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Description

[0001] The present invention relates to a process and an apparatus for continuously reacting liquid alkylene oxide
with a liquid substance comprising an organic compound with one or more active hydrogen atoms and a catalyst selected
from alkali metal hydroxides and alkali metal alcoholates, herinafter also referred to as the "liquid catalyzed raw material",
in a reactor selected from

(a) a tubular reactor comprising at least one reaction tube providing a reaction space inside of said tube, and
(b) an annular-gap reactor comprising an outer tube and an inner tube, longitudinally inserted into said outer tube,
which form an annular reaction gap extending between the inner of the outer tube, which forms the outer boundary
of the reaction gap, and the outer surface of the inner tube, which forms the inner boundary of the reaction gap.

[0002] DE 735 418 discloses a process, wherein a tube reactor comprising one reaction tube is used for a continuous
alkoxylation of organic hydroxyl compounds, in particular alkyl phenols, and to a mixture of sodium hydroxide and said
organic hydroxyl compound in parts at more than one location along the reaction tube. The distance of the locations for
adding the liquid alkylene oxide from one another and the quantity of alkylene oxide supplied at the single locations is
chosen such that the reaction temperature can be kept low enough, so that the reaction temperature in the tube does
not significantly rise above 200°C and undesired side reactions can be avoided. In case of working the process e.g. with
two feeding locations for alkylene oxide, the organic hydroxyl compound is mixed with about one half of the total required
amount of liquid alkylene oxide and the mixture is supplied with a high-pressure pump into a first section of the tube for
reaction. After passing said first section, the reaction product is removed from the streaming tube and, after intermediate
cooling, mixed with the remaining quantity of the required liquid alkylene oxide and this mixture is supplied with a further
high-pressure pump to a second section of the streaming tube and is further reacted to the final product in said section
which is then removed. The disclosed process however has many disadvantages including, in particular, that a reactor
tube of 200 meter length is required, high pressures over 100 bar have to be maintained in the reaction tube in order to
avoid an immediate vaporization of the supplied alkylene oxide and the quantity of alkylene oxide supplied at each
feeding location has to be controlled by separate mass flow controllers. Furthermore, this reactor can only be used on
a pilot plant scale where the use of a single reaction tube is sufficient, whereas the use of a bundle of reaction tubes,
as required for production purposes, would require a multitude of alkylene oxide inlets in each reaction tube of the bundle,
each with a mass flow controller. These technical efforts for controlling the alkoxylation are so expensive, that this process
has never achieved acceptance in industrial practice.
[0003] US 4,183,897 discloses a process for sulfonating or sulfating liquid organic compounds with sulfur trioxide in
a multi tube reactor, wherein the pressure is kept uniform among the plural tubes by introducing a minor proportion of
inert gas into an annular space in which the liquid organic compounds are also introduced, this annular space surrounding
the gaseous reactant introduction space at the mouth of each reaction tube. The inert pressure equalizing gas is fed to
all the reaction tubes from a common chamber with wich all the tubes communicate.
[0004] DE 10054462 describes a similar continuous alkoxylation method, wherein relatively small quantities of liquid
ethylene oxide are fed into a tubular reactor or in a tube bundle reactor at a large number of different locations along of
the reaction tube (in the Example of this document e.g. at 15 locations). Feeding many small quantities of alkylene oxide
is required in order to avoid a runaway of the reactor caused by uncontrolled reaction of the ethylene oxide at the feeding
points because of the slow mixing speed of the reactants and the common cooling of all sections along the reaction tube
which does not allow a specific control of the temperature in each section. In addition, this process design has again
the disadvantage that the alkylene oxide flow is to be measured separately for each feeding location.
[0005] US 2008/0306295 claiming the priority of DE102005060816 describes a continuous multistep process which
is specifically designed for carrying out rapid, highly exothermic reactions between a gaseous and a liquid reactant, in
particular for reacting a SO3/air mixture with liquid organic compounds including, among several other compounds, alkyl
phenols and their alkylene oxide derivatives. The reaction is performed in a reactor selected from

(a) a tubular reactor comprising at least one reaction tube providing a reaction space inside of said tube, and
(b) an annular-gap reactor comprising an outer tube and an inner tube, longitudinally inserted into said outer tube,
which form an annular reaction gap extending between the inner surface of the outer tube, which forms the outer
boundary of the reaction gap, and the outer surface of the inner tube, which forms the inner boundary of the reaction
gap,

which reactor (a) or (b) is a thin layer falling-film reactor and is connected with a source of a gaseous SO3/air mixture ,
wherein

(1) the gaseous SO3/air mixture is supplied to said reactor via a single inlet socket and the SO3/air mixture is split
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before entering the reaction space or gap into a first and second part
(2) said first part of the SO3/air mixture enters the reaction space or gap of said reactor (a) or (b) at a first location,
(3) the liquid organic compound is supplied as a film onto the inner surfaces of the at least one reaction tube of the
tubular reactor (a) or onto the inner surface of the outer tube and/or onto the outer surface of the inner tube of the
annular gap reactor (b) at a second location of the reactor, located downstream of said first location, and is brought
into contact with the gaseous SO3/air mixture to form a liquid film of the reaction mixture of said reactants moving
downstream on said surfaces towards the end of the reactor, and
(4) the SO3/air mixture enters the reactor at said first location over the entire-cross sectional area of the reaction
space or gap at said location, and
(5) said second part of the SO3/air mixture is split off at said first location and is channeled from said first location
to a third location in the reaction space or gap through a tube in case of a tube reactor (a) or through a double tube,
respectively, in case of an annular gap reactor (b), which tube or double tube is inserted into the reaction space or
gap, extends from said first location to said third location of the reactor space or gap, respectively, and has a diameter
being smaller than the inner diameter of said reaction tube or outer boundary of said reaction gap, thus leaving a
reaction space between the outer surface of said tube or double tube, respectively, on one side, and the inner
surface of the reaction tube or the outer boundary of the reaction gap, respectively, on the other side,
(6) said third location is located downstream of said second location,
(7) said second part of the SO3/air mixture enters the reaction space or gap of the reactor at said third location and
is brought into contact at said third location with the liquid film of the reaction mixture moving downstream on said
surfaces towards the end of the reactor and reacts with it on its way to the outlet of the reactor to form the final
reaction product.

[0006] The disclosed tube reactors have a length of about 10m (tube diameter 1 inch) and the disclosed ring gap
reactors have a length of about 2m (6.5mm annular gap width). Whereas reactors of such a length are useful for reacting
organic hydroxyl compounds with the very reactive SO3 gas, they have generally been considered to be much too short
for reaction of such compounds with liquid alkylene oxides which are much less reactive than SO3 gas.
[0007] It has now been surprisingly found, however, that reactors of the aforementioned design and length can also
be used for alkoxylations of liquid organic materials with reactive hydrogen atoms, when some modifications are applied,
and that a use of these modified reactors avoids the described disadvantages of the prior art alkoxylation processes,
such as high temperature peaks, the danger of a formation of undesired by-products such as dioxane, dark colored end
products, the requirement of working at pressures over 100 bar in the reactor, the limitation of many processes to
alkoxylation grades of only 4 - 6 mole alkylene oxide per mole of the liquid organic raw compounds. These modifications
include in particular the supply of the liquid organic material with reactive hydrogen atoms into the reactor in a way which
almost immediately provides a very intensive mixing of the organic compounds with the liquid alkylkene oxide entered
into the reactor, e.g. by use of ring slit nozzles for the supply of the liquid organic material with reactive hydrogen atoms.
Further modifications include one or more of the use of static mixer elements at the locations where the reactants are
fed into the reactor and downstream thereof which additionally improve the efficacy of the mixing process, the use of
two or more separate tempering jackets which allow an efficient control of the reaction temperature in the reactor with
a liquid cooling or heating medium and the use of a post reaction zone of a preferably increased inside width as compared
to the reaction space. The shorter length of the reactor as compared to the reactors of the prior art with a length of about
200 m results in a very short residence time of the reaction mixture in the reactor (a few minutes as compared to up to
1 hour in the prior art reactor) which in turn results in a significantly reduced production of unwanted side products and
accordingly in a significantly improved quality of the end product.
[0008] In a first aspect, the invention accordingly relates to a process for continuously reacting liquid alkylene oxide
with a liquid substance comprising an organic compound with one or more active hydrogen atoms and a catalyst selected
from alkali metal hydroxides and alkali metal alcoholates, wherein the process is performed in a reactor selected from

(a) a tubular reactor comprising at least one reaction tube providing a reaction space inside of said tube, and
(b) an annular-gap reactor comprising an outer tube and an inner tube, longitudinally inserted into said outer tube,
which form an annular reaction gap extending between the inner surface of the outer tube, which forms the outer
boundary of the reaction gap, and the outer surface of the inner tube, which forms the inner boundary of the reaction
gap,
and wherein

(1) the supply of liquid alkylene oxide to the reactor is controlled by a single mass flow controller, the liquid
alkylene oxide is fed to said reactor (a) or (b) via a single inlet socket which is connected with a source of liquid
alkylene oxide via said mass flow controller and the alkylene oxide is split before entering the reaction space
or gap into a first and a second part,
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(2) said first part of alkylene oxide enters the reaction space or gap of said reactor (a) or (b) at a first location,
(3) the liquid organic substance is supplied to the interior of the reaction space of said tubular reactor (a) or to
the interior of the reaction gap of said annular gap reactor (b) at a second location of the reactor, located at or
downstream of said first location, and is intermingled with the liquid alkylene oxide to form a liquid reaction
mixture, which moves downstream towards the end of the reactor,
(4) the liquid alkylene oxide enters the reactor at said first location and over the entire-cross sectional area of
the reaction space or gap at said location,
(5) said second part of alkylene oxide is split off at said first location and is channeled from said first location to
a third location in the reaction space or gap, through a separate tube in case of a tubular reactor (a) or through
a separate double tube, respectively, in case of an annular gap reactor (b), which tube or double tube is inserted
into the reaction space or gap, extends from said first location to said third location of the reactor space or gap,
respectively, and has a diameter being smaller than the inner diameter of said reaction tube or outer boundary
of said reaction gap, thus leaving a reaction space between the outer surface of said tube or double tube,
respectively, on one side, and the inner surface of the reaction tube or the outer boundary of the reaction gap,
respectively, on the other side,
(6) said third location is located downstream of said second location and has a distance from said second
location in flow direction of the reactor charge,
(7) said second part of liquid alkylene oxide enters the reaction space or gap of the reactor at said third location
and is intermingled with said liquid reaction mixture and reacts with it on its way downstream towards the end
of the reactor and
(8) the inner pressure of the reactor is kept at a pressure level where alkylene oxide entering the reactor does
not vaporize,
(9) ring slit nozzles are used to feed the liquid organic substance into the interior of the reaction space of said
tubular reactor (a) or to the interior of the reaction gap of said annular gap reactor (b) and to mix it with alkylene
oxide.
(10) the intermixture of the liquid alkylene oxide with said liquid substance is further supported by one or more
static mixing element(s) located at said second location and, optionally, by one or more further static mixing
element(s) located between said second location and at said third location in the reaction space or reaction gap
and/or the intermixture of the liquid alkylene oxide with said the liquid reaction mixture formed between said
second and third location in the reactor is further supported by one or more static mixing element(s) located at
said third and/or downstream of said third location in the reaction space or reaction gap,
(11) the temperature of the reaction mixture is controlled by conveying liquid tempering media of suitable
temperature through two or more separate tempering jackets, which are consecutively in longitudinal direction
of the reactor fitted to the reaction tube(s) of said tubular reactor (a) or to the outer and inner tube of the annular-
gap reactor (b), the first one of said tempering jackets being partially or completely located at a position between
said second and third location, the second one being located directly after said first tempering jacket and partially
or completely after said third location and the optional further tempering jackets following consecutively after
said second tempering jacket,
(12) the length of the insert tube or double tube ranges from 4 to 90 percent of the total length of the reaction
space or gap,
(13) the reactor has a length of 5 to 20 m,
(14) wherein the double tube inserted into the reaction gap of said annular-gap reactor (b) has an annular cross
section, which forms the entrance of said double tube for the alkylene oxide, which is channeled through said
double tube and wherein the annular cross-sectional area of the inserted double tube at said first location is 90
to 10% of the sum of (A) the cross-sectional area of the inserted double tube at said first location, (B) the annular
cross sectional area (I), extending from the outer surface of said inserted double tube to the outer boundary of
the reaction gap, and (C) the annular cross section (II), extending from the inner boundary of the reaction gap
to the inner surface of the inserted double tube.

[0009] Furthermore, the present invention relates to an apparatus for continuously reacting liquid alkylene oxide with
a liquid substance comprising an organic compound with one or more active hydrogen atoms and a catalyst selected
from alkali metal hydroxides and alkali metal alcoholates, comprising a reactor selected from

(a) a tubular reactor comprising at least one reaction tube providing a reaction space inside of said tube, and
(b) an annular-gap reactor comprising an outer tube and an inner tube, longitudinally inserted into said outer tube,
which form an annular reaction gap extending between the inner surface of the outer tube, which forms the outer
boundary of the reaction gap, and the outer surface of the inner tube, which forms the inner boundary of the reaction
gap,
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and a source of liquid alkylene oxide which is connected via a single mass flow controller to a single inlet socket of
said tubular reactor (a) or said annular gap reactor (b) for the alkylene oxide using a line for said alkylene oxide,
wherein said reactor comprises

(1) at the reactor head an inlet for the alkylene oxide to the reaction space of the at least one reaction tube of
said tubular reactor (a) or the reaction gap of said annular gap reactor (b) which is connected to said inlet socket
and extends over the entire cross-sectional area of the said reaction space or gap at a first location of said
reaction space or gap,
(2) a ring slit nozzle for feeding said liquid substance to the interior of the at least one reaction tube of the tubular
reactor (a) and mixing it with alkylene oxide, which is located in said reaction tube at a second location at or
downstream of said first location of the reaction space, or
two ring slit nozzles for feeding said liquid substance to the interior of the reaction gap of said annular gap
reactor (b) and mixing it with alkylene oxide, one ring slit nozzle being located in said outer tube and the other
in said inner tube, which form the boundaries of the reaction gap, at a second location at or downstream of said
first location of the reaction gap,
(3) a tube inserted into each of the at least one reaction tube in case of a tubular reactor (a), or a double tube
inserted into the reaction gap in case of an annular gap reactor (b), which extends from said first location in
direction of the outlet of said reactor for the reaction product to a third location in the reaction space or gap
having a distance from said first and second location, which tube or double tube channels liquid alkylene oxide
from said first location to said third location to dispense it at said location to the reaction space or gap, wherein
said tube or double tube has a diameter being smaller
(4) than the inner diameter of said reaction tube or outer boundary of said reaction gap, thus leaving reaction
space between the outer surface of the tube or double tube, respectively, on one side, and the inner surface of
the reaction tube or the outer boundary of the reaction gap, respectively, on the other side,
(4) one or more static mixing element(s) located at said second location and, optionally, one or more further
static mixing element(s) located between said second location and said third location in the reaction space or
reaction gap for supporting the intermixture of the liquid alkylene oxide with said liquid substance and/or one
or more static mixing element(s) located at said third and/or downstream of said third location in the reaction
space or reaction gap for supporting the intermixture of the liquid alkylene oxide with said the liquid reaction
mixture formed between said second and third location in the reactor,
(5) two or more separate tempering jackets, which are consecutively in longitudinal direction of the reactor fitted
to the reaction tube(s) of said tubular reactor (a) or to the outer and inner tube of the annular-gap reactor (b),
the first one of said tempering jackets being partially or completely located at a position between said second
and third location, the second one being located directly after said first tempering jacket and partially or completely
after said third location and the further tempering jackets following consecutively after said second tempering
jacket, and
(6) an outlet for the reaction product at a location in the reaction space or gap which is downstream from all
said other locations,
(7) the length of the insert tubes or double tubes ranges from 4 to 90 percent of the total length of the reaction
space or gap
(8) the reactor has a length of 5 to 20 m, wherein
(9) the double tube inserted into the reaction gap of said annular-gap reactor (b) has an annular cross section,
which forms the entrance of said double tube for the alkylene oxide, which is channeled through said double
tube, and wherein the annular cross-sectional area at said first location is 90 to 10% of the sum of (A) the cross-
sectional area of the inserted double tube at said first location, (B) the annular cross sectional area (I), extending
from the outer surface of said inserted double tube to the outer boundary of the reaction gap, and (C) the annular
cross section (II), extending from the inner boundary of the reaction gap to the inner surface of the inserted
double tube.

