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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for producing a polyacetal copolymer.

BACKGROUND ART

[0002] Until now, as a production method for a polyacetal copolymer, a cationic copolymerization with trioxane as a
main monomer, and a cyclic ether and/or cyclic formal having at least one carbon-carbon bond as a comonomer has
been known. As the cationic active catalyst used for these copolymerizations, a Lewis acid, in particular halides of boron,
tin, titanium, phosphorous, arsenic, and antimony, for example boron trifluoride, tin tetrachloride, titanium tetrachloride,
phosphorous pentachloride, phosphorous pentafluoride, arsenic pentafluoride, and antimony pentafluoride, and their
complex compounds or salts; protonic acids, for example perchloro acids; esters of protonic acids, in particular esters
of perchloro acids and lower aliphatic alcohols, for example perchloro acid-tertiary butyl ester; anhydrides of protonic
acids, especially mixed anhydrides of perchloro acids and lower aliphatic carboxylic acids, for example acetyl perchlorate,
or trimethyloxoniumhexafluorophosphate, triphenyl-methylhexafluoroacetate, acetyltetrafluoroborate, acetylhexafluoro-
phosphate, and acetylhexafluoroarsenate, and the like have been proposed. Among these, boron trifluoride or coordi-
nation compounds of boron trifluoride and organic compounds, for example ethers, are the most common as polymer-
ization catalysts with trioxane as the main monomer, and are widely used industrially.
[0003] However, with commonly used polymerization catalysts such as boron trifluoride type compounds, in the later
phase of polymerization the polymerization speed suddenly decreases, and it is nearly impossible to obtain polymer
conversion ratio of near 100% in a short time, and a very long time is required, which is inefficient, and moreover, in the
later phase of polymerization, decomposition of the generated polymer by the catalyst becomes relatively dominant,
which not only causes a reduction in molecular weight, but also has the effect of degrading the qualities such as heat
resistance and the like. Further, if the amount of the polymerization catalyst is increased, overall the polymerization
speed is enhanced, and the polymer conversion ratio is also increased, but the quality of the generated rough polymer
degrades more and more, and in a later step a complex stabilization treatment is required, whereby the production
operation overall is by no means a preferable method.
[0004] Accordingly, the technique of adding a solution comprising a catalyst deactivation agent at a stage where the
polymer ratio is relatively low to stop the polymerization, then washing, recovering and purifying and reusing the remaining
unreacted monomers, is widely practiced.
[0005] Further, there have been various proposals for improving the polymerization apparatus and the method of
supplying the catalyst, in addition to increasing the polymer conversion ratio. For example, a technique of increasing
the polymer conversion ratio for a device by inclining the polymerization device 1 to 10° (Patent Document 1), a technique
of providing a weir at the discharging port of the polymerization apparatus (Patent Document 2), as well as a technique
of mixing the catalyst with the comonomer in advance, and supplying this to the trioxane (Patent Documents 3 and 4)
have been proposed. These techniques are all effective for increasing the polymer conversion ratio for the case of using
a boron trifluoride type polymerization catalyst.
[0006] Further, a method has also been proposed to deactivate the rough polymer in the later stage of the polymerization
by using a high activity, non-volatile polymerization catalyst, to directly recover the unreacted monomer without carrying
out washing, and reuse the same (Patent Document 5). In this technique, it is possible to carry out recovery of the
monomers directly from the rough polymer before deactivation, which was difficult with the boron trifluoride system
commonly used in the prior art, and moreover, secondary reactions at a stage where a high conversion ratio has been
achieved do not readily occur compared to a boron trifluoride type polymerization catalyst, whereby it is possible to
obtain a rough polymer which is excellent in thermal stability with little unreacted monomers by extremely simple steps.

Patent Document 1: Japanese Examined Patent Application Publication No. H05-008725
Patent Document 2: PCT International Publication No. WO1996/013534
Patent Document 3: Japanese Unexamined Patent Application, Publication No. H11-255854
Patent Document 4: Japanese Unexamined Patent Application, Publication No. H11-124422
Patent Document 5: Japanese Unexamined Patent Application, Publication No. H09-278852

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0007] However, in the case of adding a solution comprising a deactivation agent of the catalyst and stoping the
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polymerization at a stage where the polymer ratio is relatively low, washing, recovering and purifying, and reusing the
remaining unreacted monomer, the unreacted monomer is recovered as a solution where the concentration is relatively
low, and therefore, in order to reuse the unreacted monomer, it is required to use complex operations of separation and
purification, as well as energy. On the other hand, abandoning the recovery of the unreacted monomer becomes a total
loss, and neither way is economically preferable.
[0008] Further, in the techniques disclosed in Patent Documents 1 to 4, the obtained rough polymer is one which
comprises at least 10 wt% of unreacted monomer, and in practical applications, it is required to go through deactivation
and washing steps, moreover, for boron trifluoride type polymerization catalysts, the inevitability of secondary reactions
such as decomposition and the like at the stage where a high conversion ratio has been achieved still remains a problem.
[0009] Further, in the technique disclosed in Patent Document 5, there is room for improvement in increasing the
quality of the polyacetal copolymer and reducing costs.
[0010] Accordingly, the present invention has the objective of producing a high quality polyacetal copolymer econom-
ically and with a simple process.

Means for Solving the Problems

[0011] The present inventors, in order to solve the above problems, as a result of repeated diligent study of polymer-
ization reactions of trioxane, discovered that by (a) using a non-volatile protonic acid as the polymerization catalyst, (b)
making the polymerization environmental temperature no more than 100°C until the reaction device conversion rate
defined by D/C below becomes 50%, and after this carrying out further polymerization, and (c) carrying out the recovery
of the unreacted monomer from the obtained rough polymer at an environmental temperature of at least 115°C and less
than 140°C, and directly providing the recovered unreacted monomer to the polymerization, when compared to the case
of using a boron trifluoride type polymerization catalyst of the prior art, it is possible to obtain a remarkably high polymer
conversion ratio, as well as a high quality polyacetal copolymer, and thus completed the present invention. Specifically,
the present invention provides the following.

