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DESCRIFTION

METHOD FOR PRODUCING METHACRYLIC ACID ESTER

Technical Field
[0001]
The present invention relates to a method for producing

a methacrylic acid ester.

Backgreound Art
[cooz2]

JP 2007-269707 A, for example, describes, as a method for
producing a methacrylic acid ester, a method comprising thermally
decomposing a hydrocarbon selected from propane, propylene,
butane, l-butene, Z-butene, iscbutane, iszcbutene, and butadiens
to obtain a decomposed gas in which the total content of propyne
and propadiene is 2% by welght or more; subjecting a mixed gas
of the decomposed gas thus obtained and a decomposed gas evolving
from a plant for thermally decompesing a hydrocarbon having 2 to
10 carbon atoms {common name: ethylene plant) to a separation step
shared with the ethylene plant to thereby separate inté a mixed
solution rich in propyne and propadiene; subjecting the separated
mixed solution to extractive distillation to thereby separats
into purified propyne and crude propadiene containing propadiene
as a main component; and then reacting the thus cbtained purified

propyne with carbon moncxide and methancol in the presence of a
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palladium catalyst to thereby produce methyl methacrylate.

Problems to be Sclved by the Invention
[0003]

However, the above-mentioned conventional method had a
problem that the resulting methacrylic acld ester is not
necessarily satisfactory in view of productivity because of low
selectivity to propyne and propadiene obtained by thermal
decomposition of a hydrocarbon, and that there is a need to
adjacent to an ethylene plant since themethodis likely Lo receive
location restrictions, so that there has been required to develop
a novel method for producing a methacrylic acid ester, which is
less likely to receive location restrictiens, and is also
economically and industrially advantageous.
roco4)

Thus, an object of the present invention i1s to provide
a method for producing a methacrylic acid ester, which is less
likely to receive location restrictions and is also economically

and industrially advantageous.

Means for Solving the Problems
[CO05]

In light of these circumstances, the present inventors
have intensively studied, and thus the present invention has beeﬁ

completed. That is, the present invention includes the following
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configurations.
[0006]

(1) Amethod for producing amethacrylic acid ester, which
comprises the following steps:

a dehydration reaction step: a step of having acetone
undergo a dehydraticn reaction in the presence of a dehydration
reactlion catalyst to obtain a reactionmixture containing propyne,
propadiene, and water;

a propyne/propadiene separation step: a step of
geparating a mixture containing propyne and propadiene as main
components from the reaction mixture obtained in the dehydration
reaction step:;

a preopyne purification step: a step of separating the
mixture containing propyne and propadiene as main components
separated in the propyne/propadiene separation step into a liguid,
gas, or gas-liquidmixture containing propyne as a main component,
and a liguid, gas, or gas-liguid mixture containing propadiene
as a main component: and

a carbonylation reaction step: & step of bringing the
liquid, gas, or gas—-liquid mixture containing propyne as a main
component obtained in the propyne purification step into contact
with carbon monoxide and an alcchol having 1 to 3 carbon atoms
in the presence of a catalyst containing at least one selected
from the group consisting of Group 8 metal elements, Croup 9 meta

elements, and Group 10 metal elements to obtain a methacrylic acid
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ester.

(2) The method according to the above (1), wherein the
dehydration reacticn catalyst is a catalyst containing silicon
and at least one selected from the group consisting of Group 1
matal elements and Group 2 metal =lements.

(3) The method according to the above (1) or (2), wherein
the reaction mixture in the dehydration reaction step further
contains unreacted acetone, and in the propyne/propadiene
separation step, a mixture containing the unreacted acetone 1is
obtained by separating the mixture containing propyne and
prdpadiene as main components.

{4) The method according to the above (3}, further
comprising the following step:

an acetone circulation step: a step of supplying at least
a part of acetone contained in the mixture containing the
unreacted acetone obtained in the propyne/propadiene separation
step to the dehydration reaction step.

(5} The method according to any one of the above (1) to
{4), further comprising the fcllowing step:

an isomerization reaction step: a step of isomerizing the
liguid, gas, or gas-liguidmixture containing propadiene as amain
component obtalined in the propyne purification step in the
presence of an isomerization catalyst to obtain a mixture
containing propyne and propadiene as main components.

(6) The method according to any one of the above (1) tc
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(5), further comprising the follcowing step:

a methacrylic acid ester purification step: a step of
recoverying propyne and an alcohel having 1 to 3 carbon atoms from
the reaction mixture containing the methacrylic acid ester
obtained in the carbonylation reaction step, The unreacted
propyne, and the unreacted alcohol having 1 to 3 carbon atoms,
and also purifying the methacrylic acid ester.

(7) The method according to the above (6}, further
cemprising the following step:

an alcohol circulation step: a step of supplying at least
a part of the alcohol having 1 to 3 carbon atoms obtained in the
methacrylic acid ester purification step tc the carbonylation

reaction step.

Effects of the Invention
[0007]

According to the present inventionr it is possible to
provide a method for prcducing a methacrylic acid ester, which
is less likely to receive location restrictions and is also

economically and industrially advantageous.

Brief Description ¢f the Drawings
[0008]
Fig. 1 is an example of a flow of a case where the present

invention is carried out.
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Fig. 2 is a schematic view showing an example of a case
where a dehydration reaction step is carried out by a fixed bed
system using a heat insulation-type fixed bed reactor in the
present invention.

Fig. 3 is a schematic view showing an example of a case
Qhere a dehydration reaction step is carried cut by a fixed bed
system using a multi-tubular fixed bed reactor in the present
invention.

Fig. 4 is a schematic view showing an example of & case
where a dehvydration reaction step is carried out by a simulated
moving bed system in the present invention.

Fig. 5 is a schematic view showing an example of a case
where a dehydraticn reaction step 1s carried out by a moving bed
system in the present invention.

Fig. 6 is a schematic view showing an example of a case
where a dehydration reaction step is carried out by a fluidized

bed system in the present invention.

Mode for Carrying Out the Invention
[CO09]

The present invention includes the below-mentioned
dehydration reaction step, propyne/propadiene separation step,
propyne purification step, and carbonylation reaction step.
[C010]

The dehydration reaction step of the present invention
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presence of a dehydration reaction catalyst to cbtain a reaction
mixture containing propyne, propadiene, and water. When using
acetone, which is a general purpose sclvent, as a starting
material, it is possible to efficiently obtain propyne, which is
a startingmaterial for the production of a methacrylic acid ester,
without easily receiving lccation restrictions.
(00117

The dehydration reaction catalyst is preferably a
catalyst containing silicon and at least cne selected from the
group consisting of Group 1 metal elements and Group 2 metal
elements. Examples of the catalyst include silicates of Group
1 metal elements; silicates of Group 2 metal elements; and a
catalyst in which at least one selected from the group consisting
of compounds containing Group 1 metal elements, compounds
containing Group 2 metal elements, Group 1 metal elements, and
Group 2 metal elements [hereinafter sometimes referred to as the
metal component] is supported on a carrier containing silica
[hereinafter sometimes referred to as the metal
component-supported catalyst]; and a catalyst in which at least
one selected from the group consisting of silicates of Group 1
metal elements and silicates of Group 2 metal elements is
supported on a carrier containing no silica [hereinafter
gometimes referred to as the silicate-supported catalyst]. Of

these catalysts, the metal component-supported catalyst and the
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propadiene are cobtained with high selectivity. In the metal
cemponent-supported catalyst, of at least one selected from the
group consisting of compounds containing Group 1 metal elements,
compounds containing Group 2 metal elements, Group 1 metal
elements, and Group 2 metal elements, at least one selected from
the group consisting of compounds containing Group 1 metal
elements and Group 1 metal elements is preferable, and compounds
containing Group 1 metal slsesments is more preferable in that
propyne and propadiene are cobtained with high selectivity. In
the silicate-supported catalyst, of the at least one selected from
the group consisting cf silicates of Greoup 1 metal elements and
silicates of Group 2 metal elements, silicates of Group 1 metal
elements are preferable in that propyne and propadiene are
obtained with high selectivity.

roclz]

Examples of the silicates cf Group 1 metal elements
include lithium silicate (Li,C'nSiC,, n =1 to 4 [molar ratiocl),
sodium silicate {Na,0+nSiC;, n=1to 4 [molar ratiol}, potassium
silicate (K;:0'n8i0.,, n=1to 4 imoclar ratiol), rubidium silicate
(Rbz0*n8i02, n = 1 to 4 [meolar ratiol]), and cesium silicate
{Cg;0'n810;, n = 1 to 4 [molar ratiol). Examples of silicates
of Group 2 metal elements include magnesium silicate (MgO-nSi0;,
n=1te 4 imolar ratic]), calcium silicate {(Cal-'n3iC;, n = 1 to

4 Imolar ratio]), strontium silicate (Sr0-nSiC:, n=1 to 4 [molar
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ratio}),andbariumsilicate(Bab-nsiog,n==lt0f4[molarratio]).
[0013]

In the metal component-supported catalyst, examples of
compounds containing Group 1 metal elements include lithium
compounds, sodium compouﬂdé, potassium compounds, rubldium
compounds, and cesium compounds. Of these compounds, sodium
compounds, potassium compounds, rubidium compounds, and cesium
compounds are preferable in that compounds having an acetylene
bond and/or diene are obtained with high selectivity. Of these
compounds containing Group 1 metal elements, halides of Greoup 1
metal elements, carbonates of Group 1 metal elements, oxides of
Group 1 metal elements, hydroxides of Group 1 metal elements, and
gilicates of Group 1 metal elements are preferable, and halides
of Group 1 metal elements, oxides of Group 1 metal elements,
hydrcxides of Group 1 metal elements, and silicates of Group 1
metal elements are more preferabie. Of these halides of Group
1 metal elements, chlorides of Group 1 metal elements are
preferable.

[0014]

Examples of the lithium compounds include lithiumhalides
such as lithium fluoride (Li¥F), lithium chloride (LiCl), lLithium
bromide (LiBr), and lithium iodide (LilI); oxo acid salts such as
lithium carbonate {(Li,C0s3 ), lithium hydrogen carbonate (L1EHCOs),
lithium sulfate {Li, 804}, lithium hydrogen sulfate {(LiHSQ,},

lithium gulfite {(Li1,303), lithium hydrogen sulfite (LiHS3C;),
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lithium nitrate (LiNO3), lithium nitrite (LiNOz), lithium
thiosulfate (Li;5:C3), iithium silicate (Li,0'n8i0;, n =1 to 4
[molar ratiol]), trilithium phosphate (Lis POy ), trilithium borate
(Li3;BO3), lithium hypochlorite (LiCl0), lithium chlorite
(LLiC10z ), lithium chlorate (LiClO3)}, and lithium perchlorate
(LiCl0s ) ; coxides and hydroxides, such as lithium oxide (Li;O),
lithium peroxide {Li, 0z}, and lithium hydroxide (LiCH); organic
acidsalts suchas lithiumacetate (CHyCOO0OL1) and lithiumcitrate;
lithium hydride (LiH), lithium sulfide (Li:3}, hydrogen suliide
lithium {(lithium hydrosulfide; {(LiHS), and lithium borohydride
{LiBH, ). If hydrates thereof exist, hydrates can also be used.
If necessary, two or more hydrates thereof may also be used.
[0015]

Examples of the sodium compeunds include sodium halides
such as sodium fluoride (NaF), sodium chloride (NaCl), sodium
bromide (NaBr), and sodium iodide (Nal); cxc acld salts such as
sodium carbonate (Nap,C03), sodium hydrogen carbonate (NaHCOs3),
sodium sulfate (Na; S0, ), sodium hydrogen sulfate {NaH30,), sodium
sulfite (Na;SC3), sodium hydrogen sulfite (NaHSO0;), sodium
nitrate (NaNOz), sodium nitrite (NaNO:;), sodium thiocsulfate
(Na; $:05), sodiumsilicate (Na,0-n8i0;, n=1to 4 [molar ratiol),
trisodium phosphate (Naz;P0O;), trisodium borate (Na3;BO;), sodium
hypochlorite {NaCl0), scodium chlorite (NaClO;), sodium chlorate
(NaClCsz), and sodiumperchlorate (NaClO,); oxides and hydroxides,

such as sodium oxide {Na;Q), scdium peroxide (Na:02), and sodium

_10_
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hydroxide (NaOH); organic acid galts such as sodium acetate
{CH3COONa)} and sedium citrate; scdium hydride (NaH), sodium
sulfide (Na;8), sodium hydrogen sulfide (sodium hydrosulfide}
(NaHS), and sodium borohydride (NaBH;). If hydrates thereof
exist, hydrates can also be used. If necessary, TLwo Or more
hydrates thereof may also be used.

