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Description
BACKGROUND OF THE INVENTION

A. TECHNICAL FIELD

[0001] The present invention relates to a production
process for a hydroxyalkyl ester, which comprises the
step of carrying out a reaction between a carboxylic acid
and an alkylene oxide in the presence of a catalyst.

B. BACKGROUND ART

[0002] In a process for producing hydroxyalkyl esters
by carrying out a reaction between carboxylic acids and
alkylene oxides in the presence of a catalyst, it is neces-
sary to remove heat because the reaction is an exother-
mic reaction. The removal of the heat is usually carried
out indirectly by using a jacket, a coil, and/or a heat ex-
changer, and streaming cooling water into it. For exam-
ple, when the removal of the heat is carried out by the
heat exchanger, employed is a method which involves
circulating a reaction liquid in the outer portion of the heat
exchanger to remove heat, and thereafter returning the
liquid to the reactor.

[0003] However, when the cooling water stops stream-
ing due to power failure, the temperature rises because
cooling does not overtake, and an extraordinary reaction
acceleratively proceeds accompanying this. Then, there
is a possibility that gases are released from a safety valve
or arapture disk because of the extraordinary rise of tem-
perature or pressure.

[0004] Then, in the past, the reaction is stopped by
cutting the supply of reaction raw materials, and besides,
by the following methods: a method which involves en-
suring power supply of the cooling water system with
backup power supply apparatuses such as a diesel en-
gine; amethod which involves replacing the cooling water
with other coolants such as industrial water, and ensuring
the removal of the heat by streaming the coolant in a
separate system with an engine-driving pump; or a meth-
od which involves combinations of these methods.
[0005] However, it cannot be said that the most favo-
rable method for stopping the reaction is established eco-
nomically and safely in the presence of a catalyst, a raw
acid, a raw alkylene oxide, an aimed product, and a by-
product.

[0006] Known is a method which involves cooling by
adding an inert liquid to the reaction system in order to
stop the reaction. However, it is not apparent what a suit-
able inert liquid is concretely, how this is added thereto,
and then, whether the reaction can be stopped safely.
[0007] BE-A-891 137 discloses a method to stop a po-
lymerisation reaction in emergency cases by the addition
of a polymerisation inhibitor to the reaction mixture fol-
lowed by the intermittent elimination of monomer(s) by
evaporation.

[0008] Under higher temperature and pressure, it is

10

15

20

25

30

35

40

45

50

55

known that: the raw alkylene oxide generally produces a
glycol by the reaction with water in the presence of an
acid, and is exothermically heated. In addition, the glycol
exothermically reacts with the alkylene oxide, and the
water or glycol cannot easily be used because they are
not inactive to the reaction with the raw material.

SUMMARY OF THE INVENTION

A. OBJECT OF THE INVENTION

[0009] In addition, when the raw carboxylic acid in-
cludes an unsaturated carboxylic acid such as (meth)
acrylic acid, this unsaturated carboxylic acid and a hy-
droxyalkyl ester as formed are polymerizable substanc-
es. Therefore, if the temperature rises, the extraordinary
reactions such as these polymerization reactions are pro-
moted, and there is a possibility that the temperature and
pressure rise extraordinarily in the reactor. Furthermore,
itis worried that the polymerization can be promoted due
to the existence of such as water. Accordingly, it cannot
be said that the most favorable method for stopping the
reaction (such as amount, and temperature) is estab-
lished in the presence of a catalyst, a raw acid, a raw
alkylene oxide, an aimed product, and a by-product.

B. DISCLOSURE OF THE INVENTION

[0010] The presentinventors diligently studied to solve
the above-mentioned problems. As a result, they found
that the reaction may be stopped by introducing a cool
liquid into the reaction system, wherein the cool liquid
comprises water in a ratio of not less than 50 weight %,
and has a low temperature of-5 to 45 °C.

[0011] Accordingly, a production process for a hy-
droxyalkyl ester, is claimed in claim 1.

[0012] These and other objects and the advantages of
the present invention will be more fully apparent from the
following detailed disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1is anexplanatory drawing of one example
of apparatuses for carrying out the present invention
process.