(1) The present invention is a method for producing a polyacetal copolymer comprising a raw material supply step
of supplying a raw material comprising trioxane, a comonomer which copolymerizes with this trioxane, and a non-
volatile protonic acid, to a continuous stirring mixer type reaction device having two parallel shafts which rotate in
the same direction as each other or in opposite directions, a multitude of paddles mounted on each shaft, and a
barrel which comes close to an outer circumference of the paddles, and constituted such that a long axis end of a
paddle periodically comes close to a short axis end of a companion side, wherein the raw material is charged from
an introduction opening provided at one end in an axial direction, and a reaction mixture and an unreacted monomer
are obtained from a plurality of removal openings provided at the other end; a polymerization reaction step of carrying
out a polymerization reaction of the raw material, and obtaining a reaction mixture; a vaporization and separation
step of vaporizing and separating an unreacted monomer from the reaction mixture at an environmental temperature
of at least 115°C and less than 140°C; an unreacted monomer re-supply step of supplying the monomer separated
in the vaporization and separation step to the raw material supply step; and a polyacetal copolymer recovery step
of recovering the polyacetal copolymer from the reaction mixture; wherein the polymerization reaction step is a step
of carrying out polymerization with a polymerization environmental temperature set to no more than 100°C until a
weight ratio D/C of the polyacetal copolymer D with respect to a total supplied monomer C which is stipulated as a
sum of a monomer A which is newly supplied to the reaction device and a monomer B which is recovered from the
reaction device and re-supplied, becomes 0.5, and after this carrying out further polymerization; and wherein the
D/C is no less than 0.7; and a weight ratio D/A of the polyacetal copolymer D with respect to the monomer A which
is newly supplied to the reaction device is no less than 0.85.
(2) Further, the present invention is a method for producing a polyacetal copolymer as disclosed in (1), wherein the
non-volatile protonic acid comprises at least one selected from a heteropoly acid, an isopoly acid, or an acid salt
thereof.
(3) Further, the present invention is a method for producing a polyacetal copolymer as disclosed in (1), wherein the
non-volatile protonic acid is a heteropoly acid shown by formula (1) below or an acid salt thereof

Hx[Mm•M’nOl]•yH2O Formula (1)

wherein, in the formula (1), M is a central element selected from P and/or Si, M’ is one or more coordination element
selected W, Mo, and V, and 1 is 10 to 100, m is 1 to 10, n is 6 to 40, x is 1 or more, and y is 0 to 50.
(4) Further, the present invention is a method for producing a polyacetal copolymer as disclosed in (3), wherein the
heteropoly acid or acid salt thereof comprises at least one compound selected from phosphomolybdic acid, phos-
photungstic acid, phosphomolybdotungstic acid, phosphomolybdovanadic acid, phosphomolybdotungstovanadic
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acid, phosphotungstovanadic acid, silicotungstic acid, silicomolibdic acid, silicomolybdotungstic acid, silicomolyb-
dotungstovanadic acid, or acid salts thereof.
(5) Further, the present invention is a method for producing a polyacetal copolymer as disclosed in (1), wherein the
non-volatile protonic acid comprises an isopoly acid shown by formula (2) or (3) below or an acid salt thereof

xMI
2O•pMV

2O6•yH2O Formula (2)

xMI
2O•pMVI

2O6•yH2O Formula (3)

wherein, in the formulas (2) and (3), MI is hydrogen, but which may be partially substituted with a metal, MV is at
least one selected from V, Nb, and Ta of the V group of the periodic table, MVI is at least one selected from Cr, Mo,
W, and U of the VI group of the periodic table, p and x are 1 or more, and y is 0 to 50.
(6) Further, the present invention is a method for producing a polyacetal copolymer as disclosed in (5), wherein the
isopoly acid or acid salt thereof comprises at least one compound selected from paratungstic acid, metatungstic
acid, paramolybdic acid, metamolybdic acid, paravanadic acid, metavanadic acid, and acid salts thereof.
(7) Further, the present invention is a method for producing a polyacetal copolymer as disclosed in any one of (1)
to (6), wherein the comonomer comprises at least one selected from 1,3-dioxolane, diethylene glycol formal, 1,4-
butanediol formal, and ethylene oxide.

Effects of the Invention

[0012] According to the present invention, it is possible to economically produce a high quality polyacetal copolymer
by a simple process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 is a schematic diagram for explaining the reaction device 1.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

[0014] Below, specific embodiments of the present invention are explained in detail, but the present invention is not
at all limited by the following embodiments, and the present invention may also be practiced with the addition of suitable
modifications which are within the scope of the objective of the present invention.
[0015] The production method of the present invention comprises a raw material supply step (S1), a polymerization
reaction step (S2), an unreacted monomer vaporization and separation step (S3), an unreacted monomer re-supply
step (S4), and a polyacetal copolymer recovery step (S4).

Reaction Device 1

[0016] For explaining the steps (S1) to (S5), first an explanation will be given of the schematic constitution of the
reaction device 1 with reference to Fig. 1. Fig. 1 is a schematic diagram for explaining the reaction device 1. The reaction
device 1 is provided with introduction opening 2 to introduce the raw material, a mixing portion 3 to carry out the
polymerization reaction of these raw materials and obtain a reaction mixture, a vaporization and separation portion 4
for vaporizing and separating the unreacted monomers from the reaction mixture, and a polyacetal copolymer recovery
portion 5 for recovering the polyacetal copolymer from the reaction mixture.
[0017] The mixing portion 3 is a continuous stirring and mixing apparatus having two parallel shafts which rotate in
the same direction as each other or in opposite directions, a multitude of paddles mounted on each shaft, and a barrel
which comes close to an outer circumference of the paddles, and constituted such that a long axis end of a paddle
periodically comes close to a short axis end of a companion side, wherein the raw materials are charged from the
introduction opening provided at one end in the axial direction, and the reaction mixture and the unreacted monomer
are obtained from a plurality of removal openings provided at the other end.
[0018] The mixing portion 3 has a jacket 31 to 33 for temperature control, and the temperature is adjusted by flowing
a liquid or gas. It is also possible to provide a plurality of jackets 31 to 33 in the axial direction, and individually control
their temperature.
[0019] Further, continuous stirring and mixing apparatus, if necessary, may be elevated at the outlet side, and the
reaction may be carried out in a state having a prescribed inclination with respect to the horizontal direction.
[0020] Further, the clearance between the end of the paddles and the inner face of the barrel is preferably no more
than 2% of the diameter of a circumscribed circle of the paddle, and more preferably no more than 1%.
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[0021] Further, the rotation speed of the paddles is not particularly limited, but preferably the rotational circumferential
speed of the ends of the paddles is no more than 1.5 m/sec.
[0022] Further, the rotation direction of the two rotating shafts may be the same for both, or may be different directions
to each other.