[0010] Up to about 95 percent of the total required alkylene oxide can normally be supplied to the reactor space or
gap at one location and the remainder can then easily be supplied at a second location. For example, it is possible to
split the total quantity of liquid alkylene oxide reacted with the liquid substance so, that e.g. 10 - 90 % of the alkylene
oxide enter the reaction space or gap at the first location and the balance to 100 % at said third location. In fact, it is just
a particular advantage of the process according to the present invention that it is sufficient to split the total required
amount of alkylene oxide into only two parts because, due to measures which are taken and which are described below,
it is possible to control the reaction in a way that high temperature peaks, the danger of a formation of undesired by-
products such as dioxane, dark colored end products, the requirement of using pressures of over 100 bar in the reactor
and/or the limitation to alkoxylation grades of only 4 - 6 mole alkylene-oxide per mole of the liquid organic raw compounds
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can be avoided, although the entire required alkylene oxide is supplied at only two different locations of the reactor space
or gap. The limitation to two locations for alkylene oxide and thus only one insert tube or double tube simplifies the
reactor design and construction.

Figure 1A is a representation of the principle of the invention for an annular- gap reactor with mixing elements.
Figure 1B is a representation of an annular gap reactor with a post reaction zone wherein the annular gap has a
larger inside width than said main reaction gap of the reactor.
Figure 2 is a representation of the principle of the invention for an annular- gap reactor, top view.
Figure 3 is a representation of the principle of the invention for a multi-tube reactor with mixing elements.
Figure 4 is a representation of the principle of the invention for a (multi) tube reactor, top view.
Figure 5 shows the temperature progress in the reaction mixture and the cooling/heating temperature in the annular
gap reactor of Example 1.
Figure 6 shows the partial pressure progress in the annular gap reactor of Example 1.

[0011] The apparatus according to the present invention comprises a source of liquid alkylene oxide which is connected
with a line for said alkylene oxide and via a single mass flow controller to a single inlet socket for the alkylene oxide to
the reactor located near to the reactor head. The inlet for the liquid alkylene oxide to the reactor space or gap (the main
inlet for alkylene oxide) which is connected to said inlet socket and extends over the entire cross-sectional area of the
reaction space or gap is located at or upstream of the inlet of the reactor space or gap for the liquid catalyzed raw material
to be reacted with the alkylene oxide. The distance between said main inlet for the alkylene oxide and the inlet for the
liquid compounds is not critical, but it is preferably rather small or even zero, so that the zone for reaction of the alkylene
oxide with said raw material extends over as much of the length of the reactor as possible. The supply of further alkylene
oxide to the reactor is effected over a tube which is inserted in the reaction tube or tubes of a tubular reactor and is
smaller in diameter than the reaction tube(s) or, in case of an annular gap reactor, a double tube inserted in the annular
gap. The inserted tube or double tube are placed such, that the entrance for liquid alkylene oxide into this tube or double
tube is also located at or, preferably, upstream of the inlet for the liquid catalyzed raw material to the reaction space or
gap of the reactor and preferably coincides with the main inlet for the alkylene oxide, whereas their outlets are located
downstream of the inlet for the catalyzed raw material, so that fresh alkylene oxide is provided at the outlet of said tubes
to the at least partially reacted mixture of the catalyzed raw materials and the alkylene oxide already supplied to the
reaction space or gap upstream at the main inlet for alkylene oxide. This reactor design permits that the alkylene oxide
addition is self-portioned because the distribution of the quantities of alkylene oxide supplied to the reaction mass at the
different supply points in the reaction space or gap is defined by the ratio between the cross section of the insert tube
and the annular cross section between the insert tube and the reaction tube itself, in case of a tubular reactor , or by the
ratio between the annular cross section of the inserted double tube and the annular cross section between the inner
boundary of the annular gap and the insert double tube and the annular cross section between the insert double tube
and the outer boundary of the annular gap of the reactor. It is therefore sufficient to select insert tubes or double tubes
of suitably selected dimensions for controlling the alkylene oxide addition to the reactor, so that expensive mass flow
controllers for the alkylene oxide at each entry point are not necessary and only one is required for control of the overall
quantity of alkylene oxide supplied to the reactor. The distribution of alkylene oxide to the further location in the reaction
space or gap with the inserted tube or double tube according to the invention permits that the supply of alkylene oxide
can be performed with a single pump delivering the liquid alkylene oxide to the main inlet for alkylene oxide in the reactor
head.
[0012] The catalyzed raw materials and, optionally, the alkylene oxide can be preheated in heat exchangers before
entering the reactor, so that the entire reactor volume is used for the reaction only (and not for preheating). Suitable
preheating temperatures for the catalyzed raw material range e.g. from 100 to 180°C, for the alkylene oxides e.g. from
20 to 60°C.
[0013] On the other hand, the liquid alkylene oxide which flows through an insert tube or double tube is preheated in
any case on its way through these tubes or double tubes, which are located in the reaction zone, so that the further
reaction of the already partially alkoxylated and thus less reactive material with the alkylene oxide is improved in a simple
way. Simultaneously, the colder alkylene oxide in the insert tubes supports the removal of the reaction heat from the
reaction mixture.
[0014] Due to a rather turbulent stream in the reaction space or gap the alkylene oxide, when supplied according to
the invention in liquid form, is normally mixed with the catalyzed raw material immediately upon contact therewith.
[0015] Ring slit nozzles are used to feed the liquid organic substance into the interior of the reaction space of said
tubular reactor (a) or to the interior of the reaction gap of said annular gap reactor (b). This technique further improves
the efficiency and the speed of the intermixture of the liquid catalyzed raw material injected into the reaction space or
gap with the alkylene oxide significantly.
[0016] Additionally, fixed (or static, what is used synonymously herein) mixing elements are used for supporting and
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improving and further accelerating the mixing of the alkylene oxide with the raw material or partially reacted mass at the
inlets for the alkylene oxide to the reaction space or gap or along the way of the reaction mass towards the outlet of the
reactor. Static mixers are known and in use since about 50 years and are devices for mixing two fluid materials, most
commonly, liquids. The device consists of mixing elements contained in a housing, e.g. a tube. These can vary in size
from about 6 mm to several centimeters diameter. Static mixer elements consist of a series of baffles that are e.g. made
from metal. Typical materials of construction for the static mixer components include e.g. stainless steel. E.g. two streams
of liquids are delivered into the static mixer system. As these streams move through the mixer and the non-moving fixed
mixing elements continuously blend the materials. Mixing is dependent on variables like the fluid properties, tube inner
diameter, the number of elements, and the design of the mixing elements. Static mixer systems are also commercially
available, e.g. from Robbins & Myers, Inc or Sulzer Chemtech Ltd (e.g. Sulzer SMX mixer, cf.Sulzer Technical Review
2+3/2009, 23-25). Static mixing elements are, according to the invention, preferably located at said second location,
where the catalyzed raw material is injected into the reaction space or gap. Optionally, one or more further static mixing
element(s) are located between said second location and at the mentioned third location in the reaction space or reaction
gap, where the second part of liquid alkylene oxide is fed into the reactor for supporting the intermixture and reaction of
the liquid alkylene oxide with liquid catalyzed raw material. Furthermore, one or more static mixing element(s) may be
located at said third and/or downstream of said third location in the reaction space or reaction gap for supporting the
intermixture of the liquid alkylene oxide with the liquid reaction mixture formed between said second and third location.
[0017] The length of the insert tubes or double tubes defines the degree of reaction achieved during the single reaction
zones, i.e. the shorter an insert tube or double tube is in general, the smaller is the degree of reaction taking place in
the zone of the reaction space or gap of the reactor which is traversed by the respective tube or double tube and the
larger is the residual conversion after said tube or double tube. Preferred reference values for the total length of the
reactor space or gap range from about 2 to about 25 meters, preferably from about 5 to 10 meters, but can be different,
of course, in certain cases. Preferred reference values for the length of the insert tubes or double tubes range from about
4 to 90 percent of the total length of the reaction space or gap.
[0018] The reactor is furthermore equipped with two or more, more preferably three, separate tempering, i.e. cooling
or heating jackets, which are consecutively in longitudinal direction of the reactor fitted to the reaction tube(s) of said
tubular reactor (a) or to the outer and inner tube of the annular-gap reactor (b), the first one of said tempering jackets
e.g. being partially or completely located at a position between said second and third location, the second one being
located directly after said first tempering jacket and partially or completely after said third location and the optional third
and further tempering jackets following consecutively after said second tempering jacket. In this way it is possible to
control the temperature of the reaction mixture independently by liquid cooling or heating media of a suitable temperature
present in said two, or optionally three or more separate tempering jackets in a way to avoid any local overheating of
the reaction mixture and, on the other hand, to achieve a reaction of the alkylene oxide which is as complete as possible.
Preferably, the temperature of the cooling/heating medium in the different sections is suitably adjusted to maintain the
temperature of the reaction mixture in the reactor at the preferred level for this reaction, i.e. at 140 - 250°C, more
preferably at 170 - 220°C. As indicated, it can be necessary to either heat the reaction mixture or to cool it in the different
tempering zones.
[0019] In a preferred embodiment of the process according to the present invention, the reaction mixture passes
through an additional post reaction zone or space before leaving the reactor, which is located after the reaction tubes
in case of a tubular reactor or after said annular reaction gap in case of an annular gap reactor (b) in a zone of the reactor
following the main reaction zone, where the annular gap has preferably a larger inside width than said main reaction
gap. The presence of a post reaction zone can significantly improve the final conversion rate of the alkylene oxide, so
that end products with a residual content of unreacted alkylene oxide below e.g. 5 ppm or even below 1 ppm or less can
be readily achieved. The post reaction space has preferably a volume of 0.5-5% of total volume of the reactor input
(alkylene oxide + organic raw material). In case of a tubular reactor, one can consider the length of the main reaction
zone to correspond to the distance between the location of the inlet for the liquid catalyzed raw material to the reaction
space and the reaction tube ends. In case of an annular gap reactor the length of the main reaction zone can be
considered to correspond to the distance between the location of the inlet for the liquid catalyzed raw material to the
reaction gap and the begin of the zone of increased inside width of the annular gap when the post reaction zone has
increased inside width. When the inside width of the annular gap is not increased in the post reaction zone, so that the
main reaction zone invisibly switches over to the post reaction zone, the length of the main reaction zone can, for the
purposes of the present invention, be considered to correspond to the distance between the location of the inlet for the
liquid catalyzed raw material to the reaction gap and the end of the -in direction to the outlet of the reactor- last of the
aforementioned tempering jackets mounted to the reactor.
[0020] A particular preferred embodiment of the process according to the present invention is perfomed in a reactor
selected from

(a) a tubular reactor comprising at least one reaction tube providing a reaction space inside of said tube, and
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(b) an annular-gap reactor comprising an outer tube and an inner tube, longitudinally inserted into said outer tube,
which form an annular reaction gap extending between the inner surface of the outer tube, which forms the outer
boundary of the reaction gap, and the outer surface of the inner tube, which forms the inner boundary of the reaction
gap, and

(1) the supply of liquid alkylene oxide to the reactor is controlled by a single mass flow controller, the liquid
alkylene oxide is fed to said reactor (a) or (b) via a single inlet socket which is connected with a source of liquid
alkylene oxide via said mass flow controller and the alkylene oxide is split before entering the reaction space
or gap into a first and a second part,
(2) said first part of alkylene oxide enters the reaction space or gap of said reactor (a) or (b) at a first location,
(3) the liquid organic substance is supplied to the interior of the reaction space of said tubular reactor (a) via a
ring slit nozzle for feeding said liquid substance to the interior of the at least one reaction tube of the tubular
reactor (a) and mixing it with the alkylene oxide, which is located in each of said reaction tubes at a second
location at or downstream of said first location of the reaction space, or via two ring slit nozzles for feeding said
liquid substance to the interior of the reaction gap of said annular gap reactor (b) and mixing it with the alkylene
oxide, one ring slit nozzle being located in said outer tube and the other in said inner tube, which form the
boundaries of the reaction gap, at a second location at or downstream of said first location of the reaction gap
and is intermingled with the liquid alkylene oxide to form a liquid reaction mixture, which moves downstream
towards the end of the reactor,
(4) the liquid alkylene oxide enters the reactor at said first location and over the entire-cross sectional area of
the reaction space or gap at said location,
(5) said second part of alkylene oxide is split off at said first location or upstream thereof and is channeled from
said first location to a third location in the reaction space or gap, through a tube in case of a tube reactor (a),
or through a double tube, respectively, in case of an annular gap reactor (b), which tube or double tube is
inserted into the reaction space or gap, extends from said first location to said third location of the reactor space
or gap, respectively, and has a diameter being smaller than the inner diameter of said reaction tube or outer
boundary of said reaction gap, thus leaving a reaction space between the outer surface of said tube or double
tube, respectively, on one side, and the inner surface of the reaction tube or the outer boundary of the reaction
gap, respectively, on the other side,
(6) said third location is located downstream of said second location in flow direction of the reactor charge,
(7) said second part of liquid alkylene oxide enters the reaction space or gap of the reactor at said third location
and is intermingled with said liquid reaction mixture and reacts with it on its way downstream towards the end
of the reactor, where it leaves the reactor through an outlet for the reaction product, and
(8) the inner pressure of the reactor is kept at a pressure level where alkylene oxide entering the reactor does
not vaporize, in particular at about 20 to 70 bar.
Further to the aforementioned process characteristics,
(9) the temperature of the reaction mixture is controlled in said embodiment of the process according to the
present invention by conveying liquid tempering media of suitable temperature through two or three separate
tempering jackets, which are consecutively in longitudinal direction of the reactor fitted to the reaction tube(s)
of said tubular reactor (a) or to the outer and inner tube of the annular-gap reactor (b), the first one of said
tempering jackets being partially or completely located at a position between said second and third location,
the second one being located directly after said first tempering jacket and partially or completely after said third
location and the optional third tempering jacket follows consecutively after said second tempering jacket,
(10) the intermixture of the liquid alkylene oxide with said liquid substance is additionally supported by one or
more static mixing element(s) located at said second location and, optionally, by one or more further static
mixing element(s) located between said second location and at said third location in the reaction space or
reaction gap and/or the intermixture of the liquid alkylene oxide with said the liquid reaction mixture formed
between said second and third location in the reactor is further supported by one or more static mixing element(s)
located at said third and/or downstream of said third location in the reaction space or reaction gap,
(11) the temperature of the reaction mixture in the reactor is maintained between 140 and 250°C, preferably
170 - 220°C,
(12) the reaction mixture passes through an additional post reaction space before leaving the reactor, which is
located after the reaction tubes in case of a tubular reactor or after said annular reaction gap in case of an
annular gap reactor (b) in a zone of the reactor following the main reaction gap, where the annular gap has a
larger inside width than said main reaction gap and
(13) the residual alkylene oxide content of the material leaving the reactor is preferably below 1 ppm.