[0016]

Examples of the potassium compounds include potassium
halides such as potassium fluoride (KF), potassiumchloride (KC1l),
potassiumbromide (KBr), and potassium iodide (KI); oxo acid salts
such as potassium carbonate (K, CO3 ), potassium hydrogen carbonate
{(KHCO; ), potassium sulfate (K;30,), potassium hydrogen sulfate
(KHSQ,), potassium sulfite (K; 305}, potassium hydrogen sulfite
{(KHS0O3 ), potassium nitrate (KNC3), potassium nitrite (KNO;},
potassium thicosuliazte (K:S:05), potassium silicate (Kpy 0 nSil;,
n =1 to 4 [molar ratio]), tripotassium phosophate {K;P04),
potassium borate (K3BO0;}, potassium hypcechlerite (KC10),
potassium chlorite (KCLl0;), potassium chlorate {KCl0;), and
potassium perchlorate (KCl0;); oxides and hvydroxides, such as
potassium oxide (K;0), potassium peroxide (K;02), and potassium
hydrexide {(KCH); organic acid salts such as potassium acetate
(CH3; COOK) and potassium citrate; potassium hydride (KH),
potassium sulfide (K;3), potassium hydrogen sulfide (potassium
hydrosulfide) (KHS), and potassium borohydride (KBHs). If

hydrates thereof exist, hydrates can also be used. If necessary,

m‘ilm
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two or more hydrates thereof may also be used.
[0017]

Examples of the rubidium compounds include rubidium
halides such as rubidium fluoride (RbF), rubidium chloride {(RkC1),
rubidiumbromide (RbBr), and rubidiumiocdide (RbI); oxoacid salts
such as rubidium carbonate (Rby;CC3), rublidium hydrcgen carbonate
(RDHCO5 ), rubidium sulfate (Rbh;S804), rubidium hydrogen sulfate
(RbHSC, ), rubidium sulfite (RbyS3053}), rubidium hydrogen sulfite
(RbHSC3 ), rubidium nitrate (RbNO;}, rubidium nitrite (RbNC:),
rubidium thiosulfate (Rb:S5:0s5 ), rubidium silicate (Rb20-n3i0:,
n =1 to 4 [molar ratiocl), trirubidium phosphate (Rb3POs),
rubidium borate (Rb3BO3}, rubidium hypochlorite (RbC1lO),
rubidium chlorite (RbC10;), rubidium chlorate (RbClCs), and
rubidium perchlorate (RbClQ,); oxides and hydroxides, such as
rubidium oxide (Rb;0), rublidium peroxide {Rb;0C:;), and rubidium
hydroxide (RbOH); corganic acid salts such as rubidium acetate
(CH; COORD) and rubidiumcitrate; rubidiumhydride (RbH), rubidium
sulfide (Rbz;8), rubidium hydrogen sulfide (hydrosulfide
rubidium} (RbHS), and rubidium borchydride (RbBH,). If hydrates
thereof exist, hydrates can also be used. If necessary, two or
more hydrates therecf may alsc be used.

[coleg]

Examples of the cesium compounds include cesium halides

such ag cesium flucride {CsF), cesium chloride {(CsCl), cesium

bromide {(CsBr), and cesium iodide {(CsI); oxo acid salts such as

W12W
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cesium carbonate (Cs,;C0;), cesium hydrogen carbonate (CsHCO;),
cesiumsulfate (Cs;804), cesiumhydrogen sulfate (CsHSOs), cesium
sulfite (Cs;803), cesium hydrogen sulfite (CsHSO3;), cesium
nitrate (CsNOz;), cesium nitrite (CsNO:), cesium thiosulfate
(Cs,;8:;03), cegsiumsilicate (Cézo-nSiOZ, n=1%to 4 [molar ratic]l},
tricesium phosphate (Cs3P0,), cesium borate (Csz;BO3), cesium
hypochlorite (CsCl0), cesium chlorite (CsCl0;}, cesium chlorate
{CsCl0s), and.cesiuﬂlperchlo§ate {CsCl0Oy ) oxlde and hydroxides,
such as cesium oxide {(Cs,0), cesium peroxide (Cs:0;), and cesium
hydroxide (CsCH}; organic aclid salts such as cesium acetate
(CH3;COOCs) and cesilum citrate; cesium hydride {(CsH), cesium
sulfide (Cs23), cesium hydrogen sulfide {(cesium hydrosulfide)
(CsHS), and cesium borohydride {(CsBH;). If hydrates thereof
exlst, hydrates can also be used. If necessary, two or more
hydrates therecf may also be used.

[0019]

Examples of the compounds containing Group 2 metal
elements include magnesium compounds, calcium compeounds,
strontium compounds, and barium compounds. Of these compounds,
barium compounds are preferable.

[0020]

Examples cof the magnesium compounds include magnesium
halides such as magnesium fluoride (MgF,), magnesium chloride
(MgCl, ), magnesium bromide (MgBry; ), and magnesium iodide (MgI;):;

oxo acid salts such as magnesium carbonate (MgCOs;), magnesium

mlg._.



PCT/JP2014/058707

10

15

20

s

sulfate (MgS80;}, magnesiumsulfite (MgS0s ), magnesiumnitrate (Mg
(NO3}2), magnesium nitrite {(Mg(NO;)z), magnesium thiosulfate
(MgS$,03), magnesium silicate (Mg0'n3Si0;, n=1to 4 [molar ratio]l),
magnesium phosphate (MgHPO,), and magnesium borate (MgR;04);
oxldes and hydroxides, such as magnesium oxide (MgQ), magnesium
percxide (MgQ;), and magnesium hydroxide (Mg (CH);); organic acid
salts such as magnesium acetate {Mg{CH;COC):;)} and magnesium
cltrate; magnesium hydride (MgH;), and magnesium sulfide (MgS).
If hydrates therecof exist, hydrates can alsc be used. If
necessary, two or more hydrates thereof may also be used.
0021}

Examples of the caiciun@compounds inciude caiciumhalides
such as calcium fluoride (CaF,}, calcium chloride {CaCl;),
calcliumbromide (CaBrs ), andcalcium iodide (Cal;); oxoacidsalts
such as calcium carbonate (CaC0s), calcium sulfate (CasS0;),
calcium sulfite (CasCsy), calcium nitrate (Ca(NOz)z), calcium
nitrite (Ca(N0O2)s;), calcium tiosulfate (CaS:0:), calcium
silicate {Ca0'n5%i0:, n=1to 4 [molar ratic]l), calcium phosphate
(CaHPOs}, and calcium borate (CaBp,0s)}; oxides and hydroxides,
such as calcium oxide (Can, calcium peroxide (CaQyp), and calcium
hydroxide {(Ca{OH);); organic acid salts, such as calcium acetate
(Ca{CH3CCO},) and calcium citrate; calecium hydride (CaHz;), and
calcium sulfide (CaS). 1If hydrates thereof exist, hydrates can
also be used. If necessary, two or mere hydrates thereof may also

be used.

_14_
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[0022]

Examples of the strontium compounds include strontium
halides such as strontium fluoride (SrF2), strontium chloride
(SrCly), strontium bromide (SrBrz), and strontium iodide (SrIyz);
oxo acid salts such as strontium carbonate (SrCOs), strontium
sulfate (SrS0Os4), strontium sulfite (SrS0O3), strontium nitrate
(Sr(NO3)2), strontium nitrite (Sr(NO2)2), strontium thiosulfate
(SrS203), strontiumsilicate (SrO-nSi02, n=1to 4 [molar ratio]),
strontium phosphate (SrHPOs), and strontium borate (SrB20:);
oxides and hydroxides, such as strontium oxide (SrO), strontium
peroxide (Sr0z), and strontium hydroxide (Sr (OH)2); organic acid
salts such as strontium acetate (Sr(CH3CO0):2) and strontium
citrate; strontium hydride (SrHz), and strontium sulfide (SrS).
If hydrates thereof exist, hydrates can also be used. If
necessary, two or more hydrates thereof may also be used.
[0023]

Examples of the barium compounds include barium halides
such as barium fluoride (BaF:), barium chloride (BaClz), barium
bromide (BaBr:), and barium iodide (Balz); oxo acid salts such
as barium carbonate (BaCOsz), barium sulfate (BaSOs1), barium
sulfite (BaS0O3), barium nitrate (Ba(NO3)2), barium nitrite
(Ba(NO2)2), barium thiosulfate (BaS;03), barium silicate
(Ba0-nSi02, n=1 to 4 [molar ratio]), barium phosphate (BaHPO4),
and barium borate (BaB20s); oxides and hydroxides, such as barium

oxide (BaO), barium peroxide (BaO2) and barium hydroxide

_15_
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(Ba(OH):z); organic acid salts such as barium acetate
(Ba(CH3COQ) )} and barium citrate; barium hydride {(BaH:), and
barium sulfide (BaS). If hydrates thereof exist, hydrates can
also be used. If necessary, two cr more hydrates therecf may also
be used.

[0024]

In the metal component-supported catalyst, 1f Group 1
meifal elements are supported, examples of Group 1 metal elements
include lithium, sodium, potassium, rubidium, and cesium. Cf
These elements, sodium, potassium, rubidium, and cesium are
preferable. In the metal component-supported catalyst, if Group
2 metal elements are supported, examples of the Group 2 metal
elements include magnesium, calcium, strontium, and barium
compound. Of these elements, barium i1s preferable.

(0025}

In the metal component-supported catalyst, there is neo
particular limitation on silica souzrce of silica contained in a
carrier. For example, 1t is possible to use a silica powder, a
silica scl prepared by using water or an organic solvent as a
dispersion medium, an alkoxysilane (tetraethyl orthosilicate,
etc.), or the like.

[00Z¢]

In the metal component-suppcrted catalyst, a carrier

containing silica 1s used. The carrier may contain, in addition

to gilica, titania, zirconia, and oxides such as niobium oxide

AIGM
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and tin oxide. The carrier may be a carrier of silica alone, i.e.
a carrier made of silica, or a composite oxide of silica and an
oxide except =zilica, or a mixture ¢f silica and an oxide except
silica, and a carrier made of silica is especially preferable.
[0027]

In the metal compecnent-supported caﬁalyst, examples of
the method in which a metal component is supported on a carrier
containing silica include an Impregnation method, a
coprecipitation method, and a kneading method. The metal
component-supported catalyst can be prepared, for example, by
supperting a metal component on a carrier by an impregnation
method, a coprecipitation method, or a kneading method, followed
by a heat treatment at 50°C to 1,000°C. It is alsc possible to
tse the supported metal component as a supported oxide after
oxldation. It 1s alsc possible tc use the supported metal
component as a supported metal catalyst after reduction.
Oxidation is performed by supporting a metal component on a
carrier, followed by calcination in an atmosphere of an oxidative
gas. The oxidative gas is a gas containing an oxidative substance,
and examples thereof include an oxygen-containing gas. The
oxygen concentration is usually about 1 to 30% by volume. Air
or pure oxygen is usually used as the oxygen source and diluted
with an inert gas, if necessary. O©f these coxidative gases, air
is preferable. The calcination temperature in the oxidation is

usually 100 to 1,000°C, and prefefably 200 to B0O0°C. Reduction

M}{T_.
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is performed, for example, by supporting a metal component on a
carrier, followed by calcination in an atmosphere of a reducing
gas. The reducing gas i1s a gas containing a reducing substance,
and examples thereof include a hydrogen-containing gas, a carbon
monoxide-containing gas, and a hydrccarbon-containing gas. The
concentration of hydrogen, carbon moncxide, or hydrocarbon 1is
usually about 1 to 30% by volume and the concentration is adjusted,
for example, by an inert gas or steam. Of these reducing gases,
a hydrogen-containing gas and a carbon monoxide-containing gas
are preferable. The calcination temperature in the reduction is
usually 100 to 1,000°C,.and preferably 200 to 800°C.
(00287

The supporting amount of the metal component in the metal
component-supported catalyst is preferably 0.01 to 30% by weight,
more preferably 0.1 to 20% by weight, and still more preferably
0.1 to 15% by weight, in terms cf the welght of a metal element,
based on the tetal amount of the catalyst. If two or more metal
elements are contained in the metal component-supported catalyst,
the total content of the metal element may fall within the above
range.
[0029]

Inthe silicate-supportedcatalyst, examples of silicates
of Group 1 metal elements and silicates of Group Z metal elements
include those mentiocned above. Examples of the carrier

containing no silica include alumina, zircenia, titania, niobium

__18_
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oxide, tin oxide, ceriumoxide, lanthanum oxide, magnasium oxide,
calcium coxide, neodymium oxide, hafniﬁm oxide, tungsten oxide,
silicon carbide, silicon nitride, and activated carbon, and the
carrier containing no silica may be a composite cxide containing,
as components, twe or meore components selected from the group
consisting of amixture of two or more components and oxides listed
above as examples.