Raw Material Supply Step (S1)

[0023] Next, the raw material supply step (S1) will be explained. The raw material supply step is a step of supplying
to the above described reaction device 1 the raw materials comprising trioxane, a comonomer which copolymerizes with
this trioxane, and a non-volatile protonic acid. Further, for ease of understanding, in Fig. 1, it is disclosed that a mixture
of all of the raw materials is introduced into the introduction opening 2, but without being limited to this condition, is it
sufficient that all of the raw materials are ultimately input to the introduction opening 2.

[Comonomer]

[0024] As the comonomer, a compound selected from cyclic ethers and cyclic formals having at least one carbon-
carbon bond is used. As representative examples of the compound used as the comonomer, for example, 1,3-dioxolane,
diethyleneglycol formal, 1,4-butanediol formal, 1,3-dioxane, ethylene oxide, propylene oxide, epichlorohydrin and the
like may be mentioned. Among these, in consideration of the stability of the polymerization, 1,3-dioxolane, diethylene
glycol formal, 1,4-butanediol formal, 1,3-dioxane, and ethylene oxide and the like are preferable. Further, a cyclic ester,
for example β-propiolactone, or a vinyl compound, for example styrene and the like can be used. Further, as the comon-
omer, it is possible to use a monofunctional cyclic ether or cyclic formal having a substituent unit such as butyl glycidyl
ether or 2-ethylhexyl glycidyl ether. Furthermore, as the comonomer, it is possible to use a compound having two
polymerizable cyclic ether groups or cyclic formal groups such as a diformal or a diglycidyl ether of alkylene glycol, for
example, butanediol dimethylidine glycerol ether, butanediol diglycidyl ether, and the like, or a compound having three
or more polymerizable cyclic ether groups or cyclic formal groups such as glycerine triglycidyl ether, trimethylol propane
triglycidyl ether, pentaerythyritol tetraglycidyl ether, and the like. Polyacetal copolymers formed therefrom with branched
structures or bridged structures are also subjects of the present invention.
[0025] In the present invention, the amount of the compound selected from cyclic ethers and cyclic formals for use as
the comonomer is 0.1 to 20 mol% as a ratio of all of the monomers (the total amount of the trioxane which is the main
monomer and the comonomer), and preferably 0.2 to 10 mol%. Less than 0.1 mol% is not preferable because the
unstable terminal end portions of the rough polyacetal copolymer produced by the polymerization increase and the
stability worsens, and further, a produced copolymer with an excessive amount of comonomer becomes soft and a
reduction in the fusion point occurs.
[0026] In the present invention, at the time of polymerizing the above main monomer and comonomer and preparing
the polyacetal copolymer, in order to control the polymerization degree, a publicly known chain transfer agent, for example
a methylal-like low molecular weight linear acetal or the like may be added.
[0027] Further, the polymerization reaction is preferably carried out under conditions where impurities having active
hydrogen, for example, water, methanol, formic acid, or the like are not substantially present, for example, where each
is no more than 10 ppm, and for this, it is preferable to use as the main monomer and comonomer a trioxane, cyclic
ether and/or cyclic formal which have been prepared so that these impurity components are not included, as far as
possible.

[Non-Volatile Protonic Acid]

[0028] In the present invention, a non-volatile protonic acid functions as the polymerization catalyst. In the present
invention, because a non-volatile protonic acid, and not a boron trifluoride type catalyst, is used as a polymerization
catalyst, compared to the case of using a boron trifluoride type catalyst as the polymerization catalyst, the polymer
conversion ratio can be increased.
[0029] In the present invention, as the non-volatile protonic acid, for example compounds comprising at least one
selected from heteropoly acids, isopoly acids, and acid salts thereof can be mentioned. A heteropoly acid is a polyacid
produced by a dehydration condensation of different oxyacids, with a specified hetero element at its center, and has
mononuclear or polynuclear complex ions which can be formed by condensing condensation acid radicals sharing an
oxygen atom. An isopoly acid is a high molecular weight inorganic oxyacid consisting of a condensate of an inorganic
oxyacid having a pentavalent or hexavalent single type of metal, and is also referred to as an iso polyacid, homonuclear
condensation acid, or homogeneous polyacid.
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[Heteropoly Acid or Acid Salt Thereof]

[0030] First, the heteropoly acid or acid salt thereof will be explained in detail. A heteropoly acid or acid salt thereof
can be shown by the formula (1) below.

Hx[Mm•M’nOl]•yH2O Formula (1)

[0031] A heteropoly acid which is especially effective as a polymerization catalyst in the present invention is one where
in the above compositional formula, the central element M is at least one element selected from P and/or Si, and the
coordination element M’ is one or more element selected from W, Mo, and V. From the viewpoint of polymerization
activity, the coordination element M’ is preferably W or Mo. Further, in the formula (1), 1 is 10 to 100, m is 1 to 10, n is
6 to 40, x is 1 or more, and y is 0 to 50.
[0032] Further, an acid salt where the Hx in formula (1) is substituted with various metals or the like may also be used
as the catalyst in the present invention.
[0033] As specific examples of the heteropoly acid, phosphomolybdic acid, phosphotungstic acid, phosphomolyb-
dotungstic acid, phosphomolybdovanadic acid, phosphomolybdotungstovanadic acid, phosphotungstovanadic acid, sil-
icotungstic acid, silicomolibdic acid, silicomolybdotungstic acid, silicomolybdotungstovanadic acid, and the like may be
mentioned. In particular, from the viewpoint of polymerization activity, the heteropoly acid is preferably selected from
silicomolibdic acid, silicotungstic acid, phosphomolybdic acid, and phosphotungstic acid. [Isopoly Acid and Acid Salt
Thereof]
[0034] Next, the isopoly acid or acid salt thereof will be explained in detail. A heteropoly acid or acid salt thereof can
be shown by the formula (2) or formula (3) below.

