatlieO8 the
are mxed into grve a second reacti on

that in process st 1}

m xture and°t qug@gg%'?neacti on mxture 4) is fed to a second
reaction unit, and the reaction m xture obtained therefromis, if
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catal yst. | 9VERIQUSNGAMIGGSHUCMEBMIXEE. br oduct mi xture from the single
reaction unit or the last of the plurality of reaction units is fed
t? a ”E(f;rbr?mﬁxeﬁﬁpimtaﬁls:fbrumié insbsse A, afoP dexdihe, @ [dhithat kﬁlﬁﬁjfsibh cmxters),
stream (Je : . - [ . iltrate).
A 15 (Rer SUEihe @R Bt i B L EEBaRE SE R roBbpbie il
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t he separ at fgfilgraipatongpixers. indhg;casg b adi- f £raixgr thgdwe sulstreams fhbemixed
are: 30 Separafedoia d &yarY-Sdped ruangenen{ iowaa siegle thamek Apatica paamietey &)
determining the transverse diffusion path Sy 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



Metal -Metal Ceram c Metal, ceram c or carbon Polyner Pol yner, netal
cerami c or ceramc en netal Carbon Carbon, netal or ceramc As
ceramc, it is possible to use, for exanple, a-Al 203, Zr02, Ti02, SiC
or m xed ceramic materials, and pol ynerg-whi ch can be used are, for
exanpl e, polytetrafl uoroethyl ene, polyvinylidene fluoride,

pol ysul f ones, .pol vet her | f.one o) ether t her ketones or
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pol yet her ol adgitiengdy sdppast tivee NYXing qyeceses &ri @mpib dyemeans pf didwdnduged
pol yur et hangansverdeutikihgr nore, the invention also provides for the use

of the polyetherols prepared by the process described above as:
surface-acti ve subst ances, Iaundréﬁdetergents and cl eaners, nining
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products from known processes, the products obtained by the process
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bl ockage. of STRAMEHARAEI ﬂ%ﬁ AR 1P g Ragol ‘«'ﬁee e PuEoedely doubled and
exper i ment althe thiskmass chthe lmmahﬂ!heaiﬂfléfonPBMaiwihewmmé 1:  Product
propertizgss Pressure :

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 aiternately above one another so that each layer has a multiplicity of
paraliel 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.



[ bar] .trerrp.erature [C] Residence tinme [mn] Catal yst concentrati on
[PPrn] Viscosity [25C gPas] 011 nunber PO conc. I N 3825 158 8 1050 -

91 - 12 -
exanple 1,

Conparative exanple 2. As a difference from conparative
the starting materials were-prem xed in 5 an upstream

stirred vessel having a volunme corresponding to 6 tinmes the volune of
the mcroreactor before being fed into the mcroreactor. The reaction
st opped repeatedly and led to only a | ow conversi on. The experi nental
resul ts are Thadavars, in paglidular Plales, are mitsFadilired Ry having channels through which

10

15

20

25

30

35

40

reaction mixture flows (reaction channels) or heat transfer medium flows
{cooling/heating channels). The term microstructured indicates, as is customary, that
the mean hydraulic diameter of the channels is <1 mm.

After premixing of part or all of the starting materials, the mixture obtained and, if
appropriate, additional starting materials which have not been mixed therewith are fed
into the channels in the layers A on one side of these and the reaction mixture is taken
off on the other side of these.

Layers B to which a heat transfer medium is fed on one side of these and is taken off
on the other side of these are arranged altemnately to the layers A through which the
reaction mixture flows. Here, it is possible for the alternating arrangement of the layers
A, B to be such that each layer A is followed by a plane B or so that each two
successive layers A are followed by a layer B or so that each two successive layers B
are followed by a layer A,

According to the invention, 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 the reaction mixture is provided at the other end of these.

In 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
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
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 fransverse channels within the stack of the layers A, B being
connecled 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
previous paragraph applies to these channels.

In one embadiment, a distribution device and a collection device corresponding to the
distribution and collection devices for the layers A are also provided for the layers B
through whose channels the heat transfer medium flows.