[0030]

In the silicate-supported catalyst, examples of a method
of supporting at least one selected from the group consisting of
silicates of Group 1 metal elements and silicates of Group 2 metal
elements on a carrier except silica include an impregnation method,
a coprecipitation method, and a kneading method. The
silicate-supported catalyst can be prepared, for example, by
supporting at least one selected from the group consisting of
silicates of Group 1 metal elements and silicates of Group 2 metal
elements ona carrier by an impregnaticnmethod, a coprecipitation
method, or a kneading method, or the like, followed by a heat
treatment at 50°C to 1,000°C. After supporting at least one
selected from the group consisting of silicates of Group 1 metal
elements and silicates cf Group 2 metal elements on a carrier,
the carrier may be calcined in an atmosphere of an oxidative gas
or an atmosphere of a reducing gas. The oxidative gas is a gas
containing an oxidative substance, and examples thereof include

an oxygen-containing gas. The oxvygen concentration is usually

Migm
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about 1 to 30% by volume. Ailr or pure oxygen is usually used as
the oxygen scurce, and is diluted with an inert gas, if necessary.
Of these oxidative gases, air is preferably. The calcination
temperature in an atmosphere of the oxidative gas 1g usually 100
to 1,000°C, and preferably 200 to 800°C. The reducing gas is a
gascontainingeareducingsubstance,andexamblesthereofinclude
a hydrogen-containing gas, a carbon monoxide-containing gas, a
hydrocarbon-containing gas, and the like. The concentration of
the hydrogen, carbon monoxide, or hydrocarbon is usually about
L to 20% by volume and concentration 1z adiusted, for example,
by an inert gas or steam. Of these reducing gases, a
hydrogen-containing gas and a carbon monoxide-containing gas are
preferable. The calcination temperature in an atmosphere of the
reducing gas is usually 100 to 1,000°C, and preferably 200 to
80C°C.

[0031]

The supporting amount of at least one selected from the
group consisting of silicates of Group 1 metal elements and
silicates of Group 2 metal elements in tThe silicate-supported
catalyst 1z preferably 0.01 to 30% by weight, more preferably 0.1
tTo 20% by welght, and still more preferabkly 0.1 To 15% by weight,
in terms of the weight of at least one selected from the group
conglsting of silicates of Group 1 metal elements and silicates
of Group 2 metal elements, based on the total amcunt of the catalyst.

In the silicate-supported catalyst, 1if silicates ¢f Group 1 metal

_20_
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elements and silicates of Group 2 metal elements are contained,
the total content may fall within the above range.
[0032]

A BET specific surface arsa of the metal
component-supported catalyst or silicate-supported catalyst is
preferakbly 1 Lo 800 mz/g, and more preferably 1 to 400 mz/g. The
RET specific surface area of more than 800 m®/g may lead to
detericration of heat stability of the catalyst. In the metal
component~supported catalyst or silicate-supported catalyst,
the BET specific surface area of less than 1 mz/g may lead to
deterioraticnof digpersibility of the supportedmetal component.
Here, the BET specific surface area is the value obtained by
measuring using a specific surface area analyzer utilizing a
nitrogen adsorption method as the principle.

[0033]

A pore volume of the metal component-supported catalyst
or silicate-supported catalyst is preferably 0.05 to 2.5 ml/qg,
and more preferably 0.1 to 1.5 mi/g. The pore volume of less than
0.05 ml/g may lead to a decrease in pore diameter, thus causing
low activity. Whereas, the pore volume of more than 2.5 ml/g may
leads to a reduction in mechanical strength of the catalyst, so
that the catalyst is likely to detericrate. The pore volume 1is
the value cbtained by measuring using & mercury penetratiocn
methoed.

[0034]

w21_..



PCT/JP2014/058707

15

20

25

The dehydration reaction catalyst 1s preferably used as
amolded body. Examples of the shape include a spherical granular
shape, a columnar shape, a pellet shape, an extrusion shape, a
ring shape, a honeycomb shape, or a granular shape having an
appropriate size obtained by pulverization and screening after
molding. The shape ¢of the molded body is selected in accordance
with the reaction system to pe used. For example, when the molded
body 1s used as the catalyst of the fixed bed reaction, the
above-menticned molded bodies having various shapes are used. In
this case, the diameter of the moided body is preferably 10 mm
or less. Too large diameter of the melded body may scometimes lead
to a decrease in conversion rate of the dehydration reaction.
There is no particular limitation on the lower limit of the
diameter of the molded body. Too small diameter may lead to large
pressure 1oss in a catalyst layer, so that a molded body having
a diameter of 0.5 mm or more is usually used. When the molded
body isused as the catalyst of a fluidized bed reaction or a moving
bed reactiocon, a spherical granular molded body having‘an average
particle diameter of abhout 1 to 1,000 um is preferabkly used.
FParticularly in the fluidized bed reaction, a spherical granular
melded body having an average particle diameter of 10 te 500 um
is preferablyused. Thediameter of themecldedbody as used herein
means a diameter of a sphere for a spherical granular shape, a
diameter of a clrcular cross-section for a columnar shape, or a

maximum diameter of a cross-section for other shapes.
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[0035]

In the dehydration reaction, steam, carbon moncxide,
carbon dioxide, methane, ethane, ethylene, acetylene, propane,
propylene, propyne, propadiene, butane, butene, butyne,
iscobutylene, butadiene, nitrogen, and the like may exist in the
reaction system, together with acetone which is a starting
material.

[0036]

In the dehydration reaction, the reaction temperature is
usually 200 te 1,200°C, preferably 250 to 1,000°C, and more
preferably 400 to 800°C. The reaction temperature of lower than
200°C may lead to proceeding of a dehydration reaction with
difficulty in view of the reaction rate and chemical eguilibrium.
Whereas, the reaction temperature of higher than 1,200°C may lead
to deterioration of activity of the catalyst.

[CO37]

In the dehydration reaction, the reaction pressure is
usually 0.001 to 5 MPa, and preferably 0.005 to 0.3 MPa. The
reaction pressure cf lower than 0.001 MPa may lead to
deterioration of productivity, whereas, the reaction pressure of
higher than 5 MPa may lead tc a decrease in conversion rate of
acetone due to restriction of chemical eguilibrium in the
reaction.

(0038]

When the dehydration reaction is performed in a continucus
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manner, the supply rate of a starting material gas containing
acetone is 1 to 20,000 h™ !, and preferably 10 to 10,000 h™%, per
1 L of the catalyst starting material gas supply rate (L/h; in
terms of 0°C, 0.1 MPa), that is, in terms of a gas hourly space
velocity {(GHSV). The concentration of acetone in the starting
material gas containing acetone 1s appropriately set taking
preoductivity and catalytic activity into consideration. The
acetone concentration in the startingmaterial gas may be adjusted
by using an inert gas such as nitrogen, methane, ethane, propane,
carbon dioxide, and steam in the dehydration reaction.

[0039]

The dehydration reaction can be carried out by various
reaction systems such as a fixed bed system, a simulated moving
bed system, a fluidized bed system, and a moving bed.system, and
a fixed bed system, a simulated moving bed system, or a fluidized
bed system 1s preferable. A dehydration reaction catalyst may
pe used alone, or may be used after substantially diluting with
or mixed with an inert substance. When the dehydraticon reaction
is performed by the fixed bed system, it 1g possible to use, as
the fixed bed reactor to ke used, various flow fixed bed reactors
in which the reactor is provided with a starting material supply
port and a reaction mixture takeout port. There is no particular
limitation on the number of reaction tubes, and both mono-tubular
fixed bed reactors and multi-tubular fixed bed reactors can be

used. It is alsc possible to use a heat insulation-type or
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heat-exchange type fixed bed reactcr. When the dehydration
reaction ils carried cut by the fixed bed system using a
multi-tubular fixed bed reactor, the dehydration reaction can be
carried out, for example, by the method disclosed in EP 1016641
A, etc. When the dehydration reaction is carried out by the
simulated moving bed system, the dehydration reactiocn can be
carried out, for example, by the methods disclosed in GB 794089
A, US 5510557, US 5315056, WO 95/23123 A, etc. When the
dehydration reaction is carried out by the moving bed system, the
dehydration reactlion can be carried out, for example, by the
methods disclesed in U8 5321192, U8 5227567, U8 5177293, etc.
When the dehydration reaction 1g carried out by the fluidized bed
system, the dehydration reaction can be carried out, for example,
by tThe method disciosed in US &, 362, 385.

[0040]

The dehydration reaction is a reaction with significant
heat absorption of 161 kJ/mol and there is a need to supply reaction
het so as to continucously continue the reaction. In the case of
performing the reaction, it is preferred to use a reactor provided
with an eguipment capable of supplying reaction heat. If tThe
dehvydration reaction is performed, as the reaction time advances,
in other words, as the total throughput per unit weight of the
catalyst of acetone increases, so-called coke {carbon component)
gradually adheres to the dehydration reaction catalyst due to

fusion or polymerization of acetone, propyne, propadiene and/ox
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by~products, so that catalytic activiiy gradually deteriorates,
that 1is, the conversion rate of acetone gradually decreases.
Therefore, in the production method of the present inventiocn, it
is preferred té provide a dehydration reaction catalyst
regeneration step of performing a heat treatment in an atmesphere
of an oxygen-containing gas so as to recover catalytic activity
in the dehydraticn reaction by removing coke from the dehydration
reaction catalyst with coke adhered thereon.

(0041}

A detailed descriptiocn will be made for an example of a
case where a dehydration reacticn step 1s carried cut by a fixed
bed system using & heat insulation-type fixed bed reactor in the
present invention with reference to Fig. 2.

[oc4z]

In Fig. 2, a starting material containing acetone to be
supplied through a starting material supply line 1 is preheated
in a preheater 5, passed through a preheated starting material
gas supply line 9 after being preheated, and supplied to a heat
insulation-type fixed bed reactor 10 having a solidcatalyst layer
11 packed with a dehydration reaction catalyst. In that case,
the starting material is supplied after preheating to the
temperature higher than the reaction temperature by the preheater
5 to thereby allow the reaction to proceed. Reaction heat is
supplied by this preheating. There is no particular limitation

on preheater 5, and it is preferred to use a heating furnace using,
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as a heat scurce, a combustion gas to be supplied through a
combustion gas supply line 6 and/or combustion air to be supplied
through a combustion air supply line 7. The combustion gas and/or
combustion air is/are heat-exchanged in the preheater 5 and
discharged through a preheater waste gas line 8. In the heat
insulation-type fixed ked reactor 10, as the reaction proceeds,
the temperature falls toward an outlet and also the reaction rate
decreases. The reactor ocutlet gas thus obtained is appropriately
cooled in a heat exchanger {(nct shown) and taken out as a reaction
mixture through a reacticon mixture takecut line 12.

[(0043]

It is possible to adjust the acetone conversion rate in
the heat insulaticn~tvype fixed bed reactor 10 by the preheating
temperature. The conversion rate can be increased by increasing
the preheating temperature, however, 1f the preheating
temperature is too high, an increase in thermal decomposition of
acetone by the preheater 5 {heating furnace) leads to a decrease
in yvield of the target component and also a rise in heating tube
surface temperature of The preheater 5 leads to an increase in
precipitation (caulking) rate of a carbon component on an inner
surface of a tube, which may cause a decrease in heat transfer
efficiency within a short time. Therefore, the preheating
temperature is desirably 750°C or lower. It is also possible to
Suppreés a rise in preheating temperature per stage to thereby

increase the total acetone conversion rate by using the preheaters
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5 and the heat insulation-type fixed bed reactors 10 in
combination and arranging them in series via the reacted gas
takeout line 4 to form a multi-stage structure. The number of
stages to be arranged in series is preferably 2 to 10. Fig. 2

shows an example of four stages.

[(0044]

Differential pressure of the dehydration reaction
catalyst to be packed in the heat insulation-type fixed bed
reactor 10 is preferably as low as possible. There is no
particular limitation on shape, and examples of the shape include
a cylinder shape and a spherical shape. The particle egquivalent
diameter is preferably 2 to 10 mm.

