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Process for the production of alkoxylates

Subject-matter of the present invention is a process for the production of adducts resulting
from the reaction of at least one starting material which contains at least one active or labile
hydrogen atom with at least one monomeric educt such as an alkylene oxide, usually in the
presence of a catalyst, in at least one first reactor and thereafter passing the product of the
first reactor to at least one second reactor for further reaction. In cases where the monomeric
educt is a member of the class of alkylene oxides, the resulting adducts are known as

alkoxylates and the reaction process is known as alkoxylation.

In batch production of alkoxylates (including polyether polyols) the ‘growth ratio’ is defined as
the final batch volume (comprising adducts produced by the reaction of one or more starting
materials with one or more alkylene oxides) divided by the minimum possible volume of starting

material, before addition of any alkylene oxide.

For any given final reaction volume (batch size), the maximum growth ratio achievable
therefore depends on the minimum volume of starting material which can be handled. For any
given reactor, a small minimum starting volume is desirable as it facilitates production of high

growth ratio products.

Typically, a reactor set-up for performing alkoxylation reactions comprises one or more
reaction vessels to contain the reactants and provide residence time for the reaction to proceed
to completion, one or more mixing devices to intimately contact the reactants with one another,

and one or more heat exchanging devices to remove the heat of reaction.

An advanced reactor system (a so-called jet loop reactor) combines mixing and heat removal
functions in one or more external circulation loops wherein fluid from the reaction vessel is
conveyed to a pump which provides motive force to circulate said fluid through a heat
exchange device to remove heat, through a jet mixer which induces a gas flow from the
reaction vessel headspace into intimate contact with the circulating fluid, and back to the
reaction vessel. In general at least one pump, at least one heat exchanger, and at least one
jet mixer will be provided for each reaction vessel. The major advantages of the jet loop reactor
over less-advanced reactor systems include more intensive mixing of gas and liquid phases
and hence better mass and heat transfer which enables faster reaction times and better
cooling; forced circulation and continual remixing of the reactor gas phase with the reactor

liquid phase, which minimizes accumulation of unreacted alkylene oxide in the reactor head-



WO 2021/009269 PCT/EP2020/070083

space and thereby improving reactor safety and product quality; and the ability to install a much
larger heat transfer area than is possible by the direct attachment of cooling coils to the reactor
shell alone. In some cases, a mechanical agitator is installed inside the vessel to supplement

the action of the jet mixer.

In general, the minimum starting volume is governed by the pump suction requirements, and
the volume of the external circulation loop including the pump, heat exchanger, jet mixer, and
associated pipework. In particular, the starting volume must be sufficient to fill the external loop
such that the pump suction is continually supplied with recirculating liquid. This limitation is
typical of reactors, which rely on external cooling loops to supply or remove heat of reaction.
In the case of reactors without an external cooling loop, the minimum starting volume may
instead be governed by the ability to effectively cool and agitate material in the bottom of the

reactor vessel.

Typical jet loop reactors with a single external liquid circulation loop are capable of achieving

growth ratios in the range of about 1 : 10to 1 : 20.

High molecular weight alkoxylates such as polyethylene glycols (PEG's)
methoxypolyoxyalkylene glycols (MPEG’s) and polypropylene glycols (PPG’s) as well as many
polyether polyols and other polyoxyalkylene glycol products require a growth ratio well in
excess of that achievable in a typical jet loop reactor or stirred tank reactor. There are several
techniques for achieving higher growth ratios, which are both well known in the art and

practiced in industry, as follows:

A volume of ‘pre-polymer’ of lower than final target molecular weight may be first produced by
reaction of the one or more starting materials and one or more monomeric educts in the
reactor, a fraction thereof withdrawn, and the remaining fraction subsequently returned to the
same reactor for addition of one or more further monomeric educts in sufficient quantity to
achieve the final target molecular weight. This approach suffers several drawbacks: A larger
volume of pre-polymer must be prepared than is required for a single final batch. Therefore,
excess pre-polymer must be stripped free of residual oxide, cooled, and stored for later use.
This significantly increases the batch time, and requires external storage capacity. The

possibility is introduced of thermal or oxidative degradation of the pre-polymer during storage.