xMI
2O•pMV

2O6•yH2O Formula (2)

xMI
2O•pMVI

2O6•yH2O Formula (3)

wherein, in the formulas (2) and (3), MI is hydrogen, but which may be partially substituted with a metal, MV is at least
one selected from V, Nb, and Ta of the V group of the periodic table, MVI is at least one selected from Cr, Mo, W, and
U of the VI group of the periodic table, p and x are 1 or more, and y is 0 to 50.
[0035] The isopoly acid, besided a method of treating an isopoly acid salt solution with an ion exchange resin, can be
prepared by various methods such as adding a mineral acid to a concentrated solution of an isopoly acid salt with ether
extraction, and the like. Further, the present invention is not limited to an isopoly acid, and an acid salt of an isopoly acid
may also be used as a polymerization catalyst. The isopoly acid may be any of the above described formulas (2) and
(3), but from the viewpoint of polymerization activity, it is preferably an isopoly acid of formula (3) or an acid salt thereof.
[0036] As specific examples of suitable isopoly acids, isopoly tungstic acids exemplified by paratungstic acid, meta-
tungstic acid and the like, isopolymolibdic acids which can be exemplified by paramolibdic acid, metamolibdic acid, and
the like, and metapolyvanadic acid, isopolyvanadic acid and the like can be mentioned. Among these, from the viewopoint
of polymerization activity, isopolytungstic acid is preferable.

[Solvent]

[0037] In order to carry out the reaction uniformly, the polymerization catalyst is diluted in an inactive solvent which
has no adverse effects on the polymerization, and is desirably used by adding to the main monomer and/or the comon-
omer. As the above mentioned inactive solvent, an ester obtained from the condensation of a low molecular weight
carboxylic acid with a carbon number of 1 to 10 such as formic acid, acetic acid, propionic acid, butyric acid and the like,
and a low molecular weight alcohol with a carbon number of 1 to 10 such as methanol, ethanol, 1-propanol, 2-propanol,
1-butanol, 2-butanol, 2-methyl-1-propanol, 2-methyl-2-propanol, 1-pentanol, 3-methyl-1-butanol, 1-hexanol and the like;
or a low molecular weight ketone with a carbon number of 1 to 10 such as acetone, 2-butanone, 2-pentanone, 3-
pentanone, 2-hexanone, 3-hexanone, methylisobutyl ketone, methyl-t-butyl ketone and the like, can be preferably men-
tioned, but it is not limited to these. When also taking into consideration ease of industrial availability and the like, methyl
formate, ethyl formate, methyl acetate, ethyl acetate, butyl acetate, acetone, 2-butanone, methyl isobutyl ketone and
the like are most favorable. The polymerization catalyst is dissolved in the above inactive solvent, suitably in a concen-
tration of 1 to 30 mass/wt%, but is not limited to this. Further, it is also a preferable method to carry out the polymerization
by mixing in advance the above specified amount of the polymerization catalyst with a portion or all of, one of or a plurality
of the above mentioned main monomer, comonomer, molecular weight modifying agent and the like, and adding this
solution to the polymerization system.
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Polymerization Reaction Step (S2)

[0038] Next, the polymerization reaction step (S2) will be explained. The the polymerization reaction step (S2) is a
step of obtaining a reaction mixture by setting the polymerization environmental temperature to no more than 100°C
until the reaction device conversion rate (the below described D/C) becomes 0.5, and after this carrying out further
polymerization.
[0039] In the present specification, the polymerization environmental temperature is the temperature in the vicinity of
the monomer or polymer, and corresponds to the temperature of the barrel or the like of the reaction device of the present
invention. The reason for holding down the polymerization environmental temperature in the initial stage of the polym-
erization is to suppress evaporation of the monomer due to the generated heat of polymerization in the initial stage of
the polymerization. The polymerizability of a temporarily evaporated and vaporized monomer in the initial stage of the
polymerization is low, and therefore, in order to achieve a high polymer conversion rate inside the reaction device, it is
necessary to suppress the evaporation of the monomer. Accordingly, the polymerization environmental temperature in
the initial stage of the polymerization is prescribed as no more than 100°C.
[0040] The polymerization method is not particularly limited, and for example, the technique disclosed in Japanese
Unexamined Patent Application, First Publication No. H11-302349 is suitable. In this technique, trioxane, the comonomer,
and the non-volatile protonic acid are held in advance in liquid form and sufficiently mixed, and the obtained reaction
raw material mixed liquid is supplied to the polymerization device 1 and copolymerization is carried out. By this technique,
it is possible to restrain the amount of the non-volatile protonic acid and as a result, and this is advantageous in that it
is possible to obtain a polyacetal copolymer with a smaller amount of formal aldehyde emissions. Unreacted Monomer
Vaporization and Separation Step (S3)
[0041] The unreacted monomer vaporization and separation step (S3) is a step of vaporizing and separating the
unreacted monomer from the obtained reaction mixture at an environmental temperature of at least 115°C and less than
140°C. If the environmental temperature is less than 115°C, the recovery of the monomer becomes insufficient, whereby
the monomer B recovered from the reaction device and resupplied decreases, and as a result, it is not possible to satisfy
a weight ratio D/A of the polyacetal copolymer D with respect to the monomer A newly supplied to the reaction device
of no less than 0.85, whereby the manufacturing process becomes inefficient and economically unfavorable. Further,
the remaining amount of monomer in the obtained polyacetal copolymer becomes excessive, which is disadvantageous
in economy and quality. If it exceeds 140°C, decomposition reactions will progress, whereby it becomes difficult to
efficiently obtain the polyacetal copolymer.
[0042] In the present specification, the environmental temperature is the temperature in the vicinity of the reaction
mixture. In the case that this step is carried out in the later portion of a reaction device having a barrel, the barrel
temperature is also the environmental temperature.
[0043] The technique of vaporizing and separating is not particularly limited, but the activity of the non-volatile protonic
acid which is the polymerization catalyst is extraordinarily high, and it is possible to obtain a high conversion ratio in a
short time, thus, from the viewpoint of further simplifying these steps, in the vaporization and separation portion 4, a
circulation mechanism of reduced pressure, aspiration, or gas flow of inert gas is provided, and vaporization and sepa-
ration of the monomer is carried out.
[0044] However, if necessary, any of a method of using a two or more stage polymerization apparatus where polym-
erization is carried out up to a prescribed polymerization rate in the first stage polymerization device, and after this,
moving to a later stage device, and vaporizing and separating the unreacted monomer while simultaneously continuing
the polymerization reaction, or a method of deactivating the catalyst under the presence of a catalyst deactivation agent
and concurrently vaporizing and removing unreacted monomers, or the like is possible, and the embodiments may be
applied in various other combinations.