Product properties Pressure [bar] Tenperature [C] Residence tine
[mn] Catalyst concentration (PPITil Viscosity [25C nPas] OH nunber
PO conc. fq 25 158 7 1080 - - 85 Exanple 1: 15 The experi nent
descri bed under conparative exanple 1 wgs repeated, but the starting
materials were prem xed continuously in two mcrostructured m xers,
wi th propyl ene oxide and gl ycerol firstly being mxed in a first

m crom xer ([heiProcessis prefarably aperated so thap e fdressuirebh tifeethdnnels df thadayers A
catal yst subsetuwaahyyfromiiogo 206 barcivesitic, theaempsratitt Biid fHRITaXG iréHh 6b e
same type, agthct By lil%ﬁ?és'io%ﬁcéntiﬁﬁuBfeth\é‘at%aﬁttb?\nmfxﬁ?e \'%@n%t?'réﬁ ! PYLI P Irfo
20 chanber 1nto th annels of a mcroreactor (a crossflow reacto
nmodul e havi AgP %ﬁ'ﬁ’"f’&& PA% REPCESYASRBY MerrPcese i carfgd opf at a prsesue of lgps
The expebi nthan&0 baesults are shown in table 3 bel ow Table 3:

It is advantageous to carry out the process so that a temperature profile is established
along the channels of each layer A by two or more heating or cooling zones per layer
with at least one disiribution device and at feast one collection device per heating or

10 cooling zone of the layers B being provided for appropriate heating/cooling of the
reaction mixture in the channels of the layers A.

If the reaction is carried out using DMC catalysts, it is, in one embodiment,
advantageous to recycle the reaction mixture from the collection device of the layers A
15 to a mixer located upstream of the reactor. Preference is given to recycling a proportion
of from 0.01 to 75% by weight of the reaction mixture to a mixer located upstream of
the reaction unit. In this way, it is possible to achieve a significant increase in the
reaction rate and a reduction in the residence time, so that a higher productivity can
frequently be achieved.
20
If starter substances which have been reacted with propylene oxide in a preceding
reaction and have molecular weights of less than 1000 dalton 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,



<

Produgt properties Mxer type Pressure [bar] Tenperature [m]
Residence tinme [m] Catal yst-concentration [PPnl Viscosity [25C nPas]
OH nunber PO conc. IPPnl Multi- lamnation m xer LH 25, fromEhrfeld
20 158 3 1050 2035 56.2 410 -10-

2)  the first reaction mixture is preferably cooled/heated after leaving the first
reaction unit,
3) one or more further starting materials different from the starting materials
introduced in process step 1) or the same starting materials as in process
5 step 1} in a mixing ratio different from that in process step 1) are mixed in to
give a second reaction mixture and the second reaction mixture
4) is fed to a second reaction unit,
and the reaction mixture obtained therefrom is, if appropriate, fed to a further reaction
unit, with the process steps 2) and 3) being repeated an appropriate number of times.
10
In one process variant, a multimetal cyanide complex catalyst is used as catalyst. In
this case, the reaction product mixture from the single reaction unit or the last of the
plurality of reaction units is fed to a membrane separation unit and separated into a
catalyst-rich stream (retentate) and a catalyst-free stream (permeate or filtrate). An
15 increase in the concentration of the catalyst by, in particular, a factor of from 2 to 100 is
possible by means of the membrane process. The catalyst concentrate is recycled to
the reactor, with small amounts, 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 fo
1 pm, 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-Al,Os, ZrQ,, 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.



- 13 - Exanple 2: The experinment described under conparative exanpl e
1 was repeated, but propylene oxide and the DMC catal yst dispersed in
the product were firstly premxed in a stirred 5 vessel having a
vol ume corresponding to 6 tinmes the volure of the microreactor. The
reaction m xture was subsequently, as described in exanple 1, fed via
a distribution chanber into the channels of a microreactor (FZK, No.
1250-X-0.0). The experinmental results are shown in table 4 below 10
Tabl e 4: Prbelinventanogea piosigesfordbe uspef theasolyetierdld grépafenpethatpivaess
[ M n] Resi dagasibéd vk foriphodudingpblgigthlanencentration [ PPrill 990
Viscosity at 25C 653 OH nunber 57.42 PO conc. EPPITII 25
5  Furthermore, the invention also provides for the use of the polyetherols prepared by the
process described above 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 cosmetics and personal care, formulation auxiliaries for human and
10 animal nutrition, formulation auxiliaries for pigments, formulation auxiliaries for drugs or
fue! additives.