(Explanation of the Symbols)
[0014]

1: Reactor

2: Liquid storing tank

3: Liquid-introducing pipe

4: Equalizer line

21: Reaction terminating liquid
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DETAILED DESCRIPTION OF THE INVENTION

[0015] Figure 1 describes one example of reactors for
carrying out the presentinvention. This reactor 1 is a tank
storing a reaction liquid 11, and a liquid storing tank 2 is
attached thereto upward in order to preserve a reaction
terminating liquid 21. The pressure reliable structure of
the liquid storing tank 2 is preferably equal to or more
than that of the reactor 1, so that the reaction terminating
liquid 21 can be transferred to the reactor 1 only by gravity
without large driving supply, such as power supply and
motive power (for example, engines). Not only a liquid-
introducing pipe 3 to transfer the reaction terminating lig-
uid 21 from the liquid storing tank 2 to the reactor 1 but
alsoan equalizer line 4 to uniformly preserve the pressure
in the reactor 1 and the liquid storing tank 2 are arranged
between the reactor 1 and the liquid storing tank 2. In the
figure, there are a stirrer 5 and a thermometer 6. The
equalizer line 4 is not essential, but is preferably ar-
ranged. Even if this pipe is not arranged, the reaction
terminating liquid 21 can be transferred to the reactor 1
in case that the pressure in the liquid storing tank 2 is
adjusted higher than that in the reactor 1. However, it is
troublesome to raise the pressure in the liquid storing
tank.

[0016] The reaction terminating liquid 21 is dropped
by utilizing gravity. Methods for utilizing gravity are not
especially limited, but examples thereof include, for ex-
ample, a method which includes arranging the reaction
terminating liquid tank over the reactor.

[0017] The number of the pipe to transfer the reaction
terminating liquid 21 from the liquid storing tank 2 to the
reactor 1, or a valve attached to this pipe is may be one.
However, not less than 3 of automatic valves are prefer-
ably attached in order to check a leakage, to inhibit block-
age, and to periodically confirm a continuity of a driving
line, and safe may be assured further more.

[0018] When the power supply is cut off, the power of
the thermometer is preferably backed up and the extraor-
dinary temperature is detected. Thereafter, the reaction
terminating liquid may be introduced into the reactor,
more preferably automatically introduced as soon as the
power failure causes.

[0019] Incidentally, there is possibly a method which
involves transferring the reaction liquid 11 from the reac-
tor 1 to the liquid storing tank 2 including the reaction
terminating liquid 21 only by gravity. However, the rise
of temperature in the reactor 1 is not stopped locally, and
the transferring line from the reactor 1 can be blocked
due to forming a solid content in the reaction liquid 11 in
an extraordinary condition. Therefore, the reaction ter-
minating liquid 21 is transferred to the reactor 1.

[0020] Hereinafter, the process according to the
present invention, which is carried out by use of such as
the reactor describedin Fig. 1, is explained in detail. How-
ever, it is needless to say that the process according to
the present invention can be carried out by use of appa-
ratuses except shown in Fig. 1.
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[0021] In the first place, explained is the outline of the
production process for a hydroxyalkyl ester to which the
present invention characteristic production process can
preferably be applied.

[0022] Atfirst, the addition reaction of a carboxylic acid
and an alkylene oxide is carried out in the presence of a
catalyst. The reaction ratio of this addition reaction is of-
ten less than 100 %, and the unreacted carboxylic acid
and alkylene oxide generally remain in a reaction liquid
after the reaction. Therefore, the above-mentioned reac-
tion liquid is introduced into a step of removing these
unreacted raw materials from the reaction liquid. Then,
the purification such as distillation is carried out as a fol-
lowing final step, thus obtaining the aimed hydroxyalkyl
ester.

[0023] Hereinafter, the step of the addition reaction of
the carboxylic acid and the alkylene oxide is carried out
in the presence of the catalyst is explained.