Unreacted Monomer Re-Supply Step (S4)

[0045] The unreacted monomer re-supply step (S4) is a step of re-supplying the unreacted monomer obtained from
the unreacted monomer vaporization and separation step (S3) to the reaction device 1.
[0046] In the methods of the prior art, the monomer which was unreacted in the later stage of the polymerization
reaction was removed from the rough polymer in a later catalyst deactivation and washing step, and was separated and
collected as a low concentration solution, therefore, before it can be re-supplied to the reaction system, it must be
concentrated and purified, which requires a large amount of energy, and further, if the recovery of the monomer is
abandoned, it becomes a complete loss, and either way, it is not possible to avoid a loss in the polymerization reaction.
[0047] On the other hand, in the present invention, the unreacted monomer is removed without going through steps
such as catalyst deactivation or washing or the like. Therefore, because the unreacted solvent does not include a solvent
or the like, it can be re-supplied to the reaction device 1 while carrying out only an extremely simple purification process.
Therefore, there is no polymerization loss of the unreacted monomer. Namely, the total monomer C supplied to the
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polymerization device consists of, in addition to the newly supplied monomer A, the monomer B recovered from the
polymerization device and re-supplied (C = A + B). Therefore, this has the advantage that, with respect to the newly
supplied monomer, the proportion of the obtained rough polymer is extraordinarily high.

Polyacetal Copolymer Recovery Step (S5)

[0048] The polyacetal copolymer recovery step (S5) is a step of recovering the polyacetal copolymer from the reaction
mixture.
[0049] Further, with respect to the recovered polyacetal copolymer, by using the technique disclosed in Japanese
Unexamined Patent Application, First Publication No. 2003-26746, namely, a technique where a solid basic compound
is added to the polyacetal copolymer as-is without carrying out washing, and undergoing a melt kneading treatment, it
is possible to complete the deactivation of the polymerization catalyst (the non-volatile protonic acid) included in the
polyacetal copolymer.
[0050] By undergoing the above described steps (S1) to (S5), the weight ratio D/C of the polyacetal copolymer D with
respect to the total supplied monomer C (= A + B) stipulated by the sum of the monomer A newly supplied to the reaction
device 1 and the monomer B recovered from the reaction device 1 and re-supplied becomes no less than 0.7. Further,
the weight ratio D/A of the polyacetal copolymer D with respect to the monomer A newly supplied to the reaction device
1 become no less than 0.85.

EXAMPLES

[0051] Below, the present invention is specifically explained with reference to examples, but the present invention is
not limited thereto.
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[0052] The abbreviations in Table 1 are as follows.

(comonomer)

[0053]

DOXO: 1,3-dioxolane
DOXP: 1,3-dioxepane

(polymerization catalyst)

[0054]

HPA: phosphomolybdic acid (non-volatile protonic acid)
IPA: paratungstic acid (non-volatile protonic acid)
BF3: boron trifluoride (dibutyl ether complex) (well-known polymerization catalyst of the prior art)

Examples and Comparative Examples

[0055] Using the reaction device 1 shown in Fig. 1, the temperature in the jackets 31 to 33 is set as shown in Table
1, the two rotating shafts are made to rotate in the same direction at a fixed speed such that the rotational circumferential
speed of the ends of the paddles is 0.5 m/sec, and 3.0 wt% of the comonomer shown in Table 1, and trioxane comprising
700 ppm of methylal as a molecular weight adjusting agent are continuously supplied through the introduction opening
2, and at the same time, the polymerization catalyst shown in Table 1 is continuously added and adjusted with methyl
formate such that the polymerization catalyst amount with respect to the total supplied monomers is the amount shown
in Table 1, whereby copolymerization of the trioxane and the comonomer was carried out.
[0056] Then, the unreacted monomer was vaporized and separated and removed from the reaction system by the
vaporization and separation portion 4, led to the condensation container (not shown in the figure) and collected, and re-
supplied to the reaction device 1 by the introduction opening 2 along with the newly supplied monomer, and along with
this, the polyacetal copolymer was recovered from the polyacetal copolymer recovery portion 5.

Evaluation

[0057] In the Examples and Reference Examples, the polymer conversion ratio of the raw materials, and the remaining
amount of the monomer of the recovered polyacetal copolymer were measured.

[Polymer Conversion Ratio of the Raw Materials]

[0058] The evaluation of the polymer conversion ratio of the raw materials is carried out by the two types of measure-
ment, of the weight ratio (%) of the recovered polyacetal copolymer with respect to the total supplied monomer, and the
weight ratio (%) of the recovered polyacetal copolymer with respect to the monomer included in the raw materials. First,
the weight A of the monomer included in the raw material, and the weight C of the total supplied monomer are measured.
Next, the obtained product after the polymerization reaction, after washing with a deactivation agent solution (triethylamine
2 wt% aqueous solution), is dried and the weight D of the thereby obtained polymer is measured. Then, D/C x 100, and
D/A x 100 are calculated. The results are shown in Table 2.

[Remaining Monomer Amount]

[0059] The remaining amount of the monomer is determined by washing the recovered polyacetal copolymer with a
2 wt% aqueous solution of triethylamine, and using gas chromatography to determine the amount of the monomer in
the washing solution. The weight % of the content of the monomer with respect to the content of the recovered polyacetal
copolymer is shown in Fig. 2.
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Improvement of the Weight Ratio D/C of the Recovered Polyacetal Copolymer D With Respect to the Total Supplied 
Monomer C (= A + B)

[0060] Upon comparing Examples 1 to 7 with Comparative Example 1, it was confirmed that in the case that the
polymerization environmental temperature (jacket 1 and jacket 2) exceeds 100°C, the size of D/C worsens, and does
not reach 0.5. Upon comparing Example 1 and Comparative Example 4, it was confirmed that the weight ratio D/C can
be greatly improved by using a non-volatile protonic acid as a catalyst for the polymerization reaction.