Compared to known processes, the process of the invention achieves, in particular,
further avoidance or reduction of maldistributions in the channels of a microstructured

15 reactor. Accordingly, improvements in yields and selectivities and in product properties
can be achieved by means of the process of the invention. Particularly when using
DMC catalysts and low molecular weight, polyfunctional starters, the process of the
invention enables complete conversion to be achieved and the content of high
molecular weight by-products to be reduced compared to known processes which lead

20 to no conversion or a very low conversion. Compared to products from known
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
incamplete. The experimental results are shown in table 1 below.

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




Dynam ¢ m xer (Stirred autoclave) 20 216
60 Exanmple 3 (wth recirculation ef product):

20 170 3 420 1085 53.2
15 The experinents

descri bed under conparative exanple 1 were repeated, but the DMC
catal yst and recycled product fromthe qgi.croreactor were firstly

prem xed in a nmulti-lamnation m xer (Ehrfeld,

LH 25) and this

product stream was subsequently m xed wi th propyl ene oxide and

gl ycerol

chanber

I n a second m xer
subsequent | gompérative edamapleidded i n exanple 1,
into the 20 i ndividual
1250- X- 0. 0) , Th
Product prof&ft

(Ehrfeld, LH 25).

results are shown in

ELenge.fEm CypRATBIVEREMe

The reaction m xture was
via a distribution
channel s of a mcroreactor (FZK, No.
}aﬁle 5 below. Table 5: .
o hdhg steeing dpalerigie weg prpmixed in

Resi denc® t amupgtieam]stirred vessel having a volume corresponding to 6 times the volume of the
microreactor before being fed into the microreactor. The reaction stopped repeatedly
and led to only a low conversion.

10

15

20

The experimental results are shown in table 2 below:

Table 2:

Product properties

Pressure
[bar]

Temperature

°cl

Residence
time
{min]

Catalyst
concentration

ippm]

Viscosity
[25°C
mPas]

OH
number

PO
conc.
(%]

25

158

7

1080

85

Example 1:

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 (multitamination 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
chamber into the channels of a microreactor (a crossfiow 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
type

Pressure
[bar]

Temperature
[min]

Residence
time
[min]

Catalyst

[ppm]

concentration

Viscosity
[25°C
mPas]

OH
number

PO
canc.
[Ppm]

Multi-
iamination
mixer

LH 25, from
Ehrfeld

20

158

3

1050

2035

56.2

410

25




Cat al yst concentration [PM Viscosity at 25C OH nunber PO conc.

[PPIn] > 1000 Multi- |amnation mxer-20 150 2.7 2200 617 56. 2 - 14
- The exanples for recovery of the catal yst by nenbrane crossf |ow
filtration were carried out as follows:135 The product m xture from
the synthesis of a pol ypropyl ene oxi de having an OH nunber of 53, an
OH functionel | tél; 3 and a content of 420 ppm of DMC catalyst, as is
descri bed, F¥M %rrp in EP-A 892 947 or DE-A 197 42 978, was
concentrated by the deS| red factor by nmeans of ceram c tube nmenbranes

from At ech RO extinent daxblibdaAINABOCbRative eR@hpi6 11 3R @pedtéd, Hat Prdbylent

coating on PHE ?"é]dn% G0, ﬁﬁ‘?‘%‘ o8 AL e @3@?%%1 e
suspensi ®n ¥ergekhaving Seydlyme coresshenting ﬁol %@%’5 e veluggiss dpuigrareactor. The
det er m ned readizm mixtre ovadisubseusentlyd as aesmlibbe iroexanpte gxfadpiees distribatidh

menbr anes  haynfier Jm&h@%ﬁm@wan%rt)fe%&ﬁn{FzRenarﬁsb% ppvers (a
mcrofiltrati on menbrane and an ultrafiltration menbrane) as

i ndi cated for each of the exanples together with the concentratlon 15

achi eved i nTeaewpeimsetal resulis@resRoyeria iable dbélgwnal |y conpri si ng 450 ppm

of DMC o columm 1, the tenperature of the nenbrane crossf |ow
filtration T£b Jum1 2, the flow velocity over the nenbrane in colum
3, the transnenbrane pressure (arithmetic nmean of feed pressure and