[0024] When the present invention is carried out, as to
the amount of the raw materials as introduced in the re-
action of the above-mentioned carboxylic acid and
alkylene oxide, the amount of the alkylene oxide as in-
troduced is preferably not less than 1 mol, more prefer-
ably in the range of 1.0 to 5.0 mol, still more preferably
1.0 to 3.0 mol, particularly preferably 1.0 to 2.0 mol, per
1 mol of the carboxylic acid. In case where the amount
of the alkylene oxide as introduced is less than 1 mol,
there are disadvantages in that the reaction ratio is de-
creased and by-products are increased. In addition, in
case where the amount of the alkylene oxide as intro-
duced is too much, particularly, more than 5 mol, there
are disadvantages in economy.

[0025] The usable carboxylic acid in the presentinven-
tionis not especially limited, but examples thereofinclude
acrlic acid, methacrylic acid, acetic acid, propionic acid,
butyric acid, maleic acid, fumaric acid, succinic acid, ben-
zoic acid, terephthalic acid, trimellitic acid, and pyromel-
litic acid. Among them, acrylic acid or methacrylic acid
(referred as (meth)acrylic acid in combination with these)
is particularly preferable.

[0026] In addition, the usable alkylene oxide in the
present invention is not especially limited, but it is an
alkylene oxide preferably having 2 to 6carbon atoms,
more preferably 2 to 4 carbon atoms. Examples thereof
include ethylene oxide, propylene oxide, and butylene
oxide. Among them, ethylene oxide or propylene oxide
is preferable, and ethylene oxide is particularly prefera-
ble.

[0027] Inthe presentinvention, the reaction of the car-
boxylic acid and the alkylene oxide in the presence of
the catalyst can be carried out according to methods gen-
erally used in this kind of reaction.

[0028] For example, when the reaction is carried out
in a batch-type way, the liquid alkylene oxide is intro-
duced into the carboxylic acid to carry out the reaction.
When the carboxylic acid is solid, the alkylene oxide may
be introduced after dissolving the carboxylic acid in a
solvent. In the above case, the alkylene oxide may be
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added continuously or intermittently. When the alkylene
oxide is added continuously or intermittently, as is often
carried out in this kind of reaction, the reaction is contin-
ued after the alkylene oxide is introduced, what is called,
the aging reaction is carried, and the reaction can be
completed. In addition, it is not always necessary to add
the carboxylic acid collectively in an initial stage, and the
carboxylic acid can be divided into some portions and
then added.

[0029] Inaddition, when the reactionis carried out con-
tinuously, the carboxylic acid and liquid alkylene oxide
are continuously added to a tubelar or vessel-type reac-
tor, and the reaction liquid is continuously extracted from
the reactor to carry out the reaction. In the above case,
the catalyst may be continuously supplied with the raw
materials and be continuously extracted from the reactor
with the reaction liquid. When the tubelar reactor is used,
asolid catalyst packed inthe reactor, whatis called, fixed-
bed type catalyst may be used. In addition, when the
vessel-type reactor is used, a solid catalyst fluidized in
the reactor with the reaction liquid, what is called, fluid-
ized-bed type catalyst may be used. In addition, when
these continuous reactions are carried out, a portion of
the reaction liquid may be circulated.

[0030] When the raw carboxylic acid and alkylene ox-
ide are added to the reactor, they may separately be add-
ed from different adding lines, or they may be added after
beforehand mixing them with a pipe, a line mixer, or a
mixing tank before the addition to the reactor. In addition,
when the reactor outlet liquid is circulated to the reactor
inlet, the unreacted alkylene oxide or carboxylic acid is
recovered and recycled, these liquids may be added to
the reactor after mixing them with raw carboxylic acid
and alkylene oxide. However, when the alkylene oxide
and the carboxylic acid are added to the reactor from
different adding lines, the molar ratio of the carboxylic
acid in the reactor is in excess near the addition inlet of
the carboxylic acid. Therefore, the respective raw mate-
rials may preferably be mixed with the pipe beforehand,
and added thereto.