[0045]

When it became impossible to obtain desired catalytic
activity as 2 result of continuaticon of the dehydration reaction,
supply of the starting material is stopped and an inert gas such
as nitrogen or steam is supplied through the inert purge gas line
3 to thereby replace the atmosphere inside the heat
insulation-type fixed bed reactor 10 by the inert gas, and then
coke precipitated on the catalyst 1s burnt-cff by supplying an
cxygen—-containing gas through the oxygen-~containing gas line 2
at high temperature, thus enabling regeneration of the catalyst.
Usually, the fiow rate, temperature, coxygen concentration, eic.
of the oxygen-containing gas are adjusted so as to control

temperature rise of the sclid catalyst layer 11 during the
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rageneration operation. After completion of the regeneration
operation, the atmosphere inside the heat insulation-type fixed
bed reactor 10 is replaced by an inert gas by supplying the inert
gas such as nitrogen or steam through the inert purge gas line
3, and then the reaction is usually restarted by starting supply
of the starting material. Alternatively, after discharging the
gas inside the heat insulation-type fixed bed reactor 10 by
pressure reduction, the reaction is restarted by starting supply
of the starting material again. It is alsc possible to perform
removal (decaulking) of coke adhered To a heating tubke of the
preheater 5 by a similar operation.

[0046]

L detailed description will be made for an example of a
case where a dehydration reaction step is carried out by a fixed
bed system using a multi~tubular fixed bed reactor in the present
invention with reference to Fig. 3.

[0C47]

In Fig. 3, a starting material containing acetone to be
supplied through a starting material supply line 21 is supplied
to a plurality of fixed bed reaction tubes 26 having a solid
catalyst layver 27 packed with a dehydration reaction catalyst.
Using a heating furnace 22, reaction heat is supplied by heating
{performing heat exchange) from the outside of the fixed bed
reaction tube 26 with a heat source (combustion gas, etc.) having

the temperature higher than the reaction temperature. The
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heating furnace 22 can be used for preheating of a starting
material, in addition to heating cof the fixed bed reacticn tube
26. Regarding the heating furnace 22, a combustion gas to be
supplied through a combustion gas supply line 23 and/or combustion
alr to be supplied through a combustion air supply line 24 is/are
usually used as the heat source. The reaction mixture is taken
out from an outlet of the fixed bed reaction tube 26 through a
reaction mixture takeout line 28, and then sent to the next step.
(00483

The acetone conversion rate in the fixed bed reaction tube
26 is controlled by the temperature c¢f the heating furnace 22
outside the fixed bed reaction tube 26. The conversion rate can
be increased by increasing the heating furnace 22, however, 1if
the temperature is tcoo high, the temperature of an inner surface
of the fixed bed reacticn tube 26 rises, leading Lo an increase
in precipitation (caulking) rate of a carbon component on an inner
surface of a.tube, which may cause a decrease 1n heat transfer
efficiency of the fixed bed reaction tube 26 within a short time.
Since the temperature of a sclid catalyst layer 27 also becomes
high, the caulking rate to a surface of the catalyst may increase,
leading to detericration of catalytic activity within a short
period.
[(0048]

When it became impossible to obtain desired catalytic

activity as & result of continuation of the dehydraticn reaction,
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supply of the starting material is stopped and an inert gas such
as nitrogen or.steaHLis supplied through the inert purge gas line
29 to thereby replace the atmosphere inside the fixed bed reaction
tube 26 by the inert gas, and then coke precipitated on the catalyst
and coke precipitated inside the f£ixed bed reaction tube 26 are
burnt-off by supplving an oxygen-containing gas through an
oxygen-containing gas line 31 at high temperature, thus making
it possible to regenerate the catalyst and to perform decoking
inside the fixed bed reaction tube 26. The gas after being used
for burning=-off of coke is discharged through a regenerated
off-gas line 30. Usually, the flow rate, temperature, oxygen
concentration, etc. of the oxygen-contalning gas are adjusted so
as to control temperature rise of the solid catalyst laver 27
during burning-off operation {regeneration operation) of coke.
After completion of the regeneration operation, the atmosphere
inside the fixed bed reaction tuke 26 is replaced by an inert gas
by supplying the inert gas such as nitrogen or steam through the
inert purge gas line 29, and then the reaction isusually restarted
by starting supply of the starting material. Plural fixed bed
reaction tubes 26 are arranged in parallel to thereby switch the
reaction and the regeneration cperaticn, thus making it possible
to continuously continue the reaction. Fig. 3 shows an example
in which three series fixed bed reaction tubes 26 are arranged
in parallel.

[0050]
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Usually, the heating furnace 22 1s heated by a combustion
gas and/or combustion air and heats the fixed bed reaction tube
26 and the starting material, and alsc heat is recovered as steam
at a downstream of the heating furnace by supplying water to a
boiler and then discharged through a heating furnace waste gas
line 2D,

[0051]

A detailed deséription will be made for an example of a
case where a dehydration reaction step is carried out by a
simulated meving bed system in the present invention with
reference to Fig. 4.

[0052]

In Fig. 4, when the following steps (1) to (iv) are carried
out by each reactor using plural heat insulation-type fixed bed
reactors 45 having a solid catalyst layer 46 {usually 2 to 20
reactors) in parallel, while the step (i) is carried cut by some
reactors, resaction, supply of a reaction heat, and regeneration
of the catalyst are carried out in the remaining reactors while
switching the reactor by the method of carrying out the steps (ii).
to (iv) and the reaction is continuously reacted, whereby, the
hydration reaction step can be carried out by the simulated moving
bed system:

(i) areactionstep:eastepjjlwhichaastartingnﬁterialcontaining
acetone to be supplied through & starting material supply line

41 is indirectly heated by a preheater 42 heated by a combusticn
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gas to be supplied through a combustion gas supply line 43 and/or
an oxygen-containing gas te be supplied through an
oxygen—containing gas line 44, and then is supplied to the heat
insulation-type fixedbed reactor 45 havinga sciidcatalyst layer
46 preheated in a predetermined temperature, so that acetone is
subiected to a dehydration reaction by contacting with a
dehydration reaction catalyst to obtaln a reaction mixture
through a reaction mixture takeout line 47;

(ii) a combustible gas removing step: a step in which the inside
of the heat insulation-type fixed bed reactor 45 is connected to
a pressure reducing device to thereby remcve combustible gas
inside the reactor, or a step in which the inside of heat
insulation-type fixed bed reactor 45 is replaced by an inert gas
by supplving a gas, which is inert relative to the dehydration
reaction and is incombustible, such as nitrogen, carbon dioxide,
or steam through an inert purge gas line 48;

(111} a heating/regeneration step: a step in which a combustion
gas and/or an oxygen-containing gas is/are heated to the
temperature higher than the reaction temperature in a heating
furnace for catalyst regeneraticn 49, and the catalyst
regenerated gas thus obtained is supplied to the heat
insulation-type fixed bed reactor 45 through a catalyst
ragenerated gas supply line 50 to thereby heat the solid catalyst
layer 46, and then coke precipitated on a dehydration reaction

catalyst is burnt-off to thereby regenerate the catalyst; and
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(iv) a regenerated gas removing step: a step in which tThe heat
insulation-type fixed bed reactor 45 is connected to a pressure
reducing device tc thereby remove a catalyst regenerated gas
inside,cn:astepjjzwhidztheinsidecxfheatinsulation~typefixed
bed reactcr 45 is replaced by an inert gas by supplying a gas,
which is inert relative to the dehydraticn reaction and is
incombustible,suchasrﬁtrogen,carbondioxide,orsteamthroﬁgh
an inert purge gas line 48.
[0053]

In the above-menticned step (i), after continuation of

the dehydration reaction for a predetermined time until it became

"impossibl@ to obtain the desired catalytic activity, supply of

a starting material is stopped and then the step (ii) is carried
out. The reaction time per cycle, up to steppage of supply of
the starting material from starting of supply of the starting
material, is preferably about 5 fto 30 minutes.

[0054]

In the above-mentioned step (1ii}, combustion heat of coke
precipitated on the dehydration reaction catalyst also
contributes to Cemperature rise of the solid catalyst layver. The
catalyst regenerated gas after being used for burning-off of coke
is discharged frqm an outlet of the heat insulaticn~type fixed
bed reactor 45 thrcough a regenerated coff-gas line 51. If
necessary, the catalyst regenerated gas heated to high

temperature is supplied to the heat insulation-type fixed bed
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reactor 45 while adjusting the temperature until the solid
catalyst layer 46 reaches the predetermined temperature. At the
point of time when the solid catalyst layer 46 reaches the
predetermined temperature, supply of the catalyst regenerated gas
heated to high temperature is stopped and the solid catalyst layerxr
46 is retained at the predetermined temperature for a
predetermined time. The supply rate (kg/h) per hour of the
catalyst regenerated gas is preferably 2 to 20 times the supply
rate (kg/h) of acetone supplied to the heat insulation-type fixed
bed reactor 45 in the step (i}). A ventilation direction of the
catalyst regenerated gas may be either the same flow direction
of the starting material containing acetone in the step (i), or
a reverse direction. The regeneration time per cycle is usually
5 to 30 minutes.

[6055]

Reaction heat required for the above~mentioned reaction
step (1) is supplied by a combustion gas and/ocr an
oxygen-containing gas, which is/are supplied in a
heating/regeneration step in second cycle or later, and a change
in sensible heat corresponding to a difference between the
temperature after compietion of the reaction step and the
temperature after complietion of the heating/regeneration step of
the solid catalyst layer 46 corresponds to reaction heat required
for the reaction step. Therefore, this temperature difference

is proportional to the amount of acetone which reacts during 1
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cycle of the steps (i) tc (iv).
[0056]

The acetone reaction amcunt per cycle is adjusted by the
heating temperature of the sclid catalyst layer 46 by the
heating/regeneration step. The temperature of the
heating/regeneration step is preferably set at the temperature
which is 10 to 50°C higher than the reaction temperature, and it
isdesirable to adjust the temperature of the catalyst regeneratead
gas to be supplied tce the heat insulation-~type fixed bed reactor
45 so that the temperature of the heating/regeneration step
becomes 750°C or lower. The temperature of the solid catalyst
layer 46 can be controlled by the temperature, oxvygen
concentration, supply flow rate, and ventilation time of the
catalyst regenerated gas. If the temperature of the sclid
catalyst layer 46 in the heating/regeneration step is tcoc high,
an increase in thermal decomposition in the reaction step may lead
to a decrease in yield and also an increase in coke pxeéipitation
rate on a surface of the catalyst may lead to detericration of
catalytic activity within a short pericd. High concentration of
coke precipitated on the dehydration reaction catalyst in the
reaction step may cause heat deterloration of the catalyst due
to excess temperature rise in the subsequent heating/regeneration
step.

[0057]

Examples of the method in which the acetone reaction
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amount per cycle is increased while retaining the temperature of
the solid catalyst layér 4¢ after the heating/regeneration step
low include a method in which heat capacity of the solid catalyst
layer 46 by mixing a dehydration reaction catalyst with a diluted
heatingmedium. Thedilutedheatingmediummaybe solidparticles
which are inert for fhe reacticn and are thermally stable, and
examples thereof usually include ceramic materials such as
alumina, zirconia, titania, zirconia ceramics, silica, gquartz,
silicon carbide, and silicon nitride; metallic materials such as
iren, nickel, titanium, zirconium, and chromium; and stainless
steel materials such as 3U5316, SUS316L, 3U5304, and SUS3103, and
preferably ceramicmaterials such as q-alumina, zirconia ceramics,
gquartz, and silicon carbkide.

[0058]

In The reacticn step, therstarting material may be
preheated. That 1s, i1t is also possible to control the acetone
conversion rate in the heat insulation-typs fixed bed reactor 45
by the preheating temperature. Thea reaction rate canbe increased
by increasing the preheating temperature. If the preheating
temperature is too high, an increase in thermal decomposition of
acetcne by a preheater 42 may lead te a decrease in yield of the
target component and also a rise in heating tube surface
temperature of the preheater 42 leads to an increase in caulking
rate on an inner surface of a tube, which may cause a decrease

in heat transfer efficiency within a short time. If coke is
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precipitated inside the preheater 42, supply of the starting

material is stopped and an inert gas such as nitrogen or steam
issuppliedeJtherebyreplacetjmsatmosphereinsidetﬂu&preheater
by the inert gas, and then coke is burnt-off by supplying an

oxygen-containing gas at high temperature, fcllowed by heating.
[0058]

Differential pressure of the dehydration reaction
catalyst to be packed in the heat insulation-type fixed bed
reactor 45 is preferably as low as possible. There is no
particular limitation on shape, and examples therecf include a
cylinder shape and a spherical shape. The particle equivalent
diameter is preferably 2 toc 10 mm.