In the case of a jet loop reactor (or other type of reactor fitted with external cooling loop), one
or more secondary external circulation loops comprising pump, heat exchanger, jet mixer and
associated piping may be installed in addition to a primary loop. At least one of the secondary
loops is small in comparison with the primary loop (with a correspondingly small starting

volume). Reaction is commenced on a small secondary loop until sufficient volume is available
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to enable the large primary loop to be commissioned. This is sometimes referred to as ‘dual
loop’ operation. Dual loop operation can achieve a maximum growth ratio up to 60 or even

higher, but suffers several drawbacks.

During initial operation on the secondary loop, the primary loop is idle (no liquid circulation and
no cooling). Therefore, any leakage of monomeric educt (especially in the case of ethylene
oxide) into the large loop would be very hazardous due to the potential for self-reaction with

the possibility of local overheating and consequent decomposition.

Potential leakage of alkylene oxide into the idle large loop may also promote formation of low
molecular weight oligomers (such as 1.4-dioxane and dioxalane) which are highly deleterious

to product quality.

In the case of dual loop operation in order to positively segregate the primary loop from the
secondary loop during initial operation on the small loop only, it is practiced in the industry to
install high integrity isolation valves on one or more of the external loops (and optionally to
maintain a high-pressure nitrogen buffer between said isolation valves). These valves are very
expensive due to the size of the large loop piping (which may be up to 450 mm diameter or
even larger) and the system design pressure (which may as high 45 barg or even higher). In
addition, the additional pipes, valves and actuators lead to a very congested layout around the

reactor.

The batch time is considerably extended when operating in dual loop mode, since initial
operation on the secondary small loop is very slow compared with the main loop due to the
much reduced circulation, mixing and cooling rate. EP 2 285 867 B1 describes a continuous
process for preparing polyether polyols using a first reactor comprising a first continuous flow
loop and a second reactor comprising a second continuous flow loop, wherein both reactors
each comprise a pump operable to pump a reaction stream through the respective continuous
flow loop. The second reactor may comprise a product inlet in fluid communication with the
product outlet of the first reactor and at least a portion of the first reaction stream containing a
first reaction product is conveyed from the first flow loop to the second flow loop. In this process
known from the prior art, however, both reactors comprising continuous flow loops each exhibit
the same reactor size. There is no hint in this document, to provide two consecutive reactors
connected to each other, wherein a first reactor has a smaller volume than a second main
reactor. Moreover, EP 2 285 867 B1 teaches a continuous process rather than a batch process
and is restricted to use with di-metal cyanide (DMC) catalysts. The first reaction loop in this
document has not the meaning of a pre-treatment vessel but more that of a stage in a

multistage reactor like a CSTR cascade.
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It is an object of the present invention to provide an improved process for the production of

alkoxylates according to the above definition with a high growth ratio.

The solution of the above-mentioned object is defined by a process for the production of
alkoxylates according to the above definition with the features as listed in independent claim
1.

According to the present invention the first reactor, provided with a first circulation loop,
comprises a smaller volume than the second reactor, provided with a second circulation loop
and in the first reactor a pre-polymer is produced which thereafter is passed to the second
reactor, wherein the desired polymer is produced, and wherein at least one of the first or the

second reactor is a jet loop reactor.

A different combination of reactors wherein at least one of said combination of reactors is not
a jet loop reactor does not capture the advantages of jet reactor technology (in particular the
forced circulation of both liquid and gas phases wherein the jet mixer continually extracts gas
from the reactor headspace and remixes said gas with the circulating liquid), and therefore
cannot achieve the high mass transfer rates, high product quality and shorter batch times which

are obtainable with jet reactor technology described herein.