[0021] A preferred embodiment of the present invention uses a single insert tube or double tube and the cross-sectional
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area of said single tube or double tube is from 50 to 5% of the sum of said cross-sectional area and the cross-sectional
area of the reaction space or gap at the first location.
[0022] Diverse organic materials can advantageously be reacted with alkylene oxide according to the process of the
present invention. In particular, primary straight chain or branched fatty alcohols, e.g. straight chain native alcohols made
from natural oils or fats like e.g. fatty alcohols marketed under the name Lorol (e.g. Lorol C12-14) as well as synthetic
Ziegler alcohols, in particular straight chain alcohols made from ethylene like the C12-16 fatty alcohol marketed as
Condea Alfol 12-16, and oxo-alcohols (alcohols that are prepared by adding carbon monoxide (CO) and hydrogen,
usually combined together as synthesis gas, to an olefin to obtain an aldehyde using the hydroformylation reaction and
then hydrogenating the aldehyde to obtain the alcohol, e.g. n-butanol, 2-ethylhexanol or isononylalkohol) can be alkox-
ylated. Unsaturated fatty alcohols can also be alkoxylated, such as tallow fatty alcohol. More rarely used are secondary
alcohols. Furthermore, n-alkyl phenols or alkyl phenols with branched alkyl chains such as octyl phenol, nonyl phenol,
tributyl phenol, fatty acids, fatty acid alkanol amides, fatty amines, hydroxy fatty acids containing neutral oils such as
ricinus oil and fatty acid esters from poly hydroxy compounds can be used as starting material.
[0023] Manufacturing the catalyzed raw material is preferably performed continuously. A part of the liquid chemical
compounds for alkoxylation is premixed with an aqueous alkali metal hydroxide solution or an alcoholic solution of an
alkali metal alcoholate, preferably in a thin film evaporator. The water from the alkali metal hydroxide solution and the
reaction water are removed at elevated temperatures under vacuum. Similarly, the alcohol from the alkali alcoholate
solution and further alcohol generated during the alcoholate formation is removed at higher temperatures under vacuum
to below 0.05 weight %. Therefore the formation of poly glycols or alkyl poly glycols is minimized. This premix is then
mixed with the remaining of the liquid chemical compounds in a way that the catalyzed raw material contains about 0.1
to 1 mol-% of the catalyst. The catalyzed raw material can immediately be fed into the reactor and reacted with the
alkylene oxide in order to avoid a temperature loss of said material.
[0024] Preferred alkylene oxides for the present invention are ethylene oxide, propylene oxide and mixtures thereof.
[0025] In a particular embodiment of the present invention alkyl phenols reacted with up to 9 moles ethylene oxide
(EO) and more, e.g. 3 to 9 moles, tributyl phenol e.g. with about 7 moles ethylene oxide, and primary native and synthetic
fatty alcohols e.g. with 2-3 mole ethylene oxide are produced, products which are frequently used in industrial practice
for a further sulfonation. The latter product represents the main quantity of ethoxylated substances worldwide and is
produced by subsequent sulfonation with SO3 to the ether sulfates (lauryl ether sulphates), LES C12-14 with 2-3 Mol EO,
alcohol ether sulphates, AES C12-14/15 with 2-3 Mol EO. These ether sulfates are used e.g. in household products,
personal care products, cosmetics, liquid dish wash detergents, shampoos and bubble bath. The total annual worldwide
production of such sulfonated anionic surfactants is about 4.000.000 tons.
[0026] Furthermore, e.g. dimethyl fatty alkyl amine hydrochlorides can be alkoxylated, for example with 0.9 Mol ethylene
oxide. In this case it is especially easy to perform the alkoxylation according to the process of the present invention,
since the lower the molar amount of ethylene oxide used for the alkoxylation, the lower is the heat of reaction. It is clear,
of course, that a suitable material of construction needs to be selected for the reactor which is resistant to the chloride
ions of the raw material.
[0027] The alkoxylation process according to the present invention generally results in alkoxylation products having
a particular narrow molecular weight distribution on contrary to processes wherein semi batch reactors are used which
result in products having a much wider range of molecular weight distribution.
[0028] Particularly preferred for the purposes of the present invention is the use of a tubular reactor because this
design is in general mechanically more stable.
[0029] A further important embodiment of the present invention is the continuous alkoxylation of catalyzed raw material
as described above in an annular gap reactor with a single inserted double tube. This reactor design causes a division
of the liquid alkylene oxide into three streams, one entering the reaction gap at the first location via the annular cross
section I, extending from the outer surface of said inserted double tube to the outer boundary of the reaction gap, a
second entering the reaction gap also at said first location via the annular cross section II, extending from the inner
boundary of the reaction gap to the inner surface of an inserted double tube, and a third stream channeled through the
insert double tube and entering the reaction gap at the outlet ending of said double tube.
[0030] For the purposes of the present invention this two-stage annular gap reactor is dimensioned such that 10 to
90 percent of the alkylene oxide enter the reaction gap via the cross sections I and II and the balance to 100 percent
through the insert double tube.
[0031] More preferably the insert double tube of the aforementioned gap reactor has a length of 4 - 70 percent of the
length of the entire reaction gap of the reactor.
[0032] The design of this device is schematically shown in Figures 1A, 1B and 2 (top view). An annular gap reactor
is 5 to 20 m long, preferably about 5 to 15 m, the total inner width of the reaction gap is preferably between 5 and 15
mm. In an annular gap reactor consisting of two concentric jacketed tubes, an inner reactor tube (14,18) and an outer
reactor tube (8) with an insert double tube (16) in the reaction gap (reaction chamber) (15, 17). The jackets are designed
with cooling/heating areas divided in three sections each. The liquid catalyzed raw material is supplied uniformly into
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the interior of the reaction gap through a ring-shaped distribution slit in the inner (4) and outer tube (11) (ring slit nozzles)
(3 and 13). Preheated liquid alkylene oxide is applied over the reactor head (1), so that one part of alkylene oxide is fed
directly via the two annular cross sections of the reaction gap (151 and 1511) at the first junction point defined by the
outer wall of the inserted double tube and the inner wall of outer reaction tube and the outer wall of the inner reaction
tube and the inner wall of the inserted double tube. The double tube is preferably inside-stabilized (22). The remaining
alkylene oxide quantity enters the inserted double tube over a third annular cross section which forms the entrance of
said double tube (16) and is channeled through said double tube to a lower point in the reaction gap (7) depending on
the insert distance of the double tube in the reaction gap.
[0033] The annular cross-sectional area of the inserted double tube at said first location is 90 to 10% of the sum of
said cross-sectional area, the annular cross sectional area (I), extending from the outer surface of said inserted double
tube to the outer boundary of the reaction gap, and the annular cross section (II), extending from the inner boundary of
the reaction gap to the inner surface of an inserted double tube.
[0034] The alkylene oxide distribution system (2) is self proportioning corresponding to the two previously mentioned
annular cross sections over which the alkylene oxide enters the reaction gap at the first junction point and the annular
cross section at the entrance-side of the insert double tube. The second feeding point for alkylene oxide to the reaction
gap is defined by the length of the inserted double tube (16). The entrance of the inserted double tube annular gap is
located above the distribution slits (ring slit nozzles) for the liquid catalyzed raw material (3 and 13).
[0035] The turbulence at the alkylene oxide inlet points causes the liquid raw material charged over the inner (13) and
outer (11) distribution slits (ring slit nozzles) to be promptly mixed homogenously with the alkylene oxide on its way down
stream. The efficiency of the mixing is improved by mixing elements (12) fixed within the reaction zone.
[0036] The three sections of the heat exchange jackets (6) of the inner and outer tube forming the reaction gap allow
the control of the temperature of the process as required. The tempering (cooling or heating) medium is applied via inlets
(5) and (21). The outlet of the medium occurs via manifolds (10, 19). The reaction mix (20) leaves the reaction area (17)
and is intermediately disposed in the residence chamber (9) where a post reaction follows (post reaction space). This
product mix leaves the residence chamber and is led into a cyclone for removal of gaseous impurities of the raw material
(hydrocarbons, aldehydes, CO2) and other substances, which pollute the final product (alkylene oxide, dioxolane, diox-
ane). Thereafter, the final product is cooled and neutralized if necessary with for example lactic acid. A final filtration of
this neutralized product may follow.
[0037] Figure 1B shows an annular gap reactor as shown in Figure 1A, wherein the inner boundary of the reaction
gap in the post reaction zone of the reactor is formed by an inner tube having a smaller diameter than the tube forming
the inner boundary of the main reaction gap resulting in a post reaction space (9) which has a larger inside width than
said main reaction gap. The increased volume of the post reaction zone of the reactor contributes to decrease in reactor
length without reducing the total residence time of the reaction mixture in the reactor and thus increasing the residual
alkylene oxide content of the reaction product.
[0038] Another embodiment of the invention is the continuous alkoxylation of catalyzed raw material as described
above in a special multi tube reactor. This multi tube reactor contains one smaller insert tube in each of its multiple
reaction tubes. The liquid alkylene oxide is divided by virtue of the inserts into two streams. Preferably, the insert tubes
of a multi tube reactor have a length of about 10 to 50 percent of the length of said reaction tubes.
[0039] An example design of this device is shown in more detail in Figures 3 and 4.
[0040] The multi tube reactor for performing the alkoxylation consists, similar to a tubular heat exchanger, of a multitude
of reaction tubes (8) and insert tubes (13) in the inner space at the top of each reactor tube. Each insert tube is preferably
centered within the reaction tubes. The reactor is 5 to 20 m long, preferably about 5 to 15 m, in particular 5 to 10 m, the
reaction tubes have preferably a diameter of 10 to 25 mm. The heat exchange-jacket or shell (5) with e.g. three different
sections (6) allows controlling the temperature as required by the process. The liquid catalyzed raw material (4) is
supplied uniformly via a special raw material distribution (3), namely via ring slit nozzles located in the reaction tubes.
The alkylene oxide is supplied to the reactor head (1) so that one part goes over the distribution chamber directly to the
first alkylene oxide junction point of the reaction tube inlets (11) to a first reaction zone (12) in the reaction tubes and
the remaining quantity goes over the inserted smaller tubes (13) to a lower second alkylene oxide junction point (7) and
to a second reaction zone (14) positioned lower in the reactor. The self proportioning of the total supplied alkylene oxide
occurs at location (2) corresponding to the cross section of the inserted tube (13) in relation to the annular area represented
by the cross section of the reactor tube minus the cross section of the inserted tube.
[0041] The streaming speed of alkylene ethylene oxide and fixed mixing elements (17) in the annular gap formed by
the tubes and the insert tubes cause immediate homogeneous mixing with the raw material supplied from the raw material
distribution device (3). The three heat exchange sections allow individual control of the temperature. The cooling or
heating medium, respectively, is supplied via the manifold (10). The medium outlet occurs through line (16). The reaction
mix (15) from the second zone (14) of the reaction space flows through a final reaction chamber (9) for post reaction. A
final degassing from remaining inert gases of the raw material like e.g. acetaldehyde or CO2, and from substances
formed in the final product during the reaction, e.g. dioxane or dioxolanes, in a cyclone follows. Then, the final product
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is cooled and neutralized if necessary with lactic acid. If desired, the neutralized product can be filtered.
[0042] With this method, a reaction in two steps is realized, such as in a cascade. In the first step only a part of the
stoichiometrically desired liquid alkylene oxide is supplied, in order to limit the amount of reacting material and thus the
heat of reaction and the resulting temperature in the reactor, because only a partial reaction takes place, when the
reaction starts with a smaller quantity of alkylene oxide than necessary for the final product (e.g. 70 percent, corresponding
to a distribution of the amount of alkylene oxide of 70: 30 between the two process steps). The development of reaction
heat is therefore significantly smaller, so that a strong temperature increase in the first section of the reactor is avoided,
and the reaction heat can be better removed by the cooling jacket. Due to this kind of processing, the exothermic reaction
and the temperature behavior of an alkoxylation are much easier to control.
[0043] In case of annular gap reactors, in which the organic raw material is supplied via slits (ring slit nozzles) into the
gap between the inner wall of the outer tube and the outer wall of the inner tube, a double tube is inserted in the annular
gap (insert double tube) through which a part of the alkylene oxide is provided to the reaction gap further downstream
and added to the mixture which has already partially been alkoxylated upstream in the reactor. In this way, a self-
controlled proportioning of the total quantity of alkylene oxide intended for reaction with the catalyzed raw material into
two parts is realized, corresponding to the relation between the sum of the partial annular cross-sections 151 and 1511
(see Figure 2) of the reaction gap and the annular cross-section of the insert double tube.
[0044] Depending on the length of the inserted double tube the conversion degree in the first part of the reactor and
the residual conversion in the second zone can be adjusted.
[0045] A quite similar self-controlled alkylene oxide proportioning occurs in multi tube reactors according to the present
invention. In each reaction tube of the multi tube reactor a smaller insert tube is inserted. A first part of the total quantity
of alkylene oxide intended for reaction is supplied on top of each reaction tube via the annular space between reaction
and insert tube and is directly brought into contact with the catalyzed raw material of the reaction tubes. The second
portion of alkylene oxide reacts downstream after the end of the insert tubes in each of the reaction tubes with the already
partially alkoxylated reaction product. The quantities of alkylene oxide added at the first supply location for alkylene
oxide in each reaction tube and at the end of each insert tube are determined by the cross sections of the insert tube
and the annular cross-section between the outer diameter of the insert tube and the inner diameter of the associated
reaction tube. In this way, the reaction degree between first and second alkoxylation step is defined. Again, the conversion
degree in the first part of the reactor and the residual conversion in the second zone can be adjusted by variation of the
length of the insert tubes.
[0046] The length of the insert tube(s) in (multi) tube reactors or the insert double tube in annular gap reactors can
e.g. range from 20 to 70 percent of the length of the reactor space or gap.
[0047] The insert tubes and insert double tubes are simple in design, and can be easily affixed to the reactors and
centered in the reaction space or gap by spacers. These spacers also cause a turbulence and a mixing effect in the
reaction material.
[0048] Moreover, due to the small reaction volume and the minimized portion of alkylene oxide in the reaction chamber,
a previous inertization with nitrogen for safety reasons is not necessary.
[0049] The following Examples are provided for further illustration of the invention and shall not limit the scope of the
invention. In particular, designing and sizing of the apparatus for different capacities is easily possible for persons of
ordinary skill in the art. The reaction progress is shown in Figure 5 (capacity, temperature development in the reaction
mixture, cooling/heating temperatures). The ethylene oxide partial pressure development is shown in Figure 6.