[0060]

4 detailed descripiicn will be made for an example of a
case where a dehydration reaction step is carried cut by a moving
bed system in the present invention with reference to Fig. b.
[C0B1]

In Fig. 5, the configuration is the same as that in a case
where the dehydration reaction step is carried out by the
above-mentioned fixed bed system using a heat insulatiocn-type
fixed bed reactor, except that the heat insulation-type fixed bed
reactor is a heat insulation-type moving bed reactor. That is,
a dehydration reactloncatalyst is continuously or intermittently
suppled from the upper portion of a heat insulation-type moving

bed reactor 66, and then brought into contact with a starting
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material containing acetone, which is supplied through a starting
material supply line 61 and preheated in a preheater 62, while
moving downward of the catalyst moving laver 67 due to gravity,
whereby, the dehydration reaction proceeds to obtain a reaction
mixture through a reaction mixture takeout line 68. There is no
particular limitation on preheater 62, and it is preferred to use
an indirect heating furnace using, as a heat source, a combustion
gas to be supplied through a combustion gas supply line 63 and/ox
combustion alr to be supplied through a combustion air supply line
64. The combustion gas and/or combustion air is/are
heat-exchanged in the preheater 62 and then discharged through
a preheater waste gas line 65. In a heat insulaticn-type moving
bed reactor 66, as the reaction proceeds, the temperature falls
toward an outlet and also the reaction rate decreases.
[00621

The acetcone conversion rate in the heat insulation-type
moving bed reactor 66 can bpe adjusted by the preheating
temperature. The acetone conversion rate can be increased by
increasing the preheating temperature, however, if the preheating
temperature is too high, an increase in thermal decompositicon of
acetone in the preheater 62 leads to a decrease in yield of the
target ccmponent and also a rise in heating tube surface
temperature of the preheater 62 leads to an increase in caulking
rate on an inner surface ¢f a tube, which may cause a decrease

in heat transfer efficiency within a short time. Therefore, the
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preheating temperature is desirably 750°C or lower. It is also
possible to suppress a rise in preheating temperature per stage
to thereby increase the total acetone conversion rate by arranging
thepreheaters62eﬂmithehea£insulationmtypenmvingbedIeactors
66 in series to formamulti-stage structure. The number cf stages
Lo be arranged in series is preferably 2 te 10. Fig. 5 shows an
example of four stages.
[0063]

A moving direction of the catalyst moving layer 67 and
a flow direction of the starting material may be either a
co-current flow or counter-current flow direction (Fig. 5 shows
an example of a ccunter-current fliow). When the heat
insulation-tType moving bed reactors 66 are arranged in series Lo
form a multi-stage structure, the catalyst may be circulated
between each heat insulation-type moving bed reactor 66 and each
catalyst regenerator 69. Alternatively, the system may be a
co-current transfer system in which the catalyst is moved toward
a downstream reactor from an upstream reactor in a £low direction
of a starting material via a used catalyst transfer tube 73, and
then the catalyst 1g transferred to a catalyst reaction column
69 from the downmost-stream reactor. To the contrary, the system
may be a counter-current transfer system in which the catalyst
18 transferred To an upstream reactor from a downmost stream
reactor, and then the catalyst is transferred to a regensration

column from an uppermost stream reactor. Fig. 5 shows an example
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of a co-éurrent transfer system,
[0064]

Usually, used catalyst with activity deteriorated by
adhesion of coke is continuously or intermittently withdrawn from
the bottom of the heat insulation-type moving bed reactor 66. The
catalyst thus withdrawn is conveyed via a used catalyst transfer
tube 73 and then continuously or intermittently supplied to the
upper portion of the catalyst regenerator 69. _The catalyst is
contacted with a heated oxygen-containing gas to be supplied to
the catalyst regeneratcr 69 through the oxygen-~containing gas
line 70 while moving downward in the catalyst regenerator 6% due
Lo gravity, and then regenerated as a result of burning-off of
the precipitated coke. The catalyst thus generated is
continuously cor intermittently withdrawn from the bottom of the
catalyst regenerator 69, conveyed via the regenerated catalyst
Lransfer tube 72, and then continucusly or intermittently
supplied to the upper portion of the heat insulation=-type moving
bed reactor 66. The oxygen-containing gas used in the catalyst
regenerator 69 is discharged through the regenerated off-gas line
74.

[0C&5]

A moving direction of the catalyst layer and a gas in the
catalyst regenerator 69 may be either a co-current fliow or
counter-current flow direction (Fig. 5 shows an example of a

counter—current flow). Iflossof the generation catalyst occurs,
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a supplementing catalyst may be added to the catalyst regenerator
69 through a supplementing catalyst supply line 71.
[0066]

When coke is precipitated inside the preheatér €2, supply
of the starting material is stopped and an inert gas such as
nitrocgen or steam ls supplied to thereby replace the atmosphere
inside the preheater by the inert gas, and then coke is burnt-off
by supplying an coxygen-contalining -gas at high temperature,
follcwed by heating.

[0067]

A detailed description will be made for an example of a
case where a dehydration reaction step is carried out by a
fluidized bed system in the present inventicn with reference to
Fig. ©.

[0068]

In Fig. 6, a dehydration reaction catalyst heated in a
reaction column 82 forms a fluidized bed, together with an inert
gas such as nitrogen, carbon dioxide, vapor, methane, ethane, or
propane to be supplied through a catalyst transfer gas line 85,
which is inert relative to the dehydration reaction, and then a
starting material containing acetone is supplied through a
starting material supply line 81 to thereby allow the dehydration
reaction to proceed. The gas obtained after the reaction is taken
out as a reaction mixture through a reaction mixture takeout line

84. Required reaction heat 1s supplied by heat transfer due to
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contact between the heated dehydration reaction catalyst and the
starting material. The reaction column 82 is provided with a
cyclone 83 at the upper portion, which causes separation of the
dehydration reaction catalyst which entrains the reaction gas and
returning of the dehydration reaction catalyst to the reaction
column 82,
(60697

Since activity of the catalyst which retains in the
reaction column 82 deteriorates as coke is precipitated, used
catalyst i1s withdrawn from the reaction column 82 via a used
catalyst transfer tube 80. The catalyst thgs withdrawn is
supplied to a regeneration column 88, together with a gas, which
is inert relative to the dehydration reactien and is incombustible,
such as nitrogen, carbon dicxide, or steam to be supplied through
the catalyst transfer gas line 85, regenerated and then
recirculated to the reaction column 82 via a regenerated catalyst
transfer tube 91, together with a gas, which is inert relative
to the dehydration reaction and is incembustible, such as nitrogen,
carbon dioxide, or steam. In the regeneration column 88, used
catalyst with coke precipitated thereon is brought into contact
with a high-temperature combusticn gas to be supplied through a
combustion gas supply line 86 and/or a high-temperature
oxygen-containing gas to ke supplied through an oxygen-containing
gas line 87 in a fluidized bed state, whereby, coke is burnt-off

Lo thereby regenerate the catalyst and heat the catalyst by heat

_43_..



PCT/JP2014/058707

10

15

20

25

transfer from the high-temperature gas. The regeneration column
€8 is also provided with a cyclcne 83 at the upper portion, which
causes separation c¢f the dehydration reaction catalyst from the
regeneration column outlet gas and returning of the dehydration
reaction catalyst To the regeneration column 88. The
regeneration column outlet gas i1s discharged through a
regenerated off-gas line 89.

[6070]

When the dehydration reaction step is carried out by the
filuidized bed system, use of a golid catalyst having a particle
size distributicn of 10 to 530C um and a static bulk density of
300 to 2,000 kg/m3 as the dehydration reaction catalyst snables
formationof a satisfactory fluidizedbed. There isnoparticular
limitation on fluidization regime, and a fast fluidization regime
like the Riser secticon of fluidized catalytic cracking (FCC
system) may be formed by setting a gas flow rate at 2 to 20 m/s,
or a dense bed may be formed by setting'a gas flow rate at 0.1
to 2 m/s.

[(0071]

The dehydration reaction catalyst continuously or
intermittently circulates in a reaction column 82 and a
regeneration column 88, and the acetone conversion rate in the
reaction column B2 can be adjusted by controlling the circulation
amount and the femperature in the regeneration column 83. Since

foo high heating temperature of the dehydration reaction catalyst
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in the regeneration column 83 leads to heat detericraticn of the
dehydration reaction catalyst and an increase in thermal
decomposition reacticn in the reaction column 82, the heating
temperature is preferably set at the temperature which is 20 to
50°C higher than the reaction temperature, and it is desirable
to adijust the temperature of the combustion gas and/ocr
oxygen=-containing gas to be supplied te the regeneration column
88 so that the heating temperature becomes 750°C or lower. The
catalyst circulation amount (kg/h} per hour of the catalyst
clrculating in the reaction column 82 and the regensration column
88 is preferably 3 to 10 times the supply rate (kg/h) of acetone
to be supplied through the starting material supply line E1.
(00727

The reacticn heat required for the dehydration reacticn
may be supplied by preheating of the starting material using a
preheater (not shown), in addition to heating of the
above-menticned dehydration reaction catalyst. That 1s, the
acetone conversion rate in the reaction column 82 can be
controlled by the preheating temperature of the starting material,
in addition to heating of the catalyst. The acetoﬁe conversion
rate can be increased by increasing the preheating temperature
of the starting material. If the preheating temperature is tco
high, an increase in thermal decomposition of acetone in a
preheater (heating furnace) may lead to a decrease in yield of

the target component and also a rise in heating tube surface
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temperature of a starting material preheating furnace leads to
a2n lncrease in caulking rate on an inner surface of a tube, which
may cause a decrease in heat transfer efficiency within a sheort
time. If coke is precipitated inside the preheater, supply of
fhe starting material is stopped and an inert gas such as nitrogen
or steam is supplied to thereby replace the atmosphere inside the
preheater by the inert gas, and then coke i3 burnt-off by supplving
an oxygen-containing gas at high temperature, followed by
heating.

[G073]

The propyne/propadiene separation step of the present
invention is a step of separating a mixture containing propyne
and propadiene as main components from the reaction mixture
ocbtained in the dehydration reaction step.

[0074]

The reaction mixture cbtained in the dehydration reaction
step contains reaction products such as pfopyne, propadiene, and
water, and alsc can contain the unreacted acetone, by-products,
and sc on. When the reaction mixture obtained in the dehydration
reaction step contains the unreacted acetone, it is preferred to
obtain a mixture containing the unreacted acetone by separating
so that the remaining mixture cbtained by separating the mixture
containing propyne and propadiene as maln components from the
reaction mixture contains the unreacted acetone. Water

contained Iin the reacticn mixture may be removed by subjecting
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the reaction mixture to a dehydration treatment before sub’jecting
Lo separation, or may be contained in the mixture containing

propyne and propadiene as main components, or may be contained
in the remaining mixture obtained by the separation. However,
it is preferred that separationjjsperformédsx)astxabe contained
in the remaining mixture chtained by separatiocon, thus recovering
as & mixture containing water. Here, the main component in the
mixture containing propyne and propadiene as main components

means that the tctal content of propyne and propadiene in the
mixture is 50% by weight or more based on the total content of
propyne, propadiene, water, and acetone in the mixture.

[0075]

The separation method in the propyne/propadiene
separation step is preferably a distillation method in view of
processing efficiency and running ccst. If necessary, The
separation method may be used in combination with known methods
such as abscrption, membrans separation, adscrption separaticn,
and extraction separation methods. There is no particular
limitation on distillation apparatus, and it is possible To use,
for example, a tray column, a packing column, a thin film
evapcorator, a flash evaporator, a centrifugal distillation
apparatus, and the like. Of these, a tray column and a packing
column are preferable. Distillaticn may be performed in a
continucus manner, a batchwise manner, or a semibatchwise manner,

and preferably a continuocus manner. The operation pressure of
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distillation is preferakly 50 to 1,000 kPa (absolute pressure).
The operafion tTemperature (ftemperature of column bhottom of
distillation column) depends on the operation pressure, and is
preferably 40 to 180°C. Thedistillation is preferably performed
in the form of rectification in which a distillation apparatus
is provided with & capacitor and a gas from the celumn top of the
distillation column is cooled, and then at least a part of the
obtained condensate is returned to the column top. The
distillation apparatus may be provided with a reboiler for
partially vaporizing the liquid near the column bottom. When
usinga tray column or a packing column as a distillation apparatus,
the number cof theoretical stages is preferably 2 to 50 stages,
and more preferably 5 to 30 stages. Wnen a tray column is used
as a distillation apparatus,'there is no particular limitation
on tray, and known stages can be used and, for example, a sieve
tray, a ripple tray, a bubble cap tray, and the like can be used.
When a packing column is used as a distillation apparatus, there
isnoparticular limitationonpackingmaterial, and known packing
materials canbeused. It ispossibletouse, for example, Raschig
ring, Lessing ring, Dixonpacking, Pall ring, saddle, Sulzer
packing, Mellapak, and the like. In the case of performing
separation by distillation, a mixture containing propyne and
propadiene &8s main components 1s preferabkly allowed te flow out
from the column top of a distillation apparatus to thereby

separate & mixture ccntaining prepyne and propadiene as main
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components from the reacticn mixture obtained in the dehydraticn
reaction step, and then conditions are set sc as to recover a
mixture containing the unreacted acetone and water from the column
bottom of the distillation apparatus.