[0031] In general, the reaction temperature as carried
out is preferably in the range of 40 to 130 °C, more pref-
erably 50 to 100 °C. In case where the reaction temper-
ature is lower than 40 °C, the proceeding of the reaction
is too slow and apart from practical level. On the other
hand, in case where the reaction temperature is higher
than 130 °C, there are disadvantages in that: by-products
are increased; and when the raw carboxylic acid has an
unsaturated double bond, the carboxylic acid and a hy-
droxyalkyl ester as a product are polymerized.

[0032] In addition, the reaction may be carried out in
a solvent for the purpose of going on the reaction mildly.
The usable solvent is a general one, such as toluene,
xylene, heptane, and octane. The system pressure in the
reaction depends upon the kind of the raw materials or
mixing ratio, but the reaction is generally carried out un-
der compressed pressure.

[0033] Inaddition, when the reaction is carried out, po-
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lymerization inhibitors generally used can be used as sta-
bilizer. Examples of the polymerization inhibitors include:
phenol compounds such as hydroquinone, methylhydro-
quinone, tert-butylhydroquinone, 2,6-di-tert-butylhydro-
quinone, 2,5-di-tert-butylhydroquinone, 2,4-dimethyl-6-
tert-butylphenol, hydroquinone monomethyl ether,
cresol, and tert-butyl catechol; paraphenylenediamines
such as N-isopropyl-N’-phenyl-para-phenylenediamine,
N-(1,3- dimethylbutyl)-N’- phenyl- para- phenylenedi-
amine, N-(1-methylheptyl)-N’-phenyl-para-phenylenedi-
amine, N,N’-diphenyl-para-phenylenediamine, and N,N’-
di-2-naphthyl-para-phenylenediamine; amine com-
pounds such as thiodiphenylamine and phenothiazine;
copper dialkyldithiocarbamates such as copper dib-
utyldithiocarbamate, copper dipropyldithiocarbamate,
copper diethyldithiocarbamate, and copper dimethyl-
dithiocarbamate; copper diaryldithiocarbamates such as
copper diphenyldithiocarbamate; nitroso compounds
such as nitrosophenol, N-nitrosodiphenylamine, isoamyl
nitrite, N-nitroso-cyclohexylhydroxylamine, N-nitroso-N-
phenyl-N-hydroxylamine, and their salts; N-oxyl com-
pounds such as 2,2,4,4-tetramethylazetidine-1-oxyl, 2,2-
dimethyl-4,4-dipropylazetidine-1-oxyl, 2,2,5,5-tetrame-
thylpyrrolidine-1-oxyl, 2,2,5,5-tetramethyl-3-oxopyrrolid-
ine-1-oxyl, 2,2,6,6-tetramethylpiperidine-1-oxyl, 4-hy-
droxy-2,2,6,6-tetramethylpiperidine-1-oxyl, 6-aza-7,7-
dimethyl-spiro(4,5)decane-6-oxyl, 2,2,6,6-tetramethyl-
4-acetoxypiperidine-1-oxyl, 2,2,6,6-tetramethyl-4-ben-
zoyloxypiperidine-1-oxyl, and 4,4’,4"-tris-(2,2,6,6 tetram-
ethylpiperidine-1-oxyl) phosphite; tetraalkylthiuram di-
sulfides such as tetrabutylthiuram disulfide, tetrapro-
pylthiuram disulfide, tetraethylthiuram disulfide, and te-
tramethylthiuram disulfide; and methylene blue. The po-
lymerization inhibitors may be used either alone respec-
tively or in combinations with each other. The amount of
the polymerization inhibitor as added is preferably in the
range of 0.0001 to 1 weight % of the carboxylic acid,
more preferably 0.001 to 0.5 weight %.

[0034] In addition, the effect of inhibiting the polymer-
ization is improved further more if molecular oxygen is
further used together.