The solution of the present invention is based on the general consideration that principally a
technique would be possible whereby a volume of pre-polymer is produced in a first reactor
(or pre-reactor) of sufficient final batch volume to satisfy the starting volume of a second (or
main) reactor. The starting volume of the pre-reactor is smaller than that of the main reactor.
After completion of pre-reaction in the first reactor, the full volume of pre-polymer is transferred
to the second reactor wherein further reaction takes place to produce a final polymer of the
desired molecular weight. The combination of pre-reactor and main reactor can achieve a
growth ratio of up to 1 : 100 or even greater; can avoid the need to store pre-polymer externally;
and by splitting the overall reaction into concurrent production of pre-polymer in the first or pre-
reactor with production of final polymer in the second or main reactor a very considerable

reduction in overall batch time (and increase in system productivity) is possible.

The first reactor according to the present invention may optionally carry out various
pretreatment steps prior to pre-reaction, including but not limited to heating, catalysis, drying,

and mixing of the starting material.

According to the present invention, at least one of the first or the second reactor is a jet loop

reactor. Preferably, at least the second larger reactor is a jet loop reactor.
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Most preferably not only the larger reactor in the second circulation loop is a jet loop reactor,
but also the smaller reactor in the first circulation loop, wherein the pre-polymer is prepared, is
a jet loop reactor. This kind of process wherein two or more batch reactors of which at least
one is a jet loop reactor, and wherein each jet loop reactor contains at least one jet mixer in a
circulation loop, makes it possible to achieve higher growth ratios than prior art techniques

heretofore disclosed.

Another embodiment of the present invention may be preferred in cases where the starting
material is highly viscous, or comprises a mixture of starting materials one or more of which is
solid at ambient temperature or highly viscous under reaction conditions, such as but not
limited to molten sorbitol, or mixtures of sucrose and/or sorbitol with glycerol alone or in
admixtures with other liquid starting materials. Such mixtures may initially be difficult to pump
through an external circulation loop due to high solids content and/or high viscosity, until
sufficient alkylene oxide has reacted to reduce the solids content and/or viscosity and thereby
render the reaction mixture susceptible to pumping. Therefore, the first, smaller reactor may
optionally be fitted with a stirrer either in place of, or preferably in addition to the jet mixer such
that the initial reaction mass may be effectively mixed and reaction heat removed by internal
or external heat transfer coils attached to the reactor vessel until such time as the external loop

may be placed in service.

According to an alternative embodiment of the invention the first smaller reactor, wherein the
pre-polymer is prepared, can be installed instead of, or in addition to a pre-treatment vessel.
Such a combination of a separate pre-treatment vessel, plus a separate pre-reactor to produce
pre-polymer, plus a main reactor to produce final polymer requires somewhat higher

investment, but also can provide more flexibility and a further reduction in batch times.

The invention extends the concept of a stirred tank pre-reactor to a jet reactor process scheme

for production of high growth ratio alkoxylates and polyether polyols.

According to a preferred embodiment of the present invention the at least one second reactor
comprises a volume, which is more than twice, preferably at least four times the volume of the

at least one first smaller reactor.

According to a more preferred embodiment of the present invention the at least one second
reactor comprises a volume, which is at least six times, preferably at least eight times the

volume of the at least one first smaller reactor.

According to a still more preferred embodiment of the present invention the at least one second
reactor comprises a volume, which is at least nine times, preferably about ten times the volume

of the at least one first smaller reactor.
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Whereas in conventional technology for the production of alkoxylates with a dual loop design
wherein a separate pre-treatment vessel is used for heating, catalysis, drying and mixing of
one or more starting materials, said pre-treatment vessel is usually of about the same size as
the main reactor, whereas according to the present invention the first smaller reactor in which
pre-treatment operations may optionally be carried out is preferably much smaller than prior

art pre-treatment vessels.