EXAMPLES

[0050] Example 1 - Reaction of n-nonyl phenol with 7 mole ethylene oxide in a 5 inch annular gap reactor of 5 m length
with inserted double tube, with static mixing elements downstream the raw material input and at the second ethylene
oxide input, with a length of 1.750 m (35% of the total reactor length) according to the invention with a capacity of 250.8
kg/h that corresponds to 2008 tons/year.
[0051] An annular gap reactor has a geometry according to Figures 1 and 2, with an inner diameter of the outer tube
of 5 inches = 127.0 mm and an outer diameter of the inner tube of 114.0 mm and a reactor length of 5.000 m, with an
annual gap width of 6.5 mm (annular space volume of 11.31 liters) and a supply for the liquid catalyzed raw material via
a ring slit nozzle in the inner wall of the outer tube and another one in the outer wall of the inner tube. Both concentric
tubes are jacketed tubes with three cooling or heating sections (see Figures 1A/B), whereby the upper jacket section
takes 35% of the entire jacket length, the middle jacket also 35% and the lower 30%. The annular gap (annular space)
contains a thin-walled insert double tube. The wall thickness of the reactor is 10 mm (see Figure 2), the gap of the
cooling/heating zone amounts to 6 mm and the volume of the post reactor amounts to 0.02 m3. The wall thickness of
the insert double tube (inner and outer tube shell) amounts to 0.5 mm, the outer diameter = 122.67 mm, the inner diameter
= 118.33 mm, the distance from the outer and inner jacketed tube to the walls of the insert double tube amounts to
(127-122.67)/2 = 2.17 mm and (118.33-114)/2 = 2.17 mm, respectively (see Figure 1), the length of the insert double
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tube is 1.75 m (= 35% of the total reactor length). The incorporated double tube diameters were dimensioned in this
case so that the ethylene oxide is supplied about 82.25 % through the two cross sections between outer and inner
reactor tube and finally 17.75% through the incorporated double tube cross section.
[0052] For manufacturing the catalyst, a part of the total raw material n- nonyl phenol (MW = 220) of 7.15 kg/h = 0.0325
kmol/h and 0.38 kg/h of 50% caustic soda solution corresponding to 0.19 kg/h 100% caustic soda = 0.0048 kmol/h =
14.64 mol% appropriate to the n- nonyl phenol part are supplied after pre-mixing at a temperature of approx. 50°C into
a thin film evaporator (TFE) with an evaporator surface of 0.125 m2. The jacket temperature is adjusted with pressure
reduced steam to 150°C = approx. 4 bar (pressure controlled).The water quantity from the caustic soda solution and
the reaction water (total approx. 0.28 kg/ h) that is to be distilled off is released by a vacuum pump system with approx.
30 mbar absolute. The formed sodium- n- nonyl phenolate with a rest water content of < 0.05 % is taken out of the
evacuated TFE by a special pump and fed through a self cleaning slit filter for removing impurities. After this procedure
it is mixed in a static mixer with 97.36 kg/h = 0.4425 kmol/h fresh n-nonyl phenol (this mixture contains then 1 mol%
sodium-n- nonyl phenolate as catalyst).
[0053] In the annular gap reactor with inserted double tube according to the invention the pressurized cooling/ hot
water pre run temperature in the upper jacket is adjusted to 35°C and the water loop quantity is set to 5 m3/h. The inlet
temperature is kept constant by a "split range" automatic controller by monitored feeding of pressure steam, in case of
preheating, and water, in case of cooling, into the pressure loop. In the middle jacket section the water loop quantity is
adjusted to 5 m3/h and 55°C and the same in the lower jacket.
[0054] The mixture of fresh n- nonyl phenol and the catalyzed n-nonyl phenol (the mixture now contains 0.6 mol%
catalyst) is pumped by a special TFE discharge pump over a heat exchanger with a set temperature of 165°C and over
both distribution slits (ring slit nozzles) with a quantity in proportion to the gap of 104.62 kg/h n-nonyl phenol, including
formed alcoholate as catalyst, controlled by mass flow meter into the space between the inner and outer concentric
jacketed tubes. Over a supply pipe on the reactor head 146.32 kg/h = 3.3257 kmol/h ethylene oxide (n-nonyl phenol
related to ethylene oxide = 1 to 7.0) are fed with a high pressure pump. Through the inserted double tube (1.750 m =
35% of the total reactor length from top) a quantity of 25.37 kg/h (= 17.75%) of the ethylene oxide flows and the remaining
quantity of the ethylene oxide of about 120.35 kg/h (= 82.25%) flows through the cross sections (I + II) (see Figure 2)
of the annular gap. The proportionate ethylene oxide conversion in the 1st section of the reactor (35% of reactor length)
should be 25%, 35% in the 2nd section (35% of the reactor length) and 40% in the 3rd section (30% of the reactor length).
[0055] The reaction mixture at a temperature of approx. 236°C exits the ring chamber (approx. 0.02 m3) via a pressure
control valve (50 bar) into a cyclone for degassing (inert gas from ethylene oxide, formed by-products e.g. dioxane). The
gases are discharged then with a water ring vacuum pump and led to combustion or to a scrubber. In the cyclone a
small vacuum is maintained at approx. 700 mbar absolute. If necessary, stripping steam can also be introduced into the
cyclone. Hence a better degassing will be achieved. Afterwards the end product is cooled to approx. 60°C in a heat
exchanger with a recycle loop to the cyclone.
[0056] For neutralization with lactic acid (0.54 kg/h) by a dynamic mixer, the reaction mix is pumped over a heat
exchanger in a loop with approx. 5 m3/h. The final product is discharged from the loop to the filtration or to the storage tank.
[0057] During start up of the alkoxylation reactor the procedure proceeds as follows: The annual gap reactor is first
filled up with the concentrated, filtered catalyst mixture from the thin film evaporator and the fresh n-nonyl phenol mixed
in a static mixer. The mixture containing 0.6 mol% catalyst is fed in the preset quantity per hour to the reactor after
preheating to 165 °C.
[0058] Immediately after achieving a low liquid level in the cyclone (level controlled) ethylene oxide, also in the preset
quantity per hour, is pumped over the pre heater into the reactor. The pressure control valve in the reactor output line
is adjusted to 50 bar (vapor pressure of ethylene oxide at 165°C is approx. 50 bar).The temperature controllers for each
section of the three heating/cooling loops of the reactor are adjusted to the required temperature.

Product specification

[0059]

Hydroxyl value (mg KOH/g) : 106 calculated MW = 528 = 7.0 mole EO

Color (visual) : light yellow
Color (APHA) : 20 max.
Density 50 °C : app. 1.04 g/cm3

Pour point : 7 °C
Viscosity dynamic 50 °C : app. 65 mPas
Dioxane content (head space GC) : max. 1ppm

Ethylene oxide : max. 1ppm
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[0060] Example 2 - Reaction of n-nonyl phenol with 15 mole ethylene oxide in a 5 inch annular gap reactor of 5m
length with insert double tube, with static mixing elements downstream the raw material input and at the second ethylene
oxide input, with a length of 1.750 m (35 % of total reactor length) according to the invention with a capacity of 260 kg/h
that corresponds to 2008 tons/year.
[0061] In comparison to Example 1 (7 mole ethylene oxide) the capacity is retained for the same reactor size. The
reactor temperature is a little bit higher, since due to the higher ethylene oxide quantity (15 moles) the reaction heat
increases. For the Example 2 the same annular gap reactor according to Figures 1 and 2 (dimensions as in Example
1) and the same thin film evaporator equipment as in Example 1 is used.
[0062] For manufacturing the catalyst a part of the total raw material (65 kg/h) n-nonyl phenol that means 4.45 kg/h
= 0.0202 kmol/h and 0.24 kg/h 50% NaOH solution corresponding to 0.12 kg/h 100% NaOH (caustic soda) = 0.0030
kmol/h = 14.64 mol% in relation to n-nonyl phenol, are both fed at 50°C into a thin film evaporator (0.125m2) after pre-
mixing. The thin film evaporator (TFE) is heated by 4 bar steam at approx. 150°C (pressure controlled). The water
quantities from caustic and the reaction water (in sum 0.17 kg/h) to be distilled off are exhausted by a water jet (30 mbar
absolute). The sodium-n-nonyl phenolate with a residual water content of lower than 0.05% is taken out off the evacuated
thin film evaporator by a gear pump and separated from impurities over a slit filter. Subsequently it is mixed in a static
mixer with fresh n- nonyl phenol 60.55 kg/h corresponding to 0.2752 kmol/h (the blending then contains 0.6 mol% sodium-
n-nonyl phenolate as catalyst).
[0063] The pressurized pre-run water temperature of cooling/heating in the upper reactor jacket section is fixed at
136°C, the water loop approx. at 5 m3 /h. The entrance temperature is controlled by "split range" controlling which holds
the temperature by injecting steam or cooling water into the loop. The middle jacket is connected to a water loop at 5
m3 /h and 23°C and the lower jacket is connected to a water loop at 5 m3 /h and 35°C.
[0064] The discharge gear pump from the thin film evaporator pumps the catalyzed (0.6 mol%) n-nonyl phenol (65.07
kg/h, mass flow meter) over a heat exchanger with a set temperature of 165 °C through the inner- and outer distribution
slits (ring slit nozzles) equally into the corresponding reaction space. Over the reactor head, 195.00 kg/h liquid ethylene
oxide (= 2.0683 kmol/h) is charged by a pressure pump (proportion n- nonyl phenol to ethylene oxide is 1:15). Dimensions
of the insert double tube: Length 70% of the total reactor length, which means 3.500 m. Through the annular cross
section of the jacketed concentric inner and outer tube (diameters di = 114 mm, dout = 127mm) 82.25% = 160.39 kg /h
is charged. Through the cross section of the insert double tube (Eample 1) the residual quantity of ethylene oxide, which
means 43.61 kg/h = 17.75% is charged (3.5 m). The proportionate ethylene oxide conversion in the 1st section of the
reactor (35% of the reactor length) should be 15%, 35% in the 2nd section (35% of the reactor length) and 50% in the
3rd section (30% of the reactor length).
[0065] The reaction mix exits the ring chamber (0.02 m3) controlled via a pressure resistance valve to be degassed
from the inert gases from ethylene oxide and formed by-products such as dioxane. Afterwards cooling to 60 °C follows
in a heat exchanger and a recycling loop to a cyclone.
[0066] For neutralizing with lactic acid (0.34 kg /h) the reaction mix is pumped over a dynamic mixer and following
cooler in a loop (5 m3/h). The final product from the neutralizer loop passes a filter and is discharged to the storage tanks.

Product specification

[0067]

(continued)

Polyglycol : 1 %
Moisture (Karl Fischer) : 0.05 weight %

Hydroxyl value (mg KOH/g) : 63 calculated MW = 880 = 15.0 mole EO
Color (visual) : light yellow
Color (APHA) : 20 max.
Density 50 °C : app. 1.07 g/cm3

Pour point : 25 °C
Viscosity dynamic 50 °C : app. 80 mPas
Dioxane content (head space GC) : max. 1ppm
Ethylene oxide : max. 1ppm
Polyglycol : 1 %
Moisture (Karl Fischer) : 0.05 weight %
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[0068] Example 3 - Preparation of n-nonyl phenol ethoxylate with 3 mole ethylene oxide in a 5 inch annular gap reactor
of 5m length with insert double tube, with static mixing elements downstream the raw material input and at the second
ethylene oxide input, with a length of 1.750 m (35% of the total reactor length) according to the invention with a capacity
of 704 kg/h, which corresponds to 5653 tons/year.
[0069] In comparison to Example 1 the throughput is raised above proportion due to the lower ethylene oxide part (3
mole) in the same reactor size, since the reaction heat is smaller.
[0070] For Example 3, the same annular gap reactor according to Figures 1 and 2 (dimensions as in Example 1 and
the same thin film evaporator equipment as in Example 1) are used.
[0071] For catalyst manufacturing in Example 3, a part of the total raw material (440 kg/h) n-nonyl phenol that means
30.10 kg/h corresponding to 0.1368 kmol/h and 0.96 kg/h 50% NaOH solution equivalent to 0.480 kg/h 100% NaOH
(caustic soda) = 0.0120 kmol/h = 8.78 mol% in relation to n-nonyl phenol, are both fed (after pre-mixing) at 50°C into a
thin film evaporator having an exchanger surface of 0.125 m2. The thin film evaporator is heated by 6 bar steam (pressure
controlled). The water quantities from caustic and reaction (0.7 kg/h) to be distilled off are exhausted by a water jet (30
mbar absolute). The consisted sodium-n-nonyl phenolate with a residual water content of lower than 0.05% is removed
from the evacuated thin film evaporator by a gear pump and filtered from pollution over a rotating slit filter. Thereafter
the catalyst is mixed in a static mixer with fresh n-nonyl phenol 409.90 kg/h = 1.8632 kmol/h (the mixture then contains
0.6 mol% sodium-n-nonyl phenolate).
[0072] The water supply temperature of cooling/heating in the upper reactor jacket is fixed at 75°C, the water loop
approx. at 5 m3 /h. The constant inlet temperature is controlled by "split range" controlling. The middle jacket admits a
loop water quantity of 5 m3 /h and 75°C and the lower jacket operates at 5 m3 /h and 75°C.
[0073] The discharge gear pump pumps the catalyzed (0.6 mol%) and fresh n- nonyl phenol (440.26 kg/h, by mass
flow meter) from the thin film evaporator over a heat exchanger with a set temperature of 165 °C through the inner and
outer distribution slits (ring slit nozzles)equally between the reactor walls. 264 kg/h liquid ethylene oxide = 6.000 kmol/h
is charged over the reactor head by a pressure pump (proportion n- nonyl phenol to ethylene oxide is 1:3). Dimensions
of the insert double tube: Length 35% of the total reactor length means 1.750 m. Through the annular cross section of
the jacketed concentric inner tube and outer tube (diameter di = 114 mm, douter = 127 mm) 82.25% = 217.14 kg /h
ethylene oxide is charged. Through the cross section of the insert double tube the residual quantity of ethylene oxide
meaning 46.86 kg/h = 17.75% is charged (1.75 m from first feed location). The proportionate ethylene oxide conversion
in the first section of the reactor (35% of the reactor length) should be 20%, 40% in the 2nd section (35% of the reactor
length) and 40% in the 3rd section (30% of the reactor length).
[0074] The reaction mix exits the ring chamber (0.02 m3) controlled via a pressure resistance valve (adjusted pressure
is 50 bar) and is degassed from the inert gases ethylene oxide and formed by-products such as dioxane. These gases
are discharged under assistance of the water pump to combustion or a scrubber. Afterwards cooling to 60 °C follows in
a heat exchanger and partial recycling to the cyclone.
[0075] For neutralizing with lactic acid (1.54 kg/h, 70% weight, molecular weight 90 g/mol) the reaction mix is pumped
over a dynamic mixer and a following cooler in a loop (5 m3/h). The final product from the neutralizer loop is led to storage
after passing a filter.

Product specification

[0076]

[0077] Example 4 - Preparation of n-nonyl phenol ethoxylate with 3 mole ethylene oxide in a 5 inch annular gap reactor,
with static mixing elements downstream the raw material input and at the second ethylene oxide input, 10 m long with
insert double tube of 6 m length (60% of the total reactor length) and 0.6 mol% NaOH as catalyst according to the
invention with a capacity of 704 kg/h, which corresponds to 5653 tons/year.
[0078] Compared to Example 3 with the same capacity, the reactor length is increased up to 10 m. The reaction is
now spread over a greater length, so that the temperature maximum then decreases to 209 °C.

Hydroxyl value (mg KOH/g) : 159.4 calculated MW = 352 = 3.0 mole EO
Color (visual) : light yellow

Color (APHA) : 20 max.
Dioxane content (head space GC) : max. 1ppm
Ethylene oxide : max. 1ppm
Polyglycol : 1 %
Moisture (Karl Fischer) : 0.05 weight %
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[0079] For Example 4 the same annular gap reactor according to Figures 1 and 2 (dimensions as in Example 1) is used.
[0080] Catalyst manufacturing for Example 4 was performed analogous to Example 3.
[0081] Under assistance of a gear pump the catalyzed n-nonyl phenol with 0.6 mol% caustic soda is pumped over a
heat exchanger with a set temperature of 165 °C and equally supplied over both distribution slits (ring slit nozzles)
between the inner and outer reaction tube. Over the reactor head 264.00 kg/h = 6.000 kmol/h ethylene oxide is charged
by a pump (n-nonyl phenol to ethylene oxide is 1:3). Through the insert double tube cross section (60 % of the total
reactor length = 6.000 m) 46.86 kg/h = 17.75 % and 217.14 kg/h = 82.25 % of the ethylene oxide is charged over the
annular cross sections shaped by the inner and outer reaction tube. The proportionate ethylene oxide conversion in the
1st section of the reactor (35% of the reactor length) should be 40%, 40% in the 2nd section (35% of the reactor length)
and 20% in the 3rd section (30% of the reactor length).
[0082] The reaction mix at 209 °C expands via a pressure control valve for degassing (inert gas from ethylene oxide
and formed by-products e.g. dioxane) into a cyclone. After the degassing, cooling to 60°C follows in a heat exchanger
(recycling loop to cyclone).
[0083] The supply temperature of the pressurized (5 m3/h) cooling/heating water loop in the upper jacket is adjusted
to 73 °C. Maintaining the inlet temperatures for the three jackets (reaction sections) is done via a "split range" controller
responsible for steam and cooling water feeding. The middle jacket water loop runs at 5 m3/h and 116°C. The lower
jacket water loop runs at 5 m3/h and 141°C.
[0084] The reaction mix is pumped in a loop for neutralization with lactic acid (0. 23 kg/h) over a dynamic mixer and
a 5 m3/h cooler. After exiting the loop, the end product is led to the storage after filtering.