[0035] Inthe presentinvention, the unreacted alkylene
oxide and/or carboxylic acid may further be recycled and
recovered as reaction raw materials for a hydroxyalkyl
ester. In this way, the production cost can further be de-
creased because of recovering the unreacted recycled
raw materials as reaction raw materials. Incidentally, the
unreacted recycled raw materials may include the hy-
droxyalkyl ester. In addition, after the hydroxyalkyl ester
is mixed with the recycled raw materials in consideration
for the control of generated heat of reaction, the resultant
mixture may be added. However, when the amount of
the hydroxyalkyl ester as added to the reactor is in-
creased, the producing amount of by-products such as
a diester is increased. Therefore, the amount of the hy-
droxyalkyl ester included in the recycled raw materials is
preferably not more than 4.0 times in terms of weight,
more preferably not more than 2.0 times, still more pref-
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erably not more than 1.0 time, relative to the entirety of
the recycled raw acid and the raw acid as added freshly.
[0036] In the present invention, the catalyst used for
the reaction of the carboxylic acid and the alkylene oxide
is not especially limited, but catalysts generally used for
this kind of reaction can be used. Usable examples there-
of preferably include at least one member selected from
the group consisting of: chromium compounds such as
chromium chloride, chromium acetylacetonate, chromi-
um formate, chromium acetate, chromium acrylate, chro-
mium methacrylate, sodium bichromate, and chromium
dibutyldithiocarbamate; iron compounds such as iron
powder, ferric chloride, iron formate, iron acetate, iron
acrylate, and iron methacrylate; and amines such as tri-
alkylamines, cyclic amines (e.g. pyridine) and their qua-
ternary ammonium salts, and resins having a basic func-
tional group (e.g. tertiary amino groups, quaternary am-
monium salts, and pyridinium groups).

[0037] The amount of the above-mentioned catalyst
used for carrying out the present invention is not espe-
cially limited, but, in the case where the catalyst is a het-
erogeneous catalyst and the reaction is in a batch-type
way, the catalyst is usually used in the range of 5 to 50
weight %, particularly preferably 10 to 30 weight %, of
the raw carboxylic acid. In addition, in case where the
reaction is continuous and vessel-type reactors are used
in a fluidized bed manner, the catalyst is usually used in
the range of 30 to 90 vol %, preferably 50 to 80 vol %, of
the volume of the reaction liquid. In addition, in case
where tubelar reactors are used in a fixed bed manner,
a liquid including the reaction raw materials preferably
flows at a liquid space velocity (LHSV, h-1) of 0.05 to 15,
more preferably 0.2 to 8. On the other hand, in the case
where the catalyst is a homogeneous catalyst, the cata-
lyst is usually used in the range of 0.05 to 10 weight %,
particularly preferably 0.1 to 3 weight %, of the raw car-
boxylic acid.

[0038] Asis mentioned above, the production process
for a hydroxyalkyl ester, according to the invention, is
characterized in that the reaction is stopped by introduc-
ing the reaction terminating liquid into the reactor, where-
in the reaction terminating liquid comprises water in a
ratio of not less than 50 weight %, and has a low tem-
perature of-5 to 45 °C.

[0039] Thereactionterminating liquid comprises water
and may comprise other components when the occasion
demands. The other components are not especially lim-
ited, but examples thereof include alkylene glycols.
[0040] Examples of the alkylene glycols are not espe-
cially limited, but include monoethylene glycol, diethyl-
ene glycol, triethylene glycol, monopropylene glycol,
dipropylene glycol, and tripropylene glycol. These may
be used either alone or in combinations with each other.
[0041] The water content in the reaction terminating
liquid is favorably much in view of fluidity and mixability
during the addition of the reaction terminating liquid, and
is usually not less than 50 weight %, preferably not less
than 80 weight %, still more preferably 90 weight %. Only
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water may simply be used as the reaction terminating
liquid.

[0042] Incidentally, a stabilizer (polymerization inhibi-
tor) is preferably dissolved in the reaction terminating lig-
uid. In this case, the amount of the stabilizer as added is
not especially limited, but its concentration is preferably
not more than the solubility of the stabilizer in the reaction
terminating liquid. In case where the stabilizer is added
too much, the stabilizer deposits in a reaction terminating
liquidtank anditcauses troubles. A stabilizer having good
solubility with the water and/or the above-mentioned
alkylene glycol is preferable because of high effects and
the above-mentioned solubility. Such a stabilizer is not
especially limited, but examples thereof include afore-
mentioned ones as the usable polymerization inhibitors
in the reaction of the carboxylic acid and the alkylene
oxide.