0076]

When separation in the propyne/propadiene separation step
is performed by distillation, the temperature of the reaction
mixture obtained in the dehydration reactiocon step is preferably
adjusted before distillation. There isruaparticular‘limitation
ontemperaturecontroller,andarmﬂiimtﬁbularheatexchangercan
be used. The reaction mixture obtained in the dehydration
reaction step is preferably distilled after adjusting the
temperature within a range of -50 to 180°C. The pressure during
the adjustment of the temperature is preferably 50 to 1,200 kPa
{absolute pressure). After the adjustment of the temperature,
the mixture i1s subjected to distillation in a state of a gas, a
liguid, or a mixture therecf. When the mixture after the
adjustment of the temperature is a mixture ¢of a gas and a liquid
and the liquid contains water as a main component, and also the
concentration of propyne and propadiene is low, only a gas
obtained by gas~liquid separation of the mixture may be subiected
to distillation.

[0077]
When a mixture containing the unreacted acetone is

obtained by separation in the propyne/propadiene separation step
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in the present invention, it is preferred to include an acetone
circulatiocon step of supplying at least a part of acetone contained
in a mixture containing the unreacted acetone obtained in the
propyne/propadiene separation step to the above-mentioned
dehydration reaction step from the viewpoint of an improvement
in economy due to recycling of the starting material. The supply
maykmaperformedknrSubj@étinge&mixture containing the unreacted
acetone obtained by the propyne/propadiene separation step to a
treatment such es distillation, diffusion, or the like to thereby
separate the mixture contailning acetone as a main component, aﬁd
then supplying at least a part ¢of the mixture. When water is
further contained in the mixture containing the unreacted acetone,
at least a part of acetone contained in the mixture obtained after
separation of water is preferably subjected to the dehydration
reaction step. It is possible to perform separation between
acetone and water by distilliation.

[G078]

The propyne purificaticon step of the present invention
is a step of separating a mixture containing propyne and
propadiene as main components separated in the propyne/propadiene
separation step into a liguid, a gas, or a gas-liguid mixture
containing prepyne as a main component, and a liquid, a gas, or
a gas-ligquid mixture containing propadiene as a maln component.
[0072]

Examples of the method in which the mixture containing
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propyne and propadiene as main components cbtained in the
propyne/propadiene separation step is separated into a liguid,
a gas, or a gas-liguid mixture containing propyne as a main
componeant, anda liquid, a gas, or a gas-ligquidmixture containing
propadiene as a main component include absorption, distillation,
extractive distillation, and adsorption methods. Examples of
Lhe absorption methed include a method in which a mixture
containing propyne and propadiene as main components is brought
into contact with a sclvent. An abscrption column is used, for
example, for the contact. It lspossible touse, asthe absorption
column, a packing column, a wetted wall column, a spray column,
a cyclone scrubber, a bubble column, a bubble agitation tank, a
tray column {(bubble-cap column, perforated tray column), a foam
separation column, and the like. There is nce particular
limitation on pressure in absorption, and the pressure is
rreferably 50 tc 900 kPa {absclute pressure). There 1s nc
particular limitation on temperature, and the temperature is
preferably -50 to 100°C. When the mixture obtained in the
propyne/propadiene separation step contalns non-cochesive or
volatile by-produced components, and an inert component to be
introduced from the dehydration reaction step, these components
can be separated and recovered by circulating in a solvent,
followed by absorption of propyne and propadiene in the solvent.
The solvent may ke a solvent which dissclves propyne and

propadiene and, for example, it is possible to use
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[0080]

The extractive distillation can be performed in
accordance with the methods disclosed, for example, in EP 292601
A, EP 533291 A, and EP 533628 A. There isnoparticular limitation
on the solvent to be used for extractive distillation as lcng as
there is a difference in sclubility between propyne and propadiene.
From the viewpoint of propyne separability, eccnomy, chemical
stability, and industrial availability, N,N—dimethylformaﬁide
is preferable. When absorption 1s performed in a previous stage
of extractive distillaticn, a solvent to be used for absorption
can be used as a solvent for extractive distillation as it is.
When using a solvent in which propyne has higher solubility than
that of propadiene such as N,N-dimethylformamide, a ligquid, gas,
or gas-liguid mixture containing propadiene as a main component
is recovered from the column top and a solution containing propyne
and solvent as main components 1s recovered from the column bottom
in an extractive distillation column. When the solution
containing propyne and solvent as main components qontains
propadiene, it is possible fto separately provide a propadiene
diffusion step of supplying the solution to a stripping column
and heating the solution to diffuse a gas containing propadiene
as a main component and obtain a solution containing propyne as
a main component from the column bottom. The solution containing

propyne and solvent as main components obtained by the extractive
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distillation may be further distillated and such distillation
enables separation into a liguid, gas, or gas-ligquid mixture
containing propyne as a main component and a solvent to cbtain
high-concentration propyne. The solvent to be recovered by the
&istillation can be recycled tc the absorption cr extractive
distillaticn after being appropriately purified. Here, the main
component in the liguid, gas, or gas~1iqu§d mixture containing
propyne as a mailn ccmpeonent means that the amount of propyne
contained in the liquid, gas or gas-liquid mixture is more than
50% by welght based on the total amount of propyne and propadiene
contained in the liquid, gas or gas-liquid mixture, and the main
component in the liguid, gas, or gas-liguid mixture containing
propadiene as amain component means that the amcunt of propadiene
contained in the liguid, gas or gas-liguid mixture is more than
50% by welght based on the total amcunt of propyne and propadiene.
The content of propadiene in the liguid, gas, or gas-liguid
mixture containing propyne as a main component to be subjected
to the carbonylation reaction step is preferably 50 ppm by weight
or less based on the total content of propyne and propadiene.
[0081]

The liguid, gas, or gas—liquid mixture containing
propadiens as a main component obtained in the propyne
purilfication step, or the gas containing propadiene as a main
component obtained in the propadiene diffusion step may be

subjected to an isomerization reaction step in which an
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isomerization reaction is performed in the presence of an
igomerization catalyst to obtain amixture containing propyne and
propadiene as main components.

[(6C82]

There is no particular limitation on ratio of propyne and
propadiene contained in starting materials to be subjected to the
isomerization reaction step, and a weight ratio of
propyne/propadiene is usually 1 or less. The weight ratio of
propyne/propadiene of an isomerization reactant to be taken out
from the reactor depends on the reaction temperature and the
retention time to the reactor, and is usually 3 or more, and
preferably 5 or more. The mixture containing propyne and
propadiene as main components obtained in the iscomerization
reaction step is preferably supplied to the propyne purification
step from the viewpoint of economy. Examples of the isomerization
catalyst include a solid acid catalyst and a solid base catalyst,
and the solid base catalyst is preferable from the viewpoint of
isomerizability. Examples of the solid acid catalyst include
alumina, silica=-alumina, titania, zeclite, heteropoly acid, and
sulfate radical zirconia. Examples of the solid base catalyst
include a catalyst in which at least one selected from the group
consisting of alkali metals and alkali metal compounds is
supported on a carrier. Of these catalysts, a catalyst in which
an alkali metal compound is supported on a carrier is preferable.

In the catalyst in which at least one selected from the group



PCT/IP2014/058707

15

20

25

consisting of alkali metals and alkall metal compecunds is
supported on carrier, examples of alkall metals include potassium
and cesium. Examples of alkali metal compounds include oxides
of alkall metals, hélides of alkali metals, hydroxides of alkali
metals, carbonates of alkalil metals, nitrates of alkall metals,
hydrides of alkali metals, alkali metal alkoxides, and acetates
cfalkalimetals. Ifnecessary, twoormorealkalimetal compounds
may ke supported on a carrier. Of the exemplified alkali metal
compounds, potassium compounds are preferable from the viewpoint
of isomerizability. In the catalyst in which at least one
selected from the group consisting of alkali metals and alkali
metal compounds 12 supporied on a carrier, examples of the carrier
include silica and magnesia. Of these compounds, alumina is
preferable from the viewpoint of isomerizability. Of these
alumina, y-alumina 1s preferable.

[0083]

In the isomerization reaction step, when using, as the
isomerization catalyst, a catalyst in which at leastT one selected
from the group consisting of alkali metals and alkali metal
compounds 1s supported on a carrier, the carrier preferably has
an average pore diameter of 4.5 nm or more. The upper limit value
of the average pecre diameter is preferably 15 nmcr less, and more
preferably 10 nm or less. The average pore diameter is the value
obtained by measuring using a mercury penetration method. The

pore veolume of the carrier is preferably 0.40 ml/g or more, and
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more preferably 0.50 mL/g or more. The upper limit value of the
pore volume is preferably 2.5 mL/g or less, and more preferably
1.5 mL/g or less. The pore volume is the value obtained by
measuring using a mercury penetration method. The specific
surface area of the carrier is preferably 100 m*/g or more from
the viewpolint of the supporting amount of at least one selected
from the group consisting of alkall metals and alkali metal
compounds. The specific surface area is the value obtained by
measuring using a nitrogen adsorption method (BET method), and
usually the value obtained by measuring using a BET one point
methoed. It is preferred to use, as the catalyst in which at least
one selected from the group consisting of alk'ali metals andalkali
metal compounds is supported on a carrier, a catalyst obitained
by calcining after supporting at least one selected from the group
consisting c¢f alkall metals and alkalil metal compounds on a
carrier.

[0084]

The isomerization reaction in the isomerization reaction
step may be performed in a batchwise manner, a semibatchwise
manner, or a continuous manner. The reaction in a continuocus
manner may be performed under either a liguid phase condition oxr
a vapor phase condition, and the reaction can be carried cut, for
example, by a fixed bed flow system. The temperature in
isomerization is usually -30 to 150°C, and preferably 0 to 100°C

in the case of a liquid phase reaction. The temperature in
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isomerization is usually 0 to 600°C, and preferably 100 to 400°C,
in the case of a vapor phase reacticn. The reaction pressﬁre in
isomerization is usually 0.1 to 10 MPa in the case of a liquid
phase reaction, or usually 0.001 to 1 MPa in the case of a vapor
phase reaction.

[0085]

The amount of the catalyst used in the iscmerization
reaction is preferably 0.0001 to 0.1 mol, and more preferably,
0.001 to 0.05 mel, in terms of an alkall metal element in the
catalyst, based on 1 mol of propadiene.

[0086]

In the isomerization reaction, a diluent and/or a solvent
may be used. Examples of the diluent and/or solvent include
inorganic gases such as helium, nitrogen, and argon; aliphatic
hydrocarkbons Sﬁch as methane, ethane, propane, butane, pentane,
hexane, and,octane;.aiicyclic hydrocarbons such as cycleopentane
and cyclohexane; arcmatic hydrocarbons such as benzene, toluene,
and zylene; and aprotic polar solvents such as
N, N-dimethylformamide and N, N-dimethylacetamide. If necessary,
two or more diluents and/or solvents can also be used.

[oce7]

The isomerization reaction is preferably performed under
the condition in which water and carbon dioxide do not
substantially exist. Whereby, 1t is possible to suppress

activity of tThe catalyst from detericrating.
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[0cggl

The carbonylation reaction step ¢f the present invention
ig a step which a liguid, gas, or gas-ligquid mixture containing
propyne as a main component obtained.in the propyne purification
step is brought into contact with carbon monoxide and an alcchol
having 1l to 3 carbon atoms in the presence of a catalyst containing
at least one gselected from the group consisting of Group & metal
elements, Group 9 metal elements, and Group 10 metal elements to
obtain a methacrylic acid ester.