Recovery of Unreacted Monomer from the Polyacetal Copolymer

[0061] In the case of using a non-volatile protonic acid as the catalyst for the polymerization reaction, it was possible
to recover unreacted monomer from the recovered polyacetal copolymer (Examples 1 to 7). On the other hand, in the
case of using boron trifluoride (dibutyl ether coordination compound) as the catalyst of the polymerization reaction, it
was not possible to recover unreacted monomer from the polyacetal copolymer (Comparative Example 4). This is
because the boron trifluoride type polymerization catalyst is volatile, and the polymerization catalyst which evaporates
along with the recovered monomers causes a polymerization reaction, a large amount of polymer is generated, and a
blockage of the recovery path for the monomer occurred.

Improvement of the Weight Ratio D/A of the Recovered Polyacetal Copolymer D With Respect to the Monomer A Newly 
Supplied to the Reaction Device 1

[0062] Upon comparing Examples 1 to 7 with Comparative Example 2 or 3, it can be understood that it is possible to
further improve the weight ratio D/A in the case of having carried out monomer recovery when the jacket 3 is set to at
least 115°C and no more than 140°C, and in addition, the amount of remaining monomer was reduced. This is thought
to be because the recovery efficiency is increased by carrying out the monomer recovery at a temperature no less than
the boiling point of trioxane, which is the main monomer. Further, in the case of using boron trifluoride (dibutyl ether
coordination compound) as the catalyst of the polymerization reaction, as described above, it was not possible to recover
the unreacted monomer (Comparative Example 4).
[0063] According to the production method of the present application, compared to the method of the prior art, using
simple and energetically favorable steps, it is possible to obtain a suitable polyacetal copolymer in a later step.

[Table 2]

Example Comparative Example

1 2 3 4 5 6 7 1 2 3 4

weight ratio D/C 
with respect to the 
total supplied 
monomer C of the 
recovered 
polymer

0.72 0.72 0.72 0.70 0.71 0.71 0.71 0.42 0.72 0.59 0.63

weight ratio D/A 
with respect to the 
newly supplied 
monomer A of the 
recovered 
polymer D

0.85 0.86 0.87 0.85 0.86 0.86 0.86 0.48 0.75 0.7

not 
possible to 

recover 
unreacted 
monomer 

0.632

remaining 
monomer content 
(wt%)

0.5 0.4 0.3 0.5 0.4 0.3 0.3 0.7 1.4 2.1

not 
possible to 

recover 
unreacted 
monomer 

(>10)



EP 2 990 427 B1

12

5

10

15

20

25

30

35

40

45

50

55

EXPLANATION OF REFERENCE NUMERALS

[0064]

1 reaction device
2 introduction opening
3 mixing portion
4 vaporization and separation portion
5 polyacetal copolymer recovery portion

Claims

1. A method for producing a polyacetal copolymer comprising a raw material supply step of supplying a raw material
comprising trioxane, a comonomer which copolymerizes with this trioxane, and a non-volatile protonic acid, to a
continuous stirring mixer type reaction device having two parallel shafts which rotate in the same direction as each
other or in opposite directions, a multitude of paddles mounted on each shaft, and a barrel which comes close to
an outer circumference of the paddles, and constituted such that a long axis end of a paddle periodically comes
close to a short axis end of a companion side, wherein the raw material is charged from an introduction opening
provided at one end in an axial direction, and a reaction mixture and an unreacted monomer are obtained from a
plurality of removal openings provided at the other end;
a polymerization reaction step of carrying out a polymerization reaction of the raw material, and obtaining a reaction
mixture;
a vaporization and separation step of vaporizing and separating an unreacted monomer from the reaction mixture
at an environmental temperature of at least 115°C and less than 140°C;
an unreacted monomer re-supply step of supplying the monomer separated in the vaporization and separation step
to the raw material supply step;
and a polyacetal copolymer recovery step of recovering the polyacetal copolymer from the reaction mixture;
wherein the polymerization reaction step is a step of carrying out polymerization with a polymerization environmental
temperature set to no more than 100°C until a weight ratio D/C of the polyacetal copolymer D with respect to a total
supplied monomer C which is stipulated as a sum of a monomer A which is newly supplied to the reaction device
and a monomer B which is recovered from the reaction device and re-supplied, becomes 0.5, and after this carrying
out further polymerization;
and wherein the D/C is no less than 0.7;
and a weight ratio D/A of the polyacetal copolymer D with respect to the monomer A which is newly supplied to the
reaction device is no less than 0.85.

2. A method for producing a polyacetal copolymer according to claim 1, wherein the non-volatile protonic acid comprises
at least one selected from a heteropoly acid, an isopoly acid, or an acid salt thereof.

3. A method for producing a polyacetal copolymer according to claim 1, wherein the non-volatile protonic acid is a
heteropoly acid shown by formula (1) below or an acid salt thereof

Hx[Mm•M’nOl]•yH2O Formula (1)

wherein, in the formula (1), M is a central element selected from P and/or Si, M’ is one or more coordination element
selected W, Mo, and V, and
1 is 10 to 100, m is 1 to 10, n is 6 to 40, x is 1 or more, and y is 0 to 50.

4. A method for producing a polyacetal copolymer according to claim 3, wherein the heteropoly acid or acid salt thereof
comprises at least one compound selected from phosphomolybdic acid, phosphotungstic acid, phosphomolyb-
dotungstic acid, phosphomolybdovanadic acid, phosphomolybdotungstovanadic acid, phosphotungstovanadic acid,
silicotungstic acid, silicomolibdic acid, silicomolybdotungstic acid, silicomolybdotungstovanadic acid, or acid salts
thereof.