[0043] The temperature of the reaction terminating lig-
uid is in the range of -5 to 45 °C, preferably -5 to 35 °C,
more preferably 0 to 25 °C, still more preferably 5 to 20
°C. In case where the temperature of the reaction termi-
nating liquid is lower than -5 °C, it tends not to drop the
reaction terminating liquid because water contents of the
reaction terminating liquid are frozen and solidified in in-
ner portions of a reaction terminating liquid adding line
orvalve, andittends to cause poor operation of automatic
valves because water contents in the air are frozen on
the surface of the automatic valves and frost is attached
thereto. In case where the temperature is higher than 45
°C, there are disadvantages in that the cooling effect due
to the reaction terminating liquid tends to be decreased
(the reaction terminating effect is weakened).

[0044] Incidentally, depending upon the composition
of the reaction terminating liquid as used actually, the
reaction terminating liquid may be frozen at a tempera-
ture corresponding to or higher than the lower limit of the
above-mentioned temperature range. In this case, the
lower limit of the temperature range of the reaction ter-
minating liquid is settled to a temperature equal to or
higher than the freezing temperature of the reaction ter-
minating liquid, so that the reaction terminating liquid is
not frozen in the temperature range. For example, the
reaction terminating liquid is simply water, the lower limit
of the temperature of the reaction terminating liquid is
equal to or higher than 0 °C.

[0045] The amount of the reaction terminating liquid is
in the range of 5 to 200 weight %, more preferably 10 to
100 weight %, still more preferably 20 to 50 weight %,
relative to the reaction liquid of the carboxylic acid and
the alkylene oxide in the reaction. In case where the
amount as introduced is less than 5 weight %, it tends to
decrease the reaction terminating effect. In case where
the amount as introduced is more than 200 weight %,
there are disadvantages in that: itis necessary to prepare
space for adding the reaction terminating liquid to the
reactor, and the liquid amount as used usually is de-
creased, and then it tends to decrease productivity.
[0046] The reaction terminating liquid is introduced in-
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to the reactor under condition that the temperature of the
reaction liquid of the reaction is not higher than 150 °C,
more preferably not higher than 120 °C, most preferably
not higher than 100 °C. For example, if the reaction set-
tled temperature is 50 °C, the reaction terminating liquid
may be introduced when the temperature of the reaction
liquid rises higher than the reaction settled temperature
by +10 °C, and reaches 60 °C.

[0047] The stopping method by use of the reaction ter-
minating liquid in the present invention may be used to-
gether with conventional stopping methods. In particular,
when the catalyst is a heterogeneous catalyst such as
an ion-exchange resin, the reaction can be stopped only
by the present invention stopping method. However, the
power supply of the stirrer is preferably backed up with
engines in addition to the stopping method in consider-
ation of safety further more.

[0048] Inthe presentinvention, the resultant crude hy-
droxyalkyl ester may further be purified when the occa-
sion demands. The purifying method is not especially
limited, but examples thereof include purification by dis-
tillation. More particularly, the examples include distilla-
tion with such as conventional distillation columns,
packed columns, bubble capped columns, and rectifica-
tion columns (for example, perforated-plate columns),
but the distillation is not limited thereto. Other means of
purifying may be used together with the purification by
distillation.

(Effects and Advantages of the Invention):

[0049] Inaproduction process for a hydroxyalkyl ester,
comprising the step of carrying out a reaction between a
carboxylic acid and an alkylene in the presence of a cat-
alyst, the above-mentioned reaction can be stopped eco-
nomically and sufficiently safely according to the present
invention process.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0050] Hereinafter, the present invention is more spe-
cifically illustrated by the following examples of some pre-
ferred embodiments in comparison with comparative ex-
amples not according to the invention. However, the
present invention is not limited to the below-mentioned
examples

<Example 1>

[0051] An autoclave with a capacity of 500 cc was
charged with 200 g of acrylic acid (3,000 ppm of metho-
quinone were beforehand dissolved in the acrylic acid.)
and 1 g of iron powder as a catalyst. Thereafter, ethylene
oxide was added thereto while the reaction was control-
led so that the temperature would be adjusted to 60 °C
in a water bath. About 50 cc of the reaction liquid in the
middle of the reaction (when 100 g of ethylene oxide was
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added (about 5 hours after starting the addition)) was
sampled in a stainless-made sealed receptacle.