[0089]

Examples of the catalyst containing at least one selected
from the group consisting of Group 8 metal elements, Group 9 metal
elements, and Group 10 metal elements to be used in the
carbonylation reaction step include a catalyst containing a metal
element itself of at least one selected from the group consisting
of Group € metal elements, Group 9 metal slements, and Group 10
metal elements; a catalyst containing a metal element of at least
one selected from the group consisting of Group 8 metal elements,
Group 2 metal elements, and Group 10 metal elements in the form
of a compound; a catalyst containing a metal element itself of
at least cne selected from the group consisting of Group 8 metal
glements, Group ¢ metal elements, and Group 10 metal elements,
and compounds of a metal elements of at least one selected from
the group consisting of Group 8 metal elements, Group ¢ metzal

elements, and Group 10 metal elements. Examples of the Group 8

_58_



PCT/JP2014/058707

10

15

20

25

metal elements include Fe, Ru, and Os; examples of the Group 9
metal elements include Co, Rh, and Ir; and examples of the Group
10 metal elements include Ni, Pd, and Pt. The catalyst is
preferably a catalyst containing Group 1Cmetal elements, and more
preferably a catalyst containing the compound of Group 10 metal
elements. Examples of the compound of Group 10 metzl elements
include nickel compounds, palladium compounds, and platinum
compounds, and preferably palladium compounds. Examples of
palladium compounds include palladium acetylacetonate,
tetrakis (triphenylphosphine)palladium, bis
(triphenyiphosphine)palladium acetate, palladium acetate,
triflucropalladium acetate, palladium
trifluoromethanesulfonate, palladium sulfate, palladium
chloride, and mixtures thereof. Palladium compcunds more
preferably include palladium acetylacetonate,
tetrakis{triphenyiphosphine)palladium, bis
(triphenylphosphine)palladium acetate, palladium acetate,
trifluoropalladium acetate, palladium
trifluoromethanesﬁlfonate, palladium sulfate, and mixtures
thereof, and still meore prefersbly palladiumacetate. The amount
of at least one selected from the group consisting of Group 8 metal
elements, Group 9 metal elements, and Group 10 metal elements to
be used is 1/200,000 mol or less, and preferably within a range
of 171,000,000 to 1/200,000 mol, based on 1 mol of propyne. That

is, the amount of propyne to be used is 200,000 mol or more, and
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preferably within a range of 200,000 to 1,000,000 mol, based on
1 mol of at least cone selected from the group consisting of Group
8 metal elements, Group 9 mstal slements, and Group 10 metal

elements. When the catalyst contains two or more metal elements,
the total amount thereof to be used may be within the above range.
[0090]

It is preferred that the catalyst toc be used in the
carbonylation reaction step further contains protonic acid and
a phosphine compound. Specific examples of the protonic acid and
phosphine compound include those disclosed in JP 2010-120921 A,
and they can be used in accordance with the method disclosed in
the publication. An amine compound may be further used as the
catalyst, though it is not indispensable. Specific examples of
the amine compound include those disclosed in JP 2010~120921 &,
and the amine compound can be used in accordance with the method
disclesed in the publication.

[0o91]

Specificexamples of the alcohel having 1 to 3 carbon atoms
to be used in the carbonylation reaction step include methanol,
ethanol, l-propanol, Z-propanol, and ethylene glycol. Examples
of preferred embodiment include embodiments in which methyl
methacryvliate is produced by reacting with methanol. The amount
of the alcohol to be used may be appropriately adijusted according
to the water content in the alcchel so that water existing in the

reaction system becomes preferably 40,000 mol or less, more
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preferably 4,000 mol or less, still more preferably 1,000 mol or
less, and particularly preferably 500 mcl ¢or less, based on 1 mol
of at least one selected from the group consisting of Group 8 metal
elements, Group 9 metal elements, and Group 10 metal elements
contained in the catalyst existing in the reaction system. Thezre
is no particular limitation on the lower limit wvalue, and it is
usually 10 mel or more. When the catalyst contains two or more
metal elements, the content of water existing in the reaction
system may be within the above range based on the total amount
thereof. The content of water existing in the reaction system
may be adjusted by contrcliing the water content in the alcchol
having 1 to 3 carbon atoms. The content of water in the alcochol
having 1 to 3 carbon atoms can be adjusted, for example, by treating
the alcochol with desiccants such as molecular sieve, alumina,
silica gel, Na;30,, MgS0., CuS0;, P;0s, CaH;, Bal, and Cal, and
reducing the water content in the alcchel having 1 to 3 carbon
atoms. The water content in the alcohol is preferably 1,000 ppm
by weight or less, more preferably 750 ppm by welght or less, still
more preferably 500 ppm by weight or less, and particularly
preferably 100 ppm by weight or less. The amount of the alcohol
to be used 1s preferably 1 mol or more, and more preferably 1 to
5 mol, based on 1 mol of propyne.
[(0082]

In the carbeonvlation reaction step, use of the solvent

ig not indispensable. It is preferred to lower partial pressure
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of propyne/propadiene. Suitably, an excess amount of an alcohol
having 1 to 3 carbon atoms 1is used in place of the solvent.
Separately, it is also possible to use another sclvent. Specific
examples of usable soclvent include those disclosed in JP
2010~120921 A, and the solvent can be uged in accordance with the
method.disciosed in the publication. From the viewpoint of ease
of recycling, 1t is preferred To use an excess amount of an alcochol
having 1 to 3 carbon atoms in place cof the soclvent.

[0083]

There i1s no particular limitation on the contact
temperature in the carbonylation reaction step, and the
carbonylation reaction step 1s preferably carried ocut within a
range of 20 to 100°C. The contact time varies depending on the
amount of the catalyst, and conditions such as temperature and
pressure, and is usually 0.5 to 48 hours. There is no particular
limitation on the ccntact pressure, and 1t is preferably within
a range of 0.5 to 10 MPaG (gauge pressure), and more preferably
1.0 to 7 MPaG (gauge pressure). AL this time, there is no
particular limitation on carbon monoxide partial pressure, and
it ispreferably within a range of 0.5 to 10 MPaG (gauge pressure),
and more preferably 1.0 to 7 MPaG (gauge pressure). The liguid
or gas centaining propyne as a main component may contain
propadiene and cther impurities, as long as the reaction is not
drastically inhibited. Specific examples of these impurities

include butadiene, propylene, butene, propane, carbon monoxide,
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and carbon dioxide. Carbon monoxide to be used in the present
invention may contain, in addition to pure carbon monoxide, an
inert gas, which is inert relative to the catalyst and propyne,
such as nitrogen, helium, carbon dioxide, or argon. There is no
particular limitation on the embodiment of the reaction of the
present invention, and the reaction may be performed either in
a batchwise or continuous manner.

[0094]

In the carbonylation reaction step, it is preferred that
a part or the whole of impurities entrained by the liguid, gas,
or gas-liguid mixture containing propyne as a main component
obtained in the propyne purification step, the unreacted carbon
monoxide, the inert gas entrained by carbon monoxide, and the like
is appropriately discharged cut of the system from the view point
of avoiding accumulation in the system.

[0095]

Specific examples of the methacrylic acid ester cbtained
in the carbonvlation reaction step incliude methacrylic acid
esters such as methyl methacrylate, ethyl methacrylate, n-propyl
methacrylate, iscopropyl methacrylate, and Z-hydroxyethyl
methacrylate.

[00%6]

It is preferred that the production method of the present

invention includes the following methacrylic acid ester

purification step from the viewpoint of improving quality of the
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methacrylic acid ester and economy of recycle of the starting
material.
[0087]

The methacrylic acid ester purification step is a step
of recoverying the unreacted propyne and the unreacted alcohol
having 1 to 3 carbon atoms from the reaction mixture containing
the methacrylic acid ester obtained in the carbonylation reaction
step, the unreacted propyne, and the unreacted alcohol having 1
to 3 carbon atoms, and also purifyving the methacrylic acid ester.
[0098]

The reaction mixture produced from the carbonylation
reaction step contains, as main components, a methacrylic acid
ester, a crotonic acid ester, the unreacted alccohcel having 1 to
3 carbon atoms, the unreacted propyne, and a catalyst. When the
carbonylation reaction step was performed by supplying an excess
amount of carbon monoxide relative to propyne and, after the
reaction, the unreacted carbon monoxide is also recovered and at
least a part of the carbon monexide thus recovered may be recycled
in the carbonylation reaction step. In crder to simpliify the
recycle process, recycling of carbon monoxide is preferably
omitted by carrying out the carbonylatién reaction step s0 as not
to produce the unreacted carbon monoxide using a method in which
carbon monoxide is supplied in the system in only an amount which
enables conversion into a methacrylic acid ester by reaction in

one pass to thereby lengthen the contact time. The crotonic acid
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ester contained in the reaction mixture is by-products and the
product component must be removed out of the system. AL least
a part of an alcohel having 1 to 3 carbon atoms, propyne, and a
catalyst is preferably recycled. It is particularly preferred
that the producticn method of the present invention includes an
alcoholcircqlationstep<ﬁfsuppiyingaﬂ:leastaipartofEMlalcohoi
having 1 to 3 carbon atoms obtained in the methacrylic acid ester
purificaticon step to the carbonvlation reaction step.

[0099]

There isnoparticular limitation on the separationmethed
of propyne and an alcohel having 1 to 3 carbon atoms from the
reactionmixture in the methacrylic acid ester purification step.
Examples of the separaticn method from the reaction mixture
include a gas diffusion cperation, a distillation cperation, an
extraction operation, or combinations therecf. 0Of These,
distillation utilizing a beiling point difference, or separation
by extractive distillaticon utilizing a sclubility difference in
an extraction sclvent is advantageous. For example, first, a
component having a vapcr pressure higher than that of the
methacryvlic acid ester is separated by distillation. The
component having a vapcr pressure higher than that of the
methacrylic acid ester is, for example, propyne or an alcohol
having 1 to 3 carbon atoms. Thereasfter, the methacrylic acid
ester is distilled and a mixed solution containing a crotonic acid

ester and a catalyst as main components remains on the column
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bottom. The mixed solution containing a crotonic acid ester and
a catalyst as main components may be discharged. However, since
at least cne selected from the group consisting of Group € metal
elements, Group 9 metal slements, and Group 10 metal elements is
usually expensive, it is preferred to recycle the mixed solution.
There is no particular limitation on the recycling method, and
it is usually a methoed in which only an amount corresponding to
that of the crotonic acid ester generated in the carbonylation
reaction step is discharged cut of the system from the mixture
containing a crotonic acidester and a catalyst as main components,
and then the rest is recycled fo the carbenylation reaction step.
The temperature of the methacrylic acid ester purification step
igs preferakbly 100°C or lower from the viewpoint of polymerization
inhibition of the methacryvlic acid ester. A polymerization
inhibitor may be added. Examples of the polymerization inhibitor
include hydroguinone.
[0100]

In the alcohol circulation step, when an alcohol having
1 to 3 carbon atoms obtained in tThe methacrylic acid ester
purification step is recovered as a mixture, at least a part of
the alccohel may be supplied to the carbonylation reaction step
after converting into a high concentraticn alcohol having 1 to
3 carbon atoms by a purification operation such as distillation.
[Description of Reference Numerals]

{0101)
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10,
11,
12,
22
25:
26:
30,

49

Dehydraticn reaction step
Propyne/propadiene separation step
Propyne purification step
Acetone circulation step
Iscmerization reaction step
Carbonylation reaction step
Methacrylic acid ester purification step
Aléohol circulation step
21, 41, 61, 81l: Starting material supply line
31, 44, 70, 87: Oxygen~containing gas line
29, 48: Inert purge gas iine
Reacted gas takeout line
42, ¢2: Preheater
23, 43, 63, 86: Combustion gas supply line
24, 64: Combustion air supply line
65: Preheater waste gas line
Freheated starting material gas supply line
45: Heat insulation-type fixed bed reactor
27, 46: Solid catalyst lavyer
28, 47, 68, 84: Reaction mixture takeout line
Heating furnace
Heating furnace waste gas line
Fixed bed reaction tube
51, 74, 89: Regenerated off=~gas line

Heating furnace for catalyst regeneration
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50: Catalyst regenerated gas supply line
66: Heat insulation-type moving bed reactor
67: Catalyst moving layer
69: Catalyst regenerator

5 71: Supplementing catalyst supply line
72, 21: Regenerated catalyst transfer tube
73, 90: Used catalyst transfer tube
82: Reaction column

g3: Cyclone

10 85: Catalyst transfer gas line

88: Regeneration column

Examples
[0102]
15 Examples of the present inventiconwill be described below,
but the present Invention is net limited thereto.
[(0103]
Example 1

When methyl methacrylate is produced using acetone,
20 methanol, and carbon monoxide as starting materials, tThe
production process can be carried out in the most suitable manner,
for example, by flow in Fig. 1 and material balance in Table 1.
[0104]

Acetone (fluid number 1) {647 kg/h) was supplied to a

25  dehydration reaction step (A), together with 92¢ kg/h of a recycle
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fraction (fluid number 8) from an acetone circulation step (D)
and then acetone is subjected to a dehydration reacticn in the
presence of a potassium hydroxide-supported silica catalyst to
obtain 1,573 kg/h of a dehydration reaction mixture {fluid number
2) which contains 27.0% by weight in total of propyne and
propadiene, and alsc contains the unreacted acetonea, product
water, by-preducts, and impurities in starting materials. The
dehydration reaction mixture thus ocobtained is supplied to a
propyne/propadiene separation step (B) and is partially condensed
while cooling to thereby separate into 461 kg/h of a gas mixture
(fluid number 32 containing propyne and propadiene as main
components, and 1,112 kg/h of a ligquid mixture (fluid number 4)
containing water and acetone as main components. The gas mixture
(fluid number 3) obtained in the propyne/propadiene separation
step 1s supplilied to a propyne purificatiorn step (C), and then
separated into 23 kg/h of a gas mixture {fiuid number 5) containing
a low boiling component as a main component, 151 kg/h of a fraction
(fluid number 6) containing propadiene as a main component, 406
kg/hof purifiedpropyne (fluidnumber 7}, and 32 kg/h of a fraction
(fiuid number 8) containing a high boiling component as a main
component by cooling anddistillation. The liguidmixture (fluid
number 4) obtained in the propyne/propadiene separation step (B)
is supplied an acetone circulation step (D) and then separated
into 926 kg/h of a recycle fraction (fluid number 9) containing

acetone as main component and 186 kg/h of water {fluid number 10}



PCT/JP2014/058707

10

15

20

25

by distillation. The fraction (fluilid number ©) containing
propadiene as a main component obtained in the propyne
purification step (C) is supplied to an isomerization reaction
step (£} anc then propadiene is subjected to an isomerization
reaction in the presence of a potassium carbonate
supported-alumina catalyst to obtain 151 kg/h of an isomerization
reaction mixture (fluid number 11) containing propyne as a main
component.