Product specification

[0085]

[0086] Example 5 - Preparation of a fatty alcohol C12-14 ethoxylate with 2 mole ethylene oxide in a 5 inch annular gap
reactor, with static mixing elements downstream the raw material input and at the second ethylene oxide input, 10 m
long with insert double tube of 6 m length (60% of the total reactor length) according to the invention with a capacity of
852 kg/h, which corresponds to 6816 tons/year.
[0087] In Example 5 a fatty alcohol C12-C14 is reacted with 2 mole of ethylene oxide. The output quantity in relation
to Example 4 is increased using the same reactor size because due to the smaller ethylene oxide addition, less reaction
heat is released. The temperature maximum then reaches 208° C. The average residence time in the reactor amounts
to 55 seconds and 283 seconds in the post reactor (approx. 5 minutes total).
[0088] For Example 5, the same annular gap reactor in accordance with Figures 1 and 2 (dimensions as in Example
1) is used.
[0089] For the manufacturing of the catalyst a part of the total raw material (104.51 kg/h) fatty alcohol C12-14 (C12 =
65-71%, C14 = 22-28%, C16 = 4-8%, molar weight = 196 (from hydroxyl value) that means 40.22 kg/h = 0.2052 kmol/h
and 1.44 kg/h 50% caustic soda solution = 0.72 kg/h 100% NaOH = 0.0180 kmol/h equivalent to 8.77 mol% related to
the part fatty alcohol C12-14, is fed after pre-mixing at a temperature of approx. 50°C into a thin film evaporator (TFE)
with an evaporator surface of 0,125 m2. The jacket temperature of the TFE is adjusted by pressure steam to 150 °C =
approx. 4 bar (pressure control). The water from the caustic soda solution and the reaction water (in sum approx. 1.04
kg/h) to be distilled off is exhausted by a water ring pump (vacuum approx. 30 mbar). The formed sodium C12-14-fatty
alcoholate with a rest water content of < 0.05% is taken out of the vacuum by a special pump and passes a slit filter to
separate impurities. Then the filtrate is mixed in a static mixer with fresh fatty alcohol C12-14 547.78 kg/h = 2.705 kmol/h
(the blending contains then 0.6 mol% sodium C12-14 alcoholate as catalyst).
[0090] Under assistance of a gear pump the catalyzed fatty alcohol C12-14 is led over a heat exchanger with a set
temperature of 165°C and is evenly led over the two distributor slits (ring slit nozzles) into the gap between the walls of
the two concentric reaction tubes. Via a feed pipe at the reactor head 264.00 kg/h ethylene oxide (= 6.000 kmol/h)
(relationship fatty alcohol C12-14 to ethylene oxide = 1 to 2) is supplied by a high pressure pump. Through the inserted
double tube (60% of the total length of the reactor = 6.000 m) and over the above mentioned two cross sections of the
annular gaps and the inserted double tube 82.25% = 217.14 kg/h of the ethylene oxide are supplied between the annular
gaps inside and outside of the inserted double tube. Over the inserted double tube the remaining quantity of ethylene

Hydroxyl value (mg KOH/g) : 159.4 calculated MW = 352 = 3.0 mole EO
Color (APHA) : 20 max.

Dioxane content (head space GC) : max. 1ppm
Ethylene oxide : max. 1ppm
Polyglycol : 1 %
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oxide 46.86 kg/h = 17.75% follows after 6.000 m from the reactor top. The proportionate ethylene oxide conversion
achieves 40% in the 1st part of the reactor (35% of the reactor length), 40% in the 2nd part (35% of the reactor length)
and 20% in the 3rd (30% of the reactor length). The reaction mixture exits the reactor end at 208°C and is then discharged
from the ring chamber (approx. 0.02 m3) via a pressure control valve into a cyclone for degassing (inert gases from the
EO, formed by-products e.g. dioxane). Afterwards cooling down to approx. 60°C takes place in a heat exchanger by a
recycle loop to the cyclone.
[0091] The pressurized heating/cooling water supply temperature in the upper jacket was adjusted to 85°C by a loop
quantity of 5 m3/h. The inlet temperatures for each section is kept constant by a "split range" automatically controlled
feeding of steam or cooling water supply into the pressure water loop. In the middle jacket section the loop quantity is
adjusted to 5 m3/h water at 129°C, and in the lower jacket the water loop quantity is adjusted to 5 m3/h and 153°C.
[0092] For neutralization with lactic acid (2.31 kg/h), the reaction mixture is pumped in a loop over a dynamic mixer
and following cooler (loop quantity approx. 5 m3/h). From the neutralization loop, the final product is led to storage after
filtering.
[0093] If the reaction mixture is supplied directly to a sulfation plant, neutralization with lactic acid is not necessary.
The un-neutralized product can be stored temporarily in buffer vessel under a nitrogen blanket.
[0094] Example 6- Preparation of a fatty alcohol C12-14 ethoxylate with 3 mole ethylene oxide in a 36 inch annular gap
reactor, with static mixing elements downstream the raw material input and at the second ethylene oxide input, 10 m
long with insert double tube of 6m length (60% of the total reactor length) and 1 mol% catalyst according to the invention
with a capacity of 4920 kg/h, which corresponds to 39360 tons/year.
[0095] Compared to Example 3, the ethoxylation is performed in a 36 inch annular gap reactor with a length of 10 m
and a catalyst concentration of 1 mol% and a length of the inserted double tube of 6 m length (60% of the total length).
Here the reactor is used for pre-heating of ethylene oxide and fatty alcohol. The feed temperature of ethylene oxide is
20°C and the temperature of the fatty alcohol is 40°C.
[0096] The annular gap reactor according to Figures 1 and 2 consists of an outer tube with an inner diameter of 36
inches = 914.4 mm and an inner tube with an outer diameter of 895.2 mm, and a reactor length of 10 m, with an annular
width of 9.6 mm (annular space volume is 0.272 m3) and a raw material distributor slit (ring slit nozzle) in the inner and
outer jacketed reaction tubes with three cooling/heating sections (see Figure 1). The upper and middle jackets cover
each 35% and the lower jacket covers 30% of the total reactor length. In the annular gap (annular space) a thin-walled
double tube is incorporated. The wall thickness of the reactor amounts to 19 mm, the gap of the cooling /heating jackets
is 8 mm and the volume of the post reactor amounts to 0.08 m3.The wall thickness of the insert double tube is 0.5 mm,
the outer diameter is 908.0 mm, the inner diameter is 901.6 mm, and the slit width amounts to (908.0-901.60) /2=3.20
mm. The length of the insert double tube amounts to 6 m = 60% of the total reactor length.
The diameter of the insert double tube is dimensioned such that 77.08% of the ethylene oxide is charged over the inner
and outer annular gap and the remaining 22.92% over the insert double tube.
[0097] To manufacture the catalyst for Example 6, a part of the total raw material (2940.00 kg/h) fatty alcohol C12-14
(C12 = 65-71%, C14 = 22-28%, C16 = 4-8%, molar weight = 196 (from hydroxyl value) namely 201.11 kg/h = 1.0261
kmol/h and 12.00 kg/h 50% caustic soda solution = 6.00 kg/h 100% NaOH equivalent to 0.15 kmol/h = 14.62 mol%
related to fatty alcohol C12-14. All together is fed after pre-mixing at a temperature of approx. 50°C into a thin film
evaporator (TFE) with a vaporizer surface of 1.0 m2. The jacket temperature of the TFE is set by steam to 150 °C =
approx. 4 bar (pressure controlled). The water from the caustic soda solution and the reaction water (in sum approx.
8.70 kg/h) to be distilled off is sucked out by a water jet pump under a vacuum of approx. 30 mbar. The formed sodium
- fatty alcoholate C12-14 with a rest water content of < 0.05% is pumped out of the evacuated TFE and led over a slit
filter to remove pollution. Then it is mixed in a static mixer with 2738.89 kg/h = 13.9739 kmol/h fresh fatty alcohol C12-14
(this mixture then contains 1.0 mol% sodium fatty alcoholate C12-14.)
[0098] The supply temperature of the pressurized cooling/heating water loop with 10 m3/h is set in the upper jacket
section at 112°C. The entrance temperature is adjusted under assistance of a "split range" control for supply of steam
(especially for preheating) with constant pressure or cooling water into the pressure water loop. For the middle jacket a
pressurized water loop of 10 m3/h and 150°C is adjusted and also a 10 m3/h water loop with 150°C for the lower section.
[0099] With a gear pump the fatty alcoholate C12-14, catalyzed with 1.0 mol% is preheated over a heat exchanger to
a temperature of 165°C and charged over the two distributor slits (ring slit nozzles) with a quantity of 2943.30 kg/h (mass
flow meter) fatty alcoholate C12-14 (including formed alcoholate, which is the catalyst) evenly between the inner and
outer reaction tube walls. Over a manifold on the reactor top 1980 kg/h = 45.00 kmol/h ethylene oxide (relation fatty
alcoholate C12-14 to ethylene oxide = 1 to 3) is charged by a pressure pump. Through the insert double tube (60% of
the total length of the reactor = 6.000 m) and over the previously mentioned annular gap cross sections inside and
outside of the inserted double tube ethylene oxide is charged over the annular gaps (77.08% = 1526.18 kg/h). The
remaining quantity of ethylene oxide 453.82 kg/h = 22.92% runs through the insert double tube approx. 6.000 m lower.
The proportionate ethylene oxide conversion in the 1st part of the reactor (35% of the reactor length) should be 57%,
28% in the 2nd part (35% of the reactor length) and 15% in the 3rd (30% of the reactor length). The reaction mixture then
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exits the post reactor (ring chamber approx. 0.08 m3) via a pressure control valve (adjusted to 50 bar) into a cyclone for
degassing (inert gases from the EO, formed by-products e.g. dioxane). The waste gas exhausted by a water ring vacuum
pump can be led to combustion or to a scrubber. Subsequently the cooling to approx. 60°C takes place in a heat
exchanger in the recycling loop to the cyclone.
[0100] For neutralization with 19.29 kg/h 70 weight % lactic acid (mole weight = 90) the reaction mix is pumped over
a dynamic mixer and passes a cooler in a loop (approx. 10 m3/h). The final product exiting the neutralizer loop flows
into the storage tanks after filtering.
[0101] Example 7 - Preparation of n-nonyl phenol ethoxylate with 3 mole ethylene oxide in a 36 inch annular gap
reactor, with static mixing elements downstream the raw material input and at the second ethylene oxide input, 10 m
long with insert double tube of 5.500 m length (55% of the total reactor length) and 1 mol% catalyst according to the
invention with a capacity of 5707 kg/h, which corresponds to 45656 tons/year.
[0102] Compared with Example 6, the ethoxylation is performed in a 36 inch annular gap reactor with a length of 10
m and a catalyst concentration of 1 mol% and a length of the inserted double tube of 5.5 m (55% of the total length). In
this case the reactor is used concurrently for pre heating of the ethylene oxide and fatty alcohol. The feeding temperature
of the ethylene oxide is 20°C, and the temperature of the fatty alcohol with 1 mol% catalyst is 40°C.
[0103] The annular gap reactor according to Figures 1 and 2 consists of an outer tube with an inner diameter of 36
inches = 914.4 mm and an inner tube with an outer diameter of 895.2 mm, and a reactor length of 10 m; with an annular
width of 9.6 mm (annular space volume is 0.272 m3) and a raw material distributor slit (rings slit nozzle) in the inner and
outer jacketed reaction tube and three cooling/ heating sections (see Figure 1). The upper and middle jackets each
cover 35% and the lower jacket covers 30% of total reactor length. In the annular gap (annular space) a thin-walled
double tube is incorporated. The inner and outer wall thickness of the reactor amounts to 19 mm, the gap of the cool-
ing/heating jackets amounts to 8 mm and the volume of the post reactor amounts to 0.08 m3. The inner and outer wall
thickness of the insert double tube is 0.5 mm, the outer diameter is 908.0 mm, the inner diameter is 901.6 mm, so that
the gap width amounts to (908.0-901.60) /2=3.20 mm. The length of the insert double tube amounts to 5.500 m = 55%
of the total reactor length. The diameter of the insert double tube is dimensioned so that 77.08 % of the ethylene oxide
is charged over the inner and outer annular gap and the remaining 22.92% over the insert double tube cross section.
[0104] To manufacture the catalyst for Example 7, a part of the total raw material =3410.00 kg/h fatty alcohol C12-14
(C12 = 65-71%, C14 = 22-28%, C16 = 4-8%, molar weight = 196 (from hydroxyl value) namely 233.26 kg/h = 1.1901
kmol/h and 13.92 kg/h 50% caustic soda solution = 6.96 kg/h 100% NaOH = 0.1740 kmol/h = 14.62 mol% related on
fatty alcohol C12-14. All is pre-mixed and fed at a temperature of approx. 50°C into a thin film evaporator (TFE) with a
surface of 1.0 m2. The jacket temperature of the TFE is set by steam to 150 °C = approx. 4 bar (pressure controlled).
The water from the caustic soda solution and the reaction water (in sum approx. 10.09 kg/h) to be distilled off is sucked
out by a water jet pump under a vacuum of approx. 30 mbar. The formed sodium - fatty alcoholate C12-14 with a rest
water content of < 0.05% is pumped out of the evacuated TFE and led over a slit to filter from pollution. Then it is mixed
in a static mixer with 3176.74 kg/h = 16.2078 kmol/h fresh fatty alcohol C12-14 .This mixture then contains 1.0 mol%
sodium-fatty alcoholate C12-14 as catalyst. The temperature of the mixture is 48°C.
[0105] The supply temperature of the pressurized cooling/heating water loop is set in the upper jacket section at 179°C.
The loop quantity of water amounts to 10 m3/h. The entrance temperature is adjusted with assistance of a "split range"
controlled steam pressure (especially for preheating) or cooling water supply into the pressure water loop. For the middle
jacket a water loop of 10 m3/h and 113°C is adjusted and for the lower jacket section a water loop with 167°C is used.
[0106] By means of a gear pump the fatty alcoholate C12-14, catalyzed with 1.0 mol% is charged over the two distributor
slits (ring slit nozzles) in the inner and outer jacketed concentric reactor tubes with a quantity of 5710.83 kg/h (mass
flow meter) with a mixing temperature of 48 °C equally between the inner and outer reaction tube walls. Over a head
manifold on the reactor top 2297 kg/h ethylene oxide (= 52.2045 kmol/h) (relation fatty alcoholate C12-14 to ethylene
oxide = 1 to 3) is charged by a pressure pump. Through the insert double tube (55% of the total reactor length 5.500 m)
and over the previously mentioned annular gap cross sections inside and outside of the inserted double tube ethylene
oxide is charged (77.08% =1770.53 kg/h). The remaining quantity of ethylene oxide 526.47 kg/h = 22.92% is charged
through the insert double tube approx. 5.500 m below the top. The proportionate ethylene oxide conversion in the 1st

part of the reactor (35% of the reactor length) should be 20%, 55% in the 2nd part (35% of the reactor length) and 25%
in the 3rd (30% of the reactor length). The reaction mixture then exits the post reactor (ring chamber approx. 0.08 m3)
via a pressure control valve (adjusted pressure 50 bar) into a cyclone for degassing (inert gases from the ethylene oxide,
formed by-products e.g. dioxane). The waste gas exhausted by a water ring vacuum pump can be led to combustion or
to a scrubber. Subsequently cooling down to approx. 60°C takes place by a heat exchanger in a recycling loop to the
cyclone.
[0107] For neutralization with 22.37 kg/h 70 % lactic acid (mole weight = 90) the reaction mix is pumped over a dynamic
mixer and passes a cooler in a loop (approx. 10 m3/h). The final product exits the neutralizer loop and flows into the
storage tanks after filtering.
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Claims

1. A process for continuously reacting liquid alkylene oxide with a liquid substance comprising an organic compound
with one or more active hydrogen atoms and a catalyst selected from alkali metal hydroxides and alkali metal
alcoholates, in a reactor selected from