[0052] Other sealed receptacle was connected to this
sealed receptacle through a liquid-adding line and an
equalizer line, and 20 cc of aqueous hydroquinone solu-
tion of 0.6 weight % (at room temperature) as a reaction
terminating liquid was added to the other sealed recep-
tacle so that the reaction terminating liquid could be drop-
wise added to the above-mentioned reaction liquid by
utilizing gravity.

[0053] Next, the above-mentioned sealed receptacle
including the reaction liquid was immersed in an oil bath
of 100 °C, and the temperature in the sealed receptacle
was observed.

[0054] When the temperature began to rise and
reached 105 °C, 20 cc of the above-mentioned reaction
terminating liquid was added thereto. Then, the rise of
temperature was stopped. After the resultant mixture was
left at room temperature, the sealed receptacle was
opened and the internal portion was checked. However,
solid materials were not observed.

[0055] While the present example reaction was carried
out with a commercial-scale practical machine, the cool-
ing pump for removing heat was stopped due to power
failure. Then, when the internal temperature of the reac-
tor was 90 °C, the reaction terminating liquid was added
thereto. However, the temperature did not rise extraor-
dinarily. In addition, solid materials were nit observed in
the reactor. The machine was operated again after wash-
ing in the system.

<Comparative Example 1>

[0056] The same procedure as of Example 1 was car-
ried out except for adding the reaction terminating liquid
to the reaction liquid as sampled in the middle of the
reaction.

[0057] When the sealed receptacle including the reac-
tion liquid as sampled in the middle of the reaction was
immersed in an oil bath of 100 °C, and the temperature
of the reaction liquid was higher than 105 °C and rose
extraordinarily, and the pressure also rose and the safety
valve boiled over. When the sealed receptacle was
opened and the internal portion was checked, it was
clogged with solid materials.

Claims

1. Aproduction process for a hydroxyalkyl ester, which
comprises the steps of:

a) providing a reactor and a liquid storing tank,
wherein the liquid storing tank includes a reac-
tion terminating liquid at a temperature of -5 to
45°C;

b) further providing an equalizer line and a liquid-
introducing pipe between the reactor and the lig-
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uid storing tank, wherein the equalizer line keeps
pressure uniform between the reactor and the
liquid storing tank, and wherein the liquid-intro-
ducing pipe permits the reaction terminating lig-
uid to be introduced into the reactor from the
liquid storing tank;

c) arranging the liquid storing tank upwardly of
the reactor such that the reaction terminating
liquid is flowable by gravity from the liquid storing
tank to the reactor;

d) carrying out a reaction between a carboxylic
acid and an alkylene oxide in the reactor in the
presence of a catalyst in order to produce the
hydroxyalkyl ester; and

e) stopping the reaction by introducing the reac-
tion terminating liquid into the reactor under con-
dition that the temperature of the reaction liquid
of the reaction is not higher than 150°C; wherein
the reaction terminating liquid comprises water
in a ratio of not less than 50 weight%, and has
a low temperature of -5 to 45°C, and wherein
the amount of the reaction terminating liquid as
introduced is in the range of 5 to 200 weight%
of a reaction liquid of the reaction;

wherein the reaction terminating liquid is dropped
from the liquid storing tank through the liquid-intro-
ducing pipe and into the reactor by utilizing gravity.

A production process for a hydroxyalkyl ester ac-
cording to claim 1 wherein the carboxylic acid in-
cludes (meth)acrylic acid.