5. A method for producing a polyacetal copolymer according to claim 1, wherein the non-volatile protonic acid comprises
an isopoly acid shown by formula (2) or (3) below or an acid salt thereof
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xMI
2O•pMV

2O6•yH2O Formula (2)

xMI
2O•pMVI

2O6•yH2O Formula (3)

wherein, in the formulas (2) and (3), MI is hydrogen, but which may be partially substituted with a metal,
MV is at least one selected from V, Nb, and Ta of the V group of the periodic table,
MVI is at least one selected from Cr, Mo, W, and U of the VI group of the periodic table,
p and x are 1 or more, and y is 0 to 50.

6. A method for producing a polyacetal copolymer according to claim 5, wherein the isopoly acid or acid salt thereof
comprises at least one compound selected from paratungstic acid, metatungstic acid, paramolybdic acid, metamo-
lybdic acid, paravanadic acid, metavanadic acid, and acid salts thereof.

7. A method for producing a polyacetal copolymer according to any one of claims 1 to 6, wherein the comonomer
comprises at least one selected from 1,3-dioxolane, diethylene glycol formal, 1,4-butanediol formal, and ethylene
oxide.

Patentansprüche

1. Verfahren zur Herstellung eines Polyacetal-Copolymers, umfassend einen Rohmaterial-Zuführungs-Schritt zum
Zuführen eines Rohmaterials, umfassend Trioxan, ein Comonomer, welches mit diesem Trioxan copolymerisiert,
und eine nicht-flüchtige Protonensäure, zu einer kontinuierlichen Reaktions-Vorrichtung vom Rührer-Mischer-Typ
mit zwei parallelen Wellen, welche in die gleiche Richtung wie jede andere oder in entgegengesetzte Richtungen
rotieren, einer Mehrzahl von an jeder Welle befestigten Blättern, und einem Zylinder, welcher nahe zu einem äußeren
Umfang der Blätter kommt, und so aufgebaut, dass ein langes Achsenende von einem Blatt periodisch zu einem
kurzen Achsenende von einer Begleitseite nahe kommt, wobei das Rohmaterial von einer Einführungs-Öffnung,
bereitgestellt an einem Ende in einer axialen Richtung, beschickt wird und ein Reaktionsgemisch und ein nicht
umgesetztes Monomer aus einer Vielzahl von Entfernungs-Öffnungen, bereitgestellt an dem anderen Ende, erhalten
werden;
einen Polymerisations-Reaktions-Schritt zum Ausführen einer Polymerisations-Reaktion des Rohmaterials und Ge-
winnen eines Reaktionsgemisches;
einen Verdampfungs- und Trenn-Schritt zum Verdampfen und Abtrennen eines nicht umgesetzten Monomers von
dem Reaktionsgemisch bei einer Umgebungs-Temperatur von mindestens 115°C und weniger als 140°C;
einen nicht umgesetzten Monomer-Wieder-Zuführungs-Schritt zum Zuführen des in dem Verdampfungs- und Trenn-
Schritt abgetrennten Monomers zu dem Rohmaterial-Zuführungs-Schritt;
und einen Polyacetal-Copolymer-Wiedergewinnungs-Schritt zum Wiedergewinnen des Polyacetal-Copolymers von
dem Reaktionsgemisch;
wobei der Polymerisations-Reaktions-Schritt ein Schritt zum Ausführen der Polymerisation bei einer Polymerisati-
ons-Umgebungs-Temperatur ist, eingestellt auf nicht mehr als 100°C, bis ein Gewichts-Verhältnis D/C von dem
Polyacetal-Copolymer D hinsichtlich eines gesamten zugeführten Monomers C, welches als eine Summe von einem
Monomer A festgesetzt wird, welches zu der Reaktions-Vorrichtung erneut zugeführt wird, und einem Monomer B,
welches aus der Reaktions-Vorrichtung gewonnen und wieder-zugeführt wird, 0,5 wird, und nach diesem Ausführen
weiterer Polymerisation;
und wobei das D/C nicht weniger als 0,7 ist;
und ein Gewichts-Verhältnis D/A von dem Polyacetal-Copolymer D hinsichtlich des Monomers A, welches zu der
Reaktions-Vorrichtung erneut zugeführt wird, nicht weniger als 0,85 ist.

2. Verfahren zur Herstellung eines Polyacetal-Copolymers nach Anspruch 1, wobei die nicht-flüchtige Protonensäure
mindestens eine, ausgewählt aus einer Heteropolysäure, einer Isopolysäure oder einem Säuresalz davon, umfasst.

3. Verfahren zur Herstellung eines Polyacetal-Copolymers nach Anspruch 1, wobei die nicht-flüchtige Protonensäure
eine durch nachstehende Formel (1) gezeigte Heteropolysäure oder ein Säuresalz davon ist

Hx[Mm • M’ nOl ] • yH2O Formel (1)

wobei in der Formel (1) M ein Zentral-Element, ausgewählt aus P und/oder Si, ist, M’ ein oder mehrere Koordinations-
Element(e), ausgewählt aus W, Mo und V, ist und
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1 10 bis 100 ist, m 1 bis 10 ist, n 6 bis 40 ist, x 1 oder mehr ist und y 0 bis 50 ist.

4. Verfahren zur Herstellung eines Polyacetal-Copolymers nach Anspruch 3, wobei die Heteropolysäure oder das
Säuresalz davon mindestens eine Verbindung, ausgewählt aus Phosphomolybdänsäure, Phosphowolframsäure,
Phosphomolybdowolframsäure, Phosphomolybdovanadiumsäure, Phosphomolybdowolframvanadiumsäure,
Phosphowolframvanadiumsäure, Silicowolframsäure, Silicomolybdänsäure, Silicomolybdowolframsäure, Silicomo-
lybdowolframvanadiumsäure oder Säurealzen davon, umfasst.

5. Verfahren zur Herstellung eines Polyacetal-Copolymers nach Anspruch 1, wobei die nicht-flüchtige Protonensäure
eine durch nachstehende Formel (2) oder (3) gezeigte Isopolysäure oder ein Säuresalz davon umfasst

xMI
2O • pMV

2O6 • yH2O Formel (2)

xMI
2O • pMVI

2O6 • yH2O Formel (3)

wobei in den Formeln (2) und (3) MI Wasserstoff ist, welcher aber teilweise gegen ein Metall substituiert sein kann,
MV mindestens eines ist, ausgewählt aus V, Nb und Ta von der Gruppe V des Periodensystems,
MVI mindestens eines ist, ausgewählt aus Cr, Mo, W und U von der Gruppe VI des Periodensystems,
p und x 1 oder mehr sind, und y 0 bis 50 ist.