According to a preferred embodiment of the present invention the reaction in the first smaller
reactor is started with a minimum starting volume of the starting material corresponding to
between a fifth volume part and a twentieth volume part, preferably corresponding to between
an eighth volume part and a twelfth volume part, more preferably between a ninth and an

eleventh part of the total volume of pre-polymer produced in the first smaller reactor.

The general concept of the present invention is to first react a smaller volume of a starting
material with a fraction only of one or more than one alkylene oxide in a first smaller reactor
integrated into a first circulation loop in the presence of a catalyst and to recycle the reaction
mixture in said circulation loop until all of the provided alkylene oxide has reacted, thereby
preparing a pre-polymer and thereafter transferring said pre-polymer through at least one line
to the second larger reactor integrated into a second circulation loop. Said second larger
reactor serves as a main reactor in the overall process. Thus the (remaining) main part of said
one or more than one alkylene oxide is added to the second larger reactor integrated into the
second circulation loop and is reacted with the pre-polymer within the second larger reactor in

order to prepare the desired final polymeric product.

According to a preferred embodiment of the present invention the main part of the volume of
pre-polymer produced in the first smaller reactor, preferably essentially the whole volume of

pre-polymer produced in the first smaller reactor thereafter is transferred to the second reactor.

According to a preferred embodiment of the present invention the volume of the pre-polymer
produced in the first smaller reactor is between an eighth volume part and a twelfth volume
part, preferably between a ninth volume part and an eleventh volume part of the total volume

of the final polymer produced in the second larger reactor.

According to a preferred embodiment of the present invention one or more than one
monomeric educt is reacted in the first smaller reactor and one or more than one monomeric
educt is reacted in the second larger reactor, wherein the total volume of educts reacted in the
first smaller reactor is between an eighth weight part and a twelfth weight part, preferably
between a ninth weight part and an eleventh volume part of the total volume of educts reacted

in the second larger reactor.
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According to a preferred embodiment of the present invention in the first smaller reactor, at

least the following process steps are carried out:

Pre-heating and mixing of the one or more starting materials; adding the catalyst or mixture of
catalysts; drying to remove moisture; heating to reaction temperature; adding one or more than
one monomeric educt; obtaining a pre-polymer; and thereafter transferring the obtained pre-
polymer is to the second larger reactor. It is understood that where more than one starting
material is used, catalyst addition may be carried out after one or more than one of such

starting materials have been charged.

One advantage of the process according to the present invention is that higher growth ratios
can be achieved compared to conventional processes known from the prior art. Preferably the
growth ratio defined as the final batch volume divided by the minimum initial volume of starting
material according to the present invention is at least 80 : 1, preferably at least 90 : 1, more

preferably at least 100 : 1.

According to a preferred embodiment of the present invention typical starting materials used
to prepare the pre-polymer in the smaller first reactor are one or more than one selected from
groups of compounds containing at least one labile or active hydrogen such as, but not limited
to alcohols, acids, esters, diols, ftriols, polyols, amines, amides, monosaccharides,
disaccharides and polysacccharides, in particular at least one selected from the group
comprising methanol, glycerol, monoethylene glycol, diethylene glycol, monopropylene glycol,
dipropylene glycol, trimethylolpropane, ethylene diamine, toluene diamine, sorbitol, mannitol,

pentaerythritol, di-pentaerythritol and sucrose.

According to a preferred embodiment of the present invention, the one or more monomeric
educts comprise one or more substances drawn from the class of cyclic ethers such as one or
more alkylene oxides, in particular one or more of ethylene oxide, propylene oxide, butylene

oxide and tetrahydrofuran.

According to another embodiment of the present invention the one or more monomeric raw
materials may be dosed to the reaction mass continuously, intermittently, individually,

simultaneously in any ratio, consecutively, or in combination thereof.