Patentanspriiche

Verfahren zur Herstellung eines Hydroxyalkylesters,
das die folgenden Stufen umfasst:

a) Bereitstellen eines Reaktors und eines Flis-
sigkeitslagertanks, wobei der Fllssigkeitslager-
tank eine die Reaktion beendende Flissigkeit
bei einer Temperatur von -5 bis 45 °C enthalt;
b) zusatzliches Bereitstellen einer Ausgleichs-
leitung und einer Flissigkeitseinfliihrungsleitung
zwischen dem Reaktor und dem Flissigkeitsla-
gertank, wobei die Ausgleichsleitung den Druck
zwischen dem Reaktor und dem Flissigkeitsla-
gertank gleichférmig halt und wobei die Flissig-
keitseinflihrungsleitung das Einfihren der die
Reaktion beendenden Flissigkeit aus dem
Flussigkeitslagertank in den Reaktor ermdg-
licht;

¢) Anbringen des Flussigkeitslagertanks ober-
halb des Reaktors derart, dass die die Reaktion
beendende Flissigkeit durch Schwerkraft von
dem FlUssigkeitslagertank in den Reaktor flie-
Ren kann;
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d) Durchfliihren einer Reaktion zwischen einer
Carbonsaure und einem Alkylenoxid in dem Re-
aktor in Gegenwart eines Katalysators, um den
Hydroxyalkylester herzustellen; und

e) Stoppen der Reaktion durch Einfiihren der
die Reaktion beendenden Flissigkeitin den Re-
aktor unter der Bedingung, dass die Temperatur
der Reaktionsflissigkeit der Reaktion nicht
mehr als 150 °C betragt; wobei die die Reaktion
beendende Flussigkeit Wasser in einem Anteil
von nicht weniger als 50 Gew.-% umfasst und
eine niedrige Temperatur von -5 bis 45 °C auf-
weist und wobei die Menge der die Reaktion be-
endenden Flissigkeit, die eingefihrt wird, im
Bereich von 5 bis 200 Gew.% der Reaktions-
flissigkeit der Reaktion liegt;

wobei die die Reaktion beendende Fliissigkeit unter
Nutzung der Schwerkraft von dem Fllssigkeitslager-
tank durch die Flussigkeitseinfiihrungsleitung und in
den Reaktor getropft wird.

Verfahren zur Herstellung eines Hydroxyalkylesters
nach Anspruch 1, wobei die Carbonsaure (Meth)
acrylsaure umfasst.

Revendications

Procédé de production d’'un ester d’hydroxyalkyle,
qui comprend les étapes consistant a:

a) prévoir un réacteur et un réservoir de stocka-
ge de liquide, dans lequel le réservoir de stoc-
kage de liquide contient un liquide d’arrét de
réaction a une température de -5 a -45°C;

b) prévoir en outre une conduite d’égalisation et
un tube d’introduction de liquide sont disposés
entre le réacteur et le réservoir de stockage de
liquide, dans lequel la conduitre d’égalisation
maintient une pression uniforme entre le réac-
teur et le réservoir de stockage de liquide, et
dans lequel le tube d’introduction de liquide per-
met au liquide d’arrét de réaction d’étre introduit
dans le réacteur a partir du réservoir de stocka-
ge du liquide;

c) disposer le réservoir de stockage de liquide
vers le haut du réacteur de telle maniere que le
liquide d’arrét de réaction est versable par gra-
vité du réservoir de stockage du liquide vers le
réacteur;

d) mener une réaction entre un acide carboxy-
lique et un oxyde d’alkyléne dans le réacteur en
présence d’un catalyseur afin de produire I'ester
d’hydroxyalkyle; et

e) arréter la réaction par introduction du liquide
d’arrétde laréaction dans le réacteur, sous con-
dition que la température du liquide de réaction
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delaréaction n’est pas supérieura 150°C ; dans
lequel le liquide d’arrét de réaction comprend de
I'eau en un rapport non inférieur a 50% en poids
et présente une température faible de -5a 45°C,
et dans lequel la quantité du liquide d’arrét de
réaction introduite se situe dans l'intervalle al-
lantde 5a200% en poids du liquide de réaction ;

dans lequel le liquide d’arrét de réaction est versé
du réservoir de stockage de liquide a travers le tube
d’introduction de liquide dans le réacteur en utilisant
la gravité.

Procédé de production d’'un ester d’hydroxyalkyle
selon la revendication 1 dans lequel I'acide carboxy-
lique comprend I'acide (méth)acrylique.
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