retentate pressure mnus the permeate pressure) in ¢ol umPWdugpePReries
speci Mizerf | y>Predsuve g hTérhperarm®r|aResidenaeo| unGafalysP0 Exvispdsity 4 t OHS PO
show ttype it} ifbapbssi bl dming concentimet e | bencentrptiorsi orat26°C | number | conc.
concentratigns which allow recykclimjnbf the kppsjensiion to the [ppm
pro .Exanpl g, 4: [Mcrgfiltration,or cfossf wf|I tratd.on 25
I\/Enﬁ{ﬁ:ﬁm'p nfnq Al 203 sgfcéar atijon | gyer sepaér ation|li %#3: abo 7'4300 25
k D) -
(Stirred 20 170 3 420 1085 53.2 &0
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 cancentration at number | cone.
[min] [ppm] 25°C (ppm]
Multi- 20 150 2.7 2200 617 56.2 > 1000
famination
mixer

25




(PPrn) Tenperature (C) Flow velocity over the menbrane (m's) *)
Transnmenbrane pressure (bar) **) Specifie flux (kg/nR2/h) 1050 120 4 2
13 1050 120 4 4 14 1050 120 4 8 15 - 15 - Exanple 5: Mcrofiltration
or crossf low filtration: Menmbrane: 10@4am Al 203 separation | ayer
(separation limt: about 200 kD) DMC

The examples for recovery of the catalyst by membrane crossflow filtration were
carried out as follows:

5 The product mixture from the synthesis of a polypropylene oxide having an OH number
of 53, an OH functionality of 3 and a content of 420 ppm of DMC catalyst, as is
described, for example, in EP-A 892 947 or DE-A 197 42 978, was concentrated by the
desired factor by means of ceramic tube membranes from Atech Innovation GmbH
having an external diameter of 10 mm, an internal diameter of 6 mm and a length of

10 1000 mm and a membrane coating on the inner wall of the tube in order to obtain a
recyclable suspension and the specific permeate fluxes were subsequently determined
under the conditions indicated below. In examples 4 to 8, membranes having, in each
case, different separation layers (a microfiltration membrane and an ultrafiltration
membrane) as indicated for each of the examples together with the concentration

156 achieved in each case in the suspension originally comprising 450 ppm of DMC in
column 1, the {emperature of the membrane crossflow filtration 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 suspeansion 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
over the pressure 2
{(ppm) (°C) (kg/m?%h)
membrane (bar) **)
(mis) *)
1050 120 4 2 13
1050 120 4 4 14
1050 120 4 8 15

30



(PPm. Tenperature (C) Flow velocity over the nenbrane (nis) *)
Transmenbrane pressure (bar) **) Specific ftux (kg/n2/h) 5000 120 4 4
14 5S5Exanple 6: Utrafiltration Menbrane: 20 kD Ti Q2 separation | ayer
(Pore dianeter: about 10 nm DMC (PPm 1§enperature (C) Flow velocity
over the menbrane (m's) *) Transnenbrane pressure (bar) i Specific

flux Example 5: Microfiltration or crossflow filtration:

Membrane: 100 nm Al,O; separation layer (separation limit: about 200 kD)
DMC Temperature | Flow velocity Transmembrane Specific flux
o over the pressure 2
(ppm) (°C) (kg/m?/h)
membrane (bar) **)
(m/s} *)
5000 120 4 4 14

5 Example 6: Ultrafiltration

Membrane: 20 kD TiO, separation layer (Pore diameter: about 10 nm)
DMC Temperature | Flow velocity Transmembrane Specific flux
g | coy | verte ) e g
(i) (bar) **)

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
oo | eo | e | P g
(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



(kg/ n2/ h), 1050 100 4 24 12 1050 110 4 24 17 1050 120 4 24 23 1050 130
4 24 29 Exanple 7: Utrafiltration Menbrane: 20 kD Ti O2 separati on

| ayer (pore dianeter; about 10 nm DMC (PPal) Tenperature (C) Fl ow
vel ocity over the nenbrane (nis) *) -16-

Example 8: Ultrafiltration

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

5000 130 1 32 47
5000 130 2 32 44
5000 130 3 32 43
5000 130 4 32 43




Transmenbr ane pressure (barc) **) Specific flux (kg/nm2/h) 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
-16-