The process of the present invention in general is applicable to polymerization processes,
which produce a broad range of different types of alkoxylates, wherein the process comprises
the reaction of at least one alkylene oxide with a suitable starting material, i.e. a compound,
more particularly with at least one compound mentioned in the above list as starting material.
According to a preferred embodiment of the present invention, the polymeric product is a

polyether polyol.
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Usually the reaction is carried out in the presence of at least one suitable catalyst, which may
be for instance an alkaline catalyst as for example an inorganic hydroxide compound as KOH,
NaOH or the like.

Optionally, and particularly in cases where drying may be impractical due to volatility of the
starting material or it is otherwise advantageous to exclude to the maximum practicable extent
water such as in the production of methoxypolyoxyalkylene glycols (so-called MPEGs) a solid
(anhydrous) alkali metal alkoxide or alkaline earth metal alkoxide may be used as a catalyst
for example sodium methoxide or potassium methoxide. In the case of amine starters which
are to an extent self-catalytic the reaction may be started without adding a separate catalyst,
but a separate catalyst may optionally be subsequently added during the reaction either in the
pre-reactor or large main reactor. It is also an embodiment of the current invention that

additional catalyst may optionally be added to the second reaction vessel.

Subject-matter of the present invention further is a plant particularly for carrying out a process
for the production of alkoxylates according to the description above, comprising at least one
first smaller pre-reactor equipped with a first circulation loop comprising at least a circulation
pump and a heat exchange device and at least one second main reactor equipped with a
circulation loop comprising at least a circulation pump and a heat exchange device connected
in a way that the content of the first smaller reactor can be transferred to the second larger

reactor and wherein at least one circulation loop comprises a jet injector nozzle.

Advantages result from the fact that at least one jet loop reactor is used, even in the first
circulation loop, because jet loop reactors are capable to achieve high mass transfer rates.
Such a jet loop generally comprises at least one reactor, integrated into a circulation loop, at
least one jet device to inject the reaction medium and/or at least one monomeric compound
into said reactor, at least one pump to convey the reaction medium within said circulation loop
and optionally at least one cooling device, particularly at least one heat exchanger within said

circulation loop in order to cool the reaction medium before it is recycled into the reactor.

According to a preferred embodiment of the present invention, the plant comprises at least one
line starting at a branch of the first circulation loop downstream of said pump and upstream of
said heater/cooler of said first circulation loop, which connects said first circulation loop with

said second larger reactor in said main circulation loop.

According to a preferred embodiment of the present invention the main reactor in said second
circulation loop is a jet loop reactor, which means at least one reactor within each of the two
circulation loops of the plant is a reactor of the jet loop reactor type, comprising at least one jet

device to inject the reaction medium and/or the at least one monomeric educt into the first and
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into the second reactor, respectively, preferably said second main circulation loop comprising
at least one jet loop reactor, at least one pump and at least one heater/cooler in the second
circulation loop. Most preferably, both reactors, namely the smaller first reactor in the first
circulation loop as well as the larger second reactor in the second circulation loop, are jet loop

reactors, respectively.

In the following preferred embodiments of the present invention will be further illustrated

referring to the attached drawings, wherein

Figure 1 is a simplified schematic view of an exemplary plant comprising a smaller and a larger

jet loop reactor according to a possible embodiment of the present invention;

Figure 2 is a block diagram showing a mass balance according to an exemplary embodiment

of the present invention.

In the following referring to figure 1 a preferred embodiment of the present invention is
illustrated. The drawing is simplified showing only those main components of the plant which
are of interest for the comprehension of the present invention. The plant comprises a first
smaller reactor 11 which serves to prepare a pre-polymer and which is equipped with a first
circulation loop 10. Said first circulation loop 10 comprises a first smaller reactor 11, an output
line 12 starting from the bottom of the first smaller reactor 11 for conveying a reaction mixture
within the circulation loop 10 by means of a pump 13. The pump 13 conveys the reaction
mixture within the first circulation loop 10 which comprises a branch connection 14 from which
afirst line 15 leads to a heat exchanger/cooler 16 designated to cool the reaction mixture which
is recycled within the first circulation loop via output line 12, pump 13, line 15, heat exchanger

16 and line 17 back to the top of the reactor 11.