[0105]

The purified propyne (fluid number 7) obitained in the
propyne purification step {C) is supplied to a carbonylation
reaction step (F), together with 322 kg/h of methanol (fluid
number 12), 285 kg/h of carbon monoxide (fluid number 13), and
666 kg/h of a recycle fraction {(fluid number 19) obtained in an
alcohol circulation step (H), and then reacted in the presence
of a palladium based catalyst to cobtain 1,€73 kg/h of a
carbonylation reaction mixture (fluid number 14) which contains
63.1% by weight of methyl methacrylate and also ccontains the
unreacted methanol, propyne, by-precducts, and impurities in
starting materials, and alsc 5 kg/h of a gas mixture (fluid number
15) containing a low bolling component contained in starting
materials as a main component is discharged. The carbonylation
reaction mixture (fluid number 14) thus cbtained is supplied to
amethacrylicaclidesterpurification step (G), and then separated

into 671 kg/h of a fraction {(fluid number 16) containing methanol
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as a main component, 1,000 kg/h of purified methyl methacrylate
(fluid number 17}, and 2 kg/h of a fraction (fluid number 18)
containing a high boililing component as a main ccomponent by
distillation. The fraction containing mainly methanol obtained
in the methacrylic acid ester purification step (G) is supplied
to an alcchol circulation step (H), and then separated into 666
kg/h of a recycle fraction (fluid number 19) containiiglnethanol
as a main component and also containing propyne and methyl
methacrylate, and 5 kg/h of a fraction (fluid number Z0)
containing impurities introduced from a carbonylation reaction
starting material as a main component by distillation.

[C1l0e]
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[Table 1]

Fluid number 1 2 3 4 5 ] 7 8 9 10
Mass flow rate (kg/h) 647 11,573 | 461 |1,112 231 151 406 32| 926 | 186
Weight percentage (% by
weight)

Carbon monoxide

Propadiene 66 222 021 11.1 ] 825 | &ppm 0.2

Propyne 2041 667 12 189 17.5 992 | 1.3 1.4

Acetone 99.7 | 57.7 1 1.0 81.1 1411 975 100
P

Methanol

Water 03,123 17.4 0.7 1100.0

Methyl methacrvlate

Others 3.0 101 0.1 700 08 846 02

Total 100.0 |100.0 1100.0 |100.0 {100.0 1100.0 | 100.0 {100.0 :100.0 {100.0

Fluid number 11 12 13 14 15 16 17 18 19 20
Mass flow rate (kg/h) 151 3221 28511673 51 671 1000 2| 666 5
Weight percentage (% by
weight)

Carbon monoxide 99.2 43.8
Propadiene 16.5
Propyne 83.5 261 62| 65 64| 17.1
Acetone
Methanol 100.0 34.1 85.0 {50 ppm 855 224
Water 100 1.5

ppm
Methyl methacrylate 63.1 80| 10001 492 8.1
Others 08 021500 0.5 493 60.5
Total 1060.0 |100.0 |100.0 {100.0 1100.0 | 100.0 } 100.0 [100.0 [100.0 1100.0
[0107]

Reference Example 1

<Production of Catalyst>

A silica powder

Corporation, NIPSIL ER-R]

[S10;, manufactured by Tecsoh Silica

was used as a carrier,

The carrier

{(20.0 g) was impregnated with an aguecus solution prepared by

mixing 4.6 g of a potassium silicate scolution [manufactured by

Wako Pure Chemical Industries, Ltd.,

an agueous solution of

K:0+3.958i0; (510, /K20 = 3.9 [molar ratiol) K,0-3.9810, content:
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28.1% by weight] with 35.0 g of pure water, followed by air drying
at 20 to 30°C for 15 hours or more. The solid thus obtained was
subjected to press molding and, after the temperature was raised
to 200°C from room temperature over 0.5 hour under an air flow,
the molded body was calcined by retaining at the same temperature
for 2 hours. Then, the calcined product thus cbtained was
pulverized into granules of 0.85 to 1.4 mm in diameter to obtain
a catalyst (potassium silicate content: 6.1% by weight) in which
potassium silicate is supported on silica.
(0108]
<Catalyst Packing>

A reaction tube made of gquartz provided with a thermometer
protective tube having an cuter diameter of 4 mm was packed with
quartz wool as a partitioning agent at the lower pcertion having
an inner diameter of 14 mm, packed with 7.1 mL of SiC, packed with
gquartz wool as a partitioning agent, packed with 2.4 g (volume
of 6.3 mL) of the resulting catalyst, packed with quartz wool as
a partitioning agent, and then packed with 12.7 mL of SicC.
[0109]
<Dehydration Reaction>

While supplying a nitrogen gas into the reacticn tube
through an inlet of the reaction tube packed with the catalyst
at a rate of 2.7 ml/minute, the pressure inside the reaction tube
was reduced to 0.01 MPa or less using a diaphragm pump, and then

the reaction tube was heated by an electric furnace, leading to
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temperature rise.
[0110]

Liguid acetcne {manufactured by Wako Pure Chemical
Industries, Ltd.) was supplied through an inlet of the reacticn
tube by a pump and gasified [acetone gas supply rate: 34.2
ml/minute {(0.092 mol/h), acetone concentration in supply gas:
92.7% by velume], and then a reaction was started under a reaction
pressure of 0.008 MPa. A ratio (GHSV) of a whole gas flow rate
to a catalyst volume was 351 h™!. The value (ml/minute)
indicating a supply rate of a gas is a value in terms of 0°C, 1
atom {101.325 kPa) unless otherwise specified.

[011

[

]

After starting the reaction, the temperature of a catalyst
layer was retained at 630°C+8°C, At the point of time when &0
minutes have passed from starting of the reaction, a reactor
outlet gas was collected by a gas-tight syringe and analvyzed by
gas chromatography with an FID detector. After packinga sampling
group with the reactor outlet gas, each product was gquantitatively
determined by online analysis through gas chromatography with a
TCD detector. A frap made of SUS connected to the reaction tube
cutlet was cooled in an ethancl/dry ice bath. After recovering
acetone and a high boiling point component by condensation, the
condensate thus obtained was analyzed by gas chromatography with
an FID detector, and then acetone and a high boiling pcint

component were guantitatively determined. The results are shown
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in Table Z.
[0112]

Here, a conversion rate (%) of acetone was calculated
using the followilng eguation (1).

Ceonversion rate (%) of acetone = [b/(a + b)] x 100

{1)
where
a: acetone flow rate (mcl/h) in reactor outlet gas
b: total production rate {mol/h) of whole product in reaction tube
cutlet gas
[0113]

A selectivity (%) to each product was calculated using
the following eguation (ii).

Selectivity (%) to each product = [ (production rate
{mol/h) of each product in reactor outlet gas)/{total production
rate (mol/h)} of whole product in reactor outlet gas)] x 100

(11)

The product as used herein means propyne, propadiene,
methane, ethane, ethylene, acetylene, propylens, propane,
isobutylene, Z-methyl-l-penten-3-vne, Z-hexen-4-yne,
d-methyl-3-penten-2-one, 4-methyl-4-penten-2-one,
2-methylfuran, methylcyclopentadiene,
3,5,5~trimethyl-2~cyclohexen~1l~cne, phenol, methyliphenol,

3, 5-dimethylphenol, carbon monoxide, and carbon dioxide.

[0114]
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[Table 2]
Reference Example 1
Support component K;0+3.,9810;

Catalyst Support component content (% by weight) 6.1
Carrier Si0,
Acetone concentration in supply gas (% by volume) 92.7
Acetone conversion rate (%) 50.1

Propyne 68.1
Propadiene | 232

Methane L7

Fthane 0.0

Ethylene 0.0

Acetylene : 0.0

Propylene 0.3

Selectivity (%) Propane 0.0
Isobutylene 0.7

2-Methyl-1-penten-3-yne and 2-hexen-4-yne : 0.8
4-Methyl-3-penten-2-one and 4-methyl-4-penten-2-one 0.2
2-Methylfuran 2.5

Carbon monoxide 1.2

Carbon dioxide 0.0

Others” 1.3
Total selectivity (%) to propyne and propadiene 91.3

“'methylcyclopentadiene, 3,5,5-trimethyl-2-cyclohexen-1-one,

phencl, methylphencl, and 3,5-dimethylphencl

[0115]
Industrial Applicability

According to the present invention, it is possible to
provide a method for producing a methacryvlic acid ester, which
is less likely to receive location restrictions, and is also

economically and industrially advantageous.
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CLAIMS

1. A method for producing a methacrylic acid ester, which
comprises the following steps:

a dehydration reaction step: a step of having acetone
undergo a dehydration reaction in the presence of a dehydration
reaction catalyst to obtain a reaction mixture containing propyne,
propadiene, and water, wherein the dehydration reaction catalyst
is a catalyst containing silicon and at least one selected from
the group consisting of Group 1 metal elements and Group 2 metal
elements;

a propyne/propadiene separation step: a step of
separating a mixture containing propyne and propadiene as main
components from the reaction mixture obtained in the dehydration
reaction step;

a propyne purification step: a step of separating the
mixture containing propyne and propadiene as main components
separated in the propyne/propadiene separation step into a liquid,
gas, or gas-liquidmixture containing propyne as a main component,
and a liquid, gas, or gas-liquid mixture containing propadiene
as a main component; and

a carbonylation reaction step: a step of bringing the
liquid, gas, or gas-liquid mixture containing propyne as a main
component obtained in the propyne purification step into contact
with carbon monoxide and an alcohol having 1 to 3 carbon atoms
in the presence of a catalyst containing at least one selected

from the group consisting of Group 8 metal elements, Group 9 metal
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elements, and Group 10 metal elements to obtain a methacrylic acid

ester.

2 The method according to claim 1, wherein the reaction
mixture in the dehydration reaction step further contains
unreacted acetone, and in the propyne/propadiene separation step,
a mixture containing the unreacted acetone is obtained by
separating the mixture containing propyne and propadiene as main

components.

3. The method according to claim 2, further comprising the
following step:

an acetone circulation step: a step of supplying at least
a part of acetone contained in the mixture containing the
unreacted acetone obtained in the propyne/propadiene separation

step to the dehydration reaction step.

4. The method according to any one of claims 1 to 3, further
comprising the following step:

an isomerization reaction step: a step of isomerizing the
liquid, gas, or gas-liquid mixture containing propadiene as amain
component obtained in the propyne purification step in the
presence of an isomerization catalyst to obtain a mixture

containing propyne and propadiene as main components.

5. The method according to any one of claims 1 to 4, further

comprising the following step:
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a methacrylic acid ester purification step: a step of
recoverying propyne and an alcohol having 1 to 3 carbon atoms from
the reaction mixture containing the methacrylic acid ester
obtained in the carbonylation reaction step, the unreacted
propyne, and the unreacted alcohol having 1 to 3 carbon atoms,

and also purifying the methacrylic acid ester.

6. The method according to claim 5, further comprising the
following step:

an alcohol circulation step: a step of supplying at least
a part of the alcohol having 1 to 3 carbon atoms obtained in the
methacrylic acid ester purification step to the carbonylation

reaction step.
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