-17-

Claims
1. A process for preparing polyether polyols by reaction of the following starting materials:

a) one or more alkylene oxides and, optionally, carbon dioxide and also

b) one or more H-functional starter substances,

in the presence of a catalyst,

in a reaction unit

having a plurality of parallel layers A, B which are microstructured so that each layer has
a multiplicity of channels which are arranged parallel to one another and form a continuous flow
path from one side of the plate to the opposite side of this,

in which part of the starting materials or all starting materials and, optionally, the
catalyst are premixed at a temperature below the temperature of the reaction in a mixer
outside the reactor and

the mixture is subsequently fed into the channels in the layers A on one side of this and
the reaction mixture is taken off on the other side of this and a heat transfer medium is fed into
the channels of layers B arranged alternatively 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 the reaction
mixture is provided at the other end of these,

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, and

wherein the distribution and collection devices are configured as chambers having a
geometric shape for creating flow and pressure drop conditions different from the channels, each
arranged within the 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.

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



Exanple 8: Utrafiltration Menbrane: 20 kD 1102 separation | ayer
(pore dianeter: about 10 nm DMC Wr) Tenperature (C) Flow velocity
over the nenbrane (n’s) *) Transnenbrane pressure (bar) **) Specific
flux (kg/n2/h) 5000 130 1 32 47 5000 8130 2 32 44 5000 130 3 32 43
5000 130 e

3. The process according to claim 1, wherein the alternating arrangement of the layers A, B are
such that each layer A is followed by a layer B or such that each two successive layers A are

followed by a layer B or such that each two successive layers B are followed by a layer A.

4. The process according to claim 1, wherein a distribution device and a collection device
corresponding to the distribution and collection devices for the layers A are provided for the

layers B through whose channels the heat transfer medium flows.

5. The process according to claim 1, wherein the mixer which is located outside the reactor and in
which part of the starting materials or all starting materials and, optionally, the catalyst are

premixed is a microstructured mixer.

6. The process according to claim 5, wherein the microstructured mixer is a laminar diffusion
mixer, a multilamination mixer, a micromixer having structured walls or a split-recombined

mixer.

7. The process according to claim 1, 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.

8. The process according to claim 1, wherein the reaction mixture is recycled from the collection

device to the mixer located upstream of the reactor.

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

a) one or more alkylene oxides and, optionally, carbon dioxide and also

b) one or more H-functional starter substances

in the presence of a catalyst,

in block operation with

two or more reaction units corresponding to the definition in claim 1 being provided,
wherein

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

2) the first reaction mixture is optionally cooled or heated after leaving the first



4 32 43 -17- Clainms 1. A process for preparing polyether polyols by
reaction of the following starting materials: a) one or nore

al l cyl ene oxi des and, optionally, carbon dioxide and al so b) one or
nore Hfunctional starter substances,_ in the presence of a catalyst,
in a reaction unit havi ng a p}%rality of parallel layers A, B
whi ch are mcrostructured so that each layer has a multiplicity of
channel s whiighu@f e arranged parallel to one another and forma
continuous flow path fromone side of the plate to the opposite side
of this, 3) ongpryporeirthea slertigs metseals different digryfhg warting matesalsy) |
starting iARddEddah prosdadlstepPl) bt @B SHdestartinBSnatedihie hyifi brodésS sty OTh X8ckidt a
tenperature hel ow the tenperature_of the reaction in a m xer outside

the react™dfo diffgrent from that fnprogess,siep ! dare grixed fute #lve A p3ogng 1setiphmE iy hgnd
channel s théisebhifd réaati@BixreON one side of this and the reaction m xture
is taken off 4'3 rthfg other side of this and a heat transfer nmediumis
fed into the ¢REIREPS sgPnd iR UKL 5 r anged al ternatively to the

I aéersf A (ﬁn on@d Bied@ctm‘n riikieebaiedd thSrefralK@ﬂoﬁifoﬁaH@gfaﬂf&J a(mrtliehféa(gioher
side of t i on device nt roducti on
of ‘The. st Vybrepass) Hies At R R oAt e Ap e Gt ifitne. ond o