6. Verfahren zur Herstellung eines Polyacetal-Copolymers nach Anspruch 5, wobei die Isopolysäure oder Säuresalz
davon mindestens eine Verbindung, ausgewählt aus Parawolframsäure, Metawolframsäure, Paramolybdänsäure,
Metamolybdänsäure, Paravanadiumsäure, Metavanadiumsäure und Säuresalzen davon, umfasst.

7. Verfahren zur Herstellung eines Polyacetal-Copolymers nach einem der Ansprüche 1 bis 6, wobei das Comonomer
mindestens eines, ausgewählt aus 1,3-Dioxolan, Diethylenglycolformal, 1,4-Butandiolformal und Ethylenoxid, um-
fasst.

Revendications

1. Procédé de production d’un copolymère de polyacétal comprenant une étape de fourniture de matière première
consistant à fournir une matière première comprenant du trioxane, un comonomère qui copolymérise avec ce
trioxane, et un acide protonique non volatil, à un dispositif de réaction de type mélangeur à agitation continue
comportant deux arbres parallèles qui tournent dans le même sens ou dans des sens opposés, une multitude de
palettes montées sur chaque arbre, et une cuve qui se trouve près d’une circonférence externe des palettes, et
constituées pour qu’une extrémité de grand axe d’une palette se trouve périodiquement près d’une extrémité de
petit axe d’un côté accouplé, dans lequel la matière première est chargée depuis une ouverture d’introduction
ménagée au niveau d’une extrémité dans une direction axiale, et un mélange de réaction et un monomère n’ayant
pas réagi sont obtenus à partir d’une pluralité d’ouvertures d’élimination ménagées au niveau de l’autre extrémité ;
une étape de réaction de polymérisation consistant à réaliser une réaction de polymérisation de la matière première,
et à obtenir un mélange de réaction ;
une étape de vaporisation et de séparation consistant à vaporiser et séparer un monomère n’ayant pas réagi du
mélange de réaction à une température environnementale d’au moins 115 °C et de moins de 140 °C ;
une étape de refourniture de monomère n’ayant pas réagi consistant à fournir le monomère séparé dans l’étape de
vaporisation et de séparation à l’étape de fourniture de matière première ;
et une étape de récupération de copolymère de polyacétal consistant à récupérer le copolymère de polyacétal
depuis le mélange de réaction ;
dans lequel l’étape de réaction de polymérisation est une étape consistant à réaliser une polymérisation avec une
température environnementale fixée à pas plus de 100 °C jusqu’à ce qu’un rapport en poids D/C du copolymère de
polyacétal D par rapport à un monomère C fourni total qui est stipulé comme une somme d’un monomère A qui est
nouvellement fourni au dispositif de réaction et d’un monomère B qui est récupéré depuis le dispositif de réaction
et refourni, devienne de 0,5, et ensuite à réaliser une polymérisation supplémentaire ;
et dans lequel le D/C est non inférieur 0,7 ;
et un rapport en poids D/A du copolymère de polyacétal D par rapport au monomère A qui est nouvellement fourni
au dispositif de réaction est non inférieur à 0,85.

2. Procédé de production d’un copolymère de polyacétal selon la revendication 1, dans lequel l’acide protonique non
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volatil comprend au moins l’un choisi parmi un hétéropolyacide, un isopolyacide, ou un sel acide de ceux-ci.

3. Procédé de production d’un copolymère de polyacétal selon la revendication 1, dans lequel l’acide protonique non
volatil est un hétéropolyacide représenté par la formule (1) ci-dessous ou un sel acide de celui-ci

Hx[Mm · M’ nO1] · yH2O Formule (1)

dans lequel, dans la formule (1), M est un élément central choisi parmi P et/ou Si, M’ est un ou plusieurs éléments
de coordination choisis parmi W, Mo, et V, et
l vaut 10 à 100, m vaut 1 à 10, n vaut 6 à 40, x vaut 1 ou plus, et y vaut 0 à 50.

4. Procédé de production d’un copolymère de polyacétal selon la revendication 3, dans lequel l’hétéropolyacide ou
sel acide de celui-ci comprend au moins un composé choisi parmi l’acide phosphomolybdique, l’acide phospho-
tungstique, l’acide phosphomolybdotungstique, l’acide phosphomolybdovanadique, l’acide phosphomolybdotungs-
tovanadique, l’acide phosphotungstovanadique, l’acide silicotungstique, l’acide silicomolybdique, l’acide silicomo-
lybdotungstique, l’acide silicomolybdotungstovanadique, ou des sels acides de ceux-ci.

5. Procédé de production d’un copolymère de polyacétal selon la revendication 1, dans lequel l’acide protonique non
volatil comprend un isopolyacide représenté par la formule (2) ou (3) ci-dessous ou un sel acide de celui-ci

xMI
2O · pMV

2O6 · yH2O Formule (2)

xMI
2O · pMVI

2O6 · yH2O Formule (3)

dans lequel, dans les formules (2) et (3), MI est hydrogène, mais qui peut être partiellement substitué par un métal,
Mv est un ou plusieurs choisis parmi V, Nb, et Ta du groupe V du tableau périodique,
MVI est au moins l’un choisi parmi Cr, Mo, W, et U du groupe VI du tableau périodique,
p et x valent 1 ou plus, et y vaut 0 à 50.

6. Procédé de production d’un copolymère de polyacétal selon la revendication 5, dans lequel l’isopolyacide ou sel
acide de celui-ci comprend au moins un composé choisi parmi l’acide paratungstique, l’acide métatungstique, l’acide
paramolybdique, l’acide métamolybdique, l’acide paravanadique, l’acide métavanadique, et les sels acides de ceux-
ci.

7. Procédé de production d’un copolymère de polyacétal selon l’une quelconque des revendications 1 à 6, dans lequel
le comonomère comprend au moins l’un choisi parmi le 1,3-dioxolane, le diéthylène glycol formal, le 1,4-butanediol
formal, et l’oxyde d’éthylène.
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