(a) a tubular reactor comprising at least one reaction tube providing a reaction space inside of said tube, and
(b) an annular-gap reactor comprising an outer tube and an inner tube, longitudinally inserted into said outer
tube, which form an annular reaction gap extending between the inner surface of the outer tube, which forms
the outer boundary of the reaction gap, and the outer surface of the inner tube, which forms the inner boundary
of the reaction gap,
wherein

(1) the supply of liquid alkylene oxide to the reactor is controlled by a single mass flow controller, the liquid
alkylene oxide is fed to said reactor (a) or (b) via a single inlet socket which is connected with a source of
liquid alkylene oxide via said mass flow controller and the alkylene oxide is split before entering the reaction
space or gap into a first and a second part,
(2) said first part of alkylene oxide enters the reaction space or gap of said reactor (a) or (b) at a first location,
(3) the liquid organic substance is supplied to the interior of the reaction space of said tubular reactor (a)
or to the interior of the reaction gap of said annular gap reactor (b) at a second location of the reactor,
located at or downstream of said first location, and is intermingled with the liquid alkylene oxide to form a
liquid reaction mixture, which moves downstream towards the end of the reactor,
(4) the liquid alkylene oxide enters the reactor at said first location and over the entire-cross sectional area
of the reaction space or gap at said location,
(5) said second part of alkylene oxide is split off at said first location and is channeled from said first location
to a third location in the reaction space or gap, through a separate tube in case of a tubular reactor (a) or
through a separate double tube, respectively, in case of an annular gap reactor (b), which tube or double
tube is inserted into the reaction space or gap, extends from said first location to said third location of the
reactor space or gap, respectively, and has a diameter being smaller than the inner diameter of said reaction
tube or outer boundary of said reaction gap, thus leaving a reaction space between the outer surface of
said tube or double tube, respectively, on one side, and the inner surface of the reaction tube or the outer
boundary of the reaction gap, respectively, on the other side,
(6) said third location is located downstream of said second location and has a distance from said second
location in flow direction of the reactor charge,
(7) said second part of liquid alkylene oxide enters the reaction space or gap of the reactor at said third
location and is intermingled with said liquid reaction mixture and reacts with it on its way downstream
towards the end of the reactor and
(8) the inner pressure of the reactor is kept at a pressure level where alkylene oxide entering the reactor
does not vaporize,
(9) ring slit nozzles are used to feed the liquid organic substance into the interior of the reaction space of
said tubular reactor (a) or to the interior of the reaction gap of said annular gap reactor (b) and to mix it with
alkylene oxide.
(10) the intermixture of the liquid alkylene oxide with said liquid substance is further supported by one or
more static mixing element(s) located at said second location and, optionally, by one or more further static
mixing element(s) located between said second location and at said third location in the reaction space or
reaction gap and/or the intermixture of the liquid alkylene oxide with said the liquid reaction mixture formed
between said second and third location in the reactor is further supported by one or more static mixing
element(s) located at said third and/or downstream of said third location in the reaction space or reaction gap,
(11) the temperature of the reaction mixture is controlled by conveying liquid tempering media of suitable
temperature through two or more separate tempering jackets, which are consecutively in longitudinal di-
rection of the reactor fitted to the reaction tube(s) of said tubular reactor (a) or to the outer and inner tube
of the annular-gap reactor (b), the first one of said tempering jackets being partially or completely located
at a position between said second and third location, the second one being located directly after said first
tempering jacket and partially or completely after said third location and the optional further tempering
jackets following consecutively after said second tempering jacket,
(12) the length of the insert tube or double tube ranges from 4 to 90 percent of the total length of the reaction
space or gap,
(13) the reactor has a length of 5 to 20 m,
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(14) wherein the double tube inserted into the reaction gap of said annular-gap reactor (b) has an annular
cross section, which forms the entrance of said double tube for the alkylene oxide, which is channeled
through said double tube and wherein the annular cross-sectional area of the inserted double tube at said
first location is 90 to 10% of the sum of (A) the cross-sectional area of the inserted double tube at said first
location, (B) the annular cross sectional area (I), extending from the outer surface of said inserted double
tube to the outer boundary of the reaction gap, and (C) the annular cross section (II), extending from the
inner boundary of the reaction gap to the inner surface of the inserted double tube.

2. A process according to claim 1, wherein the temperature of the reaction mixture in the reactor is maintained between
140 - 250°C.

3. A process according to any one of claims 1 or 2, wherein the reaction mixture passes through an additional post
reaction zone before leaving the reactor.

4. A process according to a combination of all features of claim 1, 2 and 3.

5. A process according to any one of claims 1 to 4, wherein the total quantity of liquid alkylene oxide reacted with said
liquid substance is split so at said first location, that 50 - 95 % of the alkylene oxide enter the reaction space or gap
at said first location and the balance to 100 % is channeled to said third location, enters the reaction space or gap
at said third location and reacts with the reaction mixture formed upstream from said location.

6. A process according to any one of claims 1 to 5, wherein the reactor is a tubular reactor (a), in particular a tubular
reactor comprising a plurality of reaction tubes.

7. A process according to any one of claims 1 to 5, wherein the reactor is an annular gap reactor (b).

8. A. process according to claim 7, wherein the double tube inserted into the reaction gap has a length of 4 - 70% of
the length of the reaction gap.

9. A process according to any one claim 1 to 6, wherein the reactor is a tubular reactor (a) and the tube(s) inserted
into the reaction tube(s) of said reactor has/have a length of 10 - 50% of the length of said reaction tube(s).

10. A process according to any one of claim 1 to 9, wherein the inner pressure of the reactor is from 20 to 70 bar.

11. A process according to any one of claims 1 to 10, wherein the liquid alkylene oxide is preheated to a temperature
of 20 to 60 °C before it is fed into the reactor.

12. A process according to claim 5 to 11 comprising a combination of all features of claim 1, 2 and 3.

13. An apparatus for continuously reacting liquid alkylene oxide with a liquid substance comprising an organic compound
with one or more active hydrogen atoms and a catalyst selected from alkali metal hydroxides and alkali metal
alcoholates, comprising a reactor selected from

(a) a tubular reactor comprising at least one reaction tube providing a reaction space inside of said tube, and
(b) an annular-gap reactor comprising an outer tube and an inner tube, longitudinally inserted into said outer
tube, which form an annular reaction gap extending between the inner surface of the outer tube, which forms
the outer boundary of the reaction gap, and the outer surface of the inner tube, which forms the inner boundary
of the reaction gap,
and a source of liquid alkylene oxide which is connected with a line for said alkylene oxide via a single mass
flow controller to a single inlet socket of said tubular reactor (a) or said annular gap reactor (b) for the alkylene
oxide, wherein said reactor comprises

(1) at the reactor head an inlet for the alkylene oxide to the reaction space of the at least one reaction tube
of said tubular reactor (a) or the reaction gap of said annular gap reactor (b) which is connected to said
inlet socket and extends over the entire cross-sectional area of the said reaction space or gap at a first
location of said reaction space or gap,
(2) a ring slit nozzle for feeding said liquid substance to the interior of the at least one reaction tube of the
tubular reactor (a) and mixing it with alkylene oxide, which is located in said reaction tube at a second
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location at or downstream of said first location of the reaction space, or
two ring slit nozzles for feeding said liquid substance to the interior of the reaction gap of said annular gap
reactor (b) and mixing it with alkylene oxide, one ring slit nozzle being located in said outer tube and the
other in said inner tube, which form the boundaries of the reaction gap, at a second location at or downstream
of said first location of the reaction gap,
(3) a tube inserted into each of the at least one reaction tube in case of a tubular reactor (a), or a double
tube inserted into the reaction gap in case of an annular gap reactor (b), which extends from said first
location in direction of the outlet of said reactor for the reaction product to a third location in the reaction
space or gap having a distance from said first and second location, which tube or double tube channels
liquid alkylene oxide from said first location to said third location to dispense it at said location to the reaction
space or gap, wherein said tube or double tube has a diameter being smaller than the inner diameter of
said reaction tube or outer boundary of said reaction gap, thus leaving reaction space between the outer
surface of the tube or double tube, respectively, on one side, and the inner surface of the reaction tube or
the outer boundary of the reaction gap, respectively, on the other side,
(4) one or more static mixing element(s) located at said second location and, optionally, one or more further
static mixing element(s) located between said second location and said third location in the reaction space
or reaction gap for supporting the intermixture of the liquid alkylene oxide with said liquid substance and/or
one or more static mixing element(s) located at said third and/or downstream of said third location in the
reaction space or reaction gap for supporting the intermixture of the liquid alkylene oxide with said the liquid
reaction mixture formed between said second and third location in the reactor,
(5) two or more separate tempering jackets, which are consecutively in longitudinal direction of the reactor
fitted to the reaction tube(s) of said tubular reactor (a) or to the outer and inner tube of the annular-gap
reactor (b), the first one of said tempering jackets being partially or completely located at a position between
said second and third location, the second one being located directly after said first tempering jacket and
partially or completely after said third location and the further tempering jackets following consecutively
after said second tempering jacket, and
(6) an outlet for the reaction product at a location in the reaction space or gap which is downstream from
all said other locations,
(7) the length of the insert tubes or double tubes ranges from 4 to 90 percent of the total length of the
reaction space or gap
(8) the reactor has a length of 5 to 20 m, wherein
(9) the double tube inserted into the reaction gap of said annular-gap reactor (b) has an annular cross
section, which forms the entrance of said double tube for the alkylene oxide, which is channeled through
said double tube, and wherein the annular cross-sectional area at said first location is 90 to 10% of the sum
of (A) the cross-sectional area of the inserted double tube at said first location, (B) the annular cross sectional
area (I), extending from the outer surface of said inserted double tube to the outer boundary of the reaction
gap, and (C) the annular cross section (II), extending from the inner boundary of the reaction gap to the
inner surface of the inserted double tube.

14. An apparatus according to claim 13, comprising three separate tempering jackets.

15. An apparatus according to claim 14, wherein said tubular reactor (a) or said annular-gap reactor (b) comprise an
additional post-reaction space located between the reaction tubes and the outlet for the reaction product in case of
a tubular reactor or, in case of an annular gap reactor (b), in a zone of the reactor following the main reaction gap
between the inlet for the liquid catalyzed raw material and the end of the -in direction to the outlet of the reactor-
last of said tempering jackets mounted to the reactor.

16. An apparatus according to claim 15, comprising an annular gap reactor (b) which comprises an additional post-
reaction space wherein the inside width of the annular gap is larger than the inside width of the main reaction gap.

17. An apparatus according to any one of claim 13 to 16, wherein the cross-sectional area of the single tube or double
tube is from 50 to 5% of the sum of said cross-sectional area and the cross-sectional area of the reaction space or
gap at the first location.

18. An apparatus according to any one of claims 13 to 16, wherein the double tube inserted into the reaction gap has
a length of 4 - 70% of the length of the reaction gap.

19. An apparatus according to any one of claims 13 to 17, wherein the reactor is a tubular reactor (a).
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20. An apparatus according to claim 19, wherein the tube(s) inserted into the reaction tube(s) of said reactor has/have
a length of 10 - 50% of the length of said reaction tube(s).

21. An apparatus according to any one of claims 13 to 20, comprising a reactor having a total length of 5 to 15 meter.

22. An apparatus according to any one of claims 13 to 21, wherein said single inlet socket for the alkylene oxide of the
tubular reactor (a) or the annular gap reactor (b) is connected to a source of liquid ethylene oxide, a source of liquid
propylene oxide or a source of a mixture of liquid ethylene and propylene oxide.

Patentansprüche

1. Ein Verfahren zur kontinuierlichen Reaktion von flüssigem Alkylenoxid mit einer flüssigen Substanz enthaltend eine
organische Verbindung mit einem oder mehreren aktiven Wasserstoffatomen und einen Katalysator ausgewählt
aus Alkalimetallhydroxiden und Alkalimetallalkoholaten in einem Reaktor ausgewählt aus:

(a) einem Rohrreaktor enthaltend mindestens ein Reaktionsrohr, das einen Reaktionsraum innerhalb des ge-
nannten Rohrs bereitstellt, und
(b) einen Ringspaltreaktor enthaltend ein äusseres Rohr und ein inneres Rohr, das längs in das genannte
äussere Rohr eingesetzt ist, die einen ringförmigen Reaktionsspalt bilden, der sich zwischen der inneren Ober-
fläche des äusseren Rohrs, welche die äussere Begrenzung des Reaktionsspaltes bildet, und der äusseren
Oberfläche des inneren Rohres, welche die innere Begrenzung des Reaktionsspaltes bildet, erstreckt,
bei dem

(1) die Zuführung von flüssigem Alkylenoxid an den Reaktor mit einem einzigen Massedurchflussregler
kontrolliert wird, das flüssige Alkylenoxid dem genannten Reaktor (a) oder (b) über einen einzigen Ein-
gangsstutzen zugeführt wird, der mit einer Quelle für flüssiges Alkylenoxid über den genannten Masse-
durchflussregler verbunden ist, und das Alkylenoxid vor Eintritt in den Reaktionsraum oder -spalt in einen
ersten und einen zweiten Teil geteilt wird,
(2) der genannte erste Teil des Aklylenoxids in den Reaktionsraum oder -spalt des besagten Reaktors (a)
oder (b) an einem ersten Ort eintritt,
(3) die flüssige organische Substanz dem Innenbereich des Reaktionsraums des besagten Rohrreaktors
(a) oder dem Innenbereich des Reaktionsspaltes des besagten Ringspaltreaktors (b) an einem zweiten Ort
des Reaktors zugeführt wird, der an oder stromabwärts von dem genannte ersten Ort gelegen ist, und mit
dem flüssigen Alkylenoxid vermischt wird, um ein flüssiges Reaktionsgemisch zu bilden, das sich strom-
abwärts auf das Ende des Reaktors zu bewegt,
(4) das flüssige Alkylenoxid in den Reaktor an dem genannten ersten Ort eintritt und zwar über die gesamte
Querschnittsfläche des Reaktionsraums oder -spalts an dem genannten Ort,
(5) der genannte zweite Teil von Alkylenoxid an dem genannten ersten Ort abgetrennt wird und von dem
genannten ersten Ort zu einem dritten Ort in dem Reaktionsraum oder -spalt geleitet wird, durch ein sepa-
rates Rohr im Falle eines Rohrreaktors (a) beziehungsweise durch ein separates Doppelrohr im Falle eines
Ringspaltreaktors (b), welches Rohr oder Doppelrohr in den Reaktionsraum oder -spalt eingesetzt ist, sich
von dem genannten ersten Ort zu dem genannten dritten Ort des Reaktionsraums beziehungsweise -spalts
erstreckt und einen Durchmesser aufweist, der kleiner als der innere Durchmesser des genannten Reak-
tionsrohres oder als die äussere Begrenzung des genannten Reaktionsspaltes ist und so einen Reaktions-
raum zwischen der äusseren Oberfläche des genannten Rohrs beziehungsweise Doppelrohrs auf der einen
Seite und der inneren Oberfläche des Reaktionsrohrs beziehungsweise der äusseren Begrenzung des
Reaktionsspalts auf der anderen Seite belässt,
(6) der genannte dritte Ort stromabwärts des genannten zweiten Orts gelegen ist und einen Abstand in
Flussrichtung der Reaktorladung von dem genannten zweiten Ort aufweist,
(7) der genannte zweite Teil des flüssigen Alkylenoxids in den Reaktionsraum oder -spalt des Reaktors an
dem genannten dritten Ort eintritt und mit der genannten flüssigen Reaktionsmischung vermischt wird und
mit ihr auf seinem Weg stromabwärts zum Ende des Reaktors reagiert,
(8) der Innendruck des Reaktors auf einem Druckniveau gehalten wird, wo Alkylenoxid, das in den Reaktor
eintritt, nicht verdampft,
(9) Ringschlitzdüsen benutzt werden, um die flüssige organische Substanz in den Innenbereich des Re-
aktionsraums des besagten Rohrreaktors (a) oder in den Innenbereich des Reaktionsspalts des besagten
Ringspaltreaktors (b) einzubringen und sie mit Alkylenoxid zu vermischen,
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(10) die Vermischung des flüssigen Alkylenoxids mit der genannten flüssigen Substanz weiter unterstützt
wird durch eines oder mehrere statische Mischelemente, die an dem genannten zweiten Ort gelegen sind
und, optional, durch eines oder mehrere weitere statische Mischelemente, die zwischen dem genannten
zweiten Ort und dem genannten dritten Ort in dem Reaktionsraum oder Reaktionsspalt gelegen sind
und/oder die Vermischung des flüssigen Alkylenoxids mit der genannten zwischen dem zweiten und dritten
Ort im Reaktor gebildeten flüssigen Reaktionsmischung, durch eines oder mehrere statische Mischelemente
weiter unterstützt wird, die an dem genannten dritten Ort und/oder stromabwärts von dem genannten dritten
Ort im Reaktionsraum oder Reaktionsspalt gelegen sind,
(11) die Temperatur der Reaktionsmischung duch Leiten von flüssigem Temperierungsmittel geeigneter
Temperatur durch zwei oder mehr separate Temperierungsmäntel kontrolliert wird, die nacheinander in
Längsrichtung des Reaktors an dem (den) Reaktionsrohr(-rohren) des besagten Rohrreaktors (a) oder an
das äussere und innere Rohr des Ringspaltreaktors (b) angebracht sind, wobei der erste der genannten
Temperierungsmäntel teilweise oder vollständig an einer Stelle zwischen dem genannten zweiten und
dritten Ort gelegen ist, der zweite direkt nach dem genannten ersten Temperierungsmantel und teilweise
oder vollständig nach dem genannten dritten Ort gelegen ist und die optionalen weiteren Temperierungs-
mäntel nacheinander dem genannten zweiten Temperierungsmantel folgen,
(12) sich die Länge des eingesetzten Rohres oder Doppelrohres zwischen 4 und 90 Prozent der Gesamt-
länge des Reaktionsraumes oder -spaltes bewegt,
(13) der Reaktor eine Länge von 5 bis 20 m hat,
(14) wobei das Doppelrohr, das in den Reaktionsspalt des besagten Ringspaltreaktors (b) eingesetzt ist,
eine ringförmige Querschnittsfläche aufweist, die den Eingang des genannten Doppelrohres für das Alky-
lenoxid bildet, das durch das genannte Doppelrohr geleitet wird, und wobei die ringförmige Querschnitts-
fläche des eingesetzten Doppelrohres and dem genannten ersten Ort 90 bis 10% der Summe ist von (A)
der Querschnittsfläche des eingesetzten Doppelrohres an dem genannten ersten Ort, (B) der ringförmigen
Querschnittsfläche (I), die sich von der äusseren Oberfläche des eingesetzten Doppelrohres zur äusseren
Begrenzung des Reaktionsspaltes erstreckt, und (C) dem ringförmigen Querschnitt (II), der sich von der
inneren Begrenzung des Reaktionsspaltes zur inneren Oberfläche des eingesetzten Doppelrohres erstreckt.