Thus as long as the branch connection 14 is open to line 15 the reaction mixture is recycled
within a closed circulation loop 10, which is the case in a first reaction phase, wherein the pre-
polymer is prepared. A small volume of a starting material 20 of for example about 0.5 m? is
provided at the beginning of the reaction in the first smaller reactor 11, which may be for
instance about a tenth part of the total volume of the first smaller reactor 11. Thereafter one or
more than one monomeric educts are added via line 18 and the pre-polymer is prepared within
the first reactor 11. Said reactor 11 preferably is a jet loop reactor comprising an injection
device 19 with a jet nozzle and designed to inject the monomeric educt and the circulation
reaction mixture flowing in line 17 into the first reactor. A first reaction phase comprises
preheating the starting material 20 (initiator), adding the catalyst, drying, heating to reaction
temperature, adding successively the designated calculated amount of one or more than one

monomeric educts via line 18, and circulating the reaction mixture within the loop 10 until all
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monomeric educts have reacted with the pre-polymer. Thereafter the branch connection 14 to
line 15 is closed and an alternative line 21 is opened by which preferably the whole amount of
the obtained pre-polymer is transferred to a second larger reactor 22 which is equipped with a
second larger circulation loop 25 and which can be considered as the main reactor in the
process according to the present invention. Within said second larger circulation loop 25, the
pre-polymer obtained in the first smaller circulation loop 10 as described above is reacted to
the final designated polymer. The volume of the second larger reactor 22 may be for instance
about ten times as large as the volume of the first smaller reactor 11. Thus for example a
volume of about 5 m?® of pre-polymer prepared in the smaller first circulation loop 10 may be
transferred via line 21 to the second larger reactor 22, which may have a total reactor volume

of for example about 50 m?.

The second larger main reactor 22 wherein the pre-polymer 23 is provided which has been
prepared before in the first smaller reactor 11 is equipped with the second larger circulation
loop 25. The second larger circulation loop 25 further comprises a line 24 starting from the
bottom of the second larger reactor 22, a pump 26 in said line for conveying the reaction
mixture within the second larger circulation loop 25 via line 27 through a heat exchanger/cooler
28 for cooling the reaction mixture which is then recycled via line 29 to the top of the main

reactor 22.

A further amount of one or more monomeric educts is added successively via line 30 to a
second injection device 31 comprising a jet nozzle and a mixing device for mixing the reaction
mixture flowing within line 29 and the monomeric compound added via line 30 and injecting
said mixture in the top region into the main reactor 22. Thus, the second larger circulation loop
25 as well is a jet circulation loop with thorough mixing of reaction components and injecting
them via a jet nozzle preferably at high speed and in a finely dispersed manner into the second
larger reactor 22. Within the second circulation loop 25 the reaction mixture is recycled until
the whole provided volume of pre-polymer 23 has been reacted with the added monomeric
compound or compounds to the designated polymeric compound with a specific molecular
weight. The reaction is completed after the whole amount of one or more than one monomeric
educts have been added via line 30. Here it is to mention that these one or more than one
educts may be the same as have been used before for the production of the pre-polymer in
the first circulation loop. This, however, is not mandatory as alternatively different monomeric

educts may be added in the reaction phase executed in the second larger circulation loop.

In the following referring to the block diagram of figure 2, an exemplary embodiment of the
present invention is illustrated in further detail. The block diagram is simplified and only shows

the main mass streams being of interest for the understanding of the process according to the
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present invention. For instance, about 700 kg/batch of glycerol is used as the starting material
20 in the first step of the process wherein a pre-polymer is prepared within the first smaller
reactor 11. To the glycerol, for example about 90 kg/batch KOH dissolved in 90 kg/batch of
water is added as the catalyst 32. The starting material is now dried and water as waste from
vacuum drying is discharged via line 33 to a water-collecting device 34. For example about
4300 kg/batch of propylene oxide is added as monomeric raw material 18 to the first reactor

11 in the smaller first circulation loop.