the channels of the |layers A and a collection device for the reaction

m xture i f t hese

pressure 1|%nﬁ£ 60%%%?\%&“? of 8["51@ hgr%ers RS morr?a lé?'ner%{‘h esea‘%ro tloﬂagly’[ 0
200 bar adovboh dicride arhaitia rpemated MhlﬂE chtplystlirea fiangising lstopnnﬁlib higer2@6Geand
t he resi f.r to
500 secone oririFnend Aok R ichal Rt fuedobes o it AR
devi ces &#%®- configured as chanbers having a geonetric shape for
creating flow and pressure drop conditions different fromthe
channel s, each arranged wthin the stack of the |layers A, B by the
paral | el @hEhfrEpcsssgecoatingfo claifet, WCWMWTWQIF%%W@%I%OWW@ substances

connect i nglebbErRR iR |f$1ﬁ>kmr%hﬁﬂ{ge bifiyleeloRid8, %Hopkl&né el &ws}@ oRide, pBMtheOS
the two ends of ciﬂeese an transverse channels within the stack of

the | ayerXidg elyifybethyy hexsnsxide gndsirrepe oxifs etefaraly Ehigin eXide proarged
essent i al dxjepRryag Bdkidelhrrmik@res ARrepf ane of the | ayers A, B. 2. The
process according to claim1l1, wherein the layers A B are plates.
-18- 3. The process according to claim1l, wherein the alternating

ar r ange et Tigfprédee abtﬁ:y(ﬁli@o AlainBl ,avheredigb of i@t aleatols hhayed fulictiogalftpdl owed
by a Iay%{ SHS eSSI ve layers A are foll owed

by a | ayeronhlg’sare%sﬁd ?ﬂg%‘mé%é’ﬁl S{ta\/\ﬁr SUtTESsi ve 1 ayers B are fol | owed

by a layer A. 4. The process according to claim1l, wherein a

di stributy, 1di 0 _the

di stri but’i gﬁhe}%(?e F%gogﬁato éllle\gél: E:Jg%@ %ﬁé/ rqgor’%%/%rgré B%Q%ragig %Cﬁlg%aﬁlgeoé lf or
t he | ayerapd BavingrthuggheralHowalchkh ehee Rhea fabmtedtar amss fostedraiiat, anyl, fitatiglsor

5. The prg AEGOLIE FohQ :

| ocat ed out Si dé t he ar élgcto or tgﬁg&#ﬂr’] \/?/ho}‘)%ﬁﬁeq}s‘%ats}ﬂ‘fefuﬂ%é&g St\gitr?ér%waﬁce o
mat er i al SubMangss| starting materials and, optionally, the cat aI yst are
prem xed is a mcrostructured mxer. 6. The process according to
claim5, wherein the mcrostructured mxer is a lamnar diffusion
m xer, a MulhqHessisRatordng wickse 13, hprei oapprerre whyanees fam Ge fllpemeval | s

or a spl i stifi e RN @R a1 Xtkanol, Keptﬂareo&&r@peéﬁn@%@éc%dmoa&mﬁléu m 1,
wherein a terrrré;rature rofl le’is established al ong t he channel s of

each | aydfidsany), tgigaecgiol peptadernngh Pﬂf@dfa%n%aeatadﬁﬁn%%@sewl*%mh kexeol,
one di St rtiepidiidl Mdtedd) hoGétol, eeaeh@,runda:\ém BinyeslcdheRhliyh Glcéhol, %é}@rhblnm‘la?o@ne
bei ng provi de cool | of the

ri.ate heatj
heat t r arf&f%f! 9%3?]19!‘1@“8 ng%&f@@ T
the reaction mxture is recycled fromthe collection device to the
m xer | ocated upstreamof the reactor. 9. A process for preparing



wherein 1) the starting material s a) and b) are fed to a first

reaction unit to give a first reaction m xture, 2) the first
reaction mxture is optionally cooled or heated after |eaving the
first -19- reaction unit, 3),0ne or nore further starting

material s different frontthe startrna)naterrals i ntroduced in process
step 1) or the same starting materials as in process step 1) in a

M XT NG 1 3| Ol QLahaifd Qahd) 2, vhbheRIoRE 6 RorS otk b s MholBEhty bt ©
give a second reaction nmxture an e second reactionm m xture