2. Ein Verfahren gemäss Anspruch 1, bei dem die Temperatur der Reaktionsmischung in dem Reaktor zwischen 140
- 250°C gehalten wird.

3. Ein Verfahren gemäss einem der Ansprüche 1 oder 2, bei dem die Reaktionsmischung vor Verlassen des Reaktors
eine zusätzliche Nachreaktionszone passiert.

4. Ein Verfahren gemäss einer Kombination aller Merkmale von Anspruch 1, 2 und 3.

5. Ein Verfahren gemäss einem der Ansprüche 1 bis 4, bei dem die Gesamtmenge von flüssigem Alkylenoxid, die mit
der genannten flüssigen Substanz umgesetzt wird, an dem genannten ersten Ort so aufgepalten wird, dass 50 - 95
% des Alkylenoxids an dem genannten ersten Ort in den Reaktionsraum oder -spalt eintreten und die Differenz zu
100 % zu dem genannten dritten Ort geleitet wird, an dem genannten dritten Ort in den Reaktionsraum oder- spalt
eintritt und mit der Reaktionsmischung reagiert, die stromaufwärts von dem genannten Ort gebildet wurde.

6. Ein Verfahren gemäss einem der Ansprüche 1 bis 5, bei dem der Reaktor ein Rohrreaktor (a) ist, insbesondere ein
Rohrreaktor, der eine Mehrzahl von Reaktionsrohren enthält.

7. Ein Verfahren gemäss einem der Ansprüche 1 bis 5, bei dem der Reaktor ein Ringspaltreaktor (b) ist.

8. Ein Verfahren gemäss Anspruch 7, bei dem das in den Reaktionsspalt eingesetzte Doppelrohr eine Länge von 4 -
70 % der Länge des Reaktionsspaltes hat.

9. Ein Verfahren gemäss einem der Ansprüche 1 bis 6, bei dem der Reaktor ein Rohrreaktor (a) ist und das (die) in
das (die) Reaktionsrohr(e) eingesetzte(n) Rohr(e) des besagten Reaktors eine Länge von 10 - 50 % der Länge des
(der) Reaktionsrohrs(-rohre) hat (haben).

10. Ein Verfahren gemäss einem der Ansprüche 1 bis 9, bei dem der Innendruck des Reaktors von 20 bis 70 bar beträgt.

11. Ein Verfahren gemäss einem der Ansprüche 1 bis 10, bei dem das flüssige Alkylenoxid auf eine Temperatur von
20 bis 60 °C vorgeheizt wird, bevor es in den Reaktor eingebracht wird.
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12. Ein Verfahren gemäss Anspruch 5 bis 11 enthaltend eine Kombination aller Merkmale von Anspruch 1, 2 und 3.

13. Eine Vorrichtung zur kontinuierlichen Umsetzung von flüssigem Alkylenoxid mit einer flüssigen Substanz enthaltend
eine organische Verbindung mit einem oder mehreren aktiven Wasserstoffatomen und einen Katalysator ausgewählt
aus Alkalimetallhydroxiden und Alkalimetallalkoholaten, enthaltend einen Reaktor ausgewählt aus:

(a) einem Rohrreaktor enthaltend mindestens ein Reaktionsrohr, das einen Reaktionsraum innerhalb des ge-
nannten Rohrs bereitstellt, und
(b) einen Ringspaltreaktor enthaltend ein äusseres Rohr und ein inneres Rohr, das längs in das genannte
äussere Rohr eingesetzt ist, die einen ringförmigen Reaktionsspalt bilden, der sich zwischen der inneren Ober-
fläche des äusseren Rohrs, welche die äussere Begrenzung des Reaktionsspaltes bildet, und der äusseren
Oberfläche des inneren Rohres, welche die innere Begrenzung des Reaktionsspaltes bildet, erstreckt,
und eine Quelle von flüssigem Alkylenoxid, die mit einer Leitung für das genannte Alkylenoxid über einen
einzigen Massedurchflussregler mit einem einzigen Eingangsstutzen des besagten Rohrreaktors (a) oder des
besagten Ringspaltreaktors (b) für das Alkylenoxid verbunden ist, wobei der genannte Reaktor enthält:

(1) am Reaktorkopf einen Einlass für das Alkylenoxid zum Reaktionsraum des mindestens einen Reakti-
onsrohres des besagten Rohrreaktors (a) oder zum Reaktionsspalt das besagten Ringspaltreaktors (b),
der verbunden ist mit dem genannten Eingangsstutzen und sich über die gesamte Querschnittsfläche des
Reaktionsraumes oder -spaltes an einem ersten Ort des Reaktionsraumes oder -spaltes erstreckt,
(2) eine Ringschlitzdüse, um die flüssige Substanz in den Innenbereich des mindestens einen Reaktions-
rohres des Rohrreaktors (a) einzubringen und sie mit Alkylenoxid zu vermischen, welche an einem zweiten
Ort an oder stromabwärts von dem genannten ersten Ort des Reaktionsraumes gelegen ist, oder
zwei Ringschlitzdüsen, um die flüssige Substanz in den Innenbereich des Reaktionsspaltes des Ringspalt-
reaktors (b) einzubringen und sie mit Alkylenoxid zu vermischen, wobei eine Ringschlitzdüse in dem ge-
nannten äusseren Rohr und die andere in dem genannten inneren Rohr, welche die Begrenzungen des
Reaktionsspaltes bilden, an einem zweiten Ort an oder stromabwärts des besagten ersten Ortes des Re-
aktionsspaltes gelegen ist,
(3) ein Rohr eingesetzt in jedes des mindestens einen Reaktionsrohres im Fall eines Rohrreaktors (a) oder
ein Doppelrohr, eingesetzt in den Reaktionsspalt im Fall eines Ringspaltreaktors (b), welches sich von dem
genannten ersten Ort in Richtung des Auslasses des genannten Reaktors für das Reaktionsprodukt bis zu
einem dritten Ort in dem Reaktionsraum oder -spalt erstreckt, der einen Abstand von dem genannten ersten
und zweiten Ort hat, welches Rohr oder Doppelrohr flüssiges Alkylenoxid von dem genannten ersten Ort
zu dem genannten dritten Ort leitet, um es an dem genannten Ort in den Reaktionsraum oder -spalt abzu-
geben, wobei das genannte Rohr oder Doppelrohr einen Durchmesser aufweist, der kleiner als der innere
Durchmesser des genannten Reaktionsrohres oder als die äussere Begrenzung des genannten Reakti-
onsspaltes ist und so einen Reaktionsraum zwischen der äusseren Oberfläche des Rohres beziehungs-
weise Doppelrohrs auf der einen Seite und der inneren Oberfläche des Reaktionsrohrs beziehungsweise
der äusseren Begrenzung des Reaktionsspalts auf der anderen Seite belässt,
(4) eines oder mehrere statische Mischelemente, gelegen and dem genannten zweiten Ort, und, optional,
eines oder mehrere weitere statische Mischelemente, gelegen zwischen dem genannten zweiten Ort und
dem genannten dritten Ort in dem Reaktionsraum oder -spalt, um die Vermischung des flüssigen Alkylen-
oxids mit der genannten flüssigen Substanz zu unterstützen, und/oder eines oder mehrere statische Misch-
elemente, gelegen an dem genannten dritten Ort und/oder stromabwärts von dem genannten dritten Ort
in dem Reaktionsraum oder -spalt, um die Vermischung des flüssigen Alkylenoxids mit der genannten
flüssigen Reaktionsmischung zu unterstützen, die zwischen dem genannten zweiten und dritten Ort in dem
Reaktor gebildet wurde,
(5) zwei oder mehr separate Temperierungsmäntel, die nacheinander in Längsrichtung des Reaktors an
dem (den) Reaktionsrohr(-rohren) des besagten Rohrreaktors (a) oder an das äussere und innere Rohr
des Ringspaltreaktors (b) angebracht sind, wobei der erste der genannten Temperierungsmäntel teilweise
oder vollständig an einer Stelle zwischen dem genannten zweiten und dritten Ort gelegen ist, der zweite
direkt nach dem genannten ersten Temperierungsmantel und teilweise oder vollständig nach dem genann-
ten dritten Ort gelegen ist und die weiteren Temperierungsmäntel nacheinander nach dem genannten
zweiten Temperierungsmantel folgen,
(6) einen Auslass für das Reaktionsprodukt an einer Stelle im Reaktor, die stromabwärts von allen genannten
anderen Orten liegt,
(7) sich die Länge des eingesetzten Rohres oder Doppelrohres zwischen 4 und 90 Prozent der Gesamtlänge
des Reaktionsraumes oder -spaltes bewegt,
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(8) der Reaktor eine Länge von 5 bis 20 m hat,
(9) wobei das Doppelrohr, das in den Reaktionsspalt des besagten Ringspaltreaktors (b) eingesetzt ist,
eine ringförmige Querschnittsfläche aufweist, die den Eingang des genannten Doppelrohres für das Alky-
lenoxid bildet, das durch das genannte Doppelrohr geleitet wird, und wobei die ringförmige Querschnitts-
fläche des eingesetzten Doppelrohres an dem genannten ersten Ort 90 bis 10% der Summe ist von (A)
der Querschnittsfläche des eingesetzten Doppelrohres an dem genannten ersten Ort, (B) der ringförmigen
Querschnittsfläche (I), die sich von der äusseren Oberfläche des eingesetzten Doppelrohres zur äusseren
Begrenzung des Reaktionsspaltes erstreckt, und (C) dem ringförmigen Querschnitt (II), der sich von der
inneren Begrenzung des Reaktionsspaltes zur inneren Oberfläche des eingesetzten Doppelrohres erstreckt.

14. Eine Vorrichtung gemäss Anspruch 13, die drei separate Temperierungsmäntel entält.

15. Eine Vorrichtung gemäss Anspruch 14, wobei der genannte Rohrreaktor (a) oder der genannte Ringspaltreaktor
(b) einen zusätzlichen Nachreagierraum enthalten, der zwischen den Reaktionsrohren und dem Auslass für das
Reaktionsprodukt im Falle eines Rohrreaktors gelegen ist oder, im Falle eines Ringspaltreaktors (b), in einer Zone,
die dem Hauptreaktionsspalt zwischen dem Einlass für das flüssige, katalysierte Material und dem Ende des -in
Richtung des Auslasses des Reaktors- letzten Temperierungsmantels, der am Reaktor angebaut ist, folgt.

16. Eine Vorrichtung gemäss Anspruch 15, enthaltend einen Ringspaltreaktor (b), welcher einen zusätzlichen Nachre-
agierraum enthält, bei dem die innere Weite des Ringspaltes grösser ist als die innere Weite des Hauptreaktions-
spaltes.

17. Eine Vorrichtung gemäss einem der Ansprüche 13 bis 16, bei der die Querschnittsfläche des Einzelrohrs oder
Doppelrohrs von 50 bis 5 % der Summe aus der genannten Querschnittsfläche und der Querschnittsfläche des
Reaktionsraumes oder -spaltes an dem ersten Ort beträgt.

18. Eine Vorrichtung gemäss einem der Ansprüche 13 bis 16, bei der das in den Reaktionsspalt eingesetzte Doppelrohr
eine Länge von 4 - 70 % der Länge des Reaktionsspaltes hat.

19. Eine Vorrichtung gemäss einem der Ansprüche 13 bis 17, bei der der Reaktor ein Rohrreaktor (a) ist.

20. Eine Vorrichtung gemäss Anspruch 19, worin das (die) in das (die) Reaktionsrohr(e) eingesetzte(n) Rohr(e) eine
Länge von 10 - 50 % der Länge des (der) genannten Reaktionsrohrs(rohre) hat (haben).

21. Eine Vorrichtung gemäss einem der Ansprüche 13 bis 20, enthaltend einen Reaktor, der eine Gesamtlänge von 5
bis 15 Meter hat.

22. Eine Vorrichtung gemäss einem der Ansprüche 13 bis 21, bei der der genannte einzige Eingangsstutzen des
Rohrreaktors (a) oder Ringspaltreaktors (b) für das Alkylenoxid mit einer Quelle für flüssiges Ethylenoxid, einer
Quelle für flüssiges Propylenoxid oder einer Quelle für ein Gemisch aus flüssigem Ethylen- und Propylenoxid ver-
bunden ist.