About 5000 kg/batch of pre-polymer produced in the smaller first reactor 11 is passed to the
second larger jet reactor 22. An amount of 6700 kg/batch of ethylene oxide and 33000 kg/batch
of propylene oxide is added to the second larger reactor 22 as further monomeric educt
compounds (see 30). By reacting these further amounts of monomeric educts 30 with the pre-
polymer in the second larger reactor 22 for example about 45000 kg/batch of a polyol product
is produced in the second larger reactor. This polyol product may be subjected to a post-
treatment 39 with a neutralization agent 35 added via line 36 to the post-treatment reactor 39.
Thereafter about 45000 kg/batch of a final polyol product may be conveyed via line 37 to a

filtration device 38, wherein the polyol product is purified.
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list of reference numbers

10 first circulation loop
11 first smaller reactor
12 output line

13 pump

14 branch connection
15 line

16 heat exchanger

17 line
18 line
19 injection device

20 starting material

21 alternative line

22 second larger reactor
23 pre-polymer

24 line

25 second circulation loop
26 pump

27 line

28 heat exchanger/cooler

29 line

30 line

31 injection device
32 catalyst

33 line

34 collecting device
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35

36

37

38

39
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neutralization agent
line

line

filtration device

post-treatment reactor
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MCSLLP

Claims

1.

Process for the production of alkoxylates by reacting at least one monomeric educt in
the presence of an alkaline catalyst and at least one starting material in at least one
first reactor (11) and thereafter passing the product of the first reactor (11) to at least
one second reactor (22) for further reaction, wherein the first reactor (11) is provided
with a first external circulation loop (10) comprising a circulation pump and a heat
exchange device, and comprises a smaller volume than the second reactor (22), which
is provided with a second external circulation loop (25) comprising a circulation pump
and a heat exchange device, and is connected to the first reactor (11), and wherein in
the first reactor (11) a pre-polymer is produced which thereafter is passed to the second
reactor (22), wherein the desired polymer is produced, characterized in that the
second reactor (22) comprises a volume, which is at least four times the volume of the
first reactor (11), wherein at least the second reactor (22) is a jet loop reactor
comprising a jet device to inject reaction medium and the at least one monomeric educt
into the second reactor (22), wherein a growth ratio defined as a final batch volume of
the second reactor (22) divided by a minimum initial volume of starting material in the

first reactor (11) is at least 80 : 1.

Process according to claim 1, characterized in that the at least one second reactor
(22) comprises a volume, which is at least six times, preferably at least eight times the

volume of the at least one first smaller reactor (11).

Process according to claim 2, characterized in that the at least one second reactor
(22) comprises a volume, which is at least nine times, preferably about ten times the

volume of the at least one first smaller reactor (11).

Process according to one of claims 1 to 3, characterized in that the first smaller
reactor (11) comprises a total reactor volume of less than 10 m?, preferably of less than

8 m3, more preferably of less than 6 m3.

Process according to one of claims 1 to 4, characterized in that the reaction in the
first smaller reactor (11) is started with the minimum initial volume of the starting
material corresponding to between a fifth volume part and a twentieth volume part,
preferably corresponding to between an eighth volume part and a twelfth volume part,
more preferably between a ninth and an eleventh part of the total volume of pre-polymer

(23) produced in the first smaller reactor (11).
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6.

10.

11.

MCSLLP

Process according to one of claims 1 to 5, characterized in that the main part of the
volume of pre-polymer produced in the first smaller reactor, preferably essentially the
whole volume of pre-polymer (23) produced in the first smaller reactor (11), thereafter

is transferred to the second reactor (22).

Process according to one of claims 1 to 6, characterized in that the volume of the pre-
polymer (23) produced in the first smaller reactor (11) is between an eighth volume part
and a twelfth volume part, preferably between a ninth volume part and an eleventh
volume part of the total volume of the polymer produced in the second larger reactor
(22).