4) is fedraw? o e wsd ey Efmciional stagex substances. gnd t he reaction nixture
obtained therefromis, optionally, fed to a further reaction unit,
with the process steps 2) and b% bei ng repeated an appropriate nunber
of tinmes.16 Ty Provges aprostinsta clatie b hefginose o maresupsta 7 the flewipae or
nore al kyrtsar% e 1a@eg$ycaﬂgmpﬁatelg%al biYeerdi afieRyl8ibR¥ird @ndeBtabiintiloBlatey

prem xed wit e cataly ina first mxing step in the m xer

out si de ﬂﬁ@“Pé%@PHFmQﬁH“FWBmﬁﬁgﬁor nmore H-functional starter
substances are mixed in in second mxing step. 11. The process
accordin claim1l, ere starting materials a re one or
o6 subcPamsceStemeiord  Eafin Lot iRy T R LB A B e,
propylenemmgeﬁe, but yl ene oxi de, pentene oxide, glycidyl ether,
hexene oxi de and styrene oxide, preferably ethylene oxide, propylene
oxi de, carbon dioxide and m xtures thereof. 12. The process

accor di ngl8t Thegiravesnatgordikpeto elaim brwherin amic eatdyscehdl ;s phrassiunchydroxide, alkali
function as Hfunctional starter
substancgé&&¥¥§Ld%cgg%&mﬂg%gwi%%%ﬁﬁﬁgg to claim 12, wherein one or
nore al cohols having a functionality of 1 and havrng t he general

for mul & RyOthe selsGeRrdify @ o 1. 3hin e HIGALMCALEA BhiiKl

aral l cyl or all cySaFyrlﬁ%hfcg# hav?%m rontlttgﬁ%o g§¢§0n%gt3%§ are
used as Hedoyered bxomembranegraseionsilisaion ne e maction prodegh eadure from thepingle
process aeLeabitididbr i 145t & iR phali YOG QNS aR is ARV RdIS S pRBRGES from
the follow ng listing: nethanol, butanol, hexanol, heptanol, octanol,
decanol , undecanol, dodecanol or trldecanol t et radecanol ,

pent adec agmo’rhe ﬂa&&ade&amé to cRBP1 FdREANRY dlstﬁatuarm&a;@e}ememtleeaehe of (i)
hexenol , “Ftenql enol , noneno|, decengl, undecenol vi nyl

al cohol , d‘ﬁ?‘@&ﬂ‘g{“) P‘ﬁ%“‘t’ﬁrﬁlf M| CO“‘P???&FOdB?"‘dedt“tfP‘Bh%‘t"T ¢ the SR alaRatesialy
nonylphenﬁbmﬁahedwﬁe& as Hfunctional starter substance or

substances. -20- 15. The process according to claim 12, wherein one
or nore al cohols having a functionality of from2 to 8 are used as

H f unct i daThegtr@kssarcosdilystb alame s, whekh thddigripnios éssce t@aiads Apftie saktigm
15, “here'Qamﬁunoﬁw”Ea a?&ﬂﬁtﬁnceﬁ fromthe following listing:

et hyl ene dTycoI [P ene ﬁf gl ycerol, trinmethyl ol propane and
pentaerythritol, are used as thunctronal starter substances. 17.

The proc ezasmcpqatg oD LI, el Boioh LERE N orEXARNA RITBLEX
catal ysts are ‘used as catal ysts. ) e process accor

1, wher eid thsdasiers 4o Bt byl thenasallsl shimngls ofarialaydr wtrhahlygtr bxisvkase Catlrklall cpnm!ettnal
al koxi desthé;ﬁarzﬁlm dhbmheR r?at&é?t%él%e&%& HMBE Pasveds cha }Eﬁt@s \Wﬂﬁ’& eh &Eﬁor di ng
to claim17, wherein tinmetal cyani de conplex cata F

r ecover ecFOBECiteRbE éﬁéﬂﬁ‘é ﬁliﬁslgﬁfq f‘éwnﬁiﬂubfﬂlﬁlmﬂldm'tlﬂbﬂb ﬂteﬁéﬁﬂﬁ ebibe latﬁlis HAr od uct

m xture fromthe single reaction unit or the last of the plurality of
reaction units and is recycled to the process. 20. The process

accor di ng3t Bhegiregesnageordipgtp slaim toryehersinsqarh ¢t Hrmbeshas wallsin e Symf 2

| east onee@fcirbdldr hitvew conditions and (ii) pressure drop conditions to
provide uniformflow of the starting materials through the channels.
21. The process according to claim1, wherein the distribution device
introduces all of the starting materials into the channels of the

| ayers A. 22. The process according to claim1, wherein the