Revendications

1. Procédé de réaction en continu d’oxyde d’alkylène liquide avec une substance liquide renfermant un composé
organique ayant un ou un plus grand nombre d’atomes d’hydrogène actif et un catalyseur choisi parmi les hydroxydes
de métaux alcalins et les alcoolates de métaux alcalins dans un réacteur choisi parmi

(a) un réacteur tubulaire comprenant au moins un tube réactionnel définissant un volume réactionnel à sa partie
interne, et
(b) un réacteur à fente annulaire renfermant un tube externe et un tube interne inséré longitudinalement dans
ce tube externe, qui forme une fente de réaction annulaire s’étendant entre la surface interne du tube externe
qui forme la limite externe de la fente réactionnelle et la surface externe du tube interne qui forme la limite
interne de la fente réactionnelle,
selon lequel :

(1) l’alimentation en oxyde d’alkylène liquide dans le réacteur est commandée par un régulateur de débit
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massique unique, l’alkylène liquide étant alimenté dans le réacteur (a) ou (b) par l’intermédiaire d’une
tubulure d’entrée unique qui est reliée à une source d’oxyde d’alkylène liquide par l’intermédiaire du régu-
lateur de débit massique, et l’oxyde d’alkylène est fractionné avant d’entrer dans le volume ou la fente
réactionnel(le) en une première partie et une seconde partie,
(2) la première partie d’oxyde d’alkylène pénètre dans le volume ou la fente réactionnel(le) du réacteur (a)
ou (b) dans un premier emplacement,
(3) la substance organique liquide est fournie à l’intérieur du volume réactionnel du réacteur tubulaire (a)
ou à la partie interne de la fente réactionnelle du réacteur à fente annulaire (b) dans un premier emplacement
du réacteur, situé au niveau ou en aval du premier emplacement, et est mélangé à l’oxyde d’alkylène liquide
pour former un mélange réactionnel liquide qui se déplace vers l’aval vers l’extrémité du réacteur,
(4) l’oxyde d’alkylène liquide pénètre dans le réacteur au niveau du premier emplacement et sur la totalité
de la section transversale du volume ou de la fente réactionnel(le) à ce niveau,
(5) la seconde partie de l’oxyde d’alkylène est fractionnée au niveau de ce premier emplacement et est
canalisée de ce premier emplacement vers un troisième emplacement dans le volume ou la fente réac-
tionnel(le) par un tube séparé, dans le cas d’un réacteur tubulaire (a) ou par un double tube séparé res-
pectivement dans le cas d’un réacteur à fente annulaire (b), ce tube ou ce double tube étant inséré dans
le volume ou la fente réactionnel(le), s’étendant du premier emplacement au troisième emplacement du
volume ou de la fente réactionnel(le) respectivement et ayant un diamètre inférieur au diamètre interne du
tube réactionnel ou à la limite externe de la fente réactionnelle, quittant ainsi le volume réactionnelle entre
la surface externe de ce tube ou de ce double tube respectivement d’un côté, et la surface interne du tube
réactionnel ou la limite externe de la fente réactionnelle, respectivement, de l’autre côté,
(6) le troisième emplacement est situé en aval du second emplacement et à distance de ce second em-
placement dans la direction de déplacement de la charge du réacteur,
(7) la seconde partie de l’oxyde d’alkylène liquide pénètre dans le volume ou la fente réactionnel(le) du
réacteur au niveau du troisième emplacement est mélangée au mélange réactionnel liquide et réagit avec
ce mélange lors de son déplacement vers l’aval vers l’extrémité du réacteur, et
(8) la pression interne du réacteur est maintenue à un niveau auquel l’oxyde d’alkylène liquide pénétrant
dans le réacteur ne se vaporise pas,
(9) des buses à fente annulaire sont utilisées pour alimenter la substance organique liquide à la partie
interne du volume réactionnel du réacteur tubulaire (a) ou à la partie interne de la fente réactionnel du
réacteur à fente annulaire (b) et pour le mélanger à l’oxyde d’alkylène,
(10) le mélange mutuel de l’oxyde d’alkylène liquide avec la substance liquide est en outre assisté par au
moins un élément mélangeur statique situé au niveau du second emplacement, et le cas échéant par au
moins un autre élément mélangeur statique situé entre le second emplacement et le troisième emplacement
dans le volume réactionnel ou la fente réactionnelle et/ou le mélange mutuel de l’oxyde d’alkylène liquide
avec le mélange réactionnel liquide formé entre le second emplacement et le troisième emplacement dans
le réacteur est en outre assisté par au moins un élément mélangeur statique situé au niveau du troisième
emplacement et/ou en aval de ce troisième emplacement dans le volume réactionnel ou la fente réaction-
nelle,
(11) la température du mélange réactionnel est réglée en transportant un agent de modération de la tem-
pérature liquide ayant une température adaptée au travers de deux ou d’un plus grand nombre d’enveloppes
de mise en température séparées qui sont successivement montées dans la direction longitudinale du
réacteur, sur le ou les tube(s) réactionnel(s) du réacteur tubulaire (a) ou sur le tube externe et le tube interne
du réacteur à fente annulaire (b), la première des enveloppes de mise en température étant partiellement
ou totalement située dans une position située entre le second emplacement et le troisième emplacement,
la seconde enveloppe de mise en température étant située directement après la première enveloppe de
mise en température et partiellement ou totalement après le troisième emplacement, et les autres enve-
loppes de mise en température le cas échéant présentes suivant successivement la seconde enveloppe
de mise en température,
(12) la longueur du tube inséré ou du double tube et située dans la plage de 4 à 90 % de la longueur totale
du volume ou de la fente réactionnel(le),
(13) le réacteur a une longueur de 5 à 20 mètres,
(14) le double tube inséré dans la fente réactionnelle du réacteur à fente annulaire (b) a une section
transversale annulaire qui forme l’entrée dans ce double tube de l’oxyde d’alkylène qui est canalisé au
travers du double tube, et la section transversale annulaire du double tube inséré au niveau du premier
emplacement est de 90 à 10 % de la somme de (A) la section transversale du double tube inséré au niveau
du premier emplacement, (B) la section transversale annulaire (I) s’étendant de la surface externe du double
tube inséré à la limite externe de la fente réactionnelle, et (C) la section transversale annulaire (II) s’étendant
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de la limite interne de la fente réactionnelle à la surface interne du double tube inséré.

2. Procédé conforme à la revendication 1, selon lequel la température du mélange réactionnel dans le réacteur est
maintenue entre 140 et 250°C.

3. Procédé conforme à l’une quelconque des revendications 1 et 2, selon lequel le mélange réactionnel passe dans
une zone de post-réaction supplémentaire avant de quitter le réacteur.

4. Procédé conforme à une combinaison de toutes les caractéristiques des revendications 1, 2 et 3.

5. Procédé conforme à l’une quelconque des revendications 1 à 4, selon lequel la quantité totale d’oxyde d’alkylène
liquide ayant réagit avec la substance liquide est fractionnée au niveau du premier emplacement de sorte que 50
à 95 % de l’oxyde d’alkylène pénètre dans la volume ou la fente réactionnel(le) au niveau du premier emplacement,
et la partie restante pour aller à 100 % est canalisée vers le troisième emplacement, pénètre dans le volume ou la
fente réactionnel(le) au niveau du troisième emplacement et réagit avec le mélange réactionnel formé en amont de
cet emplacement.

6. Procédé conforme à l’une quelconque des revendications 1 à 5, selon lequel le réacteur est un réacteur tubulaire
(a), en particulier un réacteur tubulaire comprenant un ensemble de tubes réactionnels.

7. Procédé conforme à l’une quelconque des revendications 1 à 5, selon lequel le réacteur est un réacteur tubulaire
à fente annulaire (b).

8. Procédé conforme à la revendication 7, dans lequel le double tube inséré dans la fente réactionnelle a une longueur
égale à 4 à 70 % de la longueur de la fente réactionnelle.

9. Procédé conforme à l’une quelconque des revendications 1 à 6, selon lequel le réacteur est un réacteur tubulaire
(a) et le ou les tube(s) inséré(s) dans le ou les tube(s) réactionnel(s) du réacteur a ou ont une longueur égale à 10
à 50 % de la longueur du ou des tube(s) réactionnel(s).

10. Procédé conforme à l’une quelconque des revendications 1 à 9, selon lequel la pression interne du réacteur est de
20 à 70 bar.

11. Procédé conforme à l’une quelconque des revendications 1 à 10, selon lequel l’oxyde d’alkylène liquide est préchauffé
à une température de 20 à 60°C avant d’être introduit dans le réacteur.

12. Procédé conforme à la revendication 5 à 11, comprenant une combinaison de toutes les caractéristiques des
revendications 1, 2 et 3.

13. Appareil de réaction en continu d’oxyde d’alkylène liquide avec une substance liquide renfermant un composé
organique ayant un ou un plus grand nombre d’atomes d’hydrogène actif et un catalyseur choisi parmi les hydroxydes
de métaux alcalins et les alcoolates de métaux alcalins comprenant un réacteur choisi parmi

(a) un réacteur tubulaire comprenant au moins un tube réactionnel définissant un volume réactionnel à sa partie
interne, et
(b) un réacteur à fente annulaire comprenant un tube externe et un tube interne inséré longitudinalement dans
ce tube externe, qui forme une fente de réaction annulaire s’étendant entre la surface interne du tube externe
qui forme la limite externe de la fente réactionnelle et la surface externe du tube interne qui forme la limite
interne de la fente réactionnelle,
et une source d’oxyde d’alkylène liquide qui est reliée à une ligne d’oxyde d’alkylène par l’intermédiaire d’un
régulateur de débit massique unique vers une tubulure d’entrée unique du réacteur tubulaire (a) ou du réacteur
à fente annulaire (b) pour l’oxyde d’alkylène, ce réacteur comprenant :

(1) en tête du réacteur une entrée pour l’oxyde d’alkylène dans le volume réactionnel du tube réactionnel
du réacteur tubulaire (a) ou de la fente réactionnelle du réacteur à fente annulaire (b) qui est reliée à la
tubulure d’entrée et s’étend sur la totalité de la section transversale du volume ou de la fente réactionnel(le)
au niveau d’un premier emplacement du volume ou de la fente réactionnelle,
(2) une buse à fente annulaire permettant d’alimenter la substance liquide à la partie interne du tube
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réactionnel du réacteur tubulaire (a) et de le mélanger à l’oxyde d’alkylène qui est située dans le tube
réactionnel dans un second emplacement situé au niveau ou en aval du premier emplacement du volume
réactionnel, ou
deux buses à fente annulaire permettant d’alimenter la substance liquide à la partie interne de la fente
réactionnelle du réacteur à fente annulaire (b) et de le mélanger à l’alkylène liquide, l’une des buses à fente
annulaire étant située dans le tube externe tandis que l’autre est située dans le tube interne qui forment
les limites de la fente réactionnelle, dans un second emplacement au niveau ou en aval du premier em-
placement de la fente réactionnelle,
(3) un tube inséré dans chacun des tubes réactionnels dans le cas d’un réacteur tubulaire (a) ou un double
tube inséré dans la fente réactionnelle dans le cas d’un réacteur à fente annulaire (b) qui s’étend à partir
du premier emplacement en direction de la sortie du produit réactionnel du réacteur vers un troisième
emplacement dans le volume ou la fente réactionnel(le) situé à distance du premier et du second empla-
cement, ce tube ou double tube canalisant l’oxyde d’alkylène liquide du premier emplacement vers le
troisième emplacement pour le distribuer dans cet emplacement dans le volume ou la fente réactionnel(le),
le tube ou double tube ayant un diamètre inférieur au diamètre interne du tube réactionnel ou à la limite
externe de la fente réactionnelle, laissant ainsi un volume réactionnel entre la surface externe du tube ou
double tube, respectivement d’un côté, et la surface interne du tube réactionnel ou la limite externe de la
fente réactionnelle, respectivement de l’autre côté,
(4) un ou un plus grand nombre d’élément(s) mélangeur(s) statique(s) positionné(s) au niveau du second
emplacement et le cas échéant un ou plus grand nombre d’élément(s) mélangeur(s) statique(s) supplé-
mentaire(s) positionné(s) entre le second emplacement et le troisième emplacement dans le volume réac-
tionnel ou la fente réactionnelle pour assister le mélange de l’oxyde d’alkylène liquide avec la substance
liquide et/ou un ou un plus grand nombre d’élément(s) mélangeur(s) statiques(s) positionné(s) au niveau
du troisième emplacement et/ou en aval de ce troisième emplacement dans le volume réactionnel ou la
fente réactionnelle pour assister le mélange mutuel de l’oxyde d’alkylène liquide avec le mélange réactionnel
liquide formé entre le second emplacement et le troisième emplacement dans le réacteur,
(5) deux ou un plus grand nombre d’enveloppes de mise en température qui sont successivement montées
dans la direction longitudinale du réacteur sur le ou les tube(s) réactionnel(s) du réacteur tubulaire (a) ou
sur le tube externe et le tube interne du réacteur à fente annulaire (b), la première de ces enveloppes de
mise en température étant partiellement ou totalement positionnée dans une position située entre le second
emplacement et le troisième emplacement, la seconde enveloppe de mise en température étant positionnée
directement après la première enveloppe de mise en température et partiellement ou totalement après le
troisième emplacement, et les autres enveloppes de mise en température suivant successivement la se-
conde enveloppe de mise en température, et
(6) une sortie du produit réactionnel dans un emplacement dans le volume ou la fente réactionnel(le) qui
est située en aval de tous les autres emplacements,
(7) la longueur des tubes ou doubles tubes insérés est égale à 4 à 90 % de la longueur totale du volume
ou de la fente réactionnel(le),
(8) le réacteur a une longueur de 5 à 20 mètres,
(9) le double tube inséré dans la fente réactionnelle du réacteur à fente annulaire (b) a une section trans-
versale annulaire qui forme l’entrée dans le double tube de l’oxyde d’alkylène qui est canalisé au travers
de ce double tube, et la section transversale annulaire au niveau du premier emplacement est égale à 90
à 10 % de la somme de (A) la section transversale du double tube inséré au niveau du premier emplacement,
(B) la section transversale annulaire (I) s’étendant de la surface externe du double tube inséré à la limite
externe de la fente réactionnelle, et (C) la section transversale annulaire (II) s’étendant de la limite interne
de la fente réactionnelle à la surface interne du double tube inséré.

14. Appareil conforme à la revendication 13, comprenant trois enveloppes de mise en température séparées.

15. Appareil conforme à la revendication 14, dans lequel le réacteur tubulaire (a) ou le réacteur à fente annulaire (b)
comprend un volume de post-réaction supplémentaire situé entre les tubes réactionnels et la sortie du produit de
réaction dans le cas d’un réacteur tubulaire, ou dans le cas d’un réacteur à fente annulaire (b) dans une zone du
réacteur suivant la fente de réaction principale entre l’entrée du matériau brut catalysé liquide et l’extrémité de la
dernière enveloppe de mise en température montée dans le réacteur dans la direction de la sortie de ce réacteur.

16. Appareil conforme à la revendication 15, comprenant un réacteur à fente annulaire (b) qui comprend un volume de
post-réaction supplémentaire, la largueur interne de la fente annulaire étant supérieure à la largeur interne de la
fente de réaction principale.
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17. Appareil conforme à l’une quelconque des revendications 13 à 16, dans lequel la section transversale du simple
tube ou du double tube est égale à 50 à 5 % de la somme de cette section transversale et de la section transversale
du volume ou de la fente réactionnel(le) au niveau du premier emplacement.

18. Appareil conforme à l’une quelconque des revendications 13 à 16, dans lequel le double tube inséré dans la fente
réactionnelle a une longueur égale à 4 à 70 % de la longueur de la fente réactionnelle.

19. Appareil conforme à l’une quelconque des revendications 13 à 17, dans lequel le réacteur est un réacteur tubulaire (a).

20. Appareil conforme à la revendication 19, dans lequel le ou les tube(s) inséré(s) dans le ou les tube(s) réactionnel(s)
du réacteur a ou ont une longueur égale à 10 à 50 % de la longueur du ou des tube(s) réactionnel(s).

21. Appareil conforme à l’une quelconque des revendications 13 à 20, comprenant un réacteur ayant une longueur
totale de 5 à 15 mètres.

22. Appareil conforme à l’une quelconque des revendications 13 à 21, dans lequel la tubulure d’entrée unique de l’oxyde
d’alkylène du réacteur tubulaire (a) ou du réacteur à fente annulaire (b) est reliée à une source d’oxyde d’éthylène
liquide, une source d’oxyde de propylène liquide ou une source d’un mélange d’oxyde éthylène liquide et d’oxyde
de propylène liquide.
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