Process according to one of claims 1 to 7, characterized in that one or more than one
monomeric educt is reacted in the first smaller reactor (11) and one or more than one
monomeric educt is reacted in the second larger reactor (22), wherein the total mass
of educts reacted in the first smaller reactor (11) is between an eighth mass part and a
twelfth mass part, preferably between a ninth mass part and an eleventh mass part of

the total mass of educts reacted in the second larger reactor (22).

Process according to one of claims 1 to 8, characterized in that in the first smaller
reactor (11) at least the following process steps are carried out:

Preheating and mixing the one or more starting materials, adding the catalyst, drying,
heating to reaction temperature, adding one or more than one monomeric educt,
obtaining a pre-polymer, and thereafter the obtained pre-polymer (23) is transferred to

the second larger reactor (22).

Process according to one of claims 1 to 9, characterized in that the growth ratio is at

least 90 : 1, preferably at least 100 : 1.

Process according to one of claims 1 to 10, characterized in that the starting material
(20) is at least one selected from the group comprising alcohols, acids, esters, diols,
triols, polyols, amines, amides, monosaccharides, disaccharides, and polysaccharides
in particular at least one selected from the group comprising methanol, glycerol,
monoethylene glycol, diethylene glycol, monopropylene glycol, dipropylene glycol,
trimethylolpropane, ethylene diamine, toluene diamine, sorbitol, mannitol,

pentaerythritol, di-pentaerythritol, and sucrose.
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12.

13.

14.

15.

16.

17.

MCSLLP

Process according to one of claims 1 to 11, characterized in that the one or more than
one monomeric educts are drawn from the class of cyclic ethers including but not
limited to alkylene oxides, in particular one or more of ethylene oxide, propylene oxide,

butylene oxide and tetrahydrofuran.

Process according to one of claims 1 to 12, characterized in that the one or more
monomeric educts are dosed to the reaction mass continuously, intermittently,

individually, simultaneously in any ratio, consecutively, or in combination thereof.

Process according to one of claims 1 to 13, characterized in that the polymeric
product is a polyether polyol or a polyethylene glycol or a polypropylene glycol or a

methoxypolyethylene glycol.

Process according to one of claims 1 to 14, characterized in that the first reactor (11)
in the first circulation loop (10), wherein the pre-polymer is prepared, also is a jet loop

reactor.

Plant for carrying out a process for the production of alkoxylates according to one of
the foregoing claims, comprising at least one first smaller reactor (11) equipped with a
first, smaller external circulation loop (10) comprising at least one pump (13) and at
least one heater/cooler (16), and at least one second, larger main reactor (22) equipped
with a second, larger external circulation loop (25) and a connection line (21) between
the first circulation loop (10) and the second, larger reactor (22) and/or a connection
line between the first circulation loop (10) and the second, larger circulation loop (25)
comprising at least one pump (26) and at least one heater/cooler (28), wherein said
first smaller reactor (11) comprises a smaller volume than the second reactor (22),
characterized in that the second reactor (22) comprises a volume, which is at least
four times the volume of the first reactor (11), and said second main circulation loop
(25) comprises at least one jet loop reactor as the second reactor (22) which comprises
a jet device to inject the reaction medium and the at least one monomeric educt into
the second reactor (22), wherein the plant is configured for a growth ratio defined as a
final batch volume of the second reactor (22) divided by a minimum initial volume of

starting material in the first reactor (11) of at least 80 : 1.

Plant according to claim 16, characterized in that the first circulation loop (10)

comprises at least one jet loop reactor (11).
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18. Plant according to claim 17, characterized in that there is at least one line (21) starting
at a branch connection (14) of the first circulation loop (10) downstream of said pump
(13) and upstream of said heater/cooler (16) of said first circulation loop (10) and
connecting said first circulation loop (10) with said second larger reactor (22) in said

second main circulation loop (